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PACHPEJEJEHUE MAJIBIX TEJI COJTHEYHOM CUCTEMBI 11O NOCTOSAHHOM
TUCCEPAHA (OTHOCHUTEJIBHO IOIIUTEPA)

E.C. Bakanac *?, C.U. ]5apa6aH0132
260 PKC, Mocksa, PD;
’MHACAH, Mocksa, P®

oterma@yandex.ru

BerlsiBIIeHHE B3aUMOCBSA3€l MEX Ay MaJbIMU TeslaMi COJIHEUHOM CUCTEMBI U Pa3Inyuil MEX1y HUMU
BO3MOYKHO 10 Pa3MUYHBIM KpuTepusm. OauH u3 HuX — kpurepuid Tuccepana. B pabdore
Tepentnenoit (1989) paccmarpuBaeTcs pactpeie/ieHHe pa3IMUHbIX KJIACCOB MAJIbIX TEJ 1O
nocrosiHHOM Tuccepana, AenaeTcs BbIBOJ O HAJMYUHU 3€PKAIBHOM CUMMETPUH B pacnpeacieHuu. B
JTaHHOU paboTe MPOBEIeHO UCCIeI0BAaHUE IaHHBIX paclpeiesieHIil Ha OCHOBE OOHOBJICHHBIX C TEX
IIOp KaTajoroB MajbIX TEIl.

DISTRIBUTION OF SMALL BODIES OF THE SOLAR SYSTEM ACCORDING TO THE
TISSERAND CONSTANT (RELATIVE TO JUPITER)

E.S. Bakanas'?, S.l.Barabanov?
LIRS, Moscow, Russia;
2INASAN, Moscow, Russia
oterma@yandex.ru

The identification of the relationships between the small bodies of the Solar system and the
differences between them is possible according to various criteria. One of them is the Tisserand
criterion. Terentjeva (1989) considers the distribution of various classes of small bodies with
respect to the Tisserand constant, and concludes that there is a mirror symmetry in the distribution.
In this paper, we study these distributions based on the catalogues of small bodies that have been
updated since then.

Terenteva, A. K. Minor Bodies of the Solar System - Meteorite Orbits Interrelations and a
Mirror Symmetry in the Tisserand Constant Distributio // Soviet Astronomy Letters, Vol.15,
NO.2/MAR,APR, P. 112, 1989

YAAPHBIE KPATEPbBI POCCUHA
I'JTA3AMU POCCUMCKHUX CIYTHUKOB

E.C. bakanac 1’2, T.W. Baxmer™
12A0 PKC, “UHACAH, Mocksa, P®
oterma@yandex.ru

B nactosmee Bpems Ha 3emie u3BecTHO 190 reomorndeckux CTPyKTYyp, NPU3HAHHBIX yIapHBIMU
KpaTepamMu. B nmaHHOIl paboTe NpPUBOASTCS CHUMKHM K3 KOCMOCA, MOJyYE€HHBbIE MpPHU IOMOIIU
I'eonoprana Pockocmoca (cozman coBmectHo ¢ HUM Tounsix mpubopoB u paboTaroriero Ha 6aze
Hayunoro nentpa OmnepaTHBHOTO MOHHTOpWHTA 3eMiH, Poccuiickne KOCMHUYECKHE CHUCTEMBI) -
MOKa3aHbl MMOATBEPKICHHBIC yAapHbIE KPaTEPHI M0 JAHHBIM I'PYIIIUPOBKH POCCUUCKUX CIYTHUKOB
— «Pecypc-IK», «Pecypc-I1», «Meteop», «Kanomycy, MpUBEAEHB CHUMKH MO CaMbIM KPYITHBIM
KparepaM, Ui KOTOPBIX TOJIBKO TMPEINOJiaraeTcsi yJapHOE TIPOUCXOXKIEHHE U Tpedyercs
NoATBepKeHKE. J[aHHBIE, TOTyYEHHbIE MYJbTUCIEKTPAIHHON U TUIIEPCIIEKTPATIBLHOM anmnaparypoi
CIIyTHUKOB, I103BOJIIIOT AHAJIM3UPOBATh 3€MHYIO IIOBEPXHOCTH, B TOM YHCIIE C LIEJIBIO JETAIBHOIO
W3Y4YEHUS yIapHBIX KPAaTE€pOB.
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EATH IMPACT CRATERS IN RUSSIA
BY THE EYES OF RUSSIAN SATELLITES

E.S. Bakanas'?, T.l.Bakhmet*
LIRS, 2INASAN, Moscow, Russia
oterma@yandex.ru

There are currently 190 known geological structures recognized as impact craters on Earth. This
paper presents images from space obtained with the help of the Roscosmos Geoportal (created
jointly with the Scientific Research Institute of Precision Instruments and operating on the basis of
Research Center for Earth Operative Monitoring, Russian Space Systems) — shows confirmed
impact craters according to the grouping of Russian satellites - "Resource-DK", "Resource-P",
"Meteor", "Canopus"”, shows images of the largest craters, for which only the impact origin is
assumed and confirmation is required. The data obtained by the multispectral and hyperspectral
equipment of the satellites make it possible to analyze the Earth's surface, including for the purpose
of detailed study of impact structures.

O IPUMEHUMOCTHA MO/JIEJIEI PAZPYIHIEHHUS ACTEPOUIOB
B ATMOC®EPE HA OBJIAKO ®PAI'MEHTOB

bpeiknna 150 bparun M. .23
1I/IHCTI/ITyT mexanuku MI'Y um. M.B. JlIomoHocoBa, MockBa, Poccus
2I/IHCTI/ITyT npukiagHoi marematuku uM. M.B. Kennpima
*MockoBckuit (bU3HKO-TeXHUYECKUN UHCTUTYT, [onronpyansiii, Poccus
shantii@mail.ru

PaccmarpuBaetrcss mpoGiema MojenupoBaHHs aONMsMM U SHEPTOBBIACICHUS B armocdepe
KPYIHBIX METEOpOHI0B (acTepoHIOB), pa3pyMIAIONIUXCS HAa MHOXKECTBO (hparmMeHToB. Jlis
MOJICIUPOBAHUS PA3PYIICHUS MPUMEHSIOTCS MOJAEIN oOaka (pparMeHTOB, ABUKYIIUXCS C OOIIeH
yIapHOW BOJHOM: AByXIapaMeTpuueckas MOJIeNb, YYUTHIBAOIAs U3MEHEHUS (DOPMBI U TNIOTHOCTH
obJyiaka, U MPOCTHIE MOJEIIU, B TOM YHCII€ HCIOIb3YEMbIE B JIMTEPATYpE, HE YUUTHIBAIOIINE ITU
3¢ deKTh; MOJENH OTIWYAIOTCS YPaBHEHHSIMH, OMHCHIBAIOIIMMHU OOKOBOE pacilMpeHHe obaka.
OneHnBaeTCsi CIOCOOHOCTh MOJIENIEH BOCIIPOU3BECTH HAOIIOIATENBHYIO KPUBYIO SHEPTOBBIICTICHUS
YensOuHCKOro 00NHMAa MyTeM YHCIECHHOTO PEUICHHUS IS KaXJAO0W U3 HUX YpaBHEHHH METEOpHOU
(GU3UKKA ¥ CpaBHEHUs PE3YJIbTATOB pacuera C HaOII0JaTeIbHBIMU JaHHBIMU. 3yuaeTcs BiusHUE
Kod(uUIMeHTa paJualliOHHON Terionepeaayd, KOTOPBINA SIBISETCS KIIFOUEBBIM MapaMeTpoOM ITHX
ypaBHEHUW W ompenersieT alslui0 acTepouaa, Ha pe3yiabTaTbl pacyeTa IHEPTOBBIICICHUS U
OOKOBOTO pacIIMpeHus: obaka PparMeHTOB MMPU MCIIOIB30BAHUN PA3HBIX Mojenel pparMeHTaluu,
a Takke€ Ha NMPUMEHUMOCTh caMHuX Mojenei. Haiinena onTumanbHas mpoctas MOAENb, Jaromias
HAWIy4Illee COTJIACOBAaHHWE C HAONMIONATENbHONM KpPUBOM HHEPrOBBLIECTIECHUS B 3aBUCUMOCTH OT
ko3¢ dunrenTa Teronepeaadn (mapamerpa aomsuuu). [lokazaHo, 4To IByXmapaMmeTpuyeckas
onTUMaibHasi TMpOCTas MOAEIM AT Pe3ylIbTaTbl  MOJEIUPOBAHUS  SHEPTOBBIICICHUS
YensOMHCKOTO acTepouja W OIEHKH €ro HavyaJdbHOW Macchl, OJMM3KHE NPYT K APYry U K JaHHBIM
HaOmonmeHnit. OTuU  1aBe Mojenu (parMeHTalMd TPUMEHSIOTCS  JUIsl  MOJACTUPOBAHUS
SHEPTOBBIIENEHNs TYHT'YCCKOTO KOCMHYECKOTO Tejla MPU MOTEHIIMATbHO BO3MOXKHBIX CIIEHAPHIX
ero Bxoja B arMocdepy 3emiu.

ON THE APPLICABILITY OF MODELS OF ASTEROID DISRUPTION
IN THE ATMOSPHERE INTO A CLOUD OF FRAGMENTS

Brykina I.G.}, Bragin M.D.>3
YInstitute of mechanics of Lomonosov Moscow State University, Moscow, Russia
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*Moscow Institute of Physics and Technology, Dolgoprudny, Russia
shantii@mail.ru

The problem of modeling ablation and energy deposition of large meteoroids (asteroids), which
break up in the atmosphere into many fragments, is considered. To simulate asteroid disruption,
models of a cloud of fragments moving with a common shock wave are used: the two-parameter
model that takes into account changes of the shape and density of the cloud, and simple models,
including those used in the literature, that leave these factors out of account. The models differ in
equations governing the lateral expansion of the cloud. Abilities of models to reproduce the
observational energy deposition curve of the Chelyabinsk bolide are evaluated by numerically
solving the meteor physics equations for each of them and comparing the calculation results with
the observational data. Effect of the radiative heat transfer coefficient, which is a key parameter of
the equations and determines the asteroid ablation, on the results of calculating the energy
deposition and lateral expansion of the fragment cloud when using different fragmentation models,
as well as on the applicability of the models, is studied. An optimal simple model is found that
gives the best agreement with the observational energy deposition curve depending on the heat
transfer coefficient (ablation parameter). It is shown that the two-parameter and optimal simple
models give the results of modeling the energy deposition of the Chelyabinsk asteroid and estimates
of its initial mass, which are close to each other and to the observational data. These two
fragmentation models are used to simulate the energy deposition of the Tunguska cosmic body for
potentially possible scenarios of its entry into the Earth's atmosphere.

O PACITPEJEJIEHUU 110 MACCAM BBIITABIIUX METEOPUTOB
IHOCJIE PAZPYIIEHUA METEOPOU/10OB B ATMOC®EPE

bpeixkuna N.T"., Eroposa JI.A.
HNuctutyr mexanuku MI'Y um. M.B. JlomonocoBa, Mocksa, Poccust
egorova@imec.msu.ru

Jns mMoaenupoBaHHsS HE3aBHCUMOTO JBYKEHHS, aONSAlMM M DHEProBbLAETEHHUS (DparMeHToOB
HEOECHOTO Teja, Pa3pylIeHHOTO MpU B3aMMOJEHCTBHHM C aTtMochepoil, HEOOXOAUMO 3HATh HX
pacripesieieHde Mo MaccaM (MM pasmepam). B 3Toif CBSi3M NPOBOAMTCSA aHAJIOTHS MEXITY
pa3pylIeHHEM METEOpPOUJOB B aTMmocepe M pa3pylIeHHEM Tell B YAAapHBIX SKCIEPUMEHTax,
MIPOBOJIUMBIX JIJI MOAEIIUPOBAHUS PA3pPYIICHUs ACTEPOUIOB IIPHU UX CTOJIKHOBEHUU B KOCMHUYECKOM
npoctpancTBe. C yueToM pe3ybTaTOB TaKUX SKCIEPUMEHTOB, BHIPAKEHHBIX KaK CTEIIEHHOW 3aKOH
JUIs pacupezieneHust (pparMeHToB MO mMaccaM B AuddepeHManbHoi Gopme, nosyueHa (opmyna
JUIsL KyMYJSITUBHOTO 4Hciia (parMEHTOB B 3aBUCHMOCTH OT Oe3pa3MepHON Macchl (pparmeHra,
OTHECEHHOM K oO0meil macce (parMeHTOB, MaccoBOM Jonu HaumOonbuero ¢parmenra(),
KOJTMYEeCTBA HauOOIBIINX (PparMEeHTOB M TOKazarens creneHu. [lokazano, uto ¢popmysa agekBaTHO
OINMCHIBAET PE3YJbTaThl YAAPHBIX 3KCIEPUMEHTOB IO Pa3pyLIECHUIO TEJ Pa3jIMYHOIO COCTaBa IpU
pa3iaNuHbIX pexumax QparmeHTauuu. OIEHUBAIOTCS 3HAYEHHUS CTENEHHOro IoKa3aTels,
SBIISIONIETOCS ~ €IMHCTBEHHBIM  CBOOOMHBIM  mapamerpoM. [lomydennas  c¢dopmyna s
KYMYJSITUBHOTO paclpelesieHus MpUMEHsieTcd JUid ONMCaHWs paclpeleseHuil 1Mo maccaM
METEOPUTOB, HANAEHHBIX IIOCIE JECATH METEOpUTHBIX aAoxaen: IlapeB, Cuxors-AnmuHCKOro,
Mbane, baccukyny, [lyapro-Jlanuce, Anmaxarta-Curra, Komune, Carrepc-Mumi, YensOuHckoro u
Capplunyex.

ON THE MASS DISTRIBUTION OF FALLEN METEORITES
AFTER METEOROID DESTRUCTION IN THE ATMOSPHERE

Brykina I.G., Egorova L.A.


mailto:shantii@mail.ru
mailto:egorova@imec.msu.ru

Hayunas kondepenuus ¢ MmexayHapoaabiM ydyactueM « VI bpenuxunckue dyTeHus»
Institute of mechanics of Lomonosov Moscow State University, Moscow, Russia
egorova@imec.msu.ru

To model the independent motion, ablation and energy deposition of fragments of cosmic body
destroyed due to its interaction with the atmosphere, it is necessary to know their mass (or size)
distribution. In this regard, an analogy is drawn between the destruction of meteoroids in the
atmosphere and the destruction of bodies in impact experiments carried out to simulate the
destruction of asteroids in their collision in outer space. Based on the results of such experiments
expressed as a power law for the mass distribution in differential form, a formula is obtained for the
cumulative number of fragments as a function of the fragment mass normalized to the total mass of
fragments, the mass fraction of the largest fragment(s), the number of largest fragments, and the
power exponent. It is shown that the formula adequately describes the results of impact experiments
on the destruction of bodies of various composition for different fragmentation types. Values of the
power exponent, which is the only free parameter, are estimated. We apply the resulting cumulative
distribution formula to describe the mass distributions of meteorites recovered after ten meteorite
showers: Tsarev, Sikhote-Alin, Mbale, Bassikounou, Puerto Lapice, Almahata Sitta, Kosice,
Sutter’s Mill, Chelyabinsk and Saricicek.

MEXIIVIAHETHAS IIbLJIb U AJIBBEJIO ACTEPOU/10B

Bunorpanosa T. A.
NIIA PAH, Cankr-IlerepOypr, Poccus
vta@iaaras.ru

MexmnanetHoe npocTpaHcTBO COJIHEYHOW CHCTEMBI COJIEPXKHUT OONbIIOE KOJTHYECTBO MBLIH,
KOTOpasi TIOCTOSTHHO TPOU3BOJUTCS MPU CTOJIKHOBCHHH aCTEPOUIOB U B PE3yjIbTaTe aKTHBHOCTH
KOMET. JTa MbIJIb MOKET Ha0MI0AaThCs C 3eMIIH KaK 30/IMaKaIbHBIA CBET B ONITUYECKOM JIMAIa3oHe
BOJIH. KpoMe TOro, HECKOJBKO IIOJIOC IBUIM Ha Pa3HBIX SKIUNTHYCCKUX IMAPOTAX OBLIN
3apeructpupoBanbl cnyTHUKOM IRAS B uH(dpakpacHom pamamasone. I3BecTHo, 4TO anbbeno
acTepOMJIOB B CPETHEM MOHMIKAETCS C yBEJIMUEHUEM OOJIbIION Mmoyocu ux opOouT. Jlo HacTosero
BPEMEHH OTO OOBSCHSJIOCH TEM, 4YTO C YBeJduueHueM pacctossHus oT ConHila MeHseTcs
TaKCOHOMMYECKUH COCTaB acTepou]0B. Bo BHYTpeHHHMX 00JIacTSAX IVIaBHOTO Mosica MpeolianaroT
KaMEHHBIE acTepOu bl Kilacca S, Ho 1o Mepe yaaneHus oT ConHIa pacTET YMCIO0 TEMHBIX YIIIUCTBIX
acrepouioB kimacca C. B mpemmaraemoil pabore moirydeHa 3aBUCUMOCTH CPEIHETO alb0eno OT
00JIBIII0N TOTYOCH OPOUTHI OTJENBHO I IBYX OCHOBHBIX TAKCOHOMHYECKHX KJIACCOB aCTEPOUIOB.
O0e 3aBUCHMMOCTH TOKa3bIBalOT YMEHBIIEHHE alb0eN0 C YBEIMYEHHEM CPEJHEr0 PacCTOSHUS OT
ConHira. 9T0 MOXKET 00BACHATHCS MOTJIOMICHUEM CBETa MEXILTIAHETHON TBLIBIO.

INTERPLANETARY DUST AND ALBEDO OF ASTEROIDS

Vinogradova T.A.
IAA RAS, St. Petersburg, Russia
vta@iaaras.ru

The interplanetary space of the Solar system contains a large amount of dust, which is constantly
produced by collisions of asteroids and by comets. This dust can be observed from the Earth as a
zodiacal light. Also, several dust bands at different ecliptic latitudes were recorded by the Infrared
Astronomical Satellite (IRAS). It is known that the mean albedo of asteroids decreases with an
increase in the semimajor axis of their orbit. Until now, this was explained by a change in the
asteroid taxonomy with a distance from the Sun. In the inner region of the main asteroid belt, stone
S-asteroids predominate, but with an increase in the average distance from the Sun the number of
dark carbon C-asteroids is growing. In the present work, the dependence of the mean albedo on the
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semi-major axis is obtained separately for two main taxonomic classes S and C. Both dependences
show a decrease in albedo with increasing average distance from the Sun. This may be due to the
absorption of light by interplanetary dust.

KAJIBKYJATOP S®PPEKTOB YIAPOB KOCMUYECKHUX TEJ. 3PPEKTbI
YAAPHOMU BOJIHBI

I'mazaues /1.0O., [Tonora O.I1., CeerioB B.B., lllyBanos B.B., AprembeBa H.A., [Togo6nas E./I.
WNuctutyT nuaamuku reocdep nmenn akagemuka M.A. Canosckoro, Mocksa, Poccust
GlazachevD@gmail.com

Paspymiennss Ha TOBEpPXHOCTH 3€MIIM, BBI3bIBAEMBIC YIAPHOH BOJHOM, SIBISIOTCS OJHUM M3
HauOojiee BaXXHBIX M OIACHBIX IIOCIEACTBUH NaJeHUM acTepouoB M KoMmeT. B ciyuae
YensOUHCKOTO COOBITHS ynapHas BOJIHA ObUIa €IMHCTBEHHBIM OMACHBIM 3(dexTom, neiicTBue
KOTOPOT'O IPUBEJIO K HEOOJIBIIMM CTPYKTYPHBIM ITOBPEXAECHUSAM, OOJIBIIOMY KOJIUYECTBY Pa3OUTHIX
OKOH, OKOHHBIX paM U JBEPEil.

N36bITOYHOE AAaBJICHUE U CKOPOCTh BETPA 3a (POHTOM YAApHOW BOJIHBI, IPUBOISIIUE K TEM WU
MHBIM OIACHBIM IOCIEACTBUSIM, MOTYT OBbITh OLIEHEHBbl Ha OCHOBE CIIELIMAJIBHO pPa3padOTaHHBIX
MoJeNiell B3aMMOJIEHCTBHSI KOCMHUYECKMX OOBEKTOB C aTMOC(hEpoil M MOBEPXHOCTHIO 3eMIIH.
CucremMaTtu4eckoe YHCICHHOE MOICITUPOBAHUE B3aMMOACUCTBUS KOCMHYECKHX OOBEKTOB C
aTMocdepoil 6bUI0 paHee MPOBEIEHO A OOJBIIOr0 KOJIMYECTBA PA3IMUHBIX CLIEHAPUEB B PAMKAX
TUAPOIMHAMUYECKON MO/IETU. AHAIIU3 PE3yJIbTaTOB 3TOT0 MOJECIUPOBAHMSI I03BOJISET NPEIJIOKUTh
anMnpOKCHUMALMOHHBIE COOTHOLIEHMS, KOTOpbIe JalOT BO3MOXHOCTb OLIEHUTh H30BITOYHOE
JIaBJIEHHE, CKOPOCTh BETpa 3a YJApHOM BOJIHOM M HX paclpeleleHHe Ha IOBEPXHOCTH, €ClU
U3BECTHBI MapaMeTpbl UMIIAKTOPA, €r0 CKOPOCTh M YroJl HAaKJIOHA TPAeKTOPUU. DTU COOTHOLICHUS
YUUTBHIBAIOT MPOCTPAHCTBEHHYIO HEOJHOPOJHOCTH pACIpeieseHUs] W30BITOUHOTO JaBJICHUS Ha
noBepxHocTtu 3emun. [IperokeHHble MaclITaOHbIE COOTHOLIEHMS 3aBUCST TOJIBKO OT CBOWCTB
BXOJISIIIETO 00BEKTa (pa3Mep, MIOTHOCTh, CKOPOCTh U yToJI BXO/Q).

[Tony4deHHblEe COOTHOIIEHUs NMOAOOMsS OBUIM NMPOTECTHPOBAHBI HA JAaHHBIX YensOMHCKOro u
TyHrycckoro coObITMM M OBUIO NOKa3aHO XOpOILIEe COOTBETCTBHE C JAHHBIMHU pa3pylIEHUIl.
[TosryuyeHHBIE aNNPOKCUMALMOHHBIE COOTHOILEHUS HCIIOJIB3YIOTCA B HMHTEPHET-KAIBKYJIATOPE
(http://www.AsteroidHazard.pro), mno3BossitoriieM OBICTPO W JOCTATOYHO TOYHO OIEHUBATH
pasznnyHble 3¢ (eKThl najeHu.

IMPACT EFFECTS CALCULATOR. SHOCK WAVE EFFECTS FROM IMPACTS
OF COSMIC OBJECTS

D.O. Glazachev, O.P. Popova, V.V. Svetsov, V.V. Shuvalov, N.A. Artemieva,
E.D. Podobnaya
Sadovsky Institute of Geosphere Dynamics, Moscow, Russia
GlazachevD@gmail.com

The destructions and injuries caused by the shock wave are one of the most important dangerous
consequences of the impact of cosmic objects. In the case of the Chelyabinsk event, the shock wave
was the only one dangerous effect whose action led to a little structural damage, a large number of
broken windows, window frames and doors.

The overpressure and maximum wind speed behind the shock front, resulting in one or other
hazards, may be estimated based on the data on nuclear explosions or based on the especially
elaborated model of cosmic objects passing through the Earth atmosphere. The atmospheric entry
of cosmic objects was modelled for a large number of different scenarios for the entry of space
bodies into the atmosphere of the Earth. Based on these simulation results scaling relations for the
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relative pressure spatial distribution (the ratio of disturbed pressure to the undisturbed atmospheric
pressure at the point) and wind speed are constructed. The scaling relations of the relative pressure
and wind speed take into account the inhomogeneity of the distribution. Suggested scaling relations
are dependent only on the properties of the entering object (size, density, velocity and entry angle).

Suggested scaling relations were tested on data of Tunguska and Chelyabinsk events and
showed satisfactory agreement. This scaling relations have been implemented in the web-site
application (Impact Effects Calculator) which allowed quick and quite accurately assess the various
effects of impacts. The web version of the -calculator is available by the url -
http://www.AsteroidHazard.pro.

I'ETEPOI'EHHOCTb XUMHNYECKOI'O 1 H30TOITHOI'O COCTABA KOMETHBIX
AAEP - OTPA’KEHUE IMUHAMHNYECKUX ITPOIECCOB B HEBYJIE

Hopodeepa B.A.
HNuctutyT reoxumuu u aHanutuuecko xumuu uM. B.U. Bepuanckoro PAH, Mocksa, PO
dorofeeva@geokhi.ru

MuHepanbHasi COCTaBJISIONIAs KOMETHBIX SiA€p MPEACTABISCT CO0OW HEPABHOBECHYIO
TeTepOreHHYI0 CMECh BEILECTB MEXK3BE3JHOT0 U HEOYISIPHOro MPOHCXOXIeHUs. be3ycioBHO
HEOYJSIPHOE TIPOMCXOXKJICHWE HMEIOT OOOTAaIlCHHBIC AIIOMHHHEM H KaJbIIMEM TYTOIUIABKHE
saroueHus (CAls), Hadimennole B Tpex komerax (1P/Halley, 81P/Wild 2, 67P/C-G).
TepMoanHaMHUYECKUE pacyeThl TOKa3aiu, YTO HanboJsiee BEpOSITHBIN MexaHu3M oopazoBanus CAls
— KOHJICHCAIIMOHHBIN, U3 raza coJiHeuyHoro coctaBa B uHtepBaie 7 ~ 1800-1600 K u P = 102-10°2
Oap. Takue yclIOBUSI MOTJIM PEalin30BaThCAd B MaKCUMaibHO OnM3kux K CONHIlY 00NacTsax IUCKa.
Oco60 ormeruM, uyto pasmep CAls konebnercst or ~1 g0 15 um, 4T0 MHOTO MEHBIIE, YeM B
XOHJIPUTAX, POAUTENBCKUE Tela KOTOPHIX (OPMHUPOBAIKCH, IO MEHbIIEH Mepe, B 5 pa3 Oimke K
ComHity, 4yeM sigpa KOMET.

HebOymnsipHoe MpOUCXOXKAEHHE BEpOSTHEE BCET0O UMEIOT M MEJIKOKPHCTAJUIMYECKHE,
oboralieHHble MarHueM CUJIMKATHI, TIPEJICTABIICHHbIE TJIaBHBIM 00pa3oM ojuBHHaMH. OHHU OBLIH
oOHapyXeHbl B KOMax KOMET pa3HBbIX AMHAMHUYECKUX THIIOB: KaK KOPOMKONEPUOOUYECKUX -
103P/Hartley 2, 81P/Wild 2, 9P/Tempel, 78P/Gehrels, 73P/Schwassmann-Wachmann, Tak wu
ooneonepuoouueckux - C/2001Q4 (NEAT) u C/1995 O1 (Hale-Bopp). Pa3smep 3epeH cuimukatoB
coctaBisgeT <~ 1 um, a maccoBast noias 30-50%. CymiecTByroue TeOpUH HX 00pa3oBaHUs
CBSI3aHBI C BBICOKOTEMIIEPATYPHBIMHU IpolleccaMi B HeOyle, U3 KOTOPhIX Hanboliee BEPOSITHBIN —
KOHJICHCALHS U3 Ta3a COHEYHOro cocrapa B uHTepBane T ~ 1400 — 1300 K npu P ~ 10°-10™ Gap.
Takue yciaoBHsI MOTJIM CYIIIECTBOBATh B HEOYJIe HA PaHHHUX CTaAUAX €€ SBONIONNK Ha I < 1 a.e.

