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Yeaxaembil yumamens!

3mo usdaHue nocesweHo 85-nemuio UHcmumyma acmpoHomuu PAH (0o 1991 2. —
AcmpoHoMu4eckozo coeema AH CCCP-unu npocmo Acmpocoeema). Haw uncmumym :
— HbIHe KpPynHbIU YeHmp acmpoHOMUYecKuX uccnedoeanl:u — 6bIn cosdal-l e -30-e *
200b! Mpows1020 eeKa Kak KoopOUHaYUOHHbIU op2aH oA 06BLeduHeHusA ycunuu no pea-
JlU3ayuu KpynHeIX acmpoHOMUYeCcKUX poekmoe e Hawel cmpaHe. [Tosxe, 6nazodaps
02pPOMHOU -3Hep2uu U Hay4YHOMY manaHmy pa6omaewux e Acmpocoeeme sniodeil,
2rnaeHbIM OesIoM cmano npoeeael-me can’ocmonmenbnux Hay4HbIX uccriedoeaHull.
Haw uHcmumym no npaey 2opdumecs mem; 4Ymo UMEeHHO 30ech 6bIMOJIHANUCH NTUOHep-
cKue npoekmbl 1Mo uccriedoeaHusIM, cﬁoeam-lbm Ha Ha6nodeHUsIX UCKyCCMEEeHHbIX -
HebecHbIX mesn, c¢husuke u 3IeoniouuU 0, ¢pusuke zpasumupyroWux cucmem,
uUHghopMamuke e acmpoHoMuUU. B Hawe epems MHcmumym acmpoHOMUU coXpaHsiem
Nudepcmeo e amux HanpaeseHUsIX, 00HOBPEeMEeHHO paseueas u Hoesle — ocyuecm-
eJlIeHUe KOCMUYeCKUX npoekmos, demalsbHble uccneaoeanun men CosnHeyHoU cucme-
Mbl U 3K30nnaHem, npodeuxeHue udell ebIYUCIUMENLHOI. acmpoghusuku, cosdaHue
pocculicko20. ceaMeHma cucmeMbl npomueodeﬂcmeuﬂ KOCMU4YecKuM yzposaM. 3a .
npowedwue 200bl 661710 831MO MHO20 HayYHbIX @epUIUH. Bbleanu u mpyOdHeie epe-
. MeHa. Ho MbI pabomaeM, ecmb MoJsoXuUMmMesbHbIe nepenekmuebl, u yKpennsalomcs Ha-
dexobl U e 6ydywemM npodosmkamb nyHuiue mpaduuuu u npeyMHo;kamL docmuixeHus
omeyYyecmeeHHOU HayKu: —1
. &

R C noxenaHusMu ecezo. do6poao, ,

ﬂupekmop hl-lcmumyma acmponomru PAH

: : - s ‘. :: yn.-kopp. PAH

’ = ' A & - /.B. Bucukano

: ' ; Vo e Hay-muu pyKoeodumens
‘MHcmumyma acmpoHomuu PAH'
L. : yn.-kopp. PAH .
' ' ; ' + B.M. Wycmoe .

Dear reader,

This publication.is dedicated to the 85th anniversary of the Institute of Astronomy (until .
1991 — the Astronomical Council of USSR Academy of - Sciences -or simply
Astronomical Council). Nowadays our Institute is a major center of astronomical
research. It was founded in the 30-ties of the last century as a coordinating body for
implementation of large astronomical projects in this country. Later, thanks to a lot of
energy and scientific talent of people working at the Astronomical Council the primary
focus was on the fundamental research. Our institute is proud of- the, fbct that it has
carried out pioneering research projects, based.on observations of artificial celestial
bodies, physics and evolution of stars, physlcs of gravitating systems, computer
science in astronomy. And in our time, the Institute of Astronomy keeps the leadership
in these areas, developing new ones — the implementation of space projects, detailed
studies of the Solar System bodies ‘and of exoplanets, development of numerical
astrophysics methods, development of space hazards counteracﬂon system. Over the
years, a lot of scientific heights has been achleved There were tough times either. But
we-are working, there is a positive outlook and hopes to continue the best traditions
and to increase ach:evements of RusSlan science.

E - - ,Wlshlng‘you all the best,
Director of the Institute of Astronomy

-Corresponding Member of the RAS

D.V. Bisikalo

Science dlrector of the Institute of Astronomy
Corresponding Member of the RAS

; B.M. Shustov



KPATKAA UCTOPUA

BRIEF HISTORY

MacwrabHas nHayctpranuzaums CCCP B8 1930-e rr. npegnona-
rana OAHOBPEMEHHOe WHTEeHCUBHOe pa3BuTMe Hayku. OTset-
CTBEHHOCTb 3a OpraH13auuio pyHAaMeHTanbHbIX HayUHbIX UCCe-
[OBaHWUI B TO BpeMsi Obinia BO3MoxeHa Ha Akagemuto Hayk CCCP
(AH CCCP). ina koopanHaumm paboT B 06nacTn actpoHomun B AH
CCCP 6bin co3aaH ACTPOHOMMYECKII CoBET. [laTol ero poxxaeHvs
cuutaetca 20 fekabps 1936 r., koraa Mpesugnymom AH CCCP 6bin
YTBEPXKOEH MPOEKT MONoXeHns 06 ACTPOHOMMYECKOM COBETe
npv AH CCCP, npencTtaBneHHbI akagemmkamu A. E. QepcmvaHom n
B. T. ®eceHkoBbIM. AkagemuiK B. I'. DeceHkoB ctan nepsbiM MNpeg-
cepatenem Actpocosera.

B noBoeHHble rofbl pyKOBOACTBO ACTpocoBeTa cobupano u
CUCTEMATV3NPOBANO CBeAeHUs 06 UCCefoBaHWsX, NMPOBOAVB-
LUMXCA B Pas3fIMYHbIX aCTPOHOMUYECKMX YyupexaeHusax CCCP,
yTobObl M36exaTb AYy6NUPOBaHVS U HanaguTb COMNACOBaHHYIO
paboTy no Hambornee NepcnekTUBHbLIM HanpasneHyam. Ha Bpems
BOWHbI [eATeNIbHOCTb ACTpocoBeTa Obla MPUOCTAHOBNIEHA U
BO30OHOBUWNacb TONMbKO B 1947 . nmop npeacenaTenbCTBOM
uneHa-koppecnoHgeHTa AH CCCP A. A. Muxannosa.

B cootBeTcTBIMM C peleHrAMm NneHymoB ACTpocoBeTa pacnpe-
Lenanocb GprHaHCMPOBaHVE aCTPOHOMMYECKMX UCCieoBaHNIA. B
nepBble NOC/IEBOEHHbIE roAbl OCHOBHble CPeACTBa LN Ha BOCCTa-
HOBJIEHME pa3pyLLEHHbIX OOGCepBaTOpPUIA, B MEPBY Ovepenb
MynkoBckon 1 Crmensckol. B 3T ke rogbl 6binv co3paHbl 1
OCHalLleHbl NepeaoBbIMM AJIA TOrO BPEMEeHU Teneckonamu
HabnogaTenbHOW TEXHMKOWM HOBble obcepBaTopui — BropakaH-
ckaa B ApmeHun, AbactymaHckaa B py3un n LLlemaxvHckas B
AsepbangxaHe.

Ha BoccTaHOBNEHHDBIX M MOCTPOEHHbIX 00CEPBATOPUAX AKTVBHO
NpoBOANNCL UCCNENOBaHMA MO LEeNoMy pagy HanpasneHun,
KoTopble TpeboBany YeTKOW KOOpAUHAUMM 1 MOCTOSIHHOMO
obmeHa pe3ynbTaTamy KccnenoBaHuid. [ostomy [MneHymom
AcTpocoBeTa 6bIs1I0 NPUHATO PeLLEHVE O CO3AHNN B €ro CTPYKTY-
pe NpobaeMHbIX KOMUCCUIA MO acTPOMETPUI, 3BE3AHON aCTPOHO-
MWW, 3BE€3HbIM CKOMMEHNAM, 3BE€3[HbIM aCCOLMALIMAM, CTPOEHMIO
lanakTnky, Gpusnke 1 3BOMIOLMM 3Be3[, 3Be3AHbIM aTMocdepam,
nepemeHHbIM 3Be3aaMm, rnKe nnaHet, dpusmke ConHua, pagmoa-
CTPOHOMUW 1 acCTPOHOMMUYECKOMY MPUO0POCTPOeHUMto. Takxe B
CTpyKType AcTpocoBeTa Oblna yupexpaeHa Pabouas rpynna no
NCCef0BaHMIO acTPOKIUMATA.

MpobnemMHble KOMUCCUY KOOPAMHMPOBAM UCCIeOBaHUS BO
BBEPEHHOW IM 061aCTL, CO3bIBaNIN HAaYYHble COBELLAHUA 1 AOKNIa-
OblBany BaXKHeNWwwme pe3ynbTaTbl Ha exerofHblx [lneHymax
ActpocoseTa. K lNneHymam nprypounsanocb NposefeHre 3Haun-
TesbHbIX HaY4HbIX coBellaHuii. [To npegcTasneHuto lNpesngnyma
Actpocoseta [Mpe3ungmnymom AH CCCP 6bina yTBepxaeHa MMeH-
HaA Mefarb «3a O6HapyeHNe HOBbIX AaCTPOHOMUYECKNX 0OBbEK-
TOB», KOTOpas TOXe Npucy»kpanacb no peteHuio MNpesmanyma
AcCTpocoBeTa 1 TOpKeCTBeHHO Bpyyasach Ha [neHymax.

ActpoHommyeckuin coBeT AH CCCP mrpan BaXHyto porb B KOOp-
AVHALUMN MeXOYyHapOoOHbIX MPOEKTOB, B KOTOPbIX y4yacTBOBaIU
COBETCK/e acTPOHOMbI, 1 OTBeYasn 3a B3anmopgencrauve ¢ Mexay-
HapoAHbIM acTpoHoMMYecknm coto3oM. C KoHua 1960-x rr. B
COBMECTHbIX C ACTPOCOBETOM WCCNIeOBaHUAX YYacTBOBanu
yueHble MPaKTMYeCKn 13 BCeX eBPOMENCKMX COLMANMCTNYECKNX
CTpaH. 1A KoopavHauun 3TUX uccneaoBaHuin B 1974 r. Gbina
yupexgeHa KomnccMa  MHOrOCTOPOHHEro  COTPYAHMYECTBa,
COCTOSBLUAA W3 LUECTU NPOOGSIEMHbIX MOAKOMMUCCUI: «PaHHMe
CTaguun 3BonOUMK 3Be3d» (KoopauHatop — YexocnoBakus),
«Mo3gHne ctagum 3Bonouunn 3Be3g» (Monbuwa), «<HectaumoHap-
Hble 3Be3gbl» (BeHrpus), «MarHuTHble 3Be3gbl» (FepmaHus),

The large-scale industrialization of the USSR in the 1930s implied
the simultaneous intensive development of science. The
responsibility for organizing fundamental scientific research at that
time was assigned to the USSR Academy of Sciences (USSR AS). An
Astronomical Council was created to coordinate research in the
field of astronomy at the USSR AS. December 20, 1936 is
considered as its birth date. At this day the Presidium of the USSR
AS approved the draft regulations on the Astronomical Council at
the USSR AS, presented by Academicians A.E. Fersman and
V.G. Fesenkov. Academician V.G. Fesenkov became the first Chair
of AstroCouncil. In the pre-war years the AstroCouncil collected
and systematized information on research carried out in various
astronomical institutions of the USSR in order to avoid duplication
and to establish coordinated work in the most promising areas.
During the war, the activities of the AstroCouncil were suspended
and resumed only in 1947 under the chairmanship of
A.A. Mikhailov, Corresponding Member of the USSR Academy of
Sciences.

Funding for astronomical research was distributed in
accordance with the decisions of the Plenums of the AstroCouncil.
In the first post-war years, the main funds went to the restoration of
the destroyed observatories, primarily Pulkovo and Simeiz ones. In
the same years, new observatories were created and equipped
with the most advanced telescopes and observational equipment
for that time, Byurakan in Armenia, Abastumani in Georgia and
Shamakhy in Azerbaijan.

At the restored and newly built observatories, various studies in
a number of areas were actively carried out, requiring clear
coordination and constant exchange of research results. Therefore,
the Plenum of the AstroCouncil decided to add to its structure
problem commissions on astrometry, stellar astronomy, star
clusters, stellar associations, the structure of the Galaxy, physics
and evolution of stars, stellar atmospheres, variable stars, planetary
physics, solar physics, radio astronomy and astronomical
instrumentation. Also the Astroclimate Research Working Group
was established in the structure of the AstroCouncil.

Problem commissions coordinated research in their assigned
topics, convened scientific meetings and reported the most
important results at the annual Plenary Sessions of the
AstroCouncil. Major scientific meetings were held in association
with the Plenums. By the suggestion of the AstroCouncil
Presidium, the Presidium of the USSR AS established a personal
medal “For the discovery of new astronomical objects”, which was
also awarded by the decision of the AstroCouncil Presidium and
was solemnly presented at the Plenums.

The Astronomical Council of the USSR AS played an important
role in coordinating international projects in which Soviet
astronomers participated, and was responsible for interaction with
the International Astronomical Union. Since late 1960's scientists
almost from all European socialist countries took part in joint
research with the AstroCouncil. To coordinate these studies, in
1974 a Multilateral Cooperation Commission was established,
consisting of six problem subcommissions: “Early stages of stellar
evolution” (coordinated by Czechoslovakia), “Late stages of stellar
evolution” (Poland), “Non-stationary stars” (Hungary), “Magnetic
Stars” (Germany), “Double Stars” (Romania), “Clusters and
Associations” (Bulgaria).

In anticipation of the launch of the first artificial Earth satellite
(AES), the Astronomical Council of the USSR Academy of Sciences
was entrusted with organizing satellite observations. Sixty-six
satellite observing stations were created on the territory of the
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«[1BoVHble 3Be3fbl» (PymblHMA), «CKomneHMA W accouuaumm»
(bonrapwus).

B npenpsepun 3anycka NepBOro WCKYCCTBEHHOrO CMyTHMKA
3emnu (MC3) ActpoHomuueckomy coety AH CCCP 6bina nopyue-
Ha opraHu3auusa HabnogeHuin NC3. Ha Tepputopun CoBeTCKOro
Coto3a 6bI10 co3aaHO 66 CTaHUu ana HabmoaeHun UC3, a B
AcTpocoBeTe 6blna yupexgeHa rpynna COTPYAHUKOB AJ1si KOOp-
AVHALMKW paboT 3TrX CTaHUuiA. B 1958 1.y AcTpocoBeTa nosiBuiach
CoOCTBEHHanA HabnofaTenbHasa 6asa nog 3BEHUrOPOAOM, MO3XKe
cTaBLwas 3BeHuUropopckol obcepeatopuein MHACAH.

3BeHUropofckasi obcepeatopus cbirpana Gonbluylo ponb B
roslyyeHn HabMoAATENbHOO MaTepuana AJisi UCCIefoBaHWNM,
NPOBOAMBLUMXCA Ha OCHOBE aHanv3a ABWXKeHU 1 oTomeTpun
NC3. Ha npoTskeHUn MHOTMX NneT 3hecb pa3pabaTbiBavCh
METOAUKM HabogeHNI, NCMbITbIBANINCL HOBble NMprbopsl. MNMocne
CTaXVMPOBKM B 3BEHUrOPOACKOW 0OCEepPBATOPUM  ACTPOHOMBI
HaNpPaBAANNCL Ha HAbMoAATENbHbIE CTAHLUV, PACMONOXKEHHDIE B
pasnnyHbIX CTPaHax.

B 1946 r. B AcTpocoBeTe Havanacb paboTa Mo cO34aHUo
OG6Lero KaTasnora nepemeHHbIx 3Be3a. B Havane 1960-x Ir. nog
pykoBogctBom A. . MaceBuuy B AcTpocoBeTe Oblia co3faHa
rpynna no nccnefoBaHuto GrsnKm 1 asonoumn 38e34. B 1967 r.no
npepnoxeHuto Mpepcepatena ActpocoseTta 3. P. Myctensa 6binn
HauaTbl UCCNefOBaHUA B OOMACTU 3BE3[HON CMEKTPOCKONUA ©
HecTaLUMOoHapHbIX 3Be34. B 1970-e rr. Hayanucb paboTbl Mo Mofe-
JIMPOBAHMIO 3BOMOLMM TECHbIX ABOWMHbIX 3BE3[HbIX CUCTEM W
3Be3HbIX MySbcaLym.

B 1961 r. B ACTpocoBeTe Oblila OTKpPbITa acNMpPaHTypa no Tpem
cneumanbHocTAM: «COTHeYHO-3eMHble CBA3W» (pyKoBOAUTENb 3.
P.Myctenb), «Ou3smka v asontouua 38e3ay» (A.I. Macesny) n «[epe-
MeHHble 3Be37bl» (B. B. KykapkuH). [loarotoBneHHbIe B acnypaHTy-
pe cneuvanucTbl NO3Xe CTany KagpoBow OCHoBOW WHcTuTyTa
actpoHomuu AH CCCP.

B 1980 r. B cocTaBe AcTpocoBeTa Obin cozfaH LieHTp acTpoHo-
MuYeckux AaHHbix (UAL) — déunman Crpacbyprckoro ueHTpa
3Be3aHbIX AaHHbiX. Co3gaHue LIALl npepgoctaBuno acTpoHOMam
Cosetckoro Coto3a M COLMANTUCTMYECKNX CTPaH BO3MOXHOCTb
6e3B03MEe3[HO MCMO/b30BaTh BCKO HAKOMIEHHYIO Ha 06CcepBaTo-
puax mypa WHPOpMaUMIo, a TakkKe nepedaBaTb MUPOBOMY
HayYHOMY COOOLLECTBY KaTasloryi, MOArOTOBEHHbIE COBETCKVMM
yuyeHbiMn. IHnuymaTrea co3gaHua LA nprHagnexnT pykosoau-
Teno ueHTpa K.d-m.H. O. b. iny>kHeBCcKoI.

CoTtpygHuKK ACTpocoBeTa perynfapHO npuBneKkanucb ana
KOHCYNbTaLuii MO W3rOTOBMEHMIO SKCMOHATOB M PaboTbl Ha
3apYOeXHbIX BbICTaBKaX, B YaCTHOCTY, B MPECTUXHbIX BbICTAaBKaX
«3KCno-67» (MoHpeanb, KaHaga, 1967) 1 B eHepanbHO accam-
6nee OOH (Hbto-Mopk, CLLIA, 1982).

K 1990-m rr. ACTpOCOBET CTan He CTONbKO KOOPAMHMPYIOWNM
OpPraHoM, CKOMIbKO HayYHO-UCCIeQ0BATENbCKAM UHCTUTYTOM C
COOCTBEHHBIMU 0OCEPBATOPVISIMI 1 BBIYNCIIUTENBHBIM LIEHTPOM.
B nekabpe 1990 r. 3T0 M3MeHeHWe CTaTyca Obl1O 3aKpensieHO
npeobpasoBaHnem AcTpoHoMuueckoro coseta AH CCCP B
WHctutyT actpoHomnn AH CCCP.

B coBpemerHom VIHACAH ycnelHo pa3BrBaloTcA akTyasibHble
HanpaB/ieHVA Hay4YHbIX NCCNefoBaHUA — Gu3mnKa 1 3BoMOLKA
[BOWHbIX 1 KPaTHbIX CUCTEM, 3Be3HasA CMEKTPOCKONNA, HeCTaum-
OHapHble 3Be3/bl, reoanHaMuKa 1 reopusnka, ¢usmka ConHeu-
HOM CUCTEMbl M 3K30MaHeT, ¢M3nKa Mex3Be3gHOW cpefbl,
3Be34000pa3oBaHMe, acTpoXVMus, GU3MKA 3BE3AHBIX CUCTEM,
KOCMOJIOTisI, aCTPOHOMMYECKOe MpPUOOPOCTPOEHME, KOCMMYe-
CKue nccrnefoBaHus. Benetca 6onbluasa paboTa Mo KooparHaLmm
NCcCcnefoBaHN Kak Ha BHYTPUPOCCUMINCKOM, Tak M Ha MeXKayHapoa-
HOM YpOBHe. YCMewHO roTOBATCA HayyHble Kagpbl. WHcTUTYT
actpoHomun PAH nogxognT K oyepesHoMy toburielo B cTaTyce
Hay4HOro 1 06pa3oBaTENIbHOrO LIEHTPA MUPOBOTO YPOBHS.
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Soviet Union, and a working group was established in the
AstroCouncil for these stations’ work coordination. In 1958, the
AstroCouncil acquired its own observation site near Zvenigorod,
which later became the Zvenigorod Observatory of INASAN. The
Zvenigorod Observatory played an important role in obtaining
observational data for studies based on the analysis of motions and
photometry of the satellites. Over the years, observation
techniques were developed here, new devices were tested. After
training at the Zvenigorod Observatory, astronomers went to
observation stations located in other countries.

In 1946, the AstroCouncil began working on the creation of the
General Catalog of Variable Stars. In the early 1960s under the
leadership of A.G. Masevich, a group for the study of the physics
and evolution of stars was created in the AstroCouncil. In 1967, at
the suggestion of the Chairman of the AstroCouncil, E. R. Mustel,
research began in the field of stellar spectroscopy and
nonstationary stars. In the 1970s the research on modeling the
evolution of close binary stellar systems and stellar pulsations
started as well.

In 1961, the AstroCouncil opened postgraduate courses in three
topics: “Solar-Terrestrial Relations” (supervisor E. R. Mustel),
“Physics and Evolution of Stars” (A. G. Masevich) and “Variable
Stars” (B. V. Kukarkin). The students of these courses later became
the personnel base of the Institute of Astronomy of the Academy of
Sciences of the USSR.

In 1980, the Astronomical Data Center (ADC), a branch of the
Strasbourg Stellar Data Center, was created within the
AstroCouncil. The creation of the ADC provided astronomers of the
Soviet Union and socialist countries with the opportunity to freely
use all the information accumulated at the observatories of the
world, as well as to present catalogs prepared by Soviet scientists
to the international scientific community. The initiative to create
the ADC belongs to the current head of the center, Ph.D.
0.B. Dluzhnevskaya.

AstroCouncil staff were regularly involved in consultations on
the manufacture of exhibits and work at foreign exhibitions, in
particular, at the prestigious Expo-67 (Montreal, Canada, 1967) and
at the UN General Assembly (New York, USA, 1982).

By the 1990s the AstroCouncil ceased to be just a coordinating
body, but became a research institute with its own observatories
and a computing center. In December 1990, this change in status
was consolidated by the transformation of the Astronomical
Council of the AS of the USSR into the Institute of Astronomy of the
AS of the USSR.

In present-day INASAN, topical areas of scientific research are
successfully developing: physics and evolution of binary and
multiple systems, stellar spectroscopy, nonstationary stars,
geodynamics and geophysics, physics of the Solar System and
exoplanets, physics of the interstellar medium, star formation,
astrochemistry, physics of stellar systems, cosmology, astronomical
instrumentation, space research. A lot of work is being done to
coordinate research both at the domestic and international levels.
Young scientists are successfully trained. The Institute of
Astronomy of the RAS approaches the next anniversary in the
status of a scientific and educational center of world-class level.
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Yauacmnuku lneHyma AcmpoHomuyeckozo cosema AH CCCP, Boicmaska «Kocmoc-2000», [junonu, QuHnsHous, 1984 2. Busum Ha
bropakatckas obcepeamopus AH Apmanckot CCP, 1971 2./ sbicmasky lpesudeHma QuHnaHouu MayHo Kotisucmo /
Participants of the AstroCouncil Plenum, Byurakan Observatory of “Kosmos-2000" exhibition in Dipoli, Finland. A visit of the Finland
the Armenian Academy of Sciences, 1971 President Mauno Koivisto
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Medane AcmpoHomuye-

ckoz2o coeema AH CCCP/
Medal of the Astronomical
Coumcil of the USSR AS

L R i,
3acedaHue Y4yeHo20 cosema Acmpocosema 8 38eHU20po0cKoU
obcepsamopuu /A meeting of the academic council of the
AstroCouncil at the Zvenigorod Observatory

Karaoa)/ Wernher von Braun at Expo-67 exhibition, Montreal,
Canada
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OCHOBHbIE HAYYHbDIE HAMPABJIEHUA N CTPYKTYPA UHCTUTYTA

MAIN SCIENTIFIC ACTIVITIES AND STRUCTURE OF THE INSTITUTE

OcHoBHasA feATenbHOCTb IHCTUTYTa aCTPOHOMUMN — BbIMNOJ-
HeHune pyHAaMeHTaNbHbIX HayUYHbIX NCCIIeAOBaHNI 1 MPUKNag-
HbIX pa3paboToK B 06MacTM acTpoHOMUU. UMHCTUTYT nmeeT
NNLEH3MM Ha NpoBefeHMe KOCMUYECKUX WCCNefoBaHUn U
obpa3oBaTenibHON AeATENbHOCTY.

[maBHble HanpasneHua wuccnegosaHnn B WHACAH —
du3mKa 3Be3gHbIX aTMocdep, TeopeTnyeckne npobraembl
bU3MKM 1 3BONIOLMM 3BE3[, 3BE3[HbIX CUCTEM U MEXK3BE3HOMN
cpeppbl, HecTauMoHapHble 3Be3fdbl, GU3MKa rPaBUTUPYIOLLNX
3Be3[HbIX 1 MIAHETHbIX cMcTeM, MHbOPMaLMOHHOe obecneye-
HVe acTPOHOMMYECKMX NCCNeaoBaHuin (6aHKM acTpoHoMMUYe-
CKUX AaHHbIX), TeopeTMyeckne 1 npuKnagHble npobrembl
acTpoOMeTpUw, reoguHaMnKN 1 reodusmnkm, metombl Habnoge-
HUI UCKYCCTBEHHBIX M €CTECTBEHHbIX HEBECHDBIX TeN, BHeaTMOC-
depHana actpoHomMuA. bonee KOHKpPETHO TemaThKa MNOCIE[HUX
neT BbIMMAAUT TakK:

+ NlccnegoBaHmne Manbix HEGECHbIX T€N WCKYCCTBEHHOMO U
€CTeCTBEHHOr0 NPOUCXOXAEHNA Y AUHAMNYECKMX NPOLIECCOB
B CoNHeYHOW cucTeme, BKOYasA Npobriembl acTepongHo-Ko-
MEeTHOW OMacHOCTW;

« OnpepeneHvie AMHaMMYeCKUX MapameTpoB 3emnn Mo
JaHHbIM HabmopeHun NC3;

+ JK30MnaHeTbl 1 UX aTMochepbl, ropAYMe KOPOHbI 3emsu,
nnaHeT u cnyTHNUKoB CONTHEYHON CUCTEMDI;

+ PaHHVe cTagun o6pa3oBaHUA 3Be3[HbIX W MaHETHbIX
caucTtem;

+ ACTPOXMMMNA MEX3BE3HOW Cpeabl;

+ CnekTpanbHble nccnefoBaHnA 3Be3f;

+ KomnnekcHoe nccnefoBaHvie nepeMeHHbIX 3Be3f;

+ YncneHHoe mofenupoBaHue MpoLieccoB BO B3aMMOAEN-
CTBYIOLLMX ABOMHBIX 3BE3JaX;

+ InHaMuKa acTpodr3NYeCKmX [UCKOB;

+ MogenvnpoBaHue OCHOBHbIX CBOWCTB aHcambrein oguHou-
HbIX 1 [BOMHbIX 3B€3[ MaNaKTKM 1 ranakTUyeckux CTpykTyp;

« Co3gaHune HOBbIX U c6Op MHPOPMaLMK O CyLLEeCTBYIOLMUX
apXxvBax aCTPOHOMUYECKNX AaHHDBIX;

« MeToAbl 1 MHCTPYMEHTbI aCTPOHOMUYECKNX HAbMIoAeHNIA;

+ BHeaTmocdepHas acTpoHomuA.

K Hambonee KpymHbIM HayyHO-TEXHUYECKUM MpPOEKTaM,
BbinonHALWMUMcA B IHCTUTYTe B pamkax OefiepasibHOM KOCMU-
yeckon nporpammbl PO, oTHOCUTCA MexayHapoaHbii (npwu
Beayuwel ponu Poccum) npoekT Cnektp-YO (MexagyHapogHoe
Ha3BaHWe «BcemmpHas Kocmmyeckasa obcepBaTopusa — YnbTpa-
¢uronet, World Space Observatory-Ultraviolet»). WHcTuTyT
actpoHomun PAH — ronoBHas HayuHaa opraHu3auma npoek-
Ta. HayuHbin pykoBogmuTenb npoekta — uneH-kopp. PAH b.M.
LyctoB, koopguHatop — A.¢.MH. M.E. CaykoB. UHcTUTYT
aCTPOHOMUM TaKXKe aKTUBHO y4yacTByeT B [eATEeNbHOCTM MO
KOHTPOJII0 KOCMMYECKOro MPOCTPaHCTBa U B UCCIeAOBaHUN
BOMPOCOB acTEPOVAHO-KOMETHOWN OMacHOCTU.

B cTtpykTypy NHCTUTYTa acTpoHOMUM BXOAAT BOCEMb OCHOB-
HbIX Hay4HbIX nogpasaenerHnii: Otaen nccnegosaHun ConHeu-
HOM cucTembl (pyK. A.¢.-M.H. B./. LemaTtoBuy), OTaen HecTauu-
OHapHbIX 3Be3[ 1 3Be34HO0N cnekTpockonuu (pyk. a.¢.-m.H. JT.U.
MawwoHkmHa), OTaen ¢pusnkn n ssontouunn 3se3g (pyk. 4.¢-M.H.
[.3. Bube), Otgen ¢pusmkm 3se3gHbix cuctem (pyk. a.¢p-m.H. O.10.
Mankos), OTgen 3KCNepuUMEHTaNIbHOM acTPOHOMUN (PYK.
A.0.-m.H. M.E. CaukoB), 3BeHUropopckaa obcepsatopus (pyK.
K.0.-Mm.H. C/. BapabaHoB), Cumeunsckaa obcepaTopua (pyk
rpynnbl - UI.B. HwukoneHko), Tepckonbckunn d¢unman (pyk
4.¢.-m.H. B.K. Tapaguin).

Mo faHHbIM Ha HOAGPb 2021 1. B IHCTMTYTe paboTaeT 89 Ha-

The main activity of the Institute of Astronomy is the
implementation of fundamental scientific research and
applied developments in the field of astronomy. The Institute is
licensed to conduct space research and educational activities.

The main areas of research at INASAN are physics of stellar
atmospheres, theoretical problems of the physics and
evolution of stars, stellar systems and the interstellar medium,
nonstationary stars, physics of gravitating stellar and planetary
systems, information support for astronomical research
(astronomical data banks), theoretical and applied problems of
astrometry, geodynamics and geophysics, methods of
observations of artificial and natural celestial bodies,
extra-atmospheric astronomy. More specifically, the highlights
of recent years are the following:

« Study of minor celestial bodies of artificial and natural
origin and dynamic processes in the Solar System, including
the problems of asteroid-comet hazard;

« Determination of the dynamic parameters of the Earth
based on data from satellite observations;

« Exoplanets and their atmospheres, hot corona of the Earth,
planets and their satellites in the Solar System;

« Early stages of the formation of stellar and planetary
systems;

« Astrochemistry of the interstellar medium;

« Spectral studies of stars;

« Comprehensive study of variable stars;

« Numerical modeling of processes in interacting binary
stars;

« Dynamics of astrophysical disks;

+ Modeling the main properties of ensembles of single and
double stars in the Galaxy and galactic structures;

« Gathering information on existing archives of astronomical
data and creation of new archives;

+ Methods and tools for astronomical observations;

- Extra-atmospheric astronomy.

One of the largest scientific and technical projects carried
out at the Institute within the framework of the Federal Space
Program of the Russian Federation is the international (lead by
Russia) project Spektr-UF (internationally called World Space
Observatory-Ultraviolet). The Institute of Astronomy of the
Russian Academy of Sciences is the principal scientific
organization of the project. Corresponding member of the RAS
B.M. Shustov is a scientific supervisor of the project. The
coordinator of it is Doctor of Sciences M.E. Sachkov. Moreover,
the Institute of Astronomy is actively involved in space control
activities and in the study of asteroid-comet hazard issues.

The structure of the Institute of Astronomy includes eight
main scientific subdivisions: the Department of Research of the
Solar System (headed by D.Sc. V.. Shematovich), the
Department of Nonstationary Stars and Stellar Spectroscopy
(headed by D.Sc. L.I. Mashonkina), Department of Physics and
Evolution of Stars (headed by D.Sc. D.S. Wiebe), Department of
Physics of Stellar Systems (headed by D.Sc. O.Yu. Malkov),
Department of Experimental Astronomy (headed by
D.Sc. M.E. Sachkov), Zvenigorod Observatory (headed by
S.I. Barabanov), Simeiz Observatory (headed by LV. Nikolenko),
Terskol Observatory (headed by D.Sc. V.K.Taradiy).

By November 2021, the Institute employs 89 research
scientists, including two corresponding members of the
Russian Academy of Sciences, 22 full doctors of sciences, 42
doctors of philosophy. Seven employees have the title of
professor, six are associate professors. About a third (31%) of
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CTPYKTYPA MHACAH

AOMUHUCTPALINA
[Avipektop — un.-kopp. PAH [1.B. Bucnkano
Hayu. pyk. uHctutyTa — un.-kopp. PAH B.M. LLlyctos
3am. gup. no Hayu. pa6. — A.¢.-m.H. M.E. CaukoB
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INASAN STRUCTURE

ADMINISTRATION
Director — corr. member of the RAS D.V. Bisikalo
Science Director — corr. member of the RAS B.M. Shustov
Vice-director for Research — Dr. M.E. Sachkov
Vice-director for General Issues — E.A. Oboyudnov
Scientific Secretary — Dr. A.M. Fateeva
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YUYHbIX COTPYAHWKOB, B TOM UMCAIE Ba YNeHa-KOPPeCnoHAeHTa
PAH, 22 pokTopa HayK, 42 KaHpamaaTa Hayk. CeMb COTPYAHUKOB
MMelOT 3BaHMe npodeccopa, wWecTb — pAoueHTa. Bospact
npumepHo TpeTn (31%) HayUHbIX COTPYAHNKOB He MpeBblllaeT
35 net, npui 3ToM 13 13 HUX y>Ke 06N1afatoT HayUYHbIMU CTeMneHs-
M. O6lasa HOpMaTUBHaA LWITaTHaA YMCIIEHHOCTb WMHCTUTYTa
coctaBnaeT 148 yenosek (U3 HMX 33 — B TepcKonbCcKkoM dunna-
ne).

Hannune BblcokoKBanndMUMPOBaHHOIO NepcoHana Nno3Bo-
naet VIHCTUTYTY Ha MMPOBOM YPOBHE pellaTb MHorve GpyHaa-
MeHTaNlbHble N NpUKNagHble 3afa4yn COBPEMEHHOM acTPOHO-
Mun. Yncno nybnukauum B NPeCTUMXKHbIX peLieH3MpyeMbix
MeXOYHapPOAHbIX M POCCUNCKIMX HAYUYHbIX XypHarax 3a neprog,
2011-2015 rr. npeBbllaeT yeTblpe C MOSIOBMHOM COTHMU (MO
ctatuctmke Web of Science) n BaBoe 601blue, eciivi yunTbiBaTb
oTeyecTBeHHble U3faHuA, He Bxopslwme B cnucok Web of
Science. Kpome TOro, Kakgbii rog n3gaeTca ogHa-gBe MOHO-
rpadumn n/mnn Tematmyeckme COOPHUKM HayUHbIX CTaTen u
0630poB. NHCTUTYT ABnAeTcA yupeauTenem [ABYX HayuHbIX
XKypHanoB — «ACTPOHOMMYECKOro XypHana» u «Hay4yHbIX
TpyaoB NHcTuTyTa actpoHommn PAH».

WccnepoBaHnA COTPYAHMKOB MOAAEPKMBAIOTCA rpaHTamm
MNpe3npeHTta PO, poHpgos POOU, PHD, DFG (FepmaHua), NSF
(CLLA) n gp. CoTpyaHUKN WMHCTUTYTa MMEIOT 3HaunTenbHoe
KOMMYeCTBO roCydapCTBEHHbIX (OpAeHa, Mepanu, 3BaHWA
«3acnyeHHbl aesTenb HAayKW») U BEOOMCTBEHHbIX Harpapg
(npemun n nouetHble Harpagbl PAH n Pockocmoca). Pap
cotpypHukos MHACAH nonyuanu 6narogapHoctb lNpe3unaeHTta
PAH, MoyeTHble rpamoTbl Mpe3ngnyma PAH. MHorue coTpya-
HUKM VNHCTUTYTa ABRAIOTCA YneHamy MeAyHapOAHbIX akaje-
MU 1 Hay4HbIX 00LLEeCTB, B TOM Uncie EBponenckoro acTpoHo-
MUnyeckoro obuyectsa n MexagyHapogHOro acCTpOHOMUYECKOro
coto3a.

the research workers are under 35, with 13 of them possessing
the PhD degree. The total staff of the institute is 148 employees
(of which 33 belong to Terskol Observatory).

The presence of highly qualified personnel allows the
Institute to work on many fundamental and applied problems
of present-day astronomy at the world-class level. The number
of publications in prestigious peer-reviewed international and
Russian scientific journals for the period 2011-2015 exceeds
four and a half hundred (according to Web of Science statistics)
and twice this number, if we take into account domestic
publications not included in the Web of Science list. In
addition, one or two monographs and/or thematic collections
of scientific articles and reviews are published each year. The
Institute is the founder of two scientific journals,
“Astronomicheskij Zhurnal” and “INASAN Science Reports”.

Research projects conducted by the scientists of INASAN are
supported by grants from the President of the Russian
Federation, the RFBR funds, the Russian Science Foundation,
DFG (Germany), NSF (USA) and others. The staff of the Institute
has a significant number of state (orders, medals, titles
“Honored Scientist”) and departmental awards (prizes and
honorary awards of the Russian Academy of Sciences and
Roscosmos). A number of INASAN scientists received a
Gratitude from the President of the Russian Academy of
Sciences, Honorary Diplomas of the Presidium of the Russian
Academy of Sciences. Many researchers of the Institute are
members of international academies and scientific societies,
including the European Astronomical Society and the
International Astronomical Union.

MATEPUAJIbHAA BA3A UCCNEAOBAHUN

RESEARCH FACILITIES OF THE INSTITUTE

WNHCTUTYT acTpOHOMUM OCHaLLeH COBPEMEHHbIM Hay4HbIM
obopyaoBaHMEM: MMEIOTCA YHMKaNIbHble acTPOHOMUYECKME
YCTaHOBKM W BbIUACIMTENbHAA TexHUKa, obecneuyvBatolyve
BbICOKUI YPOBEHb HayUHbIX MccnefoBaHUi. MHCTUTYT pacno-
naraet yeTblpbMsA HabMoAaTENbHBIMM 6a3aMu — 3BEHUropoa-
cKoli obcepBaTopueit, Tepckonbckum punmnanom, Cumensckon
obcepBaTopuen 1 KncnoBogckon obcepBaTopurein. YCTaHOB-
NeHHoe Ha HMX 0bopyAoBaHMe NO3BONAET NPOBOANTL Habnio-
[EHVA WCKYCCTBEHHbIX W eCTeCTBEHHbIX HebecCHbIX Ten B
OKOJI03eMHOM MPOCTPaHCTBE, a Takke acTpodusnyeckme
HabnogeHua. [na npoBeAeHNa YNCIEHHOTO MOLENNPOBAHUA
MCMONb3yeTcA BbIYNCIUTENbHBIN KNacTep, OCHOBAHHbLIN Ha
MCMONb30BaHNM KOMMbIOTEPOB C MapannesibHOM apXUTeKTy-
pow. MNepBbi ero BapraHT 3apaboTan B 2001 r. — cyLiecTBeH-
HO paHbLLUe, YeM BO BCeX APYIMX HayUHbIX yupexaeHuax OTae-
nenua ¢usnyeckux Hayk PAH. JlokanbHaa nHdopmaumoHHas
cetb MIHACAH BkntoyaeT B cebA cepBepHbIi NapK U3 8 cepse-
poB 1 okono 80 Nonb30BaTENbCKUX KOMMNbIOTEPOB. B UHCTUTY-
Te acTpoHomumn PAH umeetca conmpaHaa 6ubnuoteka — otaen
BrbnnoTtekun no ectectBeHHbIM Haykam PAH. ®oHp 6vbnnoTe-
KW HacuMTbiBaeT OKOMO 65 TbiC. eAnHMUL, XpaHeHuA. MoMumo
nmeyaTHbIX BEPCUI >KYPHaNoB, COTPYAHUKM MHCTUTYTa UMeIoT
JOCTYN K 3N1eKTPOHHbIM BEPCMAM OCHOBHbIX NpodeccnoHanb-
HbIX NepuoanYeCcKUX N3gaHun.

The Institute of Astronomy is equipped with modern
scientific instrumentation. There are unique astronomical
instruments and computational facilities allowing the Institute
to carry out research activities at the high level. The Institute
has four observational sites, Zvenigorod Observatory, Terskol
Observatory, Simeiz Observatory, and Kislovodsk Observatory.
These facilities allow observing artificial and natural celestial
objects and performing astrophysical investigations. For
numerical simulations researchers of the Institute can use the
computer cluster based on the computers with parallel
architecture. The first version of the cluster appeared in
INASAN in 2001, much earlier than in other academician
institutions that ure under supervision of the Department of
Physical Sciences of the Russian Academy of Sciences. The
local network at the headquarter of the Institute in Moscow
includes 8 servers and about 80 personal computers. The
Institute has a considerable library, that is a branch of the
Library for Natural Sciences of the Russian Academy of
Sciences (LNS RAS). The collection of the library contains about
65000 items. The staff members of the Institute have an access
to hard copies and to electronic versions of all the main
professional periodics.
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0.¢p.-m.H. M.E. Caukos / Vice-director Dr.
M.E. Sachkov

Yuenoili cekpemape
K.¢p.-M.H. AM. Dameega / Scientific
secretary Dr. A.M. Fateeva

Tnasnsiti 6yxeanmep U.B. Qynmukoea /
Chief accountant I.V. Funtikova
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sonpocam E.A. O6ot00Ho8 /
Vice-director E.A. Oboyudnov
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ma un.-kopp. PAH b.M. LLlycmos /
Science director corr. member of the
RAS B.M. Shustov

YueHolli cekpemape HauuoHanbHoz20
KoMumema poccutickux acmpoHOMOo8
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secretary of the National Committee of
Russian astronomers Dr. D.A. Kovaleva

3ae. kanuensapueti O.H. AHmoHosa /
Head of the office O.N. Antonova
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V.A. Baulina
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B.U. lllemamosuy / Head of the Solar
System Research Department Dr. V.I.
Shematovich
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[1.B.Katizopodos / Head of the IT Group
Dr. P.V. Kaygorodov
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Pyk. epynnel uzydeHus
nepemMeHHbix 38e30 0.Qh.-M.H.
H.H. Camyco / Head of the
variable star studies group Dr.
N.N.Samus
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H.B. YynuHa / Head of the PhD
Group Dr. N.V. Chupina

3as. omaesiom hu3uKU U 380/1H04UU
38e30 0.¢h.-M.H. [].3. Bube / Head of Stellar
Physics and Evolution Department Dr.
D.S. Wiebe
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acmpoHomuu 0.¢h.-M.H. M.E. Caukos /
Head of Experimental Astronomy
Department Dr. M.E. Sachkov

Pyk. LleHmpa acmpoHomuy4eckux
0aHHbIx K.¢p.-M.H. O.b. InyxHegckas /
Head of the Center for Astronomical
Data Dr. O.B. Dluzhnevskaya



OPTAHU3ALUMNOHHAA N MEXXAYHAPOAHAA AEATEJIbHOCTD
COORDINATING AND INTERNATIONAL ACTIVITY

MHctuTyT actpoHomum PAH ocyuwlectBnAeT KoopAnHaLumio
Nno KpynHoMy MexayHapogHOMy NpoekTy «BcemmnpHasa kocmu-
yeckasi obcepBaTopus — YnbTpapuonet» (BHyTPEHHEE Ha3Ba-
Hue «Cnektp-YO»), ABNAACH FONOBHOW Hay4YHOW OpraHu3auu-
eil. Ha 6a3e MHCTUTYTA QYHKUMOHMPYET cekumsa «BHeaTmoc-
¢depHana actpoHomua» Coseta PAH no kocmocy n cekuyma KHTC
Pockocmoca no Tol e TemaTuKe, a Takxke JKcrnepTHas pabo-
yadA rpynna no KocMmmyecknm yrposam npu Cosete PAH no
KOCMOCY.

MHACAH — Bepylaa opraHm3auma no npoekty «Poccun-
cKas BMpTyanbHaa obcepBaTopusa» (PBO). DTOT NpoekT npea-
cTaBnAeT coboll POCCUICKYID COCTaBRAIOLLYIO F106anbHOro
npoekta «MexpayHapoaHaa BUpTyanbHad obcepBaToOpUA»,
06beMHAIOLErO B eiVHYI0 Cpeay pacnpeaeneHHble No Bcemy
MUPY aCTPOHOMUYECKUE apXMBbl U 6a3bl AaHHbIX, UHCTPYMEH-
Tbl @HanM3a v BblUMCANUTENbHbIN cepBuc. PBO — HaumoHanb-
HbI 3N1EMEHT OJHOMO M3 BaXKHEMLINX MeXAYHaPOAHbIX Hayu-
HbIX NPOEKTOB.

B pamkax cornawenua mexgy MHACAH, HauwoHanbHbiM
reorpadnyeckmm MHCTUTYTOM 1 KOMUTETOM NO KOCMUYECKUM
nccnepoBaHuam QpaHuMm BefyTCA Hay4HO-McCefoBaTeb-
ckme pabotbl no npoekty DORIS n perynapHas obpaboTtka
N3MepeHnin CNyTHUKOBON cuctembl GPS.

MonyyeHHble coTpyaHukamu MHACAH Ha obcepBaTopusx B
Cumeunse un Tepckone pAaHHble HabnoAeHWIn acTeporaoB
perynspHo nepepanTca B 6aHK AaHHbIX MexayHapogHoro
LeHTpa manbix nnaHet (LIMMM). O6e obcepBaTopnmn BXOAAT B
cnucok LIMIT.

BaxHbim npoektom ana WMHACAH saBnaetcAa co3paHue
coBMecTHOW Poccuincko-KyburHckon obcepBaTopu Ha Teppu-
Topun Pecnybnukn Ky6a. K Hactoswemy Bpemern MHACAH
COBMeCTHO € WHcTuTyTOM reodusmkn n actpoHomum (UrA)
Pecny6nukn Kyba cosgan Ha Tepputopun UIA Hebonbuyio
0b6cepBaTOPUIO C LIMPOKOYroNibHbIM 20-cM Teneckonom. Tene-
CKOIM, B OCHOBHOM, MCMOfb3yeTcA B 06pa3oBaTeNibHbIX Liensax
ONA NPAKTUKN MONOAbIX KYOGUHCKUX CMeLranicToB, HO Ha HEM
NMPOBOAATCA TaKXKe HayuHble HabnoAeHs, B MepBYIo ouepesb,
Tpebylouwye nonyyeHnsa OAUTENbHbIX PALOB GoToMeTpuye-
CKUX JaHHbIX. O6beKTbl HabnhaTCA TeNeckonamuy Ha Teppu-
Topum Poccuy, a 3aTem HabNIOAEHWA MPOAOKATCA Ha
Teneckone Ha Kybe. Kak 1 MHOrMe cOBpeMeHHble UHCTPYMEH-
Tbl, 3TOT TENECKOMN MOSIHOCTbIO PO6OTU3NPOBAH, HabnoLeHs
npoBoaATcs 6e3 yyactus onepatopa. B nnaHax Poccuiicko-Ky-
6UHCKOW 06CcepBaTOPUM YCTaHOBKA METPOBOTO LLIMPOKOYTOSlb-
HOro Teneckorna Kak yactu cetn Teneckonos MIHACAH gna
33/la4 MOHUTOPUHIa OKOJI03eMHOIO MPOCTPAHCTBaA.

Ha 6a3e MIHACAH ¢yHKUMoHUpyeT HaumoHanbHbI KomuTeT
poccunckux actpoHomoB (HKPA), ocywectenaowmn koopam-
HaLMI0 YYacTUA POCCUCKMX YUeHbIX B AeATenbHOCTH Mexay-
HapOAHOro acTPOHOMMYeCKoro coto3a. B cocta HKPA BxopgAaT
pykoBoAuUTeN BeAywWwMX aCTPOHOMUYECKUX YUPEeXAeHUN
Poccun, a Bosrnaenaetca oH npeacepatenem kommteta. C 1991
no 2015 r. 3Ty AomKHOCTb 3aHUMan akagemuk A.A. bosapuyk. C
2015 r. rnason HKPA anaetca un.-kopp. PAH b.M. lWycTos.

CotpyaHukn MHACAH npuHmumaloT yyactume B Hay4yHO-opra-
HM3aUMOHHON paboTe MO AMHUU KOMWUCCUIA W OUBU3VIOHOB
MexpgyHapofHoro actpoHomuyeckoro cotosa. YneHammn MAC
agnaTca 38 cotpygHukos MHACAH. MHorve 13 HuX 3aHnMa-
NN VNN 3aHVMAIOT PYKOBOAALUME PONKU B 3TON KpymnHenLien
Hay4HOW opraHmM3aLmm — OT BuLie-NPe3ngeHTOB 1 Npefceaa-
Tenen kommccui go npesmpaeHta MAC (akag. A.A. boapuyk B
1991-1994 rr.). Ha XXIX l'eHepanbHoi accambnee MAC B [oHo-
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INASAN coordinates a large international project “World
Space Observatory — Ultraviolet” (“Spektr-UF”), being the
principal scientific organization. A section “Extra-atmospheric
astronomy” of the RAS Council for space and a section of the
STAC of Roscosmos on the same topic, as well as the Expert
Working Group on Space Hazards under the RAS Council for
Space, exist on the basis of the institute.

INASAN is the leading organization for the Russian Virtual
Observatory (RVO) project. This project is a Russian component
of the global project “International Virtual Observatory”, which
combines astronomical archives and databases, analysis tools
and computing services distributed all over the world into a
single environment. RVO is a national element of one of the
most signisficant international scientific projects.

Within the framework of an agreement between INASAN,
the National Geographic Institute and the French Space
Research Committee, works on the DORIS project are being
conducted and regular processing of measurements from the
GPS satellite system are being carried out.

The asteroid observational data obtained by the INASAN
staff at the Simeiz and Terskol observatories are regularly
transferred to the databank of the International Astronomical
Union Minor Planet Center (MPC). Both observatories are
included in the MPC list.

Another important project for INASAN is the creation of a
joint Russian-Cuban observatory on the territory of Republic of
Cuba. To date, INASAN, together with the Institute of
Geophysics and Astronomy (IGA) of Republic of Cuba, has
created a small observatory with a 20-cm wide-angle telescope
on the territory of the IGA. The telescope is mainly used for
educational purposes for the practice of young Cuban
specialists, but it also conducts scientific observations,
primarily requiring long-term series of photometric data.
Objects are observed by telescopes in Russia, and then the
observations are continued with a telescope in Cuba. Like
many modern instruments, this telescope is fully robotized,
and observations are carried out without the participation of
an operator. The plans of the Russian-Cuban Observatory
include the installation of a 1-meter wide-angle telescope as
part of the INASAN telescope network for monitoring
near-Earth space.

The National Committee of Russian Astronomers (NCRA)
functions on the basis of INASAN as well. It coordinates the
participation of Russian scientists in the activities of the IAU.
Members of the NCRA are the leaders of the principal
astronomical institutions of Russia. The Committee is
coordinated by the Chairman. From 1991 to 2015, this position
was held by Academician A.A. Boyarchuk. Since 2015, the
Chairman of the NCRA is Corresponding Member of the RAS
B.M. Shustov.

Researchers of INASAN take part in scientific and
organizational work through the commissions and divisions of
the International Astronomical Union. There are 38 members
of the IAU in INASAN. Many of them have taken or take leading
roles in this largest scientific organization, from vice-
presidents and chairmen of commissions to the President of
the IAU (Academician A.A. Boyarchuk in 1991-1994). At the
XXIX General Assembly of the IAU in Honolulu (USA, August
2015), Corresponding Member of the RAS B.M. Shustov was
elected to be the Vice-President of the IAU. The current
Director of INASAN Corresponding Member of the RAS
D.V. Bisikalo was the President of the IAU Commission



nyny (CWA, asryct 2015 r.) Buuye-npesugeHtom MAC 6bin
n3bpaH un.-kopp. PAH B.M. LycTtoB. Oupektop MHACAH
un.-kopp. PAH [1.B. Bucukano ¢ 2018 no 2021 r. 6bin npe3naeH-
Tom KoMmuccum MAC «BbluncnmtenbHada actTpodusmkan.

b.M. LWycToB ABnaetca npeacrasmtenem Poccun B Koopaum-
HaLMOHHOM KomuTeTe MexpayHapogHoro npoekta [AWN
(International Asteroid Warning Network - MexayHapogHas
ceTb npegynpexaeHnsa o6 onacHbix actepoungax). O.b. Anyx-
HeBckaA — 3kcnepT OHECKO no nporpamme «ActpoHoMUA 1
BceMupHoe Hacnegume», O.10. MankoB — uneH-npeactaBuTenb
Poccnn B MexgyHapoaHoM anbsaHce «BupTtyanbHaa obcepsa-
Topusx (IVOA).

B UHcTuTyTe acTpoHomun PAH 6onblioe BHUMaHve yaens-
€TCA NOArOTOBKE MONoAbIX KagpoB.. B 2003 r. B IHCTUTYTe 6bin
opraHn3oBaH «HayuyHo-nccnefoBaTeNnbCKnin 1 obpasoBaTesib-
HbI LeHTP 3KCMepUMEHTaNbHOM aCcTPOHOMMMW», OCHOBHbIMI
3ajlayaMun KOTOpPOro ABNATCA 0byuyeHne CTYAeHTOB M acnu-
paHTOB paboTe ¢ NepefoBbIMU TEXHONOMMAMM aCTPOHOMUYE-
CKMX HabnogeHnin Ha obcepBatopusx MHACAH v npueneve-
HVe NX K paboTe Haf pa3pabaTbiBaeMbIMM B IHCTUTYTE KOCMU-
YeCKMMM MPOEKTaMMU.

LileHTp TecHo B3aMMopencTByeT C acCTPOHOMUYECKMMMU,
dusnveckumn 1 xnmmyeckumn Kadpeppamu By3oB MOCKBbI,
ExkatepuHbypra, KasaHu, YenabuHcka, PocToBa-Ha-[oHy,
Bonrorpaga, KpacHosapcka w pgp. B pencreyowen npu
MHACAH acnupaHType obyuaetca 15 acnupaHToB. ExxerogHo
npoBoANTCA KOHbepeHUMA monoAbix yyeHbiX. COTpyAHUKN
MHACAH aKkT“BHO y4yacTBYIOT B OpraHu3sauum 1 npoBeaeHunm
Ha 6a3e Ypanbckoro defepanbHOro yHUBEpPCUTETA exerof-
HOW BCEPOCCUICKON CTYAEHYECKON Hay4YHOW LUKOMbl-KOHde-
peHuun «Pursnka Kocmocar.

CoTpyAHVIKM MHCTUTYTa YnTatoT Nekumnm ctygeHtam Mockos-
CKOro rocyfapcTBEHHOro YHuBepcuteTa U MOCKOBCKOro
bU3NKO-TEXHNYECKOTO UHCTUTYTA. COTPYOAHWKU WHCTUTYTA
BefyT LWUMPOKYI HAayYHO-MOMYNAPU3aTOPCKY0 AeATENbHOCTD,
perynapHo BbictynatooT B8 CMW (no TeneBnaeHunio, Ha paguno, B
raseTax U Apyrmx MaccoBblX 1 HayYHO-MOMYMAPHbIX NeYaTHbIX
N 31EKTPOHHBIX M3[aHKAX) C UHPopMaL el 06 acTpoHOMMYe-
CKUX COBBbITUAX M COBPEMEHHBIX HAYUHbIX AOCTVKEHUAX. B
3BeHuropogckoin obcepatopun MHACAH perynspHo nposo-
[ATCA SKCKYPCUW ANA LWKOJIbHKOB, CTYAEHTOB 1 NpenojaBa-
Tenen, Y4YacCTHWKOB aCTPOHOMMUYECKUX KPY>KKOB [OMOB W
[BOPLIOB eTCKOrO (IOHOLLeCKoro) TBopyecTBa.

MHACAH saBnAaetca yupeautenem ctapenwwero npodeccuo-
HaJIbHOTrO aCTPOHOMMNYECKOro U3faHua Poccum — «ACTpoHo-
MMYECKOrO »KypHana». [MaBHbIM pefakTopoMm XypHana ABns-
etca un.-kopp. PAH [1.B. bricnkano, oTBeTCTBEHHbIN CeKpeTapb
peakonnerum — a.¢p.-m.H. [.3. Bube. CotpyaHunkmn NHcTUTyTa
yyacTByloT B paboTe pefKkonnernii u Spyrux acTpoHOMMYe-
CKUX M3OaHUN («ACTPOHOMUYECKU BeCTHUK», «[lncbma B
AcTpoHOMUMYEeCKInI XKypHan», «[lepemeHHble 3Be3[bl», «ACTPO-
¢dur3ukar, «<BectHuk HMO mnm. C.AJlaBOUKIMHa», KACTPOHOMMYe-
cknn  umpkynap», «lpupoga», «3emna wn BceneHHasa»,
«Astronomical and Astrophysical Transactions», «Research in
Astronomy and Astrophysics»), a TakXe perynsapHo npvsneka-
lI0TCA B KauecTBe peLieH3eHTOB pefKoNnernamm oteyecTBeH-
HbIX 1 BeAYLIUX MEXAYHAPOAHbIX N3OaHUNA.

“Computational Astrophysics” from 2018 to 2021.

B.M. Shustov is the representative of Russia in the Steering
Committee of the international project IAWN (International
Asteroid Warning Network). O. B. Dluzhnevskaya is the
UNESCO expert on the program “Astronomy and World
Heritage”, O.Yu. Malkov is a member-representative of Russia
in the International Virtual Observatory Alliance (IVOA).

Great attention is paid to the training of young researchers
at the Institute. In 2003, the Institute organized the “Research
and Educational Center for Experimental Astronomy”, with the
main goals to teach students and postgraduates to work with
advanced technologies of astronomical observations at
INASAN observatories and to involve them into space projects
being developed at the Institute.

The Center closely interacts with the astronomical, physical,
and chemical departments of universities in Moscow,
Yekaterinburg, Kazan, Chelyabinsk, Rostov-on-Don, Volgograd,
Krasnoyarsk, etc. Currently there are 15 postgraduate students
studying at INASAN. Every year INASAN holds a conference of
young scientists. INASAN employees are actively involved in
organizing and holding the annual all-Russian student
scientific school-conference “Physics of Space” on the basis of
the Ural Federal University.

Scientists of the Institute give lectures to students of
Moscow State University and Moscow Institute of Physics and
Technology. Also they are engaged in extensive scientific and
popularization activities, regularly appear in the media (on
television, on radio, in newspapers and other mass and popular
scientific printed and electronic publications) commenting on
various astronomical events and scientific achievements. The
Zvenigorod observatory of INASAN regularly organizes
excursions for schoolchildren, students and teachers, members
of astronomical clubs.

INASAN is a co-founder of the oldest professional
astronomical journal in Russia, “Astronomicheskij Zhurnal”. The
editor-in-chief of the journal is Corresponding Member of the
RAS D.V. Bisikalo, and Doctor of Physical and Mathematical
Sciences D.S. Wiebe is its coordinating editor. Researchers of
the Institute participate in the work of editorial boards of
various astronomical journals (“Solar System Research”,
“Astronomy Letters”, “Variable Stars”, “Astrophysics”, “Vestnik
NPO im. S.A. Lavochkina”, “Astronomical Circular”, “Priroda”,
“Zemlya i Vselennaya”, “Astronomical and Astrophysical
Transactions”, “Research in Astronomy and Astrophysics”), and
are regularly recruited as reviewers by the editorial boards of
Russian and leading international journals.
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VAU camera that has been used over Head of Zvenigorod Observatory 279.4mm and a field of view of 3.3°x2.2°
decades to observe satellites Dr.S.I. Barabanov.
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3BEHUTOPOACKAA OBCEPBATOPUA

ZVENIGOROD OBSERVATORY

3BeHUropofcKas obcepBaTopus, JONME AECATUNETS CTYXIB-
LUas rnaBHOW HabnmogaTenbHoln 6a3on ActpocoBeTa (MIHACAHa),
B MOCiefH/e rofbl UrpaeT BaXKHYl0 PoJib LEHTpa pa3paboTku
HOBbIX aCTPOHOMUYECKNX NHCTPYMEHTOB U SKCMEPVIMEHTASIbHOM
6a3bl VX PUMEHEHMs Ha NMPaKTUKe. borbluas yacTb HOBbIX MPU6o-
poB MHACAH cHavana npoxoaut oTpaboTKy B obcepBatopuu, v
TOJIbKO 3aTEM YCTaHAB/MBAETCA Ha OTAANIEHHbIX HabmnogaTeNnbHbIX
nnowaakax. [na BbIMONHEHWA 3TMX 3aday B 3BEHUrOpOACKOW
obcepBaTopuy Gbiia co3haHa Y YKOMIIIEKTOBAaHa HOBbIM COBpe-
MEHHbIM 00OpYZOBaHMEM ONTUYeCKass nabopatopus. 3pechb
npoBoauTcs cO0PKa, HanadKka U CTMPOBKa pa3pabaTbiBaeMbix B
MHACAH Teneckonos.

