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MPOUCXOKIEHUE KOMET B COTHEUHOM CUCTEME U B TAJIAKTUYECKOM
®OHE

barpos A.B.
Huctutyt actponomuu PAH, Mocksa, Poccuiickas ®enepanns

abagrov@inasan.ru

Komernbsle  sapa  nOpeacTaBisioT — coOOM  NEepBUYHBIE — IUIAHETE3MMANM,  COCTOAIME U3
CKOHJICHCUPOBAHHOW IPH HU3KUX TEMIIEpaTypax MaTepUU MEXK3BE3THBIX Ta30MbLICBBIX OOJIAKOB.
dopMupoBaHUE TAKHUX IUIaHETE3UMaJIeld MPOMCXOAUT B CaMOM Hayajie 3BOJIIOIHMH MPOTOIJIAHETHOTO
JUCKAa OJHOBpEMEHHO C (opMHpOBAaHWMEM LEHTPATBLHOW 3BE3Abl B  KOMIIAKTHOH  30HE
3Be3fgoo0pa3zoBanus. Ilociaennee 0OCTOSTENHCTBO NPUBOAUT K TOMY, UYTO oOOpasyroluecs Ha
nepudeprur CBOETO MPOTOIUIAHETHOTO JIMCKA MJIAHETE3UMAIT UCTIBITHIBAIOT CHIIbHBIC TPABUTAIIMOHHBIC
neprypOamuu ot coceqHux 3Be3[. OCOOCHHO CHJIBHBIMU TaKue MepTypOaluu OOJKHBI OBITH IS
CHUCTEM KpaTHBIX 3B€3Jl C Pa3HECEHHBIMU KOMIIOHEHTaMU. B pe3ynbrare TpaBUTAIIMOHHBIX
BO3/ICIICTBUII HEKOTOpash 4YacTh MEPBUYHBIX IJIAaHETE3UMAallell MOKHIAeT POIUTENbCKYIO 3BE3y U
CTAaHOBHUTCS «MEXK3BE3HBIMU CKUTAIbIIAMU». Eciu Obl MEXIy TJIaBHBIMH COCTABJISIOIIUMU
[anakTuku (3Be3gaMM M CKHUTAJIbIaMU) YCTAaHOBHJIOCH KHHETHYECKOE pPaBHOBECHE, TO CKOPOCTHU
CBOOOIHBIX IUIAHETE3UMAJICH MPEBBIMNIAIA ObI CKOPOCTH yOEraHwsl M3 TaJaKTUKH, U «MEK3BE3HBIC
CKUTAJBIIBI» YXOIMINA B MEKIaIaKTUYECKOE MPOCTPaHCcTBO. Ho 11st ycTaHOBIIEHUSI TAKOTO paBHOBECHS
TpebyeTcs BpeMsi, Ha IOPSIIKU MPEBBIIIAIOIIEe BPpEMs CYIIeCTBOBaHUs BCceeHHOM, TOATOMY CKOPOCTH
CKUTaJBIEB MOJKHBI BOMM3M COJHEYHOW CHCTEMBI JIMIIb HEHAMHOTO MPEBBIIIATh OTHOCHUTEIbHBIC
CKOPOCTH COCE/IHUX 3BE3I.

3HauuTeNnbHasg 4acTh KoMeT COIHEYHON CUCTEMBI SBIIETCS MEPBUYHBIMU IUTaHeTe3uMansiMu. OIHaKo,
YacTh IUIAHETE3UMAJIel «BTOPOrO TMOKOJEHUS» 00pa3oBaiach M3 BBIOPOIIEHHOTO Ha mnepudepuro
ConHeyHOM cUCTeMBbl OOJIOMOYHOTO MaTepHuala pa3pylleHHOH miuaHeThl (Da’ToH, CMENmaHHOro ¢
MEPBUYHBIM BEIIECTBOM Ta3OIbUICBOrO AMCKa. KoMeTHBIE siapa «BTOPOrO TMOKOJCHHUS» COIEpkKaT
CIUTKUA TyroruiaBkoro BemiectBa @astoHa. Ilpu pacnage sjuep KOMET BTOPOTO TMOKOJIEHUS U3
TYTOIJIAaBKOM KOMIIOHEHTHI 00pa3yIoTCs IOTOKU METEOPHOTO BEIIECTBA.

ORIGIN OF COMETS IN THE SOLAR SYSTEM AND IN GALAXIES

Bagrov A.V.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
abagrov@inasan.ru

Comet nuclei are made of primordial material in protoplanetary discs during condensation dust-
gaseous interstellar nebulae at low temperatures. Their formation occurs in the beginning of
protoplanetary disc evolution consequently with the central star formation inside compact zone of stars
formation. So peripheral planetezimales are affected by gravitation of neighbor stars, and some of
them can escape parent system and became “interstellar striders”. If a kinetic equilibrium between
stars and striders is established, planetezimales velocities would be enough to escape galaxy and
intergalaxy space would be fulfilled by striders. As the necessary time for kinetic equalization is some
orders more then the age of the Universe, in the vicinity of our Solar system interstellar striders have to
have velocities slightly above mean relative velocities of neighbor stars.

Mainly comet nuclei of the Solar system are primordial planetezimales of the “first generation”.
Besides that some planetezimales were formed from mix of primordial snowflakes in the periphery of
protoplanetary disk and relics of destroyed planet Phaethon. The comet nuclei of the “second
generation” include refractory particles from previously melted material. When such comets are
decayed, they left on their orbits long-lived streams of meteor particles.
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TAJJAKTUYECKHAE KOMETHI - IEPBOITPUYNHA KATACTPO®UYECKUX COBBITHI
B UICTOPHUU COJTHEYHOM CUCTEMBI

1BanOB A.B., 2]53tpeH6ayM AA.
! WNuctutyt actponomun PAH, Mocksa, Pocculickas ®@enepanns
2UIHT PAH, Mocksa, Poccuiickas @enepanus
abagrov@inasan.ru

Uctopusi ComHEYHONH CHCTEMBbI CBUICTEIBCTBYET O CEPHH KOCMHUYECKHX KaTacTpod, CBSI3aHHBIX C
yaapHbIMU Bo3zencTBusMU. Camoe rpanano3Hoe u3 HuX — Benukas Mereoputnas bomGapauposka,
MPOUCXOAMBIIAS B CaMOM Haudajie BOSHUKHOBEHHSI COJHEYHOW cUCTeMbl. MICTOUHMKOM MUIIMOHOB
yIapHUKOB pazmepoM Oojee 10 KM A 3TOro coObITHS MOT OBITh TOJBKO B3pBIB IIJIAHETHI 36MHOMU
Macchl. [IpuunHoii pa3pylieHust OOJBIION TIAHETH MOTJIO OBITH CTOJKHOBEHUE C HEU spa KPYIMHON
rajaktTuyeckoil komersl. Camble OousblliMe yAapHble Kparepbl Ha 3emie (acTpoOyieMbl), He
CoJIepXKaIlfe METEOPUTHOTO BEIIECTBa, TOXKE MOTIJIM OBITh BBI3BaHBI MAJCHUEM Ha Hally IUJIAHETY
KOMETHBIX sifiep. EcTh OCHOBaHMsI peArnonaraTh, 4To JIABOBOE MOJI€ TOBEPXHOCTH BeHephl Toxe ObL1o
BBI3BAHO YAApHBIM pa3pylIeHUEM BCCH KOPBI TUTAHETHI MPH TaJICHUN Ha Hee OOJIBIION KOMETHI.
HICcTOYHUKOM MAacCHBHBIX KOMETHBIX Sifep C OOJbIION KHHETHYECKOW SHEprueidl Mbl CUHUTaEM
MEX3BE3/THOE MPOCTPaHCTBO. [Ipu hopMupoBaHNM MEPBUYHBIX IUIAHETE3UMAJICH B MPOTOIUIAHETHBIX
CTPYKTypax JOJDKHBI TPOMCXOAUTH BBIOPOCHI TN PA3IMYHBIX pa3MEPOB U Macc U3 OKpauH
MPOTOIUIAHETHBIX TUCKOB B TAJAKTUYECKUM TUCK. BEpOATHOCTh BCTPEUYM HAIIEH MJIAHETHOW CHCTEMBI
C MEX3BE3AHbIMM CKUTalbllaMU Bo3pacTaeT npu npoxoxaeHun ConHia uepe3  30HbI
3Be€371000pa3oBaHus B cnupaisax ['anakTuku.

GALACTIC COMETS ARE CAUSE OF CATASTROPHIC EVENTS IN THE SOLAR
SYSTEM HISTORY

'Bagrov A.V., >Barenbaum A.A.
! Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
20il and Gas Research Institute RAS, Moscow, Russia
abagrov@inasan.ru

The Solar System history keeps many cases of space catastrophes, provoked by terrible impacts. The
most grandiose of them is the Great Meteorite Bombardment, being in the very beginning of Solar
system. Some million impacts with diameter more then 10 km could be produced by explosion of a
planet, which had diameter and mass about the Earth ones. A cause of large planet dispersing could be
collision with huge galactic “comet”. The largest impact craters on the Earth surface (“astroblems”)
that do not reveal any meteorites inside them, could be consequences of comet nuclei impacts as well.
There are foundations to suppose that the Venus surface looks like planetary volcanic field was result
of planetary crust destruction produced by large comet impact.

We propose that massive comet nuclei with enormous kinetic energy are habitants of interstellar
media. During process of accumulation protoplanetary disc material into primordial planetezimales
some of them could be ejected to galactic disk. A probability of encounter of such planetezimales with
our Solar system depends on dimension of interstellar strider, and it increase when the Sun crosses
galactic regions of star formation.
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CHEKTPAJIbHBIE HABJIFOAEHUSI METEOPOB JUUIS1 IPOBEPKH I'MIIOTE3bI O
IMPOUCXOKIAEHUU METEOPOB U3 ®PAI'MEHTOB PAZPYIIEHHOMU IIJIAHETBI

Bbarpos A.B., Jleonos B.A.
WNucruryt actponomuu PAH, Mocksa, Poccuiickas @enepanms

abagrov@inasan.ru; leonov@inasan.ru

Merteopubie uccnegoBanusi B MHACAH B 3Tom rogy oxBaThIBalOT MOJYyYEHHUE CIEKTPOB METEOPOB.
Jis mpoBefieHrsT KOJIMYECTBEHHOIO aHaIM3a XMMHUYECKOTO COCTaBa METEOPHBIX YacTHIl TpeOyercs
HCIIOJIb30BAaHUE CIIOKHBIX MOJIEJICH MPOILIECCOB CrOpaHusi 4acTUll B aTMocdepe, 4TOObl BBIICIUTH B
MI0JIy4YaEMBIX CHEKTpax JUHHUH, OTHOCALIUECS K METEOPHOMY BEIIECTBY. MBI yIIPOCTHIIN 3Ty CIOKHYIO
3aa4y 0 YPOBHS Kaue€CTBEHHOT'O UCCIIEJIOBAHUS OJTHOPOJAHOCTH CIEKTPOB METEOPOB OJHOTO MOTOKA,
U BBISBJICHMSI OTJIMYUN B CIIEKTpPaX METEOPOB pa3HbIX IIOTOKOB. 3ajayeil Hallero MCCIel0BaHUs
ABIIIETCSl PEIICHHE CIIOPHOTO BOIPOCAa O MPOUCXOXKACHUM METEOpHbIX uacTull. Ecnu Bce oHu
00pa3oBaHbl U3 TAKOI'O € OJHOPOJHOIO BEIECTBA, KaK BECHh NMPOTOIUIAHETHBIM TUCK, TO CHEKTPbI
BCEX METEOpOB OyIyT OIWHAKOBBL. Eciam ke poauTenbckas KOMETa METEOPHOTro MOTOKa Oblia
chopmMupoBaHa M3 POSi OJWHAKOBBIX IO COCTaBY YAacCTHII, BBHIOPOIICHHOTO NPU B3pPbIBE IUIAHETHI
®adToH, TO MOPOXKIEHHBIA MPHU paclaze KOMEThl METEOPHBIX MOTOK JacT OJAMHAKOBBIE CHEKTPHI
METEOPOB, TOI/Ia KaK JPYrol METEOPHBIX MOTOK, MPOUCXOJALINI U3 JIPyroro posi 4acTHIl C APYTUM
COCTaBOM, MMOPOJUT IPYT'Oi TUI CIIEKTPOB.

OnuceiBaercs HaOMOJaTENIbHASA anmnaparypa AJis MOJyYeHUS METEOPHBIX CIIEKTPOB M IMPHUBOJATCS
pe3yNbTaThl TECTOBBIX HAOIIOICHUN C HEH.

Pabora yactuuno noanepsxana Ilporpammoii 7 [lpesunnyma PAH.

SPECTRAL METEOR OBSERVATIONS FOR PROOF OF A METEOR PARTICLES
HYPOTHESIS AS REMNANTS OF DESTROYED PLANET PHAETHON

Bagrov A.V. and Leonov V.A.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russian Federation
abagrov@inasan.ru; leonov@inasan.ru

The meteor studies in INASAN this year are spread to spectral observations. To correct analysis of
meteor particles chemical composition it is necessary to take in account sophisticated models of
chemical processed during interaction of meteor particle and Earth’s atmosphere, simply to detect
spectral lines, produced by meteor material. We simplified this hard task up to a level of comparison of
meteor spectra to reveal differenced between spectra of different meteor showers. Our aim is to obtain
proofs for decision on the origin of meteor material. If all meteor particles was produced from as
homogeneous matter as primordial protoplanetary disc, all meteor spectra would looks like each other.
But if the parent comet nucleus was produced from primordial snowflakes of protoplanetary disc
mixed with a swallow of homogenous particles ejected from exploded planet Phaethon, then all spectra
from such meteor shower will be similar, but different from spectra of other showers with particles of
other chemical composition.

New spectral observation technique is described, as well as preliminary results of testing observations.
This work was partially supported by the Program 7 by Russian Academy of Sciences Presidium.
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BBISIBJJEHUE KOMETHOM IIPUPO/IbI AC3 IO ®OTOMETPUYECKUM
HABJIIOAEHUAM

bapa6anos C.U., bakanac E. C.
WNucruryt actponomuu PAH, Mocksa, Poccuiickas @enepanms
oterma@yandex.ru

B 2010-2017 rr. B MTHACAH 61111 poBeieHbI (OTOMETpUYECKHE HAOII0ICHUST N30paHHbIX
acTepouoB, commxkaromuxcs ¢ 3emiiel. [1o momyyeHHbIM JaHHBIM CENaHa OLIEHKA
TAaKCOHOMHYECKOTO KJlacca M MoKa3aTesiel 1[BeTa HaOI0aeMbIX 00BEKTOB, YTO 1a€T BOZMOXKHOCTS C
OTIpEeICIIEHHOM JI0JIeH YBEPEHHOCTH TOBOPUTH O KOMETHOM MPOUCXOKICHUH OT/ICIHHBIX aCTEPOUIOB.
JJ1st 3TUX 00BEKTOB MTPOBEACHO UCCIICOBAHUE IBOJIIOLIUU X OPOUT.

IDENTIFICATION OF COMETARY NATURE AMONG THE NEAS BASED
ON PHOTOMETRIC OBSERVATIONS

Barabanov S.1., Bakanas E.S.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russian Federation
sbarabanov@inasan, oterma@yandex.ru

The photometric observations of selected asteroids approaching the Earth were performed in INASAN
in 2010-2017. The taxonomic class and color indices of the observed objects were estimated using
these data. According to this analyze some asteroids had a comet origin. For these objects, the
evolution of their orbits has been studied.
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VJIAPHBIE KPATEPBI HA 3EMJIE TJIA3AMHA POCCUVICKHX CITYTHUKOB

}2Bakanac E. C., ’Baxmer T.1.
"Mucruryr acrponomun PAH, Mocksa, Poccuiickas ®enepanus
2A0 PKC, Mocksa, Poccuiickas ®@eneparus
oterma@yandex.ru

Bonbiasgs yacTb METEOPHUTHBIX KpaTrepoB 3eMiu ObUI0O HAHAEHO C IOMOIIbIO CITyTHHKOBBIX
nzoopaxkenuit. Daktuuecku, ucnoiab3ys Google Earth, MoxxHO OOHapyxuTh ymapHbIi Kpatep. B
JOKJIaJie TPUBEICHBI M300paKCHUST KPYITHBIX METECOPUTHBIX KPAaTEPOB, MOJYYEHHBIX MPU IOMOIIU
poccuiickux cnyTHUKOB «Pecypc-IK1», «Pecypc—II» Nel, 2, 3 u «Kanomyc-Bl». Pa3pemenue
CHUMKOB OT | MeTpa Ha nukceinb. [ noucka n3o0paxeHU KpaTepoB MCIONIb3YIOTCS. BOZMOXKHOCTH
JOCTyNa K apXUBHBIM JIaHHBIM M3 TeonopTaia Pockocmoca, coznanHoro coBMectHo ¢ HUU Tounbix
npubopoB u paboTaromiero Ha 6aze Hayunoro nentpa OnepaTHBHOIO MOHHUTOPUHTA 3eMJIH.

EATH IMPACT CRATERS BY THE EYES OF RUSSIAN SATELLITES

E.S. ?Bakanas, T.l.Bakhmet?
! Institute of Astronomy, Russian Academy of Sciences, Moscow, Russian Federation
2JRS, Moscow, Russia
E-mail: oterma@yandex.ru

Most of the meteorite craters of the Earth were found using satellite imagery. Using Google Earth, you
can find a meteorite crater. The report presents images of large meteorite craters obtained with the help
of Russian satellites Resurs-DK1, Resurs-P No. 1, 2, 3 and Kanopus-B1. Resolution of images from 1
meter per pixel. To search for images of craters, access to archival data from the Roscosmos geoportal,
created in conjunction with the Research Institute of Precision Instruments and operating on the basis
of the Research Center for Earth Operative Monitoring, is used.
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METEOPHBIE IOTOKH, COAEPKXAIINUE TEJA METPOBOT'O U AEKAMETPOBOI'O
PASMEPA

bapa6anos C.1.
Huctutyt actponomuu PAH, Mocksa, Poccuiickas ®enepanns

sbarabanov@inasan.ru

B nokiane onuceiBaeTcs COBPEMEHHOE COCTOSIHUE B BOIIPOCE MPSMOT0 OOHAPYKEHUS TEJI METPOBOTO U
JIEKaMETPOBOTO pa3Mepa B METCOPHBIX M OOJMMAHBIX MMOTOKAX 32 MpenenamMu atMocheps 3emiu ¢
MCIOJIb30BaHUEM ONTUYECKUX TEJIECKOIOB, OMPEIECICHHBIX METOIUK HAOMIOICHUN U UIeHTU(UKALIUN
00Hapy>KEHHOT0 TeJla, Kak MEeTeopouaa U3 JaHHOTO NoTOKa. NHIMKaTOpOM MPUHAIIICKHOCTH TOTOKY
MOTYT OBITH OpOUTANIbHBIE MTAPAMETPhI, OJyUYEHHBIE KAKUM-JINOO METOJIOM OIpEeIeICHHUS
NepBOHAYANILHON OpOUTHL. B KauecTBe MOMOTHUTENLHON HHPOPMAIIH MOTYT HCIIOJIB30BATHCS,
Hanpumep, 0a3uCHbIe HAOIIOACHUS C Pa3HbIX 00CepBaTOPUIl IPU OMEPATUBHOM B3aUMOJICHCTBUU BO
BpeMsl ceTa HaOIIOICHUH OIPeIeJICHHOTO0 METEOPHOTO MOTOKA. J[aeTcst onrcanue ceToB HAOIIOICHUH
2017 r. Ha 1-M Tenmeckomne ¢ penykTopoM ¢okyca.
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MMPOUCXOXKJIEHUE KOMET COJIHEYHOI CHCTEMBI

bapenbaym A.A.
HNuctutyt npobsiem Hedtu u raza PAH, Mocksa, Poccutickas ®denepanus
azary@mail.ru

[TpoGiema mpoucxoxaeHus komeT [1] obcyxknaercst ¢ mo3unuil ['alakTONEHTPUYIECKON MapaurMbl
[2], csaswiBatomieii mporeccel B CONHEYHOW CHCTEME M Ha €€ IUIAHETaX C SIBICHHEM CTPYHHOIO
MCTEUYCHUS Ia30NbUIEBOTO BEIIECTBA U3 LEHTpA Hawel ['anakTuku. B cooTBETCTBUU C pa3BHBAaEMbIMU
npeacraBieHusmMu [1, 2], npu opoutansHoM aBmwkeHnH B ['amaktuke CoiHie depe3 kaxapie 20—37
MJIH JIET MepeceKaeT CTPYWHbIC MOTOKH M CHHUPAJIbHBIC TAIaKTUUECKHE PyKaBa, U B TAaKUE MEPHUOJIbI
JUIMTENbHOCTBI0O ~2—5 MuiH JieT CojHeuHas cucTeMa IOJABEepraercs MOUIHBIM OomMOapAHpOBKaM
rajlakTuaeckuMu komeramu. [locreqasst komeTHas OoMOapAUPOBKA UMeETIa MECTO B Mepuoj oT 5 10 1
MJIH JIET Ha3zaJ U Oblaa BbI3BaHAa HaxoxjaeHueM CoJiHIIa B CTPYHHOM IOTOKE, OTOKIECTBIIIEMBIM C
rajakTu4yeckoi BerBbio Opuona-Jlebens.

CymectBytonie cerogdss B ColHEYHON cHCTeME KOMEThHI — OTO MPOAYKTHl CTOJIKHOBEHUU
BBICOKOCKOPOCTHBIX TaJIAKTUYECKUX KOMET C TelaMH acTepOMJHOro Iosica. B monaBisoniem
OOJBIIMHCTBE OHU BO3HUKIIU B MEPHUO/]I MOCIEIHEH KOMETHOI 00MOapAUPOBKU M B HACTOSAIIEE BpeMs
3axBavyeHbl NputTsbkeHrneM COJHIIA Ha OKOJIOCOJIHEYHBbIE OpOWTHI. Takas MOAENb XOpOIIO OOBSICHSIET
MIPOUCXOXKICHUE U OCHOBHBIEC CBOMCTBA JOJTO- M KOPOTKOMIEPUOIUIECKIX KOoMeT [1].

Bonpmoe Mecto B COOOIIEHWMH yIEIEHO H3YUYCHHIO CBOMCTB M MEXaHHU3Ma B3aMMOJICHCTBHS
raJIakKTUYECKUX KOMET C TUIaHeTaMH C MIPUBJICYEHUEM JIAHHBIX T€0JIOTHH U TUTaHeToNIoTuu [2].

[1] Bapenbaym A.A. Tamaktuka, CosHeunas cucrema, 3emisi: COMOAYHMHEHHBIC MPOIECCHI U
sporronua. M.: TEOC. 2002. 393 c.

[2] bapenbaym A.A. ['anakroneHTpruecKas napajaurma B reosioruu u actponomuu. M: JINBPOKOM.
2010. 546 c.

ORIGIN OF THE SOLAR SYSTEM'S COMETS

Barenbaum A. A.
Oil and Gas Research Institute RAS, Moscow, Russia
azary@mail.ru

The problem of the origin comets [1] is discussed from the positions of the Galactocentric paradigm
[2], which connects the processes in the Solar system and on its planets with the phenomenon of jet
emission of gas-dust substance from the Galaxy centre. In accordance with the representations [1, 2],
when moving in the Galaxy, the Sun intersects jet streams and spiral galactic sleeves across each 20—
37 million years, and in such periods of duration about 2-5 million years, the Solar system is subjected
by strong bombardments of galactic comets. The last cometary bombardment took place between 5 and
1 million years ago and was caused by the Sun presence in the jet stream, identified with the Orion-
Cygnus galactic branch.

The comets existing today in the Solar system are the products of collisions of high-speed galactic
comets with bodies of the asteroid belt. In the overwhelming majority, this comets arose in the period
of the last cometary bombardment and are now they captured by the Sun's attraction on the near-sun
orbits. Such model well explains the origin and main properties of long- and short-period comets of the
Solar system [1].