Uto6sr CAIs 1 METKOKPUCTAIUTMYECKHE CHIIMKATHl MOTJIM BOWTH B COCTaB KOMETHBIX sJEp, B
OKOJIOCOJTHEUHOM Ta30MbUIEBOM AaKKPEIIMOHHOM TPOTOIJIAHETHOM JAucke (HeOyse) Hapsay cC
OCHOBHBIM aKKPEITMOHHBIM MTOTOKOM T'a30TBIJICBOTO BEIIECTBA JIOJDKEH OBLI CYNIECTBOBATh BTOPOM
MOTOK, HANpaBlIEHHBIH K HeMy B mpoTuBodaze. VIMEHHO OH MOT BBIHOCHTH MEIbYANUIITYIO
MUKPOHHYIO ITBUTh U3 BHYTPCHHHX TOPSYUX PETHOHOB JUCKA HAPYXKY, B €ro BHEIIHUE 30HBI, TJIE
dopmupoBanucek sapa komeT. CyIIecTBOBaHME TaKOrO MPOTHUBOTOKA Ta30MbUICBOrO BEIIECTBA
MOTJIO TIPOJIOJKATHCS HEJOJTO - TePBhIe MUJUTMOHBI JIET, 10 oOpa3oBanus IOmuTepa.

BblHOC TBUTH OCYIIECTBISUICS Ta30M, B COCTaB KOTOPOTO BXOIMJIM TAaphl BOJBI, WMEBIIUE
W30TOITHBIM COCTaB BOJOPOJa B COOTBETCTBUU ¢ P-T yCIIOBUSMH, M3 KOTOPBIX OHH BBIHOCHIIHCH.
MunumanbHoe 3HaueHue D/Hyoo BepostHO oTBewano VSMOW, uinn gaxe HUKE, a MAKCUMAIIbHOE
3aBHCEJI0 OT TOTO, IPH KaKUX TEMITepaTypax MPOUCXOIMIIO HHTHOMPOBAHUE PEAKIIMA W30TOITHOTO
obmena: H, + DHO = DH + H,0.

["a3ombuIeBOE BEMIECTBO W3 BHYTPEHHUX PETMOHOB CMEIINBAJIOCH C BHECOTHEUHBIM BEIICCTBOM,
BBITIQ/IaBITUM H3 MPOTOCOIHEYHON HEOYIIbI Ha OKOJIOCOTHEUHBIH JUCK, B OCHOBHOM Ha €ro TOpeIl.
Takoe cmelieHrue BElecTBa M3 JBYX PETMOHOB C CYIIECTBEHHO Pa3HbIMU P-T yCIOBHSIMU MOTJIO
OpUBECTH K oOOpa3oBaHMiO mepBuuYHbIX Ten (pebbles), umMmeBmmx wenblit CHeKTp COCTaBOB
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MUHEPATFHOW KOMITOHEHTHI U JIbJOB, B YACTHOCTH, JIbJIa BOABI C Pa3HBIM 3HAYCHHUEM HU30TOITHOTO
cocraBa Bojmopoga D/Hypo. DTH Tena SIBHIUCH CTPOUTEIBHBIM MATEPUAIOM I KOMETHBIX SIEp,
00yCIIOBUB IKCIIEPUMEHTATBLHO HAOIIOAAEMYI0 UX XUMUYECKYIO M M30TOIMHYIO TeTEPOreHHOCTh. B
YaCTHOCTH, HaOJII0JlaeMOe Ha KOMETHBIX SjApaX HEPaBHOMEPHOE paclpejeiicHue JeIpeCcChi,
pasHBI COCTAB JIETYYUX, OAHOBPEMEHHO CYOJIMMHPYIOMIMX W3 sJpa, HATWYWE MUHHAKIOB U Jp.
Takoe cMeIIeHHe BEIIECTBa MOIJIO 00YCIIOBUTh M pa3opoc 3HaueHuit D/Hy0 or VSMOW 1o B 3-5
pa3 Oomee BBICOKMX. B Hacrosiiee BpeMsi OHO OTPaHMYMBACTCS SKCIICPUMEHTAIBLHO HaWJICHHBIM
3HAa4YeHHEM JIs moBepxHOCTH Pebbl — 3axBaueHHOro cnytHuka CarypHa, y koroporo D/Hpyzo B 8
pa3 BBIIIE 3eMHOTO 3HAYCHHS.

HETEROGENEOUS CHEMICAL AND ISOTOPE COMPOSITION OF COMET NUCLEI -
REFLECTION OF DYNAMIC PROCESSES IN NEBULA

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

The mineral component of cometary nuclei is a non-equilibrium heterogeneous mixture of
substances of interstellar and nebular origin. The refractory inclusions (CAls) were found in three
comets (1P / Halley, 81P / Wild 2, 67P / C-G). The inclusions are enriched in aluminum and
calcium and have nebular origin undoubtedly. Thermodynamic simulation has shown that the most
probable mechanism for the CAls formation is condensation of solar composition gas in the range
of T ~ 1800-1600 K and P ~ 102-10" bar. Such conditions could be realized in the regions of the
disk as close to the Sun as possible. It should be especially noted that the size of CAls ranges from
~1to 15 um, which is much smaller than in chondrites, whose parent bodies were formed at least 5
times closer to the Sun than comet nuclei.

Fine-crystalline magnesium-rich silicates, represented mainly by olivines, are most likely of
nebular origin. They were found in comas of comets of different dynamic types: both short periodic
- 103P / Hartley 2, 81P / Wild 2, 9P / Tempel, 78P / Gehrels, 73P / Schwassmann-Wachmann, and
long periodic - C / 2001Q4 (NEAT) and C / 1995 O1 (Hale-Bopp). The grain size of silicates is <~
1 um, and the mass fraction is 30-50%. Existing theories of their formation are associated with
high-temperature processes in the nebula, the most probable of which is condensation from a gas of
solar composition in the range of T ~ 1400-1300 K at P ~ 103-10 bar. Such conditions existed in
the nebula at the early stages of its evolution at r <1 AU.

In order for CAls and fine-crystalline silicates to have possibility to enter cometary nuclei, a
flow of gas-dust matter, directed in antiphase to the accretion flow, must have been existed in the
nebula. Such flow could carry the micron dust from the inner hot regions of the disk to the outside
disk zones, where comet nuclei were formed. The existence of such a counter-flow of gas and dust
matter could not last long - the first millions of years only, before the formation of Jupiter.

The dust was removed by gas, which included water vapor. It had an isotopic composition of
hydrogen in accordance with the P-T conditions, from which it was removed. The minimum
D/Huz0 value probably corresponded to VSMOW, or even lower, and the maximum depended on
the temperatures at which the isotope exchange reaction was inhibited: H, + DHO = DH + H,O0.

Gas-dust matter from the inner regions was mixed with extrasolar matter that fell from the
protosolar nebula onto the circumsolar disk, mainly on its end. Such a mixing of matter from two
regions with significantly different P-T conditions could lead to the formation of primary bodies
(pebbles) with a whole spectrum of compositions of the mineral component and ices, in particular,
water ice with different values of the hydrogen isotopic composition D/Hyo.

These bodies were the building blocks for cometary nuclei. Their accretion has leaded to their
experimentally observed chemical and isotopic heterogeneity. In particular, the irregular
distribution of depressions observed on cometary nuclei, the different composition of volatiles
simultaneously sublimating from the nucleus, the presence of pinnacles, etc. Such a mixing of
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matter could also cause the dispertion of D/Hyy0 values from VSMOW to 3-5 times higher. At
present it is limited by the experimentally found value for the surface of Phoebe, the captured
satellite of Saturn, in which D/Huy0 is 8 times higher than the Earth's value.

INEPBASI MEZK3BE3/THASI KOMETA 21/BORISOV:
OCOBEHHOCTH COCTABA U YCJIOBUHM OBPA30BAHMUA (0030p)

Hopodeena B.A.
NucTuTyT reoxumuu u ananutuueckor xumuu uMm. B.W. Bepnaackoro PAH, Mocksa, P®
dorofeeva@geokhi.ru

[lepBasi BHECOTHEUHAsT KOMETa, OTKphITas B aBrycre 2019 r., Habmonanacek kak ¢ 3emmn (VLT,
Ywin), Tak U ¢ OKOJIO3EMHBIX TeIecKomnoB («Xao06my», «I'epmenby, «Swifty). B kome komeTsl ObUTH
obnapyxens! muHUN H0, CN (MaTepunckast monekyna HCN), nerkue opraHndecKkue COeAMHCHUS,
umetoniue nenb Cp, a takke NH; (marepunckas mosnekyna NH3), CO, CO,, CS u CH3OH. Takum
obpaszoMm, BHecosHeuHass komera 21/BOrisov mMeeT kadecTBEHHBIH COCTaB JICTYYUX KOMIIOHEHTOB
AQHAJIOTUYHBINA cocTaBy KoMmeT COJHEYHOW CHCTEMbI, HO COOTHOIIEHHE OCHOBHBIX KOMIIOHEHTOB
OTJIMYAETCS PSIZIOM OCOOEHHOCTEM.

1. Ckopoctb cyoaumarmu Bopbl (Qz0) - €aMOro BBICOKOTEMIIEPATYPHOT'O JICTY4Ero KOMIIOHEHTA
KOMETHBIX sifep - y 21/Borisov okasanack Ha mopsaok Huke, 4eM y LPCS ConHeyHo# cucTeMbl Ha
TOM ke I ~ 2 a.e., Ho conocTaBUMO ¢ Qo y JFCs.

2. OtHocutenpHOE coaepxkanue ymepeHHo jerydero HCN = 0.12%, 9To OIM3KO THUITUYHBIM
3HaueHusM 175 LPCs ConHeuHo cucTeMbl Ha TAKOM K€ pariallbHOM PACCTOSHUH.

3. Snpo KoMeThl OKaszajloch KpaiftHe Oorato BbICOKO JyieTyunMu kommoHeHTamu N u CO,
coJlep)KaHue TIOCTEAHEW B LIEJIOM MPEBBIIIACT COAEPKAHME B COJIHEYHBIX KOMETax Ha TeX JKe
pamuanbHbIX paccTosHusAX oT 30 1o 105%.

4. Siapo 21/Borisov o6eqHeHO JIETKUMH OPraHUYeCKUMH COCTMHEHUSIMHU, MMEIOIIUMHE J1BA aTOMa
yraepona, cpeau kotopeix CpHg, CoHs, CoHs, CoH,O, CoH O, B aByx pasmudHbIX cepHsx
usMmepeHuil O0bu1o momydeHo Co/CN: 0.47+0.11 ma r = 2.5 a.e. u 0.2 = 0.1 nHa r = 2,145 a.e.
Tunnunoe 3nayenue C,/CN mis komer CosHeuHoM cucteMbl 0.6, XOTsS 3HAYEHHS, aHAJIOTHYHBIE
nosydeHHbIM 1711 21/BOorisov, obitu onpeseneHsl B 16-TH KoMeTax.

5. T'eTepOoreHHOCTh COCTaBa Ha YPOBHE TEPBBIX COTEH METPOB — XapakTepHas dYepTa KOMET
Comneunoit cucremsl. Peskoe m3menenne Q(CO) y 21/Borisov mo u mocne nepurenus (q = 2.006
a.e.) TaKKe MOXKET yKa3blBaTh HAa HEOJHOPOJHOCTH COCTaBa KOMETHOro sjapa B otHomeHun CO.
Ona MoeT OBbITh CBsI3aHA C 00pPa30BaHHEM OTIEIBbHBIX KOMETHBIX OJIOKOB Ha Pa3HBIX PaJUaIbHBIX
pacCTOSIHUSAX, C BHEIIHCH W BHYTPEHHEH CTOPOHBI YCIOBHOW TpaHUIBI CYOJIMMAIlUd OKHCH
yraepoaa u 3¢ (GHeKTUBHOTO EPeMENTNBAHUS B 3TUX Mpe/eiax.

6. B To e Bpems aHaNIHM3 CIIEKTPOB KOMETHOW IMBUTH TIOKA3aJ, YTO B OTJIMYHE OT COJHEYHBIX
KOMET, OHa HE COJIEpKUT oborameHHbx Mg cunukaroB w/wmm amopgHoro yriepoaa. bomee
BEPOSTHO, YTO B HUX TpeodnagaroT Mg—Fe cuiaukaTel U TYrorraBkue OpraHWnYecKue COSAMHCHHUS,
oOpa3oBaBIrecs B MEX3BE3IHOM KOHTHHYyME. DTO KOCBEHHO MOKET CBUIETEIHLCTBOBATH O TOM,
YTO MEXaHU3M paJHalIbHOTO TPAHCIIOPTAa B OKOJIO3BE3THOM JHCKe, TIae oOpa3oBajiach KOMETa
21/Borisov, He cMOT JOCTaBUTh 3HAYUTEIILHOE KOJMUYECTBO BBHICOKOTEMIIEPATYpPHOTO BEIIECTBA W3
BHYTPEHHUX TOPSYUX 30H HapyXy B 00JIacTh 00pa30BaHUsI KOMET, T.€. OH He Obul 3(eKTUBEH Ha
BCEH MPOTSHKEHHOCTH JTMCKA. B TO jke BpeMst OBBIIIEHHOE conepkanne Ny MOKeT yKas3bIBaTh, YTO
kometa 21/Borisov obpazoBanace npu I’ < 22-20K B CBEpXXOJOAHOM MAKCHMAJILHO YIaJCHHOM
pPErHoHe OKOJIO3BE3HOTO AMCKA, YTO BOZMOYKHO OOJIETYHIIO €€ OTPBIB OT CBOEH 3BE3HON CUCTEMBI.

7. Onenku paanyca sapa kometsl 21/Borisov uMeror qoctatodno 0oibIinoit pasopoc: ot 1 go 0.4
KM. 3a Bpems cOmmxenus ¢ ConHiem oHo notepsuio cioi BemectBa ot 0.2 1o 1.1 merpa. bonee
3HAYUMBIC MMOTEPH SIPO TMOHECIIO B MOCTIEPUTESIIBHBIN TIEPHO: Ha I = 3 a.e. OT sJpa OTICITHIICS
¢parment pasmepoM ~ 100 m. Takoe siBjaeHHe HAOIIOAATIOCH U Yy COJHEYHBIX KOMET. B kadecTBe
Haubosee BEpOSTHOW MPUUMHBI (hparMEeHTAIlMN yKa3bIBaeTCs YBEIUYEHHUE BHYTPEHHETO JIaBJICHUS
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32 CUET WCMApEHHs JIETKO JIETy4YMX KOMIOHEHTOB (BepositHee Bcero CO) B CyOmOBEpXHOCTHBIX
CIIOSIX 3a CUET WHEPIHMM PACIpOCTPAHEHUS B IOCTIEPUTENbHBIM MEpUOJa TEIIOBOW BOJHBI OT
MOBEPXHOCTH Sipa BHYTPh, UTO 00YCIIOBIEHO €r0 BEICOKON MOPUCTOCTBIO.

FIRST INTERSTELLAR COMET 21 /BORISOV: SPECIFIC PROPERTIES AND
CONDITIONS OF FORMATION (review)

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

The paper summarizes data on the composition and physical properties of the first interstellar
comet 2I/Borisov, which were obtained from September 2019 to the end of March 2020.

The first interstellar comet was observed both from Earth (VLT, Chile) and from near-Earth
telescopes (Hubble, Herschel, Swift). In the comet's coma, H,O, CN (parent HCN molecule), light
organic compounds with a C, chain, as well as NH, (parent NH3; molecule), CO, CO,, CS and
CH3OH lines were found. It was found that the interstellar comet has a qualitative composition of
volatiles and minerals similar to composition of the Solar system comets, but differs in a number of
properties that may indicate the special conditions of its formation in the circumstellar gas-dust
disk.

1. The sublimation rate of water (Qu20) - which is the highest-temperature volatile component of
cometary nuclei - in 21/Borisov turned out to be an order of magnitude lower than of Solar System
Long Periodic comets (LPCs) at the same radial distance r ~ 2 AU, but comparable to Quzo in
Jupiter Family comets (JFCs).

2. The relative abundance of moderately volatile HCN is ~ 0.12%, which is close to typical
values for the Solar System LPCs at the same radial distance.

3. The cometary nucleus turned out to be extremely rich in highly volatile components N, and
CO. The CO content as a whole exceeds the content in solar comets at the same radial distances
from 30 to 105%.

4. The 21/Borisov nucleus is depleted in light organic compounds having two carbon atoms,
among which are C,Hg, CoH4, CoHs, C,H40, CoH4O,. In two different series of measurements,
C./CN ratio was obtained as follows: 0.47 = 0.11 at r =2.5 AU and 0.2 + 0.1 at r = 2.145 AU. The
typical C2/CN value for the Solar System comets is 0.6, although values similar to those obtained
for 21/Borisov were determined in 16 comets

5. Compositional heterogeneity at the level of the first hundred meters is a characteristic feature
of the Solar system comets. The sharp change in Q(CO) before and after perihelion (q = 2.006 AU)
may also indicate the heterogeneity of the composition of the cometary nucleus with respect to
carbon monoxide. It can be connected with the formation of separate cometary blocks at different
radial distances, from the outer and inner sides of the conditional boundary of CO sublimation and
effective mixing within these limits.

6. An analysis of the spectra of cometary dust showed that, unlike solar comets, it does not
contain Mg-enriched silicates and/or amorphous carbon. More likely, they are dominated by Mg —
Fe silicates and refractory organic compounds formed in the interstellar continuum. This may
indirectly indicate that the mechanism of radial transport in the circumstellar disk, where comet
21/Borisov was formed, could not deliver a significant amount of high-temperature matter from the
inner hot zones to the outside of the comet formation region, i.e. it was not effective along the entire
length of the disc. At the same time, the increased content of N, may indicate that comet 21 /
Borisov was formed at T < 22-20K in the ultracold maximally distant region of the circumstellar
disk, which may have facilitated its separation from its star system.

7. The estimates of the comet radius have a fairly wide scatter: from 1 to 0.4 km. During the
approach to the Sun, it lost a layer of matter from 0.2 to 1.1 meters. In the post-perihelion period the
nucleus suffered more significant losses: by r ~ 3 AU a fragment with a size of ~ 100 m separated
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from the nucleus. The most probable cause of fragmentation is an increase in internal pressure due
to the evaporation of easily volatile components (most likely CO). It happens because due to its
high porosity the subsurface layers have the large inertia of propagation of a heat wave.

NCCIEJOBAHUE MUKPOCTPYKTYPbI TPOMJINTA OBBIKHOBEHHBIX
XOHJAPUTOB

JroHamk C.C.l, MakcuMoBa E.M.l, [TerpoBa E.Bz, Hayxauxwuii AL
1KpLIMCI<I/H71 dbenepanbupiii yauBepcuteT nMeHu B.U. Bepuaackoro, r. Cumdeponois, Poccus
VYpansckuii henepanbHblid yHUBEpcUTET nMeHu niepBoro [Ipesunenra Poccuu b.H. Enblinna,

r. ExkatepunOypr, Poccus
sgoncova@gmail.com, maksimovaem@cfuv.ru, evgeniya.petrova@urfu.ru

B Hacrosmieir paboTe OblLla HCCIEIOBaHA KpHUCTaJUIMUecKas CTpykrypa tpownuta (FeS)
00bIKHOBeHHBIX XOoHApUTOB Tpymm LL, L u H (Uensbunck, Northwest Africa 869, Llapes, Marsa
Alam 009, Ravar, Xapa6anu). TporIuT sSBISIETCS OJHUM M3 OCHOBHBIX aKI[CCCOPHBIX MHHEPAJIOB B
METEOpUTAX PA3HBIX THUMOB. [IpM KOMHATHOW TeMIlepaType TPOWJIMT HMEET TI'eKCaroHAIbHYIO
CTPYKTYPY C POCTPAHCTBEHHOH Ipymnmoi cummeTpun P62C.

MeTo/10M pEHTETHOCTPYKTYPHOTO aHam3a ObLIH ONPEeIICHBI TapaMETPhl JICMEHTAPHBIX SUYCCK
TPOWJINTA, pa3Mepbl OOJACTeH KOTEPEHTHOTO PACCesHUS W BEIWYUMHBI MHUKpOaedOpMaIIHid.
Y CTaHOBIICHO, YTO TPOWJIMT MMEET HECTEXMOMETPHUYECKHI COCTaB, OOYCIIOBICHHBIN JeHUIIUTOM
KaTHOHOB JKeJle3a, a MUKpoAe(popMaIiui KOPPEIUPYIOT CO CTENEHBIO YAapHOTo MeTaMophu3Ma.

HccnenoBanue BBIMOMHEHO mpu mopanepxkke PODU B pamkax nHayynoro mpoekra Ne 19-35-
50075 mon_Hp, MuHHCTEpCTBa HayKu | BbIciiero obpa3zoBanusi Poccuiickoit denepanuu (IIpoext
FEUZ-2020-0059), u Axta 211 IlpaButensctBa Poccmiickoit ®enepammm, Cornamenne Ne
02.A03.21.0006.

STUDY OF THE MICROSTRUCTURE OF TROILITE IN ORDINARY CHONDRITES

Dyundik S.S.}, Maksimova E.M.}, Petrova E.V.?, Nauhatsky 1.A.
L V.I. Vernadsky Crimean Federal University, Simferopol, Russian Federation
2 Ural Federal University, Ekaterinburg, Russian Federation
sgoncova@gmail.com, maksimovaem@cfuv.ru, evgeniya.petrova@urfu.ru

The investigation of the crystal structure of troilite (FeS) from ordinary chondrites of the LL, L,
and H groups (Chelyabinsk, Northwest Africa 869, Tsarev, Marsa Alam 009, Ravar, Kharabali) was
performed. Troilite is one of the relatively abundant accessory minerals in different types of
meteorites. It has a hexagonal structure with a space symmetry group P62c at room temperature
conditions.

The unit cell parameters of troilite, its crystallites sizes, and the value of micro deformations
were determined by X-ray diffraction analysis. It was found that troilite in the ordinary chondrites
has a non-stoichiometric composition due to a deficiency of iron cations. A correlation between the
microstrains and the degree of impact metamorphism of the chondrite was observed.

The reported study was funded by the Russian Foundation for Basic Research according to the
research project Ne 19-35-50075 mol_nr, by the Ministry of Science and Higher Education (Project
FEUZ-2020-0059) and Act 211 of the Government of the Russian Federation, Agreement no.
02.A03.21.0006.
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JANHAMHUKA U MPOUCXOXKIEHUE JAJIEKUX TPAHCHEIITYHOBBIX OB BEKTOB

Emenbsnenko B.B.
Nuctutyt actponomuun PAH, Mocksa, Poccust
vvemel@inasan.ru

OOcyxmaTcsi HOBbIE HAOMIOAAaTeIbHBIC IaHHBIE 00 OO0BbekTax BHemIHed uact CollHEYHON
cucreMsl. [IpemnoskeHa mMozaenb 0Opa3oBaHMs JAIEKUX TPAHCHENTYHOBBIX OOBEKTOB B 00JacTH
XWla TUTAaHTCKOTO Ta30MbLICBOTO CTYIICHHS, BO3HUKIIETO BCIEACTBHE TI'PaBUTAIIMOHHOW
HEYCTOMYMBOCTH M (PparMEHTAIlMM MPOTOIUIAHETHOTO IUCKa. V3ydeHa TuHaMHU4ecKasi BOIIOLUS
MaJIbIX TeJl MO/ ACHCTBHEM IPaBUTALMOHHBIX BO3MYILICHUH OT BHEIIHUX IUIAHET M CAaMOTPaBUTAIINU
JUCKa B TEUEHHE HECKOJNbKMX MWIUIMapAoB JieT. HaiinenHo, dYro BekoBbie 3PQEKTHI
TPaBUTAIIMOHHOTO BJIMSHHUS MAacCHBHOTO JMCKa MaJbIX TeJl TPHBOAAT K CO3AAHUIO ITOTOKA
00BEeKTOB, moaxomimmx Omm3ko Kk opbure Henrynma. Jlng OonpmmHCTBA  OOBEKTOB
SKCIIGHTPUCHTETB OpPOUT YMEHBINAIOTCSA IO/ BIMSHUEM CaMOTPaBUTAlMU Jucka. [losTomy
OCHOBHAs YacCTh JHMCKA COXpaHSIETCA B 00JaCTH TEIHOICHTPUYECKHX PACCTOSHUM, MPEBBIIIAOIINX
100 a.e. Ilokazano, uyto oOpa3oBaHMEe KOMETHOro obGyiaka OopTa MoOXeT OBbITh CBSI3aHO C
PaccMOTPEHHBIM TMHAMHYECKHM MTPOIIECCOM.

DYNAMICS AND ORIGIN OF DISTANT TRANS-NEPTUNIAN OBJECTS

Emel’yanenko V.V.
Institute of Astronomy RAS, Moscow, Russia
vvemel@inasan.ru

New observational data on objects in the outer solar system are discussed. A model of the formation
of distant trans-Neptunian objects in the Hill region of a giant gaseous clump, that form in the outer
solar nebula via gravitational instability and fragmentation of the protoplanetary disk, is proposed.
The dynamical evolution of small bodies under the action of gravitational perturbations from the
outer planets and self-gravity of the disk has been studied for several billion years. It is found that
the secular effects of the gravitational influence of a massive disk of small bodies lead to the
creation of a flux of objects approaching to the orbit of Neptune. Orbital eccentricities of the
majority of objects decrease under the influence of self-gravity of the disk. Therefore, the main part
of the disk resides in the region of heliocentric distances exceeding 100 AU. It is shown that the
formation of the Oort cloud of comets can be associated with the considered dynamical process.

CBJIM’)KEHUA KOMET U ACTEPOUJIOB C IIVTAHETAMUA

Emenpsaenko H.IO.
WNucturyt actponomuu PAH, Mocksa, Poccns
nyuemel@inasan.ru

HuskockopoctHoe conmmxenne acrepouna 2020 CD3 ¢ 3emneit B 2020 r. cpaBHHBaeTcs ¢
HU3KOCKOPOCTHBIM cOmmkerneM siep komeTsl [llymeiikep-JleBn 9 ¢ FOnmurepom B 1994 1. O6a Tena
OBLITM OTKPBITHI B 00JIACTH CONMKESHMSI, UCTIBITANIN JJIUTEIbHBIEC TPABUTAIMOHHBIE 3aXBaThl B ChEephI
Xwuima ¥ COBEpPIIMIM MHOTOYMCIICHHBIE OOpalieHWsi BOKPYT IIaHET. | eolleHTpuveckas opoOwTa
actepouma 2020 CD3 B obmactu cOmmKeHUS H3MEHSIACh MOJOOHO  W3MEHEHUSIM
HoBUIIEHTpUYECKUX opOUT snep komeTsl Lllymeiikep-JleBu 9.
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ENCOUNTERS OF COMETS AND ASTEROIDS WITH PLANETS

Emel’yanenko N.Yu.
Institute of Astronomy RAS, Moscow, Russia
nyuemel@inasan.ru

The low-velocity encounter of the asteroid 2020 CD3 with the Earth in 2020 is compared with
the low-velocity encounter of the comet Shoemaker-Levy 9 with Jupiter in 1994. Both bodies were
discovered in the region of encounters, experienced long-term gravitational captures into the Hill
spheres and made numerous revolutions around planets. The geocentric orbit of the asteroid at the
encounter changed like the changes in the jovicentric orbits of the nuclei of the comet Shoemaker-
Levy 9.