C 2019 r. cotpygHukn MHACAH coBMEeCTHO C COTPYAHMKaMU
Poccninckoro KBaHTOBOro LIEHTPA MPOBOAAT SKCMEPUMEHT MO
nepefaye KBaHTOBbLIX COCTOAHUA (DOTOHOB C WCMONb30BaHMEM
HV3KOOPOWTANIbHBIX KOCMUYECKMX anmnapaToB. JTa TeXHOMorus
MMeeT GOMbLUIOM MOTEHUMAN MCMOb30BaHUA B CaMbIX Pa3HbIX
00MacTAX HAYKU U TEXHVIKU U SIBNSETCA BECbMA NEPCMNEKTUBHONM,
TaK Kak nepegaya KBaHTOBbIX COCTOAHMWI MO OMTOBOSIOKOHHbIM
JIMHVAM MIMEET CyLLEeCTBEHHbIE OrpaHUYeHNa Mo AANIbHOCTY, He
npeBbiwatowern 100 kM. OCHOBHbIM WHCTPYMEHTOM [AaHHOTO
3KCrepuMeHTa aBnsieTca Hebonbluol Teneckon Officina Stellare
RC-600 Ha onopHo-noBopotHOM YycTpornctee ASA DDM160.
Pe3ynbTaThbl nccnefoBaHNA CTaHyT 3a4e/loM A1 CO3AaHMA CUCTe-
Mbl Nepefayn KBaHTOBbIX COCTOAAHWIA MO OTKPbITOMY OMTUYECKOMY
KaHany.

PesynbTaTthl Apyrvx MccnegoBaHWUi, NMonyyeHHble B 3BEHUrO-
pOACKoW 0bcepBaTOpUM, WCMONb3YIOTCA B MEXAYHAPOAHbIX ”
00LLEepOCCMNCKNX MpOorpaMmax, B TOM uucie B Mporpamme
«nobanbHas HaBMraLMOHHAA cUCTeMay» B pamMKax MexgyHapoa-
Hol GPS-cny»<0bl [ist reogrHaMunKy, B pefepanbHbIX NporpaMmax
NPYIKIaAHOro HasHayeHuA. B pamkax mexxgyHapofgHoro cotpya-
HYeCcTBa NPOBOANTCA OLMpPOBKa GOTOMIACTIHOK, MOMYUYEHHbIX
3a rofpl paboTbl 06CEPBATOPUN (T.H. CTEKIAHHOW GUONNTOTEKM).

3BEeHUropofCKas obcepBaTopust CIYXKUT 6a301 i npoBefe-
HMA NPaKTUYECKUX 3aHATI CTYAEHTOB U aCMUPAHTOB aCTPOHOMU-
yecknx criegymanbHocten (He Tonmbko WMHACAH, HO m MHOrmx
OPYrux nccnefoBaTenbCKUX LIEHTPOB 1 By30B,) C Liefbio MOAroToB-
K1 K HabniogeHusM Ha Teneckonax B Apyrux obcepBatopusix. [1ga
pa3a B rof, BECHOM U OCeHblo, 3BeHUropoackas obcepBaTopus
OTKPbIBAET CBOV [BEpPW [ANA BCEX Menalowmx Y3HaTb O TaliHax
BceneHHol, nocmoTpetb Ha Hebo B Teneckon, MocnylaTh
UHTEpeCHble CBefleHNA 00 aCTPOHOMMYECKUX MUCCIIeoBaHUsAX U
WHCTPYMeHTax obcepBaTopmu. Kak npaBuio, 3tm «[JH1 OTKPbITbIX
ABepen» MPUYpPoYeHbl K aCTPOHOMUYECKMM COOBbITUSIM MN K
3HAaMeHaTeNbHbIM 1aTamM KoCcMrYeckor 3pbl. [na obpa3osaTesb-
HbIX yupexaeHun — naptHepoB MHACAH (wkona «Co3se3aue»,
3BEHUrOPOACKUIA JOM AETCKOro TBOpYeCTBa, LieHTp acTpoHomu-
UeCKoro M KocMUuYyeckoro obpasoBaHusa TBINOY «Bopobbesbl
ropbi» 1 ap.) B 06cepBaTopui NPOBOAATCA SKCKYPCUU 1 3aHATASA
MO Pa3NNYHbIM aCTPOHOMMYECKMM TEMAM.

Y obcepBaTopun €CTb CEpPbe3HbIi MOTeHUMan passButua. B
YaCTHOCTY, MpefrosiaraeTca co3daHve Ha ee 6a3e dnemMeHTa
HazemMHOro HayyHOro Kommiekca KOCMUYECKOro MpoeKTa
«CnekTp-Y®» — annapaTtypbl npremMa HayuHbix AaHHbIx. MIHACAH
TaKkXe MyaHVpyeT 3a1eMICTBOBATb MOLLHOCTY obcepBaTopun npu
paboTe Hag KocMuueckm npoektom COJA (Crctema o6Hapy»xe-
HWA OHEBHbIX aCTEPOUOB).

For many decades the Zvenigorod observatory served as a main
observational site of the AstroCouncil (INASAN). Nowadays it plays
an important role being a center of the new astronomical
instrument development and a test ground for their practical
application. Most of the new INASAN instruments are first tested in
the Zvenigorod observatory, and only then are installed at remote
observation sites. The optical laboratory was created and equipped
with new modern tools in order to accomplish these tasks. That is
where the telescopes developed at INASAN are assembled,
adjusted and fine-tuned.

Since 2019, employees of INASAN, together with employees of
the Russian Quantum Center, conduct an experiment on the
transfer of quantum states of photons using low-orbit spacecrafts.
This technology has great potential for use in various fields of
science and technology and is very promising, since the
transmission of quantum states through fiber-optic lines has
significant limitations in terms of the distance not exceeding 100
km. The main instrument of this experiment is a small Officina
Stellare RC-600 telescope on an ASA DDM160 rotary support. The
results of the study will become the basis for creating a system for
the transfer of quantum states through an open optical channel.

The results of other studies obtained at the Zvenigorod
Observatory are used in international and all-Russian programs,
including the Global Navigation System program within the
framework of the International GPS Service for Geodynamics, and
for applied purposes in federal programs. Within the framework of
international cooperation, the digitalization of photographic plates
obtained over the years of the observatory's operation (the
so-called glass library) is being carried out. The Zvenigorod
Observatory serves as a base for practical training for students and
postgraduates of astronomical specialties (not only for INASAN,
but also for many other research centers and universities) in order
to get students prepared for performing observations with
telescopes at other observatories.

Twice a year, in spring and autumn, the Zvenigorod Observatory
opens its doors for everyone who wants to know the secrets of the
Universe, to see the sky through a telescope or to learn about
astronomical research and instruments of the observatory.
Typically, these “Open Doors” days are timed to coincide with
astronomical events or significant dates of the space age. For
educational institutions that are partners of INASAN (school
“Sozvezdiye”, Zvenigorod House of Children’s Creativity, Center for
Astronomical and Space Education of the State Budgetary
Educational Institution “Vorobyovy Gory”, etc.), the observatory
organizes guided tours and classes on various astronomical topics.

The observatory has a significant potential for development. In
particular, it is concieved as a base for an element of the Terrestrial
Scientific Complex (the equipment for receiving scientific data) of
the WSO-UV space project. INASAN also plans to use the facilities of
the observatory when working on the SODA (Daytime Asteroid
Detection System) space project.
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TEPCKOJIbCKU OUNUAN
TERSKOL OBSERVATORY

060co6neHHOe HayyHoe noppasaeneHre NHCTUTyTa acTpoHo-
mun PAH Ha nuke Tepckon — Tepckonbckuin dunuvan (TO)
NHACAH — 6bino cozaaHo B 2005 I. 1 € Tex MOp ycreLuHo GyHKLU-
OHVIPYET, BbINONHAA QYHAAMEHTAbHBIE, MPUKAAHbIE U NMOUCKO-
Bble acTpOoHOMMYecKue uccnegoBaHua. Ounvan COBMECTHO C
MexgyHapoaHbIM LIeHTPOM aCTPOHOMUYECKMX M MeOVKO-3KOMOo-
rmyecknx uccnegosaHun HAH Ykpaunbl (ML, AM3W HAHY)
OpraHv30Ban LUMPOKOEe MEXAYHApPOOHOe COTPYAHWYECTBO MO
Hay4HbIM nNporpammam, yreepxgaembim PAH, HAHY n MexayHa-
ponHo accoumaumen akagemmn Hayk (MAAH). 3a npolweawne
rogbl ObiIM YCMELWHO BbIMOMIHEHbI YETbIpE MEXAYHAPOAHbIe
Hay4Hble MPOrpaMMbl aCTPOHOMMYECKIX NCCIIeQOBaHUIA 1 NPUHSA-
Ta yxe nATasa nporpamMma «AcTpoHomus B [Mpuanbbpycobe.
2021-2025 rr». B HayuHow nporpamme Ha 2021-2025 rr. yyacTBy-
10T 33 HayuHble opraHm3aumm n3 14 ctpaH G6MKHEro 1 JanbHero
3apy6exbs, B TOM uncne Poccnu, YkpauHbl, Fepmanimn, OpaHumu,
bonrapuw, MonbLwuw, Slntesl, Tannanga v gp.

OCHOBHBIM MHCTPYMEHTOM 06CepBaTOPUM ABAAETCA 2-METPO-
BbI Teneckon «Lencc-2000». Ero npenmyLuectBom nNo cpaBHEHWIO
C Apyrumm nprbopamm Takoro Knacca B EBpone siBnseTcs 1o, Uto
OH YCTaHOBJIEH Ha CyLLECTBEHHO OOJblUeli BbICOTE B YCIIOBUAX
OTHOCUTE/IbHO HEMJIOXOro acTpoknumata. bnarogapa stomy
TeNeckon npefocTaBnAeT AOMOSHUTENbHbIE BO3MOXKHOCTU MpU
MpoBeAeHUN CMeKTPasbHbIX UCCNEAOBAHNN, a Takke obnafjaer
Gonbluell  MpPOHWLALWen  CNoCOOHOCTbID.  CpPaBHUTENBHO
6orblUas anepTypa TENIECKONa, BbICOKas CKOPOCTb paboTbl npeLu-
3MOHHbIX aBTOMaTUYECKNX MPVBOLOB 1 BbICOKOUYBCTBUTENbHbIE
MPVIEMHUKI V3MyYeHMsi MO3BOJIAIOT YCMELHO Habnoaath Toueu-
Hble 0ObeKTbl clabee 23 3Be34HOV BENUYUMHBI C MO3ULIMOHHOM
oWnbOKON He 6onee MOMOBMHBI YINIOBOW CEKyHAbL. Teneckon
«Llefncc-2000» ocHalleH Hay4YHbIM 0bopynoBaHVeM AN NpoBese-
HVS MHOFOUYMCIIEHHBIX acTPOdM3MUeCKX KccnenoBaHuii. Ha
Teneckore B HacTosILLee Bpems paboTatoT swwenne-cnektporpad B
¢dokyce «kyge» (MA3CTPO) c paspellatolleint CrocobHOCTbIO
R = 60000 B cnekTpanbHom AmanasoHe 300-1000 HM; HaBeCHOW
MHOTOMOZIOBbIN CrieKTpomeTp B ¢dokyce KaccerpeHa (MMCS) c
pa3speLuatoLleit cnocobHocTbio R = 100, 1500, 5000, 13500; wecTn-
KaHanbHbI anepTypHbiii nonspumetp, M3C-kamepa FLI Cobalt
4320 c konecom dpotometpuryeckux unbtpos UBVRI, KMOIM-ka-
mepa FLI Kepler4040 BSI c konecom ¢unbtpos UBVRI.

3epkanbHbi Teneckon «Llericc-600» ¢ aumeTpom 3epkana 600
MM uUcrnionblyeTcss i GOTOMETPUYECKMX  UCCTIe0BaHMN
nepemMeHHbIX 3Be3[] 1 ApYriX HeGeCHbIX OOBEKTOB, AA U3yYeHNs
B3aMMHbIX ABMEHWI B CMCTEMaX CMYTHUKOB OOMbLUMX MIIaHET, a
TaKKe Ansa HabMIoAEHNI KKOCMUYECKOro Mycopay. Marble poboTu-
31poBaHHble Teneckorbl Astrosib RC-500 n Celestron RASA 117
npeaHasHayeHbl /19 MOHUTOPVHIA COObITUIA 11 ABMEHWIN B KOCMU-
YeCKOM MPOCTPAHCTBE, B TOM UnC/ie ANA U3YyUYeHNA OMNTUYECKMX
NPOoABNEHNI raMMa-BCIIIECKOB, a TakXKe ANA KOMIMIEeKCHbIX uccre-
[OBaHWI OKOJI03eMHOro MPOCTPAHCTBA M HA3EMHOW NMOAAEPXKKN
KOCMMYECKMX MPOEKTOB. [perimyLiecTBoM poOOTU3NPOBAHHbIX
CUCTEM FIBAAETCA CMOCOOHOCTb BbIMOMHATL HabnofaTeNbHble
3afjaum 60 coBcem 6e3 yyacTua onepaTopa, MM6O C MUHMANb-
HbIM BMELLATENIbCTBOM YeslOBEKa B MpoLecc HabnogeHus.
Oco6eHHO LieHHO 1CMOJb30BaHMe TakUX CUCTEM HabnogeHus B
TPYAHOOOCTYMHBIX MeCTaX, HanprMep, BbICOKO B ropax imbo B
MeCTax CO CJIOXKHbIMU METEOYCSTOBUAMY, TaKMX Kak Tepckorn.

HaunHas c 2019 r.,, 06opynoBaHue obcepBaToprv ObiIO 3HaUU-
TESIbHO MOZEPHV3MPOBAHO 1 MOMONIHEHO Grarofaps rpaHToBOM
nopaepxke MuHUCTEPCTBA HAyKM 1 BbICLIErO OOpPA30BaHUA
Poccuinckon ®egepaumn. Ha obcepBatoprn NMosIBUINCL HOBbIE
npviemHukn usnydennn (M3C n KMOI-kamepbl), OGHOBIEHDI
BCMOMOraTesibHble Nprbopbl.

A separate scientific subdivision of the Institute of Astronomy of
the Russian Academy of Sciences at the peak of Terskol — the
INASAN Terskol Observatory — was established in 2005 and has
been successfully operating since then, carrying out fundamental,
applied and exploratory astronomical studies. In cooperation with
the International Center for Astronomical, Medical and Ecological
Research of the NAS of Ukraine (ICAMER NASU), the observatory
has organized wide international cooperation on scientific
programs approved by the RAS, NASU and the International
Association of Academies of Sciences (IAAS). Over the past years,
four international scientific programs of astronomical research
have been successfully completed and the fifth program
“Astronomy in the Elbrus region. 2021-2025" is being conducted.
Thirty-three scientific organizations from 14 countries of the near
and far abroad including Russia, Ukraine, Germany, France,
Bulgaria, Poland, Lithuania, Thailand, etc. participate in the
scientific program for 2021-2025.

The main instrument of the observatory is a 2-meter telescope
Zeiss-2000. Its advantage over other devices of this class in Europe
is that it is installed at a significantly higher altitude in a relatively
good astroclimate. Thanks to this, the telescope provides
additional opportunities for spectral studies, and also has greater
limiting magnitude. The relatively large telescope aperture, high
speed of precision automatic drives, and highly sensitive radiation
detectors make it possible to successfully observe point sources
fainter than 23 magnitudes with a positional error of no more than
half an arc second. The Zeiss-2000 telescope is equipped with
scientific instruments for carrying out numerous astrophysical
studies. The telescope currently operates a coude echelle
spectrograph (MAESTRO) with a resolution of R = 60000 in the
spectral range of 300-1000 nm; mounted multimode
spectrometer in Cassegrain focus (MMCS) with resolution R = 100,
1500, 5000, 13500; 6-channel aperture polarimeter, FLI Cobalt 4320
CCD camera with UBVRI photometric filter wheel, FLI Kepler 4040
BSI CMOS camera with UBVRI filter wheel.

The Zeiss-600 reflecting telescope with a mirror size of 600 mm
is used for photometric studies of variable stars and other celestial
objects, for studying mutual events in satellite systems of major
planets, as well as for space debris observations. Small robotic
telescopes Astrosib RC-500 and Celestron RASA 11" are designed
to monitor events and phenomena in outer space, including the
study of optical afterglow of gamma-ray bursts, as well as for
comprehensive studies of near-Earth space and ground support of
space projects. The advantage of robotic systems is the ability to
perform observational tasks either completely without the
participation of an operator, or with minimal human intervention
in the observation process. The use of such observation systems in
hard-to-reach places, for example, high in the mountains or in
places with complicated weather conditions, such as Terskol, is
especially valuable.

Since 2019, the equipment of the observatory has been
significantly upgraded and replenished thanks to the grant
support of the Ministry of Science and Higher Education of the
Russian Federation. New radiation receivers (CCD and CMOS
cameras) have appeared at the observatory, auxiliary devices have
been renewed.
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OcHosHol uHcmpymeHm Cumeusckoli o6cepsamopuu Lleticc-1000/
The main instrument of the Simeiz Observatory Zeiss-1000

Buo Ha Cumeu3sckyto obcepgamoputo /
A view of the Simeiz Observatory

KomnakmHsil cnekmpoepadh Baader
BACHES cpedHezo pa3spelieHus,
yCmMaHoessieHHbIlU Ha mesieckone
Zeiss-1000 Cumeu3ckou
obcepsamopuu /A compact medium
resolution spectrograph Baader
BACHES installed on the Zeiss-1000
telescope




CUMEN3CKAA OBCEPBATOPUA

SIMEIZ OBSERVATORY

OpHOM 13 BaXKHbIX HAGMOAATENbHBIX MIOWAAOK WHCTUTYTA
actpoHomMun PAH sensieTca Cumensckas obcepBaTopus, pacno-
noXeHHaA pagom ¢ nocenkom Cnmens B Kpbimy, Ha BbicoTe 346
MeTpoB Hag ypoBHem mopsa. C 2019 r. MHACAH peanusyet
nporpaMmmy pa3BuTUs OOCEPBATOPUM U  MOAEPHM3ALUM e
HayyHoro obopyaoBaHus. MNMpoBefeHbl PaboTbl MO OGHOBMEHNIO
cuctembl ynpaeneHua Teneckonom «Llencc-1000» n cucrembl
yrpaB/ieHVs KyrnosioM, W3roTOBMIEH HOBbIA pefyKTop ¢oKyca,
NO3BONALMI YyBEANUUTb Nose 3peHnsa Teneckona «Lerncc-1000»
¢ 11" po 50, npuobpeteHa HoBasi M3C-kamepa FLI PL16803 c
Konecom poTomeTpryeckmx GunbTpoB cuctembl SDSS 1 [koHco-
Ha-KasvHca. [ns npoBedeHWsi CMeKTpasbHbIX  HabnoaeHuin
Teneckon «Llencc-1000» ocHacTunm aBymaA cnektporpadamy —
SlWenbHbIM cnekTporpadom «Baches» ot Baader Planetarium co
cpefHUm paspetueHnem (R = 5000 1 18000) 1 ONTOBONIOKOHHbIM
cnekTporpadom BbICOKOro paspelueHus (R = 40000) co CTOKc-Mo-
NAPVIMETPUYECKO MOZOW, n3roToeneHHbiM B CAO PAH. B obcep-
BaTOpUM pasmeLleH y3en ana Cucrtembl xpaHeHNs AaHHbIX LieHTpa
KomneKTBHOro nosb3oBaHua MHACAH o6bemom 40 T6. Mposo-
JATCA paboTbl MO MOAEPHM3ALMN CETEBOW U SNEKTPUYECKON
NHOPACTPYKTYpbl 06CEPBATOPUN, YCTAHOBNEHA METEOCTaHLUs,
JaTumK 00NlayHOCTU 1 BCeHebecHas Kamepa AnA onpefeneHus
MeTeonapaMeTPOB 1 YCIIOBMI 06/1a4HOCTV Ha 0bcepBaTopu.

B HacToswee Bpemsi B CMeN3CcKol 0bcepBaToOpu aCTPOHOMa-
M UHACAH, TAULL MIY, IKU PAH, UMIT PAH B coTpyaHmnuecTBe ¢
WHOCTPaHHLIMWA  YYEHbIMMA  MPOBOAATCA  UCCNeAOoBaHUA MO
HECKONIbKMM  HayYHbIM HaMpaBiEHUAM: W3MEPEHMA  JyYeBbIX
ckopocTeln 3Be3a, poTOMETpUA NepemeHHbIX 3Be3[ 1 3Be3f B
KpaTHbIX CUCTeMaX, NONAPUMETPMA NPOTHKEHHbBIX aCTPOHOMMYE-
CKUX OOBEKTOB, MCCIeA0BaHVE OPOUTANBHBIX 1 GU3NKO-XUMIYE-
CKUX XapaKTepucTuk manbix Ten ConHeyHor cuctembl, poTome-
TpUYecKue NCCNeROBaHNA TPAH3UEHTHbBIX COObITUI.

One of the important observation sites of the Institute of
Astronomy of the Russian Academy of Sciences is the Simeiz
Observatory, located near the town of Simeiz in Crimea, at an
altitude of 346 meters above the sea level. Since 2019, INASAN has
been implementing a program for the development of the
observatory and the upgrade of its scientific equipment. Works on
updating control systems of the Zeiss-1000 telescope and the
dome were carried out. A new focus reducer was manufactured to
increase the Zeiss-1000 telescope's field of view from 11’ to 50". A
new FLI PL16803 CCD camera with SDSS and Johnson-Cousins
photometric filter wheels was acquired. To carry out spectral
observations, the Zeiss-1000 telescope was equipped with two
spectrographs — the Baches echelle spectrograph from Baader
Planetarium with a medium resolution (R = 5000 and 18000) and a
high-resolution fiber-optic spectrograph (R = 40000) with a Stokes
polarimetric mode manufactured at SAO RAS. The observatory
hosts a 40 TB node for the Data Storage System of the INASAN Core
Facility Center. Currently the works are carried out on
modernization of the network and power supply infrastructure of
the observatory. Also a meteorological station, a cloud sensor and
an all-sky camera have been installed at the observatory to
monitor meteorological parameters and cloud conditions.

Nowadays various studies in several astronomical areas are
conducted at the observatory by researchers from INASAN, SAI
MSU, IKI RAS and KIAM RAS with participation of foreign
colleagues. These are measurements of radial velocities of stars,
photometry of variable stars and stars in multiple systems,
polarimetry of extended astronomical objects, study of orbital and
physicochemical characteristics of small bodies in the Solar
system, photometric studies of transient events.

KUCNIOBOACKAA OBCEPBATOPUA
KISLOVODSK OBSERVATORY

MepcnekTVBHOM MNOLWAAKON [J1 HOBbIX HabnofaTenbHbIX
cpencts Teneckonos VIHACAH B 6yayliem ctaHeT KucnoBopckan
obcepBaTtopusa Ha nnato LLaTaxatmas. 3Ta MeCTHOCTb XapaKTepu-
3yeTcA XOPOLUMM aCTPOK/IMMATOM, YTO MO3BONAET MPOBOAUTbL
HabnofeHNA KpyrioroanyHo.

B 2022 r. B obcepBaTopun NNaHMpyeTCcA YCTaHOBWUTb [iBa
Teneckona anepTypor 50 CM U LUIMPOKOYTOfbHbIN POBOT-TeNecKon
c aneptypoi 25 cm. Teneckonbl 6yayT paboTtaTb B aBTOMaTuue-
CKOM UNM AUCTAHLIMOHHOM pexkrme, 6e3 NprcyTCTBUA onepaTopa
Ha obcepBaTopuu.

Teneckon Astrosib RC-500 6yzeT ncnonb3oBaTbCA 1A Npose-
LeHra GOTOMeTpUUYECKUX UCCNeRoBaHNIA 3Be3, B TOM uucie C
sk3onnaHeTamu. Ha Teneckone «CaHten-500», paHee yCTaHOBIEH-
HoMm B 3BeHuropogckon obcepsatopun VIHACAH, 6yayT npoBo-
LUTbCA MOUCKOBbIE HAbMIOAEHNA KOCMUYECKNX 0ObeKTOB COnuma-
OWMUX C 3emneft N TeXHOTreHHbIX OOBEKTOB Ha OKOI03eMHON
opbute. LLnpokoyronbHbii PobGOT-TENIECKON Ha OCHOBE ABYX
TeneckonoB VT-78d no3sonut npoBoauTb 0630pbl HebecHoW
chepbl A1 MOWCKa HEW3BECTHbIX KOCMUYECKMX OOBEKTOB U
OMTUNYECKNX TPAH3NEHTOB.

B coctaB HayuHoro ob6opynoBaHua Kucnosogckon obcepsato-
pun OyfeT BKIIOUEH y3e CUCTEMbI XPaHeHA JaHHbIX 06bemom 55
T6alT pN1A xpaHeHKA 1 06paboTKM HabnoaaTeNbHOro MaTepurana.

In the future, Kislovodsk Observatory on the Shatdzhatmaz
plateau will become a prospective site for new INASAN
observational facilities. This area is characterized by a good
astroclimate, which makes it possible to carry out observations all
year round.

In 2022, it is planned to install two telescopes with apertures of
50 cm and a wide-angle robotic telescope with an aperture of 25
cm at the observatory. The telescopes will operate in automatic or
remote mode, without requiring the presence of an operator at
the observatory.

The Astrosib RC-500 telescope will be used for photometric
studies of stars, including stars with exoplanets. The Santel-500
telescope, previously installed at Zvenigorod Observatory of
INASAN, will perform search observations of Earth-approaching
space objects and man-made objects in near-Earth orbit. The
wide-angle robotic telescope based on two VT-78d telescopes will
allow performing all-sky surveys to search for unknown space
objects and optical transients.

The science equipment of Kislovodsk Observatory will include a
55 TB data storage system node for storing and processing
observational data.
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COJIHEYHAA CUCTEMA
THE SOLAR SYSTEM

WccneposaHna nnaHeT u Manbix Ten COMHEYHOWM CUCTeMbl
Begytca B MHACAH Ha npotaxeHun mHorux net. Vx uenbio
ABNAETCA NOJlyYeHne HOBbIX 3HaHWIN 06 obbekTax ConHeuHown
CUCTEMbI Y MAIAHETHBIX CUCTEM Y APYIIX 3BE3L, X 0Opa3oBaHnM
1 3BOMIOLUM MPU NMOMOLLY TEOPETUYECKMX MOZENEe 1 Habnoaa-
TeNbHbIX MNporpamMm. B yacTHOCTW, wmccnepyloTca npouecchbl
BO3JENCTBMA Mna3Mbl COTHEYHOIO BETPA Ha BepxHMe atMocde-
pbl MAAHET, COMPOBOXAAOLMECA aBPOPaSIbHbIMU ABAEHUAMMN
(BbICbINaHMe YacTuL, C BbICOKUMWN KUHETUYECKMMU SHEPrusamu,
nonApHblE CUAHWS, NMONAPHbIE BETPbI YOeraHUs HelTPanbHbIX U
MOHM30BaHHbIX YacTuL 1 Ap.). M3yyeHne 3Tx ABNEHNI Ype3Bbl-
YaHO BaXKHO, TaK KaK BbICbIMaloLLMeCA YacTULLbl ABNAIOTCA SHEp-
reTMYecKUMM areHTaMm ana atmochepbl 1 YTOUHEHME VX XapaK-
TEPUCTUK, @ TaKkXKe COOTBETCTBYIOLIEro OTKIMKa aTtmocdepb,
NO3BOJSINT CYLUECTBEHHO MPOABUHYTbCA B MOHUMAHWM COJSTHEY-
HO-MMAHETHbIX CBA3EN N KOCMUYECKOW Norofpl. VMccnegosaHusA
LBVIKEHVA 1 MPOUCXOXKAEHNA KOMET HamnpaB/ieHbl Ha NONyYeHne
HOBbIX AaHHbIX O AVHAMUYECKMX U PU3NYECKX XapaKTepucTu-
Kax KOMET, NCCieloBaHMe SBOIOLMN KOMETHBIX OpOUT, 13yye-
HMe MUrpaLumn KOMeT 13 BHellHe YyacT CoONHeYHOM cucTeMbl B
OKOJ03eMHOE MPOCTPAHCTBO, BbIICHEHME OCOOEHHOCTEN AVHa-
MUNYECKMX NMPOLIECCOB, KOTOPbIE MPUBENN K COBPEMEHHON CTPYK-
Type TPaHCHeNTyHOBOW 30HbI 1 obnaka OoprTa.

CoTpyaHuKY, yyacTByoLye B pabote no Teme: A.A. ABTaeBa,
E.C. bakaHac, C.W. bapa6aHos, H.C. baxturapaes, [.B. bucrkano,
IT. bonrosa, B.B. bycapes, B.B. EmenbaHeHko, H.l0. EmenbaHeH-
ko, P.B. 3onotapes, M.A. N6parumos, E.C. KanuHnyera, ATl
KaptawoBa, A.A. Knionkos, CIl. Ky3uH, T.A. JleBknHa, B.A.
JleoHos, C.A. HapoeHkosg, J1.B. PbixnioBa, AK. TepeHTbeBa, A.M.
QateeBa, MJ1. XogaueHko, /.H. Yysawwes, B.W. LemaTtoBny, b.M.
UycTos, M.IM. LLiepbuHa.

PaboTa npoBoanTca B COTpyAHUYECTBE C TOMCKUM rocyfap-
CTBEHHbIM YHMBepcuTeToMm, MIHcTnTyTOM nasepHon ¢usmnkm CO
PAH, NHctntyToMm KOocMunyeckux nccnepgosaHui PAH, a Takke
Hay4YHbIMU opraHusaunamm Asctpuu, benbrun, CLUA n LLseyun.

Investigations of planets and minor bodies of the Solar
System have been carried out in INASAN for many years. The
aim of the studies is to obtain new knowledge about the
objects of the Solar System and planetary systems around
other stars, about their formation and evolution, using
theoretical models and observational programs. In particular,
the processes of solar wind plasma influence on upper
atmospheres of planets, accompanied by auroral phenomena
(precipitation of particles with high kinetic energies, auroras,
polar winds escape of neutral and ionized particles, etc.), are
investigated. The study of these phenomena is extremely
important, since precipitating particles are energy agents for
the atmosphere, and the elaboration of their characteristics, as
well as the corresponding response of the atmosphere, will
make it possible to significantly advance our understanding of
solar-planetary interaction and space weather. Studies of the
motions and origin of comets are aimed at obtaining new data
on the dynamic and physical characteristics of comets:
evolution of their orbits, migration from the outer part of the
Solar System to near-Earth space, clarifying the features of
dynamic processes, having led to the modern structure of the
trans-Neptunian zone and the Oort cloud.

Researchers involved in the studies: A.A. Avtaeva, E.S.
Bakanas, S.. Barabanov, N.S. Bakhtigaraev, D.V. Bisikalo, G.T.
Bolgova, V.V. Busarev, V.V. Emel'yanenko, N.Yu. Emel’'yanenko,
R.V. Zolotarev, M.A. Ibragimov, E.S. Kalinicheva, A.P. Kartashova,
A.A.Kluykov, S.P. Kuzin, P.A. Levkina, V.A. Leonov, S.A. Naroenkov,
L.V. Rykhlova, AK. Terentjeva, A.M. Fateeva, M.L. Khodachenko,
I.N. Chuvashev, V.I. Shematovich, B.M. Shustov, M.P. Shcherbina.

The studies are being carried on in collaboration with Tomsk
State University, Institute of Laser Physics SBRAS, Space
Research Institute as well as with scientific institutions of
Austria, Belgium, USA, and Sweden.
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HAATEMOBbIE YACTULIbI BASPOHOMUU U ACTPOXMIUIA

SUPRATHERMAL PARTICLES IN AERONOMY AND ASTROCHEMISTRY

B NHcTtutyTe actpoHomum PAH B pamkax nccnegoBaHuin no
HWP ABPOPA [.B. bucukano u B.A. LLlemaToBryem COBMECTHO C
Konnieramy pa3paboTaH KuHeTndeckuin meton MoHTe-Kapno,
MO3BONMBLUMI Ha MOJIEKYNIAPHOM YPOBHE OMUCaHUA CTPOro
nccnefoBaTb HePaBHOBECHbBIE NMPOLIECCHI B Fa30BbiX 00010UKax
acTpodusmyecknx 06beKToB. B Hawwmx paboTax p[eTtanbHO
onucaH KuHetnyecknin metog MoHte-Kapno (KMM-K) ana nccne-
[I0BaHMA Ha MONEKYNIAPHOM YPOBHE OMNmcaHnA Ponu HagaTenso-
BbIX (rOpAYMX) YacTUL, B a3POHOMUM U acTPOXMMUN aTMocdep
nnaHeT 1 manblx Ten B COMHEYHOW cucTeMe, U NpPeAcTaBneHb
rnoJsilyyeHHble 3a nocsefHne rogbl HOBble pa3paboTky pasnuy-
HbIX Mogmoukaumin KMM-K, HaueneHHble Ha uWccnegoBaHue
POV HAATEMOBbIX YaCTULL B ra3omnblfeBbIX 0O0N0UKaX, OKpY»Ka-
IOLWKMX acTpodusmyeckne oObeKTbl, — [03BE3AHblIE U MPOTO-
3Be3[Hble Afpa MOMNEKYNAPHBIX 00/1aKOB, MIaHEeTbI, KX CAYTHUKN
1 KomeTbl B CONHEYHOW 11 BHECONMHEYUHbIX MAAaHETHbIX CUCTEMaX.
B acTpoxummyecknx npunoxeHnax AaHHOro Noaxoaa nokasaHa

BaKHaA POJib d)paKLWIVI HaATenNoBbIX YacTul, Hann4ymne KOTOpOVIC

— NPVBOANT K JIOKa/bHbIM M3MEHEHUAM XMMMYECKOTo COCTa-
Ba, Tak Kak HEPABHOBECHbIE KOIPDULIMEHTBI CKOPOCTEN XUMUYe-
CKMX peaKkumin (0COBEHHO C BbICOKMMM SHEPTVAMMN aKTVBaLIMN)
MeXay HaATenioBbIMM YacTULAMUN 1 OKPY»KatoLlel rasorbinie-
BOV 000/I0UKON HAMHOTO BbILLE, YEM [J1 XUMUYECKNX PeakLuii
NPV TEMIOBbIX SHEPTUAX;

— BbI3blBaeT HETEM/IOBbIE CBEYEHUA ra30MbliIeBO 060MOUKY;

— YCWIMBAET XMUYECKINIA OBMEH MEXKIY ra30BOM 1 MblNeBON
dpakumaAMYN 06010UKY;

— NPVBOANT K 06pa30BaHmio

At the Institute of Astronomy of the Russian Academy of
Sciences D.V. Bisikalo, V.I. Shematovich and their colleagues are
working on the research project AURORA. Within it the kinetic
Monte Carlo method was developed, making it possible to
rigorously study non-equilibrium processes in the envelopes
of astrophysical objects at the molecular level. In our works, we
describe the kinetic Monte Carlo method (KMM-K) for
investigating the role of suprathermal (hot) particles at the
molecular level in aeronomy and astrochemical processes
occurring in the atmospheres of planets and small bodies in
the Solar System. Also we present new modifications of KMM-K
being developed in recent years. They are aimed to study the
role of suprathermal particles in envelopes surrounding
various astrophysical objects — prestellar and protostellar
cores of molecular clouds, planets and their satellites and
comets in the Solar and extrasolar planetary systems. In
astrochemical applications of this approach, the important role
of the fraction of suprathermal particles is shown. The presence
of that fraction results in:

— leads to local changes in the chemical composition, since
non-equilibrium rate coefficients of chemical reactions
(especially with high activation energies) between
suprathermal particles and the surrounding envelope are
much higher than for chemical reactions at thermal energies;
— causes non-thermal glow of the envelope;

— enhances the chemical exchange between gas and dust
fractions of the shell;

leads to the formation of

&
NPOTAXKEHHbIX FOPAUMX KOPOH Y 10

nnaHet B CONHEeYHOWM 1 BHeCOs-
HeUHbIX CuUCTeMaX, Bbi3blBaeT
pocT HeTennoBblx atmocdep-
HbIX MOTepb, TEM CaMbIM Orpe-
Jenaa ssonoumnio  atmocdepbl
NnaHeTbl Ha aCTPOHOMUYECKUX
MacLiTabax BpemeHu;

— cnocobctByeT obpasoBa-
H/IO  CJIOXKHBIX ~ MONeKyn B
ra3oBblX 1 MblIEBbIX 060NOUKaxX
acTpodU3NYECKNX OOBEKTOB.

Hanpumep, B uccneposaHmax
notepu atmocdepbl Mapca 6bi1
BMepBble MCCNefoBaH BKNag
MPOLeCcCoB BbICbINaHKA NPOTO-
HOB 1 aTOMOB Bogopofda U3
CONHeYHoro BeTpa B 06pa3oBa- 10
Hve dpaKkuMM HafTennoBblX 1
aTOMOB KWC/IOPOAa B KOPOHe
Mapca. B kauectBe nctoyHuka
ropsaumx aToMoOB Kuciopopa
paccmMOTpeH npoLecc nepeHoca
UMMynbca Y SHEPTN B YNPYTrx
CTONKHOBEHUAX MeXy Tensno-
BbIMV aTMOCPEpPHbIMM aTOMaMM
Kucnopoga, NPOTOHaMK, BbICbl-
nalLYMNCA B BEPXHIOK aTMOC-
depy Mapca, n atomamu Bofo-
pofa C BbICOKUMM KMHETMYE-
CKUMU 3HEepruaMn K3 nnasmbl
conHeyHoro BeTtpa. lokasaHo,
yto  3K3ocdhepa  MnaHeTbl
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JHepeemuyeckue cnekmpbl 80CX00AWE20 NOMOKA AMOMO8
KUC10p0o0a Ha 8bicome 3k306a3el Mapca 0715 pasnuyHbIx
ycnoeul 8bICbINAHUS NJ1A3Mbl COMTHEYHO20 8empa No
0aHHbiM KA NASA MAVEN. lMomoku y6e2aHusa pacnosoxeHsl
chpasa om npepbigucmou 8epmukasnsHou auHuu / Energy
spectra of the ascending flux of oxygen atoms at the
altitude of the exobase of Mars for various conditions of
solar wind plasma precipitation according to NASA MAVEN
data. Escape fluxes are located to the right of the vertical

extended hot corona near planets

L i

Case 1 in the Solar and extrasolar systems,
4  causes an increase in non-thermal
Case 2 1 atmospheric  losses,  thereby

determining the evolution of the
planet’s atmosphere on
astronomical time scales;

— promotes the formation of

complex  molecules in the
envelopes of the astrophysical
objects.

For example, in the studies of the
atmospheric loss on Mars, the
contribution of the processes of
precipitation of protons and
hydrogen atoms from the solar
wind to the formation of a fraction
of suprathermal oxygen atoms in
the corona of the planet was first
investigated. The source of hot
oxygen atoms was considered to
be the process of momentum and
energy transfer in elastic collisions

10
Energy, (V)

100

between thermal atmospheric
oxygen atoms, protons
precipitating into the upper

atmosphere of Mars, and hydrogen
atoms with high kinetic energies
originating from the solar wind
plasma. It is shown that the
exosphere of the planet s
populated by a significant number
of suprathermal oxygen atoms



HacenAeTcA 3HaUNTESNTbHbIM KONMYECTBOM HafTENTOBbIX aTOMOB
K1cnopoga € KMHETUYECKMMI SHEPraMM BMIOTb AO SHEPrum
y6eraHua 2 3B, 7.e.,, popmmpyeTcs ropsayas KMcioponHas KopoHa
Mapca. lMepeHoC 3HeprMn OT BbICHINAOWUXCA MPOTOHOB U
aTOMOB U3 M/1a3Mbl COJIHEYHOrO BeTpa K TEernioBbiM aToMam
Kncnopofa npVBOAUT K OOpPa3oBaHWIO  JOMOMHUTENIbHOTO
HeTensIoBOro MOTOKa YyberaHua aTOMapHOro Kuciopopa w3
atmMocdepbl Mapca, KoTopbliii ABNAETCA JOMMHAHTHBIM B YCIOBU-
AX DKCTPEMASIbHbIX COMHEYHbIX COObITUIA — COMHEYHbIX BCMbl-
LeK U KOPOHaJbHbIX BbIGPOCOB Macchbl, — Kak nokasanu Hefas-
HVe HabniofeHUA, NonyyeHHble nprbopamm Ha 6opty KA NASA
MAVEN n KA PKA/ESA ExoMars TGO-2016.

1 Cxemamuyeckoe npedcmas-
JIeHue (hpakyuli mensioswix,
Hadmenso8bix U c8epxme-

| nnoseix yacmuy, 8 2a308bIx
060/104Kax acmpocgpusuye-
CKUX 06BeKmMo8 Ha npumepe
sepxHeli ammocgpepbl Mapca

/Schematic representation
of fractions of thermal,
suprathermal and
superthermal particles in the
envelopes, on the example
of the upper atmosphere of
Mars
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with kinetic energies up to an escape energy of 2 eV, i.e., a hot
oxygen corona of Mars is formed. The transfer of energy from
precipitating protons and atoms from the plasma of the solar
wind to thermal oxygen atoms leads to the formation of an
additional non-thermal escape flux of atomic oxygen. As
shown by recent observations obtained by instruments on
board of the NASA MAVEN and the Roscosmos/ESA ExoMars
TGO-2016 spacecrafts, this escape flux is becoming dominant
for the atmosphere of Mars in conditions of extreme solar
events — solar flares and coronal mass ejections.
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ABPOPAJIbHbIE ABJIEH/A B BEPXHUX ATMOC®EPAX MJIAHET 3EMHOI rPYNMbl

AURORAL PHENOMENA IN UPPER ATMOSPHERES OF TERRESTRIAL PLANETS

MopgennpoBaHre NpoLeccoB BbiCbINaHKA Mia3Mbl COTHEYHO-
ro BeTpa B BepxHue atMocdhepbl nnaHeT COMHEUYHOW CUCTEMbI
nposogAaTca B VHcTuTyTe actpoHomun PAH Ha npoTtaxeHun
nocnegHux 15 net. Pa3paboTaHHble MOAENU 3SNEKTPOHHbIX ”
NPOTOHHbIX MOAAPHBIX CUAHWUI NCMONb30BaANNCh ANA UCCIe0oBa-
HUA TMONAPHBIX CUMAHUIA W UHTEPrpeTauumn HabniogeHun B
BepxHUx atmochepax 3emnm (npoekt NASA IMAGE), Mapca
(npoektbl ESA Mars Express n NASA MAVEN), a Takxe, ans
WHTepnpeTaumn MoslyYeHHbIX MpPY MOMOLUM KOCMUYECKOro
Teneckona umm. Xabbna Habniope-

Modeling of solar wind plasma precipitation into the upper
atmospheres of the planets of the Solar System has been
carried out at the Institute of Astronomy of the Russian
Academy of Sciences for past 15 years. The developed models
of electron and proton auroras were used to study auroras and
interpret observations in the upper atmospheres of the Earth
(NASA IMAGE project) and Mars (ESA Mars Express and NASA
MAVEN projects), as well as auroras on the giant planets Jupiter
and Saturn obtained with the Hubble Space Telescope.

Currently, our kinetic models of

HUA NOAAPHBIX CUAHUIN Ha MNnaHe- LIl I A A precipitation processes are used to
Tax-ruraHTax Onutepe n CatypHe. B=0nT study various types of recently
B HacTosLLee Bpemsa HalK KUHETU- — discovered auroras on Mars: discrete,
yeckre Mogenu npoLeccoB BbiCbl- 3 10°f . diffuse, and proton — using the
NaHUA NPUMEHSATCA ANA nccneno- T&; available observational and
BaHWA Pa3NYHbIX TUMOB (AUCKPET- e /oA measurement data from the ESA
HbIX, AN Y3HbIX U MPOTOHHBIX) g 107 ' ,J | - Mars Express and NASA MAVEN
HeJaBHO  OTKPbITbIX  MOMAPHBIX i L La spacecrafts. Besides, the influence of
ciAHMA - Ha Mapce, uncnonb3ysA @ F,,;" ! "'.I precipitation processes on the upper
[OCTYyrMHble AaHHble HabnogeHNN 1 é 10°F - ll ~ i and middle atmosphere of Mars is
N3MepeHUil KOCMMYECKIX anmnapa- = o TR being investigated within the
ToB ESA Mars Express n NASA 3 ’ ' " framework of the scientific program
MAVEN. Kpome Toro, uccnegyetca = I of the Roscosmos and ESA space
BNAHME MPOLIECCOB  BbICbINAHNSA 10°F ! ! 7 project “ExoMars”.

Ha BEPXHIO0 1 cpefHio atMocde- Kinetic modeling of proton aurora
py Mapca B pamkax HayyHOM 10" 10° 10° 10° 10 on Mars, discovered by spacecraft
NpOorpaMmMbl KOCMUYECKOTO MPOeK- Energy (eV) observations, was first performed.

Ta Pockocmoca n ESA “Sk3oMapc”.

BnepBble BbINOMHEHO KNHETMYE-
CKOe MOoZenMpoBaHMe MPOTOHHOMN
aBpopbl Ha Mapce, OTKpbITON B
HabmopeHuax KA. Mcnonb3oBaHa
YCOBEpPLUEHCTBOBaHHAA KUHeTMYe-
ckaa mopenb MoHTte-Kapno ana
pacyeToB BbICbIMNAHWA NMPOTOHOB 1

PacuemHsole 80cxo0awWuli (YepHas IUHUSA) U HUCXOOAWUU
(KpacHas NUHUS) NOMOKU NPOMOHO8 Ha 8bicome 160km  Model was used to calculate the
018 CJ1y4as 8bICbINAGHUS AMOMO8 8000p00dd C S3Hepeemu- precipitation
YecKUM CnekmpoMm COJTHeYH020 8empa (3es1eHas NUHuUsA) / hyd rogen atoms with high energies

The calculated ascending (black line) and descending
(red line) fluxes of protons at an altitude of 160 km for
the case of precipitation of hydrogen atoms with the
energy spectrum of the solar wind (green line)

An improved kinetic Monte Carlo

of protons and
into the atmosphere of Mars.
Comparison of the calculations with
the data collected with the Solar

Wind lon Analyzer (MAVEN / SWIA)
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ATOMOB BOJ0PO/A C BbICOKUMU SHEPrAMM B aTMochepy Mapca.
CpaBHEHME PACYETOB C AaHHbIMYK, COOPAHHBIMY C MOMOLLBIO
aHanm3saTopa MoHoB conHeyHoro BeTpa (MAVEN/SWIA), nokasbl-
BaloT, uTo Mogenb MoHTe-Kapno Bocnpon3BoamT HeKoTopble 13
N3MepPEeHHbIX MOTOKOB. Pe3ynbTaTbl CpaBHEHMA pacyeToB U
N3MepeHMA NOTOKOB NMPOTOHOB Ha MasblX BbICOTaxX MO3BOMAIOT
caenatb BblBof 00 3GPeKTUBHOCTY Nepe3apsiaky Mexxay NpoTo-
HaMWU COSTHEYHOrO BeTpa U NPOTAXEHHOW BOJOPOJHOWN KOPO-
HOW, eCclM OQHOBPEMEHHO M3MepPAETCA BeNnYMHa MHZYLUPO-
BaHHOIO MarHUTHOroO NofA. Takke yCTaHOBNEHO, YTO MHAYLMNPO-
BaHHOE MarHUTHOE MOoJie UrpaeT BaxkHYO pofb B GopMUpoBa-
HUWM OTpPaXKeHHOro atmocdepori MOToKa MPOTOHOB, B Cylle-
CTBEHHOW CTeNeHN KOHTPONMPYSA ero BefinymHy.

MpoBogAaTca nccnefoBaHusa 3GGEKTVBHOCTM Mepe3apanKm
NMPOTOHOB COJIHEYHOrO BeTpa B MPOTAXEHHOW BOAOPOAHOM
KopoHe Mapca. Hannuve perynapHbix Bapuauuin nAOTHOCTU
BOAOpoAa B KopoHe Mapca 13BeCTHO iaBHO 1 CBA3bIBANIOCb CO
CMeHoMI ce30HOB Ha Mapce. OpHako HeflaBHO 6binvi OOHapyxe-
Hbl 1 CiopagnyecKne n3MeHeHWA MIOTHOCTU B BEPXHEN aTMOC-
depe Mapca, oOycCnoBfieHHbIe pPa3MYHbIMK MpoLeccamn B
noactunatroLen atmochepe, TakUMM Kak OTKpbITble B Habntoge-
HusAx KA Mars Express n KA Pockocmoc/ESA Dk30Mapc BbIGpOChl
napoB BOAbl N NeAAHbIX YacTUL, Ha BbICOTbl BNIOTb 40 100 Km
BCNIEiCTBYIE FN06abHbIX MbLIEBbIX OYPb.

B pacuetax npu nomowy pa3paboTaHHON HaMK KUHETUYe-
ckorl MoHTe-Kapno mogenu yCTtaHOBNEHO, UTO NpU yBENUYEHUN
B 2 1 5 pa3 nyyeBown KOHLUeHTpauuu atomoB H B kopoHe Mapca
30deKTMBHOCTb Mepe3apAfK/ Takke BO3pacTaeT M JOCTUraeT
3HayeHUn B 6% n 8%, COOTBETCTBEHHO, MO CPaBHEHUIO C
6a30BblM 3HauyeHVeM 4%. BriepBble NoKa3aHo, YTo SHepreTmye-
CKMI CNeKTp NpoHuKaowmx B atmocdepy Mapca atomos Bofo-
poda OCTaeTcA WMAEHTUYHbIM MO CBOEW CTPYKType CnekTpy
HeBO3MYLLIEHHbIX MPOTOHOB CONIHEYHOr O BeTpa. [laHHble oueHKn
COBMECTHO C pa3paboTaHHON paHee KMHETMYECKOWN MOAENbIo
BbICbIMNAHNA NPOTOHOB 1 aTOMOB BOAOPOAA B N/IaHETHYO0 aTMOC-
depy no3BONAT NpoCieanTb BCe 3Tamnbl MPOHUKHOBEHUA
NPOTOHOB HEBO3MYLLIEHHOrO COMIHEYHOrO BETPA B MJIOTHblE C/IOU
aTMocdepbl 1 MPOBECTU MHTEPMPETaLMIO HAbIoAaeMbIX XapaK-
TEPUCTUK MPOTOHHbIX CUAHUN B 3aBMCMMOCTM OT Bapuauuin
aToOMapHOro BogOpoAa B kopoHe Mapca.
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SHepzemuueckue cnekmpbl HUCX00AWE20 NOMOKA amomos
8000p00a, paccHUMarHvle Ha 2paHuye UHOYYUupos8aHHoU
MaeHUMocepsl 0718 pasHbix 3Ha4yeHUl s1y4esoli KOHYeH-
mpayuu amomapHo20 8000po0da 8 kopoHe Mapca. YepHodu
cnaowHoU uHuell nokasaH 6asoswili pacdem, cuHel u
KpacHol — 8dpuaHmel ¢ yeesiudeHHoU 8 2 u 5 pas sy4esou
KoHYeHmMpayueti 8000p0o0d, COOMeemcmaeHHo. JIUHUS
MaJIuUHOB020 4Bema noKasbledem 3Hepemuyeckul cnekmp
NOMOKA NPOMOHO8 HeB03MYyUWeHHO20 CO/THeYHO20 8empa
Ha sepxHeli eparuye modesu 3000 km / The energy spectra of
the downward flux of hydrogen atoms calculated at the
boundary of the induced magnetosphere for different values
of column density of atomic hydrogen in the corona of Mars.
The black solid line shows the basic calculation, the blue and
the red ones show variants with the column density of
hydrogen increased by 2 and 5 times, respectively. The pink
line shows the proton flux energy spectrum of the
unperturbed solar wind at the upper boundary of the model
at 3000 km

shows that the Monte Carlo model reproduces some of the
measured fluxes. The results of comparison of measured and
calculated proton fluxes at low altitudes make it possible to
make conclusions on efficiency of charge exchange between
protons of the solar wind and an extended hydrogen coronain
the case when the value of the induced magnetic field is
measured simultaneously. It was also found that the induced
magnetic field plays an important role in the formation of the
flux of protons reflected by the atmosphere and significantly
defines its value.

Also the team carries out investigations on the efficiency of
solar wind proton charge exchange in the extended hydrogen
corona of Mars. The presence of regular variations in the
density of hydrogen in the corona of Mars has been known for
a long time and was associated with the change of seasons on
Mars. However, recently sporadic changes in density in the
upper atmosphere of Mars were also detected. They are caused
by various processes in the underlying atmosphere, such as
ejections of water vapor and ice particles, caused by global
dust storms, to the heights up to 100 km as discovered by Mars
Express and the Roscosmos / ESA ExoMars observations.

Our kinetic Monte Carlo model calculations discovered that
theincrease of 2 and 5 times of column density of atoms of H in
the corona of Mars, results in the increase of the charge
exchange efficiency with the values of 6% and 8%,
respectively; the baseline value is 4%. It was shown for the first
time that the energy spectrum of hydrogen atoms penetrating
into the Martian atmosphere remains identical in its structure
to the spectrum of unperturbed solar wind protons. These
estimates, together with the previously developed kinetic
model of the precipitation of protons and hydrogen atoms into
the planetary atmosphere, make it possible to trace all stages
of the penetration of protons of the undisturbed solar wind
into the dense layers of the atmosphere and to interpret the
observed characteristics of proton auroras in correlation with
the variations of atomic hydrogen in the corona of Mars.
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CBJINKEHUA C COJIHLUEM U 3BONTIOLIA ACTEPOUAOB N KOMET

SOLAR ENCOUNTERS AND EVOLUTION OF ASTEROIDS AND COMETS

M3yueHa ponb conmxkeHuii ¢ ConHuem B 3BOMIOLMN acTepou-
[0B 1 KOMeT. M3 paboT no AMHaMUKe OKONO3eMHbIX OObeKTOB
M3BECTHO, UTO MpPaKTMYeCKU BCE OKONO3eMHble OObEeKTbl B
npoLecce 3BOJIIOLMU MPOXOAAT Yepe3 OKOIOCONHEYHbIe COCTOs-
HuA. EcTecTBeHHO Npegnonaratb, YTO Masble Tena UCMbITbIBaOT
6onbluvie M3meHeHUs (M paxe paspylleHue) Bonu3m ConHua
BC/IEACTBME OYeHb OOMbLUMX MPUANBHBIX U TEMIOBLIX BO3AEN-
CTBMI, @ TakXKe BO3MOXKHOIO B3aUMOLEWCTBMA C CONMHEYHOM
aTMocdhepoin.

WNHTepec Kk conmxeHuam c ConHuem Kak BO3MOXHOMY npoLec-
Cy, VrpaloLLemMy rfaBeHCTBYIOLLY pofb B Gpr3MYeCcKon 3BOso-
LM OKOJIO3eMHbIX OOBEKTOB, 3HAUUTENIbHO YCUAWACA Mnocne
YenabuHckoro cobbiTnA, nockonbky cotpyaHukamu WMHACAH
6blna ycTaHoBneHa 6onbluas BEPOATHOCTb NpoxoxaeHus Yena-
6UHCKOro obbekTa B6nM3n ConHua NpUeNn3nTeNbHO 1 MUAMIMOH
net Hasag. [nAa nonyyeHusa Takoro BbiBofa Oblna onpeneneHa
JoatmocdepHasa opbuTta 3TOro obbekTa HemoCpPefcTBEHHO Ha
OCHOBE ero acTPOMETPUYECKMX MOMOXKEHWUA. ITO MO3BONUIIO
onpefenvTb JOBEPUTENbHYIO0 06N1acTb A SNEMEHTOB OPOUTDLI 1
NPOBECTW MHTErpupoBaHMe YPaBHEHU ABVXXEHUA B NPOLLIIOM
InA 60nbLIOro YMcna BUPTYanbHbIX YacTuL, C HauanbHbIMY 0p6ou-
Tamu U3 JoBepuTesibHoM obnacTu. bbino ycrtaHoBneHo, uto 6onee
CeMMAECATUN NPOLEHTOB 3TMX YacTuL, B NPOLLIOM Obinivi Ha opou-
Tax C NepurenuiHbIMK pacctoaHuamy meHee 0.1 a.e. Hanbonee
BepoATHoe BpeMa conmxeHms YenabrnHckoro obbekTta ¢ ConH-
Lem, onpefeneHHoe 13 AVHaMUYECKUX COOOPaKeHU, HaXo[nT-
CA B XOPOLUEM COrflacn C KOCMUYECKMM Bo3pacTom YenabuH-
CKOro MeTeopuTa.

WccnepoBaHbl AvHaMmyeckne ocobeHHOCTU npoLecca nepe-
XO[1a OKOJI03€MHbIX OOEKTOB Ha OPOUTBI C MarbIMK Nepurenunii-
HbIMM PacCTOAHMAMU. Ha KOPOTKMX MPOMEXYTKax BpemeHU
nopsaka Toicay net 3bPpeKTUBHOCTL TaKKX Nepexofos obecrneun-
BaeTCA [eNCTBMEM MexaHM3Ma BeKOBbIX BO3MyLUeHWI Jlngo-
Ba-Ko3au, a Ha 3HaunTenbHo Gonee ANUTENbHBIX NPOMEXYTKaX

Studies of the role of encounters with the Sun in the
evolution of asteroids and comets were carried out. As follows
from dynamical studies of near-Earth objects, in the course of
evolution, most near-Earth objects pass through the near-Sun
states. It is natural to assume that small bodies undergo large
changes (and even destruction) near the Sun as they are
subjected to very strong tidal and thermal influences and
directly interact with the solar atmosphere.

Interest in encounters with Sun as a possible process playing
a dominant role in the physical evolution of near-Earth objects
increased significantly after the Chelyabinsk event, since
INASAN researchers established that the Chelyabinsk object
with the high probability passed near the Sun about 1 million
years ago. To reach such a conclusion, the pre-atmospheric
orbit of this object was determined directly on the basis of its
astrometric positions. It allowed determining the confidence
interval for orbital parameters and integrating the equations of
motion in the past for a large number of virtual particles with
initial orbits from the confidence interval. It was found that in
the past more than seventy percent of these particles were in
orbits with perihelion distances of less than 0.1 AU. The most
probable time of the approach of the Chelyabinsk object to the
Sun, determined from dynamic considerations, is in good
agreement with the cosmic-ray exposure age of the
Chelyabinsk meteorite.

The dynamic features of the process of transition of
near-Earth objects to orbits with small perihelion distances are
investigated. At short time intervals of the order of thousands
of years, the effectiveness of such transitions is provided by the
action of the Kozai-Lidov secular perturbation mechanism, and
at much longer time intervals — by the action of secular
resonances. It is noted that the near-Sun states in the course of
the evolution of asteroids, should be important for forming the
physical properties, size distribution, and dynamical behavior

BpPEMeHN  —  [eicTBUEM of near-Earth objects.
BEKOBbIX pe30HaHCoB. OTmeue- 3.0~ As it was discovered in
HO, YTO  OKOJIOCONHeYHas 2017, only seven of the
CTagvia B 3BOJIOLMM MasbiX Tes 25 “mw discovered asteroids moved
urpaet 6onblyl ponb B e L along orbits with perihelion
dopmmpoBaHn  dr3NYECKKX . distances g < 0.1 AU.
CBOWCTB, pacnpefeneHns no 20F i VY " aﬁ However, due to the
pasmepam ¥” [UHaAMUYECKUX = e Koza-Lidov secular pertur-
0COOEHHOCTEel  OKOJSI03eMHbIX { 1.5 bations, the asteroids, having
06beKToB. :‘" recently passed near the Sun,
YcraHoBneHo, yto B 2017 r. = 4 "1 i M could by now have moved to
VWb  ceMb  OOHaPYXKEHHbIX t | J‘ Mg N e orbits farther from the Sun. In
acTepovgoB coBepLanu 05l ..ﬁ: ' j m‘ﬁfﬁ" Y Yav g‘h'-. this study, we found asteroids
[BVIXKeHe No opbrTam ¢ nepu- ’ ”""ah,l":I "{\- q that have been recently
resIniAHbIMN paccToAaHuAMM V orbiting  with  perihelion
g < 0.1 a.e. OnHaKo acTepougpl, 0.0 _1’ 5 _1'{] _{;5 DJD distances g < 0.1 AU. Asteroids
npoxoausiuve 865m3n ConHua, ' ' ' "~ may stayon such orbits for
K HacTosILLEeMy BPeMEHU MO Time, Myr hundreds to tens  of

nepenT Ha opbUTbI, yaaneH-
Hble oT ConHua, BCneacTeve
JIeNCTBMA MEXaHN3Ma BEKOBbIX
BO3MyLLeHWI Jlngosa-Ko3au. B Hawwein paboTe HaligeHbl actepo-
nabl, KOTOpblE B HEJANIEKOM MPOLLIOM MeNN opbuTbl C nepure-
NNAHBIMK paccToaHMAMM g < 0.1 a.e. BpeMs npebbiBaHNA acTepo-
NI0B Ha Taknx opbumTax BapbMpyeTCsA OT COTEH NIeT JO AeCATKOB
TbICAY NeT.