A large place in the report is devoted to the study of the properties and physical mechanism of galactic
comets interaction with planets using data from geology and planetology [2].

[1] Barenbaum AA. Galaxy, Solar System, Earth: Co-subordinated processes and evolution. M.:
GEOS. 2002. 393 pp.

[2] Barenbaum AA. Galactocentric paradigms in geology and astronomy. M: LYBROCOME. 2010.
546 pp.
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HAYYHAS 1 TIPOCBETUTEJIBCKAS JEATEJIBHOCTD JIOBUTEJENA ACTPOHOMUHU
B UBAHOBCKOM OBJIACTH

bensxos C. A.
[Ixona-my3eit «JIutoc-KJIMO» MBY 1O LT Ned4, UsanoBo, Poccuiickas denepanus

stgal@mail.ru

OcHOBHBIM (hakTOpOM OOBEIWHEHHUS TrOUTENeH actpoHoMun B VBaHoBe u MBaHOBCKOW 00JacTH
nocisie pa3Bana Coro3a U MpeKpalieHus AeITeIbHOCTH B perrone oraeneHuss BAI'O cran unTepHer.
bnaromapss emy ¢ 2011 roma cymectByer MBaHOBCKOE cCOOOIIECTBO JIOOUTENIEH acCTPOHOMUH,
BKJTIOUAIOIIEE OKOJIO JIBAAIATH aKTUBHBIX YYaCTHUKOB (TIperojaBarenu, OMOIMOTEeKapu, WHKCHEPHI,
MIEHCUOHEPHI, yyalllhecs, CTYICHTbI, XYAOXKHHKUH M T.O.). I'pynmna «Actponomus B VBaHOBCKOH
obnactu» B cetn «BKonTakte» HacuuThiBaeT cBhiiie 600 yenoBek.

[TpocBeTuTenbekas qesTENBHOCTh COOOIIECTBA BhIpAXKAeTCAd B OPraHU3alMK U MIPOBEACHUN MAacCOBBIX
aKIM U MPOCBETUTEIBCKUX MEPOIPHUATUNA: €XKEroHas ropojackas akuus « TporyapHas aCTpOHOMUS»
B KOHIIE allpelisi — Havajie Masi, €KEeTrOAHbIM Bble3JHON cemMuHap «JleTHuil TpeyroiabHUK» B aBrycre,
exeronHas akuus «buOiuoredyHas acTpOHOMHUsS» B OKTAOpe-HOsiOpe, akuusi «3BE3/IHbII Beuep B
My3ee» B paMkax akiuu «Houb B My3ee» B Mae, pa3oBble MacCOBble MepONpuUATHs (HaOJI0eHUE
conHeyHoro 3armenus 20.03.2015, actpoHomMuueckue Beuepa B IIKOJIAX Iopoja U 00JAcTH),
My3€iiHble BBICTABKM M OJKCHO3UIMH: K IoOmnedHbiM natam FO.A. Tarapuna «YenoBek. 3ems.
Bcenennas» (2011, 2014, 2016), BeicraBka actpodotorpadun «bmmwke Tompko 3Be3nb» (2016).
Meponpusaruss akTuBHO ocBemaroTcss mMectHeiMu CMU, B ToM uucne Ha TB, paguo, B ceTeBbIX
W3/IaHUSIX.

OO6pa3oBarenbHasi [ESTEIbHOCTh OCYyIIECTBIseTcsl B mikone-mysee «JIutoc-KJIIMO» MBY 10 IAT
Ne4 B TBOopueckoM oObenuHenuu «3emiisi U Beenennas». B Tpexronuunom Kypce 00ydeHus: moyropa
roga ynemnserca actpoHomuu. C 2010 roma B rpymmax oObenuHeHUS oOydyanoch cBbime 60
IIKOJIbHUKOB, MHOTHE M3 KOTOPBIX SIBIIOTCS MOOEIUTENSIMUA U MPU3EPAMH IIKOJbHBIX OJIMMIIHAJ 10
ACTPOHOMHUHU PA3HOTO YPOBHSI, MOOETUTENSIMHA KOHKYPCOB [0 aCTPOHOMUHU U KOCMOHAaBTHKe. B mkomax
ropoja TMPOBOASTCS TEMAaTHYECKHE BHEKJIACCHBIE YPOKHM Ha acTpOHOMHYECKHE TeMbl. B pamkax
My3eiiHO-00pa30BaTeNbHOTO a0OHEMEHTa B IIKOJIe-My3ee OJHO M3 3aHATHH TMOCBSIIEHO TeMe
ACTPOHOMHUHU U KOCMOHABTHKH.

Hayuno-uccnenosarenbckas JeSATEIbHOCTh MIPOBOJIUTCSA o HUCTOPUU aCTPOHOMUHU,
ACTPOHOMHUYECKOMY KpPAeBEICHHIO, HAOIIOJATEIbHOM AacTpOHOMHUHU, MeTeoputaMm IBaHOBCKO#
o0nacTu. AKTUBHBIE YJIEHBI aCTPOHOMHYECKOTO COOOIECTBA BBICTYMAIOT C JIOKJIaJaMH Ha HAy4dHO-
npakTHueckux koHdepeHuusx. Ilo pesynbraram uccnenoBanuii B xypHanax «HeGocBony», «Hama
Ponuna — MBanoBo-Bo3HeceHCck», B cOopHUKax VIBaHOBCKOTO KpaeBeAueCKOTro OOINeCTBa, Ha caiTe
IIKOJIBI-MYy3€s W Ha JPYruX IUIOMaaKax NyOJIMKYIOTCS HaydHble CTaThbu. Tak, Hampumep, B
pOCCUICKOM KypHaje s moduteneit actponomun «Hebocoa» ¢ 2011 rona onmyOIMKOBaHO CBHIIIIE
COpOKa CTaTeu.

[lpuknanHas JesSTENbHOCTh BBIPAKAETCS B PETYISIPHBIX HaOMOACHUAX U ¢oTorpadupoBaHUun
00BEKTOB OJIIDKHETO M JAIbHETO KOCMOCa, MeTeosiBIeHuH. HekoTopwle yJacTHHUKH COOOIIECTBa
3aHUMAIOTCSI TEJIECKONOCTPOEHUEM. Pe3ynbTaThl [AEATEIbHOCTH TaKXE HaxXOAST OTpPaKE€HUE B
nyOonukanusax u penopraxax CMU.

B cBsi3u ¢ OTKpBITHEM CTAllMOHAPHOTO IUIaHeTapus B siHBape 2017 roga M BO3BpallleHHEM Kypca
aCTPOHOMHUH B IIKOJIBI Ha 6a3e mkonbi-my3es «JIutoc-KIJIMO» nnanupyroTcs peryiaspHble CEMUHAPh
JUISL YYUTENEeH-NPEeIMETHUKOB, MacTep-KJIacchl MO aCTPOHOMHH JJisi MEAAroroB, MPOCBETUTENIbCKUE
MPOTpaMMBbl U JICKITUU JIJIS IIKOJIBHUKOB, CTYJIEHTOB, CAMBIX IIUPOKUX cJIoeB HaceneHus. C sHBaps
2017 roma mnmanerapuid npussn cBbime 6000 mnocerurened. Jns HHMX JAEMOHCTPUPYIOTCS
MTOJTHOKYTIOJIFHBIE POTPAMMBI ¥ (PUITBMBI TTI0 aCTPOHOMHUH U APYTHM €CTECTBEHHBIM HayKaM.

AKIMU ¥ MEpOTNPUATHS TTOKA3bIBAIOT, YTO KOJIMYECTBO MBAHOBLIEB, HHTEPECYIOIIUXCA aCTPOHOMUEH,
€XKEroJIHO pacTeT, B TOM YHUCJIE 33 CYET JOCTYIMHOCTHU TEJIECKOMOB U OOIIEHUS B COLICETSIX.
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MOHTE-KAPJIO MOJAEJUPOBAHUE HETEILIOBBIX CBEUEHU KUCJIOPOJIA B
KOME KOMETbDI

'Bucuxano J.B., llemarosuu B. nu., 2Xy6ep b.
1I/IHCTI/ITyT actponomuu PAH, Mocksa, Poccuiickas denepanus
2.Ha60paTOpI/I}I TUTAaHETHOM U aTMochepHOM U3k, YHUBEpCUTET T. JIbex, benbrus
bisikalo@inasan.ru

KoMmeTbl OKpyKeHBI OYeHb pa3peKCHHON aTMOC(epoil - KOMOH, SBIISIOMIEHCS HUICaIbHON cpenoil, B
KOTOpPOM NPOTEKAIOT HETEIUIOBbIE (DOTOXMMHUYECKHE MPOLECChl, BIHUSAIOIIME HAa COCTOSHHE KOMBI.
Hamwm npenpiaymiye BeucieHus QYHKIUN pacpeiesieHus 0 SHEPTHH METaCTa0MIIBHBIX COCTOSHHMA
O(lD) u 0(18) aToMoB Kuciiopoja B atMocdepax komer C/1996 B2 (Xuskyrakd) u 103P/Xaptim 2
[I0Ka3aJIM, YTO IIMpUHA 3eJ1eHO0N JuHUM (557.7 HM), BbIpaK€HHAs B €IMHULIAX CKOPOCTH, MEHBILIE, YEM
muprHa KpacHod JmHUM (630 HM) [1]. DTOT pe3ynbTaT BIIOJIHE COMOCTAaBUM C MPEIBLIYIINM
aHaJM30M JIPYTUX aBTOPOB, HO, B MPOTHUBOpeunu ¢ HabOmoneHusmMu. OTkpeitue moiekynsl Oy [2] B
komMe KomeTbl 67P/UypromoBa-I'epacumenko kocmuueckum ammapatom EKA-Pozerra wenser
CTaH/IapTHbBIE IIPEJCTABIECHUS O COCTABE KOMBI.

B noknage MbI mipesncraBiisieM OOHOBIEHHYIO BepCHIO KnuHeTudeckor monenu Mounte-Kapro, kotopas
MO3BOJIIET BBIUMCIUTh Kak (YHKIUM pacHpelesieHus [0 DSHEpPruM aToMOB KHCJIOpoJa B
meracTabmibHex coctosamsax O('D) u O('S), Tak u ckopoctn BO30YXKICHHUSI COOTBETCTBYIOIIUX
CBEUEHUI B KOMe 3a cuer auccouuanuu monekyn O,. [Toka3eiBaeM, 4To popMa CIEKTPAIbHBIX JTHHUN
3aBHCHUT HE TOJBKO OT IK30TEPMUYHOCTH MEXAHH3MOB (DOTOXMMHYECKOTO MPOM3BOJACTBA, HO U OT
CKOPOCTH TepMallu3alluid 3a cyeT ynpyrux coynaapenuid. llpucyrcrBue monexkyn O2 B Kome
CYIIECTBEHHO HM3MeHseT cooTHorreHne cBetumocteil (G/R). Mbl Takxke 00CYKaaeM BO3MOXHOCTh
ucnonp3oBath cootHomreHne (G/R) B kadecTtBe MHAMKaropa MpuCyTCTBUS Mojiekyl Oz B KOMe
KOMETHI.

[1] Bisikalo D. V., et al. Monte Carlo Simulation of Metastable Oxygen Photochemistry in Cometary
Atmospheres. Astrophysical Journal, Volume 798, Issue 1, article id. 21, 10 pp., 2015.

[2] Bieler A., et al. Abundant molecular oxygen in the coma of 67P/Churyumov-Gerasimenko. Nature,
Volume 526, pp. 689-691, 2015.

MONTE CARLO SIMULATION OF NONTHERMAL OXYGEN EMISSIONS IN
COMETARY COMA

'Bisikalo D.V., *Shematovich V.I., Hubert B.
YInstitute of Astronomy, Russian Academy of Sciences, Moscow, Russia
?Laboratory for Planetary and Atmospheric Physics , University of Liége, Liége, Belgium
bisikalo@inasan.ru

Comets have a highly rarefied atmosphere, which is an ideal environment for nonthermal
photochemical processes to take place and influence the detailed state of the coma. Our previous
computations of the energy distribution functions of the metastable O(*D) and O(*S) species in the
atmospheres of comet C/1996 B2 (Hyakutake) and 103P/Hartley 2 show that the width of the green
(557.7 nm) line, expressed in terms of speed, is lower than that of the red (630 nm) line [1]. This
result is comparable to previous theoretical analyses, but in disagreement with observations. Discovery
of molecule O, [2] in the coma of comet 67P/Churyumov-Gerasimenko by the ESA-Rosetta mission
changes the standard ideas about the coma composition. In this paper we present an updated version
of the Monte Carlo model allowing us to calculate both the O(*D) and O(*S) energy distribution
functions (EDF) and the excitation rates of the corresponding emissions in the coma accounting for
dissociation of O, molecules. We show that the shape of the spectral lines depends not only on the
exothermicity of photochemical production mechanisms but also on the thermalization rate due to
elastic collisions. The presence of O, significantly changes the G/R ratio. We also discuss the
possibility to use the G/R ratio as an indicator of O, in the coma.


http://adsabs.harvard.edu/cgi-bin/author_form?author=Bisikalo,+D&fullauthor=Bisikalo,%20D.%20V.&charset=UTF-8&db_key=AST
http://adsabs.harvard.edu/cgi-bin/author_form?author=Bisikalo,+D&fullauthor=Bisikalo,%20Dmitry&charset=UTF-8&db_key=AST
http://adsabs.harvard.edu/cgi-bin/author_form?author=Shematovich,+V&fullauthor=Shematovich,%20Valery&charset=UTF-8&db_key=AST
http://adsabs.harvard.edu/cgi-bin/author_form?author=Hubert,+B&fullauthor=Hubert,%20Benoit&charset=UTF-8&db_key=AST
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O MOJEJIX ®PAI'MEHTAIINA KPYITHOI'O METEOPOUJIA: MOJAEJIMPOBAHHE
B3AMMOJIAEUCTBHUA YEJIABUHCKOI'O METEOPOUJA C ATMOC®EPOU

bpbikuna N.I".
HUN mexanuku MI'Y um. M.B. JlomonocoBa, MockBa, Poccuiickas @enepauns
shantii@mail.ru

Pa3paborana mMojens (parmMeHTauu KpymHoro mereopouna B armochepe. [Ipennonaraercs, 4ro a0
Hayvaja pa3pylieHus MeTeopou umeet Gopmy chepsl, 3aTeM OH JBUKETCS Kak 00J1ako (pparMeHToB U
napoB ¢ oOmed ymapHoi BomHOW. PaccmarpuBaroTcs Ba mporecca:  paciuIIOIIMBaHUE
pa3apobIieHHOro MeTeoporaa (paciMpeHue B MOMEPEYHOM JIBHIKCHHUIO HAMPABICHUH U C)KMMAaHUE B
NPOJIOJIEHOM, TIPH 3TOM cdepa TpaHchopMupyercst B chepor) 1 yMEHBIICHNE €ro TNIOTHOCTH 33 CYET
YBEJIMUEHUST TPOMEKYTKOB MEXAY (PparMeHTamH, 3aloTHCHHBIX MNapaMu. HaiineHa 3aBUCHMMOCTB
CKOPOCTH YBEJIWYCHHS pajyca IOIEePEYHOro cedeHus oOiaka (parMeHTOB OT 3HAYCHHS ITOTO
panmyca. BsammopelictBue Mereopomaa ¢ armochepoil HCClemyeTcss B paMKax ypaBHEHUI
(bU3UUECKOil TEOPUH METEOPOB, B KOTOPHIC BXOIAT KOI(D(MUIIUEHTHI CONPOTUBIICHUS U TEIIONEPEIaYH.
[Tomrydeno BeIpakeHUE sl KOG (UIMEHTA COTPOTHBIICHUS CPEpOnIa B 3aBUCUMOCTH OT OTHOIICHUS
ero ocedl. ITomy4eHO CHCIOJIB30BAHUEM JIMTEPATYPHBIX JAHHBIX BBIpAKEHUE I KOd(p(UIMECHTA
pazuManyoHHON Teruionepenayn s chepousa B 3aBHCHMOCTH OT CKOPOCTH, pa3Mmepa, IUIOTHOCTH
aTMocdepbl U OTHOILEHHS OCei. B mpennonoxeHnn, 4To Macca MEeTeopoua yobIBaeT ObICTpee, YeM
€ro CKOpPOCTh, HAWJICHBI AHAIMTHYCCKUC PCIICHUS YpPaBHCHHH (DU3MUECKON TEOpUHM METEOPOB IS
YHOCa Macchl ()parMeHTUPOBAHHOTO METEOPOUIA, SHEPTOBBIICIICHHSI, CBETOBOM KPUBOW U BBICOTHI, TJIE
nocturaercss ee MakcumyM. C TIOMOIIBIO 3THUX PEIICHUH pacCMaTpUBACTCS B3aUMOJICHCTBUE C
atMocdepoit  YensaOuHckoro wmereopouzaa. I[IpoBOAWTCS CpaBHEHHME peIIeHUH it mpoduis
SHEPTOBBIJICIICHUS U CBETOBON KPUBOM ¢ HAOIIOATCILHBIMY JTAHHBIMHU.

ON THE MODEL OF LARGE METEOROID FRAGMENTATION: MODELLING OF
INTERACTIONOF THE CHELYABINSK METEOROID WITH THE ATMOSPHERE

Brykina I.G.
Research Institute of Mechanics, Lomonosov Moscow State University, Moscow, Russia
shantii@mail.ru

The model of atmospheric fragmentation of large meteoroid is developed. We suggest a spherical
shape of the meteoroid before start of breakup, then the meteoroid continues its flight as a cloud of
fragments and vapor with the common shock wave.We consider two processes: flattening of the
fragmented meteoroid (expanding in a lateral direction and reducing in thickness in a flight direction,
in the process a sphere is transformed into a spheroid), and decrease of its density due to the increase
of vapor-filledspacing between fragments. The dependence of the rate of increase of the radius of the
cloud lateral cross-section on the value of that radius is found out. We study a meteoroid flight in the
atmosphereusing the equations for meteor physics which include the drag and the heat transfer
coefficients. The expression for the drag coefficient of a spheroid is obtained as a function of the ratio
of its axes. The expression for the radiative heat transfer coefficient for a spheroid is obtained as a
function of its velocity, size, axes ratio, and the atmospheric densityusing the literature data. On the
assumption of that the meteoroid mass decreases more rapidly than its velocity, the analytical solution
of the equations for meteor physics for thefragmented meteoroid is obtained for the mass loss, the
energy deposition, the light curve and the altitude where the maximum of that curve is reached. This
solution is applied to study the interaction of the Chelyabinsk meteoroidwith the atmosphere.
Comparison of the solutions for the light curve and the energy deposition with observational data is
made.
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JABE IIOITYJIALINU ACTEPOU/10B B I'PYIIIIE BEHI'PUN

Bunorpanosa T. A.
HNucturyT npuknagaon acrponomun PAH, Cankr-IletepOypr, Poccuiickas deneparus

vta@ipa.nw.ru

['pynma Benrpuu npencrasiser co0oit Omuxkaiiinyro K 3emie 001acTh Mosca aCTEePOHUIOB U, TOITOMY,
MOYET CHa0XkKaTh 3eMJII0 3HAYUTEJIbHBIM KOJMYECTBOM METEOPUTHOrO BeuiectBa. Cpean acTepouios,
NPUHAAISKAIIMX 3TOW Tpymme, OblI NPOU3BEACH IMOMCK ceMeiicTB. HeoOXoaumeie it 3TOTO
COOCTBEHHBIE 3JIEMEHTHI, OBbUIM BBIYMCICHBI C MCIOJIB30BAaHUEM SMIHMpUYeckoro Merona. s
UICHTUQUKAIIMA CEMEHCTB OBbUI MPUMEHEH METOJA, AaHaJOTHYHBIA METOJy HEepapXU4ecKoro
KJIaCTEPHOT0 aHanu3a. B pesynbraTe BbIIENEHO 00JIBIIOE CEMENCTBO, BO3IJIABIIAET KOTOPOE aCTEPOU]]
(434) Benrpwusi, OTHOCSILIMICS K PEAKOMY TakcoHOMHYeckoMmy Tuity E. MccnenoBanue pacnpeneneHust
acTepouJOB C M3BECTHOM TaKCOHOMHMEW B IPOCTPAHCTBE COOCTBEHHBIX 3JIEMEHTOB IIOKA3ajl0, 4TO
(doHOBas cocTaBisIOMIas B 3TONH 00IACTH MpeiCcTaBlieHa KAMEHHBIMU acTepoujamu tuna S, L, Torma
kak acrepounpl C m X cocpenoTo4yeHbl, B OCHOBHOM, B HaiijieHHOM cemeiictBe.KonmnuectBo C-
aCTepOMJIOB OKa3aJ0Ch HEOXHUIAHHO O4YeHb OonbimM (48%). Amamus anpbeno C m X acrepounos,
BXOJSIIMX B COCTaB CEMEHCTBA, IOKa3aJ, 4TO aabOeq0 ITHX acTepOUIOB OUYEHb BEIUKO. ITO
MO3BOJIIET CHENIaTh BBIBOJ, YTO X-aCTEpPOU[bl CIENYET OTHECTH KTakcoHoMuueckomy tuny E. bonee
Toro, actepousipl Tuna C ommboyHO KiaccuPUUUPOBaHbl. B 1eHCTBUTEILHOCTH OHU HE SIBIISIOTCS
acTepOMIaMHU, POJCTBEHHBIMH YIJIUCTBIM XOHJIPUTAM, aTOXE JOJDKHBI ObITh OTHECEHbI K THMY E.
[Tpennonaraercs, uto E-acTepou bl ABISIOTCS HCTOYHUKOM TaKUX METEOPUTOB, KaK ayOpHUTHI.

TWO POPULATIONS OF ASTEROIDS IN THE HUNGARIA GROUP

Vinogradova T. A.
Institute of Applied Astronomy of Russian Academy of Science, St.
Petersburg, Russia
vta@ipa.nw.ru

The Hungaria group is a nearest to the Earth part of the asteroid belt and, therefore, can supply the
Earth with a significant amount of meteoritic matter. A search for asteroid families was performed in
this group. Proper elements needed for this procedure were calculated by the empirical method. An
approach similar to the hierarchical clustering method was used for the identification of families. As a
result, a large family was foundheaded by the main asteroid (434)Hungaria. This asteroid is of the rare
taxonomical type E. We considered a distribution of asteroids with known taxonomy in the proper
element space. The background population in this area was found to be represented by S, L stone
asteroids, whereas C and X asteroids are concentrated mainly in the family. The percentage of
Casteroids is surprisingly very large (48%). Albedo analysis for the family members indicates that the
albedo of the C and X asteroid is very large. This suggests that the X-asteroids belong toE type, and,
furthermore, the C asteroids were erroneously classified. In fact, these asteroidsdo not relate to
carbonaceous chondrites, and should be attributed to E type. E-asteroids are thought to be parent
bodies of the aubrite meteorites.
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KAJBKYJISITOP OLEHKHU IMTOPAKAIOIAX ®AKTOPOB BO3JAENCTBHS HA 3EMJITIO
YJIAPOB KOCMUUYECKHUX TEJL. OIEHKA U3J1YYEHMS OT KPATEPO-
HEOBPA3YIOIINX MAJIEHAI

I'mazaues /[.0., [Tono6nas E./I., [Tonosa O.I1., Ceetiios B.B., lllysanos B.B.
HNucturyr nuaamuku reocep PAH, Mocksa, Poccutickas denepanus
GlazachevD@gmail.com

[Tanenne KOCMHMYECKHX Tl Ha 3eMIII0 TPEACTABISIET pealbHYI0 OMACHOCTh Jsi Ouocdepbl U
XO03SUCTBEHHBIX 00BekTOB. Jlaske Bxol B atmocdepy HeOombpmioro YensOMHCKOTO MeTeopura B
¢deBpane 2013 roma mpuBen K 3aMETHOMY SKOHOMHUYECKOMY yliepOy M BbI3BaT MAHHUKY CpEaH
HaceneHus. TyHrycckas kartactpoda 1908 roma, B ciaydae majeHHss KOCMHUYECKOTO Tella HE Haj
HEHACEJIEHHOW Talrod, a HaJg MOCKBOW HJIM JIPYTUM KpPYIHBIM METANoJIUCOM, IMpHBeJIa Obl K HX
MOJIHOMY YHUYTOXEHHIO. [[71s1 OBICTPOI OLIEHKH MOpakaromux (PakTOpoB MpH MaJeHUH KOCMHUYECKHX
TEJ CO3MAETCS OH-JIAWH KaJbKYyJSTOP HAa OCHOBE aKTyalbHBIX (PU3MKO-MAaTEMaTHUYECKUX MOJAETeH
B3aMMOJICHCTBUSI KOCMHYECKOTO Tela ¢ arMocdepoil u moBepxHocThio 3emnu. g paboTs
KaJIbKYJIATOpa B PEKUME OH-JIallH, HeoOxoauma ObICTpas paboTa MOIYJS OICHKU IMOPaXKAFOIIHX
dakropoB. B nanHoil pabote paccmaTpuBaeTcs U3ITYYeHHUE, BOSHUKAIOIIEE MPU MOJIETE U pa3pylIeHUN
TeN, TOPMO3SIIUXCSl B aTMochepe 3emiu, U IpeiaraloTcss WHTEPIOJSILIMOHHBIE (OPMYJbl OLEHKU
MOTOKOB M3ITyYEHUS, MOJTYYCHHbIE HA OCHOBE Pe3yIbTaTOB (PU3HKO-MATEMAaTHYECKOTO MOIETUPOBAHUS
B3aUMOJICHCTBHS KOCMHUYECKHX TEJI pa3HOTO pa3Mepa M cocTaBa ¢ arMmocdepoil 3emian u
UCIIONIb3YEMbIE B OH-JIAlH KanbKysTope. Pabota noanep:xkana rpantom PH® rpant Ne 16-17-00107.