OCOBEHHOCTHU ONIPEAEJIEHUA HAPAMETPOB MEJIKUX METEOPHBIX TEJI

Edpemon B.B."? Ilonosa O.I1.2, 'nazaues I[.O.Z, Mapronuc A. 3 Ob6epcr 0. 54 Kapramosa AIL®

1- MockoBckuii ®usuko-Texuuueckuii Mucturyt, Mocksa, Poccus
2- Uacturyt quHamukn reocdep uMm. M.A. Cagockoro PAH, Mocksa, Poccus
3- Technische Universitét Berlin, Institute of Geodesy and Geoinformation Science, Berlin, Germany
4- German Aerospace Center (DLR), Institute of Planetary Research, Berlin, Germany
5- Uncturyt actponomuu PAH, Mocksa, Poccust
efremov.vv@phystech.edu

MerteopHble Tena, Hapsly C acTepouJiaMu U KOMETaMU, SIBJISIOTCS HICTOYHUKOM MH(POPMALIHIO O
Hameii COTHEYHOH cucTeMe, MOCKOIBKY MaTepHai, U3 KOTOPOTO OHU COCTOSIT, CBHIIETEILCTBYET O
cocTaBe BellecTBa B paHHUE dTanbl 3Bomouun ConHeuHoW cucTteMbl. OJHHM M3 OCHOBHBIX
CI0cO00B TOTYYEeHUsT HHYOPMAIIH O CBOWCTBAX METEOPHBIX TEJ SIBISETCS M3ydeHHE MpoIecca uxX
B3anMoJIeiicTBUi ¢ aTMocdepoit. HecMOoTps Ha IPOIOJIKUTEIbHOE N3yUYE€HUE METEOPHBIX SIBJICHUH,
3aj5a4ya TOYHOTO OIpPEeNIeHUIX, TAKUX MapaMeTPOB KaKk Macca, MI0THOCTh, CBOWCTBA BEUIECTBA 10
CHX TIOp OCTAeTCsl aKTyaJIbHOM.

B nmanHO#i pabore paccmMaTpuBaeTCs MOJETh B3aUMOJCHCTBHS MEJIKHX METEOPHBIX Tl C
atMocdepoil 3emnu. B pamkax aaHHOW MOJENU IMOTEPsl MAacchl METEOPOUIOM ONpEAENseTcs C
MIOMOIIBIO JIABJICHUS HACBIIICHHOTO T1apa MPeIojaraeMoro BemecTBa MeTeoponia. 3aBHCUMOCTH
JIABJIEHUS] HACBILIEHHOTO Mapa OT TeMIepaTypbl OJHOIO M TOTO K€ BEIIeCTBa M0 JaHHBIM Pa3HbIX
aBTOPOB  PA3JIMYAIOTCS, YTO BIIMSAET Ha OIpeJesieHHe MapaMeTpoB (IUIOTHOCTb, pa3mep/macca)
MeTeopHOro Tena. Hamu TpemyiokeH aBTOMATH3UPOBAHHBIM METOJ OLEHKH IapaMeTpoB
(MI0THOCTH, pa3Mep/Macca) METEOPHOTO Tella, MyTeM COMOCTaBIEHHs HAaOI0JaTeIbHbIX JaHHBIX U
JAHHBIX pacyeTa 110 MOJAEIH ¢ U3BECTHBIMH IapaMeTpaMu

Jns  anpobanuu  Mojenud ObUIM  HCHOJB30BaHbl ONTHYECKHE METEOpHBbIE HAOIIOJCHHUS,
nonmyueHHeie Ha SPOSH kamepax B 2016 r.[1]. Tlpemen aOCONIOTHBIX 3BE3HBIX BEIHYUH
MeTeopHbIX wacTul Obul - 67 - 07, Takum 00pa3oM, ObLIM OLEHEHBI MapaMeTphl (ILIOTHOCTH,
pa3mep/macca) METEOpHBIX Tell. [IpoaHann3MpoBaHO BIUSHUS BHIOPAHHOM 3aBHCHMOCTH JIaBJICHUS
HACBIIIEHHOT'0 Mapa OT TeMIepaTypbl U APYrUX MapaMeTpoB MOJENN Ha MapaMeTpbl (MJIOTHOCTS,
pasMep/mMacca) METEOpPHOTO Tea.

JIureparypa:
1. Margonis, A., Christou, A., Oberst, J. Characterisation of the Perseid meteoroid stream
through SPOSH observations between 2010-2016// Astronomy and Astrophysics. 2019. 626, A25.

ASPECTS OF SMALL-SIZE METEOR PARTICLES PARAMETERS MEASUREMENTS

Efremov V.2, Popova O.?, Glazachev D.? Margonis A. >, Oberst J.**, Kartashova A.°
1- Moscow Institute of Physics and Technology, Moscow, Russia
2- Sadovsky Institute of Geosphere Dynamics RAS, Moscow, Russia
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3- Technische Universitit Berlin, Institute of Geodesy and Geoinformation Science, Berlin,
Germany
4- German Aerospace Center (DLR), Institute of Planetary Research, Berlin, Germany
5- Institute of astronomy RAS, Moscow, Russia

efremov.vv@phystech.edu

Meteoroid bodies, along with asteroids and comets, are a source of information about our Solar
system, since the material of which they are composed indicates the composition of matter in the
early stages evolution of the Solar system. One of methods of obtaining information about the
properties of a meteoroid is to study the process of their interactions with the atmosphere (meteor
event). Despite extensive research of meteor phenomena in previous years, the task of accurately
determining parameters such as mass, density and material properties is still relevant.

A model describing the interaction of small meteoroids with the Earth’s atmosphere is presented.
In this model, the mass loss of a meteoroid is determined using the saturated vapor pressure of the
assumed meteoroid's substance. Dependencies of the saturated vapor pressure to the temperature of
the same substance are different according to other authors, which affects the determination of the
parameters (density, size/mass) of meteoroids. An automated method to estimate the physical
parameters of a meteoroid by comparing observational and model derived data with known
parameters was suggested.

For testing the performance of the model optical meteor observations of SPOSH cameras in 2016
were used [1]. The range of absolute magnitudes of meteors analyzed in this study was - 6™ - 0™,
Parameters of meteoroids (density, size/mass) were obtained. The effects of the chosen dependence
of saturated vapor pressure to temperature and other model parameters (density, size/mass) of the
meteoroid body are analyzed.

References:
1. Margonis, A., Christou, A., Oberst, J. Characterisation of the Perseid meteoroid stream
through SPOSH observations between 2010-2016// Astronomy and Astrophysics. 2019. 626, A25.

O IBYX YCTOUUYHUBBIX ULTIO3UAX B KOMETHO KOCMOI'OHUM U OB UX
VWCTUHHOM POJIA B EE PA3BBUTHUH

Epemeena A. U.
I'AUII MI'Y, Mocksa, Poccuiickas ®enepanus
alinaer29@gmail.com

O BO3HMKHOBEHMM M MeTamopdo3ax Tak Ha3. 3pynTUBHOM runorte3sl Jlarpanxka (1812 r.) u oOpasa
«Kometnoro o6maka Oopta» (OO) (1950-1951rr.). AHanuTHueckas HCTOPHS W OIEHKAa HX
WCTHHHOW POJIM B UCTOPUHU KOMETHOU KocMoroHnu (1o padotam @.A.I{ummna, 1980-x — 2004-x rr.
— aBTOpa HOBOHM Teopuu npoucxoxaeHus komer PP KT CC [PenukToBoro pesepByapa KOMETHBIX
ten ComHeyHoit cuctemsbi]). Cutyanmust B 3Tod oOmactu k 2020 r. B CBeTe pa3BUTHSI U
MOJTBEPXKICHUS SBOJIFOLMOHHON (IIMUATOBCKON IIKOJIbBI) TUIAHETHONH KOCMOTOHUH.

ON TWO STABLE ILLUSIONS IN COMETARY COSMOGONY AND ON THEIR TRUE
ROLE IN ITS DEVELOPMENT

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

On the occurrence and metamorphoses of the so-called. the eruptive Lagrange hypothesis (1812)
and the image of the Oort Comet Cloud (OO) (1950-1951). Analytical history and assessment of
their true role in the history of comet cosmogony (based on the works of F.A. Tsitsin, 1980s - 2004s
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- author of a new theory of the origin of comets RR CT SS [Relict reservoir of cometary bodies of
the Solar System]). The situation in this area by 2020 in the light of the development and
confirmation of the evolutionary (Schmidt school) planetary cosmogony.

KAK KOCMHUYECKASA MUCCHUA «ROSETTA» U3MEHWUJIA HAIIIE
INPEACTABJIEHHUE O KOMETAX?

NBanosa O. B.
ActpoHOMHYECKU MHCTUTYT CIIOBAIIKOW aKaJeMHUH HAYK

N3yueHne KOMET IpeCTaBiseT OONbLIONW HMHTepec Ajasi MUpoBOM Hayku. Ilockonbky KomeTbl
IOPOBOJAT OONBIIYI0 4YacTh CBOeH ku3HM Baadu oT CONHIA, OHM COXPAHWIM TPAKTHUYECKH
HEM3MEHHOM MepBUYHYI0 MaTepuio. TakuM o0pa3oM, KOMEThl MOTYT paccKa3aTh O CaMbIX PAaHHUX
sranax (opMHUpoBaHMUA M HBoiionMHM Hameid ColHe4HOH cucTeMbl. MHOTHE HCClIe0BaTeNd
CUMTAIOT, 4YTO KOMETbl — 3TO KJIHY K IOHMMAHHIO IIPOLECCOB, KOTOpBIE IIPHUBEIU K
BO3HMKHOBEHHUIO JKM3HM Ha 3emie. YHMKalbHas KocMuueckas muccus «Pozerra» Kk Komere
67P/YypromoBa-I'epacumenko Oblna 3amymieHa ¢ 3eman B 2004 roay u, npeogoineB nouyru 500
MUJJIMOHOB KHJIOMETPOB, BIIEPBbIE B HCTOPUM YEJIOBEYECTBA COpOCHJIa 30HJ Ha IOBEPXHOCTh
KoMeThl. B cBoe Bpems m3yueHue PO3ETTCKOro KaMmHs CTalo KJIHOYOM K HalleMy [TOHUMaHHUIO
JPEBHEETUIIETCKON IMBWIN3ALMU, [TO3TOMY KocMuyeckas Muccusi «Poszerra», B 4ecTb KOTOPOIo
OHa ObljIa Ha3BaHa, IOMOIJIA Pa3/BUHYTh TOPU30HTHI HAILIETO NOHUMAaHMs IPUPOAbI GU3UKU KOMET
u popmupoBanre COTHEYHOH crcTeMbl. MBI IIpeCTaBisieM 0030p OCHOBHBIX PE3YJIbTaTOB MUCCHH
EBporneiickoro kocmuueckoro areHrctBa "Pozerta" k xomere 67P/UypromoBa — ['epacumeHko c
MOMEHTa TMpHOBITUS ammapara K KOMETe M MOYTH JO0 KOHIa MHCCHH, B ceHTsOpe 2016 rona.
['maBHbIE pe3ynbTaThl MUCCHM BKJIIOYAIOT MHPOPMALUIO O sAApe, KOME M XBOCTaX, IOJIy4YEHHbIE C
KOCMHUYECKOTr0 KOpalJis ¥ HAIIUX HAa3eMHBIX Ha0ItoIeHui koMeTsl 67P/UypromoBa — ['epacuMeHKo.

HOW "ROSETTA" MISSION IS CHANGING OUR VIEW ABOUT COMETS?

Ivanova O.
Astronomical Institute Slovak Academy of Sciences

The study of comets is of great interest to world science. Because comets spend most of their lives
away from the Sun, they saved practically unchanged primordial matter. Therefore, comets can tell
about the earliest stages of formation and evolution of our Solar system. Many researchers believe
that comets are the key to understanding the processes that led to life on Earth. The unique space
mission "Rosetta" to comet 67P/Churyumov-Gerasimenko launched from Earth in 2004, and after
covering almost 500 million kilometers, for the first time in human history dropped the probe to the
surface of the comet. At one time, the study of the Rosetta Stone became key to our understanding
of ancient Egyptian civilization, so the space mission "Rosetta", after which it was named, seems to
push the horizons of our understanding of the nature of comet physics and the formation of the solar
system. We present a summary of the results of the European Space Agency's "Rosetta” mission
campaign to the comet 67P/Churyumov—Gerasimenko from before Rosetta's arrival until nearly the
end of the mission in September 2016. The essential results of the mission include information for
the nucleus, coma and tails obtained from the spacecraft and our ground-based observation of the
comet 67P/Churyumov—Gerasimenko are presented.

17



Hayunas koHdepeHims ¢ MmexayHapoaabiM yyactueM « VI bpenuxunckue yteHus»
IK30KOMETHASA BOMBAPIUPOBKA IIVIAHET B 30HE OBUTAEMOCTU B
CUCTEME IPOKCUMA LHEHTABPA

C. 1. UnaroB
NHucturyT reoxumun u ananurudeckor xumuu uM. B.M. Bepranckoro PAH, Mocksa, Poccus
siipatov@hotmail.com

PaccmoTpena mojenb MUTpalliu 3K30KOMET, MEPBOHAYATBHO HAXOIUBIIMXCS B 30HE MUTAHUS
9K30IUTaHEeThl C ¢ OOoJbInoi moiyockto a.=1.489 a.e. B cucreme IIpokcuma IlenraBpa. Llenbto
WCCIICIOBAHHI SIBIISICTCS CpPaBHEHHUE JOCTABKUA BOJBI M JIETYYMX KOMETOMOJOOHBIMH TEJIaMH K
NOTEHLMAIbHO OOMTaeMbIM IiaHeTam B cucteme [Ipokcuma LlentaBpa u B Hamelt CoiHedHOM
cucreMe. PaccunTanbl BEpOSITHOCTH CTOJIKHOBEHUN MHUTPHUPOBABIIMUX 3K30KOMET C IK30IUIAHETAMH.
Cuuraercs, 4TO K30IUIaHeTa b pacmonoxkena B ooutaeMoii 30He. B miepBoii cepuu pacueToB ObUTH
pPacCMOTPEHBI CIEAYIONIUMEe HadalbHble OOJbIINE TOJIYOCH OpPOMT M MAacChl JIBYX 9SK3OILUIAHET:
ap=0.0485 a.e., ac=1.489 a.e., my=1.27mg u M=12mg, rome Mg - Mmacca 3emun. HavanpHbIH
OKCIICHTPUCUTET €, W HayaJlbHOC HAKIOHEHHE Ip SK30IUIaHEThl D cuuTamuch paBHbiMu 0, a
HAYaJbHBIM JKCIEHTPUCUTET €; dK30riaHeTsl C paBHsuica 0 wim 0.1. HavanbHOoe HakioHEHHE
OpOUTHI 3K30IUIAHETHI ¢ PaBHSIOCH 1c=€¢/2=0.05 pan wnu i;=e;=0. Bo BTOpOIl cepun pacueToB Ha
OCHOBe 0Oojiee MO3IHMX HAOMIOAATEIbHBIX JAHHBIX CUHMTanIoCch, 4Tro a,=0.04857 a.e., e,=0.11,
mp=1.17mg, a.=1.489 a.e., .=0.04, m:=7mg u ip=ic=0. B Kax70M BapHaHTEC pacueTOB HaYaIbHbBIC
3HaYeHUs OOJNBIINX MOIyocel opouT 250 3K30KOMET HAXOMINCh B TUANA30HE OT 8min 10 8mint0.1
a.e., i€ 8min BapbupoBaiiock ot 1.2 1o 1.7 a.e. ¢ marom 0.1 a.e. HayaibHbIe SKCLIEHTPUCUTETHI €,
opouTt 3K30koMeT paBHsuMch 0 uiu 0.15 mis mepBoi cepum pacdeToB, U €,=0.02 wmm €,=0.15 st
BTOPOI cepuu pacuyeToB. HauanpHbIe HAKIIOHEHUS OPOUT SK30KOMET PABHSUIUCH €0/2 pajl.

[Tomryueno, yTo OONBUIMHCTBO SK30KOMET OBLIO BHIOPOIIEHO Ha rurepbonnyeckrue opouTs 3a 10
MJIH JeT. HekoTopble 3K30KOMETHl MOIJIM MPOJOJDKATH JBUTATHCS IO AJUIMITHYECKUM OpOUTaM
nocne 50 muH net. KonmudecTBo 9K30KOMET, BHIOPOIICHHBIX Ha THIEPOOINYecKre OpOUTHI, OBIJIO B
HECKOJIBKO pa3 0oJbllIe, YeM KOJUYECTBO SK30KOMET, CTOJIKHYBIIMXCS C dK301IaHeTaMu. [loaTomy
KOMeTHoe o0iako, momobHoe obmaky OopTa, MOXKET CyllecTBOBaTb W B cucreMe [Ipokcuma
[lenTaBpa. OTHOLIEHHE KOJIMYECTBA 3K30KOMET, BHIOPOILIEHHBIX HA TMIEpOOIMYECKUE OpOUTHI, K
KOJIMUECTBY JK30KOMET, CTOJKHYBIIMXCA C OK30MIaHETaMH, OoJjblne A Oonbliell Macchl
[Tpokcuma LlenTaBpa C 1 /17151 60IBIINX HauyaIbHBIX KCIIEHTPUCUTETOB SK30KOMeT. TonbKko oHa U3
HECKOJIbKUX COTEH 9K30KOMET, MUTPHPOBABIIHNX U3 OKpecTHOCTel opOuThl [Ipokcuma Ilenrapa C,
JocTUrana opouTsl sk3ormIaneTsl [Ipokcuma Llentaspa b (¢ Gonbinoit momyocsio ap=0.0485 a.c.) u
Y4acTO TaK)ke OpOWTHI HEMOATBEP)KAEHHON sk3ortaneThl Ilpokcuma IlentaBpa d (¢ GosbImoii
nonyockto 83=0.029 a.e.). OmHAKO BEPOSTHOCTH CTOJIKHOBEHHS TAKOW 3K30KOMETHI (JOCTHUTIIEH
3TUX OopOWT) ¢ dK30mIaHeramu I[Ipokcuma IlentaBpa b wmm Ilpokcuma IlentaBpa d Mmoria
nocturatb 1. Takasi BepOATHOCTb CTOJIKHOBEHHS, YCpPEAHEHHass IO BCEM pacCMaTpUBAEMbIM
K30KOMeTaM, cocrasmma ~107-107, [Ipu ycpenHeHHH 1o BCEM pacCMaTPUBAEMBIM 3K30KOMETAM,
KOTOpbIE MHUTPUPOBAIM W3 OKpecTHocTel opobuthl [Ipokcuma IleHTaBpa C, BEpOSTHOCTH
CTOJIKHOBEHHUSI IK30KOMEThI C 3k3omuiaHeramu [Ipokcuma llentaBpa b wnm d Gombine, dem
BEPOSITHOCTh CTOJIKHOBEHHUSI C 3eMjiei KOMEThI, MUTPHPOBABIICH W3 30HBI IMHUTAHHS TIJIAHET-
rurantoB ConmHewyHoi cucteMbl. [locrneqHssi BEpOSTHOCTh B pacyeTe Ha OJHY KOMETY OOBIYHO
menpme 107, PesynpraThl Takoro cpaBHEHMs IIOKa3bIBaKOT, YTO Ha 3K30IUIaHeTsl [Ipoxcnma
IlentaBpa b u Ilpokcuma llentaBpa d Moo OBITH JOCTABICHO MHOTO JICISHOTO MaTrepuana U
JIETYyYUX BEIIECTB.

Hccnenoanus GopMUPOBaHUs SK30IIAHET M BBIOPOCA 9K30KOMET Ha TUTIEPOOTUIECKUE OPOUTHI
nojnaepkansl  rpantom  (075-15-2020-780 (N13.1902.21.0039) «Teopetnueckne W
DKCIIEPUMEHTAabHbIE HCCIeAOBaHUS (OPMUPOBAHMS U JBOJIOLUMU BHECONHEYHBIX IJIAHETHBIX
CHCTEM W XapaKTePUCTHUK DJK30IIaHET» MMHHUCTEpPCTBA BBHICHIETO OOpa30BaHUS W HAYKH
Poccuniickoit ®enepauuun. McecnenoBanuss MUIpalMd BOABI M JIETy4UX K OK30IUIAHETaM,
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paCHOJ'IO)KeHHI:IM B 30HC OGI/ITaeMOCTI/I, BBIIIOJIHCHEI B paMKax roc3agaHus I/IHCTI/ITYTa ITCOXUMHHU U
aHamuTHdeckoi xumun uM. Bepranckoro PAH Ne 0137-2021-0004.

EXOCOMETARY BOMBARDMENT OF PLANETS IN THE HABITABLE ZONE IN THE
PROXIMA CENTAURI PLANETARY SYSTEM

S. |. Ipatov
Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS, Moscow, Russia
siipatov@hotmail.com

The model of migration of exocomets initially located in the feeding zone of the exoplanet ¢ with
a semi-major axis a,=1.489 AU in the Proxima Centauri system was studied. The aim of these
studies is to compare the delivery of water and volatiles by comet-like bodies to potentially
habitable planets in the Proxima Centauri system and in our solar system. The probabilities of
collisions of migrated exocomets with exoplanets were calculated. It is considered that the
exoplanet b is located in a habitable zone. In the first series of calculations, the following initial
semi-major axes and masses of two exoplanets were considered: a,=0.0485 AU, a.=1.489 AU,
mp=1.27me and m¢=12mg, where mg is the mass of the Earth. The initial eccentricity e, and initial
inclination i, of the orbit of the exoplanet b were considered to be equal to 0, and the initial
eccentricity e. of the orbit of the exoplanet ¢ equaled to 0 or 0.1. Initial inclination of the exoplanet
¢ was considered to be i.=e./2=0.05 rad or i.=e.=0. In the second series of calculations, based on
later observational data it was considered that a,=0.04857 AU, e;=0.11, mp=1.17mg, a.=1.489 AU,
e.=0.04, m.=7mg, i,=ic=0. In each calculation variant, initial semi-major axes of orbits of 250
exocomets were in the range from anin t0 anin+t0.1 AU, with ami, from 1.2 to 1.7 AU with a step of
0.1 AU. Initial eccentricities e, of orbits of exocomets equaled to 0 or 0.15 for the first series of
calculations, and e,=0.02 or e,=0.15 for the second series. Initial inclinations of orbits of the
exocomets equaled to e,/2 rad.

It was obtained that most exocomets were ejected into hyperbolic orbits in 10 Myr. A few
exocomets could still move in elliptical orbits after 50 Myr. The number of exocomets ejected into
hyperbolic orbits was greater by a factor of several than the number of exocomets collided with
exoplanets. Therefore, a cometary cloud similar to the Oort cloud can exist in the Proxima Centauri
system. The ratio of the fraction of exocomets ejected into hyperbolic orbits to that collided with
exoplanets is greater for a greater mass of Proxima Centauri ¢ and for greater initial eccentricities of
exocomets. Only one of several hundred of exocomets, that migrated from the vicinity of the orbit
of Proxima Centauri c, reached the orbit of Proxima Centauri b (with a semi-major axis a,=0.0485
AU) and often also the orbit of unconfirmed Proxima Centauri d (with a semi-major axis az=0.029
AU). However, the probability of a collision of such exocomet (that reached the orbits) with
Proxima Centauri b or Proxima Centauri d can reach 1. Such collision probability averaged over all
considered exocomets was ~10-107. If averaged over all considered exocomets, which migrated
from the vicinity of the orbit of Proxima Centauri c, the probability of a collision of an exocomet
with Proxima Centauri b or Proxima Centauri d is greater than the probability of a collision with the
Earth of a comet migrated from the zone of the giant planets in the Solar System. The latter
probability is typically less than 10™ per one comet. The above comparison shows that a lot of icy
material and volatiles could be delivered to Proxima Centauri b and Proxima Centauri d.

For studies of formation of exoplanets and of the ejection of exocomets into hyperbolic orbits,
the author acknowledges the support of Ministry of Science and Higher Education of the Russian
Federation under the grant 075-15-2020-780 (N13.1902.21.0039) ‘Theoretical and experimental
studies of the formation and evolution of extrasolar planetary systems and characteristics of
exoplanets’. Migration of icy material and volatiles to exoplanets located in the habitable zone was
carried out as a part of the state assignments of the Vernadsky Institute of RAS Ne 0137-2021-0004.
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CTOJIKHOBEHMS MAJIBIX TEJI C ®OPMUPYIOIUMUCS 3EMJIEMA U TYHOU

C. U. Unaros, M. 5. Mapos
I'EOXU umenu B.U. Bepnaackoro PAH, Mocksa, Poccus
siipatov@hotmail.com, marovmail@yandex.ru

Paccmotpena Mozens Murpanuu mniaaHeresumainei k 3emie u JIyHe ¢ pa3inyHbIX pacCTOSHUI OT
Connua. [Ipu pacuerax MUrpalnuu Tell YUUTHIBAJIIOCH IPAaBUTALIMOHHOE BIUSHUE TUIaHET. B kaxaom
BapHaHTE PacyeTOB HauajbHbIC 3HAUYECHHUS OONBIIMX MOJIyOoced OpOUT IIaHeTe3uMallell MEHSUTUCh
OT Amin A0 amax:amin+da, MX Ha4YaJbHBIC DKCHCHTPHUCUTETHI PABHSINCH €y, & HAYaJIbHBIC HAKJIIOHCHUS
PaBHSUIUCH €,/2 paa. B ogHoli U3 cepuii pacueros, d;=2.5 a.e., a @mjn IPUHUMAIIO 3HAYCHHS OT 2.5
10 40 a.e. ¢ mwaroMm, paBHeIM 2.5 a.e. HauanbHble skcrieHTpucuteTsl paBHsiauchk 0.05 wmm 0.3. B
napyroii cepun pacuetoB 0,;=0.1 a.e., a @min nmpuHEMaNo 3HadyeHus ot 3.0 mo 4.9 a.e. ¢ marom,
paBubM 0.1 a.e., a €, paBusock 0.02 unu 0.15. B kaxx10M BapuaHTe pacueToB paccMaTpHUBAIOCh
250 rutaHeTe3uMalei, HO I OJHUX U TEX e 3HAYCHUH Amin, Uz U €y MPOBOIMIOCH HECKOJIBKO (110
8) BapuaHTOB pacyeToB. [Ipu amin<7.5 a.e. 3HaueHNUE BEPOATHOCTH CTOJIKHOBEHUS ¢ 3emieit s 250
TeJ1 B OJHOM BapUaHTE MOIJIO BapbHUPOBATHCS B COTHH pa3 JUIsl Pa3HbIX BAPUAHTOB PACUETOB C
OJTMHAKOBBIMH 3HAYCHUSMH 8min, Ja U €. BEpOATHOCTD Pg CTOJKHOBEHHUS OJHOM IIAHETE3UMAITU C
3eMuleii 11l Pa3IMUHBIX BAPUAHTOB PACYETOB MOIINA BAPbUPOBATHCS OT 3HAYCHMS, MeHbiero 107,
110 3Hauenus mopsaka 107, TIpu amin>10 a.c. 3HaYeHHe Pg JUIS PAasIMYHBIX BAPHAHTOB PACUECTOB
BapbUPOBAIOCH OT 3HAYEHUM MOpAJKa 107 mo 5x10°. [Tpu p|;=2><10‘6 nonarasi o0IIyI0 Maccy
1aHere3umaneil B 30He nutanus FOnurepa u CarypHa, paBHOW cTa MaccaM Mg 3eMIId, [OJIy4aeM,
4TO CyMMapHas Macca IUIAHeTe3MMaleH, BBIMABIIMX Ha 3emuto, paBrsiack 2x10me. ITpumepro
TaKo€ K€ KOJIMYECTBO TE€J MOIJIO OBbITh JOCTaBJIE€HO K 3€MJI€ W3 30HbI BHEIIHEr0 acTePOMIHOIO
nosica u u3-3a opoutsl CatypHa. Eciu jbpabI COCTaBIsUIM MOJOBUHY 3TOM Macchl, TO o0Iias Macca
JbJ0B, JJOCTABJICHHBIX HAa 3€MJIIO U3-3a JIUHUM JIbJa, OJM3Ka K Macce 36MHbIX OKEaHOB (~2X1O'4mE).
Bo3MoHO, 707151 JIbJIOB B MJIaHETE3UMANAX ObUla HEMHOI'O MEHbIE MOJOBUHBI (Hampumep, Oblia
okoiio 1/3). OueHku onu jbja B KoMeTax He npeBblmatoT 33%. OgHako psil aBTOPOB IOJIaraer,
YTO MEPBUYHBIE TNIAHETE3UMAJIM MOTJIM COJIEPKATh OOJIbLIE JIb/1a, YEM COBPEMEHHbBIE KOMETHI.