OnHOM 13 HEOXMAAHHOCTEN B UCCIEeAOBaHUM ManblX Ten
ConHeyHoW c1CTeMbl B Hauyasne 3TOro Beka CTao ObHapy»KeHue

Jsonoyusa  YenabuHckoeo mMemeopuma HA OKOSIOCOSTHEYHYHO
opbumy/ Transition of Chelyabinsk meteorite to near-Solar orbit

thousands of years.

At the beginning of this
century, the SOHO space
observatory discovered near-Sun comets with perihelion
distances g = 0.05 AU, which remained observable over several
close encounters with the Sun. This became one of the
surprises in studying the small bodies of the Solar System.
Currently, there are objects that have already been observed in
four (342P) and five (321P, 322P, and 323P) apparitions. In the
present work, the estimates of non-gravitational effects are
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KocMmyeckor obcepaaTtopurern SOHO OKONOCONHEYHbIX KOMET,
OBVPKYLLMXCA MO opbuTam C NepurenvinHbIMU PacCTOAHMAMM
nopsagka 0.05 a.e, KoTopble OCTaBanuCb HabnogaembiMn B
TeyeHne HeCKONbKUX NpoxoxaeHnii B6nn3n ConHua. B HacTos-
Lee BpemMa MMeloTCA 0ObEKTbI, KOTopble Habnoganuch yxe B
yeTbipex (342P), natu (321P, 322P) n wectn (323P) noasneHumaAXx.
OnAa 3Tx OOBEKTOB MOMy4YeHbl OLEHKU HerpaBUTaLMOHHbIX
3¢ PeKToB Ha OCHOBE MOMAPHOro OObEAVHEHMUA MOABNEHUN.
MpoBeaeHHble BbIUMCIEHUA MOKasanu, 4To HabnoaeHus
M3YYeHHbIX OO6BEKTOB MNOXO OOBACHMMbI Ha OCHOBe Yy4yeTa
TONbKO rPaBUTALMOHHbIX cu. HerpaBuTauuoHHble 3ddeKTbl
MIMEIOT ABHO HeperynapHbI XxapakTrep.

obtained for these objects based on the pair-wise linkage of the
apparitions. The calculations show that the observations of
these objects are poorly represented if solely the gravitational
forces are considered. The non-gravitational effects are clearly
irregular.
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MPOUCXOXAEHUE AAJIEKUX TPAHCHENTYHOBbBIX OB bEKTOB

ORIGIN OF EXTREME TRANSNEPTUNIAN OBJECTS

OTKpbITYEe [aneknx TPaHCHENTYHOBbIX OOBLEKTOB, ABUXY-
LMXCS MO opbrTam € 6oMbLwMMUM Nosyocamu a > 150 a.e. u nepu-
reNUnHbIMK pacctoaHuamn g > 30 a.e. Jano HeOoXUAaHHY
nHbOPMaLMIO O CTPOeHUN BHelHel YacT CoTHeYHom cucTe-
Mbl. B pacnpepeneHun yrioBbiX 31eMEHTOB 3TVX OOBLEKTOB
Obifla OOHapyeHa KOHLEHTpaums BONM3M OnpefeneHHbIX
3HaUYeHWI, YTO CTano OCHOBOW AN1A NPeAnonoXeHWA O Cylle-
CTBOBaHWM fanekon aesaTon nnaHeTbl. [anbHenwee nccneno-
BaHue, nposefeHHoe B VIHACAH, no3sonuno BbIABUTb HOBble
OCOOEHHOCTV B pacnpefeneHnn opbuT TpaHCHEMTYHOBbIX
06BEKTOB C MEPUTENIMNHBIMU PACCTOAHMAMN g > 40 a.e. 1 6onb-
wumm nonyocamu a > 150 a.e. Habniogaemoe pacnpeneneHue
OpOUT yKasbiBaeT Ha CyL|eCTBOBaHWE ABYX MPYnn Aanekux
TPaHCHENTYHOBbIX O6EKTOB C Pa3fiUHbIMY ANHAMUYECKMUA
cBoicTBaMU. [MocKombKy OOHapy»eHHble CBOWCTBAa TPYOHO
OODBACHUTD B pamKax rMMMoTesbl O CyLeCTBOBaHWU OEBATON
nnaHeTbl CONMHEYHON CMCTEMbI, MPeAnoXeHa HoBas Mopenb,
KOTOpasA OCHOBaHa Ha KoHLUenuuv o GopMUPOBaHUN 1 3BOJTIO-
LM TUFAHTCKMX Fa3orbifeBbIX CryLEHWUI, OOpasyloLnXca B
pe3ynbTaTe rpaBUTALMOHHON HeyCTOMUMBOCT U pparmeHTa-
Lun NpoTonfaHeTHOro AncKa. B 3Ton mogenn paccmatpuBaeT-
CA AVHaMMYeCKas 3BOMIOLMA TMIaHTCKMX ra3onbineBbiX Crylie-
HUIA, ABUXKYLLUMXCA MO opbu-
TaMm C pa3HbIMM HaKITOHaMW, 11
nnaHeTesvmanen, pacrono-
MEHHbIX MepBOHayanbHO B ; L .
chepax Xwunna = cryweHui.
MNokasaHo, uTo pacnpepene-
HVYe opbuT nnaHeTesVManen
B paccmaTpriBaeMoin Mogenu
XOpoLWo  cornacyerca ¢
HabnofaembiM pacnpegene-
HUeM OpOUT Janeknx TpaHc-
HeNTYHOBbLIX O6EKTOB.

B panbHenwen pabote
ObiI  U3y4yeHbl AVMHaMUYe-
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The recent discovery of distant trans-Neptunian objects
moving in orbits with semimajor axes a> 150 AU, gave new and
rather unexpected information about the structure of the outer
part of the Solar System. In the distribution of the angular
orbital elements of these objects, an unusual grouping was
found near certain values, leading to an assumption on the
existence of the distant ninth planet producing this effect.
Further research performed at INASAN revealed new features
of the distribution of orbits for of trans-Neptunian objects with
perihelion distances of g > 40 AU and semimajor axes
of a> 150 AU. The observed distribution of orbits indicates the
existence of two groups of distant trans-Neptunian objects
with different dynamic properties. Since the discovered
properties are difficult to explain within the framework of the
hypothesis of the existence of the ninth planet of the Solar
System, a new model, based on the concept of the formation
and evolution of giant clusters, formed as a result of
gravitational instability and fragmentation of the
protoplanetary disk, was proposed. The model considers the
dynamic evolution of giant clusters moving in orbits with
different inclinations, and planetesimals initially located in the
Hill spheres of the clusters. It was shown that the orbital
distribution of planetesimals in
the considered model s
consistent with the observed
orbital distribution of distant
trans-Neptunian objects.

In the later studies the
dynamical features of a massive
. disk of distant trans-Neptunian

. objects were considered within

in frames of the model. The

. dynamical evolution of the

orbits of small bodies under the
. action of gravitational pertur-

- ® bations from the outer planets
and self-gravity of the disk has

CKrne 0CoBeHHOCTN MaccuB-

HOrO AMCKA AaNeKux TpaHC-
HeMNTYHOBbIX OObEKTOB B
aTo mopenu. PaccmoTpeHa
3BOJIIOLMS OPOUT MarbIx Ten
nog Aencrsmem rpaBuTaLu-
OHHbIX  BO3MYLUEHUIA  OT
BHELLHUX MIaHeT 1 caMorpa-
BUTAUUN AUCKa B TeyeHue

| 1 1 J
400 600 800 1000
Bonblas nonyocs, a.e.
PacnpedeneHue 6obuiux nosyoceli U nepuzesiutiHbIX paccmoaHul
019 06vekmos ¢ g>30 a.e., 150<a<1000 a.e. yepe3 1.2 munnuapoa
Jlem 380/104UU NpU Ha4asbHoU Mdacce OUCKa, pasHou Oecamu
maccam 3emnu / Distribution of semimajor axes and perihelion
distances for objects with q > 30 AU, 150 < a < 1000 AU after 1.2

billion years of evolution at disk mass equal to 10 Earth masses

1
200

been studied for a time interval
of the order of a billion years. It is
shown that the secular effects of
the gravitational influence of a
massive disk of small bodies lead
to an increase in the
eccentricities of the orbits of
individual objects. The result of

HECKONMbKUX MUITNaphoB JeT. [Moka3aHo, UTO BEKOBbIE 3¢¢EK-
Tbl TPAaBUTALUMOHHOIO BIMAHNA MAaCCMBHOIO ANCKa MalibixX Tes
NPYBOLAT K YBE/INYEHUIO SKCLEHTPUCUTETOB 0p6|/IT OTAENbHbIX
0OBbEKTOB. Pe3y1'|bTaTOM Takoro AnMHammn4yeckoro nosepeHunA
ABNAETCA CO3daHMe NOTOKa MalibiX Ten, noaxoaAawnx 65113KO K
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this dynamical behavior is the appearance of a flux of small
bodies coming close to the orbit of Neptune. The change in the
number of objects surviving in the observable region of distant
trans-Neptunian objects (the region of orbits with perihelion
distances of 40 < g < 80 AU and semimajor axes



opbute HenTyHa. VI3meHeHe uncnia 06beKTOB, COXPaHALLNXCA
B 06nacT HabnofeHNa Janeknx TPaHCHEMTYHOBbIX OObeKToB
(obnactb opbUT ¢ NepureNMnHbIMK pacctoaHnaMmmn 40 < g < 80
a.e. 1 6onbwmmn nonyocamn 150 < a < 1000 a.e.), ¢ TeueHneM
BPEMEHM 3aBUCMT OT HayallbHOW Maccbl AucKa. [Ans OUCKOB C
MacCoW, MpeBblWaloLern Maccy 3emnu, UMeeTca TeHAeHUMA K
YMEHbLUEHNIO UMCia [anekux TPaHCHEMTYHOBbIX OOBEKTOB,
COXPaHVBLUMXCS B 06M1acT Hablo4aemMoCTy Nocse 3BoNioummn B
TeueHvie NPOMEXYTKa BpeMeHn nopsagka Bospacta ConHeuHom
CcUCTeMbl, C yBENIMYEHEM HayasibHOM Maccbl. C 4pYrom CTOPOHBI,
[N 60NbLUNHCTBA OOBEKTOB SKCLEHTPUCUTETbI OPOUT YMeHbLLa-
t0TCA NOA BAVAHEM CaMOT PaBUTaLIMU AUCKA. [103TOMY OCHOBHas
YacTb AMCKA COXpaHsieTca B 00MacTV  FefIMOLEHTPUYECKIMX
paccToaHni, npesbiwatowmnx 100 a.e.

150 < a < 1000 AU), over time depends on the initial mass of
the disk. For disks with masses exceeding several Earth masses,
there is a tendency to a decrease in the number of distant
trans-Neptunian objects surviving in the observable region
after evolution for a time interval of the order of the age of the
Solar System, with an increase in the initial mass. On the other
hand, for most objects, orbital eccentricities decrease under
the influence of the self-gravity of the disk. Therefore, the main
part of the disk is preserved in the region of heliocentric
distances exceeding 100 AU.

OcHoBHble ny6nukauum / Main publications
V.V.Emel'yanenko, A&A, 642, id. L20 (2020)
V.V. Emel'yanenko, Solar System Res., 54, 64 (2020)

UCCNEQOBAHUA MAJIbIX TEJ1 CONTHEYHOW CUCTEMbI MO IAHHBIM
NX BXOXAEHUA B ATMOCOEPY 3EMJIN

STUDIES OF MINOR BODIES OF THE SOLAR SYSTEM USING DATA
ON THEIR ENTRANCE TO THE EARTH ATMOSPHERE

HabntofeHus MeTeopoB BaXKHbI KaK Ans ccnefoBaHusa GyHaa-
MEHTaJIbHbIX HayYHbIX NPOo6sieM (HanpuUMep, AN N3yYeHnsa AnHa-
MUKN Manbix Ten CONMHEeYHOWM CUCTeMbl), Tak U ANA pelueHus
NPUKIaAHbIX 3agay (Hanpumep, ans co3gaHus 3bGeKTUBHON
NPOTVBOMETEOPUTHON 3aLUMTbl KOCMUYECKMX anrapaTos). B
nocnefHne rofbl KONMYeCcTBO MEeTEOPHbIX YCTaHOBOK, UCMONb3Y-
eMbiX NPOodECCHOHANBHBIMU METEOPHBIMU FPYMMNamu B COTPYA-
HMYeCTBe C acTPOHOMaMU-NIIOOMTENAMM, Pe3KOo BO3POCo. OHM
pacnonoeHbl MO BCEMY MUPY U 0OPa3yHoT NiIOTHbIE METEOPHbIE
ceTw. [1nAa MeTeopHbIX NCCNefoBaHMI OQHUM N3 BaXKHbIX YCITOBUN
ABNAETCA NPOBEAEHVE HAOMIOOEHNUI CO CTaHUWIA, Pa3HECEHHDbIX
no gonrote. Takoe pacrnonoeHve No3BONNT OLEeHUTb Bapraumio
NOTOKa METEOPHbIX YacTuy No gonrote. MNoCTOAHHbBIN MOHUTO-
PVIHI Ha NPOJOMKUTEIbHOM MHTEepBane BpemMeHW MOo3BosAeT
nonyyaTtb MHAMBMAYASIbHbIE XapPaKTEPUCTUKU (Hanprmep, 3Be34-
Hble BENMYMHbI) KaXXOoW METEOPHOW yYacTuubl U MPOBOAUTb
aHanun3 BCEro METEOPHOro BeLecTBa B OKOJI03eMHOM NPOCTPaH-
ctBe. B MiHctntyTe actpoHomunn PAH B TeueHre paga neT nposo-
LNTCA MOHUTOPVIHT METEOPHbBIX COOLITU C HECKOMBKMX MYHKTOB.
K 2021 r. no nporpammam HabnogeHn METEOPOB MOyYEHO
HECKONbKO TbICAY METEOPHbIX perncrpawmm.

MNpoBoaATca nccnenoBaHNA METEOPHbIX MOTOKOB U Crnopagu-
yeckoro ¢oHa rno AaHHbIM 6a3nCHbBIX TENEBM3NOHHbIX Habnoae-
HUIA. Hanprimep, 6bino NpoBefeHbl NCCefoBaHUA pacnpenene-
HUA YacTuy (B BUAE UHAEKCA METEOPHOWM aKTMBHOCTM) MOTOKA
Mepcemnabl 3a 2012-2013 rr. 1 cnopagnyeckoro ¢oHa B neprop
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lMpumep kaopa ¢ memeopom, pacnpedesieHue 3Ha4eHUl 36e30-
HOU 8e/TUYUHbI KaXX00U MOYKU MemeopHO20 MpeKa U Ux Koop-

duHam /An example of a frame with a meteor: the distribution of
magnitude for each point of the meteor track and their
coordinates

Observations of meteors are important both for the study of
fundamental scientific problems (for example, for studying the
dynamics of small bodies in the Solar System) and for solving
applied problems (for example, for creating an effective
anti-meteorite protection for spacecrafts). In recent years, the
number of meteor systems used by professional meteor teams
in collaboration with amateur astronomers has increased
significantly. They are located all over the world and form
dense meteor networks. For meteor research, one of the
important conditions is to make observations from stations
distributed in longitude: such an arrangement allows
estimating the variation in longitude of the flux of meteor
particles. On the other hand, continuous monitoring over a
long time interval allows one to obtain individual
characteristics of each particle (for example, the magnitude of
meteor particles) and to analyze all meteoric matter in
near-Earth space. Institute of Astronomy of the Russian
Academy of Sciences has been monitoring meteor events from
several points for a number of years. By 2021, several thousand
meteor registrations have been received.

Using the data of double-station television observations
investigations of meteor fluxes and sporadic background are
carried out. For example, the studies of the distribution of
particles (in the form of an index of meteor activity) of the
Perseid meteor shower for 2012-2013 as well as the sporadic
background during the period of this shower.
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PacnpedeneHue uHdekca memeopHol akmusHocmu [lepceud &
2012-2013 22 / Distribution of the index of meteor activity for
Perseids in 2012-2013
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PacnpedeneHue uHoekca MmemeopHoU akmueHoOcmu cnopaouye-
ckux memeopos 8 2012-2013 22 / Distribution of the index of
meteor activity for sporadic meteors in 2012-2013

[eNCTBUA JaHHOro NOTOoKa.

WccnepoBaHve MeTEOPHbIX XapaKTepu-
CTUK MPOBOAMSIOCH TaKXKe C YHUKanbHOM
yctaHoskor FAVOR. 31a wmnpokoyronbHas
Kamepa (none 3peHuna 18°x20°) nossonsana
perncTprMpoBatb MeTeopbl Ao +9™, uTo
NMo3BONMNO BrepBble AeTalbHO MUCCneno-
BaTb Cnabble MeTeopbl B METEOPHbIX
notokax OpuoHugpl, CeBepHble 1 IOXHble
Taypuabl.

HanbHenwmnin MOHUTOPUHI METEOPHbIX
COObITVIN NO3BOMNNT MPOJOMKNTb NCCNeno-
BaHWA CBOWCTB MW3BECTHbIX METEOPHbIX
NMOTOKOB, BbIABMAATL W K3y4yaTb HOBbIE
MOTOKKM, a TaKKe COBEPLUEHCTBOBATb
MOZenv B3auMoZenCTBMA YacTuL, C aTMOC-
depont © meToAbl onpefeneHVas Macc U
LpYryx napameTpoB METEOPOUIOB.

MageHne KocMmyeckux Ten Ha 3eMsTio MOXeT MpeAcTaBnATb
peanbHyto yrpo3y A yenoseyectsa. [laxe CKPOMHbIe Mo acTpo-
HOMMYECKNM MepKaMm CobbITUA, Hanpumep YenabrHcKuii meteo-
puT (OKOMO 20 METPOB B AVaMeTpe), CMOCOOHbI HAHECTU [OBOSIb-
HO CyLLECTBEHHbIN MaTepPUanbHbINA YPOH (B ciyyae YenabuHcko-
ro cobbitva — nopaAgka 1 mapa. pyb.), 1 Bbi3BaTb OFPOMHbIV
00LLeCTBEHHDbIN pe30HaHC. M03ToMy 3HaHWe CBOWCTB MeTeop-
HbIX TN BaXKHO AJ1A MOHUMaHNA pacnpepeneHua Ten B ConHeu-
HOW cucTeme (on1 Ten pasmepom 1 M 1 6onee), X XMMNYECKUX
CBOWICTB, MPOVICXOXAEHVIA U SBOMIOLMM TaK/X OObEKTOB, a TakxKe
OLIeHKM OMacHOCTY, KOTOPYIO OHW MOTYT Bbi3BaTb. [nA noucka
BbINaBLUMX METEOPUTOB, ANIA WCCNeNOBaHWA 3BOMOLMKW, ANA
NCCNefoBaHNA XapaKTePUCTUK KOCMUYECKUX Ten HeobXoanmMo
nosyyatb KX TPAeKTOPUIO U KMHEeMaTUyeckre napameTpbl.
CotpyaHukn MHACAH npuHimaloT yyactve B MCCefoBaHUAX
TaKNX KOCMWYECKMX TeNl MO HabMoAEHUAM WX BXOXAEHWSA B
atmocdepy 3emnn (Mo HabnoOEHUAM MeTeopoB, 60NMAOB).
OpHO 13 BXOXAEHMIN KOCMMYECKOro Tena B atmochepy 3emnu
6b110 3aperncTprpoBaHo 21 nioHa 2018 . (1:16 UTC) Hag Teppu-
Topueln Poccun. BxoxkpaeHvie 6onvpaa 1 ero nbineBow ciep 6biim
3aperncTpupoBaHbl  aBTOMOOWSIbHBIMA  permcTpaTopamu,
KOCMUYECKMU  CNYTHUKaMK, WHQPa3ByKOBbIMU  CTaHLAMM
(CNEOS). bbinn cobpaHbl NosiHble CBEAEHNA O COObITUM KaK Mo
pe3ynbTaTam cneuuanbHO OPraHN30BaHHOW 3KCNeauLmK, Tak 1
no JaHHbIM 3 APYrMX UCTOYHMKOB: flaHHble C PermcTpaTopos,
KOCMMYECKMX annapaToB, UHOPa3ByKoBbIX cTaHuuiA. CobpaH-
Hble Ha MecTe NageHna dparmeHTbl meTeopuTa O3epKu Knaccu-
buLMpoBaHbl Kak 00bIYHbBIN XoHAPUT (L6). MeTeopuT nonyunn
Ha3BaHue O3epKu.
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WHOekc memeopHOU aKmMuBHOCMU CUJIbHO20 MemeopHO20
nomoka OpuoHudsl 8 2006-2008 22 / Distribution of the index of
meteor activity for the strong meteor stream Orionids in
2012-2013
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locations

The study of meteor characteristics was also carried out with
the unique FAVOR system. This wide-angle camera (field of
view 18° x 20°) allows registering meteors up to + 9™, which
allowed detailed investigation of faint meteors in the Orionids,
North and South Taurids meteor shower for the first time.

Further monitoring of meteor events will make it possible to
continue studies of the properties of the known meteor
showers and to identify and study the new ones, as well as to
improve the models of interaction of particles with the
atmosphere and the methods for determining masses and
other parameters of meteoroids.

The fall of cosmic bodies on Earth can pose a real danger to
humanity. Even events modest by astronomical meteorite
(about 20 meter in diameter) can cause (about 20 meters in
diameter), can cause quite significant material damage (in the
case of the Chelyabinsk event about 1 billion rubles), and also
have a huge public response. Therefore, the knowledge of the
properties of meteor bodies is important for both
understanding the distribution of bodies in the Solar System
(for bodies of Tm or more in size), their chemical properties, the
origin and evolution of such objects, and assessing the danger
they could cause. To search for fallen meteorites, to study
evolution and the characteristics of cosmic bodies, it is
necessary to obtain their trajectory and kinematic parameters.
Researchers of INASAN take part in such studies by observing
their entry into the Earth's atmosphere (by meteor and bolide
observations). One of the entries of a space body into the
Earth's atmosphere was recorded on June 21, 2018 (1:16 UTC)
over the territory of Russia. The entry of the bolide and its dust
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210 r . . . trail were recorded by dash cameras, space satellites,

infrasound stations (CNEOS). Complete information on the

205 ',.'" 1 event was collected from both the results of a specially

L organized expedition and the data from other sources: data

- or . 7 from dash cameras, spacecrafts, infrasound stations. The found

S sl . . | material was called Ozerki meteorite and classified as an
£ ‘.q"l, % ordinary chondrite (L6).

£ ol . N The dynamic characteristics of this space object were

L ofien obtained: the trajectory, the velocity and the entry angle, the

E -185 | .-'.-'- > 4 orbit, the mass and the size were estimated. A new method to

< % e measure the absolute magnitude and the mass (energy) was

it “'-.* *es | usedforthefirsttime.

e _'_". . ay _' As a result, the size of the Ozerki meteoroid was estimated -

) : ; A 3.7 £ 0.5 m. The mass of the cosmic body was about 94 tons,

0 z 3 4 the estimations for the energy released when the body entered

Time, [s] the Earth's atmosphere vary from 1.96 to 3.5. kt TNT

Kpusas 6necka memeopouda O3epku /A light curve for the Ozerki
meteoroid

Bbln nonyyeHbl AVMHaMUYECKMe XapaKTepUCTUKM [aHHOro
KOCMMYECKOTro 0OBbEKTA: TPAaeKTopus, CKOPOCTb 1 Yron BXOAa,
opbuTa, ObIM OLEeHeHa Macca M pasvep. Ons mM3mepeHus
abCONIOTHON 3BE3AHON BENMYMHbBI, @ BMOCIEACTBAM U MaccChbl
(3Heprvu) Bnepsble ObiN NPUMEHEH HOBbIN METOZ,

B pe3ynbTate 6bin oueHeH pa3mep MeTeopoupa O3epky —
3.7+£0.5 m. Macca KocMnyeckoro Tena COCTaBfAna NpPUMepPHO
94 71, 3Heprus, BbiAeNMBLIAACA NP BXOXKAEHWM Tena B aTmochepy
3emnu, Bapbupyetca ot 1.96 go 3.5. kT THT (B 3aBUcMMoOCTU OT
MeTofa HabnogeHnn).

Pa3paboTaHHble METOABI MPUMEHSIOTCA 1 OYAYT NPUMEHSTLCS
B Oydyliem ana onpefeneHvs napaMeTpoB APYrux MeTeopou-
[10B (acTeporgoB) Npu NX BXOXKAEHUM B aTMOChepy 3emnu.

(depending on the method of observation).

The developed methods are and will be applied in the future
to determine the parameters of other meteoroids (asteroids)
when they enter the Earth's atmosphere.

OcHoBHble ny6nukauum / Main Publications
AP. Kartashova, PHD thesis, Pulkovo
Saint-Petersburg (2016)

A.Kartashova, A. Golubaev, A. Mozgova, |. Chuvashov, G. Bolgova,
D. Glazachev, V. Efremov, Planetary and Space Science, 193, p.
105034 (2020)

AV. Efimov, AP. Kartashova, A.K. Murtazov, Meteoritics &
Planetary Science, 54,6334 (2019)

Observatory,

O0uH u3z memeopumog O3epKu, HalideHHbIX 8 X00e 3Kcheduyuu
(Haxooka A.M. Kapmawosoti) / One of Ozerki meteorites found
during the expedition (find by A.P. Kartashova)
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OK3OIJIAHETDI
EXTRASOLAR PLANETS

B nocnegHve rogpbl HabnogaeTcsa 3HaUUTENbHBIN NPOrpecc B
NMOHUMAHUN GU3NKM aTMOCPEP 1 Fa30BbIX 000TOUEK SK30MIAHET.
Bornbluoil 06beM AaHHbIX HAKOMJIEH MPU NMOMOLLY CMEKTPOCKOMNU-
YecKnx HabMoAeHU TPAH3UTOB 3K30MIAHET Ha KOCMUYECKUX U
Ha3eMHbIX HAOMOAATENbHBIX UHCTPYMEHTaxX. B 3K30mnaHeTHbIX
cmcTeMax OTAesNbHbIe MAHeTbl MOTYT UMETb TBepAble, ra3oBble U
Xrpgkre 060104KM. VX XapaKTepUCTVKA BapbUPYIOTCA OT MyIaHeT
3eMHOr0 Turna Yepes Cy6-HEMTYHbl Y HEMTYHbI 4O ra30BbIX MraH-
ToB. O6pa3oBaHMe BTOPUYHBbIX aTMOCchep U MOTeHLMasbHas
061TaeMOCTb 3K30- U Cyrep- 3eMefib MMEKT NepBOCTENEHHOe
3HaueHve [nA  pagda  COBPEMEHHbIX eCcTeCTBEHHOHAY4YHbIX
npobnem, BaXKHENLWVIMK W3 KOTOPbLIX ABAAOTCA KOCMOFOHWS
COMHEYHO CUCTEMbI I MPOUCXOXKAEHME »KU3HN Ha 3emrie. Pelue-
Hie 3TUX Npobriem TpebyeT TLaTeNbHOro UCCIeJ0BaHMIS Fa30BbIX
0605104€eK SK30MaHET.

B NHctutyTe actpoHommmn PAH mogenupytoTca nepBuYHble 1
BTOPVYHbIe aTMOCPepbl 1 000NOUKM SK30MAHET, a TaKKe 13yya-
I0TCA NPOLECChl, MHAYLIMPOBAHHbIE aKTUBHOCTbIO POAUTENBCKON
3Be3gbl. Pa3pabatbiBaeMble B MHCTUTYTE  BbIUMCIMTESNIbHbIE
WHCTPYMEHTbl CO34aloT OT/IMYHBbIA 33afen OiA MHTepnpeTauum
OyayLUMX HAOMIOAEHWI SK30MIAHET Ha KOCMUYECKIMX U HAa3EMHbIX
Teneckonax (TESS, PLATO, NGTS, ESPRESSO, Cnektp-Y® u gp.). B
KoHue 2020 r. ony6nvkoBaHa MoHorpadusa bucrkano [.B., Lema-
ToBuY B, Karropopgos MM.B., MunkuH Al. «[a3oBble 060/10UKM
3K30MNaHeT — ropaymx lonutepos» M.: Hayka, 252 ctp., 2020.

CoTpyaHuvKK, yyacTBylole B pabote no Teme: A.A. ABTaeBa,
[.B. bucmkano, Al. Munkun, MN.B. Kairopogos, E.C. KannHunyesa,
E.M. Kyp6aTos, B.M. LLlemaToBnu.

Pabota npoBogutcs B cotpyaHuuectse ¢ FTEOXW PAH, MHctuTy-
ToMm nazepHoni dpr3mkn CO PAH, VIHCTUTYTOM KOCMUYECKUX NCCTe-
posaHun PAH HayuHbimu opraHusaumamm  CLWA, benbrum,
Asctpum n Lseunn.
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In recent years, significant progress in understanding the
physics of atmospheres and gas envelopes of exoplanets was
made. A large amount of data has been accumulated from
spectroscopic observations of exoplanet transits from both space
and ground-based observational instruments. In exoplanetary
systems, individual planets can have solid, gas and liquid
envelopes. Their characteristics range from terrestrial planets
through sub-neptunes and neptunes to gas giants. The formation
of secondary atmospheres and the potential habitability of exo-
and super-earths are of paramount importance for a number of
modern natural science problems, the most important of which
are the cosmogony of the Solar System and the origin of life on
Earth. Solving these problems requires a thorough study of the
gas envelopes of exoplanets.

Researcher from the Institute of Astronomy of the Russian
Academy of Sciences simulate pririmary and secondary
atmospheres and envelopes of exoplanets, and also study the
processes induced by the activity of the parent star. The
computational tools being developed at the institute provide an
excellent groundwork for the interpretation of future observations
of exoplanets through space and ground-based telescopes (TESS,
PLATO, NGTS, ESPRESSO, WSO-UV etc.). At the end of 2020, a
monograph was published by Bisikalo D.V., Shematovich V.,
Kaigorodov P.V,, Zhilkin A.G. “Gas envelopes of exoplanets — hot
Jupiters” Moscow: Nauka, 252 pages, 2020.

Researchersinvolved in the studies: A.A. Avtaeva, D.V. Bisikalo,
A.G. Zhilkin, P.V. Kaygorodov, E.S. Kalinicheva, E.P. Kurbatov, V.l.
Shematovich.

The studies are being carried on in collaboration with Vernadsky
Institute of Geochemistry and Analytical Chemistry RAS, Institute
of Laser Physics SB RAS, Space Research Institute RAS as well as
with scientific institutions of USA, Belgium, Austria and Sweden.



BO3MOKHbIE TUNMbl MATHUTOC®EP rOPA4YUX IONUTEPOB

POSSIBLE TYPES OF HOT JUPITER MAGNETOSPHERES

B npouecce o6TekaHis 38e34HbIM BETPOM aTMOChepb! ropsive-
ro tonuTepa BaXKHYI0 POJib UrPaeT MarHUTHOe rnosie BeTpa. JTo
06YC/I0BNEHO TEM, UTO MPAKTUYECKW BCE ropsAyme onuTepbi
pacnosnaraioTcs B Cy6-anbGBEHOBCKON 30He 3BE3HOMO BETPA, rae
CKOPOCTb BETPa MeHbLle ero  anb@BEHOBCKOW CKOPOCTY.
CKopocTb 06TeKaHUs, YUMUTbIBAKOLWAA CKOPOCTb OP6UTaNbHOIO
OBVPKEHVISI MIAHETDI, MPUY STOM OKa3blBaeTcA 6M3Ko K anbdse-
HOBCKOW CKOPOCTW. DTO 03HAYaeT, UTO OBTEKaHVE MOXET MPOUC-
XOAWTb Kak B Cy6-aribpBEHOBCKOM, TaK U B CBEPX-aibGpBEHOBCKOM
pexumax. B nepsom criyudae B CTpyKType MarHutochepbl Gyget
OTCYTCTBOBATb rOJ/IOBHAsA yAapHas BosiHa. TaKkue ropsauue onure-
pbl LOMKHbI UMETb 6e3yAapHble HaBeAEeHHbIE (MHAYLMPOBaHHbIE)
MarHuTochepbl, aHanoros KOTopbix B CONHEYHOM cucTeme, No-sui-
AUMOMY, HeT. Bo BTOpOM Ciyuae MarHmuTocdepa ropsyero onure-
pa GyfeT cofep<aTb BCe OCHOBHbIE 3/IEMEHTbI, MPUCYTCTBYIOLME
B MarHuTocdepax ninaHeT CoNHEUYHOM CUCTEMbI.

OcHoBHble ny6nukauuu / Main publications
A.G. Zhilkin, D.V. Bisikalo, Astron. Rep., 63,550 (2019)

In the process of the stellar wind flows around the
atmosphere of hot Jupiters, the magnetic field of the wind
plays an important role. This is due to the fact that almost all
hot Jupiters are located in the sub-Alfvén zone of the stellar
wind, where the velocity of wind is less than its Alfvén speed.
The flow velocity, which takes into account the velocity of the
orbital motion of the planet, in this case turns out to be close
to the Alfvén velocity. This means that the flow can occur in
both sub-Alfvén and super-Alfvén regimes. In the first case,
there will be no bow shock wave in the magnetosphere
structure. Such hot Jupiters should have unstressed induced
(induced) magnetospheres, which apparently have no
analogues in the Solar System. In the second case, the
magnetosphere of hot Jupiters will contain all the basic
elements present in the magnetospheres of the planets of the
Solar System.

D.V. Bisikalo, V.I. Shematovich, P.V. Kaygorodov, A.G. Zhilkin. Gas envelopes of exoplanets — hot jupiters, Moskva: Nauka, 2020
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PacnpedeneHue 2opa4ux onumMepos 8 NJIOCKOCMU NepeMeHHbIX MazHUMHoe 0dagieHue — duHamuyeckoe oasneHue. Ha negoli
ouazpamme 8 OUHAMUYECKOM 0ds/ieHUU y4meHa MoJibKO CKOpOCMb 8empd, Ha Npasou 0uazpamme yumeHs! opouUMasbHslie
ckopocmu niaaHem. [lJaHHble 014 20pA4UX onUmMepos 83amsi U3 6a3bl 0aHHbIX calima www.exoplanet.eu. Pasmepol KpyXKo8 8
Jo2apugmudeckom maclumabe coomsemcmayiom maccam niaaHem. CniowHAs IUHUA NOKA3bleaem nosioxeHue asibpeeHoscKol
mouku. byksamu 0603Ha4YeHol c8epx-asibgheeHo8CKasA 30Ha (A) u cyb-anegeeHosckas 3oHa (B) / Distribution of hot Jupiters in the
plane of the variables magnetic pressure — dynamic pressure. On the left diagram, only wind speed is taken into account in the
dynamic pressure, on the right diagram, the orbital velocities of the planets are also taken into account. The data for hot Jupiters are
taken from the www.exoplanet.eu database. The sizes of the circles on a logarithmic scale correspond to the masses of the planets. The
solid line shows the position of the Alfvén point. The letters indicate the super-Alfvén zone (A) and the sub-Alfvén zone (B)

BJIVAHUE 3BE3QHOW BCMbILWKN HA AUHAMUYECKOE COCTOAHUE
ATMOCOEPbI 3K3OIMJIAHETbI HD 209458B

INFLUENCE OF A STELLAR FLARE ON A DYNAMICAL STATE OF ATMOSPHERE
OF HD 209458B EXOPLANET

C nomoLLbio OfHOMEPHON a3POHOMMYECKON MOAENM, KOPPEK-
THO YUMTBIBAIOLLEN HArpeB U XMMMUYECKre NPoLecchl B aTMoche-
pe, Npon3BeaeHbl pacyeTbl ra3oanMHAMUYECKOro OTKIIMKa aTMOC-
depbl ropsyero tonutepa HD209458b Ha cynepBCbIlKM 3Be3f,
nopo6Hbix ConHuy. Bnepsble Noka3aHo, 4To aTMochepHoe norno-
LLieHVe AOMOHUTENIbHON SHEPrN BO BPEMSA BCMbILLKM MPUBOAUT
K NIOKaslbHOMY HarpeBy aTMochepbl, CONMPOBOXAAEMOMY 00pa3o-
BaHVIeM [iBYX PaCMPOCTPAHAIOLMNXCA YAAPHbBIX BOJH.

MccnenoBaHbl BO3MOXHble HabntogaTesibHble  MPOsiBIIeHs
bopmMMpYIOLLMXCA YAAPHBIX BOMH, Y CAENaHbl OLEHKN AOMNOMHW-
TenbHOW NOTepy BeLecTBa aTMOChepo.

Using a one-dimensional aeronomic model, correctly taking
into account heating and chemical processes in the
atmosphere, we calculated the gas dynamic response of the
atmosphere of hot Jupiter HD209458b to superflares of stars
like the Sun. It is shown for the first time that atmospheric
absorption of additional energy during a flare leads to local
heating of the atmosphere, accompanied by the formation of
two propagating shock waves. Possible observational
manifestations of forming shock waves are investigated, and
estimates of the additional loss of matter by the atmosphere
are made.
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NMoka3aHo, UTO Ha ypoBHe 3K306a3bl CKOPOCTb NOTEPM Macchl
Bo3pactaeT B 1.9, 4, n 17.5 pa3 npu ysennyernumn XUV notoka B 10,
100, n 1000 pa3, cooTBeTCTBEHHO. [poBEAeHHOE NcCefoBaHve
MoKasano, YTO COBPEMEHHbIE a3POHOMUYECKME MOAENN HEOOXO-
OVIMO PacLIMpPUTb 3a CYET BKIIIOUYEHNA B PaCCMOTPEHME Cropaau-
YeCKOW 3BE3AHON aKTUBHOCTY — CyNepBCrbllLeK, KOPOHaNbHbIX
BbIOPOCOB Macchl U Ap.

OcHoBHble ny6nukauum / Main publications

Pe3ynemamel pacyemos peakyuu sepxHeli ammocegepeol
2opAayezo ronumepa HD 209458b Ha so30elicmeue 38e30H0U
scnbiwKu co 100-kpamHeim pocmom 3Hepauu (100X 10°? 3pe/c).
MokazaHel paduaneHele Npoguau memnepamypel (8epxHas
naHese), OMHOWeHUe MAacco8ol NIOMHOCMU MeKyue20
COCMOSAHUSA K NJTOMHOCMU 2d3a 00 8CNbIWKU (CPEOHAA NaHeslb)
U CKOpocmu (HUXHSAS NaHesib) 8 ammocgepe 20pa4e20 ronume-
pa HD 209458b 0o Havana (nuHuUs 4epHo20 ysemay), 80 8pems
38€30HOU B8CNBIWKU U NOC/1e ee 3dgepuleHus (TUHUU pa3Ho20
usema e coomeemcmauu ¢ iezeHooU Ha eepxHeli naHenu) /
The results of calculations of the reaction of the upper
atmosphere of hot Jupiter HD 209458b to the effect of a stellar
flare with a 100 times increase in energy (100 X 10%2 erg/s).
Shown are the radial temperature profiles (top panel), the ratio of
the mass density of the current state to the gas density before the
flare (middle panel), and the velocity (bottom panel) in the
atmosphere of hot Jupiter HD 209458b before the onset (black
line), during and after a stellar flare completion (meaning of lines
of different colors is indicated in the legend on the top panel)

It is shown that at the exobase level, the mass loss rate
increases by 1.9, 4, and 17.5 times with an increase in the XUV
flow by 10, 100, and 1000 times, respectively. The study
showed that modern aeronomic models need to be expanded
by including sporadic stellar activity — superflares, coronal
mass ejections, etc.

D. V. Bisikalo, A. A. Cherenkov, V. |. Shematovich, L. Fossati, C. Mostl, Astron. Rep., 62, 648 (2018)
D.V.Bisikalo, V.I. Shematovich, A.A. Cherenkov, L. Fossati, C. M6stl, ApJ, 869, id. 108 (2018)
A. A. Cherenkov, I. F. Shaikhislamov, D. V. Bisikalo, V. I. Shematovich, L. Fossati, C. M6stl , Astron. Rep., 63,94 (2019)

Ysenuuerue noznowjeHusA 8 nuHUU Ly-a ecnedcmaue
8bI6pOCA 8elwecmaa U3 ammocgepsi Npu BCnbILIKe
100-kpamHou cusnel. Crega — 3ammeHue 8 JUHUU Ly-a
0/19 CMAyuOHAapHO20 pewleHus, cnpasa — 0/
MOMeHMAd MAaKcUMasibHO20 3ammeHus (t=54c
Ha4ana ecneiwKu). 3ammeHue ygesiuqusaemcs Ha
HeCcKoJ/1IbKO NPOUEHMOo8 Ha 8pemMs NOPAOKA HECKOTb-
Kux yacos. [lyHkmupHoU luHUel NoKa3aHo samme-
Hue, 8bI3bI8aeM0oe MOJIbKO OUCKOM NJIaHemb 8
onmuyeckom ouanasoHe (1.8%) / An increase in
absorption in the Ly-a line due to the ejection of matter
from the atmosphere in a 100-fold flare . Left: the eclipse
in the Ly-a line for the stationary solution, right: for the

# R

moment with the maximum eclipse (t=5 h fromthe =
beginning of the flare). The eclipse increases by several ="
percent for a time of the order of several hours. The

dotted line shows an eclipse caused only by the planet's e
disk in the optical range (1.8%)

NCCNEQOBAHUE TEYEHUA B OBOJIOYKE FOPAYEIO IONMUTEPA C MATHUATHBIM MOJIEM

STUDY OF THE FLOW IN THE ENVELOPE OF HOT JUPITER WITH MAGNETIC FIELD

MpoTsPKeHHblE OOOMIOYKN FOPSAYMX IOMUTEPOB BO3HUKAKOT B
pe3ynbTaTte NCTeYeHVs BepxHel aTMochepbl Yepes OKPeCTHOCTM
Touek Jlarpara L, L, 1 MOryT MHOTOKPATHO MPeBOCXOAUTb Mo
pa3vepam camy nnaHety. C nomoLblo pa3paboTaHHOW paHee
ra3ofgMHaMYecKon YNCIIEHHOWN MOAENU Oblo BrepBble MoKasa-
HO, YTO B PEaNIMCTUYHOM AMara3oHe NapameTpoB MoryT Gopmu-
POBaTbCs KBa3M3aMKHYTble 0O00UKM, CTabunn3npyemble 3a cUeT

OVHaMUYecKoro pJaeneHuA 3Be3gHoro BeTpa. B 2017 ropy
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The extended envelopes of hot Jupiters form as a result of
the outflow of the upper atmosphere through the vicinity of
the Lagrange points L, L, and can be many times larger than
the planet itself. Using the previously developed gas dynamic
numerical model, it was shown for the first time that in a
realistic range of parameters, the quasi-closed envelopes can
be formed, stabilized by the dynamic pressure of the stellar
wind. In 2017, for the first time, three-dimensional numerical



BrepBble OblIN NPOBefAEHb! TPEXMEPHbIE UMCTIEHHbIE PacyeTbl C
YUETOM COBCTBEHHOTO AWMOJIbHOTO MArHUTHOrO MOJIA ropPAYero
tonuTtepa. Pe3ynbTaTbl MOAENMPOBaHMA MO3BOJIAIOT 3aKIIOUNTD,
YTO HanMuve Aaxe CPaBHUTENIbHO CJ1aboro AWMOIbHOrO MarHuT-
HOro MomeHTa (nopsaaka 10% oT MarHMTHOro MomeHTa FonuTepa)
CyLLECTBEHHO MEHSIET KaPTVHY TeueHMs B 060s10UKe (CM. PUCYHOK).
B uacTHOCTY, MarHUTHOE Nose pacluMpAET Anana3oH NapameTpoB,
MpU KOTOPOM MOXET CYLLIeCTBOBaTb KBa3n3aMKHyTas 0bonouKa.
Takke MOAenMpoBaHmMe Nokasano, YTo B MPUCYTCTBUM MarHUTHO-
ro nona UCTeUeHre Yepes OKPECTHOCTb TOUKM L1 MOXeT 1MeTb
MyNbCaLMIOHHDBIN XapaKTep.

OcHoBHble ny6nukauuu / Main publications
A. S. Arakcheev, A. G. Zhilkin, P. V. Kaigorodov,
D. V. Bisikalo, A. G. Kosovichev, Astron. Rep., 61,
932 (2017)

D. V. Bisikalo, A. S. Arakcheev, P. V. Kaigorodov,
Astron. Rep., 61,925 (2017)

M3onosepxHocmu niomHocmu u cusosele
JIUHUU MA2HUMHO20 NOJIA 8 NPOMAXEeHHOU
060/104Ke 20pAYe2o tonumepa/

Density isosurfaces and magnetic field lines in
the extended envelope of hot Jupiter

calculations were carried out taking into account the intrinsic
dipole magnetic field of hot Jupiters. The simulation results
allow us to conclude that the presence of even a relatively
weak dipole magnetic moment (about 10% of the magnetic
moment of Jupiter) significantly changes the flow pattern in
the envelope (see Figure). In particular, the magnetic field
expands the range of parameters with which a quasi-closed
shell can exist. Simulation also showed that in the presence of
a magnetic field, the outflow through the vicinity of point L1
can have a pulsating character.

BJIMAHUE KOPOHAJIbHbIX BbIBPOCOB MACCbI HA TA3OANHAMUWKY ATMOCO®EPbDI
3K3OMJIAHET TUNA «rOPAYUN IONUTEP»
INFLUENCE OF A CORONAL MASS EJECTION ON THE GAS-DYNAMICS OF ATMOSPHERES
OF HOT JUPITER EXOPLANETS

Briepeble NpPOBEAEHO TPeXMepHOe YKCIIEHHOE MOLENNPOBa-
HMe npouecca B3aVMOZEWCTBUA MPOTSKEHHOW  OBOSOUKM
ropavero tonuTepa C KOPOHaSibHbIM BbIGPOCOM Macchbl (KBM).
DK30MMaHeTbl, OTHOCALMECS K KIAaCCy «rOpAYMX OnMTepoB»
HaXOLATCS Ha OYEHb HN3KMX OPBUTAX 1, COOTBETCTBEHHO, JOKHbI
ObITb NOABEPMKEHbI CUIBHOMY BAVAHWIIO BCMbILUEK UX POAUTESb-
CKMX 3Be3f. Mo pesynbTaTam pacyeToB YCTAHOBJIEHO, UTO Aaxe
Cnabble KOpoHaibHble BbIBPOCh! MacChl 383 COTHEYHOrO TUMA
CYLLECTBEHHO (Ha MOPAZOK BEAMUMHDI) YBEAWYMBAIOT MOTEPIO

lpomaxeHHAs 060/104Ka 20pAYe20 nUMepa 8 npoyecce
pa3pywieHUs KOPOHAIbHbIM 8bI6POCOM MAccbl. [ToKazaHel
U30N08epPXHOCMU NJIOMHOCMU (8 pa3pese), a makxe
U30/1UHUA homeHyuana Powa, npoxodawasa Yepes
8HYMpeHHIo moyky JlazpaHxa cucmemsl 38e30a-njiaHema
/ Extended envelope of hot Jupiter in the process of destruction
by a coronal mass ejection. The density isosurfaces (in section)
and the Roche potential isoline passing through the inner
Lagrange point of the star-planet system are shown

For the first time, a three-dimensional numerical simulation
of the interaction of an extended shell of a hot Jupiter with a
coronal mass ejection (CME) has been carried out. Exoplanets
belonging to the “hot Jupiters” class are in very low orbits and,
accordingly, should be strongly influenced by the outbursts of
their parent stars. According to the results of calculations, it
was found that even weak coronal mass ejections of solar-type
stars significantly (by an order of magnitude) increase the
mass loss by exoplanets of the “hot Jupiter” type, thereby




MacCbl 3K30MMaHeTaMn TuMa «ropAYUi ONUTEP», TEM CaMbIM
3HAUUTENIbHO OrPaHNYMBan BPEMSA XKIN3HU TaKX 0ObEKTOB. PaHee
HaMmK Oblfla OTKPbITa BO3MOXKHOCTb GOPMUPOBAHNA MPOTSKEH-
HbIX HECUMMETPUYHbIX KBa3n3aMKHYTbIX 000MoYeK y ropadmx
IoNUTEPOB. BHeLLHWe YacTy Tako 060104KN cnabo rpaBuTaum-
OHHO CBA3aHbI C NMIaHETON, UMEHHO NO3TOMY Aiaxe craboro KBM
[OCTaTOYHO, YTOObI 3HauMTeNbHAA YacTb aTMocdepbl Obina
COpBaHa 1 yHeceHa OT 3K30rM1aHeTb!.

OcHoBHble ny6nukauum / Main publications
D. V. Bisikalo, A. A. Cherenkov, Astron. Rep., 60, 183 (2016)

A. Cherenkov, D. Bisikalo, L. Fossati, C. Mostl, ApJ, 846, id. 31, (2017)

significantly limiting the lifetime of such objects. Earlier, we
discovered the possibility of forming extended asymmetric
quasi-closed shells in hot Jupiters. The outer parts of such a
shell are weakly gravitationally bound to the planet,

which is why even a weak CME is enough for a significant part
of the atmosphere to be ripped off and carried away from the
exoplanet.

CAMOCOIJIACOBAHHAA ASPOHOMWYECKAA MOAEJb
BEPXHE/ ATMOC®EPbI FOPAYEIO IONMUTEPA

SELF-CONSISTENT AERONOMIC MODEL
OF A HOT JUPITER UPPER ATMOSPHERE

3Be3fHoe XecTKoe (MArKUA PeHTreH 1 BaKyyMHbIN ynbTpadu-
onet — XUV) nsnyyeHvie B OCHOBHOM BNIMAET Ha BEPXHME aTMOC-
depbl 1 3K30chepbl NnaHeT. ASPOHOMUA BEPXHUX aTMochep 1
3k30cdep nnaHet onpeaenaT 3GPeKTUBHOCTL aTMOChEepHOro

Stellar hard (soft X-ray and vacuum ultraviolet — XUV)
radiation mainly affects the upper atmospheres and
exospheres of planets. Aeronomy of the upper atmospheres
and exospheres of planets determines the efficiency of

yberaHua pgna  nnaHer. atmospheric  escape for
Hawnbonee uacto ucnonb3y- 25 M+ planets. The most commonly
€MbIM1 METOAAMM UCCIIERO- M- used methods for studying
BaHUA BepxHMX atmocdep YelleQ4 ———- the upper atmospheres of
nnaHetT CONHEYHOW cUcTe- 20 - Shaikhislamovi4 - - - - - planets in the Solar System
Mbl ABMAOTCA HabnogeHnA Koskinen13 «««----- are observations and
N un3mepeHna atmochep- measurements  of  the
HbIX CBeYeHUI, BKIOYaA v 15| - atmospheric glow, including
HOYHbIE, CyMepeuHble, - P e T - night, twilight, daytime and
e
[OHeBHble  CBeuyeHVsas ¥ e r’ . ~. auroras. Measurements of
- [T . .
nonsipHble cusAHWSA. M3me- F 10k 1 - . - atmospheric  luminescence
peHun aTMOChEPHbIX and absorption of stellar
CBEYEHM W MOrNOLEHMA radiation in the UV range are
3Be3fHOro nsnyyeHna B YO 5 very important, since such
[Mana3oHe BOSIH OuYeHb luminescence is induced by
BaXKHbl, MOCKOSbKY TaKue the excitation of the
CBEYEHNUA  VHAYLMPYIOTCA 0 electronic states of atoms,
BO30YXKAEHNEM 3NEeKTPOH- 1 o 3 4 5 molecules, and their ions.
HbIX COCTOAHWM ATOMOB, RR Therefore, ultraviolet obser-
MOMeKynl W WX WOHOB. /Ry vations provide information
I'IoaTomy6yanpad>V|oneTo- BbicomHbIli npoghune memnepamypel us cmameti dpyaux asmopos s " the maén enirggtlcl
Bble  Ha mo,qegvm RAIOT  chagHeHUU € 8bICOMHBIMU NPOPUAAMU, NOSTYYEHHBIMU NPU NOMOLYU agents an h physica
MHGOPMALIMIO 06 OCHOBHBIX - 4116c02nac08aHHO asporHomuyeckoli Modenu 6e3 yuema Hadmenno-PrOCESSEs 1IN the upper

SHepreTnyecKnx areHTax u
dusnyecknx npoueccax B
BEPXHMUX C1oAX aTMocdepbl
nnaHeTbl. Kocmunueckume
HabnogeHna  0cobeHHo-
cTen 3K30chepHbIX CBeve-
HMIA MOKa3blBaloT, UTO MNaHeTHble 3K3ochepbl copepaT Kak
dpakuuo TENNOBbIX HENTPANbHbIX YacTUL, CO CPeAHEN KUHETU-
YecKom sHeprvel, COOTBETCTBYOLLEN 3K30CchepHOl TemnepaTy-
pe, Tak 1 GpaKumio ropAaunx HerTpasbHbIX YacTuL, CO CpefHel
KMHETUYECKOW SHepruei, 3HaunTeNlbHO NpeBbILLatoLLel Tenno-
Byto aHepruto. CyLecTBoBaHe ropaveli 3k30chepHol coctaBna-
fOle yKa3blBaeT Ha BaXHOCTb HETEMIOBbIX MPOLECCOB B
nnaHeTHbIX aTMocdepax. ITa HoBasA 06N1acTb NMAHETHOM a3POHO-
MUW — UCCreloBaHVie PO HAATEMOBbIX YacTuyL (T. e. YacTuL, C
N36bITKOM KUHETNYECKOWN SHeprum) B Gr3nKe 1 XUMUN BEPXHIX
aTMocdep nnaHeT akTYBHO pa3BMBaeTCA B VIHCTUTYTe acTpOHO-
mun PAH.

®oTonu3 atmocdep nnaHeTHbIX Ten B CONHEYHON cructeme 1
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8bIX a1ekmpoHos (M-) u ¢ ux yuemom (M+). Ro — paduyc nnavemel /
The altitude profile of temperature from articles by other authors in
comparison with the altitude profiles obtained using a self-consistent
aeronomic model without taking into account epithermal electrons (M
and taking them into account (M +). R, is the radius of the planet

atmosphere of the planet.
Space observations of the
features of exospheric glow
-) show that planetary
exospheres contain both a
fraction of thermal neutral
particles with an average kinetic energy
corresponding to the exospheric temperature, and a fraction
of hot neutral particles with an average kinetic energy
significantly exceeding thermal energy. The existence of a hot
exospheric component indicates the importance of
nonthermal processes in planetary atmospheres. This new
area of planetary aeronomy — the study of the role of
suprathermal particles (i.e., particles with an excess of kinetic
energy) in the physics and chemistry of the upper
atmospheres of planets — is being actively developed at the
Institute of Astronomy of the Russian Academy of Sciences.
Photolysis of the atmospheres of planetary bodies in the
Solar System and exoplanets in orbits close to the parent star



3K30MMaHeT Ha TeCHbIX (BNIN3KKIX) K POAUTENBCKON 3Be3e OpbrTax
conHeyuHbIM/3Be3gHbIM XUV r3nyyeHrem 1 nnasmomn COMHEYHo-
ro/3Be3gHoro BeTpa MpPUBOAUT K OOPa3oBaHWIO HaATEMIOBbIX
yacTiy, — MNepBUYHBIX (POTOSNEKTPOHOB B MOHU3ALIMIOHHbIX
npoLieccax 1 SHepreTMyecKrx aToMoB B NpoLeccax guccoumanmnm
M OUCCOLMATUBHOM WMOHM3ALUMW. DTU YacTUlbl C W30bITOYHON
KMHETNYECKON SHepruein ABNAIOTCA BaKHbIM NCTOYHMKOM Tenmo-
BOW SHepruy B BEPXHMX CloAX atMocdepbl nnaHeT 6oratbix
neTyumu rasamu. B passreaembix B IHcTuTyTe actpoHomun PAH
a3POHOMUYECKKX MOAENAX 0CO60E BHUMAHME YAENEHO U3YyUYeHNIO
KNHETMKW HafTenIoBbIX YacTML, Ha OCHOBE CaMOCOrIaCoOBaHHOTO
noaxofa, KOTOPbIN BKIOYAET peLleHne KUHETUYECKOTO ypaBHe-
HVA bonbLmaHa AnA HeTennoBbIX GPaKkLM STHX YacTuL,

WccnepoBaHma nnaHeTHbIX 3K30chep He MOryT ObiTb YCreLUHbI-
My 6e3 paccMOTpeHMA noacTunaowmx Tepmocdep 1 noHocdep,
KOTOpble 06bIYHO Ha3bIBaAIOTCA BEPXHMI aTMOChepamm. BepxHas
aTMocdepa nnaHeTbl Nof CUbHbIM 3Be3aHbIM XUV r3nyyeHnem
MOKET PacLUMPATLCA Ha OOMbLUME PACCTOAHUA OT LIeHTPa MIaHETDI
1 BbI3bIBaTb GbICTPblE aTMOCHEPHbIE NMOTEPU. ITOT PEHOMEH, TaK
Ha3blBaemoe rapoarHaMmnyeckoe yberaHue, Gbin nuLlb TeopeTu-
YecKn 13yyeH OecaTuneTua Hasag ana nnaHeT ConHeyHom cucre-
Mbl Ha PaHHMX CTaguAX KX 3BosloLMW. TONMbKO B MociefHee
[ecATuneTvie NoABUNMCL BO3MOXXHOCTN HabMoaeHUIA rmgpoamnHa-
MMYECKOTO yOeraHua AnAa HeCKONMbKMX ONM3KUX SK3OMMaHeT U
6bINN  MPefnPUHATbI  MOMbITKA  YUCSIEHHOTO  MOAENMPOBaHMA
a3POHOMWM 3TOTO ABMEHNA.

Mpu nomowwm paspabotaHHon B VHcTuTyTe actpoHomun PAH
a3POHOMMYECKOW Mofenn BepxHel aTtmocdepbl ropsauvei
3K30MNaHeTbl MOKa3aHo, YTO YYeT HaATeMIOBbIX IEKTPOHOB MNP
MOAENNPOBaHNN aTMOChep ropAUnX IONUTEPOB CUITbHO MeHAET
CKOPOCTM Harpesa 1 MoHW3aLmm rasa. [laHHble npoueccbl BAVAIOT
Ha Temn notepu atMocdepbl MNaHeTbl, B YaCTHOCTY, B peXume
rMapoaMHaMnyeckoro yberaHus. Bnepsble Obina npenctaBneHa
CaMOCOriacoBaHHas a3POHOMMYECKas MofesNb BepXHer aTMocde-
pbl ropsAYero lonuTepa, B KOTOPOW yuTeHbl peakuuy C yyacTuem
HaaTennoBbiX GOTO3NEeKTPOHOB. C MOMOLLbIO MOZENM ropAYero
tonutepa HD 209458b paccumTaHbl BbICOTHblE NPOGUAN NMIOTHO-
CT1, CKOPOCTU M TemMnepaTypbl ra3a. [lokasaHo, Uto yueT HagTenno-
BbIX 3N1EKTPOHOB MPW BblUMCIEHNN GYHKLMI HarpeBa 1 oxiaxkae-
HVA CHXKAET TeMM OTTOKa B MATb Pa3, U TakMm 0bpa3om yBenmuu-
BaeT OLIEHOUYHOE BPeMS XKU3HI NaHeTbI.

B npoBefeHHbIX NCCIIefOBaHNAX a3POHOMMUN BEPXHEN aTMOC-
depbl ropAauMx 3K30MnaHeT rokasaHa HeobxoaumMocTb 6onee
[ETaNIbHOrO M3YyYeHNA OTHOLLEHUA NOTOKa NPUXOAALLE 3Be34HON
XUV 3Heprum 1 cKopocTn yberaHusi 13 aTMochepbl MaHeThI,
onpegensatoLlero Temn notepu atmocdepbl. A IMEHHO, HEOOXO-
OMM [ieTalnbHbIN YYeT He TONbKO BCeX MOTOKOB SHEPrM XKeCTKOro
3BE3[HOrO M3MlyYeHus, Npeobpasyemoil B COBOKYMHOCTM NpoLiec-
COB aTMOCHEPHOW XMMUW, HO 1 y4YeT SHEPTUK, NePeHOCUMON B
npepenax Tepmocdepbl MOCPEACTBOM HaATEMNIOBbIX YacTUL, —
$OTO- 1 BTOPUYHDBIX 2N1EKTPOHOB. [leicTBUTENBHO, yueT GpoTodeK-
TPOHOB B MOCTPOEHHON a3POHOMMYECKOW MOZENN MPUBOANUT K
CHVPKEHMIO OLIeHKM TeMna OTTOKa aTMOCHEePHOro ra3a B HECKOJb-
KO pa3, UTo MOXeT ObITb OAHOWN U3 MPUYMH HEMOSIHOW MoTepu
3K30MMaHeTaMn MNepPBUYHOM aTMoCchepbl C  MpeobnagaHviem
Bogopopa. COOTBETCTBEHHO, pacyeTbl 3GpHeKTBHOCTM HarpeBsa C
YYETOM HaLTEMMOBbIX YaCTUL, Kak Obio MPOAEMOHCTPUPOBAHO B
NPeANoXeHHOW a3POHOMMNYECKON MOAENY, elle 6ornee YCIoXHs-
I0TCA, HO UMEHHO TaKe MOLENM NMO3BONAT bonee CTporo n3yuuntb
KOCMOrOHUI0 06pa3oBaHyiA 1 NoTepy aTMocdep SK30MaHeT.