IMPACT EFFECT CALCULATOR. RADIATION ASSESSMENT FROM ATMOSPHERIC
IMPACTS OF COSMIC BODIES WITHOUT CRATER FORMING

Glazachev D.O., Podobnaya E.D., Popova O.P., Svetsov V.V. and Shuvalov V.V.
IDG RAS, Moscow, Russia
GlazachevD@gmail.com

Impacts of high-velocity cosmic bodies possess a real hazard for the human civilization. An
entry of relatively small Chelyabinsk meteoroid in February of 2015 caused substantial economic
problems, sever injuries by broken glasses, and panic among local people. If the Tunguska-like event
occurred not in Siberia but above Moscow or any other megalopolis, the city and its population would
be totally demolished. The on-line calculator for quick assess of the impact damaging factors is
preparing based on actual physico-mathematical models of the interaction of the cosmic body with the
Earth's atmosphere and the surface. The fast calculation of the damaging factors is necessary for the
calculator operating in on-line mode. The radiation produced by the flight and destruction of cosmic
bodies, which are decelerated in the Earth's atmosphere, is considered. The scaling relations for the
radiation fluxes obtained based on the results of physico-mathematical modeling of the interaction of
cosmic bodies different sizes and composition with the Earth's atmosphere and used in the on-line
calculator are presented. The work was supported by the RSF grant Ne 16-17-00107.
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ABOUT OF ONE POSSIBLE MECHANISM OF COMETS’ SPLITTING

Guliyev A.S.
Shamakhy Astrophysical Observatory named after N.Tusi,
National Academy of Sciences of Azerbaijan, Baku, Azerbaijan
quliyevayyub@gmail.com

Some aspects of the hypothesis [1,2] on the role of the meteoroid’ impacts in the comet nucleus
splitting are considered in the paper. We study the inclinations of the orbits of comets, underwent to
splitting relative to the plane of the movement of the known meteor showers. Calculations are based on
the assumption that the impacts occur at angles exceeding the inclinations. Inclinations of the orbits of
114 comets relative to the plane of 100 meteor streams of the IAU list are calculated and their
statistical analysis is carried out.

The analysis covers the cases when the nodes the cometary orbits are located from the meteoroids orbit
in the distant no longer than 0.1au. Kolmogorov-Smirnov and Pearson consent criteria are used in the
analysis. In the case of the long-period comets an irregularity of the distribution of the inclinations has
been found. It was found that one reason for this irregularity is the maximum near of the value 180°.
Comets having such inclinations of orbits often might have frontal collisions with meteoroids. Such
collisions can lead to the splitting of cometary nuclei. This peculiarity corresponds to the discussed
hypothesis. In the case of periodic comets in the area of the high inclination a local maximum has been
found also. In general, it was concluded that the distribution of the inclinations of cometary orbits
accords to the hypothesis of a partial role of meteoroids in the splitting of cometary nucleus.

1.  Guliyev, A. (2016a). Meteoroid streams and comet disintegration. In: Proc. of the IMC, Egmond,
2016, pp. 94-95.

2.  Guliyev A.S. (2016b) Collision with meteoroids as one of possible causes of cometary nucleus
splitting. Planetary and Space Science. 29 November 2016 doi: 10.1016/j.pss.2016.11.009
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KJIACCUPUKATOP METEOPHBIX PAI‘!I/IOOTPA‘)KEHI/II\/'I HA OCHOBE
NCKYCCTBEHHOU HEMPOHHOMU CETH

Hanunos M.B., Kapnio A.B.
Kazanckuit @enepanbubiil YHuBepcutet, Kazans, Poccuniickas @enepanus

mikhdan@mail.ru, arkadi.karpov@kpfu.ru

IIpencraBieH kiaaccu(puKaToOp METEOPHBIX PAIHOOTPAKEHUM HAa OCHOBE MCKYCCTBEHHOM HEHPOHHOMN
cetd. OOBEKTOM KJIACCH(PHUKAIMU SBISIOTCS METEOPHBIC PATHMOOTPAKEHHS: M3MEHEHUE aMILTUTYIbI
OTPaK€HHOI'0 CUI'Hajla CO BpeMeHeM. bbul MCIosib30BaH IBYXCIIOMHBIN NepLUenTpoH ¢ 6 BXxoaamu u 3
BbIXOJIaMH. B kadecTBe mokazarenel s KiIacCU(UKAIMN UCIOIB3YIOTCS MaKCUMalIbHash aMIUIATYa
U LIUPUHBI Npoduaedl aMIUIUTYAHO BPEMEHHBIX XapakTepucTuk (ABX) MeTeopHbIX paguosxo Ha 5
YPOBHSIX OT MaKCHUMaJbHOW aMIudTydbl. [IpuMeHnsieTcs KiaccupUKaniss METEOPHBIX PaIuodX0 C
TpeMs KJaccaMH: HEJJOYIJIOTHEHHbIH, IPOMEKYTOUHBIN U MEepEYINIOTHEHHBIH.

B kauectBe oOyuaromielr BoIOOpKHABX Hcrionb3yroTcst pe3ynbTarhl, MOJTYYEHHbIE HA UMUTALMOHHON
KOMIIBIOTEPHON Mozenu ¢ nomoibto nmporpammel KAMET, paspa6orannoii B KOY. O0bem BEIOOpKHU
moaenbHbIXx ABX — 54000.

beuto mpoBeneHo o0ydeHHE M TECTUPOBaHHME HEHPOHHOW ceTH Kak 0e3 pa3OueHus oOyuarolei
BBIOOPKHU IO BBICOTaM OOpa30BaHHsA METEOPHBIX CJIENOB, Tak U ¢ pazdouenuem or 70xkm no 100 xm ¢
maroM 5 kM. Iloka3aHo, yTO TOYHOCTH OOYYEHHUs pPa3IUyYHA S PaA3IMYHBIX UAMa30HOB BBICOT
CropaHus MeTeoposB, oT 72% 1o 90%.

OOyueHHast ceTb UCIOJB3YETCs I KJAacCU(UKALUU SKCIEPUMEHTANIbHbBIX JaHHBIX, OJIYYEHHBIX Ha
meTteopHoM panape KOY. O6bemaannoiiBsioopkucoctasun 65000 ABX.

PaGota BbINONHEHAa 3a cyeT CpeAcTB cyOcuauu, BblaesneHHOW Kazanckomy denepanbHOMY
YHHUBEPCHUTETY /ISl BBITOIHEHHS TOCYIapCTBEHHOTO 33/1aHus B chepe HaydIHOH JeATEIbHOCTH.

METEOR RADIO REFLECTION CLASSIFIER BASED ON ARTIFICIAL NEURAL
NETWORK

Danilov M. V., Karpov A. V.
Kazan Federal University, Kazan, Russian Federation
mikhdan@mail.ru, arkadi.karpov@kpfu.ru

A classifier of meteor radio reflections based on an artificial neural network is presented. The object of
classification is the meteor radio reflections: the change of the reflected signal amplitude over the time.
A two-layer perceptron with 6 inputs and 3 outputs was used. As indicators for classification, the
maximum amplitude and width of the profiles of amplitude-time characteristics (ATC) of meteor
radio-echo at 5 levels from the maximum amplitude are used. The classification of meteor radio-echo
with three classes is applied: underdence, intermediate and overdence.

As a training sample of ATC, the results obtained on the simulation computer model using the
KAMET program developed in the KFU are used. The sample size of model ATC is 54000 units.
Training and testing of the neural network were carried out both without splitting the training sample
according to the heights of the formation of meteor trails, and with a splitting from 70 km to 100 km in
increments of 5 km. It is shown that the accuracy of training is different for different ranges of meteor
height goes from 72% to 90%.

The trained network is used to classify the experimental data obtained on the meteor radar of the KFU.
The sample size of this sample was 65000 units of ATC.

This work was funded by the subsidy allocated to Kazan Federal University for the state assignment in
the sphere of scientific activities.
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OCHOBHBIE PE3YJIBTATBI U3YYEHUSA COCTABA U CTPOEHUA KOMET:
CJIEIACTBUA 1)1 KOCMOXUMHUHU 1 KOCMOT'OHUHN

Hopodeepa B.A.
WNHcTuTyT reoxuMuu u ananutudeckoi xumuu uM. B.M. Bepnaackoro PAH, Mocksa, Poccuiickas
denepanus
dorofeeva@geokhi.ru

KoMIioHeHTHBIN 1 H30TOIHBII COCTAaB BCIICCTBA KOMCT CIY4YUT Ba)KHBIM HCTOYHHUKOM I/IHq)OpMaI_II/II/I (0]
TEPMOJMHAMHYECKUX YCIOBUAX M JUHAMHYECKHUX IpOIleccax B MPOTOILUIAHETHOM TIa30IbUIEBOM
OKOJIOCOJIHCYHOM JHUCKE, O COCTAaBC IICPBHUYHBIX TCJI, U3 KOTOPLIX, IOMHUMO KOMCT, B 3HAYUTEIHLHOU
Mepe 00pa30BaIUCh KAMEHHO-JIEASHbIE CIIYTHUKH TUIAHET-TUTaHTOB, TeJla TPAaHCHENTYHOBOTO peruoHa
nu HOHCaKOﬁHepa. OtH JaHHBIC TAaK¥XK€ IIO3BOJAIOTOLICHUTD BO3MO>KHBIHM BKJIaJJl KOMETHOI'O BEIIECTBA B
COCTaB JICTY4YMX BHYTpeHHHUX IutaHeT COJIHEYHON CHCTEeMBbl, B TOM yuciie U 3emin. OJIHAKO pelieHue
OTHX 3aJa4 CTAJIKHUBACTCA C pAAOM IIPUHIUIINAJIbHBIX prIIHOCTeI\/JI, BO3HHMKAIOIIKUX IIPU COIMOCTAaBJICHUHA
9KCIIEPUMEHTANIBHBIX JAAHHBIX [0 COCTaBy KOM KOMET C cOCTaBOM uX sijep. [Ipobrmembl cBsi3aHBI €
0COOEHHOCTSIMHA JUHAMHUKH KOMCET, C d)I/I3I/I‘~I€CKI/IMI/I XApaKTCPpUCTUKAMHU KOMCTHBIX AACP WU HX
HEOJIHOPOJHOCTBIO, a TaKXkKe ¢ (paKkTopamMu, HETIOCPEICTBEHHO BIUAIOIIUMYU Ha PE3yIbTaThl U3MEPEHUS
coctaBa KoMbl. Kpome TOro, m0 cux mop HE SCEH MEXaHW3M O0pa3oBaHUsS KOMETHBIX sjiep. DTH
00CTOSTENHCTBA TPEOYIOT KPUTHYECKOTO MOAXO0/a K MOIy4aeMOl 3KCIepUMEHTaIbHOU MH(pOopMau
10 COCTaBy KOMET, B OCOOCHHOCTH IIpU €€ MCIIO0JIb30BAaHUM B MOJIEJIX BOJIIOIMHU OKOJIOCOJHEYHOTO
JMCKa ¥ 00pa3oBaHus Tl B panHer CoTHEUHO cucreme.

MAIN RESULTS OF STUDYING THE COMPOSITION AND STRUCTURE OF COMETS:
CONSEQUENCES FOR COSMOCHEMISTRY AND COSMOGONY

Dorofeeva V.A.
V.1. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moscow, Russia
dorofeeva@geokhi.ru

The component and isotope composition of the comet material will be an important source of
information on the thermodynamic conditions and dynamic processes in the protoplanetary gas-dust
solar disk, the composition of the primary bodies, of which, in addition to comets, the rock-ice
satellites of the giant planets, the bodies of the trans-Neptunian region and the The Kuiperbelt. These
data also allow us to estimate the possible contribution of cometary matter to the composition of inner
planet volatiles, including the Earth. However, there are a number of fundamental problems that arise
when comparing experimental data on the composition of comets with the composition of their nuclei.
Problems are connected with the dynamics of comets, with the physical characteristics of cometary
nuclei and their heterogeneity, as well as with factors directly influencing the results of measuring
coma composition. In addition, the mechanism of the formation of cometary nuclei is still unclear.
These circumstances require a critical approach to the experimental information obtained on the
composition of comets, especially when used in models of the evolution of the solar disk and the
formation of bodies in the early solar system.
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MOJIEJUPOBAHUE SHEPTOBBIJIEJIEHUSA HA 3AKJIIOUATEJIBHOM CTAJIUA
ABUKEHUA METEOPOUJIA

Eroposa JI.A., Jloxun B.B.
HHU mexannku MI'Y, Mocksa, Poccuiickas @enepauus
egorova@imec.msu.ru

Jlokiiag npooikaeT mpeabplIylue UCCIeIoBaHusl aBTOPOB 1O (parMeHTaluu 6011108 B aTMochepe.
Mp1 ipeanonaraeM BHE3aMHOE pa3pylIeHHE KOCMUYECKOT0 TeJla Ha BHICOTE MAaKCUMAJIBHOT'O BCIIBIIIIKU
U, UCTOJIb3Ys aHAIMTUYECKHE OLEHKU, BEIYHUCIISIEM TEMIIEpaTypy rasa, KOTopas O3BOJISIET HaM HalTH
SHEPTUIO COOBITHS.

B nocnennee Bpems mosIBISIETCS MHOTO pabOT MOJIEIHUPYIOIIMX BXOJI U pa3pylIeHUe METEOPHBIX Tel B
atMoc(epe W BBIYUCIAIONMIUX €r0 SHEPTUI0, OJHAKO OCTAeTCS HE SICHBIM BOIPOC 00 HCTOYHUKE
BBICBOOOKJICHHOW TEIJIOBOW 3Hepruu mnocie apoOieHus. [losromy, kpome Monenu paspylieHUs B
paboTe npeuiaraeTcs TakKe MOJIENb Nepexoa KUHETUYECKON SHEPTUU B TEIIOBYIO.

[Tocne apobiieHus ¢parMeHThl pa3pylIEHHOTO Tela 32 KOPOTKUN MPOMEXYTOK BPEMEHU HAarpeBaroT
HEKOTOpPOE KOJMYECTBO ra3za (OKpY»KallILEero BO3JyXa U MapoB Tejla) 10 BBICOKOH TeMIlepaTypsbl.
Kunerndeckasi sHeprusi ABIDKYIIMXCS YACTHI[ METEOPHOTO Tella MEPEXOIUT B TEIUIOBYIO SHEPTHUIO
o0beMa ra3a, B KOTOPOM IIPOUCXOAUT HX JIBHUIKCHHC. N3 3akona COXpaHCHHUA SHCPIrur HaXOJUM
PE3yIbTUPYIOLIYIO TeMIiepaTypy obiaka rasza mocie ¢pparmentanuu. [Ipu 3ToM pacripeneneHue mace
(GbparMeHTOB U3 JIUTEPATYPbl IPOUHTETPUPOBAHO ISl BCETO HAOOpa YacTHII.

MODELING OF ENERGY RELEASE AT THE FINAL STAGE OF THE METEOROID
MOVEMENT

Egorova L.A., Lokhin V.V.
Institute of mechanics MSU, Moscow, Russia
ggorova@imec.msu.ru

The report continues authors’ previous research on fireballs fragmentation. We used a model of the
sudden destruction of the cosmic body at the height of the maximum flash. Using analytical estimates
we calculate the temperature of gas which allows us to find the energy of the event.

Nowadays the more works are to simulate the entry and destruction of meteoric bodies in the
atmosphere and to calculate the released energy, but the source of the released thermal energy after
crushing remains unclear. Therefore, we propose a model for the transfer of kinetic energy to thermal
energy in addition to the destruction model.

After body fragmentation in a short period of time a certain amount of gas (ambient air and body
vapors) is heated by particles to a high temperature. The Kinetic energy of the moving particles of a
meteoric body passes into the thermal energy of the gas volume in which their motion takes place.
Using the law of conservation of energy we find the temperature of a gas cloud after fragmentation.
The mass distribution of fragments from the literature is integrated for the whole set of particles.
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HOBBIE ITPOBJEMbBI TMHAMHUKH 1 TIPOUCXOKAEHNAA KOMET NOCJIE
KOCMHUYECKOU MUCCHUH ROSETTA

Emennpsanenko B.B.
Wuctutyt actponomuu PAH, Mocksa, Poccuiickas ®enepanns
vvemel@inasan.ru

KoMetn! sBisioTcss Hanbosiee MHOTOUYMCIEHHOM M JUHAMHAYHOM dacThio ComHeuHOM cucteMbl. OHHU
UTPAIOT BaXHYIO POJb B 3BoOIMU COJMHEYHOW CHUCTEMBbI, OJilarojapsi IMpoiieccaMm MUTpPALUU U
coynapeHusiM ¢ turaneramu u CoisHieM. [lo COBpeMEHHBIM NpECTaBICHUSIM KOMETHl COXPaHWIN B
CBOEM COCTaBE MEPBUYHOE BEIIECTBO, TO3TOMY MX HCCIICIOBAHUE MUMEET BaKHEHIIIEe 3HAUCHUE U IS
MMOHUMAaHUs TporeccoB GopmupoBanus ColHEUHOW cucTeMbl. B 0030pe 00CyXmaroTcsi pe3yabTaThl
KocMuueckod Mmuccun Rosetta, nmpuBenme Kk HOBBIM BO33pEHUSIM Ha 00pa3oBaHUE M TUHAMHYECKYIO
SBOJIIOIMIO KOMETHOM MOIYJISIINH.

NEW PROBLEMS OF THE DYNAMICS AND ORIGIN OF COMETS AFTER THE
ROSETTA SPACE MISSION

Emel’yanenko V.V.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
vvemel@inasan.ru

Comets are the most numerous and dynamic part of the Solar system. They play an important role in
the evolution of the Solar system due to migration processes and collisions with planets and the Sun.
According to modern concepts, comets preserve the pristine material, so they are of great interest for
understanding the formation of the Solar system. In this review, we discuss the results of the Rosetta
space mission which led to new views on the formation and dynamical evolution of the comet
population.
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HOCJIEJHEE CBJIM)KEHUE KOMETBI IIYMEUWKEP-JIEBH 9 C IOIUTEPOM

Emenssanenxo H. 0.
Nuctutyt actponomuu PAH, Mocksa, Poccuiickas ®@exneparius
nyuemel@inasan.ru

Nzyuaercs mocnegHee commkenue komerbl Illymeiikep—JleBn 9 ¢ HOmurepom. AHamusupyercs
nBwkeHue 19 ¢parmentoB stoii komersl. Haxonsarcst ¢uHanbHbIE COCTOSHUS OpOUT (parMeHTOB B
npouwioM. HambGonee BeposTHO, uTO KOMeTa IpuUHaAiexana cemeictBy lOmurepa m ucnbiTana
HU3KOCKOPOCTHOE adenuifHoe CcOMMKEeHue C HHUM. Pe3ynbTaToM COJMKEHHS CTal BPEMEHHBIH
IPaBUTALIMOHHBIN 3aXBaT KOMEThl Ha opOuTy cnytHuka Onurepa. D10 Oblila BBICOKOIKCLEHTPHUYHAS
HoBHLIEHTpUYECKasi opOuTa ¢ nepuiioBueM nopsiaka 1-1.5 paanyca mianersl. B onnom U3 nepuiioBues
KOMeTa pa3jieiuiiach Ha JiBe yacTu. B pabote nokaszano, 4to ApoOseHue sapa MOIIO IPOA0KATHCS B
TeueHue 56 obparnieHuit koMeTsl Bokpyr FOnurepa.

THE LAST ENCOUNTER OF COMET SHOEMAKER-LEVY 9 WITH JUPITER

Emelyanenko N. Yu.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
nyuemel@inasan.ru

The last encounter of Comet Shoemaker—Levy 9 with Jupiter is studied. The motion of 19 fragments of
this comet is analyzed. The final orbits of the nuclei in the past are found We propose that Comet
Shoemaker—Levy 9 was a member of the Jupiter family. It had the low-velocity aphelion encounter
with the temporary gravitational capture into a satellite orbit. This was a high eccentricity one with a
very small perijovian of 1-1.5 Jupiter’s radius. The comet broke down into two parts near some
perijovian. The following fragmentation of the comet nuclei could continue for 56 revolutions around
Jupiter.
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®.A. BPE/IUXHWH (1831 —1904) U I1.LH.JIEBEJEB (1866 - 1912) HA IEPECEYEHUU
PU3NKHU U ACTPOPU3ZUKHU

Epemeena A. U.
'AWII MI'Y, Mocksa, Poccuiickas ®eneparius
alinaer29@gmail.com

K ucropuu coznanus nepBoit pusnueckoit TEOpUN KOMETHBIX XBOCTOB U OTKPBITHS CBETOBOI'O
nasiieHus. O IepBOM IUIOOTBOPHOM COAPYKecTBe (PM3UKU U acTpopusuku B Poccun.

F. A. BREDIKHIN (1831 —1904) AND P. N. LEBEDEYV (1866 - 1912) AT THE
INTERSECTION OF PHYSICS AND ASTROPHYSICS

Eremeeva A. I.
SAIl MSU, Moscow, Russia
alinaer29@gmail.com

The history of the creation of the first physical theory of cometary tails and the discovery of light
pressure About the first fruitful collaboration of physics and astrophysics in Russia.
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MATEMATHUYECKOE MOJAEJINPOBAHUE JIBUKEHUA
KOMET I'AJIUIES, DHKE U ®AS

3aycaeB A.D.
Camapckuil rocyJapcTBEHHbIN TeXHUUECKUM yHUBepcuTeT, Camapa, Poccuiickas denepanus

zausaev af@mail.ru

[IpoBeneHO Hccnen0BaHNE SBONIOIUN OPOUT KOpOTKomepuoanyeckux komert [amnes, Duke u Pas ¢
UCTONBb30BaHUEM  Ju(p(depeHIuaNbHBIX ~ YpaBHEHUH, OCHOBAaHHBIX HAa  HOBOM  IPUHIIMIIE
B3aUMOJICHCTBHS. Pe3ynbTrarhl 4MCIEHHOTO MHTETPUPOBAHUS ypaBHEHUN IBIKeHHUS koMmeT [ames,
Onke u Pasg cpaBHMBAIOTCA C JAHHBIMH BJIEKTPOHHOIO KomeTHoro karamora Kazuo Kinoshita.
CpaBHEeHHE MOMEHTOB NMPOXOXKJEHUS Yepe3 Mepurelnii KoMeTsl ['aies, MpuUBEIEHHBIX C JaHHBIMU
karanora Kazuo Kinoshita ykaspiBaer Ha cymiecTBeHHbIC pa3innuus. [1o JaHHBIM Katajora B OyaymieM
kometa ["ayutest uepe3 nepurenuid npouaer B 28 urons 2061 r. u 27 mapra 2134 r., yto Ha 7 1 29 nHei
OTJIIMYAETCs OT MPOTHO3a, MpHUBEAeHHOTO B Katanore Kazuo Kinoshita.