[Tnanere3umanu, nepBoOHavaIbHO MepecekaBuire opoury Fonurepa, MOriau NpUXoauTh K opOuTe
3eMiiM B OCHOBHOM B TE€UYEHME IEPBOTrO MHUJUIMOHA JIET. BOJBIIMHCTBO BBIMAJEHUN Ha 3€MIIIO TEII,
NepBOHAYAIbHO HAXOAMBILKXCS HA pacCTOSIHUM OT 4 10 5 a.e. oT CoHIla, MPOUCXOIUIIO0 B TEUEHUE
nepsbix 10 muH net. BpemeHna 1o BbImajeHnid Ha 3eMiII0 Tel U3 30HBI YpaHa U HentyHa morim
npesbimiath 20 mMaH jet. C paccrosHuil ot ConHua npuMmepHo oT 3 1o 3.5 a.e. OTAeNbHbIE Tena
MOTJIM BBINIAAATh Ha 3eMilto U JIyHy depe3 HeCKOIbKO MUJUIHAPIOB JIET ISl MOAEIH, YIUTHIBAIOLIEH
TOJIBKO I'PaBUTALIMOHHOE BIMSIHUE IJIaHET.

OTHolIEHNE KOJIMYECTBA TEJ, CTAIKUBArOIuUXcs ¢ 3emiied ¥ JIyHOH, BapbUpOBaJIOCh B OCHOBHOM
ot 20 1o 40 11 milaHeTe3nMae U3 30Hbl MUTaHUS IaHeT 3éMHOM rpynnbl. JlJis e, mpuIe mnx
¢ paccrostamii oT ConHIa, 0oNMbIINX 3 a.e., 9TO OTHOIIEHUE ObLIO B OCHOBHOM B paiione 16.4 u 17.4.
XapakTepHbIe CKOPOCTH CTOJIKHOBEHH TJIaHETE3UMAJIE U3 30HBI MUTAHUS TUIAHET 3€MHOMW TPYIIITBI
¢ JlyHo#t BappupoBaJUCh OT 8 a0 16 KM/C B 3aBHCHUMOCTHM OT HauYaJbHBIX pacCTOSIHUN
mnanere3uManel or CoJjiHIla U MX AKCHEHTPUCUTETOB. CKOpOCTH CTOJNKHOBeHUW ¢ JIyHOU Tei,
npumenmux u3 30H nutanus FOnurepa m CatypHa, nexxanu B ocHOBHOM oT 20 mo 23 kwm/c.
XapakTepHble CKOPOCTH CTOJIKHOBEHHH IJIaHeTe3MMaliel, MepBOHAYalbHO HAXOAMBIIUXCS Ha
paccrosinuu ot Connua ot 0.7 no 1.1 a.e., ¢ 3apoapiuamu 3emnu u JIyHnsl ¢ Maccamu, B 10 pa3
MEHBIIMMH COBPEMEHHBIX MacC 3THX HEOECHBIX 0OBEKTOB, HAXOAMIUCH B OCHOBHOM B JIMara3oHe
oT 7 1o 8 km/c i 3apojpbliiia 3eMiau U oT 5 10 6 km/c u1st 3aposiima JIynsl. s nnaHere3uManet,
NPUXOJMBIINX U3 OoJiee yAaJeHHBIX OT OpOUTHI 3eMiiu 00JacTeil 30HbI MUTAHUS IUIAHET 3€MHOM
IPYIIIbI, XapaKTePHbIE CKOPOCTH OBbLIM OT 9 110 11 KM/C U1 CTOKHOBEHUH € 3apoAbIiieM 3eMiH, U
ot 7 1o 10 xm/c 1t CTOIKHOBEHUM ¢ 3aposinieM JIyHBI.
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HccnenoBanus BBIMAAeHUN Tel Ha 3eMITI0 ObUTH BBHIMOJTHEHBI B pamkax roc3amanus ['EOXU
PAH Ne 0137-2021-0004. UccnenoBaHusi BhIMageHU Ted Ha JIyHy OBIIM BBIMOJTHEHBI 3a CUET
rpanrta Poccuiickoro mayunoro ¢onga Ne 21-17-00120, https://rscf.ru/project/21-17-00120/.

COLLISIONS OF SMALL BODIES WITH FORMING EARTH AND MOON

S. I. Ipatov, M. Ya. Marov
Vernadsky Institute of Geochemistry and Analytical Chemistry, RAS, Moscow, Russia
siipatov@hotmail.com, marovmail@yandex.ru

The model of migration of planetesimals to the Earth from different distances from the Sun is
studied. Calculations of the migration of planetesimals were caried out under the gravitational
influence of planets. In each variant of the calculations, the initial values of the semi-major axes of
orbits of planetesimals varied from anin t0 amax=amintd,, the initial eccentricities were equal to e,
and the initial inclinations equaled to e,/2 rad. In one of the series of calculations, d,=2.5 AU, and
amin took values from 2.5 to 40 AU in increments of 2.5 AU. The initial eccentricities were equal to
0.05 or 0.3. In another series of calculations, d,=0.1 AU, and ami, took values from 3.0 to 4.9 AU in
increments of 0.1 AU. The initial eccentricities in this series of calculations equaled to 0.02 or 0.15.
In each calculation variant, 250 planetesimals were considered, but for the same values of ann, da,
and e,, several (up to 8) calculation variants were performed. At anin<7.5 AU the probability of
collisions with the Earth for 250 bodies in one run could vary hundreds of times for different
calculation variants with the same values of ann, d, and e,. The probability pe of a collision of one
planetesimal with the Earth for different calculation variants could vary from a value less than 10°
to values of the order of 10, With an,i»>10 AU the value of pe for different calculation variants
varied from values of the order of 107 to 5x10°.

At pe=2x107, assuming the total mass of planetesimals in the feeding zone of Jupiter and Saturn
to be equal to one hundred Earth masses, we obtain that the total mass of planetesimals that collided
with the Earth was 2x10™“mg (where me is the mass of the Earth) Approximately the same number
of bodies could be delivered to the Earth from the zone of the outer asteroid belt and from beyond
the orbit of Saturn. If a half of this mass was made of ice, then the total mass of ice delivered to the
Earth from beyond the ice line was about the mass of the Earth's oceans (~2x10“mg). Perhaps the
fraction of ice in planetesimals was slightly less than a half. Estimates of the fraction of ice in
comets do not exceed 33%. However, a number of authors believe that primary planetesimals may
have contained more ice than present comets.

Planetesimals that originally crossed the orbit of Jupiter may have come to the Earth's orbit
mostly within the first million years. Most of collisions with the Earth of bodies, originally located
at a distance of 4 to 5 AU from the Sun, occurred during the first 10 million years. The times
elapsed before the collisions of some bodies from the Uranus and Neptune zones with the Earth
could exceed 20 million years. From distances from the Sun of about 3 to 3.5 AU, individual bodies
could fall onto the Earth and the Moon in a few billion years for a model that takes into account
only the gravitational influence of planets.

The ratio of the number of bodies colliding with the Earth and the Moon varied mainly from 20
to 40 for planetesimals from the feeding zone of the terrestrial planets. For bodies arriving from
distances from the Sun greater than 3 AU, this ratio was mainly in the interval of 16.4 and 17.4. The
characteristic velocities of collisions of planetesimals from the feeding zones of the terrestrial
planets with the Moon varied from 8 to 16 km/s depending on the initial distances of planetesimals
from the Sun and their eccentricities. The velocities of collisions with the Moon of bodies that came
from the feeding zones of Jupiter and Saturn were mainly from 20 to 23 km/s. The characteristic
velocities of collisions of planetesimals, originally located at a distance from the Sun from 0.7 to
1.1 AU, with the embryos of the Earth and the Moon with masses 10 times less than the present
masses of these celestial objects, were mainly in the range from 7 to 8 km/s for the embryo of the
Earth and from 5 to 6 km/s for the embryo of the Moon. For planetesimals coming from the regions

21


mailto:siipatov@hotmail.com
mailto:marovmail@yandex.ru

Hayunas kondepenuus ¢ MmexayHapoaabiM ydyactueM « VI bpenuxunckue dyTeHus»
of the feeding zone of the terrestrial planets more distant from the Earth's orbit, the characteristic
velocities were from 9 to 11 km/s for collisions with the embryo of the Earth, and from 7 to 10 km/s
for collisions with the embryo of the Moon.

Studies of collisions of bodies with the Earth were carried out within the framework of the state
assignment of the GEOKHI RAS No. 0137-2021-0004. Studies of collisions of bodies with the
Moon were carried out with the support of the Russian Science Foundation grant No. 21-17-00120,
https://rscf.ru/project/21-17-00120/.

HABJIIOAEHUA METEOPHBIX IIOTOKOB HA METEOPHOM PAJIAPE K®Y

Kana6anos C.A.(l), KopoTtbikun I[.B.(l), Nmypartos P.A.(z), [lepcTiokoB O.H.9,
Banuynnun o.c.0
WKasanckuit ®enepanbHblil YHUBepcUTeT, I'. Ka3zanb, Poccus
@K azanckuit rOCyJapCTBEHHBIN SHEPreTUUECKUI YHUBEPCUTET, I'. Kazans, Poccus
kazansergei@mail.ru

B 2015 roay Ha paguomnoaurone KOV (56N, 49E) Obu1a pa3BepHyTa HOBas cucteMa KasaHckoro
Merteopuoro tuna Skiymet. C 3TOro BpeMEHHU MOCTOSHHO MPOBOIUTCS MOHHTOPHUHI METEOPHOU
aKTUBHOCTH. [IpOM3BOIATCS OLIEHKH MapaMeTpOB WHIUBUIAYATbHBIX PAAMOOTPAKECHUIA: YTIOBHIE
KOOPJAWHATHI, CKOPOCTh METEOPA, BPEMS PETUCTPALIUH H T.JI.

B pabote OynyT mpencTaBieHbl pe3ynbTaThl OOHAPYKEHHUSI KOOPJIMHAT PaJUaHTOB OCHOBHBIX U
MaJIbIX METEOPHBIX TOTOKOB C IOMOUIBIO CTaTUCTUYECKOIO METO/A «CBEPTKHY, MPEIJIOKESHHOTO
Morton u Jones B 1982 c y4eTOM HEKOTOpBIX MOCIEAYIOIIUX JA0pPadOTOK (B TOM 4HCIE
HCTIOJIb30BaHUE OIICHOK CKOPOCTH METEOPOB ISl YITYUIICHHSI CEIEKTUBHOCTH).

Pa3paboranHble METOAMKH BBIYMCICHHUS TIO3BOJISIIOT OIICHUBATh CPEAHEBEPOSTHOCTHYIO
CKOpPOCTh METeopa, U3MEHEHHE CYTOYHOI YHCICHHOCTH METEOpOB, Apeiid panuanta. [lomyueHHbIC
pe3yibTaThl MOATBEPXKIAIOT M YTOUHSIOT JIaHHBIE O paJuaHTaXx METEOPHBIX IOTOKOB IPYrHX
METEOpHBIX pajapoB Thna Skiymet.

OBSERVATIONS OF METEOR SHOWERS ON THE METEOR
RADAR OF KFU

S. A. Kalabanov!, D. V. Korotyshkin, R. A. Ishmuratov?® , O. N. Sherstyukov' , F. S. Faliullin*
'Kazan Federal University, Kazan, Russian Federation
’Kazan State Power Engineering University, Kazan, Russian Federation
kazansergei@mail.ru

In 2015 a new Kazan Meteor system Skiymet-type was deployed at scientific area of Kazan
University (56N, 49E). Since that time, meteor activity has been constantly monitored. The
parameters of individual radio reflections are estimated: angular coordinates, meteor velocity,
registration time, etc.

The paper will present the results of detecting the coordinates of the radiants of the main and
minor meteor showers using the statistical convolution method proposed by Morton and Jones in
1982, taking into account some subsequent refinements (including the use of meteor velocity
estimates to improve selectivity).

The developed methods make it possible to estimate the average probability of a meteor speed,
the change in the daily number of meteors, and radiant drift. The results obtained confirm and
clarify the data on the radiants of meteor showers of other meteor radars such as Skiymet.
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OINIPEAEJIEHUE ITAPAMETPOB METEOPOH /OB 11O OIITUYECKUM U
AKYCTUYECKUM HABJIIOJAEHUAM

Kapramona A. H.l, Pri6nos 1O. C. 2, ITomosa O. I1. 2, I'mazaues /1. O. 2, BoarosaI'. T. 1, Edpemon
B.B.?
— HNucturyr actponomuu Pocculicko akanemuu Hayk, Mocksa, PO
2 WNuctutyt nunamuku reocdep Poccuiickoii akagemun Hayk, MockBa, PD
akartashova@inasan.ru

MerteopHble yacTuilbl UMEIOT pa3mepbl 0T 30 MkM 110 1 M B guamerpe [1]. OHM npakTUYecKu
HEJIOCTYIIHBI MPSIMBIM HAOIIONEHUSAM Jla)kKe B camble MOIIHBIC TesecKonbl. Hpopmanmio o HUX
MOXKHO IIOJIyYUTh JIMIIb M3 HAOMIOJEHUH METEOpHBIX SBJIEHUM M BBIIABIIEIO BEIIECTBA
(mereoputax). Kaxnaplii  cnoco®  perucrpauuud — METEOpPHBIX  SBJICHUN  (BU3YyaJbHBIM,
dororpaduyeckuii, pajuoIOKALMOHHBIM M TEIEBU3MOHHBIM HAOIIONEHUs, PErucTpanus yIaapoB
METEOPHBIX TeJl C TOMOIIBIO JATYMKOB, YCTAHOBIIEHHBIX HA re0()M3NIECKUX paKeTaX, KOCMHYECKIX
30HJAaX M UCKYCCTBEHHBIX CIIyTHMKaX 3€MJIM W T.II.) UMEET CBOM IOCTOMHCTBA U HepocTaTku. Ilpu
B3aMIMOJICHICTBHM METCOPHBIX YaCTHUIl ¢ arMochepoil 00pa3yroTcs ONTHYEeCKHE (COOCTBEHHO
METEOpHbIe) U MH(PaA3ByKOBbIE M3Iy4eHHUs. MeTeopHble CBOICTBa (Macca, pa3Mmep, IUIOTHOCTb U
Jp.) OLIEHUBAIOTCSI Ha OCHOBE PAa3jIMYHBIX JAHHBIX HAOJIOJCHWI TpPU Pa3IUYHBIX JOMYIIECHUSIX.
Jeranu B3auMoJeHCTBUS MeTeopouia C aTMoc(hepoil MajloOM3BECTHBI, MapaMeTpbl METEOPHBIX
YacTULl OINPEAEISAIOTCA C OONbIION HEONpeAeNeHHOCThIO (YTO MOXKET BHOCUTBH CYILIECTBEHHBIE
OLIMOKH B HCTUHHBIC 3HAUYCHHUS ITHX APAMETPOB).

Hcnonp30BaHne JaHHBIX MOJIYYEHHBIX PA3JIMYHBIMU HA0II01aTEIbHBIMU METOJIAMU, MOKET JaTh
HE3aBUCHMBbIE OLICHKH IIapaMeTpoB (Hampumep, OAHOTO U3 BAXKHBIX [1aPaMETPOB MACChl YAaCTHIL) U
OTIPENIENIUTh BIUSHHUS TE€X WJIM HHBIX SMIHPHUECKUX KOI(DOUIIMEHTOB BXOISAIIUX B MOJIEIHU
OIpeeNIEHNUs TapaMeTPOB METEOPHBIX YacTull [2].

[Toaromy nnst ompeneneHHs] MapaMeTpOB MEJIKUX METEOPHBIX 4YacTHIl W OINpeAeseHUs
ocoOeHHOCTeH B MeToJaX HAOII0IEHUH U UX aHallu3e, COTPYIHUKAaMU MHCTUTYTa acTpoHomuu PAH
COBMECTHO C COTPYJHHMKaMH HWHCTUTyTa JAuHaMuku reochep PAH Obuin opranuzoBaHbl
KOMOMHUpOBaHHblE MeTeopHble HaOmroaeHus [3]. Llenbro KOMOMHMPOBAHHBIX HAOIIOACHUI
ABJIIETCS. CHUKEHHE HEOIPEIEICHHOCTH B OIpPEIEIeHUH MacC METEOpOUJOB M HM3ydeHHue
(GbopMHpOBaHUS U PACHPOCTPAHEHUSI UMITYJIBCOB JaBICHUS, KOTOPble (POPMUPYIOTCS B pe3ysbTaTe
B3aMMOJICHCTBHS METEOPOUIOB C aTMOC(HEPOH.

B pesynbTare o1HOBpeMEHHO (ABYMSI METOAAMHU) OBLIO 3apETUCTPUPOBAHO HECKOJIBKO JAECATKOB
MeTeopoB. Macca 3TUX METEOpOHIOB OLIEHHWBAJIACh PA3IMYHBIMU METOAaMM (KaK HamnpsMylo, IO
HaOJIOIEHUAM, TaK U C TIOMOILIbIO MOCTPOEHUS MOJIENHN JUIsSl OLIEHKU MacChl METEOPHBIX TeJl Masoi
Maccel). B pesynbrartel Obuln OOHAapy>KE€Hbl 3HAUMTEIbHBIE PACXOXKJIEHUS B OLEHKAX Macc
METEOPHBIX yacThll. lIpencraBieHbl METOBI ONpEAEIEHUs MApaMETPOB METEOPHBIX YaCTHUI] U UX
OLICHKH.
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DETERMINATION OF METEOROID PARAMETERS FROM OPTICAL AND
ACOUSTIC OBSERVATIONS

Kartashova A. %, Rybnov Yu. %, Popova O. %, Glazachev D. 2, Bolgova G. *, Efremov V. 2
! _Institute of Astronomy RAS, Moscow, Russia
2 _ Sadovsky Institute of Geosphere Dynamics RAS, Moscow, Russia
akartashova@inasan.ru

Meteor particles have sizes from 30 microns to 1 m in diameter [1]. They are almost inaccessible
to direct observations, even in the most powerful telescopes. Information about them can be
obtained only from observations of meteor events and fallen matter (meteorites). Each method of
recording meteor events (visual, photographic, radar and television observations, registration of
meteor impacts using sensors installed on geophysical rockets, space probes and artificial Earth
satellites, etc.) has its advantages and disadvantages. When meteor particles interact with the
atmosphere, optical (actually meteor) and infrasonic radiation is formed. Meteor properties (mass,
size, density, etc.) are estimated based on different observational data under different assumptions.
The details of the interaction of the meteoroid with the atmosphere are poorly known, and the
parameters of meteor particles are determined with large uncertainty (which can make significant
errors in the true values of these parameters).

The use of data obtained by various observational methods can give independent estimates of
parameters (for example, one of the important parameters of the particle mass) and determine the
effects of certain empirical coefficients included in the models for determining the parameters of
meteor particles [2].

Therefore, to determine the parameters of small meteor particles and to determine the features in
the methods of observations and their analysis, the staff of the Institute of Astronomy of the Russian
Academy of Sciences, together with the staff of the Institute of Geosphere Dynamics of the Russian
Academy of Sciences, organized combined meteor observations [3]. The purpose of combined
observations is to reduce the uncertainty in determining the masses of meteoroids and to study the
formation and propagation of pressure pulses that are formed as a result of the interaction of
meteoroids with the atmosphere.

As a result, several dozen meteors were registered simultaneously (using two methods). The
mass of these meteoroids was estimated by various methods (both directly, from observations, and
by constructing a model for estimating the mass of low-mass meteoroids). In the results, significant
discrepancies were found in the estimates of the masses of meteor particles. Methods for
determining the parameters of meteor particles and their estimation are presented.
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ACTEPOHUJTHO-METEOPOUIHBIN KOMILITEKC AJIb®A-BUPTUHH]]

Koxuposa I'.H., babamxanos IL.b., Ixoamyxamman A.U.
HNuctutyT actpodusukn HanmonansHOM akajgemuun Hayk Tamkukucrtana, Jyman6e, TamkukucTan

Kokhirova2004@mail.ru

Meteopounblii  poil BupruHug mNoOpoXkIaeT psAA  METEOPHBIX IOTOKOB U CYOIOTOKOB,
HaOroMaeMbIX Ha 3emyie €XKEroJHO B mepuoj ¢ (eBpans mo Mail. PonuTensckas komeTa post He
YCTaHOBJICHA, HO PpOJACTBEHHAs CBA3b MEKIY HEKOTOPBIMH IIOTOKAMH H aCTEPOMJAMH,
commpkarommMucs ¢ 3emuiedl, paHee yke Oblla OOHapy)KeHa, Ha OCHOBE YEro CAEJIaHO
IIPEIII0JIOKEHUE O KOMETHOM MPUPOJIE ITUX acTepOUI0B. MBI IPOBEIN HOBBIM IIOUCK aCTEPOUIOB,
commxaromuxcs ¢ 3emieit (AC3), npuHaaneXalux acTepoOUIHO-METEOPOUTHOMY KOMIUIEKCY
Buprunua. Ilo pesynbratam BbluMcieHHs 3Bosouuun opoutr psga AC3 u  onpeneneHus
TEOPETUYECKHUX M1apaMETPOB UX POJCTBEHHBIX IIOTOKOB BBIMNOJIHEH OUCK HAOII0JaeMbIX aKTUBHBIX
IIOTOKOB CXOKHUX C TEOPETUYECKH NpEeICKa3aHHbIMM BO BCEX OIMYOIMKOBAaHHBIX 0a3ax JaHHBIX.
Okazanoch, 4YTO TMpEJCKa3aHHbIE METEOpPHBIE IOTOKU, poacTBeHHble ¢ 15 AC3, Obumn
OTOXKJECTBJICHbl C AKTUBHBIMU IIOTOKaMH, IOPOXIAEMbIMH METEOPOUJIHBIM poeM Aubda-
Buprununpl. BelsiBieHHas CBsi3b yKa3bIBa€T Ha KOMETHOE IPOUCXOXKIEHHUE acTEPOUIOB, KOTOPbIE
JIBUTAIOTCS B poe BuUpruHua um ¢ BBICOKOW BEPOSTHOCTHIO SBISIOTCS yracmumu (parmMeHTaMu
KPYITHOM POAMTENIBCKON KOMETBI aCTEPOUIHO-METEOPONIHOTO KOMILIeKca Buprunu .

THE ALPHA-VIRGINID ASTEROID-METEOROID COMPLEX

Kokhirova G.I., Babadzhanov P.B., Jonmuhammad A.l.
Institute of Astrophysics of the National Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
Kokhirova2004@mail.ru

The Virginid meteoroid stream produces a series of meteor showers and sub-showers active
annually during February-May. A certain parent comet is not found but a related association of
some showers with near-Earth asteroids was previously established and a cometary origin of these
asteroids was suggested. We performed a new search for near-Earth asteroids (NEAs) belonging to
the Virginid asteroid-meteoroid complex. On the base of calculation of orbital evolution of a sample
of NEAs and determination of theoretical features of related showers a search for observable active
showers close to theoretically predicted ones was carried out. As a result, predicted showers of 15
NEAs were identified with the showers produced by the Virginid meteoroid stream. Revealed
association points to a cometary nature of NEAs that are moving within the stream and may be
considered as extinct fragments of a larger comet-progenitor of the Virginid asteroid-meteoroid
complex.

UCCJIEAJOBAHUE KOMETHBI C/2019 Y4 (ATJIAC) 11O HABJIIFOAEHUSIM B
TAJKUKUCTAHE U UTHANHU

Koxuposa 1.}, Usanosa O.B.2%* Paxmaryinaesa @.JIx", bopucenko C.AZ, ArHuxotpu B.K.,
bypues AM.!
1I/IHCTI/ITYT acTpo(U3uKH Hanuonanehoii akagemun Hayk Tamkukucrana, J[lymanOe,

Tamxukucran
ZI/IHCTI/ITyT actponomuu Akanemuu Hayk CinoBakuu, Tatpancka Jlomuuka, CnoBarkas PecrryOnmka
[nasHas actpoHomuueckas oocepBatopus HAH Ykpaunsi, Kues, Ykpanna
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*Actporomuueckas oGcepsatopusi KieBckoro HammoHanssoro yeuepcutera um.T. IlleBueHko,
Kues, Ykpanna
*Hedenn obeeparopusi, Papabxara Bua Kota, Pamk, Mexus

firuzakhon.co@mail.ru

C uenpto wmccienoBaHus jgosronepuoandeckoit  komersr C/2019 Y4 (Atlas) B Iledenn
obcepBaropun Uunuu, Mexaynaponnoit acrpoHomuueckoit odcepBatopun Canrnox (MAOC) u
['uccapckoit actpoHomuveckoit obcepBaropun Muctutyra actpodpmsuku HAHT B mapre-amperne
2020 r. mpoBeneHbl KBa3UCUHXPOHHBIC HAOMIOACHUST KoMeThl. B koH1ie mapta 2020 1. mpou3sonuia
dbparmeHTanysg SApa KOMETHl Ha HECKONBKO (parmMeHToB. [loKa3zaHO CHMXKEHHE BHAUMOTO M
abcomoTHOro OJ1ecKka OCHOBHOTO (parmMeHTa KoMeTsl B puibTpax VRI, uTo moarBepkaaer pacmaj
sapa, TPOU3OIIeAmHA B 3TOT mepuoi. OIeHKa CKOPOCTH pasieTa (pParMeHTOB COCTABIISICT
HECKOJIBKO M/C, MIPU TaKUX CKOPOCTSAX AEC3UHTErpalus siApa MOXKET ObITh 00YCIOBIECHA MOIIHBIM
BBIOPOCOM Ta30B, YTO MPHUBEJIO K Pa3pyHICHUI0 MEXaHUYECKHX CBS3€M KOHTJIOMEPATOB sijipa
koMeThl. OnpesienieHbl KOOpAUHATHl KOMETHI, BRIYHMCICHA OpOUTa U MOKa3aHO, YTO pachaj sapa He
MOBJIMSJT HA CTA0MIIBHOCTh OPOUTHI OCHOBHOT'O KOMIIOHEHTA SIpa KOMETHI.