OcHoBHble ny6nukauum / Main publications

D. E. lonov, V. I. Shematovich, Ya. N. Pavlyuchenkov, Astron. Rep.,
61,387 (2017)

D.E. lonov, Y.N. Pavlyuchenkov, V.. Shematovich, MNRAS, 476,
5639 (2018)

by solar/stellar XUV radiation and solar/stellar wind plasma
leads to the formation of suprathermal particles — primary
photoelectrons in ionization processes and energetic atoms in
dissociation and dissociative ionization processes. These
particles with excess kinetic energy are an important source of
thermal energy in the upper atmosphere of planets rich in
volatile gases. In aeronomic models developed at the Institute
of Astronomy of the Russian Academy of Sciences, special
attention is paid to the study of the kinetics of suprathermal
particles on the basis of a self-consistent approach, which
includes the solution of the Boltzmann kinetic equation for
nonthermal fractions of these particles.

Studies of planetary exospheres cannot be successful
without considering the underlying thermospheres and
ionospheres, which are usually called the upper atmospheres.
The planet's upper atmosphere under strong stellar XUV
radiation, can expand to long distances from the center of the
planet and cause rapid atmospheric losses. This phenomenon,
the so-called hydrodynamic escape, was studied only
theoretically decades ago for the planets of the Solar System
at the early stages of their evolution. Only in the last decade it
became possible to observe hydrodynamic escape for several
nearby exoplanets, and attempts were made to numerically
model the aeronomy of this phenomenon.

Using the aeronomic model of the upper atmosphere of a
hot exoplanet developed at the Institute of Astronomy of the
Russian Academy of Sciences, it was shown that taking into
account suprathermal electrons in modeling the atmospheres
of hot Jupiters strongly changes the heating and ionization
rates of the gas. These processes affect the rate of loss of the
planet's atmosphere, in particular, in the regime of
hydrodynamic escape. For the first time, a self-consistent
aeronomic model of the upper atmosphere of a hot Jupiter
was presented, in which reactions involving suprathermal
photoelectrons were taken into account. The hot Jupiter
model HD 209458b was used to calculate the altitude profiles
of gas density, velocity, and temperature. It is shown that
taking into account suprathermal electrons in calculating the
heating and cooling functions reduces the outflow rate by a
factor of five, and thus increases the estimated lifetime of the
planet.

In the studies of the aeronomy of the upper atmosphere of
hot exoplanets, the need for a more detailed study of the ratio
of the incoming stellar XUV energy flux and the escape
velocity from the planet's atmosphere, which determines the
rate of atmospheric loss, is shown. Namely, it is necessary to
take a detailed account of not only all streams of energy of
hard stellar radiation, converted in the totality of atmospheric
chemistry processes, but also an account of the energy
transferred  within the thermosphere by means of
suprathermal particles — photo- and secondary electrons.
Indeed, the inclusion of photoelectrons in the constructed
aeronomic model leads to a decrease in the estimate of the
rate of outflow of atmospheric gas by several times, which
may be one of the reasons for the incomplete loss of the
primary atmosphere by exoplanets with a predominance of
hydrogen. Accordingly, calculations of the heating efficiency
taking into account suprathermal particles, as was
demonstrated in the proposed aeronomic model, become
even more complicated, but it is exactly these models that
make it possible to more rigorously study the cosmogony of
formation and loss of exoplanet atmospheres.
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BO3MO>XHbIA HOBbI TUIM OBONIOYEK TOPAYMNX SK3OMNAHET-TUTAHTOB

POSSIBLE NEW ENVELOPE TYPES OF HOT JUPITERS

MpoTaxeHHaa MoHocdepHasa 0bOMoUKa ropAavero nuTepa,
dopmmpyiolasaca B ycnoBUAxX Cy6-anbdBEHOBCKOrO pexuma
OobTeKaHNA MnaHeTbl 3Be3AHbIM  BETPOM, MPUHLUMMNMANIBHO
OTNINYAETCA MO CBOEN CTPYKTYpe OT COOTBETCTBYIOLLE/ 060M10Y-
K1, GOpMMpPYIOLLEeNCA Kak B YMCTO ra3ofMHamMmMYeckom cryyae,
TaK 1 B YCNIOBUAX CBEPX-afibdBEHOBCKOrO pexuma obTeKaHus. B
cBepx-anb$BEHOBCKOM Pexmme CKOPOCTb O6TEKaHMA NpeBblLLa-
€T anbPpBEHOBCKYI0 CKOPOCTb U MOHOCHEPHaA 060IOUKa BbITAM-
BaeTcA BOOMb 6anMCTMYECKOW TPAEKTOPUN, HAUVHAIOLENCA 13
BHYTPEHHel ToukM JlarpaHxa. B cyb-anbpBeHOBCKOM pexume,
Korga CKOpOCTb O6TeKaHWs MeHbLLe anbGBEHOBCKOW CKOPOCTH,
noHochepHaa 060/0uUKa BbITATMBAETCA BLOMb CUNOBbIX NMHWN

MarHUTHOrO oA 3Be3fgHOro BeTpa. [lpy 3TOM BellecTBO
000MOUKM ABMKETCA HEMoCPeACTBEHHO K 3Be3de. Takum
06pa3om, B Clyyae CUiIbHOrO MarHUTHOTO MoJiA BETPa 0OHapyu-
BaETCA HEKOTOPbIV HOBbIN TN MOHOCHEPHbIX 06OoueK, JOMOI-
HAWWN  KnaccndmKkaumio, MOMYyUYEHHYI0 paHee Ha OCHOBe
pe3ynbTaToB  YMCTO  Fa30AMHAMMUYECKOTO  MOAEUPOBaHKA.
WccnepoBaHne ocobeHHOCTel HabnopaTenbHbIX MPOABIEHNIN
cBepx-anbdBEHOBCKMX 1 Cy6-anbdBEHOBCKIX 060/I0YEK OTKPbI-
BaeT AOMOJHUTENbHbIE BO3MOXHOCTM ANA ANAarHOCTUKM Napame-
TPOB 3BE3[HOI0 BETPA OT POAUTENbCKIX 3BE3[ rOPAUMX SK30Ma-
HeT-TUraHToB.

OcHoBHble ny6nukauuu / Main publications
A.G. Zhilkin, D.V. Bisikalo, Astron. Rep., 64, 563 (2020)
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The extended ionospheric envelope of a hot Jupiter, forming
under the conditions of the sub-Alfvén regime of the stellar
wind flow around the planet, is fundamentally different in
structure from the corresponding shell, forming both in the
purely gas-dynamic case and under the conditions of the
super-Alfvén flow regime. In the super-Alfvén regime, the flow
velocity exceeds the Alfvén velocity and the ionospheric
envelope stretches along a ballistic trajectory starting from the
inner Lagrange point. In the sub-Alfvén regime, when the flow
velocity is less than the Alfvén velocity, the ionospheric
envelope stretches along the lines of force of the stellar wind
magnetic field. In this case, the material of the envelope moves
directly to the star. Thus, in the case of a strong magnetic wind
field, a new type of ionospheric envelopes is revealed, which
complements the classification obtained earlier on the basis of
the results of purely gas dynamic modeling. Investigation of
the features of observational manifestations of super-Alfvén
and sub-Alfvén shells opens up additional possibilities for
diagnosing stellar wind parameters from parent stars of hot
giant exoplanets.

10.2

01

xIA

Cmpykmypa meyeHus 8 NnpomsaxeHHOU UOHOChepHOU 060/104Ke MUNUYHO20 20pAYe20 onumepa 8 Cy6-abteeHOBCKOM pexxume
0b6mekaHus 38e30Hb6IM 8empoM. [TokazaHo pacnpedesieHue 0ecAMUYHO20 J102apuma nIoMHoCcMu (2padayus ugema u U3oUHUU
8 opbumasnbHOU NIOCKOCMU NIAHeMbl, d MAKXe U30N0BEPXHOCMU 8 NPOCMPAHCMBe) U MA2HUMHO20 NOJIA (MpexmepHeie IUHUU
co cmpenkamu). [TnaHema pacnonoxera 8 yeHmpe pucyHka u 06o3HadveHa kpacHol cgpepoli / The structure of the flow in the
extended ionospheric envelope of a typical hot Jupiter in the sub-Alfvén regime of stellar wind flow. The distribution of the decimal
logarithm of the density (gradation of color and isolines in the orbital plane of the planet, as well as the isosurface in space) and
magnetic field (three-dimensional lines with arrows) is shown. The planet is located in the center of the figure and is indicated by a red

sphere
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AKTUBHOCTb MOJ10AbIX 3BE3A4 C MTJIAHETHbIMUA CUCTEMAMW
NO ®OTOMETPUYECKUAM HABJIIOAEHUAM KETVJIEP U TESS

ACTIVITY OF YOUNG STARS WITH PLANETARY SYSTEMS ACCORIDING
TO PHOTOMETRY DATA FROM KEPLER AND TESS

Mpwv aHanM3e HabntogaTelbHOro MaTeprasa U3 apxmea Habnto-
JAeHnn KocMmmyeckon muccnm Kennep v ee npogomkeHus K2 ctanm
BO3MOXHbI BbICOKOTOUHblE (HOTOMETPUYECKME UCCIIefoBaHNA
AKTUBHOCTY 3BE3/], C MNIAaHETHbIMU CUCTEMAMW B MOJOIbIX CKOJle-
HUAX (c Bo3pacTom Ao 1 mnpg, ner).

B Takmx mMonogpix cuctemax Ha U3MUECKME U XUMUYECKMe
cBoIiCTBa GOPMUPYIOLLUXCA MNIAHET B 3HAUMTENIbHOW Mepe MoryT
BVATb KakK MPOJOSKAOLWMINCA NPOLECC BbINageHna niaHeTesun-
Manel, Tak U MarHUTHaA aKTMBHOCTb LIEHTPAsSIbHON MONodoN
3Be3pl (Bblpaxarowanaca B M36bITOUHOM YD 1 peHTreHOBCKOM
M3NyYeHnM, a TakKe B KOPOHasibHbIX BbIOpOCax), KOTopas MOXeT
M3MEHATb PU3nYecKne CBONCTBA aTMochep OAM3KUX MaHeT r
[iaXke NPUBOANTb K pa3pyLueHuto 3Trx atmocdep. B coBpemeHHOM
NMOHUMAHUN aemorpaduy 3K30MNaHeT CUNbHO nNpeobnagatoT
6onee cTapble NaHeTHblE CUCTEMbI (>1 MAPA. NeT), B TO Bpems Kak
MeXaHV3Mbl GOPMMPOBaHNA 1 3BOMOUMM MNaHeT Haubonee
AVNHAMUWYHbI B NMePBble HECKOSIbKO COTEH MWJIIMOHOB S1IET Noc/e
06pa3oBaHMA NNaHeTHbIX cucTeM. B xoge aHanusa 6biny paccmo-
TPpeHbl 06beKTbl U3 ckonneHui Mneagpbl, M'agbl, Acim n accouyma-
umn Sco-Cen (nogrpynna Upper Scorpius). Mo mepe goctynHocTr
[aHHbIX apxvBa HabntogeHun mmuccm TESS cnrcok nononHaeTca
JIONONTHUTENbHbBIMU OO bEKTaMI.

WccnepoBaHma akTMBHOCTY MOMOAbIX 3BE3[, BKIOUAIOT pesyrb-
TaTbl M3yyeHna M kapnmka EPIC 210490365 (K2-25, 2MASS
J04130560+1514520), pacrnonoxeHHoro B ckorneHun [magpl
(650-800 mnH. net), 38e34 EPIC 211901114 u3 ckonneHusa Acnm v
EPIC 205117205 (K2-33) 13 nogrpynnbl Upper Scorpius accoupma-
umn Sco-Cen. ina EPIC 211901114 1 K2-33 coTpyAHUKM MHCTUTYTa
3aperncTpupoBani 32 1 7 BCMbleK, COOTBETCTBEHHO, a TaKXe
OLEHWNM YacTOTbl M aMMAUTYAbl STUX BCMbIWEK, WX SHepruu,
BpemeHa 1X BO3ropaHuis 1 yracaHusa. B fanbHewwem 6bi1o npose-
JIEHO 1CCNefoBaHme akTMBHOCTW MATM MOJSIOAbIX 3B€3[ C MlaHeT-
HbIMK cncTemamu: K2-231, EPIC 219388192, K2-136, Kepler-66 n
Kepler-67, Bo3pacT KoTopbix Obii onpeaeneH no nx NpuUHagiex-
HOCTW K cKomnneHnaM. bbino msyyeHo nonoxeHve o6beKToB Ha
Avarpammax S — BO3pacT, S — nepunog BpaLleHna n S — yuania
Poccbu, n caenaH BbIBOf, 0 €ro COOTBETCTBUM O6LLEMY XapaKTepy

1.0

When analyzing observational material from the archive of
observations of the Kepler space mission and its continuation
K2, high-precision photometric studies of the activity of stars
with planetary systems in young clusters (with an age of up to
1 billion years) became possible.

In such young systems, the physical and chemical
properties of the forming planets can be significantly
influenced by both the ongoing process of planetesimal
fallout and the magnetic activity of the central young star
(expressed in excess UV and X-ray radiation, as well as in
coronal ejections), which can change the physical properties
of the atmospheres of nearby planets and even lead to the
destruction of these atmospheres. In the modern
understanding of the demography of exoplanets, older
planetary systems (> 1 billion years) strongly prevail, while the
mechanisms of planetary formation and evolution are most
dynamic in the first several hundred million years after the
formation of planetary systems. During the analysis, objects
from the Pleiades, Hyades, Praesepe clusters and the Sco-Cen
association (Upper Scorpius subgroup) were considered. As
the data from the TESS mission observation archive becomes
available, the list is supplemented with additional objects.

Studies of the activity of young stars include the results of
studying the M dwarf EPIC 210490365 (K2-25, 2MASS
J04130560+1514520) located in the Hyades cluster (650-800
Ma), the stars EPIC 211901114 from the Praesepe cluster and
EPIC 205117205 (K2-33) from subgroups Upper Scorpius of
the Sco-Cen association. For EPIC 211901114 and K2-33, the
researchers of the institute registered 32 and 7 flares,
respectively, and also estimated the frequencies and
amplitudes of these flares, their energies, and the times of
their ignition and extinction. Subsequently, the studies of the
activity of five young stars with planetary systems: K2-231,
EPIC 219388192, K2-136, Kepler-66 and Kepler-67 were carried
out. The age of the objects was determined by their
membership in the clusters. The position of objects on the

diagrams S — age, S — rotation period and S — Rossby
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Cnesa: kpusas bnecka AB Pic. B yeHmpe: cnekmp MoWwHoCcmMu nepemeHHocmu bs1ecka. Cnpasa: pazoeas oudepamma nepemeHHo-
cmu 6s1ecka (20pu3oHMAsbHbIe IUHUU Xapakmepu3syom 8esluduHy amniumyosl nepeMeHHocmu 651ecka). Xopowo 8UOHbI 8CNbILU-
Ku. [laHHele npusedeHbl 0718 HabooeHul 8 cekmopax TESS 1 u 4/ Left: AB Pic light curve. Center: power spectrum of brightness
variability. Right: phase diagram of brightness variability (horizontal lines characterize the amplitude of brightness variability). Flares
are clearly visible. Data are given for observations in TESS 1 and 4 sectors
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3aBUCMMOCTEN, YCTaHOBEHHbIX HaMKn paHee ana 1570 M Kapnu-
KOB, a 3aTem anAa 18000 oANHOYHbIX 3BE3A.

CoTpygHukamy MIHCTWTYTa AeTanbHOro npoaHanv3vpoBaHa
doTochepHaa 1 xpomocdhepHaa akTMBHOCTb 3Be3gbl DS Tuc,
KoTopasd ABnAeTcA uneHom rpynnbl Tucana-Horologium (Tuc-Hor)
C BO3pacToMm nopagka 45 miH. net. DS Tuc MOXeT paccMaTpuBaTb-
€A Kak npototun Mmonogoro ConHua, a MaHeTHaA cMcTeMa — Kak
npototun monogon ConHeuHown cuctembl. lNepuog BpalleHuA
3Be3gbl paBeH P = 2.85 + 0.18 cyToK, a gonAa S noBepxHOCTU
3Be3[bl, MOKPbLITON XOMNOAHBIMM MATHaMW, COCTABNAET MopAaKa
3.3%. Mo HabmogeHuam ob3opa All Sky Automated Survey
BrepBble MoJlyYeHa OLEHKA BO3MOXKHOIO LKA akTBHOCTY DS
Tuc, paBHoro 1610 cyTkam (4.4 roga).

Ha ocHoBe BbICOKOTOYHOrO MaTepuasna M3 apxmBa Kocmuye-
cKkom myccmm TESS npoBeaeHo nccneaoBaHne GoToOMETPUYECKON
NnepemMeHHOCTV KapnrKka cnekTpanbHoro knacca K1 AB Pic (HD
44627), obnapatloLero yaaneHHoM NiaHeToON-rMraHToM C Maccom
13.5 macc lOnuTepa, Takke uneHa accoumaumm Tuc-Hor. 3a nHrep-
Ban HabnoaeHun ¢ muccuren TESS Ha 3Be3ae 6blI0 3aperncTprpo-
BaHO 48 BCrbilek ¢ aHepruer 6.1 1032 3pr — 3.4 10% pr. BoinonHe-
Hbl OLIeHKM nepurofa BpalleHns 38e3abl P = 3.860 + 0.020 cyTok,
aMMMTY bl NepeMeHHOCTY briecka 1 NapameTpa 3ansTHEHHOCTU.
Mnowapb nATeH Ha noBepxHOCTY AB Pic CyLecTBeHHO NPeEBOCXO-
AnT nnowagb nateH Ha ConHue. BbickazaHo NpeanonoXeHne, Yto
B TeUeHVie UHTEPBasia HaboAeHNI MNOLWAAb MSATEH Ha MOBEPXHO-
CTM  3Be3dbl [AEMOHCTPUPOBaNa UMKIMYECKME U3MEHEHNUA
LIMTENbHOCTBIO 233 CYTOK, aHafIoroM KOTOPbIX MOXET ObITb LIMKI
Purepa Ha ConHue. OueHKM Gonee AnWTENbHBIX WHTEPBAsIOB
aKkTnBHOCTY AB Pic yKa3anu Ha BO3MO»Hble Kbl B 3.1 rogan 7.2
roga.

CoTtpyaHvKM MIHCTUTYTa 13yunnm GoToMeTpUYecKyio nepemeH-
HOCTb elLLe ABYX Monofblx aHanoros CoHLUA C NilaHETHbIMM CUCTe-
mamun — 3Be3 HD 63433 (TOI 1726), uneHa ABV/XKYLLENCA rpynnbl
3Be3g Ursa Major ¢ Bo3pactom 410 miH. net, n TOI 451 (CD-38
1467) n3 3Be3aHOro notoka Poibbl-OpuaaH (Psc-Eri) ¢ Bo3pactom
120 MnH. neT. bblv oLeHeHbl Neproabl BpaLLeHNA 3Be34 1 aMniu-
Ty bl IEpeMeHHOCTY 6N1ecKa, a TakKe NapaMeTp 3anAaTHEHHOCTY A
B abcontoTHom mepe. MNnowwafb NsATeH Ha noBepxHocTh HD 63433
n TOI 451 cywecTBeHHO NPEeBOCXOAUT Niowwaapb nATeH Ha ConHue
n coctaBnseT 24500 m.A.n. (MUINMOHHBIX AONEN NNOLWAAN BUAN-
Mo noBepxHocTy ConHua) 1 12600-33200 M.A.M., COOTBETCTBEH-
Ho. OueHKu aktnBHocTK TOI 451 yKa3anu Ha BO3MOXHble LiKibl B
125 1 1280 cytok. daHHble gna HD 63433 cBupetenbcTByloT O
HaNMUYUM JONrOBPEMEHHbBIX M3MEHEHUI Becka, HO HeloCTaToY-
Hbl /1A KOIMYECTBEHHbIX OLIEHOK,

MN3yyeHHble coTpyaHuKamy WHCTUTYTa MmnaHeTHble CUCTEMbI
OTKPbIBAOT NEPCMEKTVBbI A1 TPAH3UTHOWN CNEKTPOCKOMMM KakK C
nomoupto Kocmmueckoro Teneckona Xabbna n Kocmudeckoro
Teneckona [xerimca ¥Y366a, Tak 1, B NepCrnekTrBe, KOCMMYECKON
muccum Cnektp-YO. MNpegnonaraemble nccnefoBaHA NpegocTa-
BAT BO3MOXXHOCTb M3y4eHuA aTMocdep MaHeT, KOTopble, BEPOAT-
HO, BCe elle HAaXoAATCA Ha PaHHUX CTaguax sBonoumn. Paccvio-
TPEHHbIE CUCTEMbI MOTYT CbIrpaTb Ba)KHYIO POJIb B HALLEM MOHU-
MaHMM 3BOSTIOLIMU NTAHETHBIX CUCTEM B TeUEHMe NepBOro MUW-
apaa (M pake  HECKONbKMX COTEH MWUIMOHOB) NIET MOCe UX
06pa3oBaHusi.

OcHoBHble ny6nukauuu / Main publications

E.S. Dmitrienko, 1.S. Savanov, Astron. Rep., 61, 122 (2017)

E.S. Dmitrienko, 1.S. Savanov, Astron. Rep., 61,871 (2017)

1.S. Savanov, E.S. Dmitrienko, Astron. Rep., 62,532 (2018)

1.S. Savanov, E.S. Dmitrienko, Astron. Rep., 63,595 (2019)
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1.S. Savanov, Astron. Lett., 47, 175 (2021)
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number was studied, and it was concluded that it
corresponded to the general nature of the dependences that
we established earlier for 1570 M dwarfs, and then for 18000
single stars.

The researchers of the institute analyzed in detail the
photospheric and chromospheric activity of the star DS Tuc,
which is a member of the Tucana-Horologium (Tuc-Hor) group
with an age of about 45 million years. DS Tuc can be viewed as
a prototype for a young Sun, and a planetary system as a
prototype for the young Solar System. The rotation period of
the star is P = 2.85 + 0.18 days, and the fraction S of the star's
surface covered with cold spots is about 3.3%. According to
the observations of the All Sky Automated Survey, for the first
time, an estimate of the possible cycle of DS Tuc activity, equal
to 1610 days (4.4 years), was obtained.

Based on high-precision material from the TESS space
mission archive, a study of the photometric variability of a K1
AB Pic (HD 44627) dwarf with a distant giant planet, having
mass of 13.5 Jupiter masses, also a member of the Tuc-Hor
association, was carried out. During the observation interval of
the TESS mission, 48 flares on the star with energies
6.1 10* erg - 3.4 10*° erg were recorded. The estimates of the
rotation period of the star, P = 3.860 + 0.020 days, the
amplitude of the brightness variability, and the spottedness
parameter have been obtained. The area of spots on the
surface of AB Pic significantly exceeds the area of the ones on
the Sun. It was suggested that during the observation interval,
the area of spots on the surface of the star showed cyclical
changes lasting 233 days, which can be analogous to the
Rieger cycle on the Sun. Estimates of longer intervals of AB Pic
activity indicated possible cycles of 3.1 and 7.2 years.

The researchers of the Institute studied the photometric
variability of two more young analogues of the Sun with
planetary systems — the stars HD 63433 (TOI 1726), a member
of the Ursa Major moving group with an age of 410 million
years, and TOI 451 (CD-38 1467) from the Pisces-Eridanus
stellar stream (Psc-Eri) with an age of 120 million years. The
periods of rotation of the stars and the amplitude of
brightness variability were estimated, as well as the
spottedness parameter A in absolute measure. The area of
starspots on the surfaces of HD 63433 and TOI 451 significantly
exceeds the area of sunspots and is 24500 mh (millionth of
visible hemisphere of the Sun) and 12600-33200 mh,
respectively. Estimates of TOI 451 activity indicated possible
cycles of 125 and 1280 days. The data for HD 63433 indicate
the presence of long-term brightness changes, but are
insufficient for quantitative estimates.

The planetary systems studied by the Institute's researchers
open up prospects for transit spectroscopy both with the
Hubble Space Telescope and the James Webb Space
Telescope, and, in the future, with the WSO-UV space mission.
The proposed research will provide an opportunity to study
the atmospheres of planets that are probably still in the early
stages of evolution. The considered systems can play an
important role in our understanding of the evolution of
planetary systems during the first billion (and even several
hundred million) years after their formation.



3BE3JHbIE ATMOC®EPbDI
STELLAR ATMOSPHERES

[MaBHbIN UHCTPYMEHT AJ1A UCCefoBaHNA ABNEHNIA, NPONCXO-
OALWMX Ha 3Be3[aX — MOJTyYeHNe 1 aHanm3 3Be3HbIX CNEeKTPOB.
QopmMupoBaHMe CMeKTpanbHOM NUHUU B aTMocdhepe 3Be3dbl
npeacTaBnAeT coboM  CNIOXKHBIN npouecc, 6e3 NoHMMaHUA
[eTaneil KOTOPOro HEBO3MOXHO YBEPEHHO MHTEPNPeTNPOBaThb
pe3ynbTaTbl HabnopeHun. Mostomy B VIHCTUTYTe acTpOHOMMKM
PAH npoBogAaTcA pa3sHOCTOPOHHME UCCIefoBaHUA B obnacTu
TeopuK 3BE3[HbIX CNeKTPOB. [lonyyeHHble pe3ynbTaTbl YCMeLHo
NPVYMEHAITCA ANA  U3YYeHUA MeXaHVW3MOB BO3HUKHOBEHMA
aHOMaIMI XMMNYECKoro coctaBa B aTmocdepax.

CoTpyaHuKw, yyacTByoLme B paboTe no teme: J1./. MaLwoHku-
Ha, M.O. HepetuHa, l0.B. MNaxomos, A.M. PomaHoBckas, T.A.
PabuvkoBa, T. M. CutHOBa, H.H. Yyraii.

Pabota npoBoanTca B COTpyaHMYecTBe ¢ [0Cy[apCTBEHHBIM
acTpoHOMMYecKUM MHCTUTYTOM UM. T.K. LUtepHGepra MY,
KpbIMcKolt acTpodusnyeckoin obcepeatopmelt PAH, Poccuinckiim
rocyfapCTBEHHbIM NefjarornyeckMm yHmBepcuTeTom umenm A. U.
l'epueHa, CneymanbHol acTpodusmueckor obcepatopueii PAH,
a TakKe HayYHbIMK opraHm3aumamu Asctpuu, benbrum, Nepma-
Huw, Kntaa, CLUA, OpaHumu, Lsenuapun n Lseunn.

Observations and analysis of stellar spectra are the main
instrument used for study of phenomena that take place in
stars. Formation of a spectral line in the atmosphere of a star is
a very complex process and for correct interpretation of
observations requires deep understanding of details. In the
Institute of Astronomy RAS the comprehensive research in the
field of stellar spectra theory is carried on. The results are
successfully applied to study the mechanisms of the anomalies
in the chemical composition of atmospheres.

Researchers involved in the studies: L.I. Mashonkina, M.D.
Neretina, Yu.V. Pakhomov, A.M. Romanovskaya, T.A.
Ryabchikova, T.M. Sitnova, N.N. Chugai.

The studies are being carried on in collaboration with
Sternberg Astronomical Institute MSU, Crimean Astrophysical
Observatory, Herzen State Pedagogical University of Russia,
Special Astrophysical Observatory RAS as well as with scientific
institutions of Austria, Belgium, Germany, China, USA, France,
Switzerland and Sweden.

TEOPUA 3BE3JHbIX CMEKTPOB

STELLAR SPECTRA THEORY

WccnepoBaHune Guranyeckmx ycnoBuii 1 XMMMYeCKoro coctaBa
BelecTBa B aTMocdepax 3Be3[, OCHOBAHO HAa W3y4YeHUM KX
CNeKTPOB. VIHTEHCUBHOCTb IMHWI NOTOLLEHNA B CNEKTPaXx onpe-
[enaeTca COCTOAHMEM MOHM3aLUK 1 BO3OYXKAEeHWs aTOMOB Mof
[eCTBUEM M3NYYEHUA N CTOSIKHOBEHWI C YacTuuamu. B obuwem
CJlyyae pacyeT TEOPETUYECKOro CrekTpa — CloXHasa du3nde-
CKasi 1 mMaTeMaTnyeckas npobnema. B kKnaccmyeckom nopgxopae
KOHKpEeTHble npoLecchl BO30YKAEHUA U MOHM3aLMUM NOHOB He
paccmaTprBaloTCA, — paav ynpolleHus npeanonaraeTcs, uto
COCTOAIHVE BeLLecTBa OMNMCbIBAETCS JIOKaSIbHbIM TePMOAVHAMM-
yeckum paBHoBecuem (JTTP). OgHako BO BHELHMX CNIOAX aTMOC-
depbl 3TO NpeanonoXKeHne MoXeT ObiTb AaNIEKO OT pPeasnibHOCTH,
100 M3nyyeHne 34ecb He HAXOAWTCA B PaBHOBECKM C BELLLECTBOM.
CotpyoHukn WHACAH pa3spabotanu 3ddeKkTuBHble MeTombl

Study of physical parameters and chemical abundances of
stellar atmospheres is based on analysis of observed stellar
spectra. The amount of energy absorbed in a given spectral
line depends on the ionisation and excitation state of atoms,
which is defined by their interactions with photons and
particles. In general, computing spectral line formation is a
complicated physical and mathematical problem. In the
classical approach, elementary processes in atom are not
considered. Instead, to facilitate the solution, one assumes the
local thermodynamic equilibrium (LTE). However, this
assumption is not valid in the outer atmospheric layers, where
the radiation field is far from equilibrium. In INASAN, effective
methods of modelling spectral line formation are developed
for various chemical species, e.g. Mg I-ll, Si I-lI-1ll, K I, Fe I-1I-Il,
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MOZENUPOBaHNA GOPMUPOBAHUA CNEKTPANbHbBIX JIMHUA AnA
pa3nnyHbix snemeHToB, Hanpumep, Mg I-ll, Si I-1I-ll, K 1, Fe I-I-lII, 8
pamkax obLen Teopun, He Npeanonaratowent JITP. O Heobxoan-
MOCTM TaKoro nofxofa MOXHO CyAWTb Ha MpuMepe aHanu3a
3MUCCUOHHbIX NNMHUIA MoHOB Kanbuua (Ca Il) un xene3a (Fe Il), a
TaKXKe JIMHWI NOMNOWEHNA HENTPASIbHOrO U MOHU30BAHHOTO
kpemHunsa (Sil n Sill) B 3Be3gax cnekTpanbHoro knacca B. PacueTbl
B paMKax O6OLlel Teopuy MO3BOAUIN MOHATb MPOUCXOXKAEHNE
SMUCCUOHHBIX NHWIA Ca Il n Fe Il B cnekTpax aTux 3B8e34 1 corna-
COBaTb COAep»KaHMe KpeMHKSA, MoyyaeMoe Mo Pa3HbIM INHUAM.
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poghusne sMUCCUOHHBIX bneHOUpyowux AuHuUt Fe Il 8926.1 Au
Ca 1l 8926.8 A 8 cnekmpe 38e30bl HD 160762 (B3 IV, uepHble
KpyxKu). ModenuposaHue, ocHosaHHoe Ha omkase om JITP
(KpacHasA kpusas), NoKasaso, 4Ymo SMUCCUOHHbIe TUHUU
hopmupytomca 8 ammocepepe, KOmopas MunuYHa 0711 38e30
3mo2o muna, mo ecme 6e3 meMnepamypHouU UHgepcuu u 6e3
06os104KU. [pubnuxeHHAs Meopus (CUHAA WMpPUX08as
Kpu8as) He MoXxem 80CnpoU38eCMuU SMUCCUIO 8 IUHUSAX /
Emission lines Fe 118926.1 A and Ca Il 8926.8 A in the star HD
160762 (B3 IV, black circles). Calculations without the LTE
assumption (red curve) prove that the observed emission lines of
Fe Il and Ca Il form in the atmosphere that is typical of B-type
dwarf stars, i.e. the atmosphere does not reveal any signature of
temperature inversion or surrounding shell. LTE (blue dashed

curve) fails to reproduce the emission lines

based on the theory free of the simplified LTE assumption. An

advantage of the non-LTE approach is proved by the analysis
of emission lines of ionised calcium (Ca Il) and iron (Fe Il) and
also absorption lines of neutral and ionised silicon (Siland Sill)
in B-type stars. The non-LTE calculations permitted us to
understand an origin of the Ca Il and Fe Il emission lines in the
spectra of these stars and to make the silicon abundances
derived from lines of the two ionisation stages consistent.

OcHoBHble ny6nukauum / Main publications

T. Sitnova, L. Mashonkina, T. Ryabchikova, MNRAS, 477,
3343(2018)

S. Alexeeva, T. Ryabchikova et al. ApJ, 866, 153 (2018)
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CodepxaHue kpemMHus y 38e3061 21 Peg (B9.5 V), nonyueHHoe u3
aHanu3a uUHOUBUQOYaabHLIX AUHUU Sil (CuHUe mpey20/1bHUKU) U
Sill (kpacHsle kpyxku). ModenuposaHue, 0CHOBAHHOe HA
omkase om JITP (3anosiHeHHble CUMBOJIbI), yMeHbwaem
paszbpoc pesynbmamos 014 auHul Si ll u obecneyugaem
coesiacue co0epXXaHus, NoJly4aemMo20 nNo JIUHUAM 08yx cmaouli
UOHU3ayuu, 4e2o Heslb3sA 00CMUYb NPU UCNOIb308aHUU

npubnuxeHHol meopuu (omkpsimele cumaonsi) / Silicon
abundances of the star 21 Peg (B9.5 V) obtained from individual
lines of Si | (blue triangles) and Si Il (red circles). In contrast to LTE
(open symbols), calculations without the LTE assumption (filled
symbols) reduce the scatter of data for lines of Si Il and provide
consistent abundances from the lines of the two ionisation
stages

XUMUWYECKUE AHOMAJIUA B ATMOCOEPAX A-3BE3 ]
CHEMICAL ANOMALIES IN ATMOSPHERES OF A-TYPE STARS

3Be3dbl CrekTpanbHOro Knacca A omimuartca 6onblunm
pa3Ho06pa3nemM OTKIIOHEHNI XMMMYECKOTO COCTaBa UX NMoBepX-
HOCTHBbIX CJIOEB OT KOCMUYECKON (= HOPManbHOW = CONTHEYHON)
pacnpoCcTpaHeHHOCT XUMUYECKNX 31eMeHTOB. K sTomy pacno-
naratoT OTCYTCTBME MOBEPXHOCTHOWN KOHBEKTVMBHOW 30Hbl, Hanu-
yve MarHWTHbIX noner, obpa3oBaHNe ra3o-MbiNeBbiX AWCKOB Y
ObICTpOBpaLLAOLLNXCA 3Be3[. BepoATHbIM MexaH3MOM 13MeHe-
HWA COofep)KaHVA OTAEeNbHbIX 3M1EMEHTOB B MOBEPXHOCTHbIX
aoax asnsAeTca atomHaa Andoysma. OT Kakux MapameTpos
3Be3q 3aBUcUT 3ddekTnBHOCTL Anddy3un? [einctsyeT nu
andodysma B A-3Be3gax C HOPMasbHbIM XMMUYECKM COCTaBOM
(HopmanbHble A-3Be3pbl)? CoTpyaHukun WHACAH Bnepsble
Nonyunny CUCTEMy OLHOPOAHBIX TOUHbIX JaHHbIX O coAepPXKaHUN
XMIMUYECKMX 3/1EMEHTOB OT renva A0 Heoauma y MepaneHHO
BpaLlaloLmMxca HopManbHbIX A-3Be3f. Mcnonb3yembii meTop
OCHOBaH Ha MOJENMPOBaHNM CMEKTPOB BbICOKOrO paspeLleHus
npy MosIHOM yuyeTe GU3MYECKUX MPOLECCOB, OnpenensoLmnx
KUHETWKY MOHM3aLun 1 BO30YKOeHUA. Y BCeX U3YUYeHHbIX Hamu
3Be3[ NPUCYTCTBYIOT U30bITKM COAEPMKaHNA TAXKENbIX SEMEHTOB
Sr, Zr, Ba n Nd otHocutenbHo ConHua, Toraa Kak bonee nerkue
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The range of A spectral types is known by chemical
anomalies of various kinds. Deviations from cosmic (= normal
= solar) abundances in the atmospheres of A-type stars are
favoured by the absence of a surface convective zone, the
presence of magnetic fields, the formation of gas-dust disks in
rapidly rotating stars. Probably, an origin of chemical
anomalies is connected with atomic diffusion. What stellar
parameters do determine an efficiency of diffusion? Does
diffusion operate in A-type stars with normal chemical
composition (normal A-type stars)? In INASAN, a
homogeneous set of accurate abundances for helium to
neodimium has been developed for a sample of normal and
slowly rotating A-type stars. The abundance determinations
are based on analysis of high-resolution stellar spectra and
spectral line formation taking into account all the physical
processes that determine the kinetic equilibrium of atoms.
Each star reveals enhancements of heavy elements Sr, Zr, Ba,
and Nd with respect to the Sun, while the lighter elements
from C to Fe follow the solar abundance pattern. It was
concluded for the first time that enhancements of heavy
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Cooepxarue 3nemeHmos [X/H] = log(elem/H) - log(elem/H) , y 36e30 cnekmpaneHo2o knacca A.
Cnesa: Tpu HopmarsibHble 38e30bl C pa3HbIMU 3hhekmusHbIMU meMnepamypamu. JJaHHvle 0718 pazHbix 36€30 COBUHYMbI NO OCU
opouHam 0718 AcHocmu. Y kaxxoou u3 38e30 cooepxaHue Sr, Zr, Ba u Nd seiwe, yem y ConHya, a snemeHmel om C 0o Fe umetom

COJIHeYHOe coOepXxaHue 8 npedesiax owubKuU onpedesieHus.

Cnpasa: CpedHee codepxxaHue 018 cemu Ap-38e30 ¢ 3¢hpekmusHbiMu memnepamypamu om 8800 do 10200 K. ¥ acex 38e30 Habo-
daemca depuyum 3nemeHmos C, N, O no cpasHeHUIo ¢ CONTHeYHbIM co0epXxaHuem. B omauyue om HopmasnbHeix A-38€30, U3ObIMKU
OMHOCUMEJIbHO COTHEYHO20 CO0epXXaHus, Habooaemeie y Ap-38€30, HAMHO20 MeHbule 0718 6apus no cpasHeHuto ¢ Sru Nd /

Elemental abundances [X/H] = log(elem/H) — /og(elem/H)o of A-type stars.
Left panel: Three stars with different effective temperatures. For better visibility, the data for different stars are shifted along the Y axe.
In each star, abundances of Sr, Zr, Ba, and Nd are higher than in the Sun, while abundances of the elements from C to Fe are consistent

with the solar ones, within the error batrs.

Right panel: Average abundances for seven Ap-stars in the 8800-10200 K effective temperature range. In each star, abundances of C, N,
O are lower than in the Sun. In contrast to the normal A-type stars, an enhancement of Ba is lower than that for Srand Nd

snemeHTbl oT C go Fe uMeloT conHeuyHoe copepXkaHue. ITu
pe3yrbTaTbl BriepBble NO3BOSAIT CAeNaTbh BbIBOL, UYTO U30ObITKY
TSKESbIX DN1EMEHTOB B NMOBEPXHOCTHBIX CJIOAX ABAAIOTCA 00OLWMUM
MPY3HAKOM 3Be3/ CNeKTpasibHOro Knacca A. MarHuTHble Xummye-
cKu-nekynApHble (Ap) 3Be3bl TaKKe OTHOCATCA K CrNeKTpasibHO-
My Kraccy A, HO, B OT/IMYME OT HOPMaJSIbHbIX 3BE3[, XMMUYECKN
CoCTaB UX aTMochep obnaaeT SPKO BblpaKeHHbIMU aHOMasNS-
MW, KOTOPblEe OKa3bIBaOT CYLLECTBEHHOE BANAHME Ha GopMUMpo-
BaHWe BbIxoAALLEro noToka. B pamkax nporpammbl no onpegerne-
HUO GyHaMeHTarnbHbIX NapameTpoB Ap-3Be3 — 3QdeKTUBHbIX
TemnepaTyp, PagnycoB 1 CBETUMOCTEN — NpAMbIMU (MHTepde-
pOMETPUSA) N KOCBEHHBIMM (CNEKTPOCKONNA) MeToAamu, NPOBO-
ammon cotpyaHukamm MHACAH coBmecTHO ¢ acTpodusmkamm
®paHuuw, FepmaHum 1 MopTyranum, 6bin BbINOIHEH AETaNbHbIN
CNeKTPOCKoNMYecknii aHanus ans 13 06bekToB. OTIMYMTeNbHON
0COOEHHOCTbI0 Ap-3Be3[ SBAAIOTCA W30bITKM OTHOCUTENBbHO
COMMHEYHOro COAepXaHus Yy TAXenblX dnemeHToB. OHM MoryT

elements in the surface layers is a common property of A-type
stars.

Magnetic chemically-peculiar (Ap) stars also belong to the A
spectral class, but, in contrast to the normal A-stars, chemical
composition of their atmospheres possesses prominent
abundance anomalies which significantly affect the radiation
transfer. In frames of the programme on the determination of
Ap-star fundamental parameters — effective temperatures,
radii, and luminosities — by direct (interferometry) and
indirect (spectroscopy) methods that is carried out by
astrophysists from INASAN, France, Germany, and Portugal,
detailed spectroscopic analysis of 13 objects was performed.
The main chemical anomaly of Ap stars is very large
overabundance of the heavy elements relative to their solar
abundances that may exceed four orders of magnitude. Very
strange behaviour was found for the Ba abundance. While in
normal A-stars Ba shows a maximal overabundance among
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Fundamental parameters — radii (R/R_ ), luminosities (L/L ), and effective temperatures (T ) derived by spectroscopic methods for a
representative group of Ap-stars agree with the results based on the interferometric measurements
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npeBbILWaTb YeTbipe NopsAaKa BennunHbl. Ho obHapy»<eHo cTpaH-
Hoe noBefeHve Ba. Ecnim y HopmanbHbix A-3Be3g Ba umeet
MaKCVManbHbI N36bITOK CPeam BCeX TAXKENbIX SN1EMEHTOB, TO B
Ap-3Be3gax, HaoboporT, y Ba HabnogaeTca MUHYMAsbHbIN 130bl-
Tok. CornacHo COBpeMeHHbIM MPEeACTaBAEHUAM, XUMUYECKUe
aHomanuu B aTtmocdepax Ap-3Be3f, CTabMIM3MPOBaHHbLIX
MarH/UTHbIM nosieM, OOBACHATCA NPOLeccom aToMHol anddy-
3un. Kakre npoueccbl NPUBOAAT K M36GbITOUHOMY COfepKaHIIo
Sr, Zr,Ban Nd B atTMochepax HopmanbHbix A-38e347? [MonyyeHHble
pe3ynbTaTbl OTKPbIBAIOT HOBble BO3MOXHOCTU ANA MOCTPOEHNA
Teopumn GU3MYECKUX NPOLECCOB B HEApaXx 3Be3[ NMPOMEXKYTOuY-
HbIX Macc 1 OTBETa Ha BOMPOC O KItoUeBbIX paKTopax, onpeaens-
IOLLMX MPOLIeCChl cenapaLin XMMUYECKMX 311eMeHTOB No rnyou-
He B aTMochepax A-3Be3q.

dddekTrBHaA TemnepaTypa, paanyc U CBETUMOCTb Uccnenye-
MbIX Ap-3Be37 6binv onpepaeneHbl U3 cpaBHeHVA Habnogaemoro
pacnpegeneHunsa sHepPrum C TEOPETUYECKMI NMOTOKaMK, paccuu-
TaHHbIMY C MONTYYEHHbIM COAePKaHNEM XUMNYECKUX SNIEMEHTOB.
MokasaHo, uTO 3HayeHusa GyHOAMeHTanbHbIX MapaMeTpPoB,
MoslyYeHHbIX MO CMeKTPaibHbIM U MHTEPhEPOMETPUUYECKIM
Habno4eHNAM, XOPOLLO COrnacyoTca Mexxay cobol B npefenax
TOYHOCTU COOTBETCTBYIOLMX M3MEPEHWUA. A 3TO 3HAUUT, 4TO
CMNeKTpoCKonMyeckne Mmetofbl MOryT obecrneunTb HafeXHble
dyHOameHTanbHble MapameTpbl AnA Janekux 3Be3f, HeJoCTyn-
HbIX 418 UHTepdepoMeTPUN.

the other heavy elements, Ba in the Ap stars, on the contrary,
has a minimal enhancement. According to the present
conceptions, abundance anomalies in the atmospheres of Ap
stars that are stabilized by the magnetic field are produced by
atomic diffusion. The question is what processes do lead to
overabundances of Sr, Zr, Ba, and Nd in the atmospheres of
normal A-stars? The obtained results open up new possibilities
for constructing the theory of physical processes in
intermediate-mass stars and answering the question of key
factors that determine the processes of separation of chemical
elements by depth in the atmospheres of A-stars.

Effective temperatures, radii, and luminosities of the sample
of Ap-stars were derived from a comparison of the observed
energy distributions with the theoretical fluxes calculated
using the individual star chemical composition. It was shown
that fundamental parameters derived from spectral
observations are consistent with those based on the
interferometric measurements, within the errors of both
methods. This means that spectroscopic methods can provide
reliable fundamental parameters of distant stars which are
inaccessible for interferometry.

OcHoBHble ny6nukauum / Main publications

A. Romanovskaya, T. Ryabchikova, et al. MNRAS, 488, 2343 (2019)
L. Mashonkina, T. Ryabchikova, et al. MNRAS, 499, 3706 (2020)

K. Perraut, M. Cunha, A. Romanovskaya, et al. A&A, 642, A101
(2020)

3BE3bl C AEONLIUTOM METAJIJTOB — OKHO B NMPOLWWIOE TAJIAKTUK

METAL-POOR STARS IS A WINDOW INTO THE PAST OF GALAXIES

3Be3fbl C 3KCTPEMANIbHO HU3KUM COAEpXKaHMEM Kenesa
(6onee, yem Ha 3 nopAfKa, HUXKe CONHeYHoro, T.e. ¢ [Fe/H] < -3)
— ApeBHenwme 3Be3abl FanakTnkn (HaceneHue I1.5). OHKM xpaHAT
MHPOPMaLMIO O HayasbHbIX 3Tanax XMMMUYECKoro oboralieHua
raslakTMYyecKkoro BelyecTBa NepBbIMM CBEPXHOBbLIMM 3BE3AaMu.
CotpyaHukn MHACAH onpepenunu sgpdeKTrBHYI0 Temnepatypy
1 NMOBEPXHOCTHOE YCKOPEHE CUTbl TAXKECTM ANA BbIGOPKU 3Be3[
rano lanakTuky, Bkmouyaa 3Be3gbl ¢ [Fe/H] < -3, Bnepsble
KOMMEKCHbIM METOZIOM C UCMOJIb30BaHNEM HOTOMETPUYECKNX
W  CNEeKTpasbHbIX HabMoAeHW, PaCcCTOAHWUN, W3MEPEHHbIX
KocMmyeckor obcepBatopueln Gaia, U M30XPOH. 1na Kaxaon us
3Be3q onpegeneHo cogepxanue Na, Al, Mg, Ca, Ti u Fe. Mpenmy-
LLIeCTBOM HOBbIX AaHHbIX ABMAETCA Hambonee MOJNHbIA yuyeT
dU3MYeCKNX NPOLECCOB NPU MOAENNPOBAHNN TEOPETUYECKOTO
cnekTpa. bonbWMHCTBO 3BE37 HaLLEl BbIOOPKU UMEIOT N36bITOK
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Extremely metal-poor (EMP, [Fe/H] < -3) stars are the oldest
stars (Population II.5) of the Galaxy. They trace an early
chemical enrichment produced by the first supernovae. In
INASAN significant efforts have been made to determine
effective temperatures and surface gravities of a sample of the
Galactic halo stars that include the EMP stars, using for the first
time a complex method based on photometric and spectral
observations, distances measured by the space observatory
Gaia, and isochrones. For each star, abundances of Na, Al, Mg,
Ca, Ti, and Fe were derived from analysis of high-resolution
spectra. An advantage of these new results is in their high
accuracy, which was achieved owing to detailed consideration
of physical processes in stellar atmospheres, when calculating
the theoretical spectra. The majority of the sample stars reveal

an enhancement of magnesium relative to iron
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OmHocumernsHoe codepxarue [Mg/Fe] (nesas narHenw) u [Al/Mg] (npasas naHens) y uccriedyemoix 36e30. KpacHoiMu U CUHUMU
CUMBOJIamMU 8bi0esieHbl 38e30bl C AHOMAJIbHbIM omHoweHuem [Mg/Fe], komopele, seposmHo, npuHaonexam HacesneHuio 1.5/
[Mg/Fe] (left panel) and [Al/Mg] (right panel) abundance ratios of the sample stars. The probable Population 1.5 stars are marked by

the red and blue symbols
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OmHoweHue codepxxaHus
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Sr/Ba 8 2anakmukax
ylbmpa-Hu3kol ceemumocmu
(cuHue cumsonel: Bootes |,
Coma Berenices, Leo IV,
Segue 1, Trill, UMa ll) Huxe,
yem 8 K/1accuyecKux cghepou-
—| 0anbHeix 2anakmukax (kpac-
Hble cumeosbl: Sculptor, Ursa
Minor, Sextans, Fornax) u 8
Haweu Fanakmuke (4epHole
KPY>XKU) npu mom e cooep-
XaHuu 6apus / The [Sr/Ba]
abundance ratios in the UFDs
" (blue symbols: Boétes |, Coma
r-process Berenices, Leo IV, Seque 1, Trill,
. UMa ll) are lower than that in
{E‘mDIFICﬂH the classical dwarf spheroidal

-5

MarHusa oTHocuTenbHo enesa — [Mg/Fe] = 0.3, KoTopbin
TMNnYeH gna HaceneHwa rano (Pop Il). Ho y 7 3Be3g 3HauyeHne
[Mg/Fe] cunbHO oTtnuuaetca ot 0.3, uTO CBUAETENbCTBYET O
BIVIAHUW eAVHNYHBIX 3MN300B HYKIEOCKHTE3a Ha UX XMUYe-
CKUIA COCTaB, pa3HOM OTHOCUTeNbHOM Bbixoge Mg 1 Fe y cBepx-
HOBbIX Pa3HbIX MacC M HEMONHOM MepemMeLlBaHNN NMPOAYKTOB
HYKNEeOCUHTe3a B Mex3Be3fHol cpefie. ITo Hanbonee BepoOAT-
Hble npepactaButenn HaceneHma Pop Il.5. Ona gpyron napbl
anemeHToB — [Al/Mg] — pa3bpoc oTcyTCTBYeT, UTO yKa3biBaeT
Ha ux obuwee npoucxoxaeHve. CopepxaHue XUMUYECKUX
3N1EMEHTOB, NOJyYeHHOE ANA APEBHENLLNX 3BE3[, UMEET BaXKHOe
3HaueHVie ANA TeCTMPOBaHVA Mofeneln HauyarbHOMro XMMMYeCKo-
ro oborateHua NanakTnku.

CotpyaHukn MHACAH BnepBble nonyynnu cucteMy ogHoOpoa-
HbIX M TOYHBIX JaHHbIX O COZlEPXKAaHUM XMMNYECKUX STEMEHTOB OT
HaTpua Jo Gapua y BblIGOpKM 3Be3a C 6onbwrm fedbuumTom
Xenesa B Kap/IMKOBbIX FanakTuKax, ABAALMXCA CMYTHUKaMU
Hawel ranaktkm Mneunbi MyTb (MI1). O6Hapy»eHO, YTO XUMK-
yeckas 3BOMIOUMA TFanakTUK YNbTPaHU3KOW CBETUMOCTU — C
6aproHHO Maccol meHee 106 coTHeYHO MacCbl — OTAINYAETCA
OT 3BOJIIOLNN MACCUBHbBIX ranaktmk — MM (M ~ 2-10" M) v
Knaccnyeckux céhepomnpanbHbix ranaktmk (M ~108 M) — B
OTHOLLEHUW NPOV3BOACTBA CTPOHLMA. B MaCCMBHBIX ranaktmkax
HabnofaeMoe OTHOLLIeHWe copeprkaHua Sr/Ba cauaeTtenbcrayeT
O [BYX KaHanax NpOM3BOACTBA Sr Ha HauasbHbIX 3Tanax ux
SBOMOLUUN — r-MpoLecc 1 elwe oavH, 6onee 3PpPeKTUBHbIN
WCTOYHMK, MPUPOAA KOTOPOro OCTaeTcA Hen3BeCTHoN. B ranakTtu-
Kax yNbTPaHW3KOWM CBETUMOCTY BTOPOW NCTOYHMK TOXeE AeNCTBO-
Basl, HO MOYEMY-TO C MarblM BbIXOAOM Sr, MOSTOMY OTHOLLEHME
cofepaHua Sr/Ba B HUX MeHblLLe, YeM B MAaCCVBHbIX ranakTmkax
npv TOM e cofiepaHnu Ba. HangeHHble 3aBMCMOCTM OTHOLLIE-
HA copeprkaHna Sr/Ba oT copepxaHua Ba KpaiHe BaXHbl AnA
NMOHUMaHUA 3aBUCMMOCTM MPOLIECCOB 3BE3J0006pa3oBaHnA OT
Maccbl ranakTuKu, Ana BbIACHEHWA MeXaH13MOB 1 MecTa CMHTe3a
CTPOHLUA.

: ! galaxies (red symbols: Sculptor,
- 2 Ursa Minor, Sextans, Fornax)
and the MW (black circles) for
stars of close Ba abundance

of [Mg/Fe] = 0.3, which is typical for the halo stellar population
(Pop 11). Substantial deviations from [Mg/Fe] = 0.3 were found
for seven UMP stars, suggesting a contribution to stellar Mg
and Fe abundances from a small number of supernova
explosions with different progenitor mass and different
nucleosynthetic yields and an incomplete mixing of the
interstellar gas. These stars are most probable representatives
of Population II.5. For [Al/Mg], the scatter of data for stars of
close Mg abundance is at the level of abundance errors, and
this is indicative of a common origin of Al and Mg. Accurate
chemical abundances of these ancient stars are important for
constraining the Galactic chemical evolution models.

In INASAN a homogeneous set of accurate abundances of
chemical elements from Na to Ba was obtained for the first
time for a sample of very metal-poor stars in the dwarf galaxies
orbiting the Milky Way (MW). It was found that chemical
evolution of the ultra-faint dwarf galaxies (UFDs) — they have
less than 10° stars — is distinct from evolution of the massive
galaxies, namely, the MW (M ~ 2:10"" M) and the classical
dwarf spheroidal galaxies (M ~ 10® M), with respect to Sr
production. The Sr/Ba abundance ratios observed in the
massive galaxies suggest two channels of the early Sr
production, that is the r-process and another, more efficient
source whose nature remains unknown. In the UFDs, the
second source worked, too, but with less Sr yields, resulting in
lower Sr/Ba ratios compared with that for the massive galaxies.
The obtained trends of Sr/Ba with Ba abundance are
important for understanding star formation depending on the
galaxy mass and for making clear the mechanisms and
astrophysical sites of the Sr production.

OcHoBHble ny6nukauum / Main publications

L. Mashonkina, P. Jablonka, et al. A&A, 608, A89 (2017)

T.M. Sitnova, L.I. Mashonkina, et al. MNRAS, 485, 3527 (2019)
T.M. Sitnova, L.I. Mashonkina, et al. MNRAS, 504, 1183 (2021)
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HECTALMOHAPHDIE 3BE3[bl
NONSTATIONARY STARS

XapaKTepucTrKky 60NbLIMHCTBA 3BE3/, Ha NPOTAMKEHNM 3HaUM-
TeNIbHOWM YaCTV UX XKM3HM OCTAlOTCA NMPUMEPHO MOCTOAHHBLIMMU.
Ocobbit nHTepec ana acTpodU3UKM NpPeacTaBnAlT 3Be34bl,
obnafaolme nepemMeHHoOCTblo 6necka, Gopmbl crnekTpa wu
Apyrmx xapakrepuctuk. B WHctutyTe actpoHomunm PAH B
cotpygHuyectee ¢ TAULL MIY BbinonHAeTcA MacluTabHbIiA
NpoeKkT — cocTaBneHne «OO6Llero Kartanora nepemMeHHbIX
3Be3y. [poeKT oxBaTbiBaeT NepeMeHHble 3Be3/bl BCEX TUMOB,
HO HeKOTOpbIM UX BuaaM — Ledeunaam, B3pbIBHbIM NepeMeH-
HbIM, KpacHbiM ruraHTam — B WHACAH ypensetca ocoboe
BHUMaHVe. «JKCTPeMasbHbIM» MPOSABEHNEM 3BE3[HON HecTa-
LIIOHAPHOCTW ABMAIOTCA BCMbILWKM HOBbIX 1 CBEPXHOBbIX 3BE3[.
Ha npotskeHun mHorux net B MHACAH pa3spabatbiBatotca
pa3nuyHble CLieHapuK, BeAyLUME K BCMblLLKe CBEPXHOBOW TuMa la
— TepMosiepHOMY B3pbiBY Ha 6€110M KapivKe, a TakKe mccre-
JyTCA 0CO6EHHOCTY B3aIMOAENCTBUA COPOLLIEHHON 060TOUKN
3Be3[jbl C OKOJST03BE3[HbIM BELLECTBOM.

CoTpyaHuKY, yyacTsytowwme B pabote no teme: C.O. Bennuko,
H.A. TopbiHa, A.M. 3ybapesa, E.B. Kasaposeu, E.H. Kanes, E.A.
Kapuukan, H.H. Knpeesa, [I.M. KonecHnkosa, E.H. MactyxoBa,
tO.B. Maxomos, B.b. My3mH, N.C. CaBaHos, H.H. Camycb, M.E.
Caukos, W.B. Cokonos, T.I. ConosbeBa, A.B. Tytykos, B.I.
YTpobuH, 0.A. Dapees, A.b. DokuH, A.B. Xpycnos, H.H.Yyrai, J1.P.
IOHrenbcoH.

PaboTta npoBoauTCcA B cOTpyaHuuYecTBe C Bcepoccuickum
WHCTUTYTOM Hay4HOW U TexHM4Yeckon nHpopmaumu, Focynap-
CTBEHHbIM aCTPOHOMUYECKM MHCTUTYTOM UM. K. LLITepH6epra
MY, NHcTnTyTOM Kocmmnueckux nccnegosanuin PAH, KasaHcknm
depepanbHbIM yHMBepcuTeTOM, KpbIMCKON acTpodursnyeckon
obceppaTopmelt PAH, CneynansbHon actpodusnyeckon obcep-
BaTopmelt PAH, a Takke Hay4HbIMU opraHu3aumamm FepmanHmu,
WHanu, CLUA v LWseunwn.
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Parameters of most stars are almost constant during
significant part of their lives. Stars characterized by variability of
brightness, spectrum shape and other characteristics are of
special interest for astrophysics. Institute of Astronomy RAS in
collaboration with SAI MSU works on a big project — General
Catalog of Variable Stars (GCVS). The project covers variables of
all types but some of them (e.g. cepheides, eruptive variables
and red giants) deserve special attention in INASAN. The
extreme manifestations of stellar nonstationarity are novae and
supernovae. For many years INASAN developed various
scenarios of stellar evolution leading to the type la supernova
— thermonuclear explosion of a white dwarf, as well as studied
the peculiarities of interaction of the ejected shell of the star
with the circumstellar material.

Researchers involved in the studies: S.F. Velichko, N.A.
Gorynya, A.M. Zubareva, EV. Kazarovets, E.N. Kanev, E.A.
Karitskaya, N.N. Kireeva, D.M. Kolesnikova, E.N. Pastukhova,
Yu.V. Pakhomov, V.B. Puzin, I.S. Savanov, N.N. Samus, M.E.
Sachkov, L.V. Sokolov, T.G. Solovyova, A.V. Tutukov, V.P. Utrobin,
Yu.A. Fadeyev, A.B. Fokin, AV. Khruslov, N.N. Chugai, L.R.
Yungelson.

The studies are being carried on in collaboration with
All-Russian Institute for Scientific and Technical Information,
Sternberg Astronomical Institute MSU, Space Research Institute
RAS, Kazan Federal University, Crimean Astrophysical
Observatory, Special Astrophysical Observatory as well as with
scientific institutions of Germany, India, USA and Sweden.



OBLLWN KATAJIOT MEPEMEHHbIX 3BE3[

GENERAL CATALOGUE OF VARIABLE STARS

[o Brtopon MnpoBOWN BOWHbI perynApHoe cocTaBfieHne
KaTanoroB nepemeHHbIX 3Be3[ OCyLecTBnAnocb B [epmaHmm.
3atem cnonkom MAC npuHAn pelueHne nepeaatb 3Ty BaXKHYHO
paboTty B CCCP. B npoeKT BKAOUAIMCH [Ba KOMIIEKTUBA, YXKe
HaKOMMBLUME ONbIT MCCNeAOBaHWA MepPeMeHHbIX 3Be3g — B
ActpocoBete AH CCCP nop pykoBoactBom b.B. KykapkuHa
(1909-1977) n B MIY nog pykosogcteom [LI. TMapeHaro
(1906-1960). Koonepauua coxpaHunacb fo cux nop. Cenyvac
rpynna Ob6ulero Katanora nepemMeHHbIx 3Be3g (OKM3) Otgena
HecTauMOHApHbIX 3Be34 1 3Be3gHou cnektpockonun NHACAH
paboTaeT COBMeCTHO C rpynnoli nepemeHHbix 3se3g OTaena
n3yyeHusn ManakTnkm n nepemeHHbix 38e3g FAULL MIY. O6beau-
HEHHbIM KOJNEKTVBOM PYKOBOAUT BEAYLUMUA HAYUHbIA COTPYA-
HUK MHACAH a.¢.-m.H. npod. H.H. Camycb.