[Toxazano, yTo Ha OosblIel yacTu uHTepBaia BpemeHHu (1819-2103 rr.) pa3auyme 3J€MEHTOB OpOUT
KOMETbhl JHKE, MOJYYEHHBIX C MOMOIIBI0 PEUICHHsS] YPAaBHEHUN OCHOBAaHHBIX HAa HOBOM IPHUHIIUIIE
B3aMMOJICHCTBYSI, U JaHHBIMH KaTajiora, BIOJHE YAOBIETBOpUTENbHble. Hanbonpiime pasiauuus B
3JIEMEHTaX OpOMUT JOCTUTaroTCi B IPOLUIOM Ha KOHIIE MHTEpBajia HHTErpUpoBaHUs. Bo3MoxkHO,
MPUYMHBI JAHHOTO PACXOXKJICHUS CBA3aHbl C HETOYHOCTHIO OMOPHBIX OPOUT, BHIYMCICHHBIX HA OCHOBE
HE BIIOJIHE HAJIC)KHBIX HAOIIOACHUH, M UCIIOJIb30BAaHIH YMCIIEHHBIX METOZOB MHTETPHUPOBAHUS MIPH UX
KOPPEKIIUU.

W3 cpaBHeHust 31eMEHTOB opOUT KomeTbl Das, HalJEHHBIX C IMOMOIIBI0 YHMCIEHHOTO pPELIECHUS
ypaBHEHUU ABWXEHUA U mNpuBeAeHHbIX B karanore Kazuo Kinoshita, crneayer, yto otnuums B
DIIEMEHTaX OPOUT CBSI3aHBI C PA3NIUYHBIM TIOJXOJIOM IIPH OIICHKE HErpaBUTALMOHHBIX Y(PQEKTOB.
HeTouHOCTH OMOPHBIX KOMETHBIX OPOUT B MPOILIOM TaKXKe HE MO3BOJISIET ClIeNaTh Ha/IeKHbIE OLEHKU
MPOBEJCHHBIX HCCIEI0BAaHUN. DTO JIMIIHUM pa3 yKa3blBa€T Ha CJIOXHOCTb MPOOJIEMBI, CBA3aHHOH C
UCCIIEIOBAaHUEM 3BOJIIOIMU OPOUT KOPOTKOMEPUOIUIECKUX KOMET.

MATHEMATICAL MODELLING OF THE MOTION OF THE COMETS HALLEY, ENCKE
AND FAYE

Zausaev A.F
Samara State Technical University, Samara, Russia
zausaev_af@mail.ru

The evolution of the orbits of the short-period comets Halley, Encke and Faye is investigated using
differential equations based on a new principle of interaction. The results of numerical integration of
the equations of motion of Halley, Encke and Faye comets are compared with the data of the electronic
comet catalog Kazuo Kinoshita. Comparison of the moments of passage through the perihelion of
Halley's comet, cited with the data of the catalog of Kazuo Kinoshita indicates significant differences.
According to the catalog in the future, Halley's comet through perihelion will be held on July 28, 2061
and March 27, 2134, which is 7 and 29 days different from the forecast given in the catalog Kazuo
Kinoshita.

It is shown that for the greater part of the time interval (1819-2103), the difference in the elements of
the Encke comet's orbits obtained by solving equations based on the new interaction principle and
catalog data is completely satisfactory. The greatest differences of the orbital elements was achieved in
the past at the end of the integration interval. Probably, the reasons for this discrepancy are related to
the inaccuracy of the reference orbits calculated on the basis of not entirely reliable observations, and
the use of numerical integration methods in their correction.

From a comparison of the elements of the orbits of the Faye comet found with the help of a numerical
solution of the equations of motion and given in the Kazuo Kinoshita catalog, it follows that the
differences in the orbital elements are associated with different approaches when evaluating of the
non-gravitational effects.
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AHAJIN3 CHEKTPOCKOIIMYECKHUX TAHHBIX O KOMETAX C/2001 Q4 (NEAT) U
C/1999 S4 (LINEAR), PAHEE ITIOJIYYEHHbBIX B HIEMAXUHCKOU OBCEPBATOPUU

3umanosa A. JL., YMomomkuna . K., 2By(:apeB B. B, 3FynHeB A. C, 3Muxaunos X. M.
MI'V um. M. B. JlomonocoBa, MockBa, Poccuiickas @enepauns
2 AUII MI'Y, Mocksa, Poccuiickas @enepanus
*[lemaxumckas actpodusmnueckas oocepBaropust uM. Hacpegnuna Tycun Mucturyra @uszukun AH
AzepOaiimkana, [llemaxsl, A3epOaiikan
anyazimanova@rambler.ru

Hamu mpoBeneHsl yTOYHEHHWE IIKad JJIMH BOJNHH HWACHTU(UKAIMS SMHCCUOHHBIX JIMHHUU
MOJIMAPOMATHYECKUX apoMaTHueckux yrieBogoponoB (ITAY) u mpocredmnx Moiekysn B 3ulelie-
cnekTpax aByx jgosronepuoandeckux komer 2001 Q4 (R= 40000)u 1999 S4 (R= 14000), moaydeHHBIX
B lllemaxuHCKO# 00cepBaTopun cooTBeTcTBeHHO B 2004 11 2000 1. [TepexannOpoBKa IKaj JJIMH BOJTH
OCYIIECTBIISIaCh ¢ moMoIIpio mporpammuoro makera DECH mo cnektpy CosHIIa M 39MHCCHOHHBIM
JUHUAM 3eMHOU atmocdepnl. g uaeHTudUKanuu SMUCCHOHHBIX JuHuMiA [IAY u mpocreimmx
MOJIEKYJI B CIIEKTpaX KOMET WCIOJIb30BAINCH OIYOJIMKOBAHHBIE CIICKTPaIbHBIC JAaHHBIE HX
71ab0paTOPHBIX UCCIIEIOBAaHUI, a TAK)KE aHATIOTUYHBIE TaHHBIE O IPYTUX KOMETaxX.

B pesynbTare paGoThI BBISBICHBI KaHIUIATHl B apOMATHUECKUE YTIIEBOJOPOJILI B COCTABE BEIIECCTBA
2001 Q4 u 1999 S4(rakue kak mupeH, TerpadeH, KOPOHEH, XPU3€H U JIp.) U MPOCTEUIIINE MOJIECKYJIIbI
(Cy, H,O", NH,, u CN). Ha ocHOBaHnuu moiy4eHHOW HOBOW MHGpOpPMAIUU OyIET CIETaHO HECKOJIBKO
BBIBOJIOB, KaCAIOMIMXCS ABOMOLNUN KOMET B COTHEUHOH cHCTEeME.

ANALYSIS OF SPECTROSCOPIC DATA ON COMETS C/2001 Q4 (NEAT) AND C/1999 S4
(LINEAR) OBTAINED PREVIOUSLY IN SHAMAKHI OBSERVATORY

Zimanova A. L., *Polyushkina D. K., ?Busarev V. V., *Guliyev A. S., *Mikhayilov Kh. M.
L omonosov Moscow State University, Moscow, Russia
2Sternberg Astronomical Institute MSU, Moscow, Russia
Shamakhi Astrophysical Observatory of Institute of Physics of National Academy of Sciences of
Azerbaijan, Shamakhi, Azerbaijan
anyazimanova@rambler.ru

We performed refinement of the wavelength scales and identification of the emission lines
polyaromatic aromatic hydrocarbons (PAHSs) and the simplest molecules in echelle-spectra of two
long-period comets 2001 Q4 (R =~ 40000) and 1999 S4 (R = 14000) obtainedat the Shamakhi
Observatory in 2004 and 2000, respectively. Recalibration of the wavelength scales of the was carried
out using the software package DECH, spectrum of the Sun and the emission lines of earth's
atmosphere. To identify the emission lines and the simplest PAH molecules in the spectra of comets
was used published spectral data of their laboratory studies, as well as similar data on other comets.

As a result of the work, candidates for the aromatic hydrocarbons in the composition of the substance
2001 Q4 and 1999 S4 (such as pyrene, tetrafen, coronen, chrysene, etc.) and simple molecules (C2,
H20", NH2, and CN) were identified. On the basis of the new information, several conclusions about
the evolution of comets in the Solar system will be made.
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IBOJIIOIUA ®OTOMETPUYECKHUX TAPAMETPOB KOPOTKOIIEPHOJUYECKON
KOMETDI 8P/ TYTTJISA 1 COJTHEYHAS AKTUBHOCTD

No6amunoB X.U., AcoeB X.I'., bBypues A.M.
Wuctutyt acrpodusuku Axagemun Hayk Tampkukucrana, lyman6e, Tamkukucran
ibadinov@mail.ru

Hccnenosana sBosmonus GOTOMETpUIECKUX mapamMeTpoB (M, 1 N) U CIEKTPa U3JIydeHUH aTMOC(hephl
KopoTKonepuoandeckoit kometsl 8P / TyrTiisa. BeisBieHo 3aMeTHOE H3MEHEHHE (POTOMETPUIESCKIX
napaMeTpoB koMeTsl B TeueHuu 220 set Habmonenuii. Komera nocie nepurenus 6osiee akTUBHA, YEM
1o niepurenus. HesHaunTeIbHBIE H3MEHEHHUS TAPaMETPOB OPOUTHI KOMETHI 32 3TOT MEPUO/T
HaboIeHu Ha (poTOMETpHUeCKHEe apaMeTpbl KOMETHI 3aMETHO HE BIUSIOT. AOCONIOTHAS SIPKOCTh
KOMETHI KOPpETUpyeTcs ¢ aKTUBHOCTHIO COJHIIA.

EVOLUTION OF THE PHOTOMETRIC PARAMETERS OF THE SHORT-PERIODIC
COMET 8P/ TUTTL AND SOLAR ACTIVITY

Ibadinov H. 1., Asoyev H. G., Buriev A.M.
Institute of astrophysics of Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
ibadinov@mail.ru

The evolution of the photometric parameters (m, and n) and the spectrum of the atmosphere of short-
period comets 8P / Tuttle is studied. A noticeable variation in the photometric parameters of the comet
during the 220 years of observation. After the comet perihelion more active than before perihelion.
Minor changes of the orbital parameters of the comet during this period of observations on the
photometric parameters of the comet will have no noticeable effect. The absolute brightness of the
comet is correlated with the solar activity.
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YCJIIOBUSA OBPA30BAHUA AHOMAJIBHOI'O XBOCTA KOMET

"M6axuuos X 1., “Cadapos AT
1I/IHCTI/ITyT actpodusuku AH PT, Jlyman6e, Pecny6nuka TamkukucTan
TaKUKCKUI HAUMOHAJIBHBIN YHUBEPCUTET
Tamxukucran, lyman6e, Pecnybnuka Tamxukucran
ibadinov@mail.ru,aj_safarov@mail.ru

Hamu n3ydeHsl 3aKOHOMEPHOCTH U (PU3UUECKUE YCIOBHsI 00pa30BaHusl aHOMAIbHOTO XBocTa 80 KoMeT
(BpeMsi 00pa3oBaHUsl, CKOPOCTU U3BEPKEHHS YACTHIL U3 sI/Ipa) U IPEJI0KEHBI BO3MOKHbBIE MEXaHU3MBI
ux obpaszoBanus. CraenaHo 3aKII0YCHHE, YTO OOJBIINE CKOPOCTH BEIOPOCA U3 si/Ipa MBUIEBBIX YACTHI
anomanpHOTro xBocta komer C/1823Y1, C/1844 U1, C/1883 D1, C/1888 R1, C/1910 A1, C/1922 U1,
C/1931 01, C/1931 P1, C/1932 M2, C/1935 A1, C/1939 B1, C/1954 01, C/1963 A1, C/1968 H1,
C/1973 E1, C/1987 P1, C/1995 O1, C/1999 T2, C/1999 H1, C/2002 T7, C/2004 F4, 7P/1869 G1,
19P/1918, 34P/1938 J1, 67P/1982, 109P/1862 O1 u 213P/2009 B3 cBsi3aHbl CO CTOIKHOBEHUEM sIIpa
3TUX KOMET C Ipyrumu Ternamu COTHEUHOM cuCTeMBbl. Y CTAaHOBIIEHA CBSI3b AaHOMAJILHOTO XBOCT KOMET
C JICTICHUEM siJIpa KOMeT. BhIsIBIICHBI 24 KOMETHI ¢ aHOMAJILHBIM XBOCTOM, CIIOCOOHBIC MIOPOANTH
METEOPOUTHBIN POM, HE MepeceKaroii opouTy 3emiu.

THE FORMATION CONDITIONS OF THE ABNORMAL TAIL OF COMETS

YIbadinov Kh. 1., ?Safarov A. G.
YInstitute of astrophysics of Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
2Tajik national university, Dushanbe, Tajikistan
ibadinov@mail.ru, aj_safarov@mail.ru

We studied the pattern and physical conditions for the formation of an abnormal tail of a 80 comets
(the time of formation, the rate of eruption of particles from the nucleus) and the possible mechanisms
of their formation. It is concluded that a large ejection velocity from the nucleus the dust particles of
the anomalous tail of comet C/1823Y1, C/1844 U1, C/1883 D1, C/1888 R1, C/1910 A1, and C/1922
U1, C/1931 01, C/1931 P1, C/1932 M2, C/1935 A1, C/1939 B1, C/1954, O1, C/1963 A1, C/1968 H1,
C/1973 E1 C/1987 P1, C/1995 01, C/1999 T2, C/1999 H1 C/2002 T7, C/2004 F4, 7P/1869 G1,
19P/1918, 34P/1938 J1, 67P/1982, 109P/1862 O1 and 213P/2009 B3 associated with the collision of
the nuclei of these comets with other Solar system bodies. The connection of the anomalous tail of the
comets with the division of the nucleus of comets. Identified 24 comets with an abnormal tail, is able
to produce meteoroidal swarms, not crossing the Earth's orbit.
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POLARIMETRY OF DISTANT COMETS OF DUST

L2lvanovaO., *Afanasiev V., “Dlugach J.
Astronomical Institute of the Slovak Academy of Sciences, Tatranska Lomnica, Slovak Republic
’Main Astronomical Observatory of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
3Special Astrophysical Observatory of the Russian Academy of Sciences, Nizhnij Arkhyz, Russia
oivanova@ta3.sk

We present new results of continuum polarization measurements for six distant comets: C/2011 S1
(LINEAR), C/2011 R1 (LINEAR), C/2014 A4 (SONEAR), C/2013 V4 (Catalina), and C/2011 KP36
(Spacewatch) with perihelion distances more than 3 au. These comets show significant activity beyond
the Jovian orbit. Polarization maps of these comets show spatial variations of polarization over the
coma from about —2% up to —4% at phase angles o from 4.9° up to 14° what may be related to changes
in physical properties of the dust particles. Average values of the polarization are significantly higher
(in absolute values) than the typical value of polarization (~ 1.5%) observed for the dust comas of the
most comets close to the Sun. Probably, the dust in distant comets differs from that in the short-period
comets. We compare all available observational data with the results of numerical modeling performed
early for comet C/2011 S1 (LINEAR) by using the superposition T-matrix method. As a result of
solving the radiative transfer equation for the cometary coma of different optical thickness composed
of such aggregate particles, we present the values of geometrical Ay and visual A(a) albedo. We
conclude that the small number of observational data does not permit to make reliable conclusions
about the physical properties of particles in the atmospheres of distant comets. New photometric and
polarimetric observations performed in a wide range of wavelengths and phase angles are required to
provide a reliable physical model of the cometary dust.
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FABRY-PEROT OBSERVATIONS OF [Ol] EMISSION OF COMET 252P/LINEAR AT 6-M
TELESCOPE SAO RAS

L2}vanovaO., *MoiseevA., *Afanasiev V.
! Astronomical Institute of the Slovak Academy of Sciences, Tatranska Lomnica, Slovak Republik
2 Main Astronomical Observatory, NAS of Ukraine, Kyiv, Ukraine
% Special Astrophysical Observatory, Nizhnij Arkhyz, Russia
oivanova@ta3.sk

Comet 252P/LINEAR is a Jupiter-family comet and near-Earth object discovered by the LINEAR
survey on April 7, 2000. Observations: Comet 252P/LINEAR was observed during two periods: on
April 1, 2016 and April 5, 2016, when its heliocentric distance, r, increased from 1.024 to 1.038 au,
and phase angle, o, was between 68° and 63°. The observations of the comet were performed at the 6-
m telescope BTA of the Special Astrophysical Observatory (Russia) with the multi-mode focal reducer
SCORPIO-2. The following modes of the instrument were used for observations: direct CCD images,
the long-slit spectroscopy and with Fabry-Perot etalon. Scans of the [OI]A6300 emission line were
obtained in the order to estimate oxygen production. By taking into account photodissociation of H,O
and OH as sources of O(*D), we find the ratio Q(H,0)/Q(O(1D)) and obtain Q(H;0O) from our
Q(O(*D)) measurements. Molecular emissions of C,, Cs, CN, NH, and CO" in the cometary coma
were identified from analysis of long-slit spectroscopy of the comet. The dust coma shows a strong
enhancement in the sunward direction.
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MUT'PALIIAA MAJIBIX TEJ K INTAHETAM 3EMHOM T'PYIIIBI

“HPnaros C. U., ‘Mapos M. 5.
''EOXU umenu B.M. Bepnanckoro PAH, Mocksa, Poccuiickas ®@eneparius
2 KU PAH, Mockaa, Poccuiickas deneparus
siipatov@hotmail.com, marovmail@yandex.ru

[IpoBeneHHBIE HAMU HCCICAOBAHHMS MHUTPAllMA MajbIX TeJI W3 pa3duyHbIx oOiactedl CoyiHeYHOM
CUCTEMBI K (JOPMUPYIONIUMCS U COBPEMEHHBIM TUTAHETaM 3€MHOW TPYIIIBI OCHOBAHBI HA PE3ybTaTax
YUCJICHHOTO MOJICIMPOBAHUS IBOJIOIMUNA OPOHUT JIECATKOB THICSY MAaJIbIX TEJ IO T'PAaBUTAIIMOHHBIM
BIUSHUEM IuTaHeT. McciienoBanack MUrpalus IiaHeTe3uMasield, 00bEKTOB, MEPECEKAIUX OpOHUTY
IOnurepa, acrepowsioB W TPAaHCHENTYHOBBIX OOBEKTOB. B HEKOTOPHIX pacuerax MHUTPAIUN
iaHeTe3uMaiieid u3 3oubl nutanus Onutepa u CatypHa paccMaTpUBaINCh BCe IUIaHEThl. B apyrux
pacuerax Ypan u Hentyn Obliu uckitoueHbl. Kpome pacdyeToB ¢ COBpEMEHHBIMH MaccaMH IUTaHET
3€MHOM TpYIIbI, ObUIM CHENaHbl PacdyeThl C MAacCaMH IUIAHET, MEHBIIUMHU B JECATh pa3, 4yeM HUX
coBpeMeHHble Macchl. [Ipum wuHTEerpupoBaHMM wHcmonb30oBaica Meron bymupma-lllrepa wnm
CHMILICKTHYECKUI MeToy. OOmas Macca BOJbI, JOCTABJICHHON M3 30HEI ITMTAHMS INIAHST-TUTAaHTOB K
3emute, Moria ObITh MOPSIIKA MAacChl BOJBI B 36MHBIX OKeaHaX. [Ipu 3TOM OTHOIIEHWE MacChl BOJIBI,
JIOCTaBJICHHOM K IIaHEeTe 00BEKTaMHM, mepecekaromuMu opouty FOnurepa, kK Macce MIaHETHl MOTJIO
ObITH OobIIe 111 Mepkypusi, Benepbl u Mapca, yem miisa 3emiu. [Ipu pocte Macchl 3apoasbiiia 3eMiIu
JI0 TIOJIOBUHBI COBPEMEHHOM Macchl 3eMJIM Macca BOAbI, TOCTABICHHOM K 3apOIbIITY U3 30HbI TUTAHUS
FOnurepa u CatypHa, Moryia coctaBisaTh okono 30% Bcel BOIbI, TOCTaBIEHHOM K 3eMje U3 3TOM
30HBI. [Ipu CHIIBHO SKCHEHTPUYHBIX opOuTax Ten dddexTuBHbIC pamuychl 3emiau U JIyHBI
OpUOIM3UTENIBHO TMPOMOPLMOHANBHBI HMX paJuycaM, M Macca BeIIeCTBA, BKJIIOYas BOAY,
noctaBieHHoro K Jlyne u3-3a opbutsl FOmutepa, Moria ObITh TOJBKO HA MOPSIOK MEHBIIE MAacChl
BEIIIECTBA, JIOCTaBlieHHOTO Ha 3emuto. McciaepgoBaHus ObulM TOAJEp)KaHbl rpaHTOM Poccuiickoro
HayyHoro ¢onaa N 17-17-01279 u Ilporpammoii ¢yHnaMeHTanbHbIX HccienoBanuil [Ipesnamyma
PAH Ne 22.