INVESTIGATION OF COMET C/2019 Y4 (ATLAS) FROM OBSERVATIONS IN
TAJIKISTAN AND INDIA

Kokhirova G.I.}, Ivanova O.V.%** Rakhmatullaeva F.Dzh.}, Borysenko S.A.,
Agnihotri V.K.?, Buriev A.M.!
YInstitute of Astrophysics of the National Academy of Sciences of Tajikistan, Dushanbe, Tajikistan
2 Astronomical Institute of the Slovak Academy of Sciences, Tatransk4 Lomnica, Slovak Republic
$Main Astronomical Observatory of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
*Astronomical Observatory of Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
>Cepheid Observatory India, Rawatbhata Via Kota, Raj, India
firuzakhon.co@mail.ru

To study the long-period comet C/2019Y4 (Atlas) its quasi-synchronous observations were carried
out at the Cepheid Observatory of India, the Sanglokh International Astronomical Observatory and
the Gissar Astronomical Observatory of the Institute of Astrophysics of the National Academy of
Science of Tajikistan in March-April 2020. At the end of March the decay of the comet's nucleus
into several fragments was occurred. It is shown the decreasing of the apparent and absolute
brightness of the main component of comet in VVRI bands that confirms the nucleus disintegration
detected at this period. The estimate of the speed of the fragments scattering is several m/s, at such
speeds the disintegration of the nucleus can be caused by a powerful ejection of gases, which led to
the destruction of the mechanical links of the conglomerates of the cometary nucleus. The
coordinates of the comet were determined, the orbit was calculated, and it was shown that the decay
of the nucleus did not affect the stability of the orbit of the comet's main fragment.

PE3YJIbTATBI HABJIIOJEHU KOMETHI P/2019 LD2 B OBCEPBATOPUH
CAHIJIOX

Koxuposa r.ut Paxmaryiutaea @ JIx", bopucenko C.A2
1I/IHCTI/ITYT actpopusuku HarnumonaneHol akanemuu Hayk Tamxukucrana, Jlyman6e,
Tamxukucrad
’I'naBHast actpoHoMmuueckasi ooceparopust HAH Ykpaunsl, Kues, Ykpauna
rahmat.firuza@gmail.com

Kopotkonepuonndeckas komera P/2019 LD2 (Atnac) otkpeita B utoHe 2019 r. IlepBoHayanbHO
00BEKT OBLT KJTacCCU(DUIIMPOBAH KaK TPOSHCKHMA acTepOUI, HO MO3Ke ObUT BKJIIOUEH B TPYIIITY KOMET
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cemerictBa FOmutepa. IlpoucxoxneHue oO0bEKTa JOMOJUIMHHO HE YCTAHOBIEHO U IO3TOMY
HCCJIEIOBAHUE KOMETHI MPOOJIKAET MPEICTaBIATh 0COOBI Hay4dHbIM nHTEpec. B aBrycre 2020 r.
IPOBEJCHBl  ONTUYECKUE HAONIOJEHUS KOMETbl B  MEXIyHapoJHON  acTpOHOMHUYECKOMN
obcepBaropun Canrimox (MAOC) Hucturyra actpodusuku HAHT. OmnpeneneH BUIAMMBIA H
abcomoTHBI Oneck KoMmeThl B (uibTpe R, oOlLeHeHBI mapaMeTp NbUICTPOM3BOAUTEIBHOCTH U
BEepXHUU mpenen paauyca siapa. [lokasaHo pacmpeseneHue SpKOCTH BIOJIb XBOCTa M BBISBJICHA
CTPYKTYpa MbUIeBOro XBocTa. GOTOMETpHUECKUE JAHHBIE YKA3bIBAIOT, YTO B IEPHUOJ MOHUTOPUHTA
KOMETa HaxXOAWJIaCh B COCTOSIHUM HOPMAJIbHON KOMETHOW AaKTHBHOCTH, CBS3aHHOW TIJIaBHBIM
00pa3oMm, ¢ HEIaBHUM MPOXOKICHUEM TTEPUTEITHSI.

OBSERVATIONS RESULTS OF COMET P/2019 LD2 IN THE SANGLOKH
OBSERVATORY

Kokhirova G.1.}, Rakhmatullaeva F.Dzh.*, Borysenko S.A 2,
YInstitute of Astrophysics of the National Academy of Sciences of Tajikistan, Dushanbe,
Tajikistan
’Main Astronomical Observatory of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
rahmat.firuza@gmail.com

A short-period comet P/2019 LD2 (Atlas) was discovered in June 2019. The object was originally
classified as a Trojan asteroid, but later included in the Jupiter family of comets. The origin of the
object has not been established for certain and therefore the study of the comet continues to be of
particular scientific interest. The optical observations of the comet were carried out in August 2020
at the Sanglokh International Astronomical Observatory (IAOS) of the Institute of Astrophysics of
the National Academy of Sciences of Tajikistan. The apparent and absolute brightness of the comet
in the R filter is determined, the dust production parameter and the upper limit of the radius of the
nucleus are estimated. The distribution of brightness along the tail is shown and the structure of the
dust tail is revealed. Photometric data indicate that during the monitoring period, the comet was in a
state of normal cometary activity, associated mainly with the recent passage of perihelion.

AJTEBPAMYECKHWHA U TEOMETPHUYECKHWI METO/IbI ONTPEIEJIEHUS
MAPABOJIMYECKOM OPBUTHI

Kysnenos B. b.
WuctutyT npuknagHoi actponomun PAH, Cankr-IletepOypr, Poccust
vb.kuznetsov@iaaras.ru

B noknane mpennararorcs K pacCMOTPEHHIO [1Ba HOBBIX METOJIa ONPENEICHMS NPEABAPUTEIBHON
napabonaudyeckoit opouThl. [lepBhIli METOZ OCHOBaH Ha CHCTeMaxX alreOpandecKuxX ypaBHEHUU U
UCTIONB3YyeT TpH HabmoneHus. Bropoil sBisercs moaudukanueit reomerpuyeckoro metoaa Komm—
KypsimeBa—IlepoBa n Gazupyercst Ha 4eThIpéx HaOmoaeHUsX. O0a MeTo/1a CBOJATCS K CUCTEMaM
YpaBHEHHMI OTHOCHUTENBHO JIBYX O€3pa3MepHBIX NEPEMEHHBIX, PEIICHHE KOTOPBIX WIIETCS B BHUJE
MUHUMYMOB LieneBor pyHnkuuu. /st yero npennaraercs 3¢p¢EeKTUBHBIN alrOpUTM, OCHOBAaHHBIN Ha
MIOMCKE MO cuMIulekcy meroaoM Henpepa—Mmuna. B xkauecTBe npuMepoB NMPUBEAEHBI PE3YJIbTAThI
omnpenencuus opout komet 153P/Ikeya—Zhang u C/2020 F8 (SWAN).

ALGEBRAIC AND GEOMETRIC METHODS FOR DETERMINATION
A PARABOLIC ORBIT

Kuznetsov V. B.
Institute of Applied Astronomy of the Russian Academy of Sciences, St. Petersburg, Russia
vb.kuznetsov@iaaras.ru
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Two new methods of determination preliminary parabolic orbit has been developed. The first
method is based on a systems of algebraic equations and it use three observations. The second one
is modification of geometric method of Cauchy—Kuryshev—Perov and it use four observations. Both
methods are described by systems of equations for two dimensionless variables. The solutions are
finding as minimums of goal function by simplex. The effective algorithm by method of Nelder—
Mead is used. The methods are illustrated by examples of comet 153P/lkeya—Zhang and C/2020 F8
(SWAN) orbits determination.

JUHAMUNYECKASA 3BOJIOIUSA TAP TPAHCHEIITYHOBBIX OBBEKTOB HA
BJIM3KHUX OPBUTAX

Kysnenor 3.11., Ans-1lln6nasu O.M., I'yces B./1., Yctunos /I.C.
VYpanbckuii henepanbueiii yausepcutet, ExarepunOypr, Poccus

eduard.kuznetsov@urfu.ru

HccnenoBanne TUHAMUYECKON DBOJIOIMHM MAbIX TeN, ABMKYIIMXCSA MO ONM3KUM OpOUTaM,
HO3BOJISIET U3y4YaTh MIPOLECCHI, TPUBOISAIINE K IPOOICHHIO U pacnaay 3Tux Tes. Cpeau BO3MOXKHBIX
npudrH (QOPMHUPOBAHHUA TAp W TPYNI OOBEKTOB C OJNM3KMMH OpOMTAMH: KpaTepHUpOBAHHE U
NpoOJeHne POAUTENIbCKOrO Tela, a TAaKXKe KacKaJHbIM pacmaa poJUTeIbCKOro Teia. MexaHusm
dbopMHpOBaHUs TApbl MOXXET CONPOBOXKAATHCA (HOPMUPOBAHMEM IBOWHOW CHUCTEMBI, KOTOpas
pacriagaercss B nocieayromieM. HauOosbliee KoJM4ecTBO map M Ipyni OOBEKTOB Ha OIM3KHX
opOuTax 0oOHApPY>KEHO B TJIABHOM I105ICE€ aCTEPOMIOB.

Cpenu TtpancHentyHoBbIX 00bekTOoB (THO) mnepBas mapa 0OBEKTOB, BO3MOXKHO, HMMEIOIIMX
obuiee npoucxoxaenue 2000 FC8 — 2000 GX146, Obuta anoHcupoBana B 2002 r. Ilo3nHee ObL10
oOHapyxeHo eme 6 map oO0bekToB. B Hacrosimeit pabote mis noucka map THO nHa Omu3kux
opOHUTaxX UCHOIB30BATNCH METPUKH XOJIIEBHUKOBA p2 U ps. MeTpuka p; onpeneneHa B S-MEepHOM
IPOCTPAHCTBE KEIUIEPOBBIX OpOMT (HE YUUTBIBAaeTCsS IIOJIOKEHHE Ha opburte). MeTpuka ps
ornpezeneHa B 3-MEpHOM (aKTOpP-IPOCTPAHCTBE MO3UIIMOHHBIX 3JIEMEHTOB (0OJbllas MoJayoch a,
IKCLEHTPUCUTET €, HAKJIOH 1) KaKk MHUHUMAJbHOE 3HAYCHHE P2 MPU BCEX BO3MOXKHBIX IOJIOKECHHSIX
Y3JI0B ¥ TIEPUIICHTPOB OPOUT.

HeobxonumeiM  ycnoBueMm, uToObl Tapa Oblla MOJIOJOW, SIBISETCS yCIOBHE OJIM30CTH
IUIOCKOCTEN OpOUT (IMHUM Y3JI0OB MOYTH COBMAJAOT) MPU CXOKEW OpPUEHTALUU OpOUT (JIMHUHU
aricu OJM3KH), a CIE0BaTENIbHO, p2 =~ ps. I MOMCKa Map UCIOJIb30BAINCH KAaTaJOTH JIEMEHTOB
opoutr Asteroids Dynamic Site — AstDyS (https://newton.spacedys.com/astdys/) mns
HYMEPOBaHHBIX OOBEKTOB M OOBEKTOB, HAOJIOJABIINXCS B HECKOJBKUX OIIMO3MLHUAX, HA 3MOXHU
MIJD 58400 (09.10.2018) u MJD 58800 (13.11 2019) HpI/IMeHSIJ'II/ICI) cnez[y}oume KpuTepuu otdéopa
KaHauAaToB B Monoabie mapsl THO: p, < 0.07 (a.e. ) p5 < 0.07 (a.e. )1/ u py — ps < 0.015 (a.e. )1/2
Y4uuThIBas, 4TO TMapbl MOTYT OOpa30BHIBATHCS B pezynLTaTe pacriaga JBOMHBIX WM KPaTHBIX
CHCTEM, Takxe OTOMpaiuch napsl, BKItovatonie apoiHsie THO, mpu po < 0.12 (a.e. 2 u napsl, B
koTopsIx 06a THO zBoitubie — p; < 0.3 (a.e.)2.

B pesynbrare moucka map AMHAMHYECKH KOPPEIMPOBAHHBIX TPAHCHENTYHOBBIX OOBEKTOB C
OonpmuMu  moayocsiMu opout Oosee 30 a.e. oOnapyxkeno 27 map THO c¢ merpukoit p; <
0.07 (a.e. )1/2 22 mapsl, B KOT PBIX onun u3 THO sBnsiercs aBoiiHbM (p2 < 0.12 (a.e. )1/2) u 11 map
noitabix THO (p2 < 0.3 (a.e.)”

Jns uccnenoBaHus nHHaMqucxoﬁ HBOJIOIMM W OLIEHKHM BO3pacTa Map HCIOIb30BAIKCH
PEe3yJIbTaThl YUCIICHHOTO MOJICTHMPOBAHKS ¢ MOMOIIBI0 mporpammbl Orbit9, Bxosiieil B KOMILIEKC
OrbFit. Ilpu MoaenTMpOBaHWUHM YYUTHIBAIUCH BO3MYIICHUS OT BOCBMH OOJBIIMX IUIAHET U
KapaukoBoW riaHeTsl [lmyron. MuTepBan unTerpupoBanus coctaBui 10 muH ser. [Ins onenkn
BO3pacTa Map BBIIOJHEH MOMCK HU3KOCKOPOCTHBIX cOmmxkeHndt THO mapsl. YcioBust Takoro
commkenus: paccrossane Mmexxny THO mopsinka paamyca chepbl Xuiia, OTHOCUTEIBHAS CKOPOCTh

28



Hayunas kondepenuus ¢ MmexayHapoaabiM ydyactueM « VI bpenuxunckue dyTeHus»
THO mnopsinka BTOpPOH KOCMHYECKOH CKOpPOCTH OTHOCHTENbHO Oonee maccuBHoro THO Ha
paccTOsSTHUYU, PABHOM OTHOCUTEIHLHOMY PACCTOSHUIO MEXKAY OOBEKTaMHU.

Ha nepBom 3rame, OCHOBBIBasiCb Ha HOMMHAJIbHBIX OpOMTax, MOJYYEHBI OLEHKM MOMEHTOB
BpeMeHH BO3MOXHbBIX cOmmpkeHuii THO c menpio orpaHuyeHus MHTEpBAIa MHTETPUPOBAHUS IS
MOCJIEAYIOLIETO MOJEIUPOBAHMS C YUETOM OIIMOOK OINpEAEIEHUS JIEMEHTOB OpOUT.

PabGora BbIMOnHEeHa Mpu HoAepkKe MHUHHCTEPCTBA HAyKU W BbICIIErO0 00pa3oBaHUS
Poccuiickoit ®enepannu, rema FEUZ-2020-0038.

DYNAMIC EVOLUTION OF PAIRS OF TRANS-NEPTUNIAN OBJECTS IN CLOSE
ORBITS

Kuznetsov E.D., Al-Shiblawi O.M., Gusev V.D., Ustinov D.S.
Ural Federal University, Yekaterinburg, Russia
eduard.kuznetsov@urfu.ru

Studying the dynamic evolution of small bodies moving in close orbits makes it possible to study
the processes leading to the fragmentation and disruption of these bodies, among the possible
reasons for the formation of pairs and groups of objects with close orbits: cratering and
fragmentation of the parent body and cascade disruption of the parent body. The pair formation
mechanism can be accompanied by the formation of a binary system, which subsequently destructs.
The main asteroid belt consists of the largest number of pairs and groups of objects in close orbits.

Among trans-Neptunian objects (TNOs), the first pair of objects, possibly having a common
origin 2000 FC8 — 2000 GX146, was announced by Chiang in 2002. De la Fuente Marcos C. and de
la Fuente Marcos R. discovered in 2018 six pairs of TNOs. In this work, to search for pairs of
TNOs in close orbits, the Kholshevnikov metrics p, and ps were used. The metric p, is defined in
the 5-dimensional space of Keplerian orbits (the position on the orbit is not taken into account). The
metric ps is defined in the 3-dimensional factor space of positional elements (semi-major axis a,
eccentricity e, and inclination i) as the minimum value of p, for all possible values of the longitudes
of the nodes and the arguments of the pericenters.

A necessary condition for the young pair is the proximity of the orbital planes (the node lines
almost coincide) with a similar orientation of the orbits (the apses lines are close), and therefore p,
~ ps. We used the catalogs of orbital elements Asteroids Dynamic Site — AstDyS
(https://newton.spacedys.com/astdys/) for numbered objects and objects observed in several
oppositions for the epochs MJD 58400 (09.10.2018) and MJD 58800 (13.11.2019) to search for
pairs. The following selection criteria were used for the selection of candidates for young pairs of
TNOs: p, < 0.07 au*?, ps < 0.07 au™?, and p, — ps < 0.015 au™. Taking into account that pairs can
be formed as a result of the destruction of binary or multiple systems, pairs were also selected that
included double TNOs at p, < 0.12 au™ and pairs in which both TNOs are double at p, < 0.3 au'’?.

As a result of the search for pairs of dynamically correlated trans-Neptunian objects with semi-
major axes of more than 30 au. 27 pairs of TNOs with metric p, < 0.07 au*’?, 22 pairs in which one
of the TNOs is double (p, < 0.12 au'’?), and 11 pairs of double TNOs (p, < 0.3 au’?).

We used Orbit9 software to study the dynamic evolution and estimate the age of pairs. The
simulation took into account disturbances from eight major planets and the dwarf planet Pluto. The
integration interval was 10 million years. We searched for low relative-velocity encounters of the
TNOs to estimate the age of the pairs. The conditions for such an approach are as follow. The
distance between the TNO is of the order of the radius of the Hill sphere. The relative velocity of
the TNO is of the order of the escape velocity relative to the more massive TNO at a distance equal
to the relative distance between the objects.

At the first stage, the times of possible encounters of the TNO were estimated based on the
nominal orbits to limit the integration interval for subsequent modeling, taking into account the
errors in determining the orbital elements.
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HEI'PABUTAIIMOHHOE YCKOPEHHUE B IBUJKEHUU KOMETHBI 323P
Mensenes 10./., [TaBnos C.P.

Wucturyt npuknannoii acrponomun PAH, Cankr-IlerepOypr, Poccus
medvedev@iaaras.ru

Kocmuueckoir  obcepBaropueri  SOHO  oOHapyKeHBI  OKOJOCOJIHEYHBIE  KOMETHI  C
NepUreNuitHbIME  pacctostHusAMU (~0.05 a.e., KOTOpble HAOIIOJAINCh B TEYCHUE HECKOJIBKHX
npoxoxaeauid BOim3u Connna. MHTEpec K 3TUM KOMETaM BEJHK, MOCKOJIbKY MX HaOJIroAeHus He
MO3BOJISIOT JaTh OJHO3HAYHOTO OTBETa 00 WX KOMETHOW mpupoxae. B nmanHOW pabote MbI
uccienoBay quHaMuKky komeTsl 323P. Komera umeet Hebomnbinoe 3navenrne MOID otHOcHTETRHO
3emiu (0.022 a.e.) u FOnutepa (0.22 a.e.). Komera HaGmroganach B IIeCTH MOsBIEHUSAX. B mepBhIx
MATH TOSBICHHUSIX WMEIOTCs HaOmomeHuss ¢ ammapata SOHO, wumeronye HEBBICOKYIO
ACTPOMETPUYECKYIO TOYHOCTh, B 2021 T. yAajnoch MOJYyYUTh HAOIIOJCHUS KOMETHI Ha TEJIECKOIE
CFHT, obcepBatopun Mayn-Kea. Ha u3obpaxenusx SOHO HeT SBHOW KOMBI HJIM XBOCTa, HO
KpuBas OJiecka CBHUJCTEIBCTBYET O BO3MOXXHOM HAJIMYMHM HEBUJAMMOW KOMBI. PaBHOBECHBIC
Temrneparypbl Bo Bpemst 3tux Haomogaennii SOHO npesbimaror 1000 K, mosToMy HesicHO, umeer
JM MECTO CyOJIMMAIIHsl JICTYYUX JIBJIOB, KaK Y TUIHMYHOW KOMETBI, WM 3TO HEAKTHBHBIH OOBEKT,
KOTOPBII TepsieT Marepuall B pe3ysbTaTe CyOJMMAanus TYTOIUIAaBKUX MaTephalioB. B Ha3eMHBIX
HaOJIFOICHUSX, IPOBeICHHBIX Ha paccTosiHuH 0.3 — 0.6 a.e. 00BEKT BBITJISIIUT TOYCYHBIM.

[Io Bcem wuMerommMMCcs HaOMIOJCHHUSIM TPOBEICHO yiydllleHHe KomeThl. OrmpeneneHa
BEJIMYMHA TPAHCBEPCAILHOW COCTABIISIONICH HErPAaBUTAIIMOHHOTO YCKOPEHHs, KOTOpasl OKa3ajiaCh

paBHoii A, = 0.002-1078 & e./ cyT.2 [IpousBeneHa oleHKa HM3MEHEHUS HErpaBUTAIMOHHOIO

YCKOPEHHSI CO BpEMEHEM. BbIUMCIIEHHS TOKa3aldu, 4YTO C TEYEHUEM BpPEMEHM BelnunHa A,
yBenuuuBaeTcs. lIpennonoxureabHbIM OOBSICHEHHEM STOMY MOXET CIY>KUTh YMEHbBIICHHE
pasmepoB obObekTa 323P ¢ coxpaHeHMEM WHTEHCHBHOCTHM BBIOpOCa BEIIECTBA C TOBEPXHOCTH
KOMCTBI B OKPECTHOCTHU MEPHUTCIIHA.

NON-GRAVITATIONAL ACCELERATION IN THE MOTION OF COMET 323P

Medvedev Yu. D., Pavlov S. R.
Institute of Applied Astronomy RAS, St. Petersburg, Russia
medvedev@iaaras.ru

Subscribing comets with perihelion distances g=~0.05 AU, which remained observable during
several passages near the Sun, has been discovered by the SOHO space observatory. Interest in
these comets is great, since their observations do not allow us to give an unambiguous answer about
their cometary nature. In this work we investigated the dynamics of the comet 323P. The comet has
a small value of Earth MOID (0.022 AU) and Jupiter MOID (0.22 AU). Observations in first
appearances have been produced with SOHO and have low astrometry accuracy. Observations in
the last appearance (2021) have been obtained with CFHT telescope in Maun Kea observatory.
There is no obvious coma or tail in SOHO images, but the lightcurve indicates the possible presence
of invisible coma. Equilibrium temperatures during SOHO observations exceed 1000 K, so it is
unclear if 323P is active due to sublimation of volatile ices like a typical comet or if it is an
otherwise inactive object that is losing material through processes such as sublimation of refractory
materials. For ground based observations carried out at distances of 0.3 - 0.6 AU the object looked
like a point.
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The comet was improved using all available observations. The determined value of the
transverse component of the non-gravitational acceleration was 4, = 0.002- 1078 au/dayz' We

estimated the change of the non-gravitational acceleration with time and determined that the value
of A, increases with time. It can be explained by a decrease in the size of 323P while maintaining
the intensity of the ejection of matter in the vicinity of the perihelion.

NCCIEJOBAHUE METEOPONJHOI'O PUCKA METOJOM HIMPOKOYTI'OJIBHOI'O
M3C-MOHUTOPUHI' A METEOPHBIX SAABJIEHU

Myptazos A.K.
Psaszanckuii rocynapcrBensblil yauBepcureT umenu C.A. Ecenuna, Pa3ans, Poccus
a.murtazov@365.rsu.edu.ru

OgHuM K3 METONOB MCCIEAOBAHHUA METCOPOMJIHOM ONACHOCTH SABJIACTCS ONTUYECKUUI
MOHMTOPHHT OIIACHBIX METEOPOUOB METOAAMH METEOPHON aCTPOHOMUH, MO3BOJISIOLIUI OJIYUYUTh
yCpeHEHHbIE JaHHBIE O COAEP)KaHUM U PACHIPEEICHUH UX B METEOPHBIX ITOTOKAX.

[TpuBeneHbl XapakKTEpUCTUKU CUCTEMBI IMPOKOyTonbHOro [13C-MoHuTOpUHTa IPKUX (OMACHBIX)
METEOPOB.

[IpencraBieHsl pe3yibTaThl pacyeTa METEOPOUIHOTO PUCKA B OKOJIO3EMHOM IPOCTPAHCTBE IS
HauOosee akTuBHbIX NOTOKOB (KBagpantuabl, sra-AkBapuzabl, Ilepceunpi, ['emununabr) 3a
nociieqaue oonee yem 10 ner.

OHM 1OKa3bIBAIOT, YTO KOJIMYECTBO COYJAPEHHM ONACHBIX METEOPOUAOB C TelaMu B
OKOJIO3€MHOM IPOCTPAHCTBE HEBEJIMKO, OJHAKO BEIMYMHA WHAWBUIYAIbHOTO METEOPOUIHOIO
pUCKa JOCTATOYHO OJIM3Ka K 3HAYEHUIO MPEAENIbHOTO J0ImycTUMOro pucka. CoOTBETCTBEHHO,
METEOPOH IHAsI OIACHOCTh B OKOJIO3€MHOM IIPOCTPAHCTBE TPEOYET MOCTOSIHHOTO y4eTa.

OO6cyxnaercst BOIIPOC O MPOBEIEHUU COBMECTHOI'O ONTHYECKOIO MOHUTOPHUHIA IPKUX METEOPOB
U BCObllleK Ha JIyHe, pe3ynbTaTbl KOTOPOTO IMO3BOJIAT YTOYHUTBH IApaMETPhl PACHpENeICHUS
OIACHBIX METEOPOHUIOB B OKOJIO3EMHOM MIPOCTPAHCTBE, TOUHEE OLIEHUTh UX COJIEpP’KaHUE B MMOTOKAX
Y TIOBBICUTH 3HAYUMOCTb PE3YJILTATOB.

METEOROID RISK INVESTIGATION USING THE WIDE-ANGLE
CCD MONITORING OF METEOR EVENTS

Murtazov A.K.
Ryazan State University named for S. Yesenin, Ryazan, Russia
a.murtazov@365.rsu.edu.ru

One of the meteoroid danger research methods is the optical monitoring of dangerous meteoroids
using the meteor astronomy methods, which makes it possible to obtain the data on their number
and distribution in meteor streams.

The characteristics of the wide-field CCD system for monitoring bright (dangerous) meteors are
described.

Herein, the results of calculating the meteor risk in the near-Earth space for the most active
streams (Quadrantids, eta-Aquariids, Geminids, Perseids) over the past ten plus years are presented.

They show that the number of collisions between dangerous meteoroids and bodies in the near-
Earth space is not big, but the individual meteoroid risk is sufficiently close to the maximum
allowable risk. Consequently, the meteoroid danger in the near-Earth space requires permanent
control.