B 1985-1995 rr. B u3gatenbctBax «Hayka» 1 «<KocMocuHbopm»
BbILL/IO B CBET YeTBEPTOE, NATUTOMHOE 13gaHune OKI13. B HacTos-
llee Bpems KaTanor MOAAEPXKMBAEeTCA U OOHOBNAETCA B
anekTpoHHon ¢opme. Cant OKIM3 Haxogutca no agpecy:
http://www.sai.msu.su/gcvs

B OKI13 BKOYEHbI TONbKO NepeMeHHble 3Be3bl, N3yYeHHble
[JOCTaTOYHO pAeTasnibHO. MeHee M3yuyeHHble 3Be3fbl BXOHAT B
coctaBnAemble non pykosopctsom E.B. Kasaposeu Katanoru
3Be3[, 3aMof03PEHHbIX B MEPEMEHHOCTY briecKa.

B nocnegHve rogbl 3aBeplueHa 6osbLiaa paboTta No yTouHe-
HUO KoopauHaT Bcex 3Be3g OKIM3, uto noTpeboBano NpoBepKu
ngeHTUdrKaLmm AecATKOB TbiCAY 3B€3[ C UCMOMb30BaHNEM KapT
nX OKpecTHoCTeln. Tenepb BO3MOXHa aBTOMaTnyeckas NaeHTu-
dukaums ¢ OKIM3 nepemeHHbIX 3B€3[, B 6OMbLUMX KONMUYECTBaX
BbIABNIAEMbIX B aBTOMaTUYeCKmXx 063opax Heba. B cuctemy OKI3
3a nocnefHve rodbl BKOYEHbl ThbICAYM MEPeMeHHbIX 3Be3[ B
LIAPOBbIX CKOMeHNAxX ManakTuky, paHee He BK/OYaBLUMECA B
3TOT KaTasior Mo NCToprYecKkuM npuyrHam. iupopmauuio OKM3
NpeacTouT MakCUManbHO WHTErpupoBaTb B cuctemy Poccumi-
cKol 1 MexgyHapogHo BUpTyanbHo obcepBaTopun.

B 2005 r. konnektus rpynnbl OKI3, coBmectHo ¢ TAULL MIY n
NPOeKTOM ACTPOHET, BO30OHOBWIT U3AaHVe XXypHana «[lepemeH-
Hble 3Be3[bl», OCHOBaHHOro b.B. KykapkumHbim ewe B 1928 T.
Tenepb »KypHan 13haeTca B SNEKTPOHHOM B/E Ha aHMIMNCKOM
a3bike. CanT xypHana: http://www.astronet.ru/db/varstars.

OcHoBHble ny6nukauum / Main publications

H.H. Camycb. VicTopuko-acTpoHOMUYeCKne nccefoBaHus, Bbir. 34,
69 (2009).

N.N. Samus, S.V. Antipin. Highlights of Astronomy, 16, 687 (2015)
N.N. Samus, E.V. Kazarovets, O.V. Durlevich, N.N. Kireeva, E.N.
Pastukhova. Astron. Rep., 61, 80 (2017)

~ University,

Prior to the World War I, catalogs of variable stars were
regularly compiled in Germany. Then, the IAU Executive
Committee decided that this important task should be fulfilled
in the USSR. The responsibility for the project was assumed by
two teams already experienced in variable-star studies: in the
Astronomical Council of the USSR Academy of Sciences,
headed by B.V. Kukarkin (1909-1977), and in the Moscow State
headed by P.P. Parenago (1906-1960). This
cooperation continues until now. Currently, the team of the
General Catalogue of Variable Stars (GCVS) in the Department
of Variable Stars and Stellar Spectroscopy of the INASAN works
together with the variable-star team in the Department of
Galaxy Studies and Variable Stars of the Sternberg
Astronomical Institute (SAI), Moscow University. The joint team
is headed by the INASAN leading research associate, Prof. N.N.
Samus.

In 1985-1995, the fourth, five-volume edition of the GCVS
was published by the “Nauka” and “Kosmosinform” publishers.
Further on, the catalog is being supported and updated in the
electronic form. The GCVS site can be found at
http://www.sai.msu.su/gcvs/

The GCVS includes only those variable stars that were
studied in sufficient detail. Less studied stars enter catalogs of
suspected variable stars, compiled under the leadership of E.V.
Kazarovets.

In the recent years, a large job of improving the coordinates
of all GCVS stars was finished; it required identification checks
for tens of thousands of stars using finding charts. It makes
possible automatic identification of variables, currently being
discovered, in large numbers, in automatic sky surveys, with
the GCVS. Thousands of variable stars in the Galaxy’s globular
clusters, earlier left outside this catalog for reasons of tradition,
have been incorporated into the GCVS system in the recent
years. The GCVS information should be integrated, as
completely as possible, into Russian and International Virtual
Observatories.

In 2005, the GCVS team resumed publishing the journal
"Peremennye Zvezdy/Variable Stars", founded by B.V. Kukarkin
as early as in 1928. It is now an electronic journal, published in
English. It can be found at http://www.astronet.ru/db/varstars/

WHmepHem-cmpanuua OKI13/GCVS Internet page
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NyNbCUPYIOLUME 3BE3 bl

PULSATING STARS

MNynbcnpytowme nepemeHHble Tuna W Vir B

npviHagnexar K uedengam HaceneHus Il v Habno-
[aloTcA Kak cpepy 3Be3f chepryeckoi cocTaBna-
loLer ranakTUyeckoro mons, Tak U B LIAPOBbIX
3Be3gHbIX cKonneHuax. Mo coBpemeHHbIM npea-
CTaBneHuAM, NynbCaUMOHHAA MNepeMeHHOCTb
Tna W Vir BO3HUKaeT B MafIOMacCUBHbIX 3Be3ax
C HU3KUM COAiepXaHneM MeTasNoB, HaxodAWNXCA
Ha 3BOSIIOLMOHHON CTagMu ABOWHOrO C/I0eBOro
NCTOYHUKa. MpegnonaraeTca, YToO Ha 3TON CTaguu
3BOMNOLNN 3B€3a MOXKET MOKUHYTb aCMNTOTMYE-
cKylo BeTBb ruraHtoB (AGB) n Ha Henpopgomku-
TeflbHOe Bpemsa nepemMecTUTbCA Ha Auarpamme
lepuwnpyHra-Paccena ('P) B npepgenbl nonochbl
nynbcaLMOHHOM HeycTonumBocTy Ledens. Tem He
MeHee npupoda nepemeHHbIX Tvna W Vir octaetca
He BroJiHe ACHOW, MOCKOMbKY BbIBOAbI MPEXHNX
nccnegoBaHni ONMPaoTCA Ha pe3ynbTaTbl pacye-
TOB 3Be3[HOW 3BOMNIOLNN, B KOTOPbIX BO3HUKHOBE-
HWe pagunanbHbIX Nynbcaumi paccmaTprBaeTca C
npuBneYeHnem ynpoLLaoLmnx NpeanooXKeHnn.

CotpygHukn NHACAH mnccnegosanu asonioum-
OHHBbI CTaTyC nepemeHHbIx Tna W Vir Ha ocHose
COrNacoBaHHbIX PAacyYeTOB 3BE34HOWN 3BOMOLIMN N HENMUHENHBIX
3Be34HbIX Nynbcauuin. bbiny npoBedeHbl pacyeTbl SBONOLNN
3Be3/] C MAacCoW Ha rnaBHoN nocnepgoBatenbHocT 0.82 M, npwu
HauanbHOM cofiepkaHum renusa Y = 0.25 n copgepaHun 6onee
TAXKenbIX dnemeHToB Z = 1073, 3Be3Has 3BoNOUMA paccMaTpu-
Banacb OT [MaBHOW MOCNEA0BaTENbHOCTM A0 MpeBpaLleHus
3Be3gbl B Genbin Kapnuk. C yyeTom HeornpepgeneHHocTeln B
COBpPEeMeHHbIX HabntopaTeNbHbIX OLeHKax CKOpOCTW noTepu
Maccbl Ha ctagun AGB 6b1n paccumnTaHbl 6onee fecATKa 3BOJIO-
LIMOHHbIX MOCNefoBaTeNbHOCTEN MPW 3HaUYeHMAX MapameTpa
0.01<n,<0.12, BenMuMHa KOTOPOro MPOMopLKoHanbHa CKOpo-
CTV noTepn Macchl. PacueTbl mokasanu, 4To, ecnnm B MOMEHT
MaKCUMYMa SHepProsblAeneHnsA renmeBoro CoeBoro NCTOUYHMKa
(LHe) Macca BOAOPOAHOM OOOMOYKU COCTaBAET OKono 2%
MaccCbl 3B€3[bl, TO 3BOJIIOLMOHHDBIN TPEK ONUCbIBAET NPOTAXKEH-
Hyt0 NeT/o Ha Anarpamme IP.

B cornacoBaHHbIX pacueTax 38€34HON 3BOMOLNN N HETMHEN-
HbIX 3B€34HbIX NyNbCaLUi OTAENbHblIE MOAENN SBOMOLMOHHbBIX
nocnegoBaTeslbHOCTEN UCMONb3YIOTCA Kak HauanbHble yCnoBuA
npu pelleHnn ypaBHEHNA paanalNoOHHON rMAPOANHAMUMKIA 1
HecTaLuMoOHapHOW KOHBEKLUMYW, OMUCbIBAlOWMX paduanbHble
nynbcauum 3Be3gbl. Ha OCHOBe COrnacoBaHHbIX pPacyeToB
cotpypHukn MHACAH yctaHoBunn, uto obnactb nynbcaumoH-
HOW HeYCTOMUMBOCTY ManoMaccuBHbIX post-AGB 3Be3g npoctu-
paeTca Ha gnarpamme [P OT acMMNTOTUYECKOWN BETBU KPaCHbIX
rMraHToB Ao 3gdekTnBHbIX Temnepatyp T . = 6000 K. MNepurogpi
nynbcaumii rMapOANHAMUYECKNX MoJener CoCTaBnAtoT ot 15 o
50 cyT n HaxopATcA B Npefenax TUNMYHbIX 3HaYeHUN neproaa
nepemenHbIx Tuna W Vir. bonee Toro, npu n,= 0.07 n n,= 0.1
SBOJIOLNOHHDBIN TPEK OMMCbIBAeT METI0 B CTOPOHY HU3KUX
3¢bdeKTMBHBIX TeMNepaTyp, 1 3Be3[a B TEUEHMEe HENPOAOMKN-
TenbHOro BpemeHu (t ~ 10° neT) cHoBa OKa3blBaeTcsA B 06nacTu
MyfbCaLNOHHON HEYCTOMUYMBOCTU. Takum 06pa3om, MosyyeH-
Hble pe3ynbTaTbl OOBACHAIT CYLECTBOBaHWE MepeMeHHbIX
na W Vir Kak ¢ yObIBaoLWMMW, Tak 1 C BO3pacTatoLLMm 3Haue-
HMAMK Neprofa. TeopeTuyeckme oLeHKM CKOPOCTU N3MEeHeHNA
nepriofa HaxofATCcA B corflacuv ¢ HabnogeHuamu. Maccol
PacCMOTPEHHbIX 3BOOLMOHHbIX U r’MAPOANHAMUYECKNX MOAe-
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CkaHep, ucnose3yemeil 0718 nepesodd MoCKosckol pomomeku 8
yuegpposyio popmy / The scanner used to digitize the Moscow plate stacks

W Vir pulsating variables belong to population Il cepheids
and are observed among field stars as well as in globular
clusters. At present, the W Vir type pulsation variability is
thought to occur in low-mass metal-poor double-shell source
stars. It is assumed that the star may leave the asymptotic giant
branch (AGB) and cross the Hertzsprung-Russel (HR) diagram
for a relatively short time towards the cepheid instability strip.
Nevertheless, the nature of W Vir variables is still poorly
understood because the former studies were mostly based on
results of stellar evolution calculations, whereas stellar
pulsations were treated with strong simplifying assumptions.

In the present study, the evolutionary status of W Vir
variables is considered on the basis of consistent stellar
evolution and nonlinear stellar pulsation calculations. In
INASAN, the evolutionary calculations were carried out for stars
with initial mass 0.82M_ and initial helium and metal
abundances of Y = 0.25 and Z = 1073, Stellar evolution was
considered from the main sequence to the white dwarf stage.
With the existing uncertainties in observational estimates of
mass loss rate of AGB stars, a dozen of evolutionary sequences
were calculated for the parameter 0.01<n,<0.12, which is
proportional to the mass loss rate. The calculations have shown
that, if the maximum energy release of the helium shell-source
(L,,.) during the final thermal flash occurs when the mass of the
hydrogen envelope is nearly 2% of the stellar mass, then the
stellar evolution passes through the extended loop in the HR
diagram.

In consistent stellar evolution and nonlinear stellar pulsation
calculations, the selected models of the evolutionary sequence
are used as initial conditions in solution of the equations of
radiation hydrodynamics and time-dependent convection
describing radial pulsations of the star. In INASAN, the region of
pulsation instability of low-mass post-AGB stars was found to
span between AGB and the effective temperatures as highas T
=~ 6000 K. Pulsation periods of hydrodynamic models range
from 15 to 50 days and agree with typical periods of W Vir
variables. As seen from the plots for n,=0.07 and n,=0.1, the
maximum of L is followed by the redward loop in the HR



s0s110yUOHHbBIE MpeKu 38e30 Ha cmadusax AGB u

post-AGB, ko20a macca 8000po0HOU 060/104KU
yMeHblwaemcsa 00 00H020 NPoyeHMa Maccsl
38e30bl, NPU 3HAYEHUAX hapamempad ckopocmu
nomepu maccel n, = 0.1 (CNIOWHAA NUHUA), N, =
0.07 (wmpuxoeas nuHuu) u n, = 0.03 (nyHKkmupHas
JUHUA). KpacHsll KpyXoK HA KaXXO00M mpeke
coomaemcmaylom MAakCuMyMy SHepeo8bloeseHus
2€e/1Ues020 C/10€8020 UCMOYHUKA, d 3e/1eHbll
KPY>XOK — Ha4asy 380/1l04UOHHOU cmaduu

4 post-AGB. CUHUMU KpyXKamMu OmmeYeHa 8bICOKO-
memnepamypHas 2paHuyad o6aacmu nysaLCayuoH-
Hol Heycmoty4ugocmu / Evolutionary tracks of AGB
and post-AGB (when the mass of the hydrogen
envelope becomes less than a percent of the stellar
mass) stars for the mass loss rate parameter n, = 0.1
(solid line), n, = 0.07 (dashed line) and n,= 0.03
(dotted line). The red and green circles on the track
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nen nepemeHHbIx Tna W Vir coctasnaioT O.52Mo <M< O.SSMO, a
Bo3pacT — 12.4x10° neT. Takum 06pa3om, NynbcrpyioLme nepe-
MeHHble Tuna W Vir AasnAlTcA ManomaccvBHbiMU post-AGB
3Be3famu Ha CTagumn GrHaNbHOW TENNOBOW BCMbILWKMN refiueBoro
C/I0€BOr0 NCTOYHMKA.

B MHACAH aKkTvBHO BepyTCA UcCCiefoBaHWA BaXHOro Tuna
nynbCcMpytoWwmx nepemeHHbix 3se3n — uedeuna. H.A. FopbiHA
paboTaeT B 06nacTn HabniogaTenbHOro NCCNefoBaHA JyuYeBbIX
ckopocten uedena. CKOpoCTb ABMXKEHUA MOBEPXHOCTHbBIX C/I0EB
uedenabl BOONb Nyya 3peHus, n3mepaemas Ha ocHose addekTa
[onnepa, oTpaxaeT Kak ABVXeHre 3Be3bl B NPOCTPAHCTBE, Tak
1 OBUXKEHUA ee NMOBEPXHOCTHbIX CJI0EB, 00YC/IOBAEHHbIE Mysbca-
unamun. O6beHeHVe 3Ton HdopmMaLy ¢ GOTOMETPUYECKUMIA
JaHHbIMM NO3BONAET YBEPEHHO OnpefenuTb reomeTpuyeckmne
pa3mepbl U paccTosHKe Ao Ledenabl. Co3aaH camblil 60bLION B
MUpe MacCMB OPUMMHAMbHBIX BbICOKOTOUHbBIX M3MepeHUN
nyueBbIx ckopocTten Ledeuns. Mo nyueBbiIM CKOPOCTAM yAanocb
OTKPbITb HECKONIbKO HOBbIX CMEKTPanbHO-ABOMHbIX Liedeng; nx
nccnefoBaHMe BO3MOXHO JIMlb Ha OCHOBE MHOroOfeTHel
nporpammbl, Kakon n asnsaetca nporpamma VIHACAH. Bmecte ¢
pe3ynbTaTamy Apyrux rpynn uccnegoBatenen, 3aHMAoLWUXCA
N3MepeHnAMM JlyYeBbIX CKOPOCTEN, 3TO MO3BOMAET OLEHUTb
HVXKHWI Npefen BCTPevyaeMoCT CNeKTpabHO-ABOVHbIX CUCTEM
cpeau uedena Kak 29% + 8%.

CncremMaTyeckum MOMCKOM WM UCCNeA0BaHNEM MyNbCMpPYio-
WNX NepeMeHHbIX 3Be3f C COCYLLEeCTBYIOLWMMN HECKOSbKUMU
nepuogamun nynbcaumii 3aHnmaetca A.B. Xpycnos. Emy yganoco
OTKPbITb ABOVIHYIO M MHOXECTBEHHYIO MepUoguyYHOCTL Gonee
yem y 300 nynbCcupyowmx nepemeHHbIX 3Be3f PasHbIX TUMOB
(uedenp, 38e3g Tvna RR Jnpbl, 38e3n Tvna & LWuTa ¢ 6onbLioin
aMNAUTYLOM NepeMeHHOCTH).

B nocnegHue rogbl actpoHombl MHACAH cosmectHo ¢ TAULL
MIY BegyT nporpamMmmy MoucCKa HOBbIX NMepeMeHHbIX 3Be3f No
ckaHam ¢oTtonnactuHok 13 ¢ototekn [AULL. O6HapyxeHo
okono 1500 HoBbIX MepemMeHHbIX 3Be3d. K v3mepeHuam no
CKaHaMm ana 275 nepemeHHbIX 3Be3q B nosne pasmepom 100
KBagpaTHbIX rpagyCcoB COBMeCTHO C acTpoHomamu n3 CLUA wn
Yunu 6bina nprmeHeH anroputm Random Forest gna aBTomaTui-
yeckon Knaccudukauumn. MapannenbHo 6bina  npoBefdeHa
HeaBTOMaTMyeckasa Knaccudukauma KeanuduLMpoBaHHbIMI
JKCnepTamun. YOOBNeTBOpUTENbHbIE pe3ynbTaTbl aBTOMaTU4e-

correspond to the maximum of L, and the onset of
the post-AGB stage. The high temperature edge of
pulsation instability is marked by the blue circle

diagram, so that the star crosses the region of pulsation
instability for a rather short time interval (t ~ 10% yr). Thus, the
calculations explain the existence of W Vir variables with both
gradually increasing and gradually decreasing periods.
The theoretical estimates of the period change rate are in
overall agreement with observations. The masses of
evolutionary and hydrodynamic models of W Vir variables are
0.52M_ <M < 0.55M and the star age is 12.4x10° yr. Therefore,
W Vir pulsating variables are the low-mass post-AGB stars on
the evolutionary stage of the final thermal flash of the helium
shell-source.

Studies of Cepheids, an important type of pulsating variable
stars, are devotedly performed in the INASAN. N.A. Gorynya is
engaged in observational studies of Cepheid radial velocities.
The velocity of the surface layers of a Cepheid along the line of
sight measured from Doppler effect reflects the star’'s motion
in space as well as pulsation-driven motion of the surface.
Combining this information with photometry, it is possible to
reliably determine the Cepheid's geometric size and its
distance. The world’s richest archive of original high-accuracy
measurements of Cepheid radial velocities has been compiled.
Several new spectroscopic-binary Cepheids have been
discovered from these radial velocities; their studies require a
many-year program. Together with the results obtained by
other research groups, these findings permit to estimate the
lower occurrence limit of spectroscopic binaries among
Cepheids as 29% + 8%.

A.V.Khruslov is engaged in a systematic search for pulsating
variable stars with several co-existing pulsation periods as well
as in their studies. He was able to discover double or multiple
periodicity for more than 300 pulsating variable stars of
different types (Cepheids, RR Lyrae stars, high-amplitude
& Scuti stars).

In the recent years, INASAN astronomers, jointly with the
Sternberg Astronomical Institute (SAl), perform a program
aimed at search for new variable stars using scans of sky
photographs from SAI stacks. The number of discovered new
variables is already about 1500. Our researcher, together with
astronomers from the USA and Chile, used measurements
obtained from scans for 275 variable stars in a field of 100
square degrees to apply the Random Forest algorithm of
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CKol KnaccudmKaumm Obiin nonydeHbl AnAa 88% nepemMeHHbIX
3Be3[, BbIOOPKM. [JaHHbIE MOCKOBCKOW 1 30HHEGEPrCKon GpoTo-
TeK MCMosb30BaHbl B MeXAYHapPOAHOM UCCIEAOBaHUN AOITro-
BPEMEHHOIN MepeMeHHOCTN YHVKaNbHOWN 3Be3[bl, OOHapy»eH-
Hon T. BboAmXAH, B KOTOPOM MPUWHAAN YyyacTue acTPOHOMbI
NHACAH.

OcHoBHble ny6nukauum / Main publications
Yu.A. Fadeev, Astron. Lett., 44, 546 (2018)

Yu.A. Fadeev, Astron. Lett., 45, 655 (2019)

Yu.A. Fadeev, Astron. Lett., 46, 734 (2020)

N.R. Evans et al. AJ, 150, id. 13 (2015)

K.V. Sokolovsky et al., Astron. Rep., 91, 382 (2014)
S.V. Antipin et al., RA&A, 18, id. 092 (2018)

M. Hippke et al., ApJ, 837, id. 85 (2017)

automated classification; in parallel, the same stars were
classified non-automatically by well-trained experts.
Satisfactory results of automated classification were obtained
for 88% of all variable stars in the sample. Data from Moscow
and Sonneberg plate collections were used in the international
study of long-time variations of the unique star found by
T. Boyajian, with participation of INASAN astronomers.

CBEPXHOBDIE 3BE3Abl

SUPERNOVAE

Cxemamuyeckaa cmpykmypa ob6osnoyku SN 2017gmr u cnekmp
(8HU3Y), codepxawuti 08yXKOMNOHEHMHYIO JIUHUIO KUC/I0poda
6300 A u mpexkomnoHeHmHyto nuHuto Halpha 60dopoda.
M3ny4yeHue 8000poda yyscmaumesbHO K pacnpedesneHuto
paouoaKkmugHo20 HUKesA-56, Ymo 0aem 803MOXHOCMb
8bI78UMb MPU KOMNOHEHMA 3MO020 u3omona (KpdcHsll ygem).
Jlea komnoHeHmMa, omeemcmeeHHble 3a Heobbl4HbIU NPopuITb
JIUHUU KUC/I0p00d, NOKA3aHbl CUHUM ygemom. bunonapHas
CMPYKMypa NozpyxeHa 8 paciupaowyoca chepuyeckyio
8000pOOHO-2es1uesyto 060/104Ky Maccoll 8 22 CO/THeYHble
(2onyb0U ysem). Cumsosn Habnrodamens (cnesa) nokazeleaem
opueHmayuto 6unosApHOU 0CU OMHOCUMESBLHO JTyHa 3PEHUS.
Cnekmp nosy4yeH Ha meneckone Keck | / Schematic structure of
SN 2017gmr envelope and the spectrum (at the bottom) that
contains two-component line of the oxygen 6300 A line and
three-component Halpha hydrogen line. The hydrogen emission
is sensitive to the distribution of the radioactive nickel-56 that
permits one to infer three components of this isotope (red color).
Oxygen components responsible for the unusual oxygen line
profile are shown by the blue color. The bipolar structure is
embedded into the expanding spherical hydrogen-helium
envelope of 22 solar mass (light blue). Symbolic observer (left)
indicates the orientation of the bipolar axis with respect to the
line of sight. The spectrum was taken with the Keck | telescope

3Be3fbl C Maccamu OT 9 10 25 COMHEYHbIX MacC B KOHLIE CBOeN
M3HM B3pbIBAlOTCA KaK CBEPXHOBbIE, MOLLHOE CBeyeHue
KOTOPbIX MOXET HabntoAaTbCA Ha PACCTOAHUAX B COTHU MUNNO-
HOB CBeTOBbIX J1eT. [pun B3pbiBe CBEPXHOBOW BELLECTBO 3Be3[bl
pasneTaeTca co CKopocTbio A0 10 TbiCAY KM/C, OCTaBNAA Ha MecTe
B3pbIBa BPALLAIOLLYIOCA HENTPOHHYIO 3Be3Y C CUNbHBIM MarHWT-
HbIM nonem. 3HaMEHUTBIN Npumep — nynbcap B KpabosuaHow
TYMaHHOCTU, ocTaTKe cBepxHoBol 1054 ropa. bonee nonyseka
Ha3ap 6blnM NpefoKeHbl iBa MEXaHU3Ma B3pbiBa MaCCUBHbIX
3Be3, oba OCHOBaHHble Ha rpaBUTALMOHHOM Konnarnce sgpa
3Be3[bl C 06pa3oBaHNEM HENTPOHHOWN 3Be3Abl. B HeTpUHHOM
MeXaHV3Me B3pblB 06ecneymBaeTCs KOMOCCabHOW SHepruen
HENTPVMHHOrO  M3/lyYeHUA  HOBOPOXKAEHHOW  HEWTPOHHOW
3Be3fpbl. B MarHutopoTayMoHHOM MexaHu3mMe B3pbiB 00YCNOB-
NeH 3Hepruen ObICTPOro BpalleHWA HENTPOHHOW 3Be3fpl,
KoTopas nepefaeTca 0605104Ke NOCPeCTBOM CUSIbHOrO MarHuUT-
HOro nosnA. JKCrnepTr3a HabnoaeHNI CBEPXHOBOW, KaK NPaBWIIo,
He MO3BOJAET CKa3aTb, KakoW M3 ABYX MexaHW3MoB cpaboTar.
OpHako, ecnin aHeprus B3pbiBa, HallieHHasa Mo JaHHbIM Habnto-
LEHUNIA, OKaXKeTCA CNNLLIKOM 6ONbLUON, 3a NpeAenamyi BO3MOXHO-
CTN HEMTPVHHOIO MeXaHn3Ma, TO 3TO MO3BONUT cAienaTh BbI6op.
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Stars with masses between 9 and 25 solar mass at the end of
their life explode as supernovae with their outbursts seen at
distances as far as hundreds of light years. After the explosion
the supernova material expands with velocities up to 10
thousands km/s leaving behind the rotating neutron star with
the strong magnetic field. A notorious example is the pulsar in
the Crab nebula, the remnant of the supernova exploded in
1054. More than half a century ago there were proposed two
mechanisms for the massive star explosion, both based on the
gravitational collapse of stellar core with the formation of a
neutron star. In the neutrino mechnism the explosion is driven
by the huge energy of the neutrino emission of the newborn
neutron star. In the magnetorotational mechanism the
explosion is powered by the rotational energy of the neutron
star mediated by the strong magnetic field. Generally, the
inspection of observational data does not permit to conclude,
what mechanism has operated. However, if the explosion
energy inferred from the data turns out too high, beyond
possibilities of the neutrino mechanism, one could then decide
between alternatives. It is the case that is provided by the
supernova SN 2017gmr, which at first glance is just a more

GEOD



MmeHHO Takas BO3MOXHOCTb MpeAocTaBufiacb B Clyyae
csepxHoBor SN 2017gmr, KoTopas, Ha NepBbI B31A4, NpeacTas-
nseT coboii Bcero nuLb 6osee ApKKi Cydail 06bIMHON CBEPXHO-
son tuna lIP. CotpyaHnkn MHACAH BbinonHunn mopenvuposa-
HVe CBeYEHMA N CKOPOCTU PaclIMpPEeHUs 3TON CBEPXHOBOW
moKasanu, YTo 3Heprua ee B3pblBa Ha NOPAJOK MpeBblLaeT
BO3MOKHOCTU HEWTPUHHOrO MeXaHu3ma. XOTA HEeUTPUHHbBIN
B3pPbIB, CKOpee BCero, ABNAETCA OCHOBHbIM A1l CBEPXHOBbIX TUMa
[IP, B cnyyae ceepxHosori SN 2017gmr onpeaeneHHO MMen Mecto
MarHUTOPOTALIMOHHbIA B3pbiB. DTOT BbIBOA MOPTBEPXAAETCA
0bOHapy»KeHHOW Mo CeKTPanbHbIM 1 MONAPY3ALMOHHBIM Habsio-
LEeHVAM BUMONAPHON CTPYKTYPOI PaANOaKTUBHOIO HUKENA-56 1
K1cnopoga, KoTopas Cornacyerca C OXnaaeMbIMn NPOoABNeHNsA-
MW MarHMTOPOTaLMOHHOIO B3PblBa.

luminous case of the ordinary type IIP supernova. The
modelling of the luminosity and expansion velocity of this
supernova performed in INASAN demonstrates that the
explosion energy by an order of magnitude exceeds the
possibility of the neutrino mechanism. While the neutrino
mechanism seems to occur in most cases of IIP supernovae,
magnetorotational mechanism certainly has taken place in SN
2017gmr. This conclusion is supported by the bipolar structure
of the radioactive nickel-56 and oxygen that is consistent with
the expected manifestation of the magnetorotational
explosion. The bipolar structure was discovered based on the
analysis of light spectra and polarization.

OcHoBHble ny6nukauum / Main publications

N. Chugai, MNRAS, 494, L86 (2020)

V. Utrobin, N. Chugai et al., MNRAS, 505, 116 (2021)
N. Chugai, MNRAS, 504, 2014 (2021)

B3PbIBHbIE MEPEMEHHDbIE 3BE3/ibl
CATACLYSMIC VARIABLE STARS

HabntopgaTtenbHble NPOABNEHNA aKKPELIMIOHHbIX NPOLIECCOB B
TeCHbIX JBOWMHbIX CMCTEMAX KpaliHe pa3Hoob6pasHbl. OcobeHHO
3¢ deKTHbI B3pbIBHbIE NEpEMEHHbIE 3Be3bl, 651eCK KOTOPbIX Pa3
B HECKOJIbKO HefleNb, a HOra Y NeT, yBeNIMYnBaeTCA B HECKOMb-
KO [ecATKOB pa3 W MOKa3blBaeT XapaKTepHble MOAYNALUN.
B3pbiBHbIE NepemMeHHble NOAPA3AENAOT Ha TUMbl, ONUPAACb Ha
YyacToTy 1 GopMy BCMbILIEK, @ TakKe Ha CUSTY MarHUTHOroO MonA
6enoro Kapnuka. QoToMeTpuyeckme UCCNefoBaHnA TeCHbIX
[BOVHbIX CUCTEM C aKKPeUMOHHbIMU Auckamn BepeT AM.
3yb6apesa. OHa aHanM3mMpyeT KpuBble 611ecka 1 NeprUoaNYHOCTL.
DBOsOUMSA Nepro0B KonebaHnin 6riecka BO BpeMsi Tak Ha3blBae-
MbIX cBepxBchbiwekK y 3Be3g Tuna SU bonbwon Megsegmubl
ABNAETCA NPAMbIM OTPAKEHMEM U3MEHEHUI, MPOUCXOJALLMNX B
CTPYKTYPE aKKPELIMOHHBIX fUCKOB B TECHbIX ABONHbIX CUCTEMAX.

Kpueas 6necka u epagpux O—C 83pwigHoli nepemeHHol V3101
Cyg (TCP J21040470+4631129). BepxHaa naHene: 2paguk O—
C. Bkayecmae pacuemHo20 nepuodd ucnosb308aHo
3HayeHue 0.0542 cymok. CpedHAA naHesb: U3MeHeHue
amnsiumyobl ceepx2op608 (8 38e30HbIX 8e/TUYUHAX). HUXHASA
naHesb: Kpusas 61ecka 38e30bl 80 8peMsA OCHOBHOU
€8ePX8CNLILIKU U NOBMOPHbIX noapYyarud. "r1", "r2", "r3", "r4"
u "r5" coomgemcmayrom HomMepy NOBMOPHO20 NOAPYAHUA /
Light curve and O—C diagram of V3101 Cyg (TCP
J21040470+4631129). Top panel: the O—C diagram. The
period used was 0.0542 d. Middle panel: the evolution of
superhump amplitudes in the magnitude scale. Bottom panel:
the light curve of the star during the main superoutburst and
rebrightenings. "r1", "r2", "r3", "r4" and "r5" mean
rebrightenings, from first to fifth
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Observational manifestations of accretion processes in close
binaries are extremely diverse. Particularly spectacular are
cataclysmic variable stars, whose brightness increases by
several tens of times every few weeks, and sometimes years,
and shows characteristic modulations. Cataclysmic variables
are classified into types based on the frequency and shape of
the outbursts, as well as the strength of the white dwarf
magnetic field. Photometric studies of close binaries with
accretion disks are being carried out by A.M. Zubareva. She
analyzes their light curves and periods. The evolution of the
periods of brightness variations during the so-called
superoutbursts in SU Ursa Majoris stars is a direct reflection of
changes in the structure of accretion disks in close binaries.

OcHoBHble ny6nukauyum / Main publications
Y. Tampo et al., Publ. Astron. Soc. Japan, 72, 49 (2020)
S. Antipin, A. Zubareva et al., Astron. Let., 46, 677 (2020)
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ABOWMHbIE 3BE3/bl
BINARY STARS

Y 6onblIMHCTBA 3Be3[, JOCTYMHbIX AeTa/lbHOMY MCCnenoBa-
HMIO, OOHaPYXMBAOTCA CMYTHUKK, YTO MO3BOJSIAET rOBOPUTb O
TOM, YTO 3HauuTeNbHaA YacTb (MO HEKOTOPbIM oLeHKam bonee
80%) Bcex 3Be3A SABNAETC ABOMHbIMU. MHOrne ABOWMHbIE CUCTe-
Mbl 0611a4ato0T eLe OAHUM YHUKaNbHbIM CBOMCTBOM — X KOMIMO-
HEHTbI B XOfe 3BONoLMM 0OMeHMBatoTcA BewecTBoM. CoyeTaHme
BbICOKOW pacnpOCTPaHEHHOCTY C LUMPOKUM CMEKTPOM Habntoaa-
TeSIbHbIX MPOABNEHUA fenaeT B3avMOAENCTBYIOLWME ABONHbIE
3Be3abl (BA3) BaxKHeNLWIM OOBEKTOM UCCIeOBaHNIA COBPEMEH-
HoM acTpodumsnkn. K coxaneHuto, peTanbHble M300paxxeHuA
60nblUMHCTBa Habntogaemblx B3 He MoryT 6bITb MONYyYeHbI NpK
NMOMOLLM COBPEMEHHbIX MHCTPYMeHTOB. Ho nHdopmaumio o6 nx
CTPOeHNM 1 GU3NYECKMX MapameTpax MOXHO MOJSyuuTb Mpu
NMOMOLLM HOBENMLLMX METOAOB, HAaNPUMep, razoanHaMUYECKOrO
mogenupoaHua. B MIHACAH pa6oTbl no nccnenoBaHuto ABow-
HbIX 3Be3[ BeAyTcA B TeueHve bonee 25 neT. 3a 3TO BpeMa Hamu
6bin0 onybnrkoBaHo 6onee 200 paboT Ha 3Ty TeMy, CO3faHbl
YMCNEeHHbIE MOAENV ABOVHbIX 3BE3[ Pa3fNYHbIX TUMOB, NOJSTyYeH
Lenblii pAg BaXKHbIX HAY4YHbIX pe3ynbTaToB. [py noMoLum geTanb-
HbIX acTpodr3NYECKNX MOAeNei 6blIn NCCNefoBaHbl Pa3fiMyHble
Tunbl BO3 — nonypa3sgeneHHble, Be-3Be3abl, cuMbroTyeckue,
NonApPbI, NPOMEXKYTOYHbIE MONAPbI, MONIOAbIE ABOVHbIE 3B€3Abl U
T.N. Pa3paboTaHbl Teopuy, BnepBble 0OBACHUBLLME LENbI PAg,
HabntogaeMbliX ABMEHUIA, OTKPbITbI HEN3BECTHbIE paHee 3fieMeH-
Tbl CTPYKTYPbl TEUEHMA B aKKPELIMOHHbIX AUCKaxX 1 060noykax
[BOWHbIX 3BE3[,.

CoTpyaHuKY, yyacTBytowme B pabote no Teme: [1.B. bucrkano,
A.T. XKunkuH, IN.6. Vicakosa, IN.B. Kanropogos, E.A. Kapuukas, J.A.
Kosanesa, [1.A. KoHoHoB, E.IN. Kyp6aTtos, O.10. Mankos, A.B. Cob6o-
nes, A.l0. Cbitos, A.M. Oateesa, [I.A. Yynkos.

PaboTta npoBogutca B coTpyaHuyectse ¢ FocyaapcTBeHHbIM
acTpoOHOMMYECKUM UuHCTUTYTOoM UM. [1K. LWTepHbepra MY,
H/POW, a Takxe HayuHbIMK opraHu3aumamu bonrapum n FOAP.
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Vast majority of stars available for detailed investigations
reveal presence of satellites. It allows stating that a significant
number of stars (80% according to some estimates) are
binaries. Many binaries have one more unique property, they
exchange matter in course of their evolution. Their great
number in combination with a wide range of observational
manifestations makes close binary stars (CBS) one of the most
important objects of investigation in modern astronomy.
Unfortunately, detailed images for most observed IBS cannot
be obtained even with advanced modern instruments.
Nonetheless we can obtain information on their structure and
physical parameters using very modern methods including gas
dynamical simulations. At the Institute of Astronomy studies of
binary stars are performed for 25 years. During this time, we
published over 200 papers on this topic, having obtained a
number of important scientific results. Detailed astrophysical
models have allowed investigating various types of CBS:
semidetached binaries, Be-stars, symbiotic stars, intermediate
polars and polars, young binary stars etc. Theories explaining
many observational manifestations for the first time have been
developed; certain flow structures in accretion disks and
circumbinary envelopes not known before have been
discovered

Researchers involved in the studies: D.V. Bisikalo, A.G.
Zhilkin, P.B. Isakova, P.V. Kaygorodov, E.A. Karitskaya, E.P.
Kurbatov, D.A. Kovaleva, D.A. Kononov, O.Yu. Malkov, A.V.
Sobolev, A.Yu. Sytov, A.M. Fateeva, D.A. Chulkov.

The work is done in collaboration with Sternberg
Astronomical Institute MSU, Radiophysical Research Institute
and scientific organizations of South Africa and Bulgaria.



MOZAEJIb MOAUOULMPOBAHHON MATHUTHON TMAPOAVNHAMUKIA
C YYETOM BOJIHOBOW TYPBYJIEHTHOCTU

THE MODEL OF MODIFIED MHD INCLUDING WAVE TURBULENCE

OCHOBHYyl0 TPYAHOCTb NPV UYNCIIEHHOM MOAENMPOBAHUN
TeyeHUA B Mya3me MNpefcTaBnAeT yuyeT ObICTPbIX MPOLIeCcCoB,
CBAA3aHHbIX C NePeHOCOM 3Hepruu anbGBeHOBCKMU BoNHaMu. B
2017 r. Hamy BrepBble Obina MonyyeHa 3aMKHyTas cucTema
ypaBHEHUA MOANPULNPOBAHHOW MarHUTHOW rMAPOAVHAMUKN,
KOTOpas No3BONAET ONUCbIBaTb TEYEHNE NIa3mbl B NPUCYTCTBUE
pa3BuUTON BONHOBOW anbdBEHOBCKON TypbyneHTHOCTY. Moaxop,
NCMOJIb30BaHHbIN NPW BbIBOAE YPaBHEHNI, KOPPEKTHO YUUTbIBa-
eT 3dPeKTbl TYPOYNEHTHbIX MarHUTHbIX HANPAXEHWUIA, MarHUT-
HOW BA3KOCTW 1 AMCCUNATMBHOIO HarpeBa, Bbl3BaHHbIX BOSIHO-
BOW TypOyneHTHOCTbIO. Moaenb MOXHO NMPUMEHATbL AnA Ucce-
[OBaHVA CTPYKTYpbl TeuyeHus acTpodur3nyeckon nnasmbl B
CUSIbHBIX MAarHUTHbIX NOMAX, KOTOPblE BCTPEYaloTCA B CUCTEMaXx
NOMAPOB 1 NPOMEXKYTOUHbIX NONAPOB.

The main difficulty in the numerical simulation of a plasma
flow is the persistence of fast energy transfer processes
associated with Alfvén waves. In 2017, for the first time, we
obtained a closed system of equations for modified MHD,
which allows us to describe the plasma flow in the presence of
Alfvén wave turbulence. The approach used to derive the
equations correctly takes into account the effects of turbulent
magnetic stresses, magnetic viscosity, and dissipative heating
caused by wave turbulence. The model can be used to study
the structure of astrophysical plasma flow in strong magnetic
fields, existing in polars and intermediate polars.

OcHoBHble ny6nukauvu / Main publications
E.P. Kurbatov, A.G. Zhilkin, D.V. Bisikalo, Phys. Usp., 60, 798
(2017)

TeueHue 8 nosisipe, NOJTy4YeHHOE C UCNoJIb308aHuem Hosol modesiu/ The MHD flow in a polar, obtained using the new model

CPABHEHUE BE3PA3MEPHbIX MAPAMETPOB B ACTPOOU3UYECKUX
MPUNOXKEHUAX MIr4 U TABOPATOPHOM 3KCMNMEPUMEHTE

COMPARISON OF DIMENSIONLESS PARAMETERS IN ASTROPHYSICAL
APPLICATIONS OF MHD AND LABORATORY EXPERIMENTS

JNlabopaTopHoe mMofenmpoBaHve acTpodU3NYECKUX TeUEHUIA
nnasmbl NO3BONAET UCCNIEAOBaTb ABNEHNA, AN1A KOTOPbIX OTCYT-
CTBYIOT TeopeTnyeckme Mofenu, mbo Nx MexaHn3mbl U3yyeHbl
HeAOCTaTOYHO XOPOLWO — MJIa3MEeHHble HeyCTOMUYMBOCTY,
aHOMaJIbHO BbICOKYIO MarHuTHyto auddysuio, M TypbyneHT-
HOCTb. B 2018 r. Hamu BnepBble ObI10 060CHOBAHA NMPUHLMMNN-
anbHasA BO3MOXHOCTb McCCneoBaHNA U3NUYECKMX ABNEHUN,
npoucxosAmx B 060/104Kax NonApoB, NMPOMEXKYTOUHbIX MOss-
POB, a TaKXKe 3K30MNaHeT TVMa ropAYnX IoNUTEPOB, NPV MOMOLLN
nabopaTopHbIX 3IKCMEPVMEHTOB MO na3epHol abnAaumm B
MarHUTHOM none.

Laboratory modeling of astrophysical plasma flows makes it
possible to study phenomena for which there are no
theoretical models, or their mechanisms are not well
understood — MHD instabilities, anomalously high magnetic
diffusion, MHD turbulence. In 2018, for the first time, we
substantiated the fundamental possibility of studying physical
phenomena occurring in the envelopes of polars, intermediate
polars, as well as exoplanets such as hot Jupiters, using
laboratory experiments on laser ablation in a magnetic field.

OcHoBHble ny6nukauynm / Main publications
E.P. Kurbatov, D.V. Bisikalo et al., Astron. Rep., 62, 483 (2018)

BO3MO?KHbIE SJIEKTPOMATHUTHbIE NMPOABJIEHUA CIUBAIOLLNXCA YEPHbIX AbIP
POSSIBLE ELECTROMAGNETIC MANIFESTATIONS OF MERGING BLACK HOLES

K HacToAwemy BpemeHun Ha geTektopax LIGO n Virgo 3aperu-
CTPUPOBAHO HECKONbKO rPaBUTaLMOHHO-BOTHOBbIX BCMIECKOB,
006YCNIOBNEHHBIX CIUAHMEM [BOWHBIX YepHbIX Ablp. MpuHATO
CYMTaTb, UTO YepHble AblPbl OKPYXEHbI aKKPELIMIOHHbIMU ANCKa-
MW, NOSTOMY TaKue COObITUA [OMKHbI CONPOBOXKAATHCA BO3MY-
LeHneM ANCKOB 1, BO3MOXKHO, YBENNYEHNEM 31eKTPOMarHUTHO-
ro n3nyyeHWsa oT 3TMX OOBEKTOB. Kak Mokasanu unciieHHble
nccnenoBaHus, nposedeHHble Hamn B 2019 1., pocT CBETUMOCTU

To date, the LIGO and Virgo detectors have recorded several
gravitational-wave bursts caused by the merger of binary black
holes. It is generally accepted that black holes are surrounded
by accretion disks, so such events should be accompanied by
disk disturbances and, possibly, an increase in electromagnetic
radiation from these objects. As shown by our numerical
studies in 2019, an increase in such systems luminosities is
provided by the shock heating of matter by a wave arising in
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TaKMX CUCTEM OOEeCrnevYnBaeTcs HarpeBOM BellecTBa yAapHON
BOJTHOWM, BO3HMKAIOLWEN B aKKPELMOHHOM [AMCKe BCieacTeme
noTepy MacCbl LLEHTPanibHOro 06bEKTa B pe3ysibTaTe M3yYeHns
rPaBUTALMOHHbIX BOSH. [Tpryem nospyaHme CMcTeMbl HACTONbKO
BEJIVIKO, YTO MOXKET ObITb 3aperncTprMpoBaHO COBPEMEHHBIMM
PEeHTreHOBCKUMYN 0bCcepBaTOpuAMM. ITO OTKPbIBAET MyTb A
[JeNCTBMTENIbHO MHOrOBOJIHOBOIO MCC/IefOBaHMA NpOoLeccoB
CIMAHMA YepHbIX Iblp WX MHOTOKaHaNbHOW acTPOHOMUU
(multi-messenger astronomy).

the accretion disk due to the loss of central object’s mass as a
result of the gravitational waves emission. Moreover, the
brightening of the system is high enough to be detected by
modern X-ray observatories. This opens the way for a truly
multi-wavelength  study of black hole fusion or
multi-messenger astronomy.

OcHoBHble ny6nukauyum / Main publications

D.V. Bisikalo, A.G. Zhilkin, E.P. Kurbatov, Astron Rep., 63, 1
(2019)

D.V. Bisikalo, A.G. Zhilkin, E.P. Kurbatov, Phys. Usp., 62, 1136
(2019)

AOMJIEPOBCKASA 3D-TOMOIPA®UA PEHTTEHOBCKON ABOVMHON CYG X-1

3D DOPPLER TOMOGRAPHY OF X-RAY BINARY CYG X-1

L{eHmpaneHvie ceyeHus
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B 2018 rogy Hamu BrnepBble Gblna NpoBefeHa LoMnnepoBCKas
3D-tomorpacdus peHTreHoBCKoW fBonHomn CygX-1, copep»allei
B KauecTBe penATUBMCTCKOro KOMMOHEHTa YepHyto Abipy. Bnep-
Bble MosyyeHa MHGOPMALMA O ABUXEHUWN ra30BblX MOTOKOB,
BKJIIOUAIOLLAA BCE TPW KOMMOHEHTa CKOPOCTU, YTO Aano 6onee
NonHoe npeAcTaBfieHe O [ABVXKEHWM BelecTBa, CTPOeHUU
cucTeMbl M npoLecce akkpeunun. B Tom uucne obHapyeHbi:
ra3oBblii MOTOK M3 BHYTPeHHe Toukm JlarpaHa L,, obnactb
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In 2018, we performed the first 3D Doppler tomography of
an X-ray binary CygX-1 containing a black hole as a relativistic
component. For the first time, information about gas flows was
obtained, including all three components of velocity, which
gave a more complete picture of the matter flow, the structure
of the system and the process of accretion. We have
discovered: a gas flow from the inner Lagrange point L, the
region of interaction of the L, flow with the accretion disk, and



B3aMMOAENCTBNA MOTOKA BellecTBa C aKKPeLUOHHOW CTPYKTY-
PO 1 MOTOK BeLecTBa, No-BMAVMOMY, U3 MarHUTHOrO Mosca
onTnyeckon 3Be3fbl (O-cBepxrmraHTa) C NpeackasaHHbIM HaMuK
[paHee ropAYMM NATHOM

the flow forming apparently from the magnetic pole of the
optical star (O-supergiant) with a hot spot we predicted earlier.

OcHoBHble ny6nukauum / Main publications

M.l. Agafonov, E.A. Karitskaya et al., Astron. Rep., 62, 89 (2018)
M.I. Agafonov, E.A. Karitskaya et al., Astron. Rep., 62, 225
(2018)

NONYPA3AENEHHbIE CUCTEMbI: MAPAMETPbl KOMIMNOHEHTOB U PEAKUE
HABJIIOAATEJIbHbIE KJIACCbI

SEMI-DETACHED ECLIPSING BINARIES: PARAMETERS OF COMPONENTS

AND RARE OBSERVATIONAL CLASSES

MonypaspeneHHble 3aTMeHHble CUCTEMbI NPeJOCTaBAIT HaM
YHUKanbHYI0 BO3MOXHOCTb OMNpefenvTb OCHOBHbIE MapamMeTpbl
1 CBOWCTBa B3aIMOAENCTBYIOLLMX ABOVHbIX cucTeMm. Lienb npose-
[eHHOIN Hamn paboTbl — cobpaTb U UCMONb30BaTb JaHHble O
nosypasfeneHHbIX CUCTeMaXx, ANA KOTOPbIX N3BECTHbI 1 peLleHbl
KpvBble Gnecka M KpuBble ny4yeBblx ckopocTell. CocTaBneH
Haunbornee NosHbIN CNUCOK 13 119 3aTMEHHbIX ABONHbIX CUCTEM C
NMHUAMK 000MX KOMMOHEHTOB B criekTpe (SD DLEB), copepika-
LM NapameTpbl opouTbl U Gr3NYeCcKUe NapaMeTPbl KOMMNOHEH-
ToB. PaccMoTpeHa knaccndurkauma nonypasneneHHbIX ABONHbIX
N 06bACHEHbI MpPobGenbl Mexay PasNMYHbIMK KnaccaMu Ha
anarpamme lepuwnpyHra-Peccena. Ocoboe BHMMaHVe yaeneHo
cucTeMaMm C VHBEPTUPOBAHHBIMK MapamMeTpaMy KOMMOHEHTOB.
Kpome Toro, cnucok nonypasgeneHHbIX ABONHbIX KPOCC-OTOX-
[leCTB/IeH C acTPOMEeTpUYeCKMMY JaHHbIMK Gaia. CneupranbHoMy
aHanm3sy noageprimcb CMCTeMbl C MPOTUBOPEUNBLIMY AaHHbIMM
0 napannakcax. [lokasaHo, uto apdeKTrBHbIE TemnepaTypbl Gaia
cnepyeT NCMosb30BaTb C OCTOPOXKHOCTBIO, MOCKOSbKY OHU MJI0X0
OMMCbIBAOT ropaAYMe nonypasfeneHHble cuctembl. onyuyeHa
TaKKe 3SMNMpuyeckas 3aBUCUMOCTb MeXAy TemrnepaTtypon
aKKpeTopa 1 JoHopa.

Semi-detached eclipsing systems provide a unique
opportunity to derive the basic properties of interacting
binaries. The goal of this work is to collect and make use of data
on semi-detached systems with available light and radial
velocity curve solutions. We have compiled the most
comprehensive list of 119 semi-detached double-lined
eclipsing binaries (SD DLEB), containing orbital parameters
and physical parameters of components. We consider the
classification of semi-detached binaries and explain gaps
between various classes in the HR diagram. We list systems
with component parameters that are inverted and briefly
discuss their evolutionary state. Besides we have
cross-matched the list with Gaia astrometric data, and analyze
the result. A special analysis is conducted for systems with
controversial data on parallaxes. It is shown that Gaia effective
temperatures should be used with caution, as they do not
describe hot SD systems well. We have also compiled an
empirical relation between the temperature of the accretor
and the donor.

OcHoBHble ny6nukauum / Main publications
0.Yu. Malkov, MNRAS, 491, 5489 (2020)
0.Yu. Malkov, A&A Trans., 32, 111 (2021)

SD DLEB Ha duazpamme
lepywnpyHea-Paccena.
CuHue u KpacHele MoYKu
0603Ha4Yarom akkpemopsl u
00OHOpbI, COOMBEeMCMBeHHO.
Kpusele, caepxy 8HU3:
2ueaHmel, cybau2aHmel u
38e30bI 271a8HOU Nocs1edosa-
mesibHOCMU, coomeem-
cmeeHHo. Obpamume
B8HUMAHUe Ha omcymcmaue
0oHopos 6 obnacmax T .~
14000Ku T .~ 7500K/

SD DLEB in the HR diagram.
Blue and red dots represent
accretors and donors,
respectively. Curves represent,
from top to bottom, giant,
subgiant and main sequence
stars, respectively, Note the
absence of donorsintheT .~
14000Kand T .~ 7500 K areas
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ONPEAEJNIEHNE 3AKOHA PACNPEAENEHNA ABOUHbIX 3BE3[,
Nno MACCAM U PA3AENEHUNIO KOMIMOHEHTOB

ESTIMATION OF DISTRIBUTION LAW OVER MASSES AND ORBIT
SIZE FOR BINARY STARS

Macca 3Be3fpbl SBNSI€TCA OCHOBHbIM MapameTpOoM, onpeaensio-
LM ee 3BONIOLMI0 U Habntogaemble XxapakTepucTukn. CTatncTu-
Ka NoABNEHUA 3Be3[ pa3HbIX Macc, U HavanbHasa GyHKLMA Macc
(HOM), otpaxaeT pesynbTaT npoLecca 3Be340006pa3oBaHuA U
urpaet dyHAAMEHTaNIbHO BaXKHYO POb, 6yyun HEO6XOANMbBIM
napameTpoM B CaMbIX pPa3HbIXx obnactsax actpoHomun. Obuyee
npegcrasneHne o popme HOM ofMHOUHBIX 3BE3[, CYLLECTBYET C
cepeamHbl XX BeKa, Ho npobnema onpegeneHns HOM ana geoin-
HbIX W KPaTHbIX 3BE3[ OCTAeTCs OTKPbITON. [Mocsie TWwaTenbHOro
n3yyeHus 3bPeKToB cenekumy Hamu NPOBefeHO MOAeNNpPOoBa-
HMe HabnogaemMoro aHcambns Bu3yasibHbIX ABOVHbLIX 3Be3f, U
nony4yeHbl HoBble orpaHnyeHunsa ana HOM aBonHbIx. MNokasaHo,
YTO MacCbl KOMMOHEHTOB LUMPOKUX (C XapaKTepPHbIM Pa3MepoMm
opOUTbI OT CTa A0 ABYX ThICAY aCTPOHOMMYECKNX eAVHULL) ABO-
HbIX CyLLEeCTBEHHO KOoppenupytT. B yacTHOCTW, nopTBepaeH
136bITOK IBOVMHbIX C UAEHTUYHBIMY KOMIMOHEHTaMK, TaK Ha3blBa-
emMbIMU 3Be3gamu-6nmsHeLamn. O6LLas Macca ABONHOV 3Be3/bl U
Macca raBHOro KOMMOHEHTA MNOAUMHSAIOTCA CTENEHHOMY 3aKOHY
C nokasatenem creneHn —-2.8 = 0.2. PacnpepeneHne [BOWHbIX
3Be3[ N0 XapaKTepHOMY pa3mepy opOunTbl yObIBAET MO CTENEHHO-
MY 3aKOHY, CBUAETENbCTBYIOLLEMY O NMPENMYLLECTBEHHOM Pa3py-
LWEHUWN LIMPOKUX ABOWMHBbIX B Xode MX GOPMUPOBaAHWUA U Ha
|paHHeM 3Tarne 3BOosIoLUN.

Stellar mass is the main parameter which determines future
evolution and observational characteristics of a star. The
statistics of newborn stars of different masses or Initial Mass
Function (IMF) reflects the outcome of star formation process
and plays an important role being an essential parameter for
the wide field of astronomy calculations. The IMF of single stars
is generally known since the middle of XX century, but the IMF
for binary and multiple stars remains much less explored. After
careful review of the observational selection function the
population of visual binary stars is modelled to constrain the
IMF of binaries. It is shown that component's masses of wide
(orbit size between one hundred and two thousand
Astronomical Units) binaries are significantly correlated. In
particular, the relative excess of binaries with nearly identical
components (so-called twin stars) is confirmed. The total
system's and primary component's mass follows power law
with an exponent -2.8 £ 0.2. Another important parameter of a
binary star is the orbit's size. Its distribution follows the power
law which gives evidence for preferential destruction of wide
binary stars during their formation and at the initial stages of
evolution.

OcHoBHble ny6nukauumn / Main publications
D. Chulkov, MNRAS, 501, 769 (2021)
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MPOUCXOXAEHWUE 3BE3J U NNAHET
ORIGINS OF STARS AND PLANETS

©V.E. Shmagif *

3Be3bl POXAATCA B MIOTHbIX XONOAHBIX Ta30-MblIEBbIX
CryCcTKax MOJIEKYNAPHbIX OOMaKkoB. JTW CryCcTKU CKUMAOTCA
(konnancupytoT) nop AencTBMeM COOBCTBEHHOW rpaBuTaLuy,
pa3orpeBascb A0 TeMMepaTypbl B MUIMOHbBI FPagycoB, AOCTa-
TOYHOW [NA «3aropaHusa» TepMoAadepHbIX peakuni. Bokpyr
HEeKOTOPbIX POXAALWMXCA 383 GOPMUPYIOTCA ra3o-nbiiesble
JVUCKM, CO BpemMeHeM MpeBpaLLaloLecs B NiaHeTHbIe CUCTEMBI.
PoxxpeHnem 3Be3 1 MNaHETHbIX CUCTEM UCTOPUA MOJIEKYNAPHO-
ro obnaka He 3akaHuvBaeTcs. V3nyuyeHne Monofbix MacCUBHbBIX
3Be3[ MOHM3yeT BelecTBO 0bNaKka, HarpeBas ero o Temrepary-
pbl T0000K 1 crpebas B npoTa»KeHHble 00605104KN. HekoTopble 13
3TMX 060NI0UEK OKa3bIBAOTCA HACTOSIbKO MIIOTHLIMY, UTO B HMX
HauMHaeTca cnepyowmia 3Tan 3Be3goobpasosarHus. B MHACAH
npoueccbl B 0bnactax 3Be3[000pa3oBaHVA UCCIEAYTCA Ha
MacLTabax OT 3BOSIIOUMMN OTAENbHbIX MOMEKYN U MbIAIHOK [0
LieNiblx 06n1acTeli  KOMMNIEKCOB 3BE34000pa30BaHUS.

CoTpyaHUKY, yyacTByioLime B paboTe no teme: B.B. AKUMKIH,
[.B. bucnkano, E.B. bopuiesa, AW. bycnaesa, [.3. Bube, M.C.
KnpcaroBa, O.B. KounHa, ElN. Kypbatos, J1.A. Makcumosa, T.C.
Monsapoga, M.C. Mypra, f.H. MaBnioueHkos, K.B. MnakutnHa, OJ1.
PabyxuHa, E.3. CuskoBsa, A.N. Tonuresa, b.M. LycTos.

PaboTa npoBoanTCA B COTPYAHMYECTBE C ACTPOKOCMIYECKIM
ueHtpom OWAH, ActpoHoMuueckum unHcTuTyTOM  CMO6MY,
[oCcynapCTBEHHBIM - aCTPOHOMUYECKMM  MHCTUTYTOM UM. 1K
WrepH6epra MIY, WUHCTUTYTOM reoxummnm v aHanmTuyeckom
xumun um. B, BepHagckoro PAH, VMHCTUTyTOM npriknagHom
¢usmkn PAH, CrneymanbHol acTpodumsnyeckon obcepBaTopueit
PAH, Ypanbckum defepanbHbiM YHUBEPCUTETOM, XUMNYECKUM
dakynbretom MIY nm. M.B. JlomoHoC0oBa, FOXKHbIM defiepanbHbIm
YHUBEPCUTETOM, a TakxKe Hay4YHbIMU OpraHu3aumamm ABCTpUMN 1
lepmaHun.

Stars are born in dense cold clumps of molecular clouds.
These clumps contract (collapse) due to self-gravitation,
heating themselves up to a temperature of millions of degrees,
sufficient to “ignite” thermonuclear reactions. Around some of
the nascent stars disks of dust and gas are formed. These discs
eventually transform into planetary systems. The story of the
molecular cloud does not end with the birth of stars and
planetary systems. Radiation from young massive stars ionizes
surrounding neutral material, heating it to a temperature of
10000K and shovelling it into extended envelopes. Some of
these envelopes are so dense that the next stage of star
formation begins in them, sequentially. At the Institute of
astronomy of the Russian Academy of Sciences, the processes
in star-forming regions are studied on the scales from the
evolution of individual molecules and dust grains to the entire
regions and star-forming complexes.

Researchers involved in the studies: V.V. Akimkin, D.V.
Bisikalo, E.V. Borshcheva, A.l. Buslaeva, D.S. Wiebe, M.S.
Kirsanova, O.V. Kochina, E.P. Kurbatov, L.A. Maksimova, T.S.
Molyarova, M.S. Murga, Ya.N. Pavlyuchenkov, K.V. Plakitina, O.L.
Ryabukhina, E.E. Sivkova, A.P. Topchieva, B.M. Shustov.