MIGRATION OF SMALL BODIES TO THE TERRESTRIAL PLANETS

12 |patovs. I., *Marov M. Ya.
"Wernadsky Institute, Moscow, Russia
2Space Research Institute, Moscow, Russia
siipatov@hotmail.com, marovmail@yandex.ru

Our studies of migration of small bodies from different regions of the Solar system to the forming and present
terrestrial planets were based on computer simulations of the orbital evolution of several tens of thousands of
small bodies under the gravitational influence of planets. We studied migration of planetesimals, Jupiter-
crossing objects, asteroids, and trans-Neptunian objects. In some runs of migration of planetesimals from the
feeding zone of Jupiter and Saturn, all planets were considered. In other runs, Uranus and Neptune were
excluded. Besides runs with present masses of the terrestrial planets, we made runs with masses of the planets
smaller by a factor of ten than the present masses. The Bulirsh-Stoer method or symplectic method were used
for integration. 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 Jupiter-
crossing objects to a planet to the mass of the planet could be greater for Mercury, Venus and Mars than for
Earth. During the growth of the mass of the Earth’s embryo up to a half of the present mass of the Earth, the
amount of water delivered to the embryo from the feeding zone of Jupiter and Saturn could be about 30% of all
water delivered to the Earth from this zone. For highly eccentric orbits of bodies, the effective radii of the Earth
and the Moon are approximately proportional to their radii, and the amount of the material, including water,
delivered to the Moon from outside Jupiter’s orbit could be only by an order of magnitude smaller than that
delivered to the Earth. The work was supported by the grant of Russian Science Foundation N 17-17-01279 and
by the Program of Fundamental Studies of the Presidium of RAS Ne 22.
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®OPMHUPOBAHUE CITYTHUKOBBIX CUCTEM MAJIBIX TEJI U 3APOIBIIIEM JIYHBI
N 3EMJIN

12 Ynaros C. U
'rEOXU umenu B.M. Bepnanckoro PAH, Mocksa, Poccuiickas ®enepanus
KU PAH, Mockaa, Poccuiickas @exneparus
siipatov@hotmail.com

DopMUpOBaHHUE CIIyTHHKOBBIX CHCTEM MajbIX TeJ W 3apoablmieil 3emnu u JIyHpl Ha cTaguu pa3peXeHHBIX
CrylIeHHuH (COCTOSBIIMX M3 O0BbEKTOB IUAMETPOM, MEHBIIUM | M) paccMaTpHBaeTcs B paMKaxX OJHOW U TOU ke
moaenu. UmaroB (Actpon. Bectn., 2017, 1. 51, Ne 4, C. 321-343) nokasai, 4To YIrJIOBbIE CKOPOCTH CTYIICHUH,
HCITONIB30BaBIIHeCs B pacuerax Hecsoproro u ap. (AJ, 2010, 140, 785-793) B kauecTBE MCXOTHBIX JAHHBIX TPH
MOJEIIUPOBAHUN CXATUS Pa3pEKECHHBIX CTYILIEHWH, MPUBOAALIETO K (POPMUPOBAHUIO CIIyTHHUKOBBIX CHCTEM
TPAHCHETITYHOBBIX OOBEKTOB, MOTJH OBITH IMOJMYYEHBI NMPH CTOJKHOBEHUSX CIyIICHHH, PagHychl KOTOPBIX
COIIOCTaBUMBI C UX paguycaMy XWUIa, a TeIHOLEHTPUYECKUe OpOUThI KOTOPhIX Kpyrossle. PaccmarpuBaemas
MHOI0 MOJENb XOPOLIO OOBSACHSIET OCOOCHHOCTH 3aBHCHMOCTEH 3JIEMEHTOB OpPOMT M Macc KOMIIOHEHT
W3BECTHBIX JIBOMHBIX TPaHCHENTYHOBBIX 00bekTOB (MmartoB, Actpon. Bectn., 2017, 1. 51, Ne 5, B meuarn).
Hcxomable 0ceBble MOMEHTHI CTYIIEHHH HE TOCTATOYHBI Uil (POPMHUPOBAHUS CITyTHUKOBBIX CHCTEM. YTJIOBOM
MOMEHT, NMPHOOPETAaeMblil CTyLIEHHEM IPU €ro POoCcTe 3a CUET MajbIX OOBEKTOB, MOJIOXKUTEIEH IpH ciIaldo
SKCHEHTPUYHBIX TeIHOICHTPUYECKUX OpOMTaxX, B TO BPEMs KaK 3HAYMTENbHAs 4acTh CIYTHHKOBBIX CHCTEM
MaJIBIX TEJl UMEET OTPHUIATENILHBIC YIIIOBBIE MOMEHTHI. 3HAK YIJIIOBOTO MOMEHTA NPU CTOJIKHOBEHHHU CTYIICHHUHA
3aBHCHUT OT IapaMETPOB CTOJKHOBEHUS. YTJIOBOW MOMEHT CTyLIEHHUS, KOTOPBIH MCIONb30BAJICS [ aluMOBBIM 1
Kpusroseim (E.M. Galimov, A.M. Krivtsov, Origin of the Moon. New concept. / De Gruyter. Berlin, 2012, 168
p.) IpU MOAETMPOBAHUM CXKATHS CTYIIEHHS, MPUBOMIAIIETO K 00pa3oBaHUIO 3apoabimeit 3emnu u JIyHbl, Mor
OBITH MOJTYYEH NPHU CTOJKHOBEHUH JBYX CrylieHuid. Pabora Obina monaepkana rpantom PODOU Ne 17-02-00507
A (dpopmupoBaHHEe CITyTHUKOBBIX CUCTEM MalbIX Tel), rpantoM PH® Ne 17-17-01279 (popmupoBanue JIyHb) u
nporpammoii Ipesunnyma PAH N 9.

FORMATION OF SATELLITE SYSTEMS OF SMALL BODIES AND THE EMBRYOS OF
THE MOON AND THE EARTH

12 |patov S.1.
V.1. Vernadsky Institute of RAS, Moscow, Russia
2Space Research Institute of RAS, Moscow, Russia
siipatov@hotmail.com

The formation of satellite systems of small bodies and embryos of the Earth and the Moon at the stage of
rarefied condensations (consisting of objects with a diameter less than 1 m) is considered with the use of the
same model. Ipatov (Solar System Research, 2017, v. 51, No. 4, 294-314) showed that the angular velocities of
condensations used in (Nesvornyi et al., AJ, 2010, 140, 785-793) as initial data for computer simulations of
compression of rarefied condensations leading to the formation of satellite systems of trans-Neptunian objects
could be obtained at collisions of condensations. My considered model explains well the observed dependences
of the orbital elements and masses of the components of binary trans-Neptunian objects (Ipatov, Solar System
Research, 2017, v. 51, No. 5, in press). The initial angular momenta of the condensations are not sufficient for
the formation of satellite systems of small bodies. The angular momentum acquired by the condensation at its
growth due to accumulation of small objects is positive at small eccentricities of heliocentric orbits, while a
significant fraction of satellite systems has negative angular momenta. The sign of the angular momentum at a
collision of condensations depends on the parameters of the collision. The angular momentum of the
condensation used by E.M. Galimov and A.M. Krivtsov (Origin of the Moon. / De Gruyter. Berlin, 2012, 168
p.) in their computer simulations of compression of condensations leading to the formation of embryos of the
Earth and the Moon could be obtained at a collision of two condensations. The work was supported in part by
the grant of Russian Foundation for Basic Research Ne 17-02-00507 A (satellite systems of small bodies), by the
grant of Russian Science Foundation Ne 17-17-01279 (formation of the Moon) and by the Program of the
Fundamental Studies of the Presidium of the RAS N 9.
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OKOJIOCOJHEYHBIE KOMETHI CEMEVCTB MAPCIEHA U KPAXTA

Kanunugesa O.B.
Bosnoroackuii rocyaapcTBeHHbI yHuBepcuTeT, Bonoraa, Poccuiickas denepanus
olga_kalinicheva@mail.ru

OKOJIOCOJIHEUHBIC KOMETHI (sungrazing comets, sungraZers) — KOMETbl ¢ MaJIbIMH TEePUTeIIMHHBIMU
paccrosinueM (( < 0.la.e.). g xomer cemelictB Mapcnena u Kpaxrta nepurenuiiHble pacCTOSHUS
6Rc < g <12R¢ (B 9TOM e MHTEpBaje MEPUTeIUIHHBIX PACCTOSIHUN HAXOIATCSI U KOMETHI CEMEHCTBa
Meiiepa), 4TO B HECKOJBKO pa3 OobIle TNMEPUTECIUUHBIX PACCTOSIHUN KOMET ceMeiicTBa Kpeiia
(< 2Rc¢). Unciao M3BECTHBIX WICHOB PAaCCMaTPUBACMBIX CEMEHCTB TOpPa3lg0 MEHBIIE, YeM KOMET
cemeiicrBa Kpeiinia, B ucnonbp3dyeMom katanore HacuutbiBaeTcsi N = 34 mosiBieHus: KOMET ceMelcTBa
Mapcaena u N = 44 nosiBnenust KomeT cemeiictBa Kpaxra.

KomeTts! cemelictB Mapcnena u KpaxTa cBsi3aHbl Jpyr ¢ ApyromM OOIIHOCTBIO MPOUCXOKICHUS, OHU
BMecTe ¢ koMeTord 96P (Makxombla), MeTeopHbIMA TIoToKamMu Apuetunbl u FOxHble & AKBapuibi
00pa3yloT MEXITAHETHBIX KOMIUIEKC Makxomnbia. Bee mpeacraBuTeny KOMIUIEKCa MMEIOT OOMIYIO
JUHUIO ancuf. B paGoTe mpoBeAeHO YMCIEHHOE MOJAETUPOBAHUE JIBIXKEHUS (PParMEHTOB KOMETHI C
AJIEMEHTaMHu OpOuUT, OIM3KUMU K 3neMeHTaM opOuThl 96P. IlonydyeHo, 4yTO HampaBiIeHHE HBOJIIOLUU
00BEKTOB KOMIUIEKCA CIEIYyIolIee: KOMeTa-MpapoaAuTeabHuIla—KomMeTa 96P—koMeTsl cemelicTBa
Mapcaena—xkomethl cemelictBa Kpaxta—roTok 8 AxBapunsl. [Ipudem He Bce 0OBEKTHI KOMIUIEKCA
MOCIIEOBATENbHO MPOUIYT BCE MEPEUUCICHHBIE COCTOSHUS, MOCKOJBKY MOJHAS Je3UHTErpanus
00BEKTa MOKET HACTYIUTh PaHbIIIE.

COMETS OF THE MARSDEN AND KRACHT GROUPS

Kalinicheva O.V.
Vologda State University, Vologda, Russia
olga_kalinicheva@mail.ru

Sungrazing comets are comets with small perihelion distance (g <0.1 AU). Perihelion distances of

Marsden and Kracht group comets fall into the range of 6Rc < q < 12Rc (Meyer group comets also
share the same perihelion interval). It is by several folds larger than the perihelion distance of the
Kreutz group comets (q < 2Rc). The number of known members of these groups is much smaller than
the number of Kreutz group members; in the used catalogue there are N =34 appearances of the
Marsden group comets and N = 44 appearances of the Kracht group comets.

Marsden and Kracht group comets share the same origin; together with 96P (Machholz), meteor
stream of Arietids and Southern 6 Aquarids form the Machholz interplanetary complex. All objects
belonging to the complex have the same apsidal line. This work offers computational movement
simulation for comet fragments that have elements of their orbits similar to elements of the 96P orbit.
The following evolution direction has been demonstrated for the complex objects: progenitor comet —
comet 96P — Marsden group comets — Kracht group comets — Southern & Aquarids. However not all
the complex objects will necessarily pass through every stage of the above as it can be preceded by the
total disintegration of the object.
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NCCIEJOBAHUE METEOPHOI'O IIOTOKA INIEPCEN/IBI B 2014-2015I'T".

Kapramosa A. II., bonrosa I'. T.
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[IpencraBieHbl pe3yabTaThl TEICBU3UOHHBIX HaOMOIeHUI MeTeopHOro mortoka Ilepcenmnsr B 2014-
2015 rr. Mna HabmioAeHUS B IIMPOKOM II0JIE KCIIOJIb30BAJUCH TEJIEBU3HOHHBIE CHCTEMBI (Kamepa
Watec LCL-902HS u o6wvextnB Computar 6/0.8). HaGmtoaenust npoBoaAniInCh 0a3MCHBIM METOJIOM C
JIBYX ITYHKTOB, PAcIONIOXKEHHBIX Ha paccTossHuU 20 kM. BbruncieHbl OCHOBHBIE TapaMeTphl (paguaHT,
TeOIEHTPHYUECKAsi CKOPOCTh, OPOUTAIBHBIN MapaMeTphl) sl 0a3MCHBIX METEOpPOB MoTOKa llepcensl.
[IpuBeneHa oleHKa pachpeleieHusl MO COJHEYHOM MJoirore M no jgare HMHaekca MeTeopHOH
aktuBHOCTH (MIMA) Ilepceun B 2014-2015 r r. [loka3zaHo, 4T0 MakKCMMyM aKTUBHOCTH MOTOKa
[Tepcennst 6611 12. [IpencraBieHsl pacipeneaeHsl BICOT 3aropaHusl U MOTyXaHUs ISl METEOPOB U3
JAHHOTO TIOTOKAa IO aOCONIOTHOW 3BE3AHON BenuuMHE. BpruMcieH CyTOYHBIH aApeid paamanta
MeteopHoro nortoka Ilepceumnpl. Takxke npuBomutcs pacnpeaenenue Ilepcenn B 2014-2015 r. mo
sapkocTu (Macce).

RESEARCH OF THE PERSEID METEOR SHOWER IN 2014-2015

Kartashova A., Bolgova G.
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
akartashova@inasan.ru

The results of TV observations of the Perseid meteor shower in 2014-2015 are presented.

For observation in the wide field of view television systems (the camera Watec LCL-902HS and the
lense Computar 6/0.8) were used. Observations were carried out by a double-station method (the
distance between two stations is 20 km). The basic parameters (radiants, geocentric velocities, orbital
parameters) were calculated for double-stations Perseids. The distribution of the Index Meteor
Activity (IMA) of Perseids in 2014-2015 is presented. The maximum activity of the Perseids (with
maximum values of IMA) was obtained in 12 August. Distributions of the beginning and ending
heights of Perseid meteors by absolute magnitude are presented. The daily Perseid radiant drift was
calculated by our data in 2014-2015. The distribution of Perseid meteors by absolute magnitude (mass)
is presented also.
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W3YUYEHUE METEOPHBIX SIBJIEHUI IO KOMBUHUPOBAHHBIM HABJIIOJIEHUAM

1KapTaHJOBa A 11, 2Pri6uOB 1O. C., I'nazaues . 0., ’[Tonosa O. I1., 'BonrosaT. T.
1I/IHCTI/ITyT actponomun PAH, Mocksa, Poccuiickas @enepanus
2 Wuctutyt nunamuku reocpep PAH, Mocksa, Poccuiickas ®enepanus
akartashova@inasan.ru

B3anmopeiicTBie MeTeopHBIX Tell ¢ aTMOCc(hepoi MPUBOIUT K T€HEPALIMU KaK ONTHYECKOrO (METeOphl)
TaK U aKyCTUYECKOTO (MMITYJIbChI JABJICHUS ) U3JIy4yeHUsl. BOJBIIMHCTBO METEOPHBIX YAaCTHUI] HE
JIOCTUTAIOT 3€MHOM MOBEPXHOCTHU, U UX CBOWCTBA (Macca, pa3Mep U T. [I.) OUEHUBAIOTCS 10 JaHHBIM
HAOJII0JIEHUH C UCII0JIB30BAHUEM LIEJIOTO PsAJIa IPEAIIOI0KEHUN U MOJIeNIel B3aUMOIEHCTBHUS €
00J1b1110#1 HeonpeaeIeHHOCThI0. OTHOBPEMEHHbIE KOMOMHUPOBAHHBIE HAOIIOICHUSI METEOPOB
II03BOJIAT CONOCTaBUTh OLIEHKU [TapAMETPOB METEOPOUI0B, IIOJIYUEHHBIE TI0 PA3HBIM
HAOJI0/IaTEIbHBIM JIaHHBIM, YTOYHUTH MOJICIH B3aUMOJICHCTBUS YaCTHI] C
atMocdepoii. KomOnHMpoBaHHbIE (ONTHYECKUE U aKyCTUYECKNE) METEOPHBIE HAOIIOICHUS ObLIH
opranuzoBanbl MHcTHTYTOM actpoHomun PAH (MHACAH) u Uuctutyta nunamuku I'eochep PAH
(A" PAH) B 2014 r. u nponosmkensl B 2016 r. bazucHble onTrueckyue HabII0IeHUS IPOBOININCH Ha
ob6cepBaropun 3seHuropoickas (MHACAH) u reodusudeckoit oocepBatopun Muxueso (MIIT
PAH). HenpepbIBHBIIT MOHUTOPUHT HH(PPa3BYKa OCYIIECTBISIETCA HA reo(pu3nuecKoi 00cepBaTOPHH
"Muxneso", U/II' PAH u na 3Benuropojackoit oocepBatopuu. Konebanus gaBineHus
perucTpupoBaINCh MUKpPOOApOMETpaMH, YyBCTBUTEIbHBIX B Auarna3zoHe yactot 0.001 — 20 I'n.
PaboTa Obuta mogaepskana nporpammoit Ipesnauyma PAH Ne7.

THE INVESTIGATION OF METEOR BY MULTI- TECHNICAL OBSERVATIONS

Kartashova A., 2Rybnov Yu., 2Popova O., 2Glazachev D., 'Bolgova G.
! Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
2 Institute for Dynamics of Geospheres, Russian Academy of Sciences, Moscow, Russia
akartashova@inasan.ru

The interaction of meteor particles with the atmosphere produces the optical (actually meteors) and
infrasound emission. Most meteor particles do not reach the surface of the Earth, their properties
(mass, size, density and etc.) are estimated based on the observational data under different
assumptions. The details of meteor-atmosphere interaction are poorly known, the parameters of meteor
particles are determined with large uncertainty. Simultaneous registration of meteors by different
techniques provides possibility to refine both the meteor parameters and models of particle interactions
with the atmosphere. Test multi technique (optical and acoustical) meteor observations were organized
by Institute Astronomy RAS and Institute for Dynamics of Geospheres RAS in 2014 and continued in
August 2016. The double-station observations are conducted on Zvenigorod observatory of INASAN
(ZO INASAN) and Geophysical observatory IDG RAS Mikhnevo (GPhO Mikhnevo). Registration of
pressure variations was carried out by infrasound stations, which included microbarometers allowing
one to register the pressure changes from 0.02 Pa to 200 Pa in the frequency band of 0.001 — 20 Hz.
The work was partially supported by the Program Ne 7 of the fundamental research of the Presidium of
RAS.
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JAEATEJIBHOCTDB 3ABOJIKCKOI'O MY3ESA 110 COXPAHEHUIO ITAMATH ®.A.
BPEIUXUHA

Kacarkuna C. B.
3aBOJDKCKUI rOPOICKON XYA0KECTBEHHO-KpAaeBeAUECKU My3¢el, 3aBoJKCK, Poccust
kasatkinas68@mail.ru

B noxnane paccMaTpuBarOTCsl OCHOBHBIE HANPABJICHUS JEATEIBHOCTH MYy3€s 110 COXPaHEHUIO NaMSITH
M3BEeCTHOro yueHoro-actpoHnoma ®.A. bpeauxuna. AHanu3upyercsl YHUCICHHBIH M KayeCTBEHHBIN
coctaB ¢oumga P.A. bpenuxuna, KOTOphIi BKIOYaeT B ceOf JOKyMEHTHI, (oTorpaduu, Bem,
NPUHAAJISKABIIME YYEHOMY JIMOO €ro CeMbe, OCBEINAeTCsl IPOLECC PEecTaBpaliM OCHOBHBIX
9KCIIOHAaTOB. OTMEUarOTCs CTaBIIME TPAJULMOHHBIMU MEPONPUATUS My3esl TaKUE KakK JEHb MaMATU
®.A. bpenuxuHa, acTpOHOMUYECKUE HAOIIOACHUS B TEJECKOI JJIsl BCEX JKEAaroIUX, SKCKYpCUU I10
HOBOW JKCHO3MIIMM My3es, cozgaHHoi B 2014 rony. B pokmage paccMmarpuBaroTcs pe3yibTaThbl
HAY4YHO-HUCCIIEJOBATEIbCKON paboThl COTPYIHUKOB My3€sl 0 YTOYHEHHIO Ouorpadguu y4eHoro,
OTMEYAIOTCS COOOIICHHWS W JIEKIMA [0 OSTOW TeMe, CJAEJaHHble Ha HAyYHBIX KOH(EpeHIHUsX.
Paccka3piBaeTcsi 0 U3/1aHUM HOBBIX KHUT, NOCBALIEHHBIX D.A. bpenuxuny, o miaHax ¥ HOBBIX HAEAX
(Hampumep, CO3/1aHUS ACTPOHOMMUYECKOT'O IIEHTPa B 3aBOJIKCKE).

ZAVOLZHSK MUSEUM ACTIVITIES ON FEDOR BREDIKHIN MEMORIZING

Kasatkina S. V.
Zavolzhsk museum, Zavolzhsk, Russia
kasatkinas68@mail.ru
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OBBEKT 2015TB145: ACTEPOHJI MJIM YTACIHASI KOMETA?

Koxwupona I'.H., babamkanos I1.b., Xampoes V. X.
WNuctutyt actpodusukun AH Pecnyonuku Tamkukucran, yman6e, Pecnyonuka TamkukucTan
kokhirova2004@mail.ru

Acrepoun, commkatromuiics ¢ 3emueit (AC3), 2015TB145 otkpeir 10 oktsibps 2015 1., a yxe 31
OKTSIOps OH cOmusmics ¢ 3emiedl Ha MHHUMalbHOM paccTosHuu. [lo  moigydeHHBIM
paZvoJIOKALIMOHHBIM CHUMKAaM acTepouJa CIENaHO MPEIIOJ0KEHUE, YTO B JACUCTBUTEIBHOCTH OH
ABIIIETCS. YraclIuM KOMETHBIM siipoM. Jljis TpOBEpKH MPEANONIOKEHUsS, HaMH HCCIIeOBaHA
muddepennmanbaas oo opoutsl AC3 2015TB145 na unrepsane Bpemenu 100000 net mon
NEeCTBUEM IIaHETHBIX BO3MYyIeHui. [loka3zano, 4To acrepou] 3a OJUH LIMKJI U3MEHEHUs apryMeHTa
nepurenust ero opobutsl, mpumepHo 40 TbIC. JeT, mepecekaeT opoOuTy 3eMIM BOCEMb pas.
CrnepnoBarenbHO, €ClIM OOBEKT HMMEET KOMETHYIO MpPUPOIY, TO OH MOXET HMETh POJCTBEHHBIN
METEOPOUHBIM pPOH, MOPOKIAIOUIMI BOCEMb METEOPHBIX IIOTOKOB, HAOIIOJAeMbIX Ha 3eMmile.
Belunciensl mapaMeTphl TEOPETHYECKHUX IOTOKOB, CBsi3aHHBIX ¢ 2015TB145 um Bo Bcex
OIyOJIMKOBAHHBIX KaTajlorax MpPOBEAEH MOUCK HAOIII0aeMbIX MOTOKOB MJIEHTUYHBIX TEOPETUYECKU
npenckasanHbiM.  Okaszanoch, YTO CEeMb K3 BOCBMH MPEACKa3aHHBIX METCOPHBIX IOTOKOB
OTOKJIECTBJICHBI C HAOII01aeMBbIMU aKTUBHBIMU MTOTOKaMH. C/1€7IaH BBIBOJI, YTO OKOJIO3EMHBIA OOBEKT
2015TB145 sBnsercs ASHCTBUTENHHO YTaCUIMM SIPOM POJUTENIHCKON KOMETHI BBISIBIEHHOTO POSI.

THE OBJECT 2015TB145: ASTEROID OR INACTIVE COMET?

Kokhirova G.I., Babadzhanov P.B., Khamroev U.Kh.
Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan
kokhirova2004@mail.ru

The Earth-crossing asteroid 2015TB145 was discovered on 10 October 2015 and on 31 October 2015
approached the Earth at the minimal distance. On the base of obtained radio images of asteroid it was
suggested that it really is a dead comet. For verification of the proposition the differential orbital
evolution of the asteroid 2015TB145 was investigated under the perturbing action of major planets for
the time interval of 100 thousand years. It was shown, that the object intersects the Earth’s orbit eight
times during one cycle of variations of the argument of perihelion which is equal to about 40 thousand
years. Consequently, if the object is of a cometary nature, it can be associated with a meteoroid stream
producing eight meteor showers observable at the Earth. The features of theoretically predicted meteor
showers associated with the 2015TB145 were calculated and the search for observable showers
identical to predicted was conducted at the all published catalogues. It turned out, that seven from eight
predicted showers were identified with the active observable meteor showers. It was concluded, that
the near-Earth object 2015TB145 is really extinct nucleus of parent comet of revealed stream.
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PE3YJbTATHI HABJIOJEHUN KOMET 41P/TYTTJA-I)KAKOSUHU-KPECAKA U
C/2015 V2 (I’KOHCOH) B TAI’KUKUCTAHE

Koxuposa I'. 1., XampoeB Y. X., bBypues A. M., A6aymnoes C. X., M6parumos A. A.,
Cadapos A. I'., Mymio-A6monos A. I1I., FOcynos M.
HNuctutyt actpodusukun AH Pecnybiuku Tamkukucran, Jlyman6oe, Peciiyonuka Tamkukucran
kokhirova2004@mail.ru

B MexnaynapoaHoit actpoHomuueckoit obcepBaropun Canrmox (MAOC) wu ['mccapcekoit
actponomuueckoir oocepBaropuu (I'ncAO) Uncrturyra actpodusuku AH PT npoBeneHbl CHHXPOHHBIE
acTpoMeTpudeckue u (OTOMETPHUECKUE HAOIIOACHUS KOPOTKOMEPHOJMYECKOW KOMETHI CeMEeHCTBa
IOmurepa 41P/-Tyrris-/xakoouau-Kpecaka u runepoonndeckoii komersl C/2015 V2 (JI)xoHCOHA) B
anpene 2017 r. OnpeneneHbl KOOPAWHATHI KOMET, TOCTPOCHBI BUIMMBIE KPUBbIE OJIeCKa U KPUBBIE
osecka B puwiptpax |, R, V u B. Pesynbrarsl Habmoaennii B MAOC u I'ncAO XopoIio corinacyrTcs
MEXIy co00#, a Takke C JaHHBIMH MHUPOBBIX HabmroxeHuil. IlokasaHo, 4TO TOCIE MPOXOKACHUS
nepurenus Oneck kometsl 41P mocrenenno ocnabeBan, onHako 18 ampens HabI0gaI0CH HEOOIBIIOE
€ro yBEJIHUYEHHE, YTO MOKHO OOBSICHUTh BOSHHKHOBEHHEM JIOKAJIbHOW aKTUBHOCTH Ha TOBEPXHOCTH
Aapa KOMETHl W BBIOPOCOM JOMOJHHUTEIBHOW Ta3ombLIEBOM CyOCTaHIMU, T.€. OOpa3oBaHHEM
nokanpHoro mxera. [lokazarenu usera (V-R) u (R-1) ansa 41P coorBeTcTBYIOT MHTEpBally 3HaYEHUM
JUTSL U3BECTHBIX KOMET cemeiicTBa lOmuTepa, 4To ykaspiBaeT Ha OOIIMN UCTOYHHK C KOMETaMHU 3TOTO
cemeiictBa mnpoucxoxaeHus kometsl 41P. Kpusas Onecka komersi C/2015 V2 mnoka3biBaer
MOCTENIEHHOE YBEJIMYEHUE SPKOCTH OOBEKTa, YTO COOTBETCTBYET €ro MPUONIMKEHUIO K MEPUTETUI0
OpOUTBHL.