The question of joint optical monitoring of bright meteors and impact flashes on the Moon,
which would make it possible to specify the parameters of dangerous meteoroid distribution in the
near-Earth space, to more precisely assess their number in the streams and raise the significance of
the results is under discussion now.
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CHEKTPBI I/ISBPAHUH])IX XOHAPUTOB
B BUIUMOU OBJACTHU

Myptazos A.K.
Psaszanckuii rocynapcrBensblil yausepcureT umenu C.A. Ecenuna, Pa3ans, Poccus
a.murtazov@365.rsu.edu.ru

B paGore mpencrasinensl crektpsl xoHaputoB Ozerki m Sierra Gorda 008, a Taxke CHEKTpHI
BYJIKaHUYECKOM JIaBbl, MOJIyY€HHBIE B TAOOPATOPHBIX SIKCIEPUMEHTAX B BUIAMMOM 00JIaCTH CIIEKTpa.
HpOBeI[eHO HNX CPaBHCHHUEC C JaHHBIMU I10 CIICKTpaM aCTCpOUI0B S-Tuna U KaMEeHHBIX MCTCOPHUTOB.
CpaBHeHI/Ie MMOKAa3bIBACT, YTO CIICKTPbI KAMCHHBIX aCTCPOUJ0B W MCTCOPUTOB BECbMa 6JII/I3KI/I K
CIICKTpaM 3€MHBIX 0a3aJIbTOBBIX mmopon B BI/I,I[PIMOﬁ 00J1aCTH.
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VISUAL SPECTRA OF SOME CHONDRITES

Murtazov A.K.
Ryazan State University named for S. Yesenin, Ryazan, Russia

The work describes the Ozerki and Sierra Gorda 008 chondrite spectra as well as the volcanic lava
spectra obtained in visible light in laboratory experiments.
They have been compared to the data on S-type asteroids’ and stone meteorites’ spectra. The
comparison shows that the stone asteroid and meteorite spectra are sufficiently close to the
terrestrial basalt spectra in visible light.
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VJIAPHBIN NMEPEIIJIAB METEOPUTOB HA TIOBEPXHOCTH JIYHBI

Mydraxeraunosa P.®., I'poxosckuii B.U., fIkoBnes I'".A.
VYpansckuii penepanbubiii yHuBepcuteT, Ekarepunoypr, Poccus
gizrozka91l@bk.ru

UenoBedyecTBO YK€ BIUIOTHYIO TPUOJU3UIOCH K OCBOEHHIO PECypcoB KOCMHYECKOIO
npoctpaHcTBa. JlyHa B cuity cBoel OnM30CTH K 3emiie CTOUT IMEpBOM B Oodepenu U3 OOBEKTOB
ConHeyHOM cucTembl Ha JOOBIYY U NepepaboTKy MHUHepaiabHOro chlpbsi. OpnHako, JlyHa momumo
UCTOYHHKA PECypCOB MOXET BBICTYNAaTh B KaueCTBE MJICATbHOTO OOBEKTa A JAEMOHCTPALUU
pe3yabTaTOB BEICOKOCKOPOCTHBIX yaapoB B CosiHeuHO#t cucteme [1].

[Iupokue yabopaTopHble HUCCIENOBaHMA  YacTUL[ JIYHHOIO TpYHTa, JIOCTABJIEHHBIX
ABTOMATUYECKUMHU MEXKIJIAHETHBIMU CTAaHIMAMU «JIyHa» 1 KOCMUYECKUMH KOPaOJIIMU MTPOTPAMMBbI
«AIIOJUIOH», Nl CTPYKTYPHBIE NOATBEPXKACHUS yNapHOro M3MeHeHus BemectBa [2]. [Ipexne
BCEro pedb UAET O BBI3BAHHBIX yJapamMH Harpese, INeperviaBe, KpUCTAUIM3alliY, MJIaCTHYECKON
negopmanuu U TepMooOpaboTke. XapaKTepHbIMU TNpPU3HAKAMH MPOLECCOB KPUCTAUIM3ALUN B
MHOTOKOMIIOHEHTHOH CHUCTEME SBISIETCS HaJu4Me JEHAPUTOB, DSBTEKTHUK, JIMKBAIIMOHHBIX
rpaauenToB. Cpeau UCCIeI0BaHHBIX METAITIMUECKUX O0pa3lloB Takas CTPYKTypa HaOironaeTcs B
oOpasuax 20045-544 u 2004-016. Merannnyeckas yactuua 2004-016 rpymeBuiHoi popMbl BecoM
276,4mr, nocraBineHHas AMC «JIyHa-20» W3 MaTepuKOBOro pailoHa, Ha CErOJHSIIHMM [€Hb
ABJIIETCS CaMbIM KpPYIHBIM 00pa3lioM JIYHHOTO MeTajula, JOCTaBJICHHBIM C MOBEpXHOCTH JIyHBI.
CrpoeHHe »HTHX 4YacTHL M3y4aJOCh METOAAMM ONTHYECKOH M pacTpOBOM AJIEKTPOHHOMU
MUKpockonuH ¢ nmpuctaBkamu EDS u EBSD.

Xumunueckuit cocraB yactui 20045-544 u 2004-016 nogo0OeH cocTaBy >KeNE3HBIX METEOPUTOB,
oJIHaKO ob1iee cozepkanue cepwl U (ochopa B 0Opasziax mpeBbImacT B cymme 5%. ITOT ¢akt
00BSICHAETCS OCOOCHHOCTBIO pa3pyllIeHUs METEOPUTOB B 3eMHOM arMmocdepe, Korjga TpaeKTOpUU
MarucTpajbHbIX TpPEUIMH NpU (parMeHTaluH NpoXoAsST Mo Oonee XpynkuMm dochbugam u
cyib(uIaM, KOTOPbIe 3aTeM BBITOPAIOT MPU a0JIALNHU, U Mbl HAOIIOaeM MOHWKEHHOE COZEepKaHue
P u S B ynaBmux xene3nbix Mmereopurax. [Ipu ynape o moBepxHocTh JIyHbI M yAapHOM NEpeIIiaBe
KPYIHBIX METEOpUTOB HecropeBiine (Gochuabl U cyabpuabl MOBHIIAIT coaepxanue P u S B
METANIMYECKUX YacTHIaX JIyHHOro rpyHTa. B pabore [3] moBblmieHue coaepxanus P B Metanie
JYHHOTO TpYyHTa CBS3bIBalOT ¢ oOoramenueM wux npu BoccraHoBileHnn KREEP-6azanbros.
[Tpennaraemelii HaMM MEXaHU3M IPEACTaBIsIETCs 00JIee MPOCTHIM U IPUEMIIEMBIM.
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W3BecTHO, 4TO SHEPruu yjaapa JOOOr0 METEOPUTHOTrO Tela AOCTATOYHO MMl TOTO, YTOOBI
nepeBecTd B MapooOpa3HOe WM JKUIKOE COCTOSHHME KaK Marephall MUILIEHH, TaK M MaTepual
cHapana [4]. Crpykrypa oOpasua 2004-016 oTBewaer BceM INpU3HAKAM  CTPYKTYpbI
KpUCTAJIM3allMU, a caMm oOpasen sBisieTcss HauOoyiee THUIHYHBIM pPE3yJbTaTOM MPHUPOJIHOTO
IKCIIEPUMEHTA 10 TUIABJICHHUIO B BBICOKOM Bakyyme M Kpuctawim3auuu ciuiaBa Fe-Ni-Co-P-S B
YCIIOBUSIX MOHMKEHHOW cUiibl TsbkecTu. Hambosee BeposiTHO, UTO paciijiaB oOpa3oBaics Hpu yaape
0 JIYHHYIO MOBEPXHOCTb >K€JIe3HOro Mereopurta. CKOPOCTh OCThIBaHHUSI 00Opasla, OLEHEHHas IO
pasMmepaMm 3epeH (epputa, coctaBiser okoio 0,1 °C/c. YCTaHOBICHO TaKkkKe, YTO HECMOTPS Ha
HAJIMYUE YCAJIOYHBIX SBJICHHM, MHKPOIOPUCTOCTh B oO0Opasle He HabmoIaeTcs, 4To
CBHUJIETEJICTBYET 00 OTCYTCTBMHU PAaCTBOPEHHBIX I'a30B B NMPHUPOJHOM paciuiaBe, 0Opa3oBaBIIEMCS
Ipu MajeHuu Mereoputa Ha JIyny.
Jlureparypa:
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SHOCK MELTING OF METEORITES ON THE SURFACE OF THE MOON

Muftakhetdinova R.F., Grokhovsky V.1., Yakovlev G.A.
Ural Federal University, Ekaterinburg, Russia
gizrozka91l@bk.ru

Humanity has already come close to utilizing the resources of outer space. The Moon, due to its
proximity to the Earth, is the first in the queue of objects in the Solar System for the extraction and
processing of mineral raw materials. However, the Moon, in addition to being a source of resources,
can serve as an ideal object for demonstrating the results of high-speed impacts in the Solar System
[1].

Extensive laboratory studies of lunar soil particles delivered to the Earth by the robotic
spacecraft missions "Luna™ and the spacecraft of the Apollo program confirmed the impact nature
of the observed features such as shock-induced heating, remelting, crystallization, plastic
deformation and heat treatment [2]. The presence of dendrites, eutectics, and liquation gradients
could serve as the characteristic features of crystallization processes in a multicomponent system as
well. Both 20045-544 and 2004-016 particles contain such texture. The pear-shaped metal particle
2004-016, weighing 276.4 mg, delivered by the Luna-20 from the highland region, is by far the
largest sample of lunar metal delivered from the lunar surface. The structure of these particles was
studied by optical microscope and scanning electron microscope equipped with EDS and EBSD
units.

The chemical composition of the 20045-544 and 2004-016 particles is similar to that of iron
meteorites, but the total content of sulfur and phosphorus in the samples exceeds 5% in total. This
fact is explained by the peculiarity of the destruction of meteorites in the Earth's atmosphere, when
the trajectories of the main cracks during fragmentation pass through more brittle phosphides and
sulfides, which then burn out during ablation, and one can observe a reduced content of P and S in
the iron meteorites. Upon impact with the lunar surface and the impact remelting of large
meteorites, unburned phosphides and sulfides increase the content of P and S in the metallic
particles of the lunar soil S in comparison with terrestrial iron meteorites. In [3], an increase in the P
content in the lunar soil metal is associated with processes during crystallization of KREEP basalts.
The proposed mechanism in this work seems simpler and more acceptable.
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It is known that the impact energy of any meteorite is sufficient to transform both the target

material and the projectile material to a vaporous or liquid state [4]. The structure of the sample

2004-016 meets all the features of the crystallization structure, and the sample itself is the most

typical result of melting in high vacuum and crystallization of the Fe-Ni-Co-P-S alloy under

conditions of reduced gravity. It is most likely that the melt was formed when an iron meteorite

struck the lunar surface. The cooling rate of the sample, estimated from the size of the ferrite grains,

is about 0.1 ° C/s. It was also found that despite the presence of shrinkage phenomena,

microporosity in the sample is not observed, which indicates the absence of dissolved gases in the

natural melt formed when the meteorite fell on the Moon.
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MOJAEJIUPOBAHUE ®OPM METEOPUTHBIX KPATEPOB

ITepos H. U. 12 Ckornukos B. A.2
'TAVK 510 «KynbrypHO-TIpocBeTUTENBCKUN LIEHTp UMeHU B.B. TepemikoBoii»
L29IIY um. K. JI. Vimsckoro,
Spocnasns, Poccus
perov@yarplaneta.ru

Kak u3BecTHO, 1€CATKH ThICSY KPaTepOB OOHAPYKEHbI HAa MOBEPXHOCTU MHOTUX Tesl COTHEUHOM
cuctemsl [1, 2]. OHM MOTyT UMETh BYJIKAHUUYECKOE MPOUCXO0KIEHUE WU yIApHOE.

[IpoBenens! craTucTuueckue uccienoBanus 3819 mapcuanckux kparepos (k 1990 r.), 6omee 300
KparepoB Ha @oboce, OmpeneneHO COOTHOIIEHHE TIyOMHa/IuaMeTp Ha JEISHBIX CITyTHHKax
IUIAHET-TUTAHTOB,  MPOBEAEH  MOPQOJOTMYECKUH  aHalu3  KpaTepUPOBAHHOCTH  JIYHHOH
MOBEPXHOCTU. PaccMOTpuM aHaIUTHYECKHE MOJENIU (POPM METEOPUTHBIX KPAaTEpPOB.

MeTteopuTsl, ajas Ha MOBEPXHOCTb 3eMJIH, JIyHBI, IJIAaHET U CITYTHUKOB, 00pa3yIoT pa3IuvHbIe
[0 pa3MepaM U CIIOXKHBIE MO0 (GopMe BOPOHKHU. IIpum 3TOM HPOMCXOOUT YACTUYHOE WIIM IMOJHOE
pacmblIeHHE BeEIllecTBa METEOpUTOB. B psne ciaydaeB €IMHCTBEHHBIM CII€ZOM, OCTaBJIEHHBIM
METEOPUTOM, OKa3bIBAETCSI BOPOHKA, 00pa30BaHHAs MIPU €ro MaJCHNUH, BEPXHIOK IPaHUILy KOTOPOM
TOJIbKO TPUOIMIKEHHO MOXXHO TPUHUMAaTh 32 OKPYKHOCTb. IlOCKOIBKY NpOCTBIE KpaTepsl
TEOMETPUUYECKHA TMOJOOHBI HA BCEX JEASHBIX CIIYTHHUKAaX M TMOJOOHBI MPOCTBIM KpaTepaMm Ha
IUTAaHEeTaX 3€MHOHM TpyIIbl, TO OCOOBbI HMHTEpEeC BBI3BIBAET MOJEIHUPOBAaHHE (OPM KpaTepoB
YPaBHEHUSMH DPA3IMYHBIX TOBEPXHOCTEH M KPUBBIX. AHamu3 mpoduiael KpaTepoB MO3BOJISET
c/ieNlaTh BBIBOJ O BO3MOKHOCTH UX aHAJIMTUYECKOrO MPECTABICHUS B BHJIE TIOJTMHOMOB IIECTON —
BOCBMOMU cTeneHu [2].

Huxe paccmaTpuBaercs ciydail npeacraBieHus: npoduisi BOPOHKK KpaTepa B BHJIE MOJMHOMA
BOCbMOH CTETIEHH.

[Ipenmonaras, 4ro och abcuucC JEKUT B IUIOCKOCTH MaTeMaTUYeCKOTo TOPH30HTa M el
COOTBETCTBYET KoopauHaTa &, a ocb opauHar P(§) cBs3aHa ¢ IIIyOMHOW BOPOHKH, COCTaBUM
MHOTOYJIEH JIJIsl alMPOKCUMAIIUK MTPO(UIIS BOPOHKU

AGE® +AE + AL +HAE+ALE AL AL AL Ag = D(E). 1)

Koaddummentsr Ag, A1, Az, As, As, As, Ag HETPYTHO HAWTHU 110 SKCTIEPUMEHTAIBHBIM JIAHHBIM C
MOMOIIBI0 METOAA HAWUMEHBIIUX KBAJAPATOB W CTAHJAPTHBIX TMOJNpOrpamMM, a 3HAYMMOCTH
ypaBHeHHs perpeccud (1) OleHHUTH ¢ ucmoib30BanueM kpurepus Pumepa - Cuenexopa (F).
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Hwxe mnpuBomutcss mnpumep mnpuMeHeHus ¢opmynsl (1) mpu  uccieoBaHUM BOPOHKH,
MPENOIOKUTEIFHO METEOPUTHOTO MTPOUCXOXKIACHUS, Haxoasaueica B 14 kv ot nmocenka KpacHbri
bop Konorpusckoro paitona Koctpomckoii obnactu [2].
®opmy Bajla METEOPUTHOTO KpaTepa Mnpeiiaraetcs anmnpoKkcuMUpoBaTh ynutkoi [lackans (2)

p=a-cos(¢)+l, (2)

(B MOJIAPHBIX KOOPJAMHATAX, I/I€ a U | SIBJIAIOTCSA KOHCTAaHTaMu, a yroi ¢ usMmensercs ot 0 1o 2m).
B npsMoyronbpHbIX KOOpJAMHATAX, ¢ YUETOM IEpEeHOCca Havala KOOPJAUHAT Ha Xo U Yo M IIOBOPOTa
0Ceil Ha yroj (g UMeeM

{(X-X0)*+(y-Yo)*-a-[(x-Xo0)-cos((Po)+(Y-Yo)-sin(@o)]}*- I*[(x-Xo)*+(y-Y0)*]=0. ©)
3mechy Xo, Yo, ®o, 4, | — mocrostHHBIE BCJIMYMHBI, OHNPCACISIEMbIC IO METOAY HAMMCHBIIMX
KBa,I[paTOB.

[Tpu m3mepenun (n=11) ogHoro u3 npoduiieii BOpoHKH [2], B TPOU3BOIHHO BHIOPAHHON CHICTEME
MPSIMOYTOJIBHBIX KOOPJIUHAT, OBLIIN MOJTYYEHBI CIEAYIONINE Pe3yIbTaThI.

[Tpu ucnonpzoBanuu nosrHoma §-i crenenu (1) mocine perieHust CUCTEMbI JIEBATH ypaBHEHUH,
— BoITeKaronux u3 (5), ¢ npumenenneMm metoga MHK — ¢ neBsaTbro HensBecTHBIME Ao, A1, Az, As,
Ay, As, As, A7, Ag IUTI HICKOMBIX BEITUYHH ONpeeiiiu cienyromue 3aaueHus: Ag=0.00005733083,
A7=0.0006675635, Ag= 0.000313080; As =—0.01940368; A4 = —0.0477893; A3 = 0.1493218; A, =
0.5484906; A;= —0.158839; Ao= —1.3494988; F;,q. = 40.391631; Fo.05.82 = 19.37. Tak kak Fgyy.>
Fo.05:82, TO ypaBHenue perpeccun Buaa (1) suauumo Ha ypoBae 0.05. Ilpu 3ToM cymMMa KBaJpatoB
OTKJIOHEHHUI MojenbHOU BennunuHbl Oy(E) oT n3mepenHoit BennuuHbl O(E) cocrasiser 0.0249575,
YTO MOYTH B COPOK pa3 MEHbILIE M0 CPAaBHEHHUIO C HCIOIb30BaHUEM MoiuHoMa 4-i ctenenn. Ho
OpA STOM TMOSIBIISIIOTCS KAa4eCTBEHHBIE OTKJIOHEHHUS OT H3MEPEHHOro mpoduisi BOPOHKH (Ha
OTJENIbHBIX ydacTKax KpuBoi (1).

[Tocne pemieHus cUCTEMbl MATH ypaBHEHHH, — BbITeKaromMx u3 (3), ¢ NpuMEHEHHUEM MeToja
MHK — ¢ ni1bi0 HEU3BECTHBIMH Xo, Yo, Po, @, | UII HCKOMBIX BEIMYUH ONPEACTHIN CISAYIOIUe
3raveHns: Xo=0.1301, y=-0.9495, ¢o=1.256 panx, a=0.762036, 1=1.61602. Fy. = 99.817; Foo5:4:13 =
3.18. Tak kak Fgyq.> Fo 5413, TO ypaBHEeHUE perpeccun Buaa (3) 3HauuMo (B JaHHOM MpUMeEpe) Ha
ypoBHe 0.05. IIpu 3TOM cymMma KBaJpaTOB OTKJIOHEHUI MOAEIBbHOM BETUUUHBI Yyon. (MIpH min=0 —
WCIIONIb30BaHUsl ypaBHEHUs (3)) OT M3MEPEHHOW BETUYMHBI Yys3y. cocTaBisieT 0.9525, 4to moutu B
15 pa3 MeHblIIIe TI0 CPAaBHEHHIO C UCIIOJIb30BAHUEM TTapameTpa Y, (yMOH.-ymM.)zzminZI5.665#0.

@®opmyinel (1) u (3) 1OMONHAIOT apceHall MaTeMaTHYECKUX METOJI0B 0O0pabOTKH pe3yabTaToB
M3MEPEHHN yIapHBIX KpaTepoB Ha Tenax COJIHEUHON CUCTEMBI.

JIureparypa
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MODELLING OF THE METEORITIC CRATERS FORMS

12perov N.I., 2Scotnikov V.A.
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The functions — of eight power polynomic and snails of Pascal — which is not traditionally present
forms of meteoritic craters have get good results according to Fisher criterion and partial regression
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coefficient. The polynomials of degrees 4 and 8 are suggested to approximate the crater’s elevation
profile (Fig.1) and the form of the swell (Fig.2).

0.3

Fig.1. An elevation profile of the Fig. 2. Form of the swell of
«Krasnyi Bory» crater [2] (measurements) the “«Krasnyi Bor» crater [2] (measurements).

3AMOYHBIE CKBAKHUHBI 1JI51 OITACHBIX TEJI U IINTAHETBI-T'MI'AHTbI

ITepos H.1.12
'TAVK 510 «lentp nmenu B.B. TepemkoBoi»,
2qI'TIY uwm. K.JI. Ymmnackoro, r. SIpocnasib, Poccus.
perov@yarplaneta.ru

Ecinu nepBoHavanbHas mapaboiauyeckas KOMETa, C IEPHIeIMHHBIM PaccTosHHEM [,=3 a.c.,
HOJIXO/AUT K IUIAHETE-TUIaHTY, a 3aT€M C IJIAHETOLICHTPUUYECKON rUnepoonyeckoil opOUTEI, ocie
BbIXO/Ia KOMETbl M3 c(epbl NEHCTBUS IUIAHETHI, KOMETa IEPEeXOAUT Ha TIeIHOLEHTPUUYECKYIO
AIUTMIITUYECKYIO OpOMTY M TepecekaeT opOUTy 3eMili, TO s COOTBETCTBYIOIIMX «3aMOYHBIX
CKBAKMH» JJIS IUIAHET, B paMKax IUIOCKOM KpyroBOW OrpaHMYEHHOH 3ajjaud TpeX Tel, MOTY4EHbI
CIIEYIOIINE 3HAYCHUS

KOnurep: -8.7271 pan< ¢<-8.72323 pan [1].
CarypH: -2.6241 pan< ¢<-2.62287 pan.
Vpan: -0.187999 pan< ¢<-0.1879975 pan.
Hentyn: +0.37763 pan< ¢<+0.3779115 pan.

3neck ¢ - yroa Mexay ocbio Ox (HampaBieHHON oT CoNHIIa B HAIIPABJICHUU MPOTHUBOIOIOKHOM
HaIpaBJICHUIO HAa TIEPUTeINi KOMEThI) M Ha4aJIbHBIM IOJIOKEHHUEM IUIaHeThI-Turanta. HauambHbie
3HaYeHHUs KOOPJMHAT U CKOpocTed KoMeTHoro sapa: Xo= 34.0000000000000000000000 a.e.
(emunamn  mmHBL), Yo=21.0713075057054776968028 a.e. (emunun mmunbl), (dx/dv)y = -
0.21505813167606566929323 (emununa mmuubl/pan), (dy/dv)y =-0.0612372435695794524549320
(emuHMIA JUUHBI/Pad). V — UCTHHHAS aHoMamus 3eMid. [Ipu 3TUX 3HaYEHUAX YTIIOB () MaJioe TEJIO
nepecekaer opobuty 3emud. 3aMeTHM, YTO B CEpeIUHE YKa3aHHBIX HHTEPBAIOB <«3aMOYHBIX
CKBaKMH» (B JJaHHON HeOECHOMEXaHMYEeCKON MOJENH ABUKEHUsS) acTepou ibl nmoaxoaar Kk ConHiy
ommxke, yem Mepkypuit (¢ ocsaMu amcun “coBmnamgaromumu’’ ¢ ocklo OY), a Ui TpHUBEICHHBIX
3HAYCHHUH ( OCH aTlCHJT JJLTUNTHYSCKUX OpOHUT 00pa3yroT ¢ ocbio OY yrier ~+30°.

JIureparypa
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KEY HOLES FOR HAZARDOUS BODIES AND THE GIANT PLANETS
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In the frame of the planar circular restricted 3 body problem (the Sun — a giant planet — the small
body) the vector differential equation of the small body motion is

d’r/dt*=-Gmsr/r*-Gmy(r-rp )/ | r-rp | (1)

Here, r and r, are the heliocentric radii - vectors of the small body and the planet, G is
gravitational constant, ms and m, are mass of the Sun and planet correspondingly. t is the
Newtonian time,

Using the system of the units in which the semi major axis of the Earth’s orbit ag=1 AU, ms=1,
G=1 and independent variable is the true anomaly of the Earth (vg), which is measured from axis
of abscissas. The equation of (1) may be presented in the form

d?r/dt?=-r/r-m’(r-rp)/ir-ry 1>, (2)

where m’p is mp/ms.

Let’s denote by letter ¢ an angle between the x-axis and the initial position of the planet. At this
angle the small body must cross the orbit of a terrestrial type planet (and the Earth). Let r(p-c)min IS @
minimal distance between the planet and the small body, rs.min IS @ minimal distance between
the Sun and the small body.

The initial conditions of the small body moving along the heliocentric parabolic orbit (that is
unperturbed only in initial moment of time) are following x,= 34.0000000000000000000000 (units
of length), y,=21.0713075057054776968028  (units of length), (dx/dv), = -
0.21505813167606566929323(units of length/(units of time)), (dy/dv)o =-
0.0612372435695794524549320 (units of length / (units of time)). In the Table 1 the results of
integrating of the equation (2) are presented.

Table 1
Key holes for the giant-planets (small bodies after passing near the planets cross the Earth’s orbit )

Jupiter: -8.7271 rad< ¢<-8.72323 rad [1].
Saturn: -2.6241 rad< ¢<-2.62287 rad.
Uranus: -0.187999 rad< ¢<-0.1879975 rad.
Neptune: +0.37763 rad< ¢< +0.3779115 rad.

So, the corresponding “key holes” for the considered small bodies which must cross the orbits of
the terrestrial type planets, after approaching Jupiter, are equal approximately 0.004 rad (-8.7271
pan < ¢’< -8.72323 pan), that is in comparison with the angular diameter of Jupiter (0.0018 rad for
the Earth’s observer). For the extremal cases, the elliptical orbits of the bodies (initially moving
along the parabolic orbit) are symmetrical in respect of the axis of ordinates (Fig.1., Fig.2 and Fig.
3). The perturbed bodies with mass that in dozens time less than mass of the Moon are also
transfer of the small bodies to the region of terrestrial type planets, but the corresponding “key
holes™ are less in thousands times [1].
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Fig. 1. A heliocentric trajectory of the small body. 0<ve<200 rad. ¢’=-8.72323 rad. r(sun-c
min=0.9639 AU, vg=191.04 rad. Minimal distance between Jupiter and the small body equals
0.00014 AU < R;, vg=123.9538005 rad.

Fig. 2. Transitions of the small bodies from the heliocentric parabolic orbits into a jovocentric
trajectory and in a heliocentric elliptical orbit (after approaching Jupiter). ¢’ = -8.7247523821 rad.
i=0°. rggmin = 0.004999 AU, 0<vg<200 rad. Radius of Jupiter equals R; = 0.00047789444440 AU.
Fsun-ymin = 0.095 AU, vg=133.45 rad.

Fig. 3. A heliocentric trajectory of the small body. 0<veg<200 rad. ¢’=-8.7271 rad. r(sun-c
min=0.98545 AU, vg=132.825 rad. Minimal distance between Jupiter and the small body equals
0.01631 AU > R;, vg=123.9538005 rad.