The studies are being carried on in collaboration with Astro
Space Center of Lebedev Physical Institute, Astronomical
Institute SPb State University, Sternberg Astronomical Institute
MSU, Vernadsky Institute of Geochemistry and Analytical
Chemistry RAS, Insitute of Applied Physics RAS, Special
Astrophysical ~ Observatory, Ural Federal University,
Department of Chemistry MSU, Southern Federal University as
well as with scientific institutions of Austria and Germany.
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OBJIACTU MOHU3OBAHHOIO BOAOPOAA N ®OTOANCCOLUUALIMOHHDIE OBJIACTU

REGIONS OF IONIZED HYDROGEN AND PHOTO-DISSOCIATION REGIONS

O6nactn noHusosaHHoro Bogopopa (HIl) Bokpyr monopbix
MacCMBHbIX 3Be3[ B UH$paKpacHom (VIK) ananasoHe nposAsns-
0T ceba Kak UHdpaKpacHble KonbLesble TymaHHOCTH (MKKT),
NMoBCEMECTHO Habnogaemble B aucke [anakTuku. AHanus
mopdonorun NKKT, norpyeHHbIX B poanTenbCKie MOMeKy-
nApHble obnaka, No3Boaun oTobpatb 00BEKTbI C Hambornee
perynapHom CTPyKTypoOW, MpeacTaBnaloWmx cobol ecTecTBeH-
Hble nabopaTopun ANA M3yvyeHWA SBOMIOLUN U OUHAMUKN
KOCMUYECKOW Mbinn. AHanu3 un3nyyeHusa nbiMHOK B WIKKT
No3BONIVS MPOAEMOHCTPUPOBATb, YTO 3TN OOBLEKTHI ABNAIOTCA
He KonbLiaMK, @ TPEXMEPHBIMU CTPYKTYpamu. B 3Tux TymaHHO-
CTAX HabnofaeTcsa 3HauNTeNIbHO MeHbLLE OpPraHNYeCKMX Mbln-
HOK, ueM B cpefHem no lanaktuke. Hambonee BepoATHOM
NPUYNHON COKpPALLEHNA OpraHNYeCcKMX MbIfIHOK ABNAETCA UX
pa3pyLeHve ynbTpaduonetosbiMm (YO) n3nyueHnem Monoppix
3Be3/. AHaNM3 NOTOKOB B pPagnoamanasoHe no3Bosn OLeHNUTb
CMeKTpanbHble KNaccbl 3Be3d, WoHuM3ytowmx obnactn HlIl,
accoummpoBaHHble ¢ WKKT: ot B1 go O3, uto cooTBeTcTBYyeT
nHTepBany a3¢PpeKkTnBHbIX TemnepaTyp 38e34 o1 25000 fo 45000
K. YcTaHoBneHo, YTo NOTOKM 13nyyeHuA B VIK-ananasoHe ysenw-
YMBAOTCA C POCTOM MACChl HAarPeTo 060NIOYKIM BOKPYT 06iacTu
HIl, a noTokn B pagrofmanasoHe BO3pacTaloT C yBeIMYeHNEM
TemnepaTypbl 38e34bl. 1A GUKCMpPOBaHHbIX 3HaueHnn addek-
TUBHOW TemMMepaTypbl 3B€37 BblAeNeHbl 3BOSIIOLMOHHbIE Lienoy-
Kun obnacte HIl: 0T KOMNAKTHBIX 1O NPOTAXEHHbIX.

B3ammogeiictene obnactm HIl ¢ monekynApHbIM rasom
NPUBOANT K MOABNEHUO (OTOAMCCOLMALMOHHBIX ObnacTel
(®0) — norpaHnyHbIX PernoHoB, B KOTOPbIX YO n3nyyeHune He
MOXET MOHN30BaTb BOAOPO[, HO CMOCOBHO AMCCOUMMPOBATb
monekyny H, n apyrvie monekynbl. CoBpemMeHHble nHTepdepo-
MeTpuyecKmne HabniogeHNA NO3BONIAIOT NCCNeoBaTb CTPYKTYPY
OO0 c 6ecnpeLeneHTHbIM YrNOBbIM pa3peLleHnem, BbiAensas B
Hel TOHKMe feTanu, He 06 bACHUMbIE C MO3ULMIA TRAAULIMOHHDBIX
mogenei. Mpu nomolym paspabotaHHo 8 UHACAH xumuko-aun-
Hamuyeckon mogenn MARION Hamu nccnegoBaHo pacnpeene-
Hre monekyn CO n HCO* B ®10 bapbep OpuoHa (Orion Bar) Ha
rpaHuLe obnactT MOHM30BAHHOIO BOAOPOAA B TyMaHHOCTM
OpwoHa. Moka3aHo, YTO B3aUMHOE pPacnonoXKeHne ¢GpPoHTOB
auccoumaumy pasnnyHbIX MOSIEKYN, onpefeneHHoe no Habnto-
AeHnAM Ha nHTepdepomeTpe ALMA, MOXXHO 06 BACHUTDL TONBKO
B pamMKax AVHaMMYEeCKOW MOAenu, B KOTOPOWM YYMTbIBAaeTCA
npoasvxeHne GpoHTOB BryOb MoneKynapHoro obnaka Orion
A. U3-3a oTcyTCTBMA HabnoAeHW C BbICOKMM YrIOBbIM pa3pe-
LUEHNEM [OITOe BPEMA CYMTANOCh, YTO XMMUYeckasa u ¢usnde-
ckaa cTpykTypa ®LO xOpolo onucbiBaeTcA pPaBHOBECHBIMU
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Regions of ionized hydrogen (HIl) around young massive
stars in the infrared (IR) range manifest themselves as infrared
ring nebulae (IRRN), ubiquitous in the disk of the Galaxy.
Analysis of the morphology of IRRNs embedded in parent
molecular clouds allowed selection of objects with the most
regular structure, the natural laboratories for studying the
evolution and dynamics of cosmic dust. Analysis of the dust
grains emission in IRRN proved that these objects are not rings,
but three-dimensional structures. It was found that IRRNs
contain significantly less organic dust grains than the average
for the Galaxy. The most probable explanation for the
reduction of organic dust particles is their destruction by
ultraviolet (UV) radiation from young stars. The analysis of radio
fluxes was implemented to estimate the spectral types of stars
associated with IRRN and being the source of ionization for the
HIl regions. Their type varies from B1 to O3, which corresponds
to the range of effective temperatures from 25000 to 45000 K.
As it was discovered, the IR fluxes increase with the mass of the
heated envelope around the HIl region increasing, and the
radio fluxes increase with the increasing of the temperature of
the star. Evolutionary chains of HIl regions, from compact to
extended, are distinguished for fixed values of the effective
temperature.

The interaction of the HIl region with molecular gas leads to
the formation of photodissociation regions (PDR) — boundary
regions where UV radiation cannot yet ionize hydrogen, but is
capable of dissociating H, and other molecules. Modern
interferometric observations make it possible to study the
structure of the PDR with an unprecedented angular
resolution, highlighting in it fine details unexplainable by
equilibrium models. Using the non-stationary model MARION,
developed at INASAN, we investigated spatial distribution of
CO and HCO* molecules in the Orion Bar PDR at the boundary
of the HIl region in the Orion Nebula. It is shown that the
determined from observations on the ALMA interferometer
mutual arrangement of the dissociation fronts of various
molecules, can be explained only by non-stationary
thermo-chemical model, taking into account the dynamic
processes and propagation of the fronts deep into the Orion A
molecular cloud. Because of the absence of the observations
with high angular resolution, for quite a while it was believed
that the chemical and physical structure of PDRs is well
described by equilibrium models, but now the example of the
most studied PDR shows that this is not the case. The obtained
result is consistent with the ongoing paradigm shift — the

JluHuu memaHona (4yepHele u KpacHele) u Mmonekyasl CS
(>kennmele) 8 n;iomHoU 06/104Ke 0671aCMu UOHU308AHHO20 8000-
poda RCW 120 sensiomcs Npu3HAKOM HA4Yd/IbHO20 3mand
¢opmuposaHua maccusHbix 38e30 / Lines of methanol (black
and red) and CS molecule (yellow) in the dense envelope of RCW
120 inonized hydrogen region are signatures of the initial phase
of massive star formation
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O6nacmu UOHU308aHHO20 8000poda Sh2-255 u Sh2-257.
M3obpaxeHue nonydyeHo 8 CAO PAH 8 pamkax compyoHuye-
cmea ¢ MIHACAH / HIl regions Sh2-255 and Sh2-257. Image
obtained at SAO RAS as part of collaboration with INASAN

MOZensAMu, HO Tenepb Mpumep Hambonee wmlyudeHHon OJO
MOKa3bIBAET, UTO 3TO He Tak. [lonyueHHbIN pe3ynbTaT cornacyeT-
CA C NPOVCXOAALLEN ceyac CMEHOW NapaanrMbl — NepexosomM
OT «Me[JIeHHbIX» KBa3MCTaLMOHAPHbIX MOAesen 38e30006pa3o-
BaHNA K «ObICTPbIM» AVHAMUYECKIM.

Ha cobcTtBeHHOM HabnogaTelbHOM MaTepurase B CreKkTpasb-
HOM AnanasoHe oT 6nmxHero VK 1o pagno BnepBble UccneaoBa-
Ho cTpoeHne OO Ha rpaHuue obnacten HIl S235A n S235C
BOKPYI MOJS1I0[bIX MaCCUBHbIX 3Be3[ Kracca B. BbisiBneHbl ocHOB-
Hble CTPYKTypHble anemeHTbl OJO: 6nvxanwmn Kk obnacty HiIl
CJIO  aTOMApPHOro BOAOPOAA U WOHU30BAHHOMO Yriepopa,
LOBVDKYLLMACA OTHOCUTENIbHO MOJEKYSIAPHOrO rasa Co CKOpo-
CTbto OKOMO 1 KM/C, 1 MNOTHbIN HEMOABWXKHDIN ra3 poanTeNbCKO-
ro obnaka, BbisIBJIEHHbIN MO NMHUAM n3nydyeHua HCO*. MNMokasa-
HO, UTO MOJEKYNAPHBINA ra3 B OKPECTHOCTSAX MOMOABIX MacCUB-
HbIX 3Be3[ MMeeT KIOYKOBaTyld CTPYKTYpy, W3-3a uero
OKOM03Be3HOE BELLECTBO NPOHK3aHO YO nsnyyeHrem, MPOHW-
KalowmUm yepes raso-nbiieByto cpeny. MNpoaeMoHCTpUpPOBaHoO,
yto NMHUK m3oTononoros, Hanpumep, [13CH] Ha 158 mKMm,
ABNAIOTCA UHAMKATOpPaMK KMHemaTuky ra3a B OO, Tak Kak nx
npodunm dopmmpyoTcs BONN3U 3Be31bl B ABMKYLLEMCS rase.

OOVH U3 VHTEPECHbIX aCTPOXMMUYECKUX Pe3yNibTaToB
nocielHMX NeT COCTOUT B TOM, UTO C/IOXKHble OpraHunyeckune
MOeKy/bl HAGMIOAAIOTCA HE TONIbKO B MIOTHBIX MOMEKYSAPHbIX
CryCTKax, 3almieHHbIx oT YO n3fyyeHuns, HO 1 B 6oree KecTKnx
YCIOBUAX MHTEHCMBHOTO YO 13nyyeHna MacCUBHbIX 3Be34. Hamu
MOKa3aHo, UTO MOJIEKYJIbl B TaKMUX YCIIOBMSX HE TONbKO BblKUBa-
I0T, HO TaKXKe XPaHAT MCTOPUIO 3BE31000pa30BaHUS B pOANUTESNb-
CKMX obnakax. Mbl MpoBenn aHanu3 AVHUIA U3MTyYeHUs: Masoa-
TOMHOrO yrnesogopoga 3TUHuNa (CZH) 1 MeTaHona (CH3OH) —
MOJEeKyNbl-NpedWwecTBEHHNKa CNoXHon opraHukn B OO ¢
yMepeHHbIM YD-nonem — B KOMIMJIEKCaX 3BE3L000pa3oBaHuA
$235 1 5255-257. Hanbonbluas KOHLUEHTpaumsa MeTaHona obHa-
pyXeHa B 00MacTaX C WHTEHCUMBHOCTbIO nons, B 20-30 pa3
npesblWatowen cpefHee mexssesgHoe. KoHuentpauna CH B
$255-257 HeOXMAAHHO OKa3anacb Ha NOPAAOK BENIMUNHBI BbiLLe,
uem B S235, xo1s 31 OO 06nyYaloTCA MAaCCMBHBIMY 3BE34aMU
O[IMHAaKOBOTO CMEKTPasIbHOro Knacca. [azodasHble NOH-MOSEKy-
NAPHbIE PeakuMK, a TakkKe peakuuy Ha MOBEPXHOCTU Mbinn
CMocobHbI 0becneunTb HabngaeMble CofepPKaHNA MOJIeKyn B
$235 6e3 npueneyeHua potoxmmmmn: OO HacnenyoT MoneKybl
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YcpeOHeHHble u macwmabupogaHHsie npocgunu nuHut 8 OLJO
5235/ Averaged and scaled line profiles in S235 PDR

transition from “slow” quasi-stationary star formation models
to “fast” dynamic ones.

On the basis of our own observational data covering the
spectral range from near-IR to radio, the structure of the PDR at
the boundary of the HIl regions S235A and S235C around
young massive B-class stars was studied for the first time. The
main structural elements of these PDRs were revealed: the
layer of atomic hydrogen and ionized carbon near the HlIl
region, moving at a speed of about 1 km/s relative to the
molecular gas, and the dense quiescent gas of the parent
cloud, revealed by the HCO* emission lines. It was proved that
molecular gas in the vicinity of young massive stars has a
clumpy structure, that is why the circumstellar matter is
permeated by UV radiation penetrating through the
surrounding gas and dust. We also found that the lines of
isotopologues, for example, ['*Cll] at 158 um, can be used as
indicators of the gas kinematics in the PDR, since their profiles
are formed near the star in the moving gas.

One of the interesting astrochemical results of recent years is
that complex organic molecules are observed not only in dense
molecular clumps protected from UV radiation, but also in
more severe conditions of intense UV radiation from massive
stars. We have shown that molecules under such conditions
not only survive, but also store the history of star formation of
the parent clouds. We analyzed the emission lines of the
low-atomic hydrocarbon ethynyl (CH) and methanol (CH,OH),
a precursor molecule of complex organics in PDR with a
moderate UV field, in star formation complexes $235 and
$255-257. The highest concentration of methanol was found in
regions with a field intensity 20-30 times higher than the
average interstellar one. The C,H concentration in $255-257
unexpectedly turned out to be an order of magnitude higher
than in S235, although these PDRs are irradiated by massive
stars of the same spectral type. Gas-phase ion-molecular
reactions, as well as reactions on the surface of dust particles,
are capable of providing the observed molecular abundances
in S235 without involving photochemistry: PDRs inherit
molecules from the previous stage of evolution, the dark
molecular cloud, the duration of which significantly exceed
one hundred thousand years. Observations of the lines of
methanol and the CS molecule in the envelope of another Hll
region, RCW 120, provided evidence that the next stage of star
formation begins there. Young massive stellar objects heat up
surrounding material of the dense clumps in parental
molecular cloud.
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13 npepbigylien cTagun TEMHOro MOMeKyNAPHOro obnaka,
NPOLOMKNUTENBHOCTb KOTOPOWM [OMKHA Oblna  CyLecTBEHHO
NpPeBbIWaTb CTO ThiC. NeT. HabnoaeHWs IMHWIA MeTaHosa 1 Mosie-
Kynbl CS B o6onouke eule ogHon obnactn HII — RCW 120 —
MO3BONIUAY MONYYNTb CBULETENBCTBO TOTO, UTO B HEl HaUMHaeT-
CA Cnegyowyin 3Tan 3Be34000pa30BaHNIA: BEWECTBO MNOTHbIX
CryCTKOB B 060/I0YKE HAUMHAET Pa3orpeBaTbCs Noj AeNCTBMEM
N3NyYeHVIst POXKAAIOLLMXCA MACCHBHDBIX 3BE3[.

OcHoBHble ny6nukauum / Main publications

A. Topchieva, D. Wiebe, M.S. Kirsanova, RA&A, 18,91 (2018)
M.S. Kirsanova, D.S. Wiebe, MNRAS, 486, 2525 (2019)

M.S. Kirsanova et al., MNRAS, 497, 2561 (2020)

A.l. Buslaeva, M.S. Kirsanova, A.F. Punanova, Astron. Rep., 65,
488 (2021)

M.S. Kirsanova et al., MNRAS, 503, 633 (2021)

MPOTOIMJIAHETHbDIE ANCKU

PROTOPLANETARY DISKS
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MpennonoxeHune, YTo NiaHeTHble cucTemMbl GOPMUPYIOTCA B
ra3o-nbifeBbIX ANCKAX, BbICKa3aHO yKe JaBHO, HO TOSIbKO Tenepb
y Hac nosBunacb peanbHas BO3MOMXHOCTb HabnofaTb Takue
OVCKIN BOKPYT MOSIOAbIX 3Be34. TV ANCKM Ha3bIBaloT NpoTonna-
HETHbIMW, HO MPAMbIX JOKa3aTebCTB TOro, YTO B HUX AENCTBU-
TENIbHO POXAAKTCA MIAHETbI, MOKa HeT. YToObl MoNyumnThb Takme
[loKa3aTenbCTBa, He06XoAMMO AeTaNlbHO Pa3obpaTbcaA B NpoLiec-
cax, MPoONCXOAALLMNX B MPOTOMMAHETHBIX ANCKaX U B X Habnoga-
TeSbHbIX MPOABNEHUAX.

C nomoulblo paspabatbiBaembix B MHACAH mopenein mbl
nccnepoBany BONpoc o6 MHAMKaTopax Macchl MPOTOMNIaHETHbIX
OnckoB. Macca — BakHenWwWnn napameTp, onpeaensAoLmini
cBoWcTBa GOpPMUPYIOLLENCA B AUCKE NMAHETHON c1ucTeMbl. Hamu
npoaHanM3npoBaHa BO3MOXHOCTb M KOPPEKTHOCTb OLIeHKN
MaccCbl MPOTOMMAHETHbIX [MCKOB Ha OCHOBaHUWM HabnoaeHui
pa3nnuHbIX Monekyn. BbiABneHbl Haunyulwme MoneKkynsapHble
MHAMKaTopbl Macc. [Moka3aHo, uTo Hanbornee [OCTOBEPHYIO
OLIeHKY MacCbl MOXHO MOJTyYnTb MO HABNIOAEHUAM NNHUIA Mone-
Kynbl CO, ofHaKo TpaguLMOHHOe NpefnonoxeHne od yHuBep-
CaNlbHOCTN OTHOCUTENIbHOTO COAEpP»KaHWA 3TON MOMEeKyfbl B
ra3oBoi ¢ase pasnmyHbIX acTPodM3NYECKNX OOBEKTOB B AUCKaX

MonHasa macca okcuda yenepoda 8 2azosol ¢haze npomonia-
HemHbIx OUCKOB PAs/IuYyHbIX MAcc, paduycos U paouadsibHbix
npoguneli nogepxHOCMHOU njiomHocmu. BUuoHo, ymo 8
wupokom duanazoHe napamempos macca CO npumepHo
nponopuyuoHaneHa macce oucka/ Total mass of carbon
monoxide in the gas-phase of protoplanetary disks of various
masses, radii, and surface density radial profiles. It is seen that
in a wide range of parameters the CO mass is nearly
proportional to the disk mass

The assumption that planetary systems are formed in disks
of gas and dust was made for long time ago, but only now we
have a real opportunity to observe such disks around young
stars. These disks are called protoplanetary, but there is no
direct evidence that planets are actually formed in them. To
prove it, we must understand the processes occurring in
protoplanetary disks and in their observational manifestations
in detail.

With the help of the models developed at INASAN, we
investigated various mass indicators of protoplanetary disks.
Mass is the most important parameter that determines the
properties of the forming planetary system. We have analyzed
the possibility and accuracy of the mass estimations in
protoplanetary disks based on observations of various
molecules. The best mass indicators were identified. The most
reliable estimate of the mass can be obtained by observing the
lines of the CO molecule. However, the traditional assumption
on the versatility of the relative gas-phase CO abundance
abundance for various astrophysical objects in disks can be
incorrect. Due to chemical processes on the surface of the dust
particles, the gas-phase abundance of CO is several times

species abundance nfn,,
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HapyLlaeTca. 3a CYET XUMMYECKUX MPOLECCOB Ha MOBEPXHOCTH
nbin ra3ogasHoe cogepxaHve CO OKa3blBAeTCA B HECKOJbKO
pa3 HWKe oxugaemoro. B pesynbTtate macchbl ANCKOB, onpege-
neHHble no CO, MOryT GbITb CYLLECTBEHHO 3aHWXKeHbI. [IpeHebpe-
XeHre 3TM 3PPEeKTOM MOXKET NPUBECTU K HEKOPPEKTHOM
WHTeprpeTauun HabntoaaTeNbHbIX JaHHbIX.

Ewe oavH KnouyeBoOW acmneKT 3BOIOLMM MPOTOMIAHETHBIX
[VCKOB, BO3MOXHO, CbIrpaBLUMIA Ba)KHYIO POJib 1 B 3BOMOLUN
ConHeyHoWm cMcTeMbl, — MPOUCXOAALLUME BPeMA OT BpPeMeHu
BCMbILWKM CBETUMOCTY, Habnogaemble Kak asneHve FU Ori. Bo
BpeMA BCMbIWKY CBETMMOCTb 3BE3[bl YBENNUYMBAETCA 4O COTEH
ceetumocTenn ConHua. Hamu wmccnenoBaHO conyTcTByloLLee
M3MEHEHME XMMMYECKOrO COCTaBa MPOTOMIaHETHOrO AUCKa.
HanpeHbl coenHeHWS, COpepKaHme KOTOPbIX YyBCTBUTENIbHO K
BCMbILLKe (NH3, CH, CH3OH 1 Op.), @ Tak>Ke BblgeneHbl MOSeKy bl,
[NA KOTOPbIX OHO OCTAETCA MOBbILEHHBIM B TEYEHNE OECATKOB
net nocnie okoHuaHuaA scnblwky (H,CO, NH,OH v ap.). MpoaHanu-
3UpoBaHbl NyTN GOPMUPOBAHNA STUX MONIEKYJ, U PaCCMOTPEHA
BO3MOXHOCTb X HabnoeHWs B peasibHbIX 0O bEeKTaXx.

Pa3paboTaHa Mopgenb  CTONKHOBUTEIBHOW  Myla3MEHHOM
3apAOKM MbUTMHOK B C/TaBOMOHM30BAaHHOM 3arbl/IEHHOM rase
NPOTOM/IaHETHOr O ANCKa. [oKaszaHo, YTo TeMM CSIMMAHNA MENKNX
MbUIMHOK B ra3omnbiIeBOM AMCKE Ha paHHeM 3Tane ¢popmmpoBa-
HVA MIAHETHOW CUCTEMbl KaueCTBEHHbIM 06PAa3OM 3aBUCUT OT
3apAga MbUMHOK. [AnA XapaKTepHbIX GU3NYECKMX YCIIoBUI
NPOTOM/IAHETHBIX AWCKOB BbIABIEHO HECKONbKO PEXMMOB —
3NEeKTPOH-NOHHOW Ma3Mbl, MblfIb-MOHHOW M1a3Mbl U Mblb-Mbl-
neBovi nnasmbl. IPPeKTMBHAA Koarynauma nbsIMHOK BO3MOXHA
NUWb B PEXMUME MbUIb-MbIIEBON W MblIb-MOHHOW Ma3Mbl.
OpHako caM poOCT MbM MPUBOAWUT K CMEHE peXrma Ha
SNEKTPOH-NOHHDbIN, MNPV KOTOPOM [danbHellasa Koarynauus
HEBO3MOXHa 13-3a CUJIbHOIO 3NIEKTPOCTaTUYECKOro 6apbepa.

250

200

Bk1a0 3/1eKMPOHO8, UOHOB, NOIOXUMETbHO U OMpuyamesbHoO
3apAXeHHbIX NbIZIUHOK 8 3apA008Yy0 CMpyKmypy 3aneliieHH020
2a3a 8 cpeOuHHOU NaoCKOCMU NpoMoNIaHemHoz0 OucKa Ha
DA3IuUYHbIX paccmosHuUsx om 3ee30bl / Contributions of
electrons, ions, positively and negatively charged grains in the
charge structure of dusty gas at a midplain of a protoplanetary
disk at various distances from a star

lower than expected. As a result, the masses of the disks
determined by CO can be significantly underestimated.
Neglect of this effect can lead to incorrect interpretation of
observational data.

Another key aspect of the evolution of protoplanetary disks,
which may have played an important role in the evolution of
the Solar System, is the occasional outbursts of luminosity
observed as the FU Ori phenomenon. During an outburst, the
luminosity of a star increases to hundreds of the luminosities of
the Sun. We have investigated the concomitant change in the
chemical composition of the protoplanetary disk and found
the compounds, content of which is sensitive to the outburst
(NH,, CH,, CH,OH, etc), and identified those molecules for
which it remains elevated for tens of years after the end of the
outburst (H,CO, NH,0H, etc.). The ways of formation of these
molecules were analyzed, and the possibility of their
observation in real objects was studied.

A model of collisional plasma charging of dust grains in a
weakly ionized dusty gas of a protoplanetary disk was
developed. It was shown that in a disk at an early stage of the
formation of the planetary system the rate of coagulation of
small dust grains qualitatively depends on the charge of the
dust grains. Several regimes were identified for the typical
physical conditions of protoplanetary disks — electron-ion
plasma, dust-ion plasma, and dust-dust plasma. Effective
coagulation of dust grains is possible only in the regime of
dust-dust and dust-ion plasma. However, the growth of dust
itself leads to a change in the regime to electron-ion, where
further coagulation is impossible due to a strong electrostatic
barrier.

For the first time, we propose a method for reconstruction of
the turbulence spectrum from the velocity profiles obtained by
radio interferometric observations. Previous methods allowed
determining only the average turbulent velocity, which is
insufficient for verification of physical models of turbulence. It
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Tecmosoe pacnpedenerue padudnbHol ckopocmu (cieea) u coomeemcmeyiowjue Npogusiu cnekmpasbHbIX AUHUL (cnpaea) npu
HabnodeHuUU Ha pasHeix macwumabax / Test distribution of radial velocity (left) and corresponding spectral line profiles (right)

observed at various spatial scales
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BnepBsble npepfioxeHa MeTofMKa, NO3BOMAOLIAA BOCCTAHO-
BUTb CMeKTP TypOYNEHTHOCTM MO XapakTepucTrkam npodunei
CKOpOCTeN, MosyyaembiM NPV MOMOLM pagrouHTepdepome-
Tpyyecknx HabmopgeHui. CylecTBOBaBLIVE paHee MeTofpl
MO3BONANN OMNpefenaTb TOMbKO CPefHio  TypOyneHTHYio
CKOPOCTb, Yero HeAOCTaTOUHO Ansi BepudmKaunm Gpranyeckmx
mogenel TypOyneHTHOCTW. BnepBble NokasaHo, YTo B pagvionH-
Teppepomepuyecknx HabnAEeHUAX C PasfvyHbIM  YrIOBbIM
pa3pelleHeM COAepXUTCA MHPOPMALIMA O XapaKTepuUCTUKax
TYpOYNEHTHOCTM Ha pa3HbIX MacwTabax, YTo TeopeTnyecKM
MO3BOJIAET BOCCTAHOBUTb €€ MOJSHBIN CNEKTP.

has been shown for the first time that radio interferomeric
observations with different angular resolution contain
information on the characteristics of turbulence at different
scales. Therefore, it is possible to reconstruct the full spectrum
of turbulence.
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ACTPOXUMUA N MUKPOD®U3UKA OBJIACTEA 3BE3JO0EPA30OBAHUA

ASTROCHEMISTRY AND MICROPHYSICS IN STAR-FORMING REGIONS

BONIOLMA NbIFIMHOK B 0051acTAX 3Be31000pa3oBaHusA onpege-
NAETCA CNOXKHbIM KOMMIEKCOM GU3MYECKUX MPOLIECCOB, BKIOYa-
IOLLUX KaK B3auMOZEeNCTBME MbIIMHKY C GOTOHAMM 1 YacTULamMu
BbICOKUX 3HEPruii, Tak M B3aUMOAENCTBME MbIIMHOK ApYyr C
Lpyrom. B pe3ynbTate MOXeT NPONCXOAUTL paspyLUeHMe Mblv-
HOK, X POCT, a TaKkXKe M3MeHeHue BHYTPeHHelN CTPyKTypbl. B
NHACAH paspaboTaHa 3BontounoHHasa mogenb SHIVA, B
KOTOPO BrepBble yuTeHbl Bce 3TW npoLecchbl. Mogernb nossons-
eT uccnefoBaTb 3BOJMIOLMIO MbINEBbIX YacTvy (B TOM umcne
OpraHNYecKyx) B LUMPOKOM rana3oHe YCI0BUIN 1 PacCunTbIBaTb
CMNeKTPbl 3NyYeHNs SBOSIOLIMOHMPYIOLLEro aHCaMbA MbifeBbIX
yactuy,. OgHum n3 npunoxeHnn mogenn SHIVA ctano uccnego-
BaHVe pacnpepeneHva MbiIMHOK U Mmakpomonekyn B OO0
Bapbep OpuoHa. B pe3ynbraTe 310 nccnefoBaHuaA 6bi10 oLeHe-
HO coiep»KaHue HelTPasibHbIX 1 3aPSKEHHDBIX YrNeBOLOPOAHDBIX
YaCTUL, Ha Pas3NNYHBIX PACCTOAHUAX OT MOHU3YIOLLIX 3BE3A,.

B MHACAH Ha npoTseHUM MHOrux neT paspabaTbiBaeTcs
acTpoxMmmnyeckasa mopenb obnacteli  3Be3noo6pa3oBaHuA
PRESTA. B nocnegHve rogbl Ha ee OCHOBe pa3paboTaH
nporpammHbiv naket PRESTALINE, npegHa3HayeHHbIN 4nsa moge-
NMPOBAHUA W aHann3a MOMEKYNAPHbIX CMEKTPOB OOBEKTOB B
obnactax 3se3goobpaszoBaHus. Maket PRESTALINE obecneumBa-
€T HenocpeacTBeHHOe CPaBHEHME Pe3yibTaToB TEOPETUUYECKOTO
MOZENMPOBaHNA C pe3ynbTaTaMy HabMIOAeHWA 1 yrnpolyaet
aHanm3 HabnoJaemMbix CreKTPoB, MO3BOMAA UCCIEAOBATENIO
oueHVBaTb Qur3nYecKme YCIoBUA B UCCIEfyeMOM OObeKkTe 1
KONMMYeCTBEHHO UHTEPMNPETMPOBATb €ro XMMNYECKUIA COCTaB.

OcHoBHble ny6nukauum / Main Publications
Murga et al., MNRAS, 488, 965 (2019)

G. Van Looveren, O. Kochina, D. Wiebe, Open
Astron., 30,96 (2021)

Murga et al., MNRAS, 509, 800 (2022)

BeluucneHHoe npu nomowju
SHIVA pacnpedeneHue neinu-
HOK No pasmepam 8 pasnuyHsix
cnosax bapeepa OpuoHa om
obaacmu HIl 0o monekynapHo-
20 obnaka/ Dust grain size
distributions at various layers of
the Orion Bar form the Hll
region to the molecular cloud,
simulated with SHIVA model

The evolution of dust grains in star-forming regions is
determined by a complex set of physical processes, including
both the interaction of a dust grain with photons and high
energy particles, and the interaction of dust grains with each
other. It may result in the destruction of dust particles, their
growth, or change in their internal structure. INASAN has
developed an evolutionary model SHIVA, which for the first
time takes into account all these processes. The model allows
one to study the evolution of dust particles (including organic
ones) in a wide range of conditions and calculate the emission
spectra of an evolving ensemble of dust particles. One of the
applications of the SHIVA model was the study of the
distribution of dust grains and macromolecules in the Orion
Barrier PDR. As a result of this study, the abundance of neutral
and charged hydrocarbon particles at various distances from
ionizing stars was estimated.

For many years INASAN has been developing PRESTA, a
model for chemical evolution of star-forming regions. In
recent years, on its basis, the PRESTALINE software package
has been developed. PRESTALINE is designed for modeling
and analyzing the molecular spectra of the star-forming
regions. It provides a direct comparison of theoretical
simulations with observations and simplifies the analysis of
observed spectra, allowing the researcher to estimate physical
conditions in the studied object and quantitatively interpret
its chemical composition.
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3BE3JOOBPA30BAHUE HA BOJIbLUUX MACLUTABAX

STAR FORMATION AT LARGE SCALES

B MHACAH BepeTca MacluTabHoe UccrefoBaHne BHEranakTu-
YeCcKMx KOMMIeKCoB 3Be3aoobpaszoBaHnsa (K30). PaccmoTpeHsl
COOTHOLLEHMA MeXOy aTOMapHbIM U MOJSIEKYNAPHbIM BOAOPOA-
HbIM ra30M U MbIAIMHKAMW Pa3fINYHbIX Pa3MepoB. MIcnonb3oBaHbI
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INASAN is conducting a widescale study of extragalactic
star-forming complexes (SFC). Relations between atomic and
molecular hydrogen gas and dust grains of various sizes were
investigated. The research required the use of observational
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CoomHoweHue Maccel NbIIU U MACChbl 243d 80 8He2a/1AKMUYe-
CKUX Komnsiekcax 38e30006pasosaHus. OpaHxesele CUMBOJIbI
— KOMNJIeKCbl 8bICOKOU MemasauyHoCmu, CuHUe — KOMNJieK-
Cbl HU3KoU MemannudHocmu. KpacHele u 3eneHsle CumMBosibl —
O0aHHble 0514 2a1aKmMuk 8 yesioM u3 opyeux pabom / Relation
between dust mass and gas mass in extragalactic star-forming
comlexes. Oragne and bule symbols denote complexes of high
and low metallicities. Red and green symbols show data for
entire galaxies obtained in other studies

HabnlopaTenbHble AaHHble C WHQPAKPACHbIX KOCMUYECKMX
Teneckonos «Spitzer» 1 «Herschel», HazemMHbIx Teneckonos VLA
(n3nyueHme atomapHoro sogopoga) 1 IRAM (n3nyuyeHne mone-
Kynbol CO). C nomoLliblo MOAENMPOBAHUA  CUHTETUYECKNX
CNeKTPOB OLEeHEH pAf NapameTpos nbin B K30: nonHasa macca
NblIY, 4ONA NOANLMKINYECKUX apOMaTUYECKIX YIIeBOAOPOA0B
(NMAY) n 1.n. CoenaH BbIBOL, O TOM, YTO COOTHOLUEHUA MeXay
ATOMApPHbIM, MONIEKYNAPHBLIM BOAOPOAOM U MblIbIO Pa3fINyHbI
Ans obnactein HU3KOM WM BbICOKON MeTaninyHoctn. Obnactm
HU3KOW META/VNIMYHOCTUN OTHOCUTENIbHO 6oraye aTtoMapHbIM
ra3om, Ho 6efiHee MONEKYNAPHBIM ra3oM U Mblfibio, B TOM Yncie
MAY. Bo Bcex paccmoTpeHHbix K30 macca mbinm coctaenset
npumepHo 1% OT MacCbl MONEKYNAPHOrO rasa. [oTokn n3nyye-
HWA OT aTOMAPHOIO U MOMEKYNAPHOro rasa He KOpPeNMpyT C
napameTpamMu MonA 3BE34HOrO U3MyYeHUs, Torda Kak MOTOKM
W3NyYeHMA NbUN PACTyT NPY yBENIMYEHUN CPefHeN MHTEHCUB-
HOCTV MoJIA 3B€3AHOMO0 13nyyeHna. OTHOLLEHME MOTOKOB B NMOJIO-
cax 8 n 24 MKMm, xapaKkTtepu3yiollee cogeprkaHue NAY, ymeHblua-
€TCA NPU YBEIMYEHUN MHTEHCUBHOCTW 3BE34HOMO U3/yyYeHus,
YTO MOXKET YKa3blBaTb Ha SBOJIIOLIMOHHbIE M3MEHEHUA coep»Ka-
HuA TAY. [oaTBepXaeHO OTCYyTCTBME 3aBUCMMOCTM OT MeTail-
JINYHOCTU BKAAa U3MyYeHUa Ha 24 MKM B MOJHY0 UH$paKpac-
HYI0 CBETUMOCTb BHETaNTaKTMYeCKnx obnacTeil 38e34000pa3oBa-
HUA.

MHorouncieHHble HabMOAEHNA MOKa3blBaAlOT, YTO CMEKTPbI
MacC B aHCAMOMsIX acTPOHOMUYECKUX OOBEKTOB PasfIMyHOM
NPUPOAbl: KOCMUYECKOW MbiK, acTepOVAOoB, MiaHeT, 3Be3q,
3BE3[HbIX CKOMMEHWUI, ranakTUK U CKOMIEHWI FranakTuk MoryT
ObITb B NePBOM NPUOVKEHNN NPeACTaBAeHbI MPOCTbIM YHUBEP-
caNbHbIM pacnpegeneHnem — ¢yHkumen dN/dM ~ M2, rge dN
— KOJn4ecTBO 06BEKTOB B Anana3oHe mMacc [M, M+dM]. B cepun
pabot cotpyaHnkoB MHACAH nokasaHo, 4To Takol BUf CrekTpa
MOXeET ObITb OOBACHEH C/yYaliHbIM XapaKTEPOM MPOLECCOB
00pa3oBaHMs U paspylleHUs acTPOHOMUYECKMX Ten (T.e.
npoueccoB ¢parmeHTauum u koarynaumu). OTKIOHeHWA oOT
3TOro Bra OTpa<atoT BAMAHME GaKTOPOB, AOMUHMPYHOLMX NP
00pa3oBaHUN 1 AanbHelLLen 3BOOLMM aHCambrnel Ten, T.e.
¢un3mKy npouecca. MonyyeHHbI pe3ynbTaT UMeeT dyHOaMeH-
TalbHOE MeTOAMYECKOE 3HaUeHNe.
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OyHKkyua macc (M) paznuyHelx acmpoHoMuYecKux obvek-
moe / Mass function @(M) of various astronomical objects

data from infrared space telescopes Spitzer and Herschel,
ground-based telescopes VLA (radiation of atomic hydrogen)
and IRAM (radiation of a CO molecule). By fitting synthetic
spectra to the observed ones, a number of dust parameters in
SFC were estimated: total mass of the dust, fraction of
polycyclic aromatic hydrocarbons (PAHs), etc. The researchers
from INASAN came to conclusions that the ratios between
atomic, molecular hydrogen and dust are different for regions
of low and high metallicity. Regions of low metallicity are
relatively richer in atomic gas, but poorer in molecular gas and
dust, including PAHs. In all the considered SFC, the mass of the
dust is approximately 1% of the mass of the molecular gas.
Radiation fluxes from atomic and molecular gas do not
correlate with the parameters of the stellar radiation field, while
dust radiation fluxes grow with an increase in the average
intensity of the stellar radiation field. The flux ratio in the 8 and
24 um bands, which characterizes the PAH content, decreases
with the increasing stellar radiation intensity, which may
indicate the evolutionary changes in the PAH content. The
contribution of 24 um radiation to the total infrared luminosity
of extragalactic star-forming regions does not depend on
metallicity.

There are many observational signatures that show that the
mass spectra in ensembles of astronomical objects of different
nature: cosmic dust, asteroids, planets, stars, star clusters,
galaxies and galaxy clusters, can be in the first approximation
represented by a simple universal distribution — the function
dN/dM ~ M=%, where dN — the number of objects in the mass
range [M, M+dM]. In a series of works the researchers from
INASAN showed that this type of spectrum can be explained by
the random nature of the processes of formation and
destruction of astronomical bodies (i.e., processes of
fragmentation and coagulation). Deviations from this
spectrum reflect the influence of specific factors dominating in
the formation and further evolution of ensembles of bodies, i.e.
physics of the process. The obtained result is of fundamental
methodological significance.

OcHoBHble ny6nukauum / Main publications
K.l. Smirnova et al., Astron. Rep., 61, 646 (2017)
B.M. Shustov, A.V. Tutukov, Astron. Rep., 62, 724 (2018)
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FAJIAKTUKU
GALAXIES

[anakTMKN — FMraHTCKMe ra3o-3Be3fHble CMCTeEMbl — nped-
CTaBNAT COOON OCHOBHbIE CTPYKTYpPHble 3n1eMeHTbl BceneH-
How. OQHO 13 HanpaBNeHWI NCCNIe[OBaHNA FANAKTUK B VIHCTUTY-
Te actpoHomum PAH — nocTtpoeHue Teopumn obpa3oBaHuA
PasfNYHbIX OCOOEHHOCTEN CTPYKTYPbl AWCKOBbIX FanakTuK U
CpaBHEHME ee NpeAcKa3aHuii C JaHHbIMK HabnoaeHui. K uncny
3TUX OCOBEHHOCTEN OTHOCATCA LEHTpasibHble MNepeMblyKy
(6apbl), cnvpanbHble BETBM M MMraHTCKUE aHTULMKITOHNYECKMe
BuXpu. MNpoBoaATca TakxKe 06WMpPHbIE NCCNefoBaHUA Pa3ny-
HbIX raflaKTUYECKMX HAaCeNeHUIA, a TaKKe 06X 3aKOHOMEPHO-
CTel XMNYECKOro COCTaBa rasniakTuk.

CoTpyaHuKy, yyactsytolme B pabote no Teme: C.A. Anekcee-
Ba, C.B. BepewaruH, [1.3. Bube, 1.A. Koanesa, O.10. Mankos, J1./.
MawoHnkuHa, M.C. Mypra, t0.B. Maxomos, A.3. MuckyHos, E.B.
MonAueHko, E.2. Cnekosa, T.M. CntHoBa, K0.M. ToprawwuH, A.B.
Tytykos, A.B. Depoposa, C.A. Xonepckos, H.B. YynuvHa.

PaboTta nposogutca B cotpyaHuyectee ¢ FTAUL MIY, CAO
PAH, NC3® CO PAH, IOXHbim dpenepanbHbiM YHUBEPCUTETOM,
Bonrorpagckum rocyfapcTBeHHbIM YHUBEPCUMTETOM a TakKe C
HayuyHbIMW  yupexgeHuamn YkpauHbl, OpaHuun, FepmaHun,
Wranun, CWWA, Kntasa n LWsenuapumn.
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Galaxies, huge stellar gas-and-dust systems, are the basic
elements of the Universe structure. One of research fields in the
Institute of Astronomy of the RAS is the development of the
theory of formation of various features of disk galaxies
structure and comparison of theoretic predictions with
observations. These features include bars, spiral arms and giant
anticyclonic vortices. Attention is also paid at the studies of
various types of galactic populations as well as at general
features of chemical composition of galaxies.

Researchers involved in the studies: S.A. Alexeeva, S.V.
Vereshchagin, D.S. Wiebe, D.A. Kovaleva, O.Yu. Malkov, L.l
Mashonkina, M.S. Murga, Yu.V. Pakhomov, A.E. Piskunov, E.V.
Polyachenko, E.E. Sivkova, T.M. Sitnova, Yu.M. Torgashin, A.V.
Tutukov, A.V. Fedorova, S.A. Khoperskov, N.V. Chupina.

The studies are being carried on in collaboration with
Sternberg Astronomical Institute MSU, SAO RAS, Institute for
Solar-Terrestrial Physics SB RAS, Southern Federal University,
Volgograd State University as well as with scientific institutions
of Ukraine, France, Germany, Italy, China, Switzerland and USA.



CPABHEHUE ®OTOMETPUYECKUX U TPUTOHOMETPUYECKUX LLUKAJ
PACCTOAHUA NO AAHHbIM GAIA

COMPARISON OF PHOTOMETRIC AND TRIGONOMETRIC DISTANCE SCALES
ACCORDING TO GAIA DATA

HactynneHue snoxu BceHebecHbIX ¢GOTOMETPUUECKUX U
acTpoOMeTPUYECKX 0630POB MO3BOJIAIIO aCTPOHOMAM NepenTy
OT NCCNEeAOBaHN OTAENbHbIX 3BE3[HbIX CKOMIEHUI K UCCnepo-
BaHMIO UX NOMNynALMK B LieNToM. B HacTosALwee Bpema 3HaunTenb-
HbI MPOrpecc B 0GHAPYXEHUN N U3YYeHUN 3BE3[HbIX CKoMe-
HAM 1 3BE3JHbIX rpynn obecrneunmBaeTca UCMoNb30BaHNEM
pe3ynbTaToB AENCTBYIOWEN aCTPOMETPUYECKON KOCMUYECKOW
Muccumn EBponenckoro KocMmmyeckoro areHtcrBa Gaia (2012 -
H.Bp.). BbICOKOTOUHbIE JaHHbIE O MOSIOXKEHUN 3BE34 B NPOCTPaH-
CTBE M WX CKOPOCTAX MO3BOAUAM 3HAYUTESIbHO MOBbICUTb
TOYHOCTb BblAENEHUA YIEHOB 3BE3HbIX CKOMIEHU 1 onpeae-
NEeHUA MX XapakTepucTK. B umcno HayuHbIX rpynn, 3aHATbIX
NMOMCKOM N WCCNeAOBAHNAMN XapaKTEPUCTUK HOBbIX paccesH-
HbIX 3BE31HbIX CKOMIEHMI 1 aCCOLMaLINN, a TakxKe UccreoBaHu-
AMW paHee NU3BECTHbIX CKOMMEHUN Ha HOBOM YPOBHE TOUYHOCTH,
BXOAAT 1 COTPYAHMWKM HaLlero MHCTUTYTa. Tak, C MCNonb30BaHu-
€M nepBbIX AaHHbIX Gaia, ony6nnkoBaHHbIX B 2016 1., 6bio Brep-
Bble MOKa3aHo, YTO Xopollee cornacre mexgy dotomerpuue-
CKOW LUKaNon pPacCTOAHWN, TPagULUMOHHO MPUMEHSABLUENCA B
TeueHve MHOTUX NeT ANa onpefeneHna pacCToAHNI A0 CKorle-
HWUIA, 1 NPAMbIM METOAOM TPUFOHOMETPUYECKOro Mnapasnakca
INA paccesHHbIX 3Be3[HbIX CKOMMEHUIN CoXpaHAeTca fo bonee
yem 2000 napcek.

®omomempudeckue napasnnakcel ckonneHut MWSC u
CpedHUe mpuzoHoMempuyeckue napannakcel TGAS 38e30-use-
HO8 3mux ckonsieHudl. Pasmep Kpyxko8 nponopyuoHasneH
yucsy 38e30 ¢ napaniakcamu 8 ckonseHuu. Kpecmukamu
nokasaHel oyeHKU paccmosHul Gaia 0o 671U3KUX ckonsieHut /
The photometric parallaxes of the MWSC clusters and the
mean trigonometric parallaxes of the TGAS of the member
stars of these clusters. The size of the circles is proportional to
the number of stars with parallaxes in the cluster. The crosses
show estimates of Gaia distances to close clusters

The era of all-sky photometric and astrometric surveys
allowed astronomers to move forward from the study of
individual star clusters to the investigation of their population
as a whole. Currently, significant progress in the detection and
study of star clusters and stellar groups is provided by using
the results of the present-day active astrometric space mission
of the European Space Agency, Gaia (since 2012 to present
time). High-precision data on the position of stars in space and
their velocities have significantly improved the accuracy of
identifying members of star clusters and determining their
characteristics. Researchers from our Institute are among the
scientific groups engaged in the selection and investigation of
the characteristics of new open star clusters and associations,
as well as studies of previously known clusters at a new level of
accuracy. Thus, using the initial Gaia data published in 2016,
the good agreement between the photometric distance scale,
traditionally used for many years to determine the distances to
clusters, and the direct trigonometric parallax method for open
star clusters, for the distances up to 2000 parsecs and further
was demonstrated for the first time.

OcHoBHble ny6nukaunmn / Main publications
D. Kovaleva, A. Piskunov et al., A&A, 606, id.L8 (2017)

1.0 7

1.0
109 Wypee MES

M3YYEHUE PACCEAHHbDIX 3BE3AHbIX CKOMJIEHUA NO AAHHbIM GAIA

STUDY OF OPEN STAR CLUSTERS WITH GAIA

PaccesHHble ckonneHns — 3TO 3Be3Hble cUcTeMbl C Anddys-
Ho  Mopdosnorver, Hacenawlme raNakTUYeckun Ouck.
MockonbKy 3Be3ibl CKOMMEHUA POXKAAIOTCA U3 OJHOIO Y TOTO e
MOMeKyNIpHOro ob6siaka, OHM 06MafalT MHOMMMU  OOLWMMMU
CBOWCTBaMU, BKIOYasa BO3PacT, pacctoAHme oT ConHua, Xumunye-
CKNN COCTaB 1 ABMXKEeHMEe B NpOCTpaHcTBe. Pasnnuve nonoxe-
HMI B NPOCTPAHCTBE U pa3Hble BO3PaCTbl AEMAOT 3TN OObEKTbI
BaXXHbIMU MHAMKATOPaMK, UM MapKepamu, SBOMOLMN FranakTu-
YecKkoro Agncka. Hanprmep, nonyyeHHaa Hamm nNo gaHHbIM Gaia
BblbopKa 3Be3p cTaporo ckornneHms NGC 2158 nossonwna onpe-
JennTb ero BO3pacT, HanpaBfieHre AB/XEeHNA 3Be3 1 CKorsle-
HAS B LUEOM U MapameTpbl ero opbutbl BOKPYr LEHTpa

Open clusters are stellar systems with diffuse morphology
that inhabit the galactic disk. The cluster stars are born from the
same molecular cloud, so they share many common properties,
including age, distance from the Sun, chemical composition,
and space motion. The difference in positions in the galactic
disk and different ages of these objects are important
indicators, or markers, of the evolution of the galactic disk. For
example, our sample of stars from the old cluster NGC 2158
make possible to determine the age, the direction of space
motion of the cluster stars and the parameters of its orbit
around the Galactic center. These data are important for the
search of related objects possibly lost by the cluster (stars,
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Jlesas naHesnb deMoHCMpUpyem npoyecc onpedesieHUs 803pAcma ckonsieHusa u paccmosaHua om COIHYA ¢ NOMOWbIo OuUdz2pammsl
38e30HaA sesiu4uHa (G) — nokasamesne usema (BP — RP). Ha cpedHeli naHenu KpacHol mo4kol NOKA3aHo HanpasseHue 08UXeHUs
CKONJ1eHUs 8 UesloM, e20 omoesibHbix 38e30 (YepHble moyku) u CoslHYa (opaHxeeas mouka) Ha HebecHol cghepe (8 s3keamopuadsib-
Hol cucmeme KoopOuHam). Ha npasoli naHenu nokaszaHa paccyuumanHas Hamu opbuma NGC 2158 u ConHya 8okpy2 yeHmpa
Fanakmuku / The left panel shows the process of determining the age of a cluster and distance from the Sun using the magnitude
(G) - color index (BP - RP) diagram. In the middle panel, dots show the direction of movement: the cluster as a whole (red dot), its
individual stars (black dots) and the Sun (orange dot) on the celestial sphere (equatorial coordinate system). The right panel shows

the orbits of NGC 2158 and the Sun around the Galactic center

lanakTMKW. 3TW [aHHble BaXHbl AN MOUCKA POACTBEHHbIX
OOBEKTOB (3B€3[, MEX3BE3[HbIX KOMET W TMaHET, BO3MOXHO
NMOTEPSIHHLIX CKOMneHMeM). Ha npaBoi naHenu npviBegeHbl
TpexmepHble opbuTbl paccesaHHOro 3Be3gHoro ckornneHna NGC
2158 n ConHua. CkonneHne otctaeT oT CosHLA B CBOEM [IBUXKE-
HUWM BOKPYT LeHTpa [anaktukn. KpacHasa NnMHUA yKasbiBaeT Ha
MUWHVManbHoe paccTosHue (d = 2.7 KNk npu t = —2.3 mnpg neT)
mexgy ConHuem u NGC 2158. OpbuTta CKOMeHNsa MMEET 3Hauu-
TeslbHble ocuMIAUMK No Z-koopauHate (£500 nk). Lnendol,
dopmMmmpyemble 3Be3haMU, MOKMHYBLUVMIMW CKOMJIEHWE, MOTYT
ObITb PACTAHYTbI MO BbICOTe AuCKa. Habniogaemble petanu
NPOCTPAHCTBEHHOW (OPMbl  CKOMJIEHMsI M MOWCK  Wwendos
NpPOoBOAATCA Mo 0OHOBNEHHbIM AaHHbIM Gaia EDR3.

HanHble Gaia fanv Tonyok nccneqoBaHUAM rpynn CKOMAeHn,
CBA3aHHbIX OOLLUVIM MPOUCXOXKIAEHUEM, 1, B YaCTHOCTY, OOHAPY-
»KEHMIO paHee Heur3BeCTHbIX Map CKonneHuni. Begytca nouck m
nccnefoBaHvie Takmx obpa3oBaHnid. Kak 1 B ciiyyae [BOMHbIX
3Be3[, UCUIeAOBAHME B3aVIMOAENCTBYIOLLMX OOBEKTOB NO3BOJIS-
€T y3HaTb O HVX HAaMHOro Oonblue, yem ecny 6bl OHW Obinwv
oavHOYHbIMU. COBMECTHO C 3apyOeXHbIMM KOJIEraMu  Mbl
MCCNefoBany CBOMCTBA 1 SBOMIOLMIO ABOVHOW CUCTEMbI pacce-
AIHHbIX 3Be3aHbIX ckonneHui Collinder 135 n UBC 7.

interstellar comets and planets). On the right panel, we show
the orbits of the open star cluster NGC 2158 and the Sun in 3D.
The cluster lags behind the Sun in its motion around the
Galactic center. The red line represents the minimum distance
(d=2.7 kpc at t = —2.3 billion years) between the Sun and NGC
2158. The cluster's orbit has significant oscillations along the
Z-coordinate (£500 pc). The tails formed by the stars that leave
the cluster can have an unusual arrangement, stretching along
the height of the disk. The observed details of the spatial shape
of the cluster and the search for trails are carried out using the
updated Gaia EDR3 data.

The Gaia data have stimulated the research of groups of
clusters of a common origin, and, in particular, the discovery of
previously unknown pairs of clusters. The search and
investigation of such formations is underway. As in the case of
binary stars, the study of interacting objects allows you to learn
much more about them than if they were single. Together with
our foreign colleagues, we investigated the properties and
evolution of the binary system of open star clusters Collinder
135 and UBC 7. It was found that these two clusters could have
formed simultaneously 50 million years ago. In the past, they
were probably gravitationally bound, but having lost a
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B3aumHoe pacnonoxeHue Haubosee gepo-
AMHbIx 4neHos ckonneHul Collinder 135
(kpacHelli ygem) u UBC 7 (cuHuli ysem) 8
eanakmuyeckol cucmeme KoopouHam.
WMHmeHcusHocme ysema coomgemcmay-
em 8eposMHOCMU NpUHAdexXHocmu K
ckonseHuro. OKpyXHOCMU o4yepyusarom
ueHmMpasneHele obiacmu ckonsaeHul /

The relative position of the most likely
members of the Collinder 135 (red) and
UBC 7 (blue) star clusters in the galactic
coordinate system. The color intensity
corresponds to the probability of belonging
to a cluster. Circles outline central parts of
the clusters
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O6Hapy>KeHo, YTO 3T ABa CKOMNeHuA mornn O6pa3OBaTbCFI
OAHOBpPEMEHHO 50 mMnH net Hasag. B MPOLWIOM OHW, BEPOATHO,
6b1IK rPaBUTAaLUMOHHO CBA3aHbl, HO, NOTEPAB 3HAYUTEJIbHYIO
YacTb CBOEl MaccCbl B BUE rasa B XOA4Ee HauyanbHOW 3BOMOLMN,
Ha4daJim NOCTENEHHO yaanATbCA APYr OT Apyra.

significant part of their mass in the form of gas during the initial
evolution, they began to gradually move away from each
other.

OcHoBHble ny6nukauum / Main publications

D.P. Sariya et al., AJ 161, id.101 (2021)

A.V. Tutukov, M.D.Sizova, S.V. Vereshchagin. Astron. Rep., 64,
827 (2020)

E.S. Postnikova et al., RAA 20, id.016 (2020)

D. Kovaleva et al., A&A, 642, id.L4 (2020)

NCCJIEAOBAHUE MEXAHU3MA OBPA3OBAHUA BAPOB U 3BOJTIOLIAN CMUAPAJIbHBIX TANIAKTUK
STUDY OF BAR FORMATION MECHANISM AND EVOLUTION OF SPIRAL GALAXIES

lFanakmuka c yeHmpaneHoU nepembiukoli (6apom) UGC 6093 (Hubble Space Telescope) / A galaxy with the bar named UGC 6093

(credit: Hubble Space Telescope)

CnupanbHble y30pbl 60NbLUMHCTBA AUCKOBbIX FaNaKTuK BKIO-
yaloT B cebs NpAMYI0 LieHTparnbHYy NepemMbluky — T.H. Gap.
UncneHHoe mopenupoBaHue 3agaum N-Ten MnokasbiBaeT, uTo
6apbl nerko ob6pasyoTCs B 3BE3LHbIX AUCKAX ranaktmk. OgHako
MPOCTOro TEOPETNYECKOrO OOBACHEHUSA STOMY ABIEHUNIO IO CMX
nop Het. Cpeay MHOXeCTBa MNPEANIOKEHHbIX B nuTepaType
NoAXo0B MOXHO BblAENUTb ABa, paccMaTpuBatoLme GopmMupo-
BaHVe Gapa Kak pe3ynbTaT pa3BUTUA HEYCTONUMBOCTM 0COBOro
TMna. B ogHOM 3Ta HeyCTOMYMBOCTb OMMUCHIBAETCA Ha fA3blKe
B3aMMOAENCTBMS BOJIHA-YacTLLa, MPUHATLIM B GpU3MKe NIa3mbl.
Bo MHOrom oHa oKa3bIBaeTCA CXOXel C 06paTHbIM 3aTyXaHUeM
JNangay. B gpyrom nogxoge (JlnHoeH-benna) oHa paccmatpuBa-
€TCA KaK aHanor [KMHCOBCKOM HEeYCTOMYMBOCTM B CUCTEME
npeweccrpytolwmx 3se3gHbix opbut. B MHACAH B TeueHue
MHOTUX fieT BeAyTCA UCCNefoBaHMA MexaH3Ma 6apoobpa3oBa-
HUA 1 CONPOBOXAALWMNX €ro NpoLeccoB 3BOJIOLMM ANCKOBbIX
ranaktmk — ¢opMUpoOBaHNA MceBaobangka, pPaauanbHom
MUrpauun 38e34 1 ap.

CBoWCTBa 3BE3[HOM Cpefbl B 3HAUMTENIbHOW CTENeHN onpeae-
NATCA 3aTyxaowmMmn peweHnammn JlaHgay. B cBonx HegaBHUX
NCCNeQOBaHUAX Mbl aHANM3UPYeM XapaKTepHble 0COBEHHOCTU
PEXUMOB 3aTyxaHUA ANA PasfiMyHbIX BULOB HayasbHbIX BO3MY-
LLEHWIA.

Mpy TwaTenbHoOM aHanuse Teopumn 6Gapa JnHaeH-benna
MOXHO OblfIo 0O6HaPYXMTb HECOOTBETCTBME C TEOpUeE crnaboro
6apa: B H/IX NMO-PasHOMY OPUEHTUPYIOTCA 3BE3LHble OpoUTbI. Mbl

Spiral patterns of most disk galaxies have a straight central
piece — a so-called “bar”. Numerical N-body simulations show
that bars are easily formed in the stellar disks of galaxies.
However, there is still no simple theoretical explanation for this
phenomenon. Among the many approaches proposed in the
literature, two can be distinguished, considering the bar
formation as a result of the development of a special type of
instability. In one, this instability is described in terms of the
wave-particle interaction, adopted from plasma physics. In
many ways, it turns out to be similar to the inverse Landau
damping. In another approach (Lynden-Bell), it is considered as
an analog of the Jeans instability in a system of precessing
stellar orbits. For many years, INASAN has been conducting
research on the mechanism of bar formation and the
accompanying processes of the evolution of disk galaxies —
the formation of pseudobulges, radial migration of stars, etc.

The properties of the stellar medium are largely determined
by the Landau-damped solutions. In our recent studies, we
analyze the characteristic features of damping for various
types of initial perturbations.

A careful analysis of the Lynden-Bell bar formation theory
revealed a discrepancy with the weak bar theory: the stellar
orbits are oriented differently in them. We give a
generalization of the Lynden-Bell theory, which allows us to
reconcile these two theories.

The bar formation leads to a change in the properties of the
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Camonpou3sosibHoe 06pazosaHue 8 0OHOPOOHOM No y2/ly 38e30HOM 2a/IAKMUYecKoM OUCKe (cesd, 8ud cgepxy) bapa u cnupas-
Hblx 8emaeli (cnpasa). YucieHHoe MoOenuposaHue 86IN0IHEHO ¢ NoMowbio GPU-k0008, Ucnosib3yrouwux epagudeckue yckopume-
nu/ Spontaneous formation of a bar and spiral arms (right panel) in a stellar galactic disk with initial axial symmetry (left panel).
Numerical simulations are performed with GPU codes using graphics accelerators

JlaeMm 0600LeHne Teopun 6apa JinHaeH-benna, nosonswoLwee
COrnacoBaTtb 3TV BE TEOPUN.