THE RESULTS OF OBSERVATIONS OF COMETS 41P/TUTTLE-GIACOBINI-KRESAK
AND C/2015 V2 (JONSON) IN TAJIKISTAN

Kokhirova G.I., Khamroev U. Kh., Buriev A.M., Abdulloev S.H., lIbragimov A A.,
Safarov A.G., Mullo-Abdolov A.Sh., Yusupov M.
Institute of Astrophysics of the Academy of Sciences of the Republic of Tajikistan
kokhirova2004@mail.ru

Simultaneous astrometric and photometric observations of short-period Jupiter family comet (JFC)
41P/Tuttle-Giacobini-Kresak and hyperbolic comet C/2015 (Jonson) were carried out in the
International astronomical observatory Sanglokh (IAOS) and Gissar Astronomical observatory
(GisAO) of the Institute of Astrophysics of the AS RT in April 2017. The comets positions, light
curves both visual and in I, R, V and B-bands filters have been obtained. The results of observations in
IAOS and GisAO are in good agreement between itself as well are consistent with the data of another
observations. It is shown that after the perihelion the brightness of comet 41P was gradually decreased
however a bit increasing of light was observed in April 18 that may be explained by a formation of
local activity on the comet’s surface and the ejection of addition gas-dust substantion, i.e. formation of
the local jet. Color indexes (V-R) and (R-I) of 41P are consistent with the range of their values for
known JFC that point to a common source of origin of these comets. The light curve of comet 48P
demonstrates gradual increasing of its brightness that is corresponding to an approaching of comet to
its perihelion.
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OIEHKA METEOPOUJHOT'O PUCKA B OKOJIO3EMHOM ITPOCTPAHCTBE

Myprazos A.K., EpumoB A.B.
PI'Y umenu C.A. Ecenuna, Psizanb, Poccuiickas @enepanus
a.murtazov@rsu.edu.ru, a.efimov@rsu.edu.ru

MeTeopouiHbId PUCK B OKOJIO3€MHOM IIPOCTPAHCTBE OOYCIIOBJIEH, TNIABHBIM 00pa3oM, TelaMu C
pazmepamu 1-10 MM. Takue Tena He PErUCTPUPYIOTCS COBPEMEHHBIMU CPEACTBAMU MOHUTOPHUHTA, a
00HapyXUBAIOTCS TOJIBKO IO BbI3bIBAEMBIM UMH METEOPHBIM SIBJICHUSIM.

B pabote npoananu3upoBaHa aKTUBHOCTb OCHOBHBIX METEOPHBIX MOTOKOB B T€UECHHE HECKOJIBKHX JIET,
U OLEHEHa METEOpOMJHAsl ONACHOCTh, CO3[aBaéMas B OKOJIO3EMHOM IIPOCTPAHCTBE YacTHULIAMU
pa3mepamu 6omee 1 mm.

Pe3ynbTarhl pacuera METEOPOMAHOIO PHUCKA B IEPUOJbl MAKCUMAJIBHON aKTUBHOCTHU 3THX ITOTOKOB
MOKa3ajM, 4TO, HECMOTPSI Ha HEBBICOKHE 3HAYEHUS, OH JOCTATOYHO OMU30K K BEIUYHHE MPECIIbHO
JOIYCTUMOI'O pUCKa. DTO YK€ MPEICTaBISET 3aMETHYIO OIACHOCTb, U TaKasl OIACHOCTh HYXKIAeTCs B

yuere.

ASSESSING THE METEOROID RISK IN CIRCUMTERRESTRIAL SPACE

Murtazov A.K., Efimov A.V.
Ryazan state university, Ryazan, Russia
a.murtazov@rsu.edu.ru, a.efimov@rsu.edu.ru

The meteoroid risk in circumterrestrial space is basically caused by 1-10 mm meteoroid bodies.
Meteoroid particles of such dimensions cannot be registered by modern monitoring astronomical
instruments. Observable are only meteor phenomenathey cause.

This work analyses the activity of main meteor showers over several years and assessesthe danger
from meteoroids with a size of more than 1 mm.

The results of calculating the meteoroid risk during these showers’ maximum activity periods have
shown that despite its low values it is sufficiently close to the maximum allowable riskThis already
constitutes a recognizable danger, and such a danger needs to be taken into consideration.
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KATAJIOT PAIMAHTOB, CKOPOCTEM, OPBUT U ATMOC®EPHBIX TPAEKTOPUI
PAJIMO METEOPOB SIPYE +5™

Hap3ues M., [UeGorapes P. I
Huctutyt acrpopusuxku AH Tamxukucran, ymanbe, Peciryonuka Tamkukucran
mirhusseyn_narzi@mail.ru

Jns uzydeHus GU3NKO-KMHEMATUYECKUX U IMHAMUYECKHX XapaKTePUCTHK METEOpOB U aTMoc(hepsl B
XX Beke B Jlxxonpan bauke (Aurnun), B 'apBapae (CLLIA), Otrase (Kanane), Xappkose (Ykpause), B
O6nuncke (Poccus), ['ucAO (Tamkukucrane) u T.1., ObUIM CO3/IaHBI KOMILJIEKCHI padoaniapaTypsl,
Ha 0a3e KOTOPHIX MO pa3HbIM HAIMOHAIBHBIM M MEXKIYHApPOAHBIM MpPOTpaMMaM IPOBEICHBI
HaOmoneHus1. B yactHocTu B nmepuon aeiictBuss COBETCKOM SKBATOPUATLHON METCOPHOM SKCIICAUITNHI
(Comammn) B 1968-1970 rr. onnoBpemenHo B ['ucAO Obuid OpraHM30BaHbl PaJuOHAOMIONCHUS ¢ 4—X
myHKTOB. OHAKO B OOJIBIIMHCTBE CTAHIUI 1711 U3MEPEHUS PAAMAHTOB U CKOPOCTEN MHAUBHUIYaTIbHBIX
METEOpPOB OBl MCIOJIb30BaH IU(PAKIMOHHBII METOJ, UMEBIIMH JBa HEJOCTATKA: a) OH MPHUMEHUM
st o0padotku 15-25% wmereopoB; 0) MOrpemIHOCTh U3MEPEHHs] C POCTOM 3E€HUTHOTO PACCTOSHUS
pamuanTa 1o 60°-70° yBenuuuBaercs B 2-3 pasa, a Ipu JajJbHEHIIIEM POCTE PacTeT elle ObICTpee, Tak
YTO U3MEPEHUSI TEPSIFOT CMBICI.

[leneHraiiMOHHO-BPEMEHHOM METOJ M3MEPEHMS PAaJUaHTOB U CKOPOCTEH, BIIEPBBIE NMPHUMEHSIEMBIN B
TamkukucTane, MPUMEPHO BJBOE YBEIUYMBACT YHUCIO H3MEPEHHBIX METEOPOB, a IMOrPEUIHOCTH
M3MEPEHUS 36HUTHOI'O PAaCCTOSHUS paJiaHTa HE 3aBUCUT OT €0 MOJIOKEHUS.

B karanore, Hapsany ¢ paguaHTaMH, CKOPOCTSIMU U DJIEMEHTaMU OpOUT, BIIEPBbIE MPUBOASTCS BHICOTHI,
BEJIMYMHA JIMHEHHOM JJIEKTPOHHOW IUIOTHOCTH, pAaJHOBEIMYMHA U Macchl Kaxjaoro uz 8100
PagroOMETEOPOB, 3aPETUCTPUPOBAHHBIX ¢ AeKadops 1968 mo nekadbpp 1969 r.

THE CATALOGUE OF RADIANTS, VELOCITIES, ORBITS, AND ATMOSPHERIC
TRAJECTORIES OF RADIO METEORS BRIGHTER +5™

Narziev M., [Chebotarev R. P
Institute of Astrophysics of the Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
mirhusseyn narzi@mail.ru

For the study of physical and kinematic and dynamic characteristics of meteors and the atmosphere in
the XX century in Jodrel the Bank (of England), Harvard (USA), Ottawa (Canada), Kharkov
(Ukraine), in Obninsk (Russia), HiSAO (Tajikistan), etc., was a set of radio equipment, which
according to various national and international programs which was conducted the observation. In
particular during the period of the Soviet Equatorial meteor expedition (Somalia) in 1968-1970 at the
same time in HisAO was organized by the radio observations with 4 points. However, in most stations
for the measurement of velocities and radiant’s of individual meteors were used diffraction method
which had two drawbacks: a) it is applicable for handled 15-25% of the meteors, b) measurement
error with increasing zenith distance of the radiant to 60°-70° can be increased 2-3 times, and further
growth is growing even faster, so that measurement was meaningless.

Bearing-time measurement method of radiant’s and velocities used for the first time in Tajikistan,
approximately doubles the number of measured meteors, and the measurement errors of the zenith
distance of the radiant does not depend on its position.

In the catalog, along with the radiant’s, velocities and orbital elements, are given first height, the
magnitude of the linear electron density, radio value and mass of each of the 8100 radio meteor, was
from December 1968 to December 1969.
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MACCA OJHOBPEMEHHO 3APET'HTCTPUPOBAHHBIX APKUX PA/IMO-OIITHYECKHUX
METEOPOB

Hapzues M.
Huctutyt acrpopusuxku AH Tamkukucran, lymanbe, Peciryonuka Tamkukucran
mirhusseyn_narzi@mail.ru

JIst BBIABICHMS IIKaIbl Macc MeTeopos sipue 0™ 1o pesynbTaTaM OJHOBPEMEHHBIX ONTHYECKUX H
PaMOJIOKAIIMOHHBIX HAONIOICHUH MCCIEA0BAHO OTHOIICHUE MHTEHCHUBHOCTH CBEUCHHS K JIMHEHHOU
AJIEKTPOHHOU IJIOTHOCTH B 3aBUCUMOCTH OT CKOpocTH V. YcTaHOBIEHO, 4TO OTHOIIeHus lg I/q ms
mereopos spue 0™ He 3aBucaT or ckopoctu. CpeiHee 3HaueHue oTHomeHus lg I/q cocrapiser -
4.12+0.12. Ha ocHOBE MOJYy4EHHBIX JAHHBIX BBISIBJCHBI IIKAJIBI MACC SIPKUX PAJMOMETEOPOB.

Hns 27 MeTeopoB, 3aperucCTPUPOBAHHBIX OJHOBPEMEHHO ONTHYECKUM U  PaJUOJIOKAIIMOHHBIM
METOJJaMH,  BBIYHMCIEHBl UX (oTOMEeTpuueckHe U  paJuoJIOKallMOHHbIE Macchl.  Pacder
(doTorpadguyeckoil mp, ¥ pagnOJOKAMOHHON MacChl M; METEOPOHMIOB OCYILECTBIIAICS 110 H3BECTHBIM
dbopmynam:

Mpn =3 H 1/ 2 1y, Cos Z (1)
m,=3H nq/4p Cos Z (2)
rne H — BeIcoTa OJTHOPOTHOU aTMocq)epbl, Im u m — WHTEHCUBHOCTHh CBEYCHMS W JIMHEWHAs
3JIEKTPOHHAs IUIOTHOCTh Ha BBICOTE PAJUOOTPAKEHUSA, Ty — KOd(D(HULIMEHT cBedeHus H B -

KOd(pUIMEHT WOHM3aIMK, Z — 3EHUTHOE PACCTOSHHE paguaHTa METeopa W L - Macca aToma
MeTeopHOro BemiecTBa. [Ipu BEIUKMCICHHH MAacChl KQXXI0TO MeTeopa AByMs MeTogamu ganusie H, I,
Om, V u Cos Z BpiOupanuch 1o pe3yabTaTaM OJJHOBPEMEHHBIX HAOMIOACHUH, a CPEIHsIsI Macca aTOMOB
METEOPHOI'0 BEIleCTBA MPHUHATA [ = 3,82.19% . Cpennue 3Hadyenust Qororpaduueckoit u
PaaroIOKAIIMOHHOM MacChl METEOPOUIOB COCTABIAIOT cooTBeTCTBEHHO 0,93+0,42 1. m 0,84+0.38 r.,
YTO HAXOAMUTCS B YJIOBJICTBOPUTEILHOM COTJIACUU MEXKTY COOOM.

THE MASS SIMULTANEOUSLY BRIGHT RADIO-OPTICAL METEORS

Narziev M.
Institute of Astrophysics of the Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
mirhusseyn_narzi@mail.ru

To identify the scale of masses of meteors brighter - Om the result of simultaneous optical and radar
observations is investigated the relation of luminous intensity to the linear electron density from the
velocity V. Established that the relationship Ig 1/q for meteors brighter - 0" does not depend on
velocity. The average value of the ratio Ig I/q is -4.12+0.12. On the basis of the obtained data revealed
the scale of masses of bright radiometers.
For 27 of meteors recorded simultaneously optical and radar methods were computed their
photometric and radar mass. The calculation of the photographic my, and radar meteoroids mass m;
was carried out according to the known formulas:

Mpn=3HI/2twV3CosZ (1)

m,=3H nq/4p Cos Z (2)

Where H- is the height of the homogeneous atmosphere, | and g — luminescence intensity and the
linear electron density on the height radio reflection, tp, — the luminous efficiency and 8 - ionization
coefficient, Z — the Zenith distance of the radiant of the meteor and p- is the mass of an atom of
meteoric matter. For calculating the mass of each meteor two methods data H, I, g, V and Cos Z is
chosen according to the results of simultaneous observations, and the average mass of the atoms
adopted pn=3.82-19-23 g. The average values of the photographic and radar mass meteoroids are
respectively 0.93+0.42 g and 0.8440.38, which is in satisfactory agreement among themselves.
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KAJIBKYJIATOP HOCHEI{CTBHI?'I CTOJKHOBEHMI KOCMHUYECKHX TEJI C
3EMJIEH: KOHCTPYKTOP OITACHBIX OPBUT

1HapoeHKOB C.A, I'nasaues H.0., 2TypyHTaeB n. C, 1KapTamOBa A.IL
1I/IHCTI/ITyT actponomuu PAH, Mocksa, Poccuiickas denepanus
ZI/IHCTI/ITYT nunamuku reocep PAH, r. Mocksa, Poccuiickas ®enepanus
snaroenkov@inasan.ru

OOHapyXeHUsl HOBBIX AaCTEPOUIOB U METEOPOUJOB MPOMCXOAUT HEMPEPBIBHO. XaPaKTEPUCTUKHU U
opOUTaNIbHBIE MTApaMETPhl yKe OOHAPYKEHHBIX KOCMHUYECKUX TeJl TaKKe PeryasipHo oOHoBisA0TCsS. Y
JUI KQXJI0TO0 00BbEKTa HEOOXOIUMO ONpeAesaTh MOTEHIMAIbHBIN PHCK U yiiepO, oOpasyrouuiicsa B
Clly4ae CTOJIKHOBEHMsI Takoro tena ¢ 3emueil. [y Takux 3amad Mbl pazpabaThiBaeM KalbKyJSTOP
NOCJIEAACTBUM OT CTOJIKHOBEHHUS OIIACHOI'O ¢ 3eMJIeH,

KoHCTpykTOp OmacHbIX OpPOUT KalbKyJasiTOpa MOCIEACTBUNA MO3BOJSIET CO3JaTh BHUPTYaAJIbHYIO
(TUIOTeTHYECKYI0) OpOUTY HEOECHOTO Tena, KOTOpast MPUBEET K CTOJIKHOBEHHIO C 3eMJIei U OIICHUTh
BO3MOXXHBIE TOCHEACTBUSI CTOJIKHOBeHHs. Co3gaHue BUPTYyalbHOM OpPOUTBHI MOXXHO peau30BaTh
nByMsi criocobamu. B mepBom cmocoOe mosb3oBarenb, moxdoupas HATh mapamerpoB KeruiepoBoit
OpOUTHI, 1aTy CTOJKHOBEHHsI, pa3Mep 00bEKTa, CO3JaeT OMACHYI0 OPOUTY M YCIOBUS CTOJIKHOBEHHS.
s mepBoro crocoba MPOrHO3UPYETCS MECTO, CKOPOCTb M 3HEPreTHKa CTOJKHOBeHUs. Btopoi
Croco0 MO3BOJISIET CIPOTHO3UPOBATH OMACHYI0 OPOUTY Ha OCHOBE BPEMEHHU M MeCTa CTOJKHOBEHUS,
yria Bxoja B aTMmocdepy, HampaBlIeHHsS W CKOPOCTH yaapa. [Ipw ompeneneHuH HCIONIb3yeTCs
YHCIIEHHAs MOJIEJIb, YUYUTHIBAOIAsl BO3MYyIIeHHs oT 3eMiH, Jlynsl, ConHila, Bpamienust atMochepsl, U
COINPOTUBIIEHUE aTMOC(EPHI.

YucneHHas Mojienb Obljia MpoBepeHa Ha opOuTax Takux Teln kak Uensounckuit mereopur, 2008 TC3,
meteopuT Hoato, Mmereopoun 2014 AA. TlonydeHHble pe3yabTaThl HOATBEPINUIN KOPPEKTHOCTh
yuCcJIeHHOW Mojienu. Pabota moanepsxkana rpantoM PH® rpant Ne 16-17-00107.

IMPACT EFFECTS CALCULATOR: HAZARDOUS ORBIT’S DESIGNER

'Naroenkov S., ?Glazachev D., *Turuntaev I., ‘Kartashova A.
YInstitute of Astronomy, Russian Academy of Sciences, Moscow, Russia
?Institute for Dynamics of Geospheres , Russian Academy of Sciences, Moscow, Russia
snaroenkov@inasan.ru

Detection of new asteroids and meteoroids proceeds continuously. The characteristics and orbital
parameters of an already discovered body are also regularly refined. For any discovered object it is
necessary to assess the potential risk and damage resulting from the possible collision of such body
with the Earth. For these aims we are developing the impact consequences calculator. Hazardous
orbit’s designer of the impact consequences calculator allows to create a virtual (hypothetical) orbit of
the celestial body, which will lead to a collision with the Earth. The creation of a virtual orbit can be
realized by two ways. In the first way, the user, setting five parameters of the Keplerian orbit, the date
of collision, the size of the object, creates a dangerous orbit and collision conditions. For the first
method, the place, speed and energy of the collision are predicted. The second way allows to predict a
dangerous orbit based on the time and place of collision, the angle of entry into the atmosphere, the
direction and speed of the impact. We believe that both possibilities can be interesting and in demand.
To determine the orbit a numerical model is used, which takes into account perturbations from the
Earth, the Moon, the Sun, the rotation of the atmosphere, and the resistance of the atmosphere. This
numerical model was tested at the orbits of such bodies as the Chelyabinsk meteorite, 2008 TC3,
Novato meteorite, meteoroid 2014 AA. The results confirmed the correctness of the numerical model
for the orbit and the impact point determination. The work was supported by the RSF grant Ne 16-17-
00107
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9BOJIIOUA OPBUT ACTEPOUJOB 3200 ®AITOH, 155140 (2005 UD)
" 2011 XA3 I'PYIIIIBI AITOJIVIOHA

O6py6oB 10.B., Brnaiikos H./I.
Kanyxckuii pumman MI'TY um. H.D.baymana, Kanyra, Poccuiickas ®enepanus
obrubovyu@yandex.ru, nick-vlaikov@yandex.ru

Actepona 3200 dasToH ABMKETCS 10 YHUKAIBHON OpOHTe ¢ epureauiiHeiM pacctosarem 0,14 a.e. u
nepuoaoM oOpallleHuss MeHee moiayropa jer. Ha mepBoM sTtame uccienoBaHus HEOOXOAMMO HAWTU
00BbeKThl Ha Onu3kux opOutax. [lns oueHku pa3nuuuil B OpOUTaX Mbl KCIIOJIB30BAM KpUTEpU
CaytBopTa-XOKHHCa, UCIIOIB3YIOMHUI 5 31IeMeHTOB opOUT. B pesynbraTe ObLIH BBIACICHBI aCTEPOUIBI
2011 XA3 u 2005 UD. B nHacTosmuii MOMEHT BPEMEHHM pa3jinuyMe B OpOUTax TPEX acTEPOHUIOB
OTHOCHUTEJIBHO BEJIMKO, HO OHO MOXXET OBITh pe3yJbTaTOM BIMSHUS IUJTAHETHBIX BO3MYIICHUH.
HccnenoBanre BEKOBOM ABOJIOLNUK OPOUT BCEX TPEX aCTEPOUAOB C YUETOM BO3MYLICHHM OT Bcex 8
OOJIBIIMX TUUIAHET OBLIO BHIMOJHEHO Ha uHTEepBasie BpemeHu oT 150 000 net g0 H.3. 1o 10 000 et H.5.
no Merony Amnbdana-I'opsueBa. DTH BHIYHUCICHUS MMOKa3bIBAIOT, 4TO npumepHo 130 — 140 Thicsy et
Ha3a/] acTepOU[bl ABHTAIMCH 10 3HAYUTENBHO Oojiee ONM3KUM OpOUTaM. ODJIeMEHTHl OpOUT Ha

MOMEHTHI HauOoiblIero cxoiacrtsa T U COOTBETCTBYIOIIME UM 3HaueHUs D, -KpuTepus MpuBEICHBI
Hike B Tao0muie.

Mansle 3HaueHnss D, TO3BOJISAIOT CAENaTh BBIBOJ, YTO acTepou sl rpynmnsl Anoutona: 3200 ®dastoH,
155140 (2005 UD) 1 2011 XA3 BO3MOKHO UMEIOT 00IIIee IPOUCXOKICHHE.