CTPYKTYPA KOPBI IIVTABJIEHUA XOHAPUTA YEJIABUHCK

Ilerposa E.B.
Vpansckuii GpenepanbHbiii yHuBepcuteT nuMenu nepsoro [pesunenta Poccuu b.H. Enbiiuna,
ExatepunOypr, Poccus
evgeniya.petrova@urfu.ru

B mpouecce mponera B aTtmocepe 3emiM Ha MOBEPXHOCTH METEOPUTOB (OpMUpYETCs Kopa
riaBneHus. OHa TpeAcTaBiIsieT COOOM HECKOJIBKO CIIOEB HW3MEHEHHOI'O BEIeCTBAa METEOpHTa:
YyepHasi KOpKa Ha MMOBEPXHOCTU U TEPMUYECKU U3MEHEHHOE TPUIIOBEPXHOCTHOE BEIIECTBO.

B nanHoll pabGore paccMaTpUBAIOTCS PE3yNbTaThl MCCIEJOBAHUI KOpbI IUIABICHUS METeOpHUTa
UenssOMHCK ~ METOJaMU  ONTHUYECKUM,  DJIEKTPOHHOM  MHKPOCKOINHH,  MeccOaydIpOBCKOM
CHEKTPOCKONUHN U PEHTICHOBCKOW nu(ppakiuu. Takxke NPUBOAUTCS CpaBHEHUE KOPBI IUIABJICHUS,
c(OpMHpPOBAHHON MpH MpoJieTe B aTMocdepe, U KOpbI IUIABJIEHUS, CO3JAHHON Ha MOBEPXHOCTH
o0pa3ua xoHapuTa YenssOMHCK co CBETIION TUTONOTHEl B pe3ybTaTe BO3IEHCTBHS MIa3MBbl.
OrnpeneneHo, 4To NPOBEAECHHOE IKCIEPUMEHTAIBHOE MOJIECINPOBAHUE TIO3BOJISIET CO3/1aTh YCIIOBHUS
o0pa3oBaHus KOpsI Iu1aBaeHus. CTpyKTypa SKCIIEpUMEHTAIBHO MOTYYEHHOM KOPBI UMEET CXO/ICTBO
C IIPUPOIHON KOPOH IUIaBieHUs! XoHApuTa UensOuHCK.

HccnenoBanue BBIMOJIHEHO MNpH TOJEpKKe MHHHCTEpCTBA HayKM W BBICHIETO 00pa3oBaHUs
Poccuiickoit ®eneparuu (ITpoextsr FEUZ-2020-0059, FEUZ-2020-0060).

STRUCTURE OF THE FUSION CRUST OF THE CHELYABINSK CHONDRITE
Petrova E.V.

Ural Federal University, Ekaterinburg, Russian Federation
evgeniya.petrova@urfu.ru
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A fusion crust is forming by the Earth's atmosphere on the surface of meteorites during their fall. It
includes several layers of altered meteorite matter: a black crust on the surface and thermally altered
near-surface material.

This report discusses the results of studies of the fusion crust of the Chelyabinsk meteorite by
optical, electron microscopy, Mdssbauer spectroscopy, and X-ray diffraction. In addition, a
comparison of the fusion crust formed during the fall in the atmosphere and the fusion crust formed
on the surface of the Chelyabinsk chondrite sample with light lithology as a result of plasma
exposure is presented.

It was determined that the experimental modeling allows creating conditions for the formation of a
fusion crust. The structure of the experimentally obtained crust resembles the natural fusion crust of
the Chelyabinsk chondrite.

The reported study was funded by the Ministry of Science and Higher Education (Projects FEUZ-
2020-0059, FEUZ-2020-0060).

HEJABHO OBPA3OBABHINECS YIAPHBIE KPATEPBI U KJIACTEPBI HA MAPCE
E. I[Togo6nas, O. [Tonosa, /. ['ma3zaues

Wucturyr Aunamuku I'eocpep PAH, Mocksa, PO
epodobnaya@gmail.com

B Teuenue nocnenHux et Ha Mapce 6bu10 0OHapy)eHo okosio 700 HegaBHO 0Opa30BaBIIUXCS
MecT najieHus: MeTeopouioB [1-3], mpuBeammx Kk 00pa30BaHUIO OJMHOYHBIX KPATEPOB U KPATEPHBIX
nojei, ¢ pazmepamu kpatepoB oT 1 10 50 m. braronaps Oonee pa3pexeHHOW (110 CpaBHEHHIO C
3emiieil) atmocdepe Mapca, najaromiye METeoOpouibl MEHbIIE pa3pyliatoTcs. TeM He MeHee, 0KOJI0
50% wmeteoponnoB (parmMeHTHpyroT B MapcuaHckoil atMocepe U 00pazyroT KpaTepHbIE IMOJIS.
[Ipu cpaBHEHUM C 3eMHBIMH OOJMJAMH MOXHO MpPEeANnonoxkuTh, 4yto B  40-50% cmyuyaes
aHaJIOTUYHbIe OOBEKTHI MPHUBENU Obl K 00pa30BaHUIO KpaTepHBIX nosieit Ha Mapce. MccnenoBanue
KpaTepoB Ha Mapce mNO3BOJIIET HU3ydyaTh J€Tajdu (pparMeHTaluu, KOTOpble HE MOTYT OBbITh
0OHapy’KeHbI B 3¢MHBIX YCIOBUSX.

B pabote paccMaTpuBaroTCsl JUIMIICHI PAcCEsIHUS, TOCTPOCHHBIE Pa3IMUYHBIMM METOJAMU JUIS
KpaTepHbIX KiacTepoB Ha Mapce. Ilo mocTpoeHHBIM AIIIUIICAM PacCEesTHUS HAXOAMWIMCh a3UMYT
IpoJieTa METEOpPOUIa U yroi ero Bxoaa B armocdepy [4]. OueHku, mosydeHHbIC Pa3THYHBIMUA
METO/IaMHU, He BCErjJa corjacyroTcs Mexay coOoil. HaiineHHble a3uMyThl  CpaBHUBAJIUCH C
OLICHKaMH a3UMYTOB, OIPEJCJIIEHHbIX 110 pPAaclOJOXKEHUI0 BbIOPOCOB BOKPYI  KpaTepoOB.
Hcnonb3oBanuchk M300pa)keHUsl KJIACTEpOB Ha CHUMKax, nmoiydeHHbIx npoektoMm HiRISE (High
Resolution Imaging Science Experiment).Takoe comocraBieHHe JaeT  BO3MOXHOCTb
CKOPPEKTUPOBATH METOJI ONIPEAEICHUS a3UMYTa.

JIureparypa:

[1] Malin, M. C., Edgett, K. S., Posiolova, L. V., McColley, S. M., Noe Dobrea, E. Z. Catalog of
New Impact Sites on Mars Formed May 1999-March 2006. Malin Space Science Systems // Inc.,
San Diego, California. 2006.

[2] Daubar I. J., McEwen A. S., Byrne S., Kennedy M. R., Ivanov B. The current Martian cratering
rate // Icarus. 2013. V. 225. No. 1. P. 506-516.

[3] Daubar I. J., Banks M. E., Schmerr N. C., Golombek M. P. Recently Formed Crater Clusters on
Mars // Journal of Geophysical Research: Planets. 2019. V. 124. No. 4. P. 958-9609.

[4] ITopo6Has E. M., ITorosa O. I1., T'mazaues JI. O. Diuncel paccessHus 7S HEIaBHO

00pa30BaHHBIX KJIACTEPOB KpaTepoB Ha Mapce. JIluHamuyeckue mporiecchl B reocdepax. Boimyck 12
/[l UAT PAH, Mocksa, 2020.

FRESH IMPACT CRATERS AND CLUSTERS ON MARS

E. Podobnaya, O. Popova, D. Glazachev
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In recent years, about 700 fresh dated meteoroid impact sites have been discovered on Mars [1-
3]. Meteoroid impacts resulted in the formation of single craters and crater fields, with crater sizes
up to 50 m. Due to the more rarefied Mars atmosphere (in comparison with Earth) falling
meteoroids are less destroyed. Nevertheless, near 50% of meteoroids are fragmented in the Martian
atmosphere and are forming crater clusters. The comparison of Martian and terrestrial fireballs
allows to suggest 40-50% of terrestrial meteoroids would lead to the formation of crater fields on
Mars. The study of craters on Mars allows us to study the fragmentation details that cannot be
detected in terrestrial conditions.

The scattering ellipses constructed by various methods for crater clusters on Mars are
considered. According to the constructed scattering ellipses, the azimuth of the meteoroid
trajectory and the entry angle are estimated [4]. Azimuth estimates obtained by different methods
do not always agree with each other. Azimuths estimates are compared with the estimates
determined from the crater ejecta. The images of the clusters obtained by the HIRISE (High
Resolution Imaging Science Experiment) project were used. Such a comparison will permit to
adjust the method the azimuth determination.

References:

[1] Malin, M. C., Edgett, K. S., Posiolova, L. V., McColley, S. M., Noe Dobrea, E. Z. Catalog of
New Impact Sites on Mars Formed May 1999-March 2006. Malin Space Science Systems // Inc.,
San Diego, California. 2006.

[2] Daubar I. J., McEwen A. S., Byrne S., Kennedy M. R., Ivanov B. The current Martian cratering
rate // Icarus. 2013. V. 225. No. 1. P. 506-516.

[3] Daubar I. J., Banks M. E., Schmerr N. C., Golombek M. P. Recently Formed Crater Clusters on
Mars // Journal of Geophysical Research: Planets. 2019. V. 124. No. 4. P. 958-969.

[4] Podobnaya E. D., Popova O. P., Glazachev D. O. Scattering ellipses for recently formed crater
clusters on Mars. Dynamic processes in geospheres. Issue 12 // IDG RAS, Moscow, 2020. In
Russian.

KAJIBKYJIATOP D®PEKTOB YJIAPOB KOCMHWYECKUX TEJI. U3JIYYEHUE N
JAPYT'UE DOPEKTHI

[Tonora O.I1., CeerioB B.B., lllysanos B.B., I'mazaues /[.O., [lono6nas E.JI., Xazunc B.M.,
AprembeBa H.A.
WuctutyT nuHamuku reocep nmenu akagemuka M.A. Canosckoro, Mocksa, Poccust
olga_idg@rambler.ru

W3nyueHue, BO3HHKAIOIEe MPH TpoJieTe KOCMHUYECKOro oOBekTa B arMmochepe © MpHU
00pa3oBaHNM IUIIOMA B KpaTepooOpasyromux yaapax, SBISETCS OJHHUM M3 OCHOBHBIX OIMACHBIX
nocNeACTBUA TajeHud. TernoBoe U3MydeHHe MOKET OBITh JOCTATOYHO CUJIBHBIM, YTOOBI OBITh
OMACHBIM i JroJeil M uHpacTpyKTypbl. MOXXHO BCHOMHHUTb, YTO B pe3yJbTaTe MaJleHUs
acteponna pasmepom 10-15 kM, oOpaszoBaBmiero kpatep UMKCKymyO, TPOW3ONUTH TI00AThHBIE
JIECHBIE TOXKaphl, a 3HaMeHuToe TyHrycckoe coObiTie 1908 roma, BRI3BaHHOE BXOXKIEHUEM 00BEKTa
quamMeTpoM okosto S0 M, BRI3BAJIO JIECHOU TMOXKap B mpezaenax odsnactu ¢ paaunycom 10—15 km.

D¢ heKTsl TEMIOBOTO M3TYUYEHHUs OLIEHUBATh IO JIAaHHBIM O B3PBIBaxX, HO TOpa3zio 0oJjiee TOUHAs
OIICHKa MOXeT OBITh MOJyueHa C MOMOIIBI0 CIeUaTbHO pa3paboTaHHON Moaenu. B pamkax 3Toi
MOJCIN OBl IMPOBCACHBI, YbH PE3YJIbTAaTbl HMCIOJB30BAJIMCH I MOJYUCHHUA YHPOIICHHBIX
MacCIITa0HBIX COOTHOIIEHUHN, KOTOPBIE MO3BOJISIFOT OMPEAEISATH MOJIe U3IYYCHUS Ha TIOBEPXHOCTH U
APYruc XapakKTCPUCTHKHU, OCHOBBIBAACH TOJIBKO Ha IMapaMETpax yaapHHKaA.
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KpOMe TOro, yaapbl KOCMHUYCCKUX TCJI BbI3bIBAIOT CECMHYECKHUE U I/IOHOC(I)epHI:IG BO3MYIICHUSA
u apyrue 3¢hQexTbl. ANMPOKCHMAIMOHHBIE COOTHOIICHHS i1 ATHX 3(P(EKTOB BKIIOYCHHI B
TEKYIIYIO BEPCHIO KaIbKYJIATOPA.

RADIATION AND SOME OTHER EFFECTS INCLUDED IN THE IMPACT
EFFECTS CALCULATOR

O.P. Popova, V.V. Svetsov, V.V. Shuvalov, Glazachev D.O., Podobnaya E.D.,
Khazins V.M., Artemieva N.A.
Sadovsky Institute of Geosphere Dynamics, Moscow, Russia
olga_idg@rambler.ru

Radiation produced due to the deceleration of a cosmic object in the atmosphere and due to an
emission of a plume generated by crater-forming impacts is one of the main dangerous
consequences of these impacts. The thermal radiation can be strong enough to be dangerous to
people, to ignite fires and even to melt rocks.

It may be recalled that the Chixculub crater-forming impact of an asteroid 10-15 km in size
generated global wildfires, and the famous 1908 Tunguska event, caused by the entry of an object
about 50 m in diameter, generated a forest fire within a radius of 10-15 km.

The effects of the thermal radiation could be evaluated based both on the data on nuclear
explosions and on a specially developed model. Serial calculations were carried out within the
framework of this model. The results of these simulations were used to obtain simplified scaling
relations, which allow to determine radiation field on the surface and other characteristics based
only on the parameters of the impactor.

The impact of the cosmic object initiates shock waves (see accompanied presentation), seismic
effects, crater formation and ionospheric disturbances. Scaling relations for these effects are
included in the current version of the Impact effect calculator.

KOCMHMYECKHWE TEXHOJOI'MA MOHUTOPHUHT A TIOCJIEJICTBUIA
MPOSIBJIEHUSA ACTEPOUJTHO-KOMETHOM OITACHOCTH

Casenbes M.U.
®I'BY BHUM T'OUC (PII)
savelev-22@mail.ru

[TposiBnenue nopaxaronmx (akTopoB acTepouaHo-koMmeTHol omnacHocTH (AKO) Bcnenctsue
BO3AYIIHOIO B3pbIBA METEOPOUAA W/UIM CTOJIKHOBEHMSI METEeOpUTa ¢ 3eMilel BIEYET cepbE3HbIC
MOCJICICTBHS JUIsl HacelneHus W Teppuropuil. IIpu mnimaHupoBaHUMM MEPONPUATHN 110 3aLIUTE
HaceneHus u teppuropuit oT AKO HeoOX0IMMO YUUTHIBATh YS3BUMOCTh HACEJIECHUS U TEPPUTOPUIA,
0COOEHHOCTH TPOSIBIICHHS] TEPBUYHBIX M BTOPUYHBIX MOPAXKAIOUIMX (HAKTOPOB, CBA3AHHBIX C
BTOP>)KEHUEM OIAaCHBIX HEOECHBIX TEl B OKOJO3EMHOE MPOCTPAaHCTBO. B pesynbTaTe HaceneHue u
TEPPUTOPUU MOTYT OKa3aThCs B 30HAX IPUEMIIEMOTO UJIU HEIIPUEMIIEMOIO PUCKA.

Peanuzanuio MeponpusaTHi IO CHMKEHHMIO PHCKAa IpeUIaraeTcs OCYIIECTBHUTh B KOHTYpPE
AHTUKPU3UCHOTO ynpasiieHus cuinamu U cpeacrsamu MUC Poccun u PCUC, ycnemHocTs KOTOpBIX
B 3HAYUTEJIbHOM CTeNeHu onpenensercs (YHKIMOHAIBHBIMU  BO3MOXHOCTAMU  CHUCTEMBI
KOCMHYECKOI0O MOHUTOPHUHIA YPE3BbIYAMHBIX CUTYALUI IIPUPOAHOIO U TEXHOTEHHOI'O XapaKTepa.

SPACE TECHNOLOGIES FOR MONITORING THE CONSEQUENCES
OF ASTEROID-COMET HAZARDS

Savelyev M. 1.
Federal Center of Science and High Technologies VNII GOCHS
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The manifestation of damaging factors of asteroid-comet danger (ACD) due to an air explosion
of a meteoroid and/or a meteorite collision with the Earth entails serious consequences for the
population and territories. When planning measures to protect the population and territories from
ACD, it is necessary to take into account the vulnerability of the population and territories, the
peculiarities of the manifestation of primary and secondary damaging factors associated with the
intrusion of dangerous celestial bodies into near-Earth space. As a result, populations and territories
may find themselves in areas of acceptable or unacceptable risk.

The implementation of measures to reduce the risk is proposed to be carried out in the anti-crisis
management circuit of the forces and means of the EMERCOM of Russia and the RSChS, the
success of which is largely determined by the functionality of the space monitoring system for
natural and man-made emergencies.

IMNOTEHIHUAJ MUCCHUHU WSO-UV JJISA U3YYEHUSA KOMET

CauxoB M.E.
Wuctutyt actponomuu PAH, Mocksa, Poccus
msachkov@inasan.ru

Jauubie HaOmoaeHUH B yabTpaduoneTobix (YD) mIuHaX BOJH JAIOT YHUKAJIbHBIE BO3MOXHOCTH
M3yYEHHSI KOMET C HCIOJIb30BAaHWEM KaK BU3yaJM3alliH, Tak W crekTpockornuu. Muccust World
Space Observatory - Ultraviolet (WSO-UV), 3amyck kotopoii 3armanupoBan Ha 2025 rog,
MO3BOJIAT  IPEOJOJETh  OOJBIIMHCTBO  MPOOJEM, CBS3aHHBIX C  YIbTPaQHOIECTOBBIMH
UCCIIEIOBAHUSIMU KOMET, M CMOKET CTaTh BAYKHBIM MCCIIEIOBATEILCKUM HHCTPYMEHTOM.

POTENTIAL OF WSO-UV MISSION FOR STUDY OF COMETS

Sachkov M.
Institute of astronomy RAS, Moscow, Russia
msachkov@inasan.ru

The observational data in ultraviolet (UV) wavelengths give a unique possibilities of comet study
using both imaging and spectroscopy. The World Space Observatory - Ultraviolet (WSO-UV)
mission, planned for launch in 2025, will allow most of the challenges to be overcome in the UV
studies of comets and will be able to become an essential research tool.

OHEHKH BO3PACTA METEOPHBIX IITOTOKOB JIMPU/ U 6-KAHKPU |
ITO TEJIEBU3NOHHbBIM HABJIIOAEHUAM

CoxkonoBa M.T"., Ycanun B.C.
Kazanckuit ¢penepanbubiii yausepcurer, T. Kazanb, Poccus

smarina.63@mail.ru

B pabore mnpezncraBieHbl MaTepuanbl IO M3YYEHUIO pPACHpEeseHH 3J1eMEHTOB OpOUT
METEOPOUIOB METEOPHBIX NMOTOKOB JIupua u d-KaHkpuJ B 3aBUCUMOCTH OT MacChl METEOPOH/IOB.
Hcnonp30BaHbl TENEBU3HOHHBIE Katamoru ceT kamep o63opa CAMS v.2.0 u Global Meteor
Network MeTeopHBIX OpOUT METEOPOB B JHaria30HE a0COIOTHBIX 3BE3THBIX BEIUYUH METEOPOB OT -
2" no +3™ .
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Hannune KOoppCiiiouu 3JICMCHTOB Op61/IT B 3aBUCHUMOCTH OT MAaCChbl MCTCOPOUIOB ITO3BOJIACT
OILICHUTHh BO3PACT METEOPHOTO MOTOKA Ha OCHOBE BJIMSIHUS Ha €r0 CTPYKTYPY HErpaBUTAIIMOHHOTO
addekra [oitaTHHTa-Pobeprcona [1] mo dpopmymnam [2]:

Aa = Ta - K(2+360 %) / ag(1-€9%)*?
Ae =T, -5K€q / 28, (1-89 %12

rae K =2.51 -1011R'1p'1, P U R — MIIOTHOCTH M paiuyc METEOPOUIa,

eo, 4o, Aa, Ae — nmapaMeTpbl OPOUT POTUTEITHCKOW KOMETHI TIOTOKA (MJIH €r0 CpeaHeld opOuThI) U
OpOUT METEOPOUIOB.

PacueTsl Bo3pacta moroka T, U Te M0 1ByM (hopMyJiaM BBITIOJHEHBI ISl Pa3iIMYHBIX 3HAYCHHUN
IUIOTHOCTEU MCTCOPON 0B, OCHOBBIBAasACh Ha 3HAUYCHHAX IINIOTHOCTH, COOTBCTCTBYIOIIHUX
KJIaccu(UKaIUU XUMHYECKOTO COCTaBa aCTCPOUIOB.

JIureparypa:
1. Robertson H.P. Dynamical effects of radiation in the solar system //MNAS. 1937. V. 97, 423.
2. Jlosenn b. Mereopnast actponomusi. M.: ®u3-Mar. Hayk. 1958. 488 c.

ESTIMATES OF THE AGE OF THE LYRID AND A-CANCRID METEOR SHOWERS
BY TELEVISION OBSERVATIONS

Sokolova M.G., Usanin V. S.
Kazan Federal University, Kazan, Russia
smarina.63@mail.ru

The analysis of the distribution of semi-major axeses and eccentricities of the orbits of
meteoroids in depending on their masses was performed. The estimates of Lyrids and the o-
Cancrid’s age were obtained. Television catalogs of meteor orbits of view camera networks the
CAMS v.2 and Global Meteor Network orbits of meteors in the range of absolute stellar magnitudes
of meteors from -2™ to +3™.

The correlation of the elements of the orbits depending on the mass of the meteoroids allows us
to estimate the age of the meteor shower based on the influence of the non-gravitational effect of
the Poynting-Robertson on its structure [1] according to the formulas [2]:

Aa = Ta - K(2+3€0 %) / ag(1-€9 %)*?
Ae =T, -5Key / 28, *(1-8 )"

where K =2.5110"R?p*, pu R — density and radius of the meteoroid,

eo, ao, Aa, Ae - parameters of the orbits of the parent comet of the stream (or its average orbit)
and the orbits of meteoroids.

Calculations of the age of the Ta and Te showers using two formulas are performed for different
values of the meteoroid densities, based on the density values corresponding to the classification of
the chemical composition of asteroids.

References:
1. Robertson H.P. Dynamical effects of radiation in the solar system //MNAS. 1937. V. 97, 423.
2. Lovell B. Meteor astronomy // M.: Phys. - Math. Sciences. 1958. 488 p.

HNUTI'OPb CTAHUCJTIABOBUY ACTAITIOBUY
(K45 JIETHUIO CO JHA CMEPTHN)

TepentreBa A.K.
WNucturyt actponomuu PAH, Mocksa, Poccns
ater@inasan.ru

Acranonu M. C. 0BT OCHOBOIOJIOXHHKOM MeTeopHO actpoHomuu B ObiBmiemM CCCP.
OCHOBHBIMHU 00JIaCTSIMU €T0 HUCCIAeA0BaHUM ObuH: TIpoOaemMa MaibiX Ten COTHEYHOM CUCTEMBI (KX
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IBOJIIOLIUS ¥ B3aUMOCBSI3b), Ipo0JieMa METEOPHOH OMACHOCTH, METEOpHAsi aCTPOHOMHUSI, METEOPHAs
¢u3uka, MeTeopHass reou3nKa W METECOPUTHKA. JIOKIIaa TOCBSIIEH OMNKMCAHUIO €r0 JKU3HU M
JeAaTeNIbHOCTH AcTanioBUYa M OCHOBaH Ha myOnukanuu aBropa (Terentjeva, 2001).

Jluteparypa:

A. K. Terentjeva “Igor stanislavovich Astapovich (on the occasion of his 90th birthday)”//
Astronomical & Astrophysical Transactions. 2001. 20:4. 701-716.

IGOR STANISLAVOVICH ASTAPOVICH
(K45 JIET CO JHSI CMEPTH)

Terentjeva A. K.
Institute of astronomy RAS, Moscow, Russia
ater@inasan.ru

Astapovich I. S . was the founder of meteor astronomy in the former of the USSR. His main fields
of researches were: the problem of minor bodies of the Solar system (their evolution and
interrelationship), the problem of meteor hazard, meteor astronomy, meteor physics, meteor
geophysics, and meteoritics. This presentation about Astapovich’s life and activity is based on the
publication of the author (Terentjeva, 2001).

References:

A. K. Terentjeva “Igor stanislavovich Astapovich (on the occasion of his 90th birthday)”//
Astronomical & Astrophysical Transactions. 2001. 20:4. 701-716.

K BOITPOCY O TEHJEHIIUU K TPYIIIIUPOBAHUIO MAJIBIX TEJI COTHEYHOM
CUCTEMbI

TepentnbeBa A.K., bonrosa I'.T.
Wuctutyt actponomun PAH, Mocksa, Poccus
ater@inasan.ru

Uccnenyst meteopubie koMmiuiekchl B Conneuynoit cucreme, M.C. AcramoBuu (1941) oOnapyxun
3aKOHOMEPHOCTh, IPUCYLIYI0 Pa3HbIM KJIACCAM MAJbIX TE€J, OT TEJIECKOIIMYECKHMX METEOPOB 0
TUTaHTCKUX METEOPUTOB. OJTa 3aKOHOMEPHOCTH 3aKJIIOYAETCS B CTPEMJIEHMM MaJbIX Tel K
IrPYNIUPOBKE, KOTOpoe TeM Oousbllle, 4yeM KpylHee Tejaa. ABTOpbl IOKa3blBalOT, Kak 23Ta
3aKOHOMEPHOCTh TOJATBEP/KAACTCS COBPEMEHHBIMU HCCIIEJOBAHMSMHM HAa BCEM IUANa3OHE MaJIbIX
TEN: OT CJIa0bIX METEOPOB /10 aCTEPOUJIOB.

Jlureparypa:

Astapovich I. S. Some aspects of origin of meteor matter. Meteor matter in the Solar system//
Astron. Zhurnal AN SSSR, 1941. 18, Issue 1, 58+72.

ON THE TENDENCY TO GROUPING IN THE SYSTEM OF MINOR BODIES

Terentjeva A. K., Bolgova G.T.
Institute of astronomy RAS, Moscow, Russia
ater@inasan.ru

Studying meteor complexes in the Solar System, I. S. Astapovich (1941) discovered a pattern
inherent in different classes of small bodies, from telescopic meteors to giant meteorites. This
pattern consists in the tendency of small bodies to group, which is the greater the larger the body.
The authors show how this pattern is confirmed by modern research on the entire range of small
bodies: from faint meteors to asteroids.

Reference:
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Astron. Zhurnal AN SSSR, 1941. 18, Issue 1, 58+72. (In Russian).