O6pa3oBaHyie 6apa NPUBOANT K M3MEHEHMIO CBOVCTB 3Be3[-
HOTO ANCKa, NPEXAe BCEro K YBENMYEHNIO ANCNEPCN Paguasb-
HbIX CKOpOCTel. B pAae cnyyae 3TO MOXET Bbli3blBaTb BTOPUY-
HYI0 HeyCcTOMUMBOCTb, HabniofaeMyto Monepek Aucka. JTa
M3rMbHas HEeYCTOMUMBOCTb SBMIAETCA MPUYMHON BbICTPOro
NOSIBNEHNA YMJIOTHEHUA B LIEHTPAX ranakTuK, Ha3blBaeMoro
ncespobangkem. B cBonx paboTtax Mbl UcCieayem MpudvHb
NnosBNEeHNA U AUHAMUYECKME OCOBEHHOCTM pPasBUTKA 3STON
HeycTonumBocTh. COrfacHO KOCMOMIOTMYECKUM SKCMeprMeH-
TaM, CNVPabHbIE FANAKTUKM YacTO HAXOAATCA B OKPYKEHUM
ranakTUK-CMyTHUKOB WM HEBOMbLWMX rafno TEMHOW MaTepun.
Hawwm uncneHHble 3KCneprMeHTbI MOKa3bIBaloT, UTO Havbornee
TAXKEble 13 TaKNUX 06BEKTOB CMOCOOHbI 3HAUNUTENBHO YCKOPUTD
WK 3aMednnTb npouecc GopmMmpoBaHus bapa.

stellar disk, primarily an increase of the radial velocity
dispersion. In some cases, this causes a secondary instability
observed across the disk. This buckling instability is the reason
for the rapid appearance of a compact dense structure in the
centers of galaxies, called a pseudobulge. In our works, we
investigate the causes of the appearance and dynamic features
of the development of this instability. According to
cosmological experiments, spiral galaxies are often surrounded
by satellite galaxies and small dark matter halos. Our numerical
experiments show that the heaviest of them can significantly
accelerate or slow down the bar formation.

OcHoBHble ny6nukauum / Main publications

E.V. Polyachenko, I.G. Shukhman, O.I. Borodina, MNRAS, 503,
660 (2021)

E.V. Polyachenko, I.G. Shukhman, MNRAS, 498, 3368 (2020).
L.V. Spiegel, E.V. Polyachenko, INASAN Science Reports, 4, 381
(2019)

4. R. Moetazedian, E.V. Polyachenko et al., A&A, 604, A75
(2017)

Mces0obanox e yeHmpe Fanakmuku Mneu4rbiti [lyme (npedcmasneHue xyooxHuka, ESO) / Pseudobulge in the center of Milky Way

galaxy (artist's impression , ESO)
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HEYCTONYMBOCTU N AKTUBHOCTb AZAEP FAJIAKTUK
INSTABILITIES AND ACTIVITY OF GALACTIC NUCLEI

B LeHTpax ranakTvk npoucxofAT npoLecchl C BbigeneHnem
OFPOMHOIO KOSIMYECTBa SHEPTUM, KOTOPOE HEBO3MOXKHO 0ObAC-
HWUTb C MOMOLLbIO OObIYHBIX AMHAMUYECKUX MOAXOHOB. Takme
noaxoabl TPaAWLMOHHO YuuTbIBAlOT nnb  ANGPY3NOHHYIO
penakcaumio 3Be3AHbIX CKOMIEHUI BONIN3U LIEHTPaNbHbIX CBEPX-
MACCVBHbIX YepHbIX Ablp. HeycTonumBoCTU CMOCOBHbI yCUnnTb
anddysnio 3Be3n Ha YepHylo Abipy, yBeNMuMBaA TeM CaMbiM
najalowwmin NoToK BellecTBa 1 OObem M3MlyyaeMon SHepruu.
Hawm TeopeTnyeckne wnccnefoBaHMA MOKasanW, 4TO Takas
HeyCTOMYMBOCTb BO3MOXKHA 1, COBMECTHO C UCCliejoBaTeNAMUN 13
WHcTnTyTa conHeuHo-3emHon ¢pusmkm CO PAH n YHuBepcuTeTa
Xangenv6epra (FTepmaHvs) Mbl MOATBEPAWMIM CyLLECTBOBaHME
3TOW HEYCTONYMBOCTYU B YNCSIEHHbIX SKCMEPUMEHTAX.

Huge amount of energy is released in the centers of galaxies,
which cannot be explained using conventional dynamic
approaches. Such approaches traditionally consider only the
diffusion relaxation of the star clusters near a central
supermassive black hole. Instabilities can increase the diffusion
of stars onto the black hole, thereby increasing the incident
flow of matter and the amount of radiated energy. Our
theoretical studies have shown that such instability is possible
and, together with researchers from the Institute of
Solar-Terrestrial Physics of the SB RAS and the University of
Heidelberg (Germany), we confirmed the existence of this
instability in numerical experiments.

OcHoBHble ny6nukauumn / Main publications
E.V. Polyachenko et al., MNRAS, 492, 4819 (2020)

CMAPANDbHDLIE PYKABA B rA30BbIX TAJIAKTUYECKUX ANCKAX

SPIRAL ARMS IN GASEOUS GALACTIC DISCS

B OVNCKOBDbIX TaslakTrKax, HapAady C MacCCMBHbIM 3Be3[0HbIM
AONCKOM, KaK MpaBWi1O NMMeeTCA ra3oBbli ONCK, B KOTOPOM TaKe
HabnofaloTca cnupanbHble y30pbl. B nutepaType M3BeCTHbI
pelleHrs YPAaBHEHWUI Fa30BOV AUHAMUKIM B MPUOAVXKEHUN TYro
3aKpY4YeHHbIX CMMpasbHbIX PYyKaBoB. l3-3a ocobeHHoCTen
B3aVIMO,D,eVICTBI/Iﬂ cnmpaanoM BOJIHbI C pe30HaHCaMW ranakTtu-
Yeckoro AnCKa, BOJIHA MOXKET HabnodaTbCA Ha CyLUEeCTBEHHO
6oriee [aneknx pPaCCTOAHMAX MO CPABHEHWUIO CO 3BE3[HbIM
AnckoMm. B cBorx paboTtax Mbl pa3paboTanii HOBbIV METOZ, HAaXOX-
[eHVA COBCTBEHHbIX BO3MYLLEHUIA MPOW3BONIbHON 3aKPYTKN 1
nccnegoBann 0COBEeHHOCTU B3aI/IMOAeVICTBI/Iﬂ CnnpanbHbIX BOJIH
C pe3oHaHcamn. Ha pucyHke BHM3Y npuBefeHbl Npumepbl
NOJTy4YeHHbIX CrpPanbHbIX Y30POB. OTMeTVIM, UYTO ra3oBble Yy30pbl
BeAyT cebs perynsapHO Ha NIMHAONALOBCKIX Pe30HaHCax. 3Be3-
Hble Cnrpany He MOryT NpoAo/iKaTbCA 3a BHELWHUM J'IVIHA6ﬂa-
[OBCKVIM PE30HAHCOM M3-3a UX PE30HAHCHOTO MOTTIOLLEHMS.

‘lu e ———————————————— e
(0.399, 0.099)
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In addition to a massive stellar disk, there is usually a gas disk
in disk galaxies, which also shows a spiral pattern. Spiral arm
solutions of the equations of gas dynamics in the
tightly-wound approximation are known in the literature. Due
to the peculiarities of the interaction of the spiral wave with the
resonances of the galactic disk, the wave can be observed at
significantly larger distances compared to the stellar disk. In
our work, we have developed a new method for finding the
perturbations of an arbitrary form and investigated the
features of the interaction of spiral waves with resonances. On
a diagram below examples of simulated spiral patterns are
shown. Note that the gaseous patterns behave regularly at
Lindblad resonances. Stellar spirals cannot go beyon the outer
Lindblad resonance because of the resonance absorbtion.

Mpumepsl cnupanbHeix y30p0o8 8
20308bIX 241AKMUYECKUX OUCKAX.
TTyHKmMUpHble TUHUU yKA3bl8aom Ha
nosioxeHue IUHO6/1a008CKUX
pe30HAHCO8, WMpUXo8ble — Kopoma-
YUOHHO020 pe3oHaHca / Examples of
spiral patterns in gaseous galactic
disks. Dotted lines show positions of
Lindblad resonances, and dashed
lines indicate corotation resonances

(0.241.0.106) (0.178, 0.085)

OcHoBHble ny6nukauun /

Main publications

E.V. Polyachenko, MNRAS, 478, 4268
(2018)

L.V. Spiegel, E.V. Polyachenko, INASAN
Science Reports, 4,374 (2019)
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ACTPOHOMUYECKUE AAHHDbIE

ASTRONOMICAL DATA

AS\O.

e b ke T

Eesa

Ferapasa Space Agany

EURD NV

Anbaxc «<MexodyHapooHas supmyasneHas obcepeamopus» / International Virtual Observatory Alliance

BypHbI nporpecc B coBpeMeHHbIX HabnogaTenbHbIX U BblUNC-
NUTESNIbHBIX TEXHONOTAX NPVBOAMT K TaBUHOOOpa3HOMY BO3pac-
TaHW0 06bema nosyyaemblX aCTPOHOMUYECKNX AaHHbIX. Hako-
nneHHOro HabnloaaTeNlbHOro MaTepurana yxxe celiyac JOCTaTou-
HO [NA peLleHrsa MHOMMX acTpodurnyeckmx 3agay. HyxkHo nuwwb
HaliT¥ W 3arpy3vTb Ha KOMMbOTEP FOTOBbIV OLUGPOBaAHHDIN
CHVIMOK HY>KHOTO yyacTKa Heba. C yueToM NosBneHnsa Hefopornx
TEXHONOMI XPaHEHMA AaHHbIX U BbICOKOCKOPOCTHBIX CeTel,
NPOEKTbl MyNbTU-TepabalTHbIX 06LefOCTYNHbIX 6a3 JaHHbIX
CTann BMOMHe pPeannCTUYHbIMU. MHCTUTYT actpoHomun PAH
3aHUMAETCA KaK OpraHv3aLMOHHbIM acNeKTOM 3TOM Npobnemb,
TaK 1 HEMOCPEeACTBEHHbIM CO31aHMEM KaTasloros, a Takxke nepe-
BOZOM B LindpoByio dopmMy cobpaHuin actpoHommyeckmnx GoTo-
CHVMKOB, CAEMAHHbIX Ha NPOTSKeHMN XX BeKa.

CoTpyaHuKY, yyactaylolme B paboTe no HanpasneHuio: A.C.
AspeeBa, C.B. Bepewarun, O.b. Iny>kHeBckas, A.O. Kykos, A.M.
3yb6apesa, I1.B. Kaiiropopos, E.B. Kasaposeu, H.H. Kupeesa, [.A.
Koeanesa, O.10. Mankos, E.H. MNactyxosa, I1.B. MNaxomosa, H.H.
Camycb, CA. CanoxHukos, M.[. Cusosa, C.I. Cuuesckui, T.I.
ConosbeBa, A.l0. Cbitos, A.B. Xpycnos, [I.A. Yynkos, H.B. YynuHa,
b.M. LLycToB.

Pabota npoBoawnTca B coTpyaHundectae ¢ FAULL MY, OULL LY
PAH, CAO PAH, YpQY, a Takxe HayuHbIMK opraHu3aumamm Opan-
uun, tOAP, Kutas, ddronun, Yexun, UHgum n Frepmanmnm.
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The rapid progress of modern observational and
computational techniques leads to an avalanche growth of the
volume of astronomical data. Accumulated observational
material is now sufficient to solve many astrophysical
problems. It is enough only to find and download to your
computer ready digitized image desired portion of the sky. Due
to the new inexpensive technologies of data storage as well as
of high-speed networks, projects of multi-terabyte databases
for public access are rather realistic. The Institute of Astronomy
deals with the organizational aspect of the problem as well as
with creation of catalogs and digitization of collections of
astronomical photographic plates made during the XX century.

Researchers involved in the studies: A.S. Avdeeva, S.V.
Vereshchagin, 0O.B. Dluzhnevskaya, A.O. Zhukov, A.M.
Zubareva, P.V. Kaygorodov, E.V. Kazarovets, N.N. Kireeva, D.A.
Kovaleva, O.Yu. Malkov, E.N. Pastukhova, P.V. Pakhomova, N.N.
Samus, S.A. Sapozhnikov, M.D. Sizova, S.G. Sichevsky, T.G.
Solovieva, A.Yu. Sytov, A.V.Khruslov, D.A. Chulkov, N.V.
Chupina, B.M.Shustov.

The studies are being carried on in collaboration with the
Sternberg Astronomical Institute MSU, IPI RAS, SAO RAS, UrFU,
as well as with research institutes of France, South Africa,
China, Ethiopia, Czech Republic, India and Germany.



POCCUNCKAA BUPTYAJIbHAAl OBCEPBATOPUA

RUSSIAN VIRTUAL OBSERVATORY

BupTyanbHas obcepBaTopua npepcTas-
naeT coboW  peanu3aumio  KOHLENUmm
SNEKTPOHHOW HayKu B acTpoHomuun. OHa
WHTErprpyeT B €OUHYI0 Cpefly rMraHTckue
aCTPOHOMMYECKMe apXuBbl 1 6a3bl AaHHbIX,
pacnipefiefieHHble Mo BCEMY MUPY, a TakKe
WHCTPYMEHTbI aHanv3a JaHHbIX 1 BbIUUCIV-
TENbHbIA  CePBUC, WCMOMb3ys MNPU  3TOM
Habop OfHOPOAHbLIX CTAHAAPTOB U TEXHOMOTMN.
MexpyHapoaHas BUpTyanbHaa obcepBaTopua BKIIHO-
yaeT B cebs BCe 3HaUWTENbHbIe HaLOHaNbHbIE U MeXAyHa-
pOAHble MPOEKTbl MO CO3JaHMI BUPTYasbHbIX 0bcepBaTopuid,
OCHOBHaA Ueflb KOTOpbIX — O0ObeAVHUTb CyLlecTByoLme
apXMBbI HA3eMHbIX U KOCMUYECKMX MHCTPYMEHTOB 1 0becreunTb
nccnenoBaTenam 1 o0LeCcTBEHHOCTU YAOOHbIV JOCTYN K HAM. OTa
3aflaua NpefCTaBnAeTcA BeCbMa 3HAaUUTENIbHOW He TOMbKO 13-3a
KOmoccanbHOro obbemMa acTPOHOMUYECKMX AAHHBIX, HO U UX
CMNeKTpanbHOro pasHoobpasunsa (0T peHTreHa 4o paano). Kaxapin
CMeKTpanbHbIi AMana3oH MPefoCTaBNfeT CBOK YHUKAIbHYHO
MHPOPMaLMIO O HEGECHOM OOBbEKTe WM ABNEHWM; NMPU 3TOM
TpebyeTcsa cneuman3vpoBaHHaa SKCNepTn3a AnA NpaBuibHON
WHTeprpeTaLun faHHbIX. Bca 31a mHGopmaLms Takke UHTerpu-
pyetca B MexayHapofHol BuUpTyanbHOW obcepBaTopun
MoO3BONAET CMHTE3NPOBATb AaHHble, YTOObI UCMONb30BaTb MX B
KOHKPETHbIX HaYUHbIX MPUIIOXKEHUAX.

Ona  oyHKUMoHUpoBaHuA MexayHapO4HOM BUPTYanbHOW
obcepBaTOpUN HEOOXOOMM HAbOP OAHOPOAHbLIX CTaHAAPTOB U
TEXHOJIOMIA, KOTopble pa3pabaTbiBaeT, BHEAPAET U NMOALEPKU-
BaeT AnbsaHc «MexayHapogHas BupTyanbHas obcepBaTopusy —
co3paHHbI 20 feT Ha3aj MEXAYHAPOLHbIN COI03 HALMOHASbHbIX
N MeXOyHapOoZLHbIX 00cepBaTOPUA, NMPU3BaAHHbIA KOOPAUHUPO-
BaTb AEATENIbHOCTb MO CTAaHAAPTM3ALUMU OMMCaHWsA, MOWUCKa,
Joctyna v nybnukaumy padHbix. OfHWM U3 OCHOBaTenen u
BaXHbIM YYacTHMKOM AnbsaHca ABnAeTca Poccninckasa BupTyarnb-
Hasi obcepBaTopua (PBO), KOHEUHO Lienblo KOTOPOW SIBASETCA
obecneueHne pPoCCUNCKMM acTPOHOMaM yAoOHOro AocTyna K
OBLIMPHBIM UCTOUYHMKAM JaHHbIX U MeTalaHHbIX, CO34aBaeMbIX B
pe3ynbTaTe paboTbl HAbMOAATENbHBIX MPOEKTOB, a Takxe obbe-
OVHeHVe NHbOopMaLM O POCCUNCKUX JaHHbIX C UX Nocneayto-
LWen nHTerpayvei B MexayHapoaHyio BUpTyarnbHYo obcepBaTo-
puto. [ina sToro B pamkax npoekta PBO perynapHo m3pgatoTca
0630pbl, ONMCbIBaOLLME UCTOYHUKN aCTPOHOMUYECKMX AaHHBbIX.
Wx uenb coctouT B TOM, UTOObI NPOAHANM3MPOBaTb OCHOBHbIE
HanpasneHns OYHKLUMOHUPOBAHUA U Pa3BUTUA BaKHEMNLUUX
WCTOUYHMKOB [lJaHHbIX, CO3[1aBaeMbIX POCCUCKMMMN aCTPOHOMaMM
WK C UX YYaCTUEM, U CPABHUTb UX C MAPOBLIMY TEHAEHUMUAMM B
3TKx obnacTax. B yactHocTw, cnepyet otmeTuTh Boadlme B PBO
apXMBbl KOCMMYECKUX MPOEKTOB: OCYLLECTBIIEHHbIX (ACTPOH,
Paguoactpon), Tekywmx (Cnektp-PI, INTEGRAL), 6ymywmx
(WSO-UV) 1 nnanupyembix (Jlnpa-b, Ceeua). Heobxogumo otme-
TUTb CO3[aHWe BbICOKOKAYECTBEHHbIX (GOTOMETPUYECKMX U
CMEKTPOCKOMUUYECKNX MCTOYHMKOB [aHHbIX. BKnag poccumckmx
aCTPOHOMOB B CO3jaHVie, aHaNM3 1 PacnpoCTPaHeH e AaHHbIX MO
Masibim Tenam COMHEYHON CUCTEMbI, MO NePeEMEHHbIM 3Be3aM,
Mo ABOVIHBIM 1 KPaTHbIM CICTEMaM BCeX HabnoAaTeNbHbIX TUMOB
TaKXe OLIEHMBAETCA OYEHb BbICOKO.

KoHeuHoW Uenblo co3gaHnAa BUPTYarbHOM obcepBaTopuu
ABNAETCS MoBbleHre 3PPEeKTVBHOCTU UCMONb30BaHNA MUPO-
BbIX aCTPOHOMMWYECKUX AaHHbIX ANA PeLlleHVs HayuyHbIX 3afau.
OnHVM 13 HenocpeaCcTBEHHBIX MPUNOXKEHWI AS1A NONb30BaTeNneln
BUPTYyasnbHO 0b6cepBaTOpUn ABMAETCA BO3MOXHOCTb OHOBpE-
MEHHOIO VCCNeloBaHNA HECKOSbKMX KaTanoroB 1 0630poB C

Virtual Observatory is a collection of
integrated astronomical data archives and
software tools that utilize computer
networks to create an environment in which
research can be conducted. About fifteen
years ago several countries initiated national

virtual observatory programs that
combine existing databases  from
ground-based and orbiting observatories and
make them easily accessible to researchers. As a

result, data from all the world's major observatories will be
available to all users and to the public. This is significant not
only because of the immense volume of astronomical data but
also because the data on stars and galaxies have been
compiled from observations in a variety of wavelengths:
optical, radio, infrared, gamma ray, X-ray and more. Each
wavelength can provide different information about a celestial
event or object, but also requires a special expertise to
interpret. In a virtual observatory environment, all of this data
is integrated so that it can be synthesized and used in a given
study.

The International Virtual Observatory Alliance (IVOA)
represents twenty two national and international projects
working in coordination to realize the essential technologies
and interoperability standards necessary to create a new
research infrastructure. Russian Virtual Observatory (RVO) is
one of the founders and important members of the IVOA.
Principal RVO goals are stated as follows: i) to provide Russian
astronomical community with a convenient access to the
world astronomical resources and ii) to unite Russian data, to
provide them to the rest of the world and to integrate them
into the International Virtual Observatory. For this purpose, the
RVO issues regular reviews of Russian astronomical data
sources. Their aim is to analyze main directions of creation and
functioning of major data sources constructed by Russian
astronomers or with their participation and to compare them
with the worldwide trends in these fields. In particular, archives
of space projects should be mentioned: past (Astron,
Radioastron), present (SRG, INTEGRAL), future (WSO-UV) and
planned (Lyra-B, Svecha) missions. High quality photometric
and spectroscopic data sources should be mentioned. Russian
contribution to the collection, analysis and dissemination of
astronomical data on minor bodies of the Solar System, on
variable stars, and on binary and multiple stars of all
observational types is also extremely valuable.

An ultimate goal of Virtual Observatory is to strengthen
scientific applications of world astronomical data. One of direct
applications for the Virtual Observatory community is that of
merging catalogues and surveys in order to generate
customized views of data. Developing methods for analyzing
and extracting information from modern sky surveys is a
challenging task in astrophysical studies, and in the frame of
RVO project we study possibilities to parameterize stars and
interstellar medium from multicolor photometry performed in
modern photometric surveys (GALEX, SDSS, 2MASS, WISE,
Pan-STARRS, UKIDSS, etc.). For this purpose, we have
developed a method to estimate effective temperature and
luminosity from photometric data. To make the values of
stellar parameters more precise, we involve also data from
modern astrometric (Gaia) and spectroscopic (LAMOST, RAVE)
surveys.

These parameters allow us to construct 3D maps of
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Lienbto 06 benHEHA NPEACTaBNEHHDBIX B HAX JaHHbIX. Pa3paboT-
Ka METOAOB aHanm3a v nssnevyeHna nHGopmaLnm N3 CoBpemeH-
HbIX 0030pOB Heba ABNAETCA CJIOKHOM U MHOroo6GeLlatoLLen
3afjauert B acTpoduUsMuecknx mnccnefoBaHmMax. Tak, B pamkax
npoekTa PBO 13yyaeTca BO3MOXXHOCTb NapaMeTpur3aLnm 38e3 v
MEX3BEe3HOW cpefbl U3 MHOrOLBETHON GOTOMETPUN, COAEPXKA-
Wenca B cOBpPeMeHHbIX doTomeTpuryecknx ob3opax (GALEX,
SDSS, 2MASS, WISE, Pan-STARRS, UKIDSS v T.4.). ina 3To uenn B
NHcTuTyTe actpoHomun PAH pa3paboTaH MeTof OLeHKM Temne-
paTypbl 1 CBETUMOCTM 3Be34bl N0 GOTOMETPUYECKUM AaHHBIM.
[nAa yTouHeHMA 3HauyeHWI MapaMeTpPOB 3Be3[ MPUBNEKalTCA
TaKKe [aHHble 13 COBPEMEHHbIX acTpomeTpuyeckux (Gaia) u
cnekTpockonuyeckux (LAMOST, RAVE) 0630poB. 311 napameTpbl
Mo3BONAIOT COo3[aBaTb TPeXMepHble KapTbl pacrpepeneHns
MOr/oLLAIoLLEro BeLecTBa 1 OLeHBaTb MeX3Be3fHoe NornoLLe-
HUA KaK [0 0ObEKTOB Hallei ManakTuKK, Tak 1 00 BHeranaktuye-
CKUX O6EKTOB.

OcHoBHble ny6nukauvu / Main publications

0. Malkov et al., Galaxies6 7, 7 (2018)

0. Malkov, D.A. Kovaleva, S.G. Sichevsky, G. Zhao, RA&A, 20, 139
(2020)

S. Karpov, O. Malkov, G. Zhao, MNRAS, 505, 1252 (2021)

absorbing matter and estimate the interstellar extinction for
objects in our Milky Way Galaxy and for extragalactic objects.

CospemeHHble 0630pbl Heba / Modern sky surveys

OLNDOPOBKA APXMBOB ®OTOIMJIACTUHOK

DIGITIZATION OF PLATES ARCHIVES

PaboTa no nepesofy NNacTMHOK B LMpPOBYIO GOpMY aKTUBHO
BefieTca u B 06beanHeHHoM KonnekTuae rpynnbl OKMN3 MHACAH
n FTAALL MIY. OHa HaueneHa, rmaBHbIM 06pa3om, Ha UccieaoBa-
HUA nepemeHHbIx 38e34. B TAVLL xpaHnTCA YHMKanbHaA Konnek-
uma GOTONNACTMHOK BbICOKOTO KauecTBa, Copeprkallan fecaTKu
TbICAY CHMMKOB. HeraTviBbl Konnekumy MO3BONANT feTallbHO
nccnenoBatb  GoToOMeTpuUeckoe MOBEeAeHe MHOTMX  ThicAY
nepemeHHbIX 3Be3[, a Takke OOHapYKMBaTb HOBble NepeMeHHbIe
3Be3gpl. K HactoAwemy BpemeHM Mo ckaHam GOTOMNacTUHOK
FAVLL obHapyxeHo okono 1500 HOBbIX MepPeMeHHbIX 3Be3f.
Co3aaH 3NeKTPOHHbIN KaTanor MiacTMHOK C yKa3aHreM Koopau-
HaT LeHTpa Kaxagon n3 Hux. MiHbopmaumio o paboTe no ouund-
poBKe NNacTVHOK MOMHO HanTn no appecy:

http://www.sai.msu.su/gcvs/digit/digit.html.

BA3A JAHHbIX IBOVHbIX 3BE3],

Digitizing plates is also actively under way in the joint team
of the INASAN GCVS group and Sternberg Astronomical
Institute (SAI, Lomonosov Moscow University). Plates from
these stacks make it possible to study, in detail, photometric
behavior of many thousands of variables as well as to detect
new variable stars. By now, some 1500 new variable stars were
discovered using scanned SAI photographic plates. An
electronic catalog of plates has been compiled, with equatorial
coordinates of the plate center given for each of them. For
information on plate scanning, see
http://www.sai.msu.su/gcvs/digit/digit.ntml.

THE BINARY STAR DATABASE

HayuHasa AeATenbHOCTb B GONbLUON CTenmeHW OnMMpaeTca Ha
pe3ynbTaTbl MpeAbiAyLMX WUCCIe[OBaHUM, 3KCNEePUMEHTOB,
HabnogeHUi. ACTPOHOMaMN NPON3BOAUTCA
60blUOe KONMYECTBO KaTanoros, KoTopble
nocne nybnmKaumm CTaHOBATCA [OCTYMHbIMU
pna Bcero coobuectBa. [nA noaaepx Ky
NMOBCeHEBHOW Hay4YHO-MCCIEeA0BaTENbCKOM
paboTbl aCTPOHOMOB, Mbl CObpany, Nposepu-
W, yHUPMLMPOBaNu, OpraHM3oBanu 1 Npefo-
CTaBWIN B Hambonee NOAXoAALLel N JOCTyn-
Hon $popme KaTaorM3MpoBaHHY0 HPOpMa-
L0 O ABOWHBIX 1 KPaTHbIX 3BE3/aX.

Mpu oTbope KaTanoros AIA WMHTErpaLuu
npuopuTeT OTAABaCA TeMm, KOTopble MOryT
obecneunTb OMNTUMaNbHy WMHGOPMALIMOH-
HYI0 MOAAEPKKY KPYMHbIM NPOeKTaM, NPOBO-
AVMbIM aCTPOHOMMYECKMM cooblLlecTBom. B
nocnefHmne rofibl aCTPOHOMbI yaensanu 6ob-
Loe BHUMaHMe CO3[aHMIO MOJHbIX KaTasloroB [BOWHbIX 3Be3f
PasnnYHbIX HabNOAATENbHbIX TUMOB: Map € O6LUMM COOCTBEHHBIM
OBUPKEHMEM, MHTepdepoMEeTPprUECKMX, CrMeKTPOCKOMUYECKNX
ABOVIHbIX 3Be34 1 Ap.
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Scientific results strongly rely on previous studies,

experiments, and observations. A large number of catalogues

is produced by astronomers and needs to

be available to the whole community. To

. support astronomers in their daily research

work, we collect, verify, homogenize, and

organize catalogued information on binary

and multiple stars in the most appropriate
and comprehensible way.

Catalogues were selected for integration
with priority given to those which can help
provide an optimal support for the large
projects conducted within the
4 astronomical community. A large effort was

devoted in recent years to make complete

catalogues of binary stars of various

observational types: common proper

motion, interferometric, spectroscopic
binaries, etc. However, due to lack of comprehensive data
sources, in many cases we were first to construct general lists
of binaries of some specific observational type, e.g., for visual,
orbital, eclipsing and X-ray binaries.
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MockonbKy Ansa Apyrux HabnofaTenbHbIX TUMOB ABOWHbIX
OTCYTCTBOBANN MCYEPNbIBaOLLME UCTOYHUKM HabnopaTenbHbIX
JaHHbIX, Mbl CO3[janN Takre obLymMe KaTanoru g BU3yasnbHblX,
opOUTanbHbIX, 3aTMEHHbIX Y PEHTFEHOBCKUX ABOVHbIX 3Be3A.Y-
NMOMsHYTble Bbllle KaTanory npefocTaBnalT MHGOpMaLuo o
[BOMHbIX 3Be3[ax KOHKPETHbIX HabnodaTenbHbIX TUMOB.
OpHako, He CyLLecTBOBAIO pecypca AaHHbIX, CUHTE3UPYOLLEero
HabntofaTenbHyo MHGOPMaLIMIO An1s BCEX TUMOB ABOVIHbIX 3BE3[,
basa faHHbIX ABOVHbBIX 1 KpaTHbIX 3Be3a (BDB, bdb.inasan.ru),
pa3paboTaHHas B MIHcTuTyTe acTpoHoMun PAH, 3anonHseT stot
npo6en. B HacToswlee Bpemsa BDB coneput 3HaueHus ¢usmye-
CKMX W MO3ULMOHHbIX MapameTpoB ~260000 KOMMOHEHTOB
~120000 3Be3HbIX CUCTEM KPaTHOCTbIO OT 2 o 20 1 6onee. [ns
KOPPEKTHOWN MAEHTUOUKALMK N KPOCC-naeHTUMKaLUN 06bek-
ToB B BDB, 6blna pa3spaboTaHa CamMoOCOrfacoBaHHasi cCxema
0603HaueHnI (BSDB) KOMNOHEHTOB, Nap U cucteM. Kpome Toro,
AnA 0bner4yeHns Kpocc-oTOXKAECTB/IEHNA OOBEKTOB B pasnny-
HbIX KaTanorax ABOWHbIX crcTeMm, 6bin cozgaH Cncok o6o3Have-
HUI ABOMHbIX (ILB).

basa paHHbix BDB pa3BumBaeTcsa Kak B KONMYeCTBEHHOM (C
NMOAKIIOUYEHNEM HOBBIX KaTanoros), Tak U B KauyeCTBEHHOM (C
ynydweHvem WuHTepdelica nonb3oBaTeNd W MHTerpauven
CTaHZapToB BupTyanbHoi obcepBaTopum) oTHoLeHUax. BDB
MOXET CNY>KWUTb ANA NOSyYeHVs Y KOMOUHALMN SMIYPUYECKUX
JaHHbIX AN1A BCEX TUMNOB ABOVHbIX 1 KPATHbIX CUCTeM, AnA onpe-
LeneHns NapaMeTpoB 3Be3f] U opbuT, a TakKe AnA NOCTPOeHMs
dyHAamMeHTanbHbIX COOTHOLLIEHU MEXAY HUMUW Ha BCeM AuMana-
30HEe 3HAUYeHUI 3Be3AHbIX MacC 1 pa3mepoB opbuT. BDB Takxke
rnosesHa AN M3yyeHUsa UCTopuMu 06pa3oBaHMA [ABOWMHBLIX U
OVHOYHbIX 3Be34 M AN1A MOArOTOBKM Oyaylmx nporpamm
HabnoAEHNI Pa3INYHBIX TUMOB ABOVIHbIX 3BE34.

OcHoBHble ny6nukauyum / Main publications

D. Kovaleva, O. Malkov, P. Kaygorodov, B. Debray, ASP Conf. Ser.
521,217 (2019)

O. Malkov, D. Chulkov, MemSAlt, 90, 420 (2019)

D. Kovaleva, O. Malkov, P.Kaygorodov, RA&A, 19, 31 (2019)

lMpumepsl 080UHbIX U KpamMHbIX 38e30, 8K/1t0YeHHbIX 8 BDB / Examples of binary and multiple stars included in BDB
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Various catalogues mentioned above serve as data sources
for binary stars of different observational types. However,
there was no database synthesizing the various categories,
and the Binary and multiple stars DataBase (BDB,
bdb.inasan.ru), developed in Institute of Astronomy, fills this
gap. The BDB database presently contains data on physical
and positional parameters for about 260,000 components of
120,000 stellar systems of multiplicity 2 to more than 20, taken
from a large variety of published catalogues and databases. To
designate and cross-identify components and systems
correctly, a self-consistent identification scheme for objects in
binary and multiple stars, BSDB, was developed. Also, the
Identification List of Binaries (ILB) was constructed to facilitate
cross-referencing between different catalogues of binary stars.

BDB is developing both in size, including new catalogues,
and in depth, adding new features improving usability and
promoting integration of the Virtual Observatory standards.
BDB can serve as a database for deriving and combination of
empirical data for all types of binary/multiple systems, for
determination of stellar and orbital parameters and
construction of fundamental relations between them
throughout the entire stellar mass and orbital separation
ranges, for study of star formation history of binary and single
stars and for the preparation of future observing programs
concerning various types of binaries.
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Caa3b Mex0y HabnodamesnnbHeIMU munamu 080lHeIX cucmem /
Observational types of binaries: genetic connections
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BEHCKASA BA3A ATOMHbIX MAPAMETPOB CMNEKTPAJIbHbIX JIMHUI (VALD) U
BUPTYAJIbHbI/ LEHTP ATOMHbIX U MONEKYNAPHbIX AAHHbIX (VAMDC)
VIENNA ATOMIC LINE DATABASE (VALD) AND
VIRTUAL ATOMIC AND MOLECULAR DATA CENTER (VAMDC)

Co3paHHas B 1995 rogy v nopaepKrBaemas rpynnou actpo-
odusnkos 13 Aectpun, Leseuun n Poccum (MHACAH) 6a3a aTom-
Hbix napameTpoB VALD faBnAeTca ofHOM 13 CaMbIX UCMONb3ye-
MbIx 633 AnA CNeKTpanbHOro aHanmsa B actpoHomuwn. VALD -
MOCTOAHHO pa3BuBatoLLasca 6a3a gaHHbIX. B 2015 rogy nossu-
nachb yxe Tpetbs eé Bepcus. VALD3 cogepxut 6onee MyunivoHa
JINHWI aTOMOB U VX N30TOMOB C TOYHBIMU A/IMHAMU BOJTH, HEOO-
XOOQMMbIMU AN CMEKTPaNbHOro aHanusa, 1 250 MAH. NNHWKA,
BK/IOYAA NIMHUW [EeCATV OBYXaTOMHbIX MOJEKYN, AnA pacyeTa
nornoweHrsa B atmocdepax 1 obonoukax 3sesg. B VALD npeg-
CTaBfeHbI IMHMM MOYTN BCEX 3NIEMEHTOB NepUOMNYECKON CUCTe-
Mbl MeHaeneeBa B HECKONIbKMX CTagMAX NOHM3ALMK N UX N30TO-
MoB Npu Hanuumm nHdopmaLuy B nutepatype. [ina 64 n3oTonos
MO>HO MOJTyUYNTb JaHHbIE O KOMMOHEHTAX JIMHWIA, 00yCroBneH-
HbIX CBEPXTOHKMM pacLuenneHnemM ypoBHei. basa VALD numeet
3epkana B Ynncane, Mockse (http://vald.inasan.ru/~vald3), BeHe
1 MoHnenbe, KoTopble 06pabaTbiBatoT 3anpockl 6onee yem 2800
3aperncTprpoBaHHbIX Nosib3oBaTenei 13 70 cTpaH mupa.

Co3patenu VALD npuHANM akTUBHOE yyacTue B MPOEKTUPO-
BaHMM 1 pa3paboTKe MexayHapogHoro BupTtyanbHoro ueHTpa
ATOMHbIX 1 MoneKynsipHbIX AaHHbIX (VAMDC), KoTopbiin 06beau-
HAeT 6onee TPEX [eCATKOB 6a3 aTOMHbIX U MOJNEKYNAPHbIX
AaHHbIx, Bkntovasa VALD. loctyn kK VAMDC ocyuiecTBnaeTca Ha
noptane nonb3osatens http://portal.vamdc.eu.

consortium

Created in 1995 and supported by astrophysicists from
Austria, Sweden an Russia (INASAN) VALD is one of the most
used database for spectral analysis in astronomy. VALD
continues to be developed. In 2015 its third version was
released. VALD3 contains atomic parameters for more than
one million lines of atoms and their isotopes, which have
accurate wavelengths necessary for detailed spectral analysis,
and 250 million lines including lines of ten two-atomic
molecules necessary for background opacity calculations.
These are lines of almost all elements in the Mendeleev Table
in several ionisation stages and their isotopes, with the
literature data available. At present VALD provides a possibility
to calculate spectra taking into account the effect of hyperfine
splitting for 64 isotopes. VALD has four mirror-sites in Uppsala,
Moscow (http://vald.inasan.ru/~vald3),  Vienna, and
Montpellier. They treat requests of more than 2800 users from
70 countries over the world.

The founders of VALD have taken part in creating
international Virtual atomic and molecular data center
(VAMDC) that joins more than 30 atomic and molecular
databases, including VALD. VAMDC is accessible via user
portal http://portal.vamdc.eu.

OcHoBHble ny6nukayum / Main publications

M.L. Dubernet et al. Journal of Physics B, 49, 074003 (2016)

Yu. V. Pakhomov, T. A. Ryabchikova, N. E. Piskunov, Astron. Rep.,
63,1010 (2019)

D. Albert et al. Atoms, 8, 76 (2020)
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leoepagus none3osamernel 6asel 0aHHbIx VALD / Geography of the VALD users
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KOMETDbI

COMETS

KomeTbl — BakHble npepfctaButeny HaceneHns ConHeuHon
cnctembl. GyHAameHTanbHble MapameTpbl KOMET — pa3mepbl
Aanep, X CTPYKTypa, XMMUYECKMIA COCTaB, CBOMCTBa OPOUT M T. .
— M3MepATCA C MOMOLLbIO CPEACTB HA3EMHOIO M KOCMUYECKO-
ro 6a3MpoBaHuA U ABNAIOTCA BaXKHbIM MCTOUHMKOM MHbOPMaLnm
0 ConHeYHoM cucTeme 1 O ee NPOUCXOXKAEHUN. 3HAUNTESNbHbIN
BKN1af Tak»Ke BHOCAT apXMBHble HaboeHuns.

KauecTBO HayuHbIX [aHHbIX, MOJYUYEHHbIX U3 M300paxeHuN
KOMET, BO MHOrOM OMnpefenAeTcd MeToAaMu, UCMonb3yeMbiMy
na 06paboTKM N300paKeHNN. APXMBHbIE N300PaKeHNS KOMETbI
21P / [kakobuHu-LinHHepa, nonyyeHHble B wuione-ceHTAOpe
1985 r. Ha Teneckone Zeiss 400 UHcTuTyTa actpoHomun PAH,
6bINM NPOaHaNM3MpPoOBaHbl C MNCMOMb30BaHWEM COBPEMEHHOMO
mMeTofa M3BfieYeHVs MHPOPMaLIMKN O CTPYKTYPHbIX KOMIMOHEHTaXx
getsf.

Ha pucyHke BHM3Yy nokasaH pe3synbTaT obpaboTkn doTomso-
6paxeHuna komeTbl 21P / [IxakobuHu-LinHHepa, nonyueHHoro ¢
akcno3uupert 30 MUHYT (neBas naHenb). M3o6paxeHne npoaHa-
NN3MPOBAHO C UCMONb30BaHKeM MeToa getsf. MeTog KoppekTu-
pyeT uCKaxeHua nons, otaenseT ¢GoH, BbigensaeT feTany, B
YaCTHOCTK, BbITAHYTbIE 3a CYET BeAeHVA TeNneckona 3a KOMeTow,
n3obpaxxeHns 3e3n.

T0 ofiHa U3 UANIOCTPALUIA TOTO, YTO NMOMONIHEHVE 3HAHWUIA O
KOMeTax BMOJIHE YCMELHO MOXET CTPOUTHCA Ha OCHOBE UHTEH-
CUBHOTO MCMONb30BaHUA AaHHbIX apX1BoB. OTMETVM, UTO TaKoM
npoLecc BNMCbIBAETCA B KOHLEMNUMIO Pa3BUTMA U UCMOSb30Ba-
HVA BUPTYarnbHbIx 0b6cepBaTopuid, B YacTHOCTH, PBO.

r,

Comets are important representatives of the population of
the Solar System. The fundamental parameters of comets: the
size of nuclei, their structure, chemical composition,
properties of orbits, etc. are measured using both
ground-based and space-based means and are an important
source of information about the Solar System and its origin.
Archival observations also make a significant contribution.

The quality of scientific data obtained from images of
comets is largely determined by the methods used to process
the images. Archival images of comet 21P / Giacobini-Zinner,
obtained in July-September 1985 with the Zeiss 400 telescope
of the Institute of Astronomy of the Russian Academy of
Sciences, were analyzed using the modern method of
extracting information about the structural components getsf.

The figure below shows the result of processing a
photographic image of comet 21P / Giacobini-Zinner,
obtained with an exposure of 30 minutes. The image is parsed
using the getsf method. The method corrects field distortions,
separates the background, and highlights details, in particular,
images of stars that are stretched due to the telescope
following the comet.

This is one of the illustrations of the fact that the

replenishment of knowledge about comets can be quite
successfully built on the basis of the intensive use of these
archives. Note that such a process fits into the concept of the
development and use of virtual observatories, in particular,
the RVO.

Obpabomka uzobpakeHuUa KomMemsl []xakobuHuU-L{uHHepa npu nomowu memoda getsf. BepxHuli paod: UcXoOHOe U306paxkeHue,
omoesieHHbIU (hOH KOMNOHEHMbl OMHOCUMETIbHO Kpy2/lblX CMPYKMYyp U cama 3mad KOMNoHeHmMd, cCoomaemcmaeeHHO. HuxHul
pA0: omOesieHHbIU hOH KOMNOHEHMbI YOSIUHEHHbIX CMPYKMYyp, Cama 3ma KOMNOHeHMa u CyMma hoHa yOnuHeHHbIX CMpPyKmyp ¢
KOMNoHeHmMoU OMHOCUMesbHO Kpyasibix CmpyKmyp, coomeemcmeeHHo / Processing of the image of the comet Jacobini-Zinner
using the extraction method getsf. Upper row: original observed image, separated background of the component of relatively round
structures, and the component itself, respectively. Bottom row: separated background of the component of the elongated
(filamentary) structures, the component itself, and a sum of the background with the component of relatively round structures,

respectively
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ACTPOHOMWYECKUE ACNEKTbl UCCNEQOBAHUN NO NMPOBJIEMAM
KOCMUYECKOIO MYCOPA N ACTEPOUAHO-KOMETHON ONMACHOCTU
ASTRONOMICAL ASPECTS OF STUDIES RELATED TO SPACE DEBSIS AND ASTEROID

AND COMET HAZARD

MHoronnaHoBasa Tema KOCMUYECKUX OMacHOCTeN CTana OgHNM
M3 BaXKHbIX HanpasfieHW COBPeMeHHOW Hayku. B WHctutyTte
actpoHomnn PAH HanpaBsneHve M3yyeHUs KOCMUYECKUX Yrpo3
(onacHocTel) saBnsAeTcA TpagMuMoHHbIM. Crieunduka MHCTUTYTa
NPOABNAETCA B TOM, UTO OCHOBHbIE NCCIef0BaHKA B 5TOM Hanpas-
NeHVn BeyTcA No npobnematrike Kocmmyeckoro mycopa (KM)
acTepongHo-KomeTHow onacHocTy (AKO).

B 2020 r. nog pykosogcrtsom MHACAH (o1B. B.M. LLlycToB) 6bina
npeanpuHATa MomMbiTKa BbIBECTM PaboTy Ha 0O6LLepOCCUNCKIN
ypoBeHb. bbina nofrotoseHa 1 npeacTaBieHa Ha 0O bABEHHDIN
MuHO6pHayKkn KOHKYpC KPYMHbIX MPOEKTOB (T. H. «KOHKYpC
CTOMWINIMOHHMKOB») 3afABKa Ha npoeKkT «DyHaameHTanbHble
OCHOBbI CO3AAHNA POCCUMICKON CUCTEMbI N3YUYEHNA 1 NapupoBa-
HVA KOCMUYECKMX Yrpo3». B cocTaBneHnmn 3asBKM yyacTBOBanM
BeAyLLMe SKCMePTbl NPAKTUYECKN BCEX BeyLLNX HayYHbIX OpraHu-
3aLMI Halel CTpaHbl. 3aABKa NONYyUnnacb OUYeHb KAYECTBEHHOW 1
conugHou. OHa He MpoLuna No KOHKYPCY, HO 3aHANa JOCTaTOYHO
BblcOKoe MecTo. MaTepuanbl 3asBKU elle OyayT 1Cronb30BaHbl B
[anbHelwen pabore.

B aTOM pasgene BHMMaHMIO ynTaTenen npeajiaraeTca HeKoTo-
pble WHTepecHble pe3ynbTaTbl HeAaBHWX WCCIEAOBaHWN MO
npobrneme KOCMMUYECKIIX YrPO3, MPOoBeAeHHbIX B IHCTUTYTe.

CoTpyaHuKy, yyactytolime B pabote no teme: C.M. bapaba-
HoB, H.C. baxturapaes, I'T. bonrosa, B.B. bycapes, B.B. Emenba-
HeHKo, P.B. 3onotapes, A.lN. KapTtawosa, IN.A. JleBkuHa, C.A. Hapo-
eHkoB, M.[J. Cn3oBa, A.C. Wyrapos, b.M. WWycTo., N.H. YyBaLuos.

OcHoBHble ny6nukauum / Main publications
B.M. WycToB, BectHmK Poccuiickon akagemmm Hayk, 89, 777 (2019)
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The multifaceted topic of space hazards has become one of the
important branches of modern science. For the Institute of
Astronomy of the Russian Academy of Sciences studying space
threats (hazards) is a traditional direction of research. The speciality
of the institute is manifested in the fact that the one of the main
fields of the research is related to the problems of space debris (SD)
and potentially hazardous objects (PHO).

In 2020, under the leadership of INASAN (supervisor B.M.
Shustov), an attempt was made to bring the work to the all-Russian
level. An proposal for the project “Fundamental basis of the
creation of a Russian system for the study of and response to space
threats” was prepared and submitted to the competition of large
projects (the so-called “one hundred million competition”)
announced by the Ministry of Education and Science. Leading
experts from almost all the principal scientific organizations of our
country took part in drafting the proposal. The proposal turned out
to be of a very high quality and well-sounded. It did not pass the
competition, but scored rather high. The proposal materials will still
be used in further investigations.

This section presents some interesting results of recent research
on the problem of space threats, carried out at the Institute.

Researchers involved in the studies: S.I. Barabanov, N.S.
Bakhtigaraev, G.T. Bolgova, V.V. Busarev, V.V. Emel'yanenko,
R.\V. Zolotarev, A.P. Kartashova, P.A. Levkina, S.A. Naroenkov,
M.D. Sizova, A.S. Shugarov, B.M. Shustov, I.N. Chuvashov.



PA3PABOTKA NPEAJIOXKEHU MO OCHOBHbIM 3JIEMEHTAM ACTPOHOMUYECKOIO
CErMEHTA U3YYEHUA N MPOTUBOAENCTBUA AKO

PREPARING SUGGESTIONS FOR MAIN ELEMENTS OF ASTRONOMICAL SEGMENT OF
STUDIES AND COUNTERACTION TO ACH

B Poccrmn noka uto HeT ceTu, NpeaHa3HauyeHHoW Aia CUCTEMHO-
ro oOHapy»KeHVsi OnacHbIX acTepouaoB 1 KomeT. MNpeanoxeHns
Mo CO3[aHMI0 Takol ceTy pa3pabaTbiBaloTCA, B YacTHOCTW, B
pamkax MexgyHapogHoro npoekta cTpaH BPUKC (npoekrt
BRICS-OTN). B MIHACAH pa3paboTaH NpoeKTHbIN 0611K nepcnek-
TUBHOIO LUMPOKOYrOIbHOrO Teneckona ¢ aneptypon 1 M ana
pa3BepTbiBaHMWA [N06anbHON CETU 13 HECKONbKIX TENECKOMNOoB /1A
KPYrIIOCYTOUYHOTO KOHTPOMA BCEro JOCTYNHOro Heba u3 oboux
nonywapuin. Pa3paboTaHbl ABa BapuaHTa OMNTUYECKUX CUCTEM
aneptypoi 1 m n F-cooTHowweHrem 1:1.5 1 1: 1.3, a TakxKe TpeTuin
BapuaHT Teneckona ¢ aneptyport 80 cM U GonbWwKMM mnonem
3peHua. OnTuueckad c<xema 1-M Teneckora OCHOBaHa Ha
KOHCTPYKUMK 30HHedeNbaa 1 COCTOUT U3 ABYXJIMH30BOMO MOJHO-
anepTypHOro JIMH30BOIO KOppeKTopa, 3epkana MaHxeHa w
[BYX/IMH30BOro KoppekTopa B6/v3u ¢okKanbHOW nnockoctu. B
ominune ot Kamep Lmmpara,
pa3mep MepBMYHOrO 3epKana
MOXET ObiTb  MeHblle, ueMm

Russia does not yet have a network for the systemic
detection of PHO. Proposals for the creation of such a network
are being developed, in particular, within the framework of the
international project of the BRICS countries (BRICS-OTN
project). INASAN has developed a design shape for a promising
wide-angle telescope with an aperture of 1 m to deploy a
global network of several telescopes for noctidial monitoring
of the entire available sky from both hemispheres.

Two versions of optical systems with an aperture of 1T m and
an F-ratio of 1:1.5 and 1:1.3, as well as a third version of a
telescope with an aperture of 80 cm and a wide field of view,
have been developed. The optical scheme of the 1-m
telescope is based on the Sonnefeld design and consists of a
two-lens full-aperture lens corrector, a Mangin mirror, and a
two-lens corrector near the focal plane. Unlike Schmidt
cameras, the primary mirror
can be smaller than an
entrance  pupil  without

OaMeTp BXOAHOro 3pavka, He
npmBogA K BUHbETUPOBAHUIO.

onTnYeCKnx 3MemMeHTOB UMEIT

chepuueckyio  dopmy, u B
KauectBe maTepuana Ana BCex

BaHa BbiCOKaa TeXHOMOMMY- T
HOCTb U HU3KaA CTOMMOCTb EE_ .
Teneckona. Bce nosepxHoCTU e
oy,
-

causing vignetting. High
technological level and low
cost of the telescope are also
important. All surfaces of the
optical  elements have
spherical shapes, and
inexpensive K8 glass was

chosen as a material for all

anepTypHbIX 311EMEHTOB BblOpa-
HO Hepoporoe crekno K8. B
2020 r. 6bIM  NpPOBEAEHDI
neperosopbl ¢ AO J130C o
BO3MOMHOCT! N3roToBMEHUA
KpynHorabapuTHbIX IH3 AnA 1 M
Teneckona. lomumo  AnHUK
BPUKC paccmaTtpuBatoTca
Apyrvie Nyt GrMHaHCMPOBaHNA NPOeKTa, Hanbornee NepcneKkTMB-
HbIM M3 KOTOpbIX BMAWUTCA nporpamma «MneuHbin [MyTb» K
Pockocmoc.

MpogomkeHbl paboTbl Mo nepcnekTMeHomy npoekty COA
(Cncrema obHapy»eHVA AHEBHbIX acTepounaoB) AN oOHapy»e-
HIIA leKaMeTpOoBbIX (1 6onee KpynHbIX) acTeponaoB, NPUXOSALLMX
C [OHeBHOro Heba (Tvna YenabuHckoro Tena). OgviH wnn aBa
Kocmmyecknx annapata (KA) 6yayT pasmelleHbl B OKPeCTHOCTY
TOUKU Nnbpaumn L, (B cucreme 3emna-ConHue) Ha pacCToAHUN
okono 1.5 MaH KM oT 3emnn. [NaBHble MHCTPYMEHTbI MpPoeKTa
COOA — wwpokoyronbHble Teneckomnbl aneptypon ~30 cwm,
CNOCOOHble Kaxfble HEeCKONIbKO MUHYT OCMaTpMBaTb KOHYCHbIV
6apbep BOKPYr 3emnu ¢ npoHuLaHem fo 17" n obecneurBatb
TOYHOCTb YIMIOBbIX M3MepeHuin nydwe 0.5”. Teneckonbl moryTt
paboTaTb Kak B peXK1Me CKaH1POBaHUA, TaK 1 B PEXMMe CONPOBO-
XKOeHna obbekTa (CM. TakKke pasfen «KocMmuyeckne npoeKTbl») .

B 2020 r. npoBepeHbl paboTbl MO ONpeaeneHno ONTUYECKON
CcXembl LLUIMPOKOYrofbHOro (none 3peHua 3.75°) Teneckona ¢
npeaanepTypHbIM MOBOPOTHLIM 3epKasnioM, 0becrneurBaroLLm
obnactb HaBegeHua 50°x120°. TexHonorvsa npepanepTypHOro
3epKarna ycneLuHo ncnonb3yeTca B KocMoce. Bpema nepeHaBene-
HIA COCTaBUT He 6onee 3 ¢, Bpems OJHOKpaTHOro o63opa onTuye-
cKoro 6apbepa BOKpYr 3eMnn TpeMs Teneckonamm coctaBut 3.5
MUHYTbI.

B nocnegHee Bpema Ha pbiHKe MNoABUAUCH HoBble KMOIT

telescope

MoouguyuposaHHas onmuyeckas cxema wWupoKoy20/1bHO20
1 m meneckona / Modified optical scheme of a wide-angle Tm

the aperture elements. In
2020, negotiations were held
with Lytkarino Optical Glass
Plant on the possibility of
manufacturing large lenses
for the 1 m telescope. Aside
from the BRICS line, other
ways of funding the project
are being considered, the most promising is the Milky Way
program of the State Corporation Roscosmos.

Works on a prospective SODA project, aimed to detect
decameter (and larger) asteroids approaching from the
daytime sky (same as the Chelyabinsk body) are continued.
One or two spacecrafts (SC) will be located in the vicinity of the
libration point L, (in the Earth-Sun system) at a distance of
about 1.5 million km from the Earth. The main instruments of
SODA are wide-angle telescopes with an aperture of ~ 30 cm,
capable of inspecting the conical barrier around the Earth
every few minutes with a penetration of up to 17™ and
providing an accuracy of angular measurements better than
0.5". Telescopes can operate in both scanning mode and
tracking the object (see also “Space Projects” section).

In 2020, the works were carried out on determation of the
optical layout of a wide-angle (field of view 3.75°) telescope
with a pre-aperture rotating mirror providing a targeting area
of 50°x120°. The pre-aperture mirror technology has been
successfully used in space. The re-pointing time will not exceed
3 s, and the duration of a single survey of the optical barrier
around the Earth by three telescopes will be 3.5 minutes.

Recently, modern CMOS detectors with a small pixel (about
5 pum) with sufficient dynamic range and quantum efficiency
have appeared on the market. The use of new CMOS detectors
with a small pixel will allow us to reduce the dimensions of the
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BapuaHm onmuyeckol cxeMbl mesieckona ¢ npedanepmypHeiM 3epKaaom nepeHasedeHus meneckona 01 npoekma CO/A (cnesa),
08yXKOOpOUHAMHOe ONMUKO-MexaHu4yeckoe ckaHupytoujee ycmpolicmeo bCKP-T Ha KA Snekmpo-/1 (cnpasa) / Left: a variant of a
telescope optical scheme with a pre-aperture re-pointong mirror for the SODA project. Right: two coordinate opto-mechanic scanning

device BSKR-T on Electro-L spacecratf

[ETEKTOPbl C MEJIKMM MUKcenemM (OKono 5 MKM), obnagarowme
[OCTaTOUYHbIM AVUHAMUYECKUM AMANAa30HOM U KBAHTOBbIM BbIXO-
gom. Wcnonb3oBaHne HoBbix KMOI [eTeKTOpoB C MeSKUM
nyKcenem Mo3BOAUT YMeHbLUMTL rabaputbl ONTUYECKOrO Yy3na
cnctembl COIA. Hanpumep, MOXeT ObITb MCMONb30BaH COBPe-
MeHHbI KMOIM GSPRINT4521 ¢ ¢poTouyBCTBUTENbHOM 06NacTbio
23%18.4 Mmm, anaroHanbto 29.5 mm.

OcHoBHble ny6nukauum / Main publications

D. Buckley, .. B. Shustov et al, An. Acad. Bras. Ciénc, 93,
id.e20200917 (2021)

AS. Shugarov, V.E. Shmagin, M.A. Nalivkin, INASAN Science
Reports, 5, 230 (2020)

A. Shugarov, B. Shustov, S. Naroenkov, Open Astronomy, 27, 132
(2018)

Bua co cTopOHbI

KA CO[A B Touke L,
Bug co ctopoHsl ConHua

[—.
Fr.
i

optical unit of the SODA system. For example, a modern CMOS
GSPRINT4521 with a 23x18.4 mm photosensitive area, and
diagonal of 29.5 mm can be used.

KoHyenmyaneHsit sud KA COLA c mpemsa meneckonamu / A schematic view of a SODA spacecratf with three telescopes
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NONYYEHUE HOBbIX AAHHbIX HABIIOAEHUA Ob ACTEPOUAAX U KOMETAX,
CBJINMKAIOLLNXCA C BEMNEN

OBTAINING NEW OBSERVATIONAL DATA ON NEAR-EARTH ASTEROIDS AND COMETS

[NockonbKy OCHOBOW HALIMX 3HAHUN O CBOWCTBAX acTepounaoB
aABnaTcA HabnogeHus, B IHACAH ocoboe BHUMaHWe yaenseTcs
HabJoaeHMIo acTepPONaOB, B OCOOEHHOCTM acTeponaoB, Convxa-
towmxca ¢ 3emnen (AC3). Ha obcepatopusix MHACAH (coBmecTHO
c cotpygHukamy TAUL MIY) npoBogATcA Kak MO3MUMOHHbIe
(acTpomeTpuueckre) HabnopeHus, Tak U doToMeTpryecKre
(cnekTpodoTOMETPUYECKME) HabnogeHus, nossosndoLwme
Mn3yyaTb COCTaB W Apyrve CBOWCTBA acTepouaoB. Ha puc. BHM3Y
npeacTaBneHbl pe3yrnbTaTbl 06PAbOTKM HAbMOAATENBHbIX JAaHHbIX
namm AC3 1 nNaTm gpyrix acTepouaoB, MOyYeHHbIX B neprof
2013-2017 rr. Ha 2-m Teneckore TepcKonbCKon obcepBaTopum
NHACAH c MN3C-cnekTporpadom Hr3Koro paspelueHus (R ~ 100) B
anana3oHe 0.35-0.95 Mmkm.

NHACAH yuactsyeT B pabote MexayHapogHoi cetu npepy-
npexneHnst 06 onacHbix actepovigax (IAWN). B 2019 1. nogseaeHb!
UTOrM YCMELIHON MEXOYHAPOAHOW KaMMaHuM Mo HabnoaeHrsm
actepownga 2012 TC4.
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Since most of the things we know on the properties of
asteroids we get from observations, INASAN pays special
attention to the observation of them, especially the
near-Earth ones (NEA). Both positional (astrometric) and
photometric (spectrophotometric) observations are being
carried out at the INASAN observatories (in collaboration with
the SAlI MSU researchers), allowing investigations on the
composition and other properties of asteroids.

In a diagram below the results of processing observational
data are presented from five NEAs and five other asteroids
obtained in 2013-2017 at the 2-m telescope of the INASAN
Terskol Observatory with a low-resolution CCD spectrograph
(R~ 100) in the range 0.35-0.95 pm.

INASAN participates in the International Asteroid Warning
Network (IAWN). In 2019, the results of the successful
international campaign for observations of the 2012 TC4
asteroid were summed up.