ORBITAL EVOLUTION OF 3200 PHAETHON, 155140 (2005 UD)
AND 2011 XA3 APOLLO ASTEROIDS

Obrubov Yu. V. and Vlaikov N. D.
Kaluga branch of Bauman Moscow State technical University, Kaluga, Russia
obrubovyu@yandex.ru, nick-vlaikov@yandex.ru

Asteroid 3200 Phaethon moves on unique short-period orbit with perihelion distance of about 0,14
AU. At the first step of the search the related asteroids it is necessary to find the objects on close
orbits. To evaluate the distance between the orbits we used the D, criterion of Southworth and
Hawkins which based on 5 orbital elements. As seen now the orbits of 3200 Phaethon and 2011 XA3
are close to each other, but it is not so for 3200 and 155140 (2005 UD). The reason may be the
influence of planetary perturbations. Secular planetary perturbations from all 8 planets were calculated
by Halphen-Gorjachev method in time interval from 150000 yr BC to 10000 yr AD. The investigations
of the variations of D, with time reveals the moments of its minima. The orbital elements of

asteroids corresponding to these moments T are given in the Table below:

Objects T e q i Q ) Dqyy
2005 UD 0,863 | 0,174 | 1955 | 149,40 | 306,76
2011 XA3 -139600 0,901 | 0,145 | 2056 | 150,16 | 308,07 0,061
3200 0,792 | 0,264 | 3946 | 107,21 222
2005 UD -134300 0,796 | 0,261 | 39,22 | 111,30 | 348,22 0,145
3200 0,864 | 0,173 | 18,22 | 66,74 | 50,23
2011 XA3 -127000 0,903 | 0,142 | 19,73 | 62,92 52,66 0,065

Table. The orbits of asteroids at the moments of maxima closeness. T in yrs BC
The values of Dy, allows to conclude that Apollo asteroids 3200 Phaethon, 155140 (2005UD) and
20011 XA3 have a common origin.
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MOJIEJIb MUT'PALIUM KOMET

IIepos H.A.
I'AVYK A0 «llentp umenu B.B. TepemkoBoii», Apocnasib, Poccuiickas ®enepanus
perov@yarplaneta.ru

B pabore [1] B pamkax mapHOH MPOCTPaHCTBEHHOU 3ama4un AByX Ten — ColiHIle-KOMeTa M TUTaHeTa-
KOMETa — paccMaTpUBaeTCsl MpoIecC MEepexoja KOMEThl C MEepBOHAYAIBHOM T'eIMOLEHTPHYECKON
napaboINYecKoil OpOUTHI Ha TEIHOLEHTPHUYECKYIO SJUIMNTUYCCKYI0 (Tapa0oIuvecKylo — ¢ WHBIMU
napaMeTpamMu, TUIEpOOIUYECKYyl0) TpaeKTopuio. BriepBrle, B aHaJIUTHUYECKOM BHUJE, BBIBEICHBI
BBIP)KEHUS JUISI BBIUMCICHUH 3HAYCHHI IapaMeTpoB OPOHMTHI KOMETHI MOCIE €€ BhIXoda u3 chepbl
NEeHCTBUS TUIaHEThl W 3axBara TpaBuTanMoHHbM mnoneMm Connna. B npencraBnsemoit paGore,
SBIISIONICHCS TIpoAobkeHneM [1], Jokaau3oBaHBI MPOCTPAHCTBEHHO-BPEMEHHBIE OO0JIACTH BOJIM3H
IUTAHET-TUTAHTOB, Yepe3 KOTOPbIE JOJIKHBI IPOUTH KOMETHI, YTOOBI I1epeceyb, B JalbHEWIeM, OpOUTY
3emuin (TmpeBpamiasich B OMacHble HEOECHBIE Tela M TOpPOXkaash HOBBIE METEOpPHBIE MOTOKH). B
YaCTHOCTH, TOKa3aHO, €CIIM TepBOHAYajabHas Mapabonuueckas KOMeTa, ¢ mepurenueM B [aBHOM
MOsICE acCTepOM/IOB, MOAXOAUT K IUIAHETEe-TMFaHTy Ha ONPEJEICHHOE pAacCTOSHHUE, TO 3aTeM C
TUTAHETOIICHTPUYECKONW TUIepOOTuYeckoil OpOUTHI, MOCHE BBIXOJa KOMETHI U3 cdepbl neicTBUs
IUTAaHETHI, KOMETA MePEXOAUT Ha TeIHOIEHTPHUECKYIO AIUITUITUYECKYI0 OPOUTY U MepeceKaeT opouTy
3emuu. [Ipu 3TOM U1 KOMET, UCTIBITaBIIKUX cONvxkeHus FOnurepoM u mepecekarommx opouty 3emiu,
COOTBETCTBYIOIIME «3aMOYHbIE CKBaKUHBI» He npesbiatot 0.004 pan.

bubnuoepagpuueckuii cnucox

[1]. IIepoB H.1. Mozenps mpoHCX0xkKICHHUS IIJIAHETAPHBIX KOMETHBIX CEMEHCTB// ACTPOHOMHYCCKHUIA
BectHuK. 2005. T. 39. Ne 3. C. 281-287.

MODEL OF MIGRATION OF COMET

Perov N. I.
States Autonomous Organization of Culture and Education named after V.V. Tereshkova, Yaroslavl,
Russia
perov@yarplaneta.ru

In the work [1] the process of the transition of a comet from an initial heliocentric parabolic orbit into
a heliocentric elliptical (parabolic with different parameters or hyperbolic) trajectory is analyzed in
terms of pairwise three dimensional two-body problem: Sun — comet and planet — comet. For the first
time, analytical formulas are reported for the orbital parameters of the comet after it escapes the sphere
of influence of a planet and captured by the gravitational field of the Sun. Here, we localize space-time
regions near the giant planets. Comets, after crossing these regions, are passing near the orbit of the
Earth. These small bodies are considered as hazardous bodies and they form meteoric streams if the
corresponding “key holes” are less than 0.004 rad (for Jupiter).

References
[1]. Perov N. I. Model of the origin of planetary comet family// Solar System Research. 2005. V.39.
Issue 3. P. 247-253.
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KOMETHAS ACTPOHOMMUSA B PABOTAX B. B. PA/IBUEBCKOI'O

ITonomapes C.M.
HammonanesHblil vccnienoBarenbckuii Huskeropoickuii rocyiapcTBeHHbId yHuBepeuteT um. H. .
Jlo6auesckoro, Hmwxuuit Hosropon, Poccuiickas ®@eneparus
S_m_pon@mail.ru

OnauM u3 opranmzaropoB IlepBbiX bpeauxuHCKUX 4YTeHUH ObUT 3aciayKEHHBIH JesATelb HayKH
PC®OCP, nokrop (puszuko-mMareMarndeckux Hayk, npodeccop Bmagumup BsuecnaBoBuy PanzueBckuit
(1911 — 2003). Kak yuensiii B.B. Pag3ueBckuii oTiM4aeTcsi HEOOBIYAHHON MIUPOTOM CBOMX HAYYHBIX
MHTEPECOB. 3a BPEMsI CBOEH HAyYyHOM JEATENILHOCTH, KOTOPAasi HE MpeKpallaiach 10 MOCIEAHUX JHEH
YKU3HU, UM ObLI0 onyonukoBaHo 6osee 230 TpynoB. CBOM HaydHBIE TPYAbI OH MOAPA3ICIIAT Ha 3 TUIIA:
paboThI, 3aKJIaIbIBAIOIINE OCHOBBI HOBBIX pa3/ieiioB HAyKU; pabOThI, BHOCAIINE HOBU3HY B OTACIbHBIC
pa3zfensl HayKH; paloThl, UMEIOIIHME JIOKAJIIbHOE HaydyHoe 3HaueHue. K mepBoMy THIY OTHOCSATCS
TPYABI, 3AJOKUBIIME OCHOBBI (POTOTPAaBUTAIMOHHONW HEOSCHOW MEXaHHMKHM M KOCMOTOHHYECKON
KoMeTHOM cTtatuctuku [1]. B xomerHo# craructuke B.B. PagszueBckuii Bujen oavH M3 OCHOBHBIX
METOZI0B MCCIIEI0BAaHUS TPOOJIEMBI IPOUCXOXKIEHUS KOMeT. [IpuMeHeHre MeToia onpaBaaHo oOMIneM
CTaTUCTUYECKOTO Marepuana. B aHamm3e cucTeMbl NOYTH MapabOIUYECKUX KOMET OH BHUAET
HauOO0JIbIIYIO IEPCIEKTUBY I KOMETHON KOCMOTOHMH.

B nepuon ¢ xonma 1970-x — 90-x romoB B paborax Pam3ueBckoro paccMarpuBaIUCh HTPOOJIEMBI,
CBS3aHHBIE C JIUCKYCCHEM THIOTE3bl MEXK3BE3AHOIO IPOUCXOXKIEHUS KOMET, BIUSIHHUEM
rPaBUTALMOHHOrO MOJs ['amakTHMKKM Ha JBUYKEHHME KOMET M MX paCIpelesieHUI0 MO pa3InYHbIM
rapaMerpaM OTHOCHTENIBHO TaJaKTU4YEeCKOro 3KBaTopa. i cTaTUCTHYECKOM MPOBEPKHU ObUIM CO3JaHbl
KaTaJIOr'M KOMETHBIX OpOUT B Pa3IMUHBIX KOOPAMHATHBIX CHCTEMaX, B TOM YHCIE TalaKTHYeCKOM,
JlammmaccoBoit m ap. [2,3]. YuuThiBas 3HAUMTENFHOE BIUSHHE HAa HWH(OPMATUBHOCTH KOMETHOMH
craructuku 3h(exToB cenekuu, 60NblI0e BHUMAHNUE YACIAIOCh BEPOSITHOCTHBIM XapaKTePUCTHKAM
(abcomtoTHBIN Oneck, Gpynkuus [onedeka u ap.).

B nByx paborax Pan3ueBckoro 0wl omucaH HOBBIM 3((eKT B pacmpeneneHUuu MONTICOB KOMETHBIX
opout (R — saddexr). Haunsbiii r3¢dext 00ycioBIeH B3aUMOACHCTBUEM TTOUTH Mapad0IMueCKUX KOMET
C MAacCHBHBIMM IUIAHETaMH. JTO MO3BOJIMJIO aBTOPY CHEJIaTh BBIBOA O BO3MOXKHOM HCIOJIb30BaHUU
JaHHoro s¢¢ekra g HCCIeIOBaHMS TPAHCIUIYTOHOBOTO NIPOCTPAHCTBA U pEIIEHUs BOMNpOca O
CyILIECTBOBAHUM HEU3BECTHBIX IUIaHET [4,5].
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COMETARY ASTRONOMY IN V.V. RADZIYEVSKY'S WORKS

Ponomarev S.M.
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
s_m_pon@mail.ru

In the article the contribution of the Doctor of Physics and Mathematics, Professor Vladimir
Radziyevsky to development of cometary astronomy is discussed. Special attention is paid to his
works connected with hypotheses of an origin of the comets that are investigated by methods of
cometary statistics.
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MOJEJIMPOBAHUE B3AUMOJIEMCTBHUSA METEOPOUI0B C ATMOC®EPOI

[Tonosa O.
WNucturyr nunamuku reocdep PAH, . Mocksa, Poccuiickas ®enepanus
olga_idg@rambler.ru

Mernkue u KpyIHBIE METEOPOUIBI B aTMOchepe HabIIoNalTCs Pa3IMIHBIMI METOIaMU, X a0
MPOMCXOTUT HA Pa3HbIX BHICOTaX, U UX B3aUMOZCHCTBHE C aTMOc(epoil MPOUCXOAUT B Pa3HBIX
pexkumax. OCHOBHAS OTEPS MACChI M YHEPTUHU OOJNBIIMMU TEIAMH MPOUCXOAUT B PEKUME CIUIOUTHON
Cpelpl, TOrJa KaKk MEJIKME METEOPOHbl B3aMMOJIEHCTBYIOT C arMOc(hepoil B OCHOBHOM B YCJIOBHSIX
CBOOOTHOTO MOJIEKYISIPHOTO TEUEHHUs WU TepexoaHoM. O4eHp Tpy0O TpaHHIa MEXIy MaIbIMU U
00JIBIIMMU METEOPOUIAMHU MOXKET OBIThH OLIEHEHA Kak ~ 1 cM.

@u3nyYeCcKre YCIOBHS 3HAYUTEIBHO MEHSIOTCA B 3aBUCHUMOCTHM OT BBICOTHI Tosieta. Pa3Hbie
MIPOLIECCHIMPUBOIAT K aOJISIIUU Ha Pa3HBIX ATAlax MojeTa METEOPOUIOB uepe3 armochepy.

Jns  onucaHus B3aUMOJCHCTBUSA MEJIKUX ¥ KpPYIHBIX METEOPHBIX Tel ¢ arMocdepon
UCIIONB3YIOTCSL pa3Hble Moneinu. MHOrMe MOJAENU HampaBieHbl HAa TO, 4YTOOBI BOCHPOHM3BECTU
MIOBEJICHUE METEOPOUIOB B arMoc(epe (TOPMOXKCHHEE W/MIM KPHUBBIC OJIeCKa) B Pa3HBIX PEKUMAX.
Jpyrue Mopenu MBITAlOTCS onucarb (U3MYECKHUE YCIOBUSA, KOTOpbIe (OPMHUPYIOTCS — BOKPYT
MeTteopoua.PazpaboTanbl HECKOJIBKO CaMOCOINIACOBAHHBIX T'MJIPOAMHAMUYECKHUX MOJEIEH, HO
aQHAJIOTMYHBIE MOZENH ISl IEPEXOIHOTO M CBOOOIHO MOJIEKYISIPHOTO T€UEHHUs BCE elle HaXOJsATCS Ha
cTaauu pa3pabotku. B mpeseHTanuu OyayT paccMOTpEHbl MOJENIN B3aWMOJEHCTBUS METEOPOUIOB C
arMocdepoii, UX rpaHULIbl U OTPAaHUYCHUS.

MODELING OF THE METEOROID INTERACTION WITH THE ATMOSPHERE

Popova O.
Institute for Dynamics of Geospheres , Russian Academy of Sciences, Moscow, Russia
olga_idg@rambler.ru

Meteoroids differ very much by their ability to penetrate the atmosphere. Small and large
meteoroids in the atmosphere are observed by different methods, have different ablation altitudes and
their interaction with atmosphere occurs in different flow regimes. Large meteoroids arelosing most of
their mass in the continuum flow regime whereas small meteoroids interact with atmosphere mainly in
the conditions of free molecular flow or transition flow regime. Very roughly the boundary between
small and large meteoroids may be estimated as ~1 cm.

The physical conditions during the meteoroid entry change considerable as a function of altitude
and different processes may be responsible for ablation at different stage of meteoroid flight through
the atmosphere.

Different models are used for description of small and large meteoroids entry. Many models are
aimed to reproduce the meteoroids behavior in the atmosphere (deceleration and/or light curves) in
different flow conditions. Other models are trying to describe physical conditions that occur around
meteor body. Several self-consistent hydrodynamical models are developed, but similar models for
transition and free molecule regimes are still under elaboration. This presentation will review entry
models and discuss their boundaries and limitations.
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HNEPCIEKTUBBI CIEKTPAJIbHBIX HABJIIOJJEHUM 9K30KOMET HA
OBCEPBATOPHUMU ITUK TEPCKO.I

[Ty3un B.b., CaBanos U.C., lllycroB b.M. Akumkux B.B.
HNucruryt actponomuu PAH. Mocksa, Poccuiickas @enepans
vpuzin@inasan.ru

Kometbl - manbie nensHbie Tena COTHEYHONH CHUCTEMBI, KOTOPBIC UCHAPSIOTCS U Ta3sT MPH OJIU3KOM
npubmpkeHnn K ConHiy. B comHeuHoll cucteMe ObulO OOHApY)KEHO HECKOJBKO ThICSY KOMET,
KOTOpbIE OBUIM BBIOPOIIEHBI BHYTPh OpOHTHI lOmuTepa W3 OOIMMpPHBIX 00JacTeidl JEISHBIX TENl 3a
opoburoit Henrtyna. B mosice Koiinepa m obmake Oopra MOTyT copepikaTh TPUIUIMOHBI TaKHX
3aMOpOXKEHHBIX TeJ. Jlpyrue 3Be3JHbBIC CHCTEMbI MOTYT TaKXKe 00J1aJaTh 00JacTIMHU COJEpIKAIIUMHU
koMmeThl (Zuckerman & Song, 2012). Ha ceromHsmHui ACHb MOUCK IK30KOMET COCPEIOTOYEH Ha
uccienoBanu Mooeix (<50 mutH. JleT) 3Be3na A-Tura, KOTOpbIE MOTYT 00€CIIEUYUTh TIEPCIICKTHUBHYIO
cpeny Uil MU3Y4eHUs MOJIOJNOM IUIAaHETHOW cucTeMbl. lloriomieHue, CBSI3aHHOE € OKOJIO3BE3QHOM
ra3oBOi (IMCKOBOM) COCTaBJISIOIICH BOKPYT 3Be3J A-THIIA, B OCHOBHOM HCCJCIYETCS C IOMOIIbIO
CHEKTPOCKOIHUHU BhicoKoro paspemenus unuu Call K na 3933 A (Lagrange-Henri et al., 1990; Welsh
et al., 1998; Redfield et al., 2007; Montgomery & Welsh, 2012). JIroOble cOObITHS HCIAPECHHS,
MPOMCXOISIINE BOJM3H 3BE3/IbI, MOTYT BBI3BAaTh TOHKHE M3MEHEHHS B IUIa3Me M JIECTa0MIN3UPOBAThH
IcK. BriepBbie kpaTKOCpOYHOH (HOYHAsi U yacoBasi) BapuadenbHOCTh norionieHus Juaun Call K Ha
3933 A 6b1a 06HapyxeHa y 3Be3/161 B Pic npu nosropueix Habmoaenusx muaun Ca I K (Ferlet et al.,
1987; Lagrange-Henri et al., 1990) u BmocieacTBuu ObLI MOATBEPKAECH C MOMOIILIO HAOIIOICHHIA
abcopbumu B ynpTpaduoneroBom auanazone (Vidal-Madjar u ap., 1994). B GonpmmHCTBE citydaeB
nojgo0Hasl  CHEKTpajbHas TIEPEMEHHOCTh CBsi3aHA C JK30KOMETHOM akTHBHOCThIO. Ceiiuac
HACUUTHIBAETCA Ooyiee JECATH 3Be3d, B KOTOPHIX OOHAPYXKEHO CYIIECTBOBaHWE SK30KOMeT. Jlis
BBISIBIICHHSI CIIEKTPAJIbHOM MEPEeMEHHOCTh HEOOXOAMM CIEKTporpad BBICOKOTO paspenicHus, R Gomnee
40000. Teneckom Lleiicc-2000 obcepBaTopun uk Tepckodn ocHaIeH aiere crekTporpadgom dokyca
Ky, paspemenue cocrasiser R=45000. B noknane paccMaTpuBarOTCsl IEPCIIEKTUBBI CIIEKTPAJIbHBIX
HaOJIOICHUI M TIepBBIE TECTOBBIE HAOIIOACHUS SK30KOMETHOW KOMIIOHEHTHI B CIEKTpax M30paHHBIX
3BE3/I.

PROSPECTS OF SPECTRAL OBSERVATIONS OF EXOCOMET AT OBSERVATORY
PEAK TERSKOL

Puzin V.B., Savanov 1.S., Shustov B.M., Akimkin V.V.
Institute of Astronomy RAS, Moscow, Russia
vpuzin@inasan.ru

Comets - small ice bodies of Solar systems that evaporate and gas when close to the Sun. In the solar system,
several thousand comets were discovered that were thrown into the orbit of Jupiter from vast areas of ice bodies
beyond the orbit of Neptune. In the Kuiper belt and the Oort cloud, they can contain trillions of such frozen
bodies. Other star systems may also have areas containing comets (Zuckerman & Song 2012). To date, the
search for excometta on the course of young (<50 million years) A-type stars, which can provide an accessible
environment for studying the young planetary system. Call K at 3,933 A (Lagrange-Henri et al., 1990; Welsh et
al., 1998; Redfield et al., 2007; Montgomery and Wales, 2012). Any evaporation events occurring near a star
can cause subtle changes in the plasma and destabilize the disk. For the first time in this field, the first work was
carried out in the field of automated image processing. Call K at 3933 A was detected in the star B Pic during
repeated observations of the Ca Il K lines (Ferlet et al., 1987; Lagrange-Henri et al., 1990) and the state was
confirmed with the help of Observations of Absorption in the Ultraviolet Range (Vidal-Madjar And others,
1994). In most cases, this spectral variability is associated with exocetal activity. Now there are more than ten
stars in which the existence of exocometes was discovered. For more details, more than 40000. Zeiss-2000
telescope peak observatory Thermometer, echometer, spectrometer. In the review of the perspectives of spectral
observations and the first test observations of the exo-comet component in the spectra of selected stars.
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CEMEHNCTBO ACTEPOHJIOB, CBSI3BAHHOE C KOMETOM 'MBBCA

Po3zaeB A. E.
Hayuno-o0pa3oBarenbubiii ieHTp "Henunelinas nuaamuka” SpocnaBckuit I'ocynapcTBeHHbBIN
yHUBepcurTeT, Spocinasib, Poccniickas @enepanus
hegem@mail.ru

[Tonck HOBBIX YWJICHOB CKOIUICHHS aCTEPOHIOB, CBA3aHHOTO C KOMETOH OCHOBHOTrO mosica p/2012 F5 u
['n66c Ob1 caeman W oxuH HOBBIM 00BekT 389622 (2011HU90) oOnapyxeH. JuHamuueckue
XapaKTepUCTUKU CeMENCTBA U3y4yeHbl. B yacTHOCTH, TUHEIHAS 3aBUCUMOCTDh MEXIY AOJITOTON y37a U
HAKJIOHCHWEM OOHapykeHa W oOcyxknmaercs. Takxke oOCyXIaeTcss BOINPOC O BO3MOXKHOM
MIPOUCXOXKACHUN KOMET OCHOBHOI'O TOsICa.

ON THE ASTEROID FAMILY ASSOCIATED WITH COMET P/2012 F5 GIBBS

Rosaev A. E.
Research and Educational Center "Nonlinear Dynamics”, Yaroslavl State University, Yaroslavl,
Russia
hegem@mail.ru

The search for a new members of asteroid cluster associated with main belt comet P/2012 F5 Gibbs
has done, and one new object 389622 (2011HU90) has found. The dynamical characteristics of the
family were studied. In particular, lineal dependence between node longitude and inclination is
detected and discussed. In addition, the problem of origin of main belt comet is discussed.
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MOJEJIA TEILJIOBOM 3BOJIIOIIMA MPOTOKOMETHBIX 1 KOMETHBIX TEJI

Pycon A.B., Hopodeepa B.A.
NucTuTyT reoxumun u ananutuueckoi xumuu uMm. B.W. Bepnaackoro PAH, Mockaa,
Poccuiickas @enepanus
fermata@inbox.ru

Onna W3 BO3MOXHBIX MPUYMH BO3HUKHOBEHHS KOMETHBIX Ta30-TIbUIEBBIX JKETOB CBsi3aHa C
HEOJIHOPOJIHBIM HArPEBOM BHEIIHETO CIIos siiep KoMeT. Llenbro JanHo# paboThl SBISETCS TOCTPOCHUE
YHUCIIEHHOW MOJIeNH, TO3BOJISIONIEH HCCIeoBaTh paclpeiesieHue TeMIepaTyp B CyOMOBEpXHOCTHBIX
CIOSX KOMETHBIX SJIep C YYEeTOM OCOOEHHOCTEeH WX TIOBEPXHOCTH. B pabore mnpeacraBieHa
OJIHOMEpHAsi MOJIENIb PACcIpPOCTPAHEHHS TEIUIa B MOPUCTOM KaMEHHO-JIEASHOM Tene. J{s moiydeHus
FPAaHUYHBIX 3HAYCHUN TEMIEpaTyp Ha MOBEPXHOCTH HCIOJIb3YETCS MPEAJIOKEHHbIE paHee MOJEIU
opOutanpHoro JBMKEeHUs W 3D wMogenp sapa komerel 67P. IlpencraBieHbl  pe3yibTaThl
MOJICJIMPOBAHUS PACTIPOCTPAHECHHS TEIIa B CYONIOBEPXHOCTHBIX CJIOSX HECKOJIBKUX PETHOHOB SApa BO
BpEMs €T0 JIBUKEHUS 110 OpOUTeE.