IBOJIOLIUA COJTHEYHOI'O KOMETHOI'O KOIIbs

TytykoB A. B., Bepemaruun C. B., Cuzoa M. /I.
Wuctutyt actponomuu PAH, Mocksa, Poccus
SVVS a.ru

PaccmoTpena »sBomronusi oOmaka komeT, mnorepsHHbIX ComHeuHol cucremoil. Kowmersl,
MOKUJAIOIINE POJAUTEIbCKYIO 3BE3y CO CKOPOCTSIMH B HECKOJBKO KHJIOMETPOB B CEKYHAY,
OKa3bIBAIOTCS B MEX3Be3/HOM mpocTpancTBe ['amaktuku. Takum obpazom ¢opmupyercs: 001aKo,
HAIIOMHMHAIOIIEE TI0 CBOMM OYEPTaHHUSAM KOIMbE. DTOT MPOLECC MPOUCXOIUT U B OKPECTHOCTSIX
JIpyrux 3Be3l. Benp oOpa3oBaHue 3BE3]] 4aCTO COIIPOBOXKIAETCSI BOSHUKHOBEHHEM OKOJIO3BE3/IHBIX
ra3oBO-TIbUIEBBIX JTUCKOB, HBOIIOLUS KOTOPHIX BEIET CO BPEMEHEM K O00pa30BaHMIO IK3OIUIAHET U
MJIaHETHBIX cucTteM [1].

B cocraBe o0iaka OKa3bIBAIOTCA HE TOJBKO sJIpa KOMET, HO acTepOHAbl U IUIAHETHI
Cdopmupoanusie AKIT (acTepouwmbl, KOMeThI, IaHeThl) Kombs CoONHIIA, 3BE3]l M 3BE3JIHBIX
CKOIUICHUH pPaCIIUPSIIOT TPAHMIIBl IUIAHETHBIX CHCTEM CO BPEMEHEM Ha JECATKH KIK. 3BE3Ibl,
HMCIOIIUC TIJIAHCTHBIC CUCTCMbI, BCKOPC HAYUHAIOT COIIPOBOKAATHCA AKII obnakamu B BUC KOIINH
WIH JJaXKe KOJIeIl, YTO 3aBUCUT OT BO3pacTa 3Be3/lbl. ITU OOBEKTHI JOCTATOYHO PACIPOCTPAHEHBI B
["anakTrke, MOCKOJIBKY OKOJIO TPETH 3BE31 00JIaAar0T IiaHeTamu [2].

Pabora nocpsiiieHa 4ucICHHOMY HCCIIEI0BAHUIO SBOJIIOIIMHA OPOUT

“cBobonubix” AKII B Nanaktuke, Beayliel K X MPEBpAILICHUIO B “KOMeTHbIE Kombs~ CoJiHIa,
3Be37, 3Be3/IHBIX CKoruieHui. [loctenenHo oHM 00pa3yroT xopomio HaceneHHbIH AKII xommoHeHT
["amakTuku, cocTaBieHHBIA U3 “HUTEN” mposBomonnonnpoBasmmx AKII obnakos. B wactHocTH,
s CoJHEYHOM CHCTEMBI 3TO O3HAa4yaeT, 4TO €€ IpaHula PACHIUpSeTcs 0 HECKOJIBKHMX KIIK.
HNmenno B HHX Haxo4dATCda MCK3BE3AHBIC KOMCTBI, BOIIPOC O KOTOPBIX BIICPBLBIC BO3HHUK IIPU
pacCMOTpPEHHH B3aUMOJICHCTBUS IutaHeTHoro obOnaka QOoptra co 3Be3namu  ¢oHa [3, 4].
Mex3Be3nnbie 00bekThl 2I/bopucoBa u 1/1 Oymyamya, oOHapyXeHHbIE HEIABHO, MPEACTABISAIOT
3TOT KoMmoHeHT [anaktuku [5, 6]. Kpome Toro, HaiiieHbl MeX3Be3/IHbIE METEOPOUAbI C MaccOoi
~10" r [7], KOTOpBIE€ TaK)Ke MpEACTaBIAIOT cymecTBeHHyto 4acTh AKII kommonenra ['anakTuxu.
OTMeTuM Takke, 4YTO MHUKPOJIMH3MpPOBAaHUME OOJerdaer M JejaeT pealbHbIM IPOLECC
perucTpupoBaHusi CBOOOAHBIX IJIaHeT ["alakTHKK, TOTEPSHHBIX POAUTEILCKUMU 3Be3/1aMu [8].

ABTOpBI TIpU3HATENBHBI MpaBUTENbCTBY Poccuiickoit denepannu 1 MUHHCTEPCTBY BBICIIETO
oOpazoBanus u Hayku PO 3a mognepxky mo rpanty 075-15-2020-780 (N13.1902.21.0039).
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EVOLUTION OF THE SOLAR COMETARY SPEAR

A. V. Tutukov, S. V. Vereshchagin, M. D. Sizova
Institute of Astronomy, Russian Academy of Sciences, Moscow, 119017 Russia
svvs@ya.ru

The evolution of a cloud of comets lost by the Solar system is considered. Comets leaving the
parent star at speeds of several kilometers per second end up in the interstellar space of the Galaxy.
Thus, a cloud resembling a spear is formed. This process also takes place in the vicinity of other
stars. The formation of stars is often accompanied by the emergence of circumstellar gas-dust disks,
the evolution of which leads over time to the formation of exoplanets and planetary systems [1].

The cloud includes not only cometary nuclei, but asteroids and planets. The spears of the Sun,
stars and star clusters formed by the ACP (asteroids, comets, planets) expand the boundaries of
planetary systems by tens of kpc over time. Stars with planetary systems soon begin to be
accompanied by AKP clouds in the form of spears or even rings, depending on the age of the star.
These objects are quite common in the Galaxy, since about a third of the stars have planets
(Masevich and Tutukov [2]).

The work is devoted to the numerical study of the evolution of the orbits “free” ACP in the
Galaxy, leading to their transformation into “cometary spears” of the Sun, stars, star clusters.
Gradually, they form a well-populated ACP component of the Galaxy, composed of “filaments” of
evolved ACP clouds. In particular, for the Solar system, this means that its boundary expands to
several kpc. It is in them that interstellar comets are located, the question of which first arose when
considering the interaction of the planetary Oort cloud with background stars [3, 4]. Recently
discovered interstellar objects 21 / Borisov and 1 / | Oumuamua represent this component of the
Galaxy [5, 6]. Note that interstellar meteoroids with a mass of ~ 10" g were found [7], which
also represent a significant part of the ACP of the Galactic component. Note also that microlensing
facilitates and makes real the process of registering free planets of the Galaxy, lost by parent stars
[8].

Authors acknowledge the support of Ministry of Science and Higher Education of the Russian
Federation under the grant 075-15-2020-780 (N13.1902.21.0039).
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THEODOR BREDIKHIN AND THE ITALIAN SPECTROSCOPIC SOCIETY

I. Chinnici
INAF - Palermo Astronomical Observatory, Italy
ileana.chinnici@inaf.it

In October 1871, some lItalian astronomers established the first scientific society explicitly devoted
to the application of spectroscopy in the astronomical field. They agreed on sharing a programme of
spectroscopic observations of the solar limb, in order to monitor solar activity, compare their
results, find connections between the photopheric and chromospheric features and study Sun-Earth
interaction. The programme was later mostly abandoned, but the interests of the Society were
extended to the circulation of the spectroscopic studies. The Memoirs of the Society are today
considered the first astrophysical journal: in its pages, we find collections of articles on
astronomical spectroscopy by all pioneers of astrophysics. They became an international journal
that greatly contributed to overcome the resistence that the astrophysical research met in the
traditional astronomical community. Bredikhin was a member of this Society. This means that he
was recognized as an early astrophysicist and his studies were considered innovative in an
international context. He was in correspondence with its President, Pietro Tacchini, and published
some of his works in the Memorie. In this talk, we shall examine these aspects and, in general,
Bredikhin's relationship with the Society.

B IIOMCKAX BOJbI B COJTHEYHOM CUCTEME:
OT KOMET K MUPAM C OKEAHAMMU

B. W. lllematoBuu
Wuctutyt actponomuu PAH, Mocksa, Poccus
shematov@inasan.ru

CoBpeMeHHbIE UCCIIE0BAHMS TUIaHET U MasbIX Tell B COJHEYHOM CUCTEME HALIEJIEHBI HA TOMCKU
KUJKOM BOJIbI HAa MOBEPXHOCTH WUJIM BHYTPHU HEOECHBIX Tel. B pe3ynbrare KOCMUYECKMX MUCCUN BO
BHemHue obnactd ColHEYHOW CUCTeMbl ObUIM OTKPBITHI TaK Ha3bIBa€Mble MHMPBI C OKEaHAMHU -
MPEUMYIIECTBEHHO CIYTHUKHU IJIAHET-TUTAHTOB, HAa KOTOPBIX CYILIECTBYIOT TIJI0OajabHBIE W/WIIN
JIOKQJIBHBIE pe3epByapbl BOABI IOJA JIEASHOW TNOBEPXHOCTbIO. (CHOBHOM LENBI0 TEKYIIHMX
UCCIICIOBAHUM MHUPOB C OKEaHaMHU SBJIAETCS 3ajada - OINPEJIeNUTh 3TU HEOECHbIE Tena ¢
acTpOOMOJIOrMYECKUM MOTEHIIMAIOM, - 0XapaKTepPU30BaTh UX OKEaHbI, OLEHUTh UX OOMTaEMOCTb,
MOMCK KM3HU U, B KOHEUHOM CUETE, U3YUUTH JIFO0YIO )KM3Hb, KOTOpasi MOXKET ObITh HalJIeHa B 3TUX
HNOTEHIMAJBHBIX cpelax OOMTaHus. BakHBIM HampaBlieHUEM HMCCIEOBAHUMN SIBISETCS BBISBICHUE
B3alMOCBS3M MHMPOB C OK€aHaMH C JIpYIMMM rpynnamu Maibix Tesa B CoJHeuHo#l cucreme, a
UMEHHO, C KOMeTaMH, actepouamu, oobekTamu nosica Koitnepa u obmnaka Oopra. bonee Toro, u3
HaOJI0/IEHUH TJIAHETHBIX CUCTEM Y JIPYTUX 3BE3]] CJIeAyeT BO3MOXHOCTh CYIIIECTBOBAHUS MUPOB C
OK€aHaMH WJIM BOJHBIX MUPOB B TaKUX K30IUIAHETHBIX CUCTEMAX.

Ota BceoObEeMIIONIAs LEJIb MCCIEJOBAaHUM, €CTECTBEHHO, MOXXET OBITh IMOJpa3/ieleHa Ha
clefyronme OcHOBHBIe Lenu: (1) ompenenuTh, Ha KakKUX HEOECHBIX TeNax HUMEIOTCS OKEaHbl, U
MOHSTh, KaK OMPEEIUTh BO3MOKHOCTh IPUCYTCTBHSI Ha APYTUX HEOECHBIX TellaX BOJHOTO OKEaHa;
(2) BBIIBUTH XapaKTEPUCTUKU U MYTH XUMHUYECKOTO OOMEHA MEXTy MOJJIETHBIM OKEaHOM, JIISHOM
MOBEPXHOCTBIO M Ta30BOM 000J04K0il mccinenyemoro HebecHoro Tenma [1,2]; (3) BbissBUTH H
XapakTepu30BaTh IMOTEHIHAIBHYI0O OOUTAEMOCTh OKEaHOB M TIOHATh, Kakas >XU3Hb MOXET
MPUCYTCTBOBAThH B 3TUX OKE€AaHAX U KaK €€ UCKATh, a TAK)KE U3YUUTh OMOJIOTHIO €€ BO3SHUKHOBEHHUSI.

Pabora BemonHena mnpu mnoanepxkke Ilpoekra Ne (075-15-2020-780 «Teopetnueckue u
SKCIIEpUMEHTaJbHbIE HCCIeA0BaHUsA (OPMUPOBAHMUS W DBOJIOLUMU BHECOIHEUYHBIX IUIAHETHBIX
CHCTEM M XapaKTEPUCTHK K30IUIaHeT» MHUHUCTEPCTBA HAYKH U BhICIIEro oOpa3oBaHus PO.
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[1] lemaToBua B.U. Mups! ¢ okeanamu Bo BHeTHUX o6nacTsax CoaHeuHOoU cucteMsl (0030p)//
Actponomuueckuit Bectauk. 2018. T. 52. C. 379-390.

[2] Plainaki Ch., Cassidy T.C., Shematovich V.I., et al. Towards a global unified model of Europa's
tenuous atmosphere// Space Sci. Rev. 2018. V. 214. P. 40-111.

SEARCHING WATER IN THE SOLAR SYSTEM:
FROM COMETS TO OCEAN WORLDS

V.l. Shematovich
Institute of Astronomy of the Russian Academy of Sciences, Moscow, Russia
shematov@inasan.ru

Modern studies of planets and small bodies in the Solar System are aimed at searching for liquid
water on the surface or inside celestial bodies. As a result of space missions to the outer Solar
System, the so-called ocean worlds have been discovered - mainly moons of giant planets, on which
there are global and/or local reservoirs of water under the icy surface. The main goal of current
research on ocean worlds is to identify these celestial bodies with astrobiological potential,
characterize their oceans, assess their habitability, search for life, and ultimately study any life that
can be found in these potential habitats. An important area of research is to identify the relationship
of ocean worlds with other small bodies in the Solar System, namely, with comets, asteroids, the
Kuiper belt and the Oort cloud objects. Moreover, observations of planetary systems around other
stars suggest the possibility of existence of ocean or/and water worlds in such exoplanetary systems.

Obviously, this comprehensive research objective can be divided into the following main
objectives: (1) to determine which celestial bodies have oceans and understand how to determine
the possibility of the presence of a water ocean on the other celestial bodies; (2) to study
characteristics and ways of chemical exchange between the subsurface ocean, the icy surface, and
the gas envelope of the investigated celestial body [1,2]; (3) to identify and characterize the
potential habitability of the oceans and to understand what kind of life can be found in these oceans
and how to search for it as well as study the biology of its emergence.

The study was supported by the Ministry of Science and Higher Education of the Russian
Federation (the grant no. 075-15-2020-780, “Theoretical and experimental studies of the formation
and evolution of extrasolar planetary systems and characteristics of exoplanets”).

[1] Shematovich V.I. Ocean Worlds in the Outer Regions of the Solar System (Review) // Solar
System Research. 2018. V. 52. P. 371-381.

[2] Plainaki Ch., Cassidy T.C., Shematovich V.I., et al. Towards a global unified model of Europa'’s
tenuous atmosphere // Space Sci. Rev. 2018. V. 214. P. 40-111.

O YACTOTE COBBITUH CBJIMXEHUM 3BE3/] M 3BE3/IHBIX CKOIIJIEHUH C
COJIHIIEM, MOT'YIIIUX BBI3BATh KOMETHBIE JIUBHU

[IIycroB b.M.
Wuctutyt actponomun PAH, Mocksa, Poccus
bshustov@inasan.ru

Hewnz6exnpie cONMMKEHUS 3B€3/ U 3BE3/IHBIX CKOIUIeHWH ¢ COTHEYHOW CHCTEMOM J0 KPUTUUECKHX
paccTosSHUN OKa3bIBAIM U OyayT OKa3blBaTh CYIIECTBEHHOE BO3JCHCTBHME HA JAWHAMHUKY TEl B
obnake Ooprta, BbI3bIBas, B YACTHOCTH, MOSIBJICHHE HOBBIX JIOJTOMEPHOJNYECKUX KOMeT. YacToTy
TaKHUX TMOSBICHUA HYKHO YYUTHIBATh, B YACTHOCTH, B aHAIM3E MPOOJIEMbI aCTEPOUIHO — KOMETHOM
oracHo- cTH. B jgaHHON paboTe HA OCHOBE CTOXAaCTHYECKOI'O MOJEIMPOBAHMS JABMXKEHUHN 3BE3] U
CKOIUICHUH B OKpecTHOCTH COJHEYHOH CHCTEMBI MOJTYy4YeHA 3aBUCHMOCTb YacTOTHI COJMKEHHH CO
3Be3]aMH OT .MpHIensHoro pacctosaus. dmin. ns dmin = 0.5, 1, 2 nk yactota cOMMKCHHIA
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cocraBiisieT 4, 16 u 64 coObITHII 32 MIUIMOH JIET COOTBETCTBEHHO. /|11 00pa3oBaHus KOMETHOTO
JUBHS 3Ha4eHue dmin nokHo ObITh <~ 0.5 nk. COmmkeHus ckoruieHni ¢ CoTHEYHON cHUCTeMOM
Ha dmin = 10 0K OpoUCXOAST € YACTOTON HECKOJIBKO Pa3 3a MUJLIHAPJ JIET.

O IPUYNHAX PA3/INYUAX B UHAEKCE MACCBI CIIOPAIMYECKUX
METEOPHBIX TEJI U METEOPOUJHBIX ITOTOKOB.

B.M.I_HYCTOBl, P.B.3OJ‘IOTapeB2
1I/IHCTI/ITyT actponomun PAH, Mocksa, Poccus

2FOKHBIiT (benepanbHblil yHUBEpcuTeT, PocToB-Ha-/{ony, Poccus
bshustov@inasan.ru

H3BecTHO, UTO CIIEKTPHI MACC METEOPHBIX TEJl, BBI3BIBAIOIIUX SIBICHUS CIIOPAAUYECKUX METEOPOB, U
Tel B METEOpHBIX I0TOKax, B auddepentumansioM suje 6musku dNoc N°dM, npuuem unpekc
Macchl S ~ 2 B cilydae Cropaandeckux MereopoB u S <2 (1.5-1.75) ans notokoB. Mbl paccMoTpenu
MPUYUHBI TAaKOTO pa3nuuus. [lokazaHo, 4TO 3HaUEHHE UHJEKCA S=2 OTpa)KaeT CIydalHbIi XapakTep
nporecca 00pa3oBaHHsS IMMOTOKOB METEOPOUIIOB, KaK B pe3yibTaTe pacmana KOMET, TaKk W TpHu
CTOJIKHOBEHUSIX Ooyiee KpymHbIX Ten (actepounoB). OTKIOHEHHME HHIEKCAa OT S=2 OTpaxkaer
BIMSIHAE JTalbHEUIICH SBOJIONHMUA METEOPOHUTHBIX MOTOKOB. C TIOMOIIBIO YMCIEHHOW MOJENH
JUHAMHKA METEOPOMIHBIX IIOTOKOB, 00pa3oBaHHBIX mpH pacmagze komer 2P/Encke (mortokm
cemeiictBa Taypum) u 96P/Machholz (moTtox ApueTwbl), TOKa3aHO, YTO XOTS U3HAYAIBHO CIICKTP
MacC YacTHUI[ BBUICTAIONIMX HX KOMET MOXXET HUMETh BHUJ, OMNHCHIBAEMBI 3HAuYE€HUEM S=2,
3aBHCUMOCTh JICMCTBUS HErPaBUTALMOHHBIX (DaKTOPOB OT pa3MEpOB YACTHI[ TPUBOIUT K
M3MEHEHHUIO CIeKTpa Macc. B pesynbrare, B METEOPOUIHOM MOTOKE POPMHUPYETCS pacrupesesieHue
CHIEKTPOB MaccC: B LIEHTPE MMOTOKA 3HAYEHUS S MEHBIIIE YeM Ha Kparo. Ha Kparo MOTOKa 3HA4YCHUE S
MOXET Jaxe mpeBblnaTh 2. Takum o00pa3oM, BIEpBbIE HAa KOJIMYECTBEHHOM YpPOBHE HaiJEHO
pemeHre mpoOJIeMbl pa3iIuyusl WHACKCOB MacC JJs CIOPAJAWYECKHX METEOPOB M METEOPHBIX
MIOTOKOB.

OTKPBITUE KOMETHBI 21/ BORISOV

bopucos I'. B.
AHII, TAUII, Kpbim, 1. Hayunsrit
gborisov3@yandex.ru

B nokname mocBAIIEHHOM TeMe OTKpHITUS KomeThl 21 Borisov, mOMHMO HEmocpeacTBEHHO
OTKPBITHS, PACCMATPUBACTCS METOJMKA TOMCKA OKOJIO3EMHBIX aCTePOHJOB M KOMET Ha MaJIbIX
Teneckomnax. PacckaspiBaeTcst o yacTHoi obcepBaTopun MARGO u ee TEXHHMUECKOM OCHAICHHH.
JlaeTcst onrcaHue CTpaTeruy MOMCKa OOBEKTOB B MIPEIPACCBETHOM 30HE, UTO OCOOCHHO aKTyaJbHO
Uit HAOMIOJIEeHUN HEeOOJBIIMMU TENeCKOmaMH, T.K. JaHHas o0JacTh penko HalIromaeTcs
poeCCHOHATBHBIMU TEJIECKOMaMU OOJIBIITUX 0030PHBIX TPOCKTOB.

Pe3ynpTaTroM MHOTOJETHEW WCCIEAOBATENbCKOM, TPEXKAE BCETO JIOOUTENHCKON, pPaboThI
SABISIETCST  pa3paboTKa IIEJIOr0  Kjacca HOBBIX ONTHYECKUX CPEACTB, KOTOPBIE TMOIYUIHIIH
HEMOCPEJICTBEHHOE TPHUMEHEHHWE B PEIICHWH MNPAKTHYECKHMX W HAyYHBIX 3a/ad. | elecKoIbl
CPaBHUTEIHLHO CKPOMHBIX pa3MepoB (10 1 MeTpa) Ha MpaKTHKE JOKa3aiu CBOIO d(P(EKTHBHOCTH.
CocCTOoANI0Ch OTKPBHITHE HECKOJIBKUX OKOJO3EMHBIX acTepousioB M 10 KOMET, oJHa M3 KOTOPBIX
mesk3Be3anas 21/Borisov.

OTKpBITHE MEX3BE3/IHOM KOMETHI BBHI3BAJO BCIJIECK HAYYHOTO M OOIIECTBEHHOTO MHTEpeca K
M3y4YeHUI0 OMMmKHEro kocMmoca. Takum 00pa3oM, JFOOMTENbCKas aCTPOHOMHS CIOCOOHA BHECTH
BeChMa CYIIECTBEHHBIN BKJIAJ B HCCIEIOBAHUE KOCMHUYECKOTO MPOCTPAHCTBRA.
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(0] BJII/‘IJHHI/II/I KO9(I)(I)I/IIII/IEHT1§ ABJIAIINA HA MOJAEJIUPOBAHUE
B3AUMOIAEUCTBUA C ATMOC®EPOU METEOPOUIA UJIN EI'O ®PPAT'MEHTOB

Eroposa JI.A., bpeikuna 1.I".
HNuctutyr mexanuku MI'Y um. M.B. JlomonocoBa, Mocksa, Poccust
egorova@imec.msu.ru

IIpoueccel TOpMOKEHUS, MOTEPU MacChl IIOJ JEHCTBUEM HMHTEHCHBHOIO HarpeBa U
SHEProOBBIJICJIEHUS] METEOPOUI0B B aTMOC(hepe ONMUCHIBAIOTCS TU(HEpeHIIMaTbHBIMU YPAaBHEHUSIMU
meteopHoil ¢u3uku. [lapamerp abisuuu, paBHBIM OTHOLICHHUIO KOA((UIIMEHTA TEIUIONepeIadn K
3¢ (GeKTUBHON SHTAIBIMU YHOCA MACCHI, SIBISIETCS OCHOBHBIM IIapaMETPOM B 3THUX YPaBHEHUSX.
[TosTromy 3amanue Kod¢hduIMEHTa TEIUIONepeaauyl HMEET ONpPEAessIonee 3HAaueHHe IpU
MOJICJIMPOBAHUH B3aUMOJIEHCTBHSI METEOPHBIX Tell ¢ aTMOC(hepoil.

B pabore paccmarpuBaercsi B3aUMOJeEWCTBUE C aTMocepoil Mereopouaa WIH €ro
(GparMeHToB, ABIXYIIUXCA Kak eAuHOe Teso. Macca, CKOPOCTh METEOpOoua, yroj HakJIOHA €ro
TPACKTOPUU K TOPU30HTY, a TAK)K€ BBIJIIEJICHHE SHEPruU BJOJb TPACKTOPUM HAXOJATCS IyTEM
YHUCJIEHHOTO PELICHUs] CUCTEMbl ypaBHEHUH MeETeOpHOM (u3UKU (YypaBHEHHME JIBUYKEHUS Tela
HEPEMEHHOIl Macchl, ypaBHEHME YHOCAa MAacChl U YpaBHEHMs, ONMCBHIBAIOIIUE TpaeKTopuio). Jlis
K03((UIMEHTa PaJUaMOHHON TEIUIONEpeaayy HCIOJIB3YETCsl KOPPEIAIMOHHOE COOTHOIICHHE B
3aBUCUMOCTM OT CKOpOCTH Tejla, €ro paauyca M IUIOTHOCTH aTMocdepbl, sBISIOIIEecs
anmnpoKCUMalMed JOCTYMHBIX U3 JIMTEPaTypbl YHMCIEHHBIX pPAacyeTOB, a TaKXE IIOCTOSHHOE €ro
3HaueHHe, MPHUHATOE B JIUTEpaType; YUUTHIBACTCA TaKKe KOHBEKTMBHAs TeIlonepesaaya.
CylecTByeT HEONpPENEICHHOCTh B PE3yJbTaTaX pacdyeTOB pPaJUallMOHHOIO TEIIOBOIO IOTOKA
BCJIEJICTBUE HAJINWYMS Psila HEYYTEHHBIX M HEHU3BECTHBIX (DAKTOPOB, MOATOMY B BBIPRXKEHHUE JUIS
Ko uIreHTa Teroneperauy BBEJCH apaMeTp HeornpeneneHHocTd. [lyreM BappupoBaHus 3TOTO
napameTrpa HcCClelyeTcsi BIMSHME HETOYHOCTH 3aJaHus KodpduuueHTa abiiluu Ha CKOPOCTh
METEOPOHJIa, YHOC MACCHI, BBICIEHHE YHEPTUU BOJIb TPAEKTOPUHU U HA CaMy TPAaeKTOPHIO.

ON INFLUENCE OF THE ABLATION COEFFICIENT ON MODELING THE
INTERACTION OF METEOROID OR ITS FRAGMENTS WITH THE ATMOSPHERE

Egorova L.A., Brykina I.G.
Institute of mechanics of Lomonosov Moscow State University, Moscow, Russia
egorova@imec.msu.ru

Processes of deceleration, mass loss due to intense heating and energy deposition of
meteoroids in the atmosphere are described by the meteor physics differential equations. The
ablation parameter equal to ratio of the heat transfer coefficient to the effective enthalpy of mass
loss is the governing parameter in these equations. Therefore, setting the heat transfer coefficient is
of great importance when modeling the interaction of meteor bodies with the atmosphere.

The interaction with the atmosphere of a meteoroid or its fragments, moving as a single
body, is under consideration. The mass and velocity of the meteoroid, the angle of inclination of its
trajectory to the horizon, as well as the energy deposition along the trajectory are found by
numerically solving the system of equations of meteor physics. For the radiative heat transfer
coefficient, the correlation is used depending on the body velocity, nose radius and atmospheric
density, which is an approximation of the numerical calculations available from the literature, as
well as its constant value accepted in the literature; convective heat transfer is also taken into
account. There is uncertainty in the results of calculations of the radiative heat flux because some
factors are not taken into account or unknown, so the uncertainty parameter is introduced in the
formula for the heat transfer coefficient. By varying this parameter, the influence of inaccuracy of
setting the ablation coefficient on the meteoroid velocity, mass loss, energy deposition along the
trajectory and on the trajectory, is investigated.
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