OcHoBHble ny6nukauuu / Main publications

M.P. Shcherbina, V.V. Busarev, S.I. Barabanov, Moscow University
Physics Bulletin, No. 6,93 (2019)

V. Reddy, M. Kelly, D. Farnoccia, ... B. Shustov et al., Icarus, 326, 133
(2019)
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HopmupogaHHbie cnekmpsl ompaxeHus dcmepoudos 4450 INMak (a), 2010 TN54 (6), 345 TepyuduHa (8), 381 Muppa (2), 712
bonusuaHa (0), 20826 (e), 93768 (x), 162385 (3), 482 [lempuHa (u) u 863 beHko3na (k). HazeaHus AC3 8bidenieHbl XXUPHbIM
wpugmom / Normalized reflection spectra for asteroids 4450 Pan (a), 2010 TN54 (6), 345 Tercidina (8), 381 Myrrha (2), 712
Boliviana (0), 20826 (e), 93768 (), 162385 (3), 482 Petrina (u) and 863 Benkoela (k). Names of near-Earth asteroids are set in bold

NCCJIEAOBAHUE ABUMEHNA AC3
STUDYING MOTION OF NEAR-EARTH ASTEROIDS

OpHa 13 BaXKHbIX OCOOEHHOCTEN AVHAMMYECKOW 3SBOMOLMM
HaceneHunAa AC3 cocTouT B TOM, UTO YMCIIEHHOCTb HaceneHna AC3
Ha NPOTAXeHUN nocnefHuxX 2-3 MUNIVApAOoB NeT ocCTaBanacb
MOYTU HEM3MEHHOW, XOTA AMHAMMYeCKas LiKana CyLecTBOBaHMA
Tekywero HaceneHusa AC3 OTHOCHTENbHO KOpPOTKa. BbiTAHyTble
op6uTbl AC3 NnoaBepPKEHbI CUTbHBIM BO3MYLLEHWSIM OT MJIAHET U
Ha 3TOW WKasie BpeMeHW OHM IMbo BbibpacbiBaloTcs u3 ConHeu-
HOW cucTembl, NMMbo napaoT Ha ConHue v nnaHetbl. CornacHo
paboTam apyriix aBTOPOB OLIEHKA XapaKTEPHOro Bpems 1CToLe-
HVA (YMeHbLUEeHMA YMCIeHHOCTU Tekyllero HaceneHna AC3 B 2

pasa) t., coctaBnsAet oT 2 o 10 mnH neT, Te. t ., OLeHMBa-

One of the important features of the dynamic evolution of
the NEA population is that the NEA population has remained
almost unchanged over the past 2-3 billion years, although
the dynamic scale of existence of the current NEA population is
relatively short. The elongated orbits of the NEA are subject to
strong perturbations from the planets and on this time scale
they are either ejected from the Solar System or fall on the Sun
and planets. According to the works of other authors, the
estimate of the characteristic depletion time (decrease in the
size of the current population of the NEA by a factor of 2) t, .,
varies from 2 to 10 million years, i.e. t, ., was estimated only
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Cnesa: PacnpedeneHue aHcambsia acmepoudos Ha oudzpamme “a — e ” 8 Ha4asabHbIl MOMeHm 8peMeHU. LLImpuxosas XupHas
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20 yucsa acmepoudos 8 Mooesiu, codepxawieli mosvko AC3, nuHus “b” —

Left: Distribution of the asteroid ensemble in the “a

8 Modesnu, cooepxaujeli 8Clo U3HAYaIbHYIO 8bIOOPKY /

e” diagram at the initial moment of time. The bold dashed line marks the border of
the NEA area. The dotted lines correspond to q values from 0.1 to 1.

9 AU wiith a step of 0.2 AU. Right: Evolutionary changes in the

relative number of NEAs. Line “A” shows the change in the relative number of asteroids in the model containing only NEA, line “B” — in

the model containing the entire original sample

nocb nnwb npubnavxkeHo. OfHaKo 3HadeHue t ., Heobxoanmo
3HaTb TOYHEE, YTOObl MOXKHO ObINIO KONMYECTBEHHO OLIEHVBATb
a[lEKBAaTHOCTb Pa3/INYHbIX MEXAHV3MOB MOMOMHEHNA HaceNneHNn
AC3. Mo3ToMy C NOMOLLbIO YNCIIEHHOW ANHAMMNYECKON MOJENN
sBonoumn HaceneHuss AC3 0Obilo MPOBEAEHO WCCeoBaHNE
AVHaMVKK (Temna yobinin) HaceneHus AC3 1 MoKas3aHo, YTo XapakK-
TEPHOEe BpeMA UCTOLLEHNA cocTaBnAeT 3.5 miH neT. [Ina nccnepo-
BaHUA Obiny oTobpaHbl 3024 peanbHbIX acTepona Pa3sMeEPOM
6oree 1 KM C NepUrenninHbIM pacctosHneM g < 1.6 a.e., 13 HUX 833
AC3 (g < 1.3 a.e), T.e. NpaKTnyeckmn Bce KpynHble AC3. MaBHON
OCOBGEHHOCTbBIO Hallel pPaboTbl ABMSETCS TO, UYTO B HEW BrepBble
MCCNefoBaHa 3aBUCMMOCTb OT HauabHbIX 3HAYEHWI NapamMeTpPOB
0OpOUTBI: GONBLLION MONYOCH d U SKCLIEHTpUCKTETA e. [oKa3aHo, uTo
3Ta 3aBUCMMOCTb BeCbMa CUbHaA: ANA NOAMHOXECTBA acTepou-
AOB C bonbWVMU A W et ., B ACATKN Pa3 MeHbLUE, YeM Y MOAMHO-
»ecTBa C ManbIMK a v e. [onyyeHHble OLeHKM 3aBUCUMOCTY BaXKHbl
ANA KONMYECTBEHHOMO aHasM3a afekBaTHOCTM Pa3fIMYHbIX MoAe-
nen MexaH1M3MOB NONoIHeHNUA HaceneHna AC3.

OcHoBHble ny6nukauum / Main publications
R.V. Zolotarev, B.M. Shustov, Astron. Rep., 65,518 (2021)

roughly. However, the tyen value needs to be known more
precisely in order to be able to quantify the adequacy of
various mechanisms of population replenishment in the NEA.
Therefore, using a numerical dynamic model of the evolution
of the NEA population, a study of the dynamics (rate of
decline) of the NEA population was carried out and it was
shown that the characteristic time of depletion is 3.5 Myr. The
3024 real asteroids were selected for the study with the sizes
of more than 1 km and perihelion distances of g < 1.6 AU.
There were 833 NEAs (g < 1.3 AU) in the selecton, almost all of
them are large NEAs. The main feature of our work is that it
was the first to investigate the dependence on the initial
values of the orbital parameters: semi-major axis a and
eccentricity e. This dependence was proved to be very strong:
for the subset of asteroids with large aand e, tyen IS several tens
smaller than for the subset with small a and e. The obtained
estimates of dependence are important for quantitatively
analysis of the adequacy of various models of mechanisms for
replenishing the NEA population.

CBA3b AMHAMUYECKUX NMPOLIECCOB B 3BE3AHOM HACEJIEHUU TAJTIAKTUKU U UICTOPUN
BOMBAPAUPOBKU 3EMJI MAJTbIMU TEJIAMU COJIHEYHOIN CUCTEMDbI

RELATION BETWEEN DYNAMICAL PROCESSES IN THE STELLAR POPULATION OF THE GALAXY

AND HISTORY OF EARTH BOMBARDMENT

HeunsbexHble cOnNMKeHWst 3Be3a W 3Be3AHbIX CKOMMEHWU C
ConHeyHom CMCTEMON [0 KPUTUYECKMX PACCTOAHUI OKasblBanu
6yayT OKasbiBaTb CyLECTBEHHOE BO3[ENCTBME Ha AMHAMIKY TeN B
obnake OopTa, BbI3blBasA, B YaCTHOCTW, NOABSIEHME HOBbIX AOMTO-
nepuoamyeckrx komeT. CYUMTAETCA, YTO OYEHD TECHbIE CONMMKEHNA
MOI/IM BbI3BaTb T. H. KOMETHbIE JIMBHU, T. €. PE3KOe YBeMYeHme
Temna BbiMafeHVsA KOMeT Ha 3emito. YacToTy Takux cOnviKeHun
HY>KHO YUMTbIBaTb, B YaCTHOCTK, B aHanm3e npobnembl AKO.

B MHACAH Ha oOCHOBe CTOXaCTM4eCcKoro MOAeNMpOoBaHMA
JABVIXKEHNI 3Be3[, 1 CKOMJIeHNI B OKpecTHOCTY COoNHeYHOM cucTe-
Mbl MOJSTlyyeHa OLEeHKa 3aBUCUMOCTM YacTOTbl CONMVXKEHWUI CO
3Be37aMu OT «NpuLenbHOro pacctosHusa» d o ConHua. 3ty
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BY MINOR BODIES OF THE SOLAR SYSTEM

The inevitable close encounters of stars and star clusters to
the Solar System up to critical distances has had and will have
a significant impact on the dynamics of bodies in the Oort
cloud, causing, in particular, the appearance of new
long-period comets. It is believed that very close encounters
could cause the so-called comet showers, that is, a sharp
increase in the rate of comets falling on the Earth. The
frequency of such encounters should be taken into account, in
particular, in the analysis of the PHO problem.

On the basis of stochastic modeling of the motions of stars
and clusters in the vicinity of the Solar System, researchers of
INASAN estimated the dependence of the frequency of



3aBUCKMOCTb MOXHO MCMOMb30BaTb, Hanpumep, AiA OUEHKU
yacToTbl coNMKeHU CONHEYHOMN CUCTEMBI CO 3BE3aMU Ha KpUTV-
yeckoe pacctosHue (0.5 nK, T. e. pasmep BHewHero O6naka
Oopra). BblBog — KpUTMUeCKMe COMMKEHVA MPOUCXOAAT
HECKOJIbKO Pa3s B TeUeHne MAIIOHA JeT.

OcHoBHble ny6nukauum / Main publications
B.M. Shustov, S.V. Vereshchagin, M.D. Sizova, INASAN Science
Reports, 5, 89 (2020)

encounters with stars on the impact distance d_ to the Sun.
This dependence can be used, for example, to estimate the
frequency of approaches of the Solar System with stars at a
critical distance (0.5 pc, i.e., the size of the outer Oort Cloud).
The conclusion is that critical encounters occur several times
over a million years.

COBEPLUEHCTBOBAHUE METOAOB OTKJIOHEH/A ONMACHbIX HEBECHDbIX TEJ

ADVANCING METHODS OF DEFLECTION OF HAZARDOUS BODIES

B MHACAH wr3yyatotcss MeTofbl OTKIOHEHWs OMNacHoro Hebec-
Horo Tena (OHT) co ctonkHoBWTENbHOWM 0pbUTbI. [Mogxoa yCIoBHO
MOXHO pa3fennTb Ha ABa TUMa: KUHETUYECKNI (T.e. NCMOoNnb3yo-
LKA Nepedady MMnynbca Teny) 1 SHepreTnyecknn (T.e. nepeaato-
WM SHEPruto). YNCTO KMHETMYECKNIA NOAXOR NpY NpoCTenLwen
NOCTaHOBKe CBOAMTCA K peLUeHMio 3adaun O (4acTMUHO) Heynpy-
rOM CTOJIKHOBEHUW YAAPHMKa U MULLEHU, 1 NPY MarbIX CKOPOCTAX
COyAapPeHNA 1 LIeHTParibHOM yjape aHanm3 pe3ysibTaToB CTONIKHO-
BEHWA BeCbMa NPOCT. KapTuHa CyLLeCcTBEHHO YCIIOXKHAETCS, KOraa
13 MULLIEHW BbIOpacbIBaeTcA BellecTBO. Ha BbIGPOC yXOaWT YacTb
3Heprun yaapHuKka. Mpu 3Tom acteporily MOXeT nepefaBaTbcs
LOMOMHUTENbHBIA MMMYNbC. 1A OUEHKM 3TOro MNpeBbIEHNA
MCNosb3yeTcd Tak HasblBaemblll  KOIGOULMEHT  ycuneHua
(multiplication factor) 3: uem 6onblue (3, Tem apdeKTBHEE BO3AEN-
cTBUe.

MeTop nyykoBOro BO3[eNcTBMA 0ObIYHO CUMTAIOT K KMHETUYE-
CKOMy TuMy, T.e. Ny4YoK yactuy nepegaet OHT cBoli nmnynbe, 1
TakM 06pa3omM MeHsieT opbuTy a1oro Tena. Mpwu 3Tom addexTrB-
HOCTb TaKOro NOAX0/1a OrpaHyeHa 3anacom MMMy bca yaapHrKa.
B MHACAH pa3pabotaHa naes, npeanoxeHHasa ousvkamm us NAO
CO PAH. Vigea cocTouT B TOM, YTO YaCTb SHEPIMUN NyyKa MOXKET
TPaTUTbCA Ha BbIOPOC BellecTBa M3 MuweHW. [Npegnaraerca
MCMoJb30BaTb 3aBUCMOCTb MOTEPY SHEPTUM YaCTULibl OT ryou-
Hbl MPOHNKHOBEHUA B BELLECTBO. 3TOT SPdEKT Nonyymnsn HasgaHue
nvika bparra. BoleneHune sHeprum B rnyoriHe Tena MOXeT npuse-
CTU K pa3pyLUEHWIO 1 BbIOPOCY BblLLENeXaLLyX ClI0eB, YToO O3Haya-
€T, UTO MU1LUEHb MOJTYYUT UMMYNbC B HANPaBeHUN, NeprieHanKy-
nApHOM 0651yYaeMoli NOBEPXHOCTY, UTO YBENNYMBAET ero b dek-
TUBHOCTb.

OcHoBHble ny6nukauuu / Main publications
M.D. Sizova, B.M. Shustov, INASAN Science Reports, 4,349 (2019)

Another area of research in INASAN is studying the methods
for deflecting a potentially hazardous objects (PHO) from a
collision orbit. The approach can be conditionally divided into
two types: kinetic (i.e., using the transfer of momentum to the
body) and energetic (i.e., transferring energy). The purely
kinetic approach in the simplest formulation is reduced to
solving the problem of (partially) inelastic collision of the
impactor and the target. At low collision velocities and central
impact, the analysis of the collision results is very simple. The
picture becomes much more complicated when the material
is ejected from the target. Part of the impactor's energy is
spent on the ejection. In this case, an additional impulse can
be transferred to the asteroid. To estimate this excess, the
so-called multiplication factor B is used: the greater { is, the
more effective is the impact.

The beam impact method is usually considered to be of the
kinetic type, i.e. the particle beam transfers its momentum to
the PHO, and thus changes the orbit of this body. Moreover,
the effectiveness of this approach is limited by the impulse
reserve of the impactor. An idea proposed by physicists from
the INP SB RAS was developed at INASAN. The idea is that part
of the beam energy can be spent on ejecting matter from the
target. It is proposed to use the dependence of the particle
energy loss on the depth of penetration into the material. This
effect is called the Bragg peak. The release of energy deep in
the body can lead to the destruction and ejection of the
overlying layers, which means that the target will receive an
impulse in the direction perpendicular to the irradiated
surface, which increases its effectiveness.

HABNIOAEHNA U MOAEJIN ABUXKEHUA KOCMNYECKOIO MYCOPA

OBSERVATIONS AND MODELS OF SPACE DEBRIS MOTION

I'Ip06nema KOCMNYECKOro Mycopa rnoka eLle faneka ot pelle-
HUA. Mbl HaxoAMMCA Ha CTagun ee NHTEHCUBHOro n3yvyeHuAa, n
PONb Hayku 30eCb 0COBEHHO 3HaunTeNbHa. MoXHO BblAENNTb TPU
OCHOBHbI€e acCrneKkTa I'IpO6l'IEMbII

. O6Hapy»eHune 1 MOHUTOPUHT 06bekToB KM
. OueHKa punckos
. Pa3paboTka MeTofOB NpenoTBpalLeHVA 3acopeHus 1

OUMCTKM OKOSTO3EMHOI0 KOCMUYECKOro NPOCTPaHCTBa

B Poccum nepBas npobnema peLuaeTca B OCHOBHOM CpefcTBa-
MK Pockocmoca 1 napTHepCKnx opraHmsaumii. OgHako 3Tn cepuin-
Hble cpefcTBa (bakTruecku ciy»kba) He MOryT TPaTUTb BPeMs Ha
[OeTanbHOoe M3yyeHre OTAENbHbIX, HO BaXHbIX acneKToB. 34ecb
CyLecTBEHHOe 3HauyeHWe MMEET MOMOLLb CO CTOPOHbI HayKW.
MpounniocTpypyeM HeKOoTOpble  YHMKaNbHble  BO3MOXHOCTYU
Hayu4HbIX LeHTpoB Ha npumepe MHACAH.

B cBA3M c 6ypHbIM POCTOM MHTEpPeca K UCMONb30BaHMIO Mano-
pa3mepHbix KA Bce Gonbliuee BHUMaHUE yAensaeTca ClOXHON u

The problem of space debris (SD) is still far from solution.
Currently we are at the stage of intensive study of that
problem. The role of science is especially significant here.
There are three main aspects of the problem:

. Detection and monitoring of SD objects
. Risk assessment
. Development of methods for removal of SD and

preventing further contamination of near-Earth space

In Russia, the first problem in the list is being solved mainly
by means of Roscosmos and partner organizations.

However, these industrial tools (actually, a service) are not
able to spend enough time on a detailed study of specific, but
important aspects. So assistance of science is essential here.
Let us illustrate some of the unique capabilities of research
centers, using INASAN as an example.

Due to the rapid growth of interest in the use of small-sized
spacecrafts, attention to the complex and still unresolved
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Kpussie 6necka o6vekma «Cupuo-1» / Light curves of Sirio-1 object

MoKa HepeLleHHON 3afjaue OOHAPYXKEHMS 1 MOHUTOPVHIA CBEpPX-
MaslopasMepHbIX OOBLEKTOB (MeHee 5 CM Ha HM3KKX opbuTax u
MeHee 10 cM B 0651aCTV FeOCUHXPOHHBIX opbut — 'CO). B 2020 T
cotpygHukn MHACAH (H.C.baxturapaes, l.AJleBKnHa) npopne-
MOHCTPUPOBanu, uyTo ANia HabnogeHnin Ha FCO Taknx 06BbEKTOB,
3¢ dEKTMBHBI KPYrNHble acTPOHOMMYeCKUe Teneckonbl. Ha obcep-
BaTOpMM Ha nuke Tepckon Mpv noMowmM 2-M Teneckona
Lleiicc-2000 24 ceHTs6psa 2020 r. Bnepsble Obl1 OOHAPYXKEH 1
HabMoJaNCA B TeUEHME ABYX HOUEl Ha reocTalmoHapHom opbute
¢dparmMeHT Kocmmuyeckoro Mmycopa 20-1 3BE3OHON BEUYUHDI
(pasmep meHee 10 cm). B guHaMumueckon 6aze KOCMUYECKUX
06bekToB UMM nm. M.B. Kenpgpilia 06beKT KaTanormsmpoBaH rnog
Homepom 71113. IHTepecHo, UTo 3TOT GpparMeHT KOCMUYECKOTO
Mycopa UMeeT 6oJbLLOe OTHOLLEHMe MioLaab/mMacca 3.38 M/Kr.
Takim 06pa3om, MPOAEMOHCTPMPOBAHbI MOTEHLMANbHbIE, HO
MoKa Masnouncrosib3yemble, BO3MOXHOCTV KPYTHbIX POCCUNCKUX
ACTPOHOMMUYECKUX TENECKOMOB [/ PELLEHVA BXKHOI Npobnembl,
MMEIOLLIEN KaK Hay4YHOe, TaK 1 NMPUKIaHOE 3HAaYeH e,

71 e yyeHble O6HapYKMN paHee He OTMEeYaBLLEeeCs HeOObIY-
Hoe rnoBefeHMe HekoTopbix KA. Hanpumep, y WTanbAHCKOro
3KCMEePYMEHTANIbHOTO CMYTHMKA CBA3M «CUpPrO-1», 3amnyLLeHHOro
Ha [CO B 1977 r 1 gaBHO OTpaboTaBLUEro CBOW CPOK, 0OHAPYKEHO
XapaKTepHOe M3MeHeHMe b6riecka C NeprofoM, PaBHbIM 24 yacam
3BE3QHOr0 BpemMeHu. Ha pricyHKe BBepxy MPUBOAATCA KpUBble
6necka «Cnpuio-1» B3V BepXHel KynbMUHALMK, NOMyYeHHble 6
1 12 pekabps 2019 r. B Tepckonbckon obcepsatopun B Gunbtpe R.
Briepsble y 3Toro o6bekta KM 06Hapy»eHO xapaKTepHoe 13MeHe
Hvie Ornecka OAVHAKOBOW aMMWTYAbl, OQVHAKOBOW MPOLOMKI-
TEeNbHOCTY, OAMHAKOBOW GOPMbI C MEPOLOM, PaBHbIM 3BE34HbIM
cyTKam. B ceHTsbpe 2020 r. Takre e XapaKTepHble M3MeHeHMs
6necka MOBTOPANUCL Ha TOM >Ke ydyacTke opbuTbl. [MpuumHbl
TaKoro CTPAHHOrO MOBEAEHVS «MEpPTBOro» OObeKTa MOoKa He
BbISICHEHDI.

OcHoBHble ny6nukauum / Main publications

problem of detecting and monitoring ultra-small-sized objects
(less than 5 cm in low orbits and less than 10 cm in the region
of geosynchronous orbits — GSO) keeps increasing. In 2020,
researchers of INASAN (N.S. Bakhtigaraev, P.A. Levkina) proved
that for observing such objects in the GSO larger astrophysical
telescopes are effective.

On September 24, 2020 at the Terskol Observatory, a
fragment of space debris in geostationary orbit was first
discovered and observed for two nights in geostationary orbit
using the 2-m Zeiss-2000 telescope. The object was of the 20th
magnitude with the size less than 10 cm. In the dynamic
database of space objects of the Keldysh Institute of Applied
Mathematics, the object is cataloged under the number
71113. Interestingly, this fragment of space debris has a high
area-to-mass ratio of 3.38 m?/kg. Thus, the potential, but so far
underutilized capabilities of large Russian astronomical
telescopes for solving this important problem of both
scientific and applied significance are demostrated.

These researchers have discovered previously undetected
unusual behavior of some spacecrafts. For example, the Italian
experimental communications satellite “Sirio-1”, launched at
the GSO in 1977 and long past its service life, has a
characteristic change in brightness with a period equal to 24
hours of sidereal time. A diagram above shows the light curves
of “Sirio-1" near the upper culmination obtained on December
6 and 12,2019 at the Terskol Observatory in the R filter. For the
first time, a characteristic change in brightness of the same
amplitude, the same duration, and the same shape with a
period equal to a sidereal day was found in this SD object. In
September 2020, the same characteristic brightness variations
were repeated in the same part of the orbit. The reasons for
this strange behavior of the “dead” object have not yet been
clarified.

H.C.. Baxturapaes, M.A. JleBkuHa, B.B. Yazos, C6. Tpynos Bcepoccuinckor KoHdepeHLUn ¢ MexayHapoaHbIM yuacTriem «KocMmuyeckuin
Mycop: byHAaMeHTanbHbIe U NpaKTUYecKue acnekTbl yrpo3bi». / Mog pea. J1. M. 3eneHoro, b. M. Lycrosa. M.: VIKW PAH, c. 139 (2019)
G.l. Kokhirova, N.S. Bakhtigaraev, P.A. Levkina, V.V. Chazov, U.Kh. Khamroev, INASAN Science Reports, 5, 282 (2020)
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NEKTP-YO” -

“BCEMWPHAA KOCMNYECKAA OBCEPBATOPUA - YJIbTPAOUOJIET”

WORLD SPACE OBSERVATORY - ULTRAVIOLET (SPEKTR-UF) PROJECT

DyHaameHTanbHble KOCMUYECKMEe NCCIIeOBaHNA ABAAOTCA He
TOMNbKO BaXKHbIM HarpasiieHneM UCCIeOBaHUIA, HO U <BU3UTHOW
kaptouko» WHACAH. WHctutyT 3aHMmaetca paspaboTkoi
HabnofaTesbHbIX MHCTPYMEHTOB KOCMMYeckoro 6asnpoBaHuA
— KpynHol mHorouenesoli obcepatopumn «Cnektp-YO» ans
HabnofgeHu B ynbTpadnoneToBoM AMana3oHe, a Takke NorcKo-
BbIX TENECKOMOB /151 HabnoAeHNA acTPOHOMNYECKNX 0ObEeKTOB
Kak B 6nvXKHeMm, Tak 1 B JanibHeM KOCMoce.

CoBeTcKUe yueHble 1 CNeLManmnCTbl Mo KOCMUYECKOW TEXHNKE
LOOMNNCb 3HAUNTENbHBIX YCMEXOB BO BHEaTMOCHEepPHbIX Habsio-
JeHusax GnarofapA Co3daHuIo KOCMUYeCKon obcepBatopum
«ACTpoH» (pyK. akag. A.A. boapuyk, rmaBHbIi KOHCTPYKTOP A.A.
Mowwees, ronosHasa opraHmzauma HINO um. CA. JlaBOUKMHa,
HbiHe AO «HIMO JlaBoukuHa»). C nomoLbto 3Tol obcepBaTopum
(1983-1989 rr.), Ha 60pTY KOTOPOW ObIN YCTaHOBNEH Teneckon
«Cnvka» aneptypoit 80 cm, 6bin NMoyYeH pag BaXKHbIX pe3ynbTa-
ToB. B uactHoct, ypanocb npoHabniogate komety lannes B
1985-1986 rr. n BcnblwKy cBepxHoBon SN1987A B Bonbliom
MarennaHosom Obnake B KoHue ¢eBpans 1987 r.

Ycnex obcepBaTopun «ACTPOH» BAOXHOBW OTEUECTBEHHbIX
YUeHbIX U CNeLranvCcToB Ha Co3faHre ApYyron KpynHom obcepsa-
TOPWUW, CPABHMMOWN MO BO3MOXHOCTAM C obcepBaTopuen nm.
Xa66na. MNpoeKT nonyunn HaseaHne «CnekTp-YO» 1 cTan ogHUM
13 NPOEKTOB poccuiickom cepun «CnekTp» Hapsaay C NpoeKTaMu
«CnekTp-P» (3anyweH B 2011 r., 3aBepwmn paboty B 2019 1.) 1
«CnekTp-Pl» (3anyweH B 2019 1. 1 y>ke AaeT yHMKaNbHble pe3ynb-
TaTbl).

Lenbto npoekrta «Cnektp-YO» ABNAeTcA co3faHMe KocMuUye-
cKoll obcepBaTopun, nNpeaHa3sHAuYeHHOW [Ans MpPoBefeHUs
HabnofeHNi B BakyyMHOM 1 6nivxkHem YD-Arnana3oHax aNeKTpo-
MarHuTHoro cnekTpa (115-310 Hm). Kak B pOCCUIACKOM, TaK 1 B
MMPOBOM aCTPOHOMMNYECKOM COo00LLEecTBe NPoeKT «CnekTp-YO»
M3BECTEH TaKXKe Moj Ha3BaHmem «BcemumpHas Kocmuyeckas
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Fundamental space research is not just an important
research direction, but also a notable feature of INASAN. The
Institute is engaged in the development of space-based
observational instruments — a large multipurpose
observatory “WSO-UV” for observations in the ultraviolet
range, as well as search telescopes for observing astronomical
objects in both near and deep space.

Soviet scientists and specialists in space technology
achieved significant success in extra-atmospheric observations
thanks to the creation of the “ASTRON” space observatory
(headed by Academician A. A. Boyarchuk, Chief constructor
A.A. Moisheev, the lead organization “NPO Lavochkin”). The
Spica telescope with an aperture of 80 cm, which was installed
on the board of this observatory, allowed obtaining a number
of important results in 1983-1989. In particular, observations
of Halley's comet in 1985-1986 and the SN1987A supernova in
the Large Magellanic Cloud at the end of February 1987 were
carried out.

Successes of ASTRON inspired Russian scientists and
specialists to create another large observatory, comparable in
capabilities to the Hubble Space Telescope. The project was
named “Spektr-UF”. It became one of the projects of the
Russian "Spektr" series along with the projects “Spektr-R”
(launched in 2011, operations ended in 2019) and “Spektr-RG”
(launched in 2019 and is already yielding unique results).

The goal of the Spektr-UF project is to create a space
observatory designed to carry out observations in the vacuum
and near-UV ranges of the electromagnetic spectrum
(115-310 nm). Both in Russian and in international
astronomical community, the Spektr-UF project is also known
as World Space Observatory — Ultraviolet (WSO-UV). Its main
purpose is to provide a detailed study of astronomical objects
by means of UV spectroscopy and to obtain high-quality



obcepBatopua - ynbTpaduoner» (WSO-UV, World Space
Observatory — Ultraviolet). Ee ocHoBHOe Ha3HaueHne — feTasb-
Hoe WuCcnefoBaHNe acTPOHOMUYECKUX OOBEKTOB MeTofamu
YO-cneKTpocKonMn 1 MOCTPOEHMA  BbICOKOKAUeCTBEHHbIX
N306paxXeHN Ha CPaBHUTENbHO Masiom none 3peHus (go 10
YrNoBbIX MUHYT). [ONOBHOWM opraHu3auuert No KOCMUYeCcKomy
komnnekcy «Cnektp-YO» B uenom asnaetca AO «HINO JlaBouku-
Ha», TofIoBHOM HayuHol opraHusaunein — VIHACAH. Pa6oTbl
Haf NpoeKToM BedyTcA B 6onblion koonepauuy, nomumo AO
«HMO NaBouknHa» n MHACAH skniovatolen MK PAH, OVAH,
CAO PAH, JlbITKapyHCKUI 3aBOA OMNTMYECKOro CTeKna, npea-
npuATMA rockopnopaumi «Pocatom» n Pockocmoc 1 pAag
Apyrux opraHunsauuin. B npoekrte npuHnmaet yyactre MicnaHua:
no cornatieHnto ¢ PockocMocom ncnaHcKue Konneru noctaBns-
10T NPUEMHUKN W3NyYeHUA AS1A Kamep MofAa N y4yacTBYIOT B
paboTtax MO CO3[aHMI0 HA3eMHOrO HayyHOro KOMIUIEKCa.
3anABKy Ha yvacTme B npoekTe chenana AnoHuWA, nonyyeHo
odrLmanbHoe NMCbMO O HaMePEHNAX OT KOCMUYECKOTO areHT-
ctBa AnoHun JAXA.

C nomolypto npubopos npoekta «CnekTp-YO» acTpoHOMbI
6yayT nonyyaTb CMeKTpbl CabblX WCTOYHMKOB W CTPOUTb
n3obpaxeHnsa B YO. Mepen NPOEKTOM NOCTaBneHbl ambuLmos-
Hble 334aYn JOCTUXKEHWNA BbICOKOrO CMeKTpasibHOro paspetue-
HMA (~55 000), oueHb BbICOKOTrO YrIOBOroO pa3pelleHns (yylue
0.1 yrnoBon ceKyHfbl), @ AN1A U3yuyeHnA cnabblX NCTOYHNKOB —
BbICOKOW MpoHuLatoLern cnocobHocTtn. B nepron 2025-2030 rr.
3T0 6yAeT eAVHCTBEHHDBIN 1 MO3TOMY KpaliHe BOCTPeOOBaHHbIN
KpynHbin YO-Teneckon. CornacHo nnaHam 3apybexkHbIX KocMu-
YeCcKMX areHTCTB, criepyowme KpynHble YO-Teneckonbl 6ynyT
3anyLeHbl He paHee Havana 2030-x rr.

ObcepBatopusa  «CnekTp-YO»  MHorouenesad. [naBHble
HanpaB/ieHMA HayuyHblX uccnepgoBaHuin ¢ KA «Cnektp-YO»
TaKOBbI: MOVCK CKPbITOro 6aproHHOrO BellecTBa Bo BceneHHom;
nccnefoBaHe  3HepreTMyHbiX (B YaCTHOCTM,  B3PbIBHbIX)
NpOoLeccoB B ranakTukax, 3Be3fdax M KOMMaKTHbIX oObeKTax;
nccnepoBaHve ponu YO-n3nyyeHna B NPOVNCXOXAEHWUN KU3HN
BO BceneHHoi. YD-cneKTpockonua BeCbMa nepcrneKkTuBHa ans
nccnepoBaHma atMochep sk3onnaHeT. HabnogeHna sk3onna-
HeT 1 AeTasibHoe 13yyeHre ux atmochep
NMOMOXeT NMOHATb NpoLieccbl popmrpoBa-
HWA MnaHeT n ux atMochep U JanbHen-
LUYIO 3BOMIIOLUMIO 3TUX cmcTeM. HayuHbin
KomuTeT obcepBaTopum  «CnekTp-YO»,
BK/IOYAKOLMI KaK POCCUNCKMX, TaK U
3apYOeXHbIX  y4eHblX, MNpUCTYynua K
bopMMpoBaHMIO MPOrpammbl  Hay4HbIX
nccnefoBaHWn. 3anyck, NnaHMpyembli B
2025 r, cTMMynupyeT  KOMaHpy
«Cnektp-YO» B WHACAH pabotatb
WHTEHCVBHO 1 OTBETCTBEHHO.

CanHue sy nTHER
Banmga

¥ion nTopu-Korg
RO

Kocmuueckuti annapam
«Cnekmp-Y®» / "Spektr-UF" spacecraft

JHUOHTHAR KPS

Beragnni QaTiue

images in a relatively small field of view (up to 10 arc minutes).
The lead organization for the Spektr-UF space complex as a
whole is NPO Lavochkina JSC, the principal scientific
organization is INASAN. Works on the project require large
cooperation, including also IKI RAS, LPI RAS, SAO RAS,
Lytkarino Optical Glass Plant, enterprises of the state
corporations “Rosatom” and “Roscosmos” and a number of
other organizations. A foreign partner of the project is Spain.
Under an agreement with Roscosmos, Spanish colleagues are
supplying radiation receivers for field cameras and participate
in the creation of a ground-based scientific complex. Japan has
made a proposal for participation in the project as well: an
official letter of intent has been received from the Japanese
space agency JAXA.

With the help of instruments of the Spektr-UF project,
astronomers will be able to acquire spectra of faint sources and
construct images in UV. The project set ambitious tasks to
achieve high spectral resolution (~55000), very high angular
resolution (better than 0.1 arc seconds), and high penetrating
power for the study of weak sources. In 2025-2030, it will be
the only and therefore extremely demanded large UV
telescope. According to the plans of foreign space agencies,
the next large UV telescopes will be launched no earlier than
the early 2030s.

The Spektr-UF observatory is multipurpose. The main
scientific interests are: the search for hidden baryonic matterin
the Universe; study of energetic (in particular, explosive)
processes in galaxies, stars and compact objects; study of the
role of UV radiation in the origin of life in the Universe. UV
spectroscopy is very promising for studying atmospheres of
exoplanets. Observations of exoplanets and a detailed study of
their atmospheres will help to understand the formation
processes of planets and their atmospheres and the further
evolution of these systems. The Scientific Committee of the
Spektr-UF Observatory, including both Russian and foreign
scientists, started to form a research program. The forthcoming
launch, scheduled for 2025, encourages the Spektr-UF team at
INASAN to work hard, with full devotion and responsibility.
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NMPOEKT KUTANCKO-POCCUNCKOIO TEJIECKOIMNA, COBUPAEMOIO HA OPBUTE (OAST)

CHINESE-RUSSIAN ON-ORBIT-ASSEMBLING SPACE TELESCOPE (OAST)

Onsa  wccnegoBaHnA  cnabblX  MCTOYHMKOB  HEOOXOAMMO
CTPOWTb ACTPOHOMUYECKME TeNleCKoMbl 60MbWINX ANAMETPOB.
CotpyaHukamu MHACAH cOBMeCTHO C KUTancKumMm Konsieramm
13 YaHbUYHbCKOrO MHCTUTYTa OMTMKWU, TOYHOM MEXaHUKM U
¢usmkn Akagemunn Hayk KuTtas paspaboTaHa KoHuenuwus

Building large-diameter astronomical telescopes is essential
or studies of faint sources. INASAN employees together with
Chinese colleagues from the Changchun Institute of Optics,
Fine Mechanics and Physics, Chinese Academy of Sciences,
created a concept of OAST (On-orbit Assembling Space
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Teneckona OAST (On-orbit Assembling Space Telescope) anep-
Typori 10 M ana npoBefeHUs HabnogeHnn B ontndeckom, YO u
WK pgranasoHax. B otnnume OT TpaguUMVOHHBIX TENeCcKonos,
OAST 6yfeT CnpoeKTUPOBaH 1 M3rOTOBJIEH MOAYNbHO, Nocsne
yero bynet npoBefeHa ero cbopka B Kocmoce. Vcnonb3oBaHuve
KacCMUeCcKnX TEXHONOTMIA OrPaHNYMBAET AMAMETP KOCMUYe-
CKOro TefleCKomna HEeCcKONIbKMMK MeTpamu. Kpome Toro, Takue
NpPoeKTbl ouyeHb Joporn. O6WUA OHIKET KOCMMUYECKOrO
Teneckorna um. Xabbna ¢ uenbHbIM 3epKanom AaMeTpom 2.4 M
COCTaBfAeT MOUCTMHE aCTPOHOMMYECKYD cymmy B 10 mnpga
ponnapos CLUA. BrogxkeT kocmmyeckoro Teneckona JWST (James
Webb Space Telescope, Teneckon mmeHn xeimca Y366a) c
[AVaMEeTPOM IaBHOrO 3epKana 6.5 M OyfeT He MeHblUe, HeCMO-
TPA Ha MCMNOMb30BaHME TEXHONOMMUN 3epKasa, COCTOALLEero r3
CEerMeHTOB.

B npoekte Teneckona OAST, cobrpaemoro Ha opbuTe, npea-
naraeTca peanu3oBaTb OAWH M3 Hambonee OCyLeCTBUMbBIX U
SKOHOMMYHbIX METOLOB CO3[4aHMA KOCMUYECKOro Teneckona
10-meTpoBoro Knacca. lpobnema W3roToBneHUs GONbLIOrO
3epKana peLleHa 3a CYeT UCMNONb30BaHKA CErMEHTOB YMEPEHHO-
ro pasmepa. bnarogapsa mogynbHOMy NPUHLMNY KOHCTPYKLMK,
OTCYTCTBYET HEOOXOANMOCTb UCTbITAHMS MOJIHOCTbIO COOPAHHO-
ro u3genua Ha HazemHom cteHfe. OTaenbHble mogynu 6yayT
UCMbITbIBaTbCA MHAVBYAYANbHO Ha MMeloLLemMca 060pyoBaHNY,
YTO 3HAUMTENbHO ObneryaeT 3Ty BaXHyl 3agady. bonbluas
yactb mogyneit OAST MOXeT ObITb 3aMEHEHa, UTO YBENTMYMBAET
Hafl©>KHOCTb UHCTPYMeHTa. [naHupyeTcs, 4yto MpoekT Oypet
peann3oBaH HECKONbKMMW CTpaHamu, B MepByl0 ouepedb
Kutaem n Poccumen. [Mpn Takom mogynbHOM NOAXOAe Kaxgasn 3
CTpaH-y4acTHWL, MOXET ObiTb OTBETCTBEHHA 33 OMpefeieHHbIe
3/1eMeHTbl KOHCTPYKLMW, YTO CYLLIECTBEHHO YyNpOLLaeT B3aumo-
JeCTBre Mexay napTHepamu. 3anyck mMopgynen Teneckorna Ha
0pbUTY MOXKET ObITb OCYLLECTBIIEH HECKONIbKUMI HOCUTENSIMY,
Takum 00pa3oM pa3mepbl U BbiBOAMMAs Macca 6ornblie He
ABNAOTCA HENPEOAOVIMbIMU OFPAHNYEHNAMMN.

HayuHble 3agauu, pelueHne KOTOPbIX CTaHET BO3MOMHbIM C
MOMOLLIbIO YCTaHOBJIEHHbIX Ha OAST NprbopoB BeCbMa pa3HOO-
6pa3Hbl: AVHAMMKa 3Be3[ U ra3a B OKPECTHOCTAX Afep rafakTnk
N YepHbIX Apblp; abCOpOLMOHHbIE NMMHMX B CMEKTPaxX KBa3apos.,
Aep aKTUBHBIX raflakTVK; TYMAaHHOCTU 1 COMYTCTBYIOLLME OObeK-
Tbl (06beKTbl Xepbura-Apo, 0611acTi MOHU30BaHHOTO BOJOPO-
[a); CrEeKTPOCKOMNMNA MEX3BE3JHOro BELLEeCTBa; MPOTOMJIaHET-
Hble ANCKK; SK30MIaHETbI; aBpopasibHble fneHnA B CONHeYHOM
cucTeMe; 3Be3fHasA aKTMBHOCTb; JlyyeBble CKOPOCTW 3Be3f U
OTOXAECTBNEHNE HOBbIX JIMHWIA, NPOGUIM NNUHWIA 3Be3[ CO
CBEPXBbICOKMM pa3peLLeHrEM U Ap.

B HacToAWMA MOMEHT OCHOBHblE KOCMWUYECKME areHTCTBa
MUpa obCyXZaloT NPoeKTbl KpynHbix YO, ontuuecknx n UK
MUCCMIN Cnepytolero rnokosieHna Ha nepuog nocie 2030 r.
OAST, BO3MOXHO, yAacTca peanv3oBaTtb paHee. OfHOW 13 CIOX-
HOCTe MpoeKTa ABNAeTcs npobnema komnnektaumm UK petek-
Topamu 605bLoro gpopmara ¢ npremnemMbiMm ana actpodusu-
YecKnX MCCNefoBaHnn Xapakrepuctnkammn. MowHoe passutue
KWTANCKOW MPOMBILLIIEHHOCT B 3TOM HamnpaBieHun B nocnea-
HVe rodbl MO3BONAET HAAEATbCA, YTO KUTANCKO-POCCUNCKNN
NPOEKT OyAeT OCHALLEH CaMbIMU COBPEMEHHbIMY 1 3 beKTMB-
HbIMV MPUEMHUKAMU U3MTyYeHNA.

O6wul sud meneckona OAST 8 paboyem cocmosHuu /
General view of the OAST in working order
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Telescope) with an aperture of 10 m, able to conduct
observation in the optical, UV and IR ranges. Unlike traditional
telescopes, OAST will be designed and manufactured in a
modular fashion, delivered to the orbit in parts and only there
assembled. Traditional technology sets its limits on the
diameter of the space telescope by few meters. Moreover, such
projects are usually very expensive. The total budget of the
Hubble Space Telescope with a 2.4 m solid mirror cost a truly
astronomical $10 billion. The budget for the JWST space
telescope (James Webb Space Telescope) with a main mirror of
6.5 m will cost no less, despite the use of segment mirror
technology.

The OAST project proposes to implement one of the most
feasible and cost-effective methods for creating a 10-meter
class space telescope. The problem of making a large mirror is
solved by using moderately sized segments. Due to the
modular design principle, there is no need to test the fully
assembled product on a ground bench. Individual modules will
be tested individually on existing hardware, making this
important task much easier. Most of the OAST modules are
replaceable, which increases the reliability of the tool. It is
planned that the project will be implemented by several
countries, primarily China and Russia. With this modular
approach, each of the participating countries can be
responsible for certain structural elements, which greatly
simplifies the interaction between partners. The launch of the
telescope modules into orbit can be carried out by several
carriers, so the dimensions and the mass to be launched are no
longer insurmountable restrictions.

Scientific tasks, the solution of which will become possible
with the help of instruments installed at OAST, are very diverse:
dynamics of stars and gas in the vicinity of galactic nuclei and
black holes; absorption lines in the spectra of quasars, nuclei of
active galaxies; nebulae and related objects (Herbig-Haro
objects, ionized hydrogen regions); spectroscopy of interstellar
matter; protoplanetary disks; exoplanets; auroral phenomena
in the Solar System; stellar activity; radial velocities of stars and
identification of new lines, profiles of lines of stars with
super-high resolution, etc.

At the moment, the world's major space agencies are
discussing projects for large next-generation UV, optical and IR
missions for the period after 2030. OAST can be implemented
earlier. One of the difficulties of the project is the problem of
equipping large-format IR detectors with characteristics
acceptable for astrophysical research. Powerful development
of Chinese industry in this direction in recent years gives hope
that the Chinese-Russian project will be equipped with the
most modern and efficient radiation detectors.




NMPOEKT ACTPOH-2

ASTRON-2 PROJECT

Ewe opHum un3 paspabatbiBaembix B MHACAH npoektoB
Y®-obcepBaTopuin crepytollero nokoneHnsa ABAAETCA MUCCUA
«AcTpoH-2». MpoaHanu3npoBas nepcnekTrebl YO-acTpoHoMUY,
cotpyaHnkn MHACAH npuwwnn K BbiBogy, uto 6yaylias YP-06-
cepBaTopusa [OMKHA ObITb HaLleneHa Ha pelleHe 3ajay, CBA3aH-
HbIX C ucrnonb3oBaHnem YP-0630poB. «ACTpoH-2» byaeT npep-
CTaBnATb COOON KoCMMuecKyto acTpodumnyeckyro obcepsaTo-
puto Ans npoBefeHnA BceHebeCHOro CnekTpanbHOro u potome-
Tpryeckoro o63opa B YO. OH No3BONWT AaTb OTBETbI Ha MHOTME
BOMPOCHI MO UCTOprM 06pa3oBaHUA Halel BceneHHom, dopmu-
pPOBaHViA 11 3BOJIOLMM FranaKkTviK 1 38e3g. o cBovM napameTpam
Kocmmuyeckasa — obcepBatopua  «ACTPOH-2»  CyLIECTBEHHO
npeB3ongeT KocMUYecknii 063opHbIn YO-skcneprmeHT GALEX
(2003-2013 rr.).

Mo 3ambicny pa3paboTumMKoB, MPOEKT «ACTPOH-2» Oynert
NpoAomKeHeM NpPoekToB «ACTpoH» 1 «CnekTp-YO» 1 Gyaet
OCHOBbIBATbCA Ha TEXHMYECKOW 6a3e 1 CTeHfax, CO3[aHHbIX B
npouecce paboTbl Hag NpoekTom «CnekTp-YO». K uncny ocHos-
HbIX 3aJay KOCMUYECKOro Komrnekca «ACTPOH-2» OTHOCUTCA
co3daHue crnekTpasnbHbiX U GoToMeTprnYeckrx 0630poB BCel
HebecHoll cdepbl B ynbTpadmoneToBoM AManasoHe Ans
HECKOJIbKMX 3MOX B TeUEHUE aKTMBHOrO BPEMEHW UCMOMb30Ba-
HMA KOCMUYecKoro annapata. OCHOBY KOCMMYeCKoW acTpodusm-
yeckon obcepBaTopuy OyAeT COCTaBnATb Teneckon C Avame-
TpoMm 3epkana 210 cM. YBennueHHoe none 3peHus Teneckona
(NprmepHO ABa YrnoBbIxX rpafyca) NO3BONUT NPOBECTW MOJHbIE
doTomeTpuryeckme 0630pbl 1 rIyboKme cnekTpanbHble 0630pbl
BCeX 06beKToB BMIOTb 0 20™ C yMepeHHbIM CreKTpabHbIM
pa3pelleHnem B guanasoHe givH BonH 120-310 HM. Teneckon
GALEX npoBen nepBblit MacLUTabHbI GOTOMETPUYECKII 0630
6onbluern yactn HebecHoM
chepbl, HO  BCneacTeue
0CO6eHHOCTeN NPUEMHUNKOB
n3flyyeHns emy 6binm Hepo-
CTynHbl  0bnact  BOKPYr
3Be3g Apye 10m. B pesynbTa-
Te 06nacTb ranakTnyeckom
nnockoct 1n MarennaHosbl
Obnaka oKa3anucb npaKkTu-
YecKU VCKIYeHbl 13 nccne-
[oBaHVA. 3afjaun nposefe-
HMA  HOBOro  rnybokoro
o63opa BceneHHon B YO
NPeLCTONT PeLnTb NPOEKTy
«ACTPOH-2», KOTOpPbIA MO
aHanorvy NHorga HasblBaloT

cynep-GALEX. of the space mission “ASTRON-2"

Another next-generation UV observatory projects being
developed at INASAN is the ASTRON-2 mission. After analyzing
the prospects for UV astronomy, INASAN researchers came to
the conclusion that the future UV observatory should be aimed
at UV survey tasks. ASTRON-2 will be a space astrophysical
observatory for carrying out all-sky spectral and photometric
surveys in UV. It will answer many questions about the history
of the Universe, the formation and evolution of galaxies and
stars. Parameters of the ASTRON-2 will significantly surpass
GALEX (2003-2013).

As conceived by the developers, the ASTRON-2 project will
be a continuation of the ASTRON and Spektr-UF projects and
will be based on the technical solutions and test equipment
created in the process of developing the Spektr-UF project.
One of the main tasks of the ASTRON-2 space complex is the
making the spectral and photometric surveys of the entire
celestial sphere in the ultraviolet range for several epochs
during the life time of the spacecraft. A telescope with a mirror
diameter of 210 cm will become the core of the observatory.
The enlarged field of view of the telescope (approximately two
angular degrees) will make it possible to carry out complete
photometric surveys and deep spectral surveys of all objects up
to magnitude 20™ with a moderate spectral resolution in the
wavelength range of 120-310 nm. The GALEX telescope
conducted the first large-scale photometric survey of most of
the celestial sphere, but due to the specific features of the
radiation detectors, regions around stars brighter than 10m
were inaccessible to it. As a result, the region of the galactic
plane and the Magellanic Clouds were practically excluded
from the study. The tasks of a new deep survey of the Universe
in UV are to be solved by the
ASTRON-2 project, which, by
analogy, is sometimes called
super-GALEX.

Cay __:-l“"l

BHewHul 8ud kocmuyveckol muccuu «<AcmpoH-2» / Appearance

MPOEKT YJIbTPAOUOJNIETOBOIO TEJIECKOMA A1 NYHHOW NPOrPAMMDbI
ULTRAVIOLET TELESCOPE PROJECT FOR THE LUNAR PROGRAM

CotpyaHukamm VMHACAH npopabatbiBaeTcsi MPoeKT HebGonb-
woro Teneckona YO ananazoHa (120-300 HM) «JlyHa-YO» anA
peanu3aummn B pamkax NyHHON nporpamMmbl Poccun. OcHoBHas
3afjaya HayyHoro nprnbopa — nposeaeHne 0630P0oB N36PaHHbIX
obnactein HebecHo cdepbl B YO. YO HabntogeHNA ¢ NOBEPXHO-
¢ JlyHbl (paccMaTprBaeTCa TakKe 1 BapuaHT opOuTasibHOro
Teneckona) NPeAcTaBnAlT YHUKaNbHYI0 BO3MOXXHOCTb NpoBese-
HVA NCCNefoBaHnUiA co CTabunbHol nnatdopmbl 3a Npeaenamm
3eMHol atmocdepsl. [1nA nepeHaBefeHUA Tefleckona npegrona-

INASAN employees are working on a project of a small
telescope in the UV range (120-300 nm) “Luna-UV” for
implementation within the framework of the lunar program of
Russia. The main task of the scientific instrument is to carry out
surveys of selected regions of the celestial sphere in the UV. UV
observations from the lunar surface (a variant of an orbiting
telescope is also being considered) represent a unique
opportunity to conduct research from a stable platform
outside the Earth's atmosphere. To re-point the telescope, it is

83



raeTca UCnonb3oBaTb MOIHOANEPTYPHOE NOABMKHOE 3epKasio,
yCTaHOBNEHHOe Nnepeq Teneckonom. na nocagoyHoro mogyns
30Ha 0630pa byaeT onpeaenaTbca penbedom v LINPOTON MecTa
nocaaku 1 coctaBut oT 40 1o 60% HebecHo cdhepbl, YUTO NO3BO-
NUT NPOHaboAaTh, B YaCTHOCTM, OKOJIO MOMOBWHBI 06M1acTy, He
Bowegwen B 063op GALEX. B cnyyae pa3smelleHuns Teneckona
Ha opb6uTanbHOM Mogyne mnpeLeccMa BOCXOAALLero Yy3na
opb6uTbl 0becneunt 063op Bceli HebecHoM cdepbl 3a MONOBUHY
nepvioda npeueccun. B npocTefiwem cnyyae NOBOPOTHOE
YCTPOWCTBO MOXET MMETb OfIHY OCb, OCYLLECTBAOLLYIO HaBefe-
HVe no yrny mecTa, 6nM3KoMy K yriy no Ocv CKIOHEHWN, a
HaBelleHMe MO OCM MPAMOro BOCXOXAeHWA OydeT ocylyect-
BNATbCA BpalleHnem JlyHbl. Mcrnonb3oBaHue COBpPeMEHHbIX
KMOIT geTeKTopoB € HU3KUM LLYMOM YTEHWA MO3BONUT BECTU
CbeMKY OTHOCUTESTbHO KOPOTKMMMU 3KCMO3MLUMAMU, He Tpebyto-
LMK CNEXKeHNA 338 OObEKTOM.

B ocHoBe npubopa «JlyHa-YD» nexut ynbTpadmonetoBbiii
Teneckon VT-JlyHa-YO, pazpaboTaHHbii B IHACAH c ncnonb3o-
BaHWeM HapaboTok B.IO. Tepebmka (KpAO PAH). Mpepnaraetca
MCNonb30BaTb MOMIHOCTbIO FOTOBblE TEXHOMOrMYecKme pelle-
HVA B YaCTW AETEKTOPOB, LUMPOKOYrOIbHOWM ONTMYECKOW C1CTe-
Mbl (cM. Takxe ganee o npoekte COLIA), SneKTPOHHbIX CUCTEM.

proposed to use a full-aperture movable mirror installed in front
of the telescope. For the lander, the field of view will be
determined by the relief and latitude of the landing site and will
cover from 40 to 60% of the celestial sphere, which will allow
observing, in particular, about half of the area not included in
the GALEX survey. If the telescope is placed on an orbital
modaule, the precession of the ascending node of the orbit will
provide an overview of the entire celestial sphere for half the
precession period. In the simplest case, the rotary device can
have one axis, which provides guidance along an elevation
angle close to the angle along the declination axis, and
guidance along the right ascension axis will be carried out by
the rotation of the Moon. The use of modern CMOS detectors
with low read-out noise will allow shooting at relatively short
exposures that do not require tracking the object.

The instrument “Luna-UV” is based on the ultraviolet
telescope VT-Luna-UV, developed at INASAN using the
developments of V.Yu. Terebizh (CrAO RAS). It is proposed to
use completely out-of-shelf technological solutions in terms of
detectors, wide-angle optical system (see also further on the
SODA project), electronic systems

Bnenaa ]

Tenecwon ]

NoassKHOE
32pKano

Teneckon VT-JlyHa-Y® /
Telescope VT-Luna-UV

MPOEKT NHANNCKO-POCCUNCKOIO YO CMEKTPOIrPAGA

ANA KUTANCKO KOCMUYECKOI CTAHLIUUA (SING)

INDIAN-RUSSIAN UV SPECTROGRAPH PROJECT FOR CHINA SPACE STATION (SING)

CHUMKN HeGa B YO no3BonAlT B [eTansxX OTCNeXKBaTb
MOPGONOrMIo MPOTAXKEHHbBIX KOCMUYECKNX 06beKTOoB. bonbLuve
HaZeXabl aCTPOHOMbI CBA3bIBAIOT C OJIOKOM KamMep Mnossa npoek-
Ta «CnekTp-YO». OgHaKo A/ NONHOro NOHUMaHNA Gpr3nYecKmx
ycnoBui (Temnepatyp, MNAOTHOCTEN, NONeN N3yyYeHns) B TakKUX
obbeKkTax TpebyTca TakkKe creKTpasbHble JaHHble. bonblias
YacTb CMEKTPOCKONUYeCcKnx HabnogeHnin YP-Heba cocpefioTa-
UMBAETCA Ha WCCIefOBaHMAX TOUEUHbIX MCTOYHWKOB, BCren-
CTBME YEro MHCTPYMEHTbl UMEIT Hebonblune Mons 3peHus, a
Habn4eHNA NpPOTAXKEHHbIX obnactent TpebyT 6Gonbluoro
KOnmnuecTBa nepeHaBefeHni KOCMUYECKIX TeIeCKOMOoB Y Bblae-
JIEHNA OrPOMHOrO KOMNMyecTBa HabntofaTenbHOro BpemeHu, 4to
peann3oBaTb Ha MPAKTVKe HEBO3MOXHO. B pesynbtate fdaxe
ona KpaboBraHOM TYMaHHOCTYW, CaMOrO 3HaMEHUTOro ocTaTKa
B3pblBa CBEPXHOBOW, CreKTpasnbHble HabnogeHna Obin
nosyyeHbl TONbKO A1l HEKOTOPbIX yYacTKOB. B uenom, H1 oguH
13 peann3oBaHHbIX YO sKcnepumeHTOB He obnagan JocTaTou-
HbIM COYeTaHVeM CMEKTPAsIbHOrO M MPOCTPAHCTBEHHOIO pa3pe-
LeHWs, YyBCTBUTENIBHOCTM U MPOLOMKUTENIBHOCTY MONeTa,
HeobGXOAUMBbIM ANt UCCnefoBaHNA GU3UKM TYMaHHOCTEN 1
mex3BesgHon cpeabl (M3C). PaspabatbiBaembii B8 MIHACAH
COBMECTHO C Konneramum u3  MHOWACKOrO  MHCTUTYTa
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Images of the sky in UV make it possible to trace in detail the
morphology of extended space objects. Astronomers put great
hopes on the field camera unit of the Spektr-UF project.
However, to fully understand the physical conditions
(temperatures, densities, radiation fields) in such objects,
spectral data are also required. Most of the spectroscopic
observations of the UV sky are focused on studies of point
sources, as a result of which the instruments have small fields of
view, and observations of extended regions require a large
number of re-pointing of space telescopes and the allocation of
a huge amount of observation time, which is impossible to
implement in practice. As a result, even for the Crab Nebula, the
most famous remnant of a supernova explosion, spectral
observations were obtained only for some areas. On the whole,
none of the implemented UV experiments possessed a
sufficient combination of spectral and spatial resolution,
sensitivity, and flight duration required for studying the physics
of nebulae and the interstellar medium (ISM). The SING
(Spectroscopic Investigation Of Nebular Gas) instrument for
spectroscopic studies of nebular gas, which is being developed
at INASAN together with colleagues from the Indian Institute of
Astrophysics (Bangalore, India), will fill the existing gap.



actpodusmkm (baHranop, MHana) npubop Ans CnekTpanbHbIX
uccnepgoBaHum  rasa  TymaHHoctenm  SING  (Spectroscopic
Investigation of Nebular Gas), BocnonHWT cyLiecTBytOLN
npoben.

MpoeKT uHAMINCKO-poccuiickoro cnekTporpada SING 6bin
BbIOpaH Ha KOHKYPCHOWM OCHOBe 1 0f06peH AnA YCTaHOBKM Ha
Kutanckon mogynbHon Kocmuyeckom ctaHumm (CSS) B pamkax
Nporpammbl MeKAYHapOAHOro COTPYAHMYECTBA NO UCMOSb30-
BaHMIo CSS pgnAa KOCMMYECKMX DKCMEePVMEHTOB YrpaBneHus
OpraHuzauum o6beAnHEHHbIX HauWin Mo BOMPOCam KocMuye-
ckoro npoctpaHctBa (UNOOSA). KocMmyeckas cTaHumsa obecne-
UMBaeT OTHOCUTENIbHO CTabunbHyto nNnatdopmy ana Habnwoge-
HWUIA B TeueHne pnuTenbHoro nepuopa BpemeHu. SING 6ypert
YCTAHOBJIEH KaK CKaHVpPYIOLWMWI Teneckon 1 GyaeT HabnogaTb
HebO Mo Mepe ABMXKEHUA CTaHUMKU No opbuTe BOKPYr 3emnu.
KoHctpykuma nprnbopa SING coctonT U3 ABYx YacTeir: Teneckona
KaccerpeHa n cnektporpada ana paboTbl B guanasoHe AnvH
BO/H 140-270 HM. DoKyCHOe pacCcToAHMe Tenleckona cocTaBna-
et 1500 mm, a frameTp rnaBHoro 3epkana 300 mm. MNpegnonara-
eTcA, yTo Nporpamma HabnopeHuin SING 6yzeT ckoopanHUpo-
BaHa C Hay4yHOWM nporpammon
npoekta «Cnektp-YO». CnekTpo-
rpadp npoekta «CnekTp-YO»
MUMeeT nyyliee NpPOCTPaHCTBEH-
HOe paspeLleHne, HO ropasfo
MeHbllee nofie 3peHus, 4Yem
SING. lloaBuTCcA BO3MOXHOCTb
nNpoBoANTb AeTalNbHble Nccneo-
BaHUA VHTepecHbIx obnacTel
rasoBblX TyMaHHOCTE/ C MOMO-
Lbto cnektporpada
«Cnektp-YO», npepBapuTeNibHO
N3yYeHHbIX UHCTPYMeHTOM SING.

BHewHutli 8ud npubopa SING / The
SING instrument appearance

The Indian-Russian SING spectrograph project was selected
on a competitive basis and approved for installation on the
China Modular Space Station (CSS) under the International
Cooperation Program on the Use of CSS for Space
Administration  Experiments of the United Nations
Organization for Outer Space Affairs (UNOOSA). The space
station provides a relatively stable observation platform over a
long period of time. SING will be installed as a scanning
telescope and will observe the sky as the station orbits around
the Earth. The construction of the SING instrument consists of
two parts: a Cassegrain telescope and a spectrograph for
operation in the wavelength range 140-270 nm. The focal
length of the telescope is 1500 mm, and the diameter of the
main mirror is 300 mm. It is assumed that the SING observing
program will be coordinated with the scientific program of the
Spektr-UF project. The spectrograph of the Spektr-UF project
has a better spatial resolution, but a much smaller field of view
than the SING. It will be possible to carry out detailed studies of
interesting regions of gaseous nebulae, first studied by SING,
using the Spektr-UF spectrograph.

KOCMUYECKAA CUCTEMA OBHAPYXXEHUA ONMACHbIX HEBECHbBIX TEJ