MODELS OF THERMAL EVOLUTION OF PROTOCOMET AND COMET BODIES

Rusol A.V., Dorofeeva V.A.
V.1. Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moscow, Russia
fermata@inbox.ru

One possible reason for the appearance of cometary gas-dust jets is associated with an inhomogeneous
heating of the outer layer of cometary nuclei. The aim of this paper is to construct a numerical model
that allows one to investigate the temperature distribution in the subsurface layers of cometary nuclei
taking into account the features of their surface. The paper presents a one-dimensional model of heat
distribution in a porous rock-ice body. To obtain the boundary values of the temperatures on the
surface, the previously proposed models of orbital motion and the 3D model of the nucleus of the
comet 67P are used. The results of simulation of heat propagation in the subsurface layers of several
core regions during its motion in orbit are presented.
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MN3YYEHUE KOMET B Y® B 2ITIOXY IIOCJIE MUCCHUU PO3ETTA

CaukoB M.E., lllycroB b.M., Kapramosa A. II.
Nuctutyt actponomuu PAH, Mocksa, Poccuiickas ®@exneparius
msachkov@inasan.ru

KoMmeTsl SBISIOTCS BaXXHBIMH «CBHJICTEISIMEY TpolieccoB (GopmupoBanus u dBomtonun COTHEUHOM
cuctemMbl. MHOTrUe 3a/1auu OINpeAeeHUs] XUMUYECKOTO COCTaBa KOMET U HMCCIEeI0BaHUs (PU3UUECKHIX
IPOIIECCOB B sApaX M KOMax KOMET MOTYT OBITh DELICHbl HCKIIOYUTENIBHO C HCIOJIb30BaHUEM
yIbTPapuOIETOBBIX JAHHBIX, B TO K€ BpeMs psJl 3a1a4 TpeOyroT fononHeHus Y P JaHHBIX JaHHBIMH,
MOJTyYEHHBIMHA HA HAa3eMHBIX TeJecKomax. BeneacTBie HEMpo3pauyHOCTH 3eMHON aTtMocdepsl st Y D
U3ITy4eHUs, MOJdyYeHHe JaHHBIX B Y@ 00acTH 3JE€KTPOMAarHUTHOTO U3IYYEHHs] BO3MOXKHO TOJIBKO C
MOMOIIBI0 METOZIOB BHeaTMoc(hepHoil acTpoHOoMHH. Y@ maHHBIE 0000 BaKHBI, T.K. UMEHHO B YD
YacTHU CIIEKTpa HAXOAUTCS OOJBIIMHCTBO acTPOPU3NYECKH 3HAUMMBIX PE30HAHCHBIX JMHHI aTOMOB
oI, ClI, HI, wu gp), wmomekyn (CO, CO2, OH wu gap), ¥ HUX HOHOB.
BriocneqaueroapnonyueHbIMHTEPECHBIEPE3yIbTATHIMOHUTOPUHT ACTIEKTPOBBBICOKOTOPA3PEIICHUSBOO
nactwmauil Call B ra3oBBIX JUCKax BOKPYr HM30paHHBIX 3BE3]l, YTO OOBICHAETCS KOMETHOMH
AKTUBHOCTBIO BOKPYT ATHX 3Be3d. Mpbl mpeamonaraeM, uro Y@ HaOmofeHHs Takxke OyayT
3pPEKTUBHBI B HK30KOMETHBIX HCCIENOBaHMAX. B Jokmage oOCyXITaroTcst mNepcrneKTuBbl YD
HAOIIOIEHUI KOMET U DK30KOMET C MOMOIIBIO TEIECKONOB OPOUTAILHOTO U Ha3eMHOT'O 0a3upOBaHMUS.
Oco0oe BHMMaHuE ynaeneHo npoekty BKO-YO.

UV STUDIES OF COMETS IN POST-ROSETTA EPOCH

Sachkov M., Shustov B., Kartashova A.
Institute of Astronomy RAS, Moscow, Russia
msachkov@inasan.ru

Comets are important “eyewitnesses” of the processes of Solar System formation and evolution. Many
problems of determining the chemical composition of comets and studying physical processes in
cometary nuclei and coma can only be solved by using observational data in the UV range of the
electromagnetic spectrum though in order to solve some of the problems the UV data needs to be
complemented by ground-based observations. Due to the opacity of the Earth’s atmosphere, UV
studies can only be performed by methods of space astronomy. Observations in the UV range are of
high demand, because this range contains the majority of astrophysically significant resonance lines of
atoms (O I, C I, H I, etc.), molecules (CO, CO2, OH and others), and their ions.In recent years
interesting results were obtained by intensive monitoring of high-resolution spectra of the CallKlines
in gaseous disks around selected stars. Some of the observations evidence for cometaryavtivity.We
suppose that UV observations can be alsovaluable for studies of exocomets. In this talk we discuss
prospectsof UV observations of comets and exocometsboth with space-born instruments (specially
referring to WSO/UV Project) and ground-based observatories.
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THE DECEMBER MONOCEROTIDS

'Hajdukova M., Jr., *Kartashova A., ®Kornos L.
LAstronomical Institute of the Slovak Academy of Sciences, Bratislava, Slovakia
2 Institute of Astronomy of the Russian Academy of Sciences, Moscow, Russia
3 Faculty of Mathematics, Physics and Informatics, Comenius University, Bratislava, Slovakia
maria.hajdukova@savba.sk

Based on an analysis of video orbits, we have examined the December Monocerotids (MON,
IAUW019), which is an established meteor shower with a known parent body, the long-period comet
C/1917 F1 (Mellish). We used data fromthe European Video Meteor Network Database (EDMOND),
which also include our own video observations, carried out in Slovakia. Using the Welch procedure,
we selected 715 December Monocerotids and determined the mean orbit of this shower by weighted
arithmetic mean. We analysed theradiant dispersion of the shower as afunction of nodal
longitudeandsemi-major axisa. To describe the dispersion of the semimajor axis within the meteoroid
stream,we used the median absolute deviation in terms of 1/a.We also studied the dynamical evolution
of the stream meteoroids and confirmed the generic relationship between the studied stream and the
comet C/1917 F1 (Mellish).
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OBCTOSITEJILCTBA PA3JEJTEHUSI KOMET 101P, 213P, P/2013 R3, P/2016 J1

Yepnerenko 10.A.
HNucturyt npuknaano actponomuu PAH, Cankr—IlerepOypr, Poccuiickas @eneparnms
cya@ipa.nw.ru, cya@iaaras.ru

W3ydeHne OOCTOSATENbCTB pa3AelieHUs] KOMET JaeT BaXHYH HH(OpManui 00 HX CTPOCHUU U
3BOJIIONMH. B OCHOBHOM, 0OCTOSITENIbCTBA pa3fesieHUs] U3y4aloTCs MO METOJMKE, MPeIIoKEHHOH 3.
Cekannnoil. OHa OCHOBBIBAETCS Ha MOJOXKEHUAX (PparMeHTa OTHOCUTEIHHO KOMETHI, TOJyYSHHbIX M3
MO3UIMOHHBIX HaOmoaeHudd stux ten. MHK ompenensitorcss nata pasjaeneHusi, OTHOCHTEIbHBIE
CKOPOCTh H paauaibHas COCTABIIAIONIAS HETPABUTAIIMOHHOTO YCKOpeHus ¢parmenta. OmHaKo
MO3UIMOHHbIE HAOMIOACHUS MOTYT JaTh Oojblie uHpopmanuu. B pabore mpennaraercs cienyromuii
nonxoq. Ha opOuTe OCHOBHOrO Tela C HEKOTOPBIM INArOM HAa3HAYAKOTCS MOMEHTHI Pa3JICICHHS.
[Ipenmonaraercs, 4To KOOPAMHATHI KaXKJOW M3 STUX TOYEK SIBISIFOTCS OOLIMMU U Ui (hparMeHTa, a
KOMITOHCHTBI CKOPOCTH (parMeHTa M TapaMeTpbl HETPABHTAIMOHHOTO YCKOPECHHS OIPEACISIOTCS
MHK w3 nHabOmonenuid ¢parmenta. HauMmeHblliee 3HaYeHHWE CpPEIHEKBAJIPATHYCCKON OIIMOKH
HaOmoIeHu (pparMeHTa, MOJYyYCHHOE B Pe3yJbTaTe BapHallMM BPEMCHH DPAa3/ICICHUS, OMPEICIsIeT
naTy pasnenenus. s 3TON IaThl ONpeAeNsaoTCS KOMIOHEHThI OTHOCUTENIBHON CKOPOCTH (parMeHTa
U YTOJI MEX]Ty BEKTOPOM 3TOM CKOPOCTH W HarparicHreM Ha ConHile. PaccMOTpeHbI 00CTOsSTEeIbCTBA
paznenenus komet 101P, 213P, P/2013 R3, P/2016 J1, BHIIONIHEHO CpPaBHEHHE C pE3yIbTaTaMH IPYTUX
aBTOPOB. J[JIs1 3TUX KOMET BEKTOP OTHOCUTEIIBHON CKOPOCTH OJIM30K K HanpaBieHuio Ha CoHIIE.

CIRCUMSTANCES OF SPLITTING OF THE COMETS 101P, 213P, P/2013 R3, P/2016 J1

Chernetenko Yu.A.
Institute of Applied Astronomy of Russian Academy of Sciences, Saint Petersburg, Russia
cya@ipa.nw.ru, cya@iaaras.ru

Studying of circumstances of splitting of the comets gives important information on their structure and
evolution. Mainly circumstances of splitting are studied using the approach proposed by Z. Sekanina.
This approach is based on the positions of a fragment with respect to a comet obtained from the
positional observations of these bodies. Date of splitting, a relative velocity and a radial component of
nongravitational acceleration of a fragment are determined by the LSM. However positional
observations can give more information. The following approach is proposed in this paper. The
splitting moments are appointed on the orbit of the main body with some step. Coordinates of each of
these points belong as well to a fragment, and components of velocity of a fragment and parameters of
nongravitational acceleration are defined by the LSM from observations of a fragment. The date of
splitting can be determined from minimum of rms values obtained for different moment of comet
splitting. For this date components of relative velocity of a fragment and the angle between vector of
the velocity and the direction at the Sun can be obtained. Circumstances of splitting of comets 101P,
213P, P/2013 R3, P/2016 J1 are considered, comparison with results of other authors is executed. For
these comets the vector of relative velocity is close to the direction at the Sun.
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HEKOTOPBIE UTOI'M MUCCHUU ROSETTA K KOMETE 67P/4YYPIOMOBA -
I'EPACUMEHKO

dypromos K.MJ, Kcanpomamuru J1.B.
'KueBcknil HAIHOHATBHBII yausepcuteT uM. Tapaca IlleBuenko, Kues, Ykpanna
2I/IHCTI/ITyT kocmuyeckux ucciegoBanuii PAH, Mocksa, Poccuiickas ®enepanus
leksanf@gmail.com

Ammapar ROSETTA, c urons 2014 1. o centsops 2016 rr. HaxouBIIHIACS HA HU3KOW opOUTe y sapa
komeThl 67P/UypromoBa-I"epaciMeHKO, BBITIOHII CIIOXKHBIE UCCIICAOBAaHUS, KOTOPBIC OTPaXKCHBI B
3HAYUTEIHHOM YHUCIIC HAYYHBIX ITyOJIHKAIMA. AKTYyalIbHOCTh UCCIICAOBAHHM Sep KOMET
KOCMHYECKMMH amiapaTaMy B 3HAUUTEILHOW Mepe BhI3BaHA IMEHHO Pa3HOPOIHOCTHIO MOJTy4aeMbIX
pe3ynbraToB. Ha xoner 2016 r. kocMuueckue annapatsl uccieroBaiu 6 KoMeTHbIX saep. Hecmorps
Ha TaKHWe CBOMCTBA KOMET, KaK HEU3MEHHOE MPHCYTCTBHE B MX KOMaX M XBOCTax BOJSTHOTO Tapa,
YIIJIEKHUCIIOTO Ta3a, MOHOOKHCH YTJIepoJia 1 MHOTHUX Pa3HOPOIHBIX HOHOB, aTOMOB U MOJIEKYJI, BMECTE C
TEM, B KaXJIOM CITy4ae KOMETa MMEET TaK:Ke CBOM COOCTBEHHBIH HA0OpP KOMITIOHEHTOB. Pa3HOpOIHBIM
OKa3bIBACTCSI OTHOCUTEIbHOE cojiepikanue Jneirepus (otHomenue D/H), kotopoe, Kak IpUHSITO
CUUTATh, XaPAKTEPU3YET HE TOJIBKO (PU3HUECKUE YCIOBHS, B KOTOPHIX BOSHUKIIO TEJIO, HO U POJIb
KOMET B CO3JIaHUH 3eMHOM ruapocdepsl. CpaBHeHHE MOP(HOIIOTUIECKAX CBOMCTB MOBEPXHOCTH
KOMETHBIX si/Iep, Hanpumep, nosepxHoctu siep 67P/CG, 1P/Halley u npyrux, ykassiBaeT Ha
CJIO)KHOCTB ¥ UYPE3BBIYAHHYIO0 PA3HOPOAHOCTH MPOIECCOB UX (POPMHUPOBAHUSI.

[Mpennaraemas coBMecTHas paboTa Oblia 3aBepiieHa yxe nocie yxona K.M. Uypromosa.

SOME RESULTS OF THE ROSETTA MISSION TO COMET 67P / CHURYUMOV-
GERASIMENKO

IChuryumov K.1.| Ksanfomality L.V.
! Taras Shevchenko National University of Kyiv, Kiev, Ukraina
2 Russian Space Research Institute, Moscow, Russia
leksanf@gmail.com

The ROSETTA stayed at a low orbit mission at the nucleus of comet 67P/Churyumov-Gerasimenko
from July 2014 to September 2016. The mission carried out complex studies which are reflected in a
significant number of scientific publications. The relevance of studies of the nuclei of comets by space
missions is largely due to the heterogeneity of the results obtained. At the end of 2016, spacecrafts
explored totally 6 cometary nuclei. Despite such properties of comets as the presence of water vapor,
carbon dioxide, carbon monoxide and many different ions, atoms and molecules in their coma and tails
are invariable, at the same time, in each case the comet has its own set of components. The relative
content of deuterium is diverse too (D/H ratio), which, as is commonly believed, characterizes not only
the physical conditions in which a body arose, but also the possible rate of comets in the origin of the
terrestrial hydrosphere. Comparison of the morphological properties of the surface of cometary nuclei
of 67P/CG, 1P/Halley and others, indicates the complexity and extreme heterogeneity of the processes
of their formation.

The proposed joint paper was completed after K.I. Churyumov passed away.



[49]
MHWUPBI C OKEAHAMHY BO BHEIITHUX OBJACTSX COJTHEYHONU CUCTEMBI

lemarosnu B. 1., Typuax JI.W.

1I/IHCTI/ITyT actponomuu PAH, MockBa, Poccuiickas @enepanus
?BBIYHCITHTEBHBIN uentp, ®ULL "Uudopmaruka u ynpasnenue" PAH, Mocksa, Poccuiickas
denepanus
shematov@inasan.ru

Bo Buemnux ob6nactsx COJHEYHOH CHCTEMBI COJEPKHUTCS IMOTpscaroIiee pa3HooOpa3ne HeOECHBIX
ten: EBpoma, ¢ ee mpUUyIIMBBIMU OCOOCHHOCTSMHU TIOBEPXHOCTH; KPOUICUHBIM, I'€0JIOrHYECKH
aKTUBHBIN OHienan, TWTaH, €IUHCTBEHHBIA CIYTHHK, OOJAMalOMIMi 3HAYUTEIHHONW aTMOCQepoi;
[11yTOH € ero a30THBIMU JIE€AHUKAMU; 1 MHOTHE JIpyrue. 3a MOCIEeIHNUE IBAALATh IATh JIET U3MEPEHUS
KOCMHUYECKHX amlapaToB IOKa3ald, YTO MHOTHE M3 JTUX HEOECHBIX TeNl SBJISIIOTCS “‘MHpaMu C
okeaHamu”’, oOiagas OoNpIIMMH OOBEMaMM >KUIKOHW BOJABI, H30JIMPOBAHHOW TMOJ JIEASHBIMU
oOosioukamMu. DTa HOBas rpynna HEOECHBIX Tell - MHUPbl C OKEaHaMH, SIBJISETCS BAaXKHOW s
MCCJIEIOBAHHM 110 HECKOJIBKUM MPUYMHAM, HO HanboJiee yOeIUTEIbHON U B TOKE BpeMs TaKkKe caMoin
MIPOCTOM SIBJISICTCS CIEAYIONIAas IPUYMHA: OHH MOTYT OBITh OOWTANUINEM XKU3HH. JKHU3HB, KaK MBI €
3HaeM, TpeOyeT >KUAKON BOJIbI, B JOIMOJHEHHWE K SHEPTUU W MUTATENIbHBIM BEIIECTBaM, U BCE TPHU
TpeOOBaHUS MOTYT OBITH YJIOBJICTBOPECHBI B paMKaX HEKOTOPBIX M3 ITHX HEOCCHBIX TEll.

B noknane obcyxnaercs cieAyrouue CyTHUKY TIaHeT-TUTAaHTOB, JJIi KOTOPBIX B HACTOAIIEE BpeMs
yCTaHOBJIEHbl OKeaHbl - EBpona, ['anumen, Tutan m OHuenan. byayr mpencraBiieHbl pe3yJbTaThl
MoiepoBaHus [1] paspexeHHBIX Ta30BbIX 000JI0YEK ITUX CIYTHUKOB U OOCYXJEHBI B3aUMOCBSI3U
MEXJly COCTaBaMH aTMOC(hep 1 OKEaHOB.

Pabora Beimonnena npu nonaepxke [Iporpammsr [Ipesunuyma PAH Ne7 "DxcnepumeHTanbHbE U
TEOPETHUECKHUE MCCIIeIOBaHUS 00HEKTOB COTHEYHOM CUCTEMBI U TUTAHETHBIX CUCTEM 3Be311".

[1] HlematoBuu B.M. T'a30Bbie OOOJOYKH JICASHBIX CIYTHUKOB. MeXaHHWKa, YIOpaBIeHHE U
uHdopmaruka, T. 7, Ne3(56), 270-310, (2015).

OCEAN WORLDS IN THE OUTER SOLAR SYSTEM

! Shematovich V. 1., 2[Turchak L. I.

YInstitute of Astronomy, Russian Academy of Sciences, Moscow, Russia
Dorodnitsyn Computing Center, Federal Research Center of the Russian Academy of Sciences,
Moscow, Russia
shematov@inasan.ru

The outer solar system contains a stunningly diverse array of planetary bodies: Europa, with its bizarre
array of surface features; tiny, geologically-active Enceladus; Titan, the only moon with a substantial
atmosphere; Pluto, with its nitrogen glaciers; and many others. Over the last twenty-five years
spacecraft measurements have revealed that many of these bodies are “ocean worlds”, possessing large
volumes of liquid water beneath insulating ice shells. Ocean worlds are important for several reasons,
but the most compelling is also the simplest: they could be abodes of life. Life as we know it requires
liquid water, in addition to energy and nutrients, and all three requirements can potentially be satisfied
within some of these bodies.

We focus in particular on the four bodies for which oceans are currently best established - Europa,
Ganymede, Enceladus and Titan. The simulation results [1] of the rarefied gaseous envelopes of these
moons will be presented and the relationship between the compositions of atmospheres and oceans
will be discussed.

This work was supported by the Presidium of the Russian Academy of Sciences, Program Ne7
“Experimental and Theoretical Studies of Solar System Bodies and Stellar Planetary Systems.”

[1] Shematovich V.I. Gaseous envelopes of the icy moons. Mechanics, control, and informatics, v. 7,
Ne3(56), 270-310, (2015).
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IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUSA OBPA30OBAHUA KJIACTEPHBIX NOHOB
B KOMETAX

[Hoéxy6or HI.I., Xymkanazapos X.D.
Wucturyt acrpodusuku AH Pecriybnuku Tamkukucran, yman6e, Tamkukucran
shoayub@shohrukh.com

[Iyrem 5abopaTOpHOrO MOJEIMPOBAHUS KOMETHOTO SIBIICHUS, MAacCC-CIEKTPaJbHBIM METOJOM
UCCIIEIOBAaHbl CKOPOCTH OOpa30BaHUS IOJIOKUTENBHBIX W OTPHUIATENBHBIX KJIACTEPHBIX HOHOB Ha
MOBEPXHOCTU S/ipa KOMETHI IOJ BO3JECHCTBUEM KOPHYCKYJISIPHBIX YacTHI[ COJHEYHOTro BeTpa. B
KAYeCTBE IEPBUYHOTO ITOTOKA OBLT MCIIONB30BAH MOIOKHTEIBHEIC HOHBI MENOYHOro Meramia - K*
suepruet 1.5 K»sB. Ilpu BbuuciaeHMU CcKopocTe o0Opa3oBaHHMs HWOHOB HCIIOJIB30BAaH METOJI
IPONOPIHUOHATIBHOCTH KO3 PHUIIMEHTOB YMUCCHH.

EXPERIMENTAL STUDY OF THE FORMATION OF CLUSTER IONS IN COMETS
Shoyoqubov Sh.Sh., Khujanazarov H.F.

Institute of astrophysics, Academy of Sciences of the Republic of Tajikistan, Dushanbe, Tajikistan
shoayub@shohrukh.com

This paper discusses mass spectral analysis of the rate of formation of positive and negative cluster
ions on the surface of the laboratory modeled comet nucleus under the influence of corpuscular
particles of solar wind. As the primary flow, positive ions of alkali metal *K* energy 1.5KeV were
used. The method of proportionality of emission coefficients is used in calculations.
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METEOPHUTbBI U UX «POAUTEJIN» (ACTEPOUbI U KOMETbI) KAK CBUAETEJIHN
IBOJIIOIUHU COJTHEYHOU CUCTEMBI, YI'PO3A U PECYPC HA BYJAYIHIEE

[IIyctoB b.M.
Wuctutyt actponomuu PAH, Mocksa, Poccuiickas ®enepanns
bshustov@inasan.ru

Jloxitag HOCUT BBOJHBIN XapaKTep U €r0 TEMATHKA BECbMa HIMPOKA, HO BCE 3aTPOHYTHIE TEMBI TECHO
cBs3aHbl. Llenb — moka3ars Kak Ba)KHO U3y4EHUE METEOPUTOB, aCTEPOUIOB U KOMET ULl IIOCTPOCHMS
KapTHHBI 00pa30BaHus 1 3BoJoLUH COTHEYHOH CUCTEMBbI, KAKOH IPOrpecc JOCTUTHYT Ha 3TOM ITyTH U
KaKH1e OCHOBHBIE MTPOOJIEMBI ellé KAYT pemieHus (MOJIoIpIM yYEHBIM Ha 3aMeTKy). KpaTko
IPE/CTaBIIEHbI CBEJICHUS O NIPOABMKEHUH B PELIEHUH IPOOIEMbl aCTEPOUIHO-KOMETHOM OMAaCHOCTH.
CrnenvanbHOE BHUMAaHUE YAEJIEHO NEPCIEKTUBHBIM UCCIIEI0BAaHUAM 10 Pa3pabOTKE METOA0B U
CPEICTB UCIOJIb30BaHUS PECYPCOB MaJIbIX Tel COIHEYHON CUCTEMBI.

METEORITES AND THEIR "PARENTS" (ASTEROIDS AND COMETS) AS WITNESSES
TO THE EVOLUTION OF THE SOLAR SYSTEM, A THREAT AND A RESOURCE FOR
THE FUTURE
Shustov B.M.

Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia
bshustov@inasan.ru

The scope of the topics of this introductory report is rather broad, but all the topics discussed are
closely related. The goal is to demonstrate importance of study of meteorites, asteroids and comets for
constructing a picture of the formation and evolution of the Solar System. Most of attention is paid to
the progress that has been achieved in the field, and to major problems are still awaiting solution (for
young scientists to note). Information on the current status of the problem of asteroid-comet hazard is
briefly presented either. Special attention is paid to the recent promising research on the development
of methods and means for using the resources of minor bodies of the Solar System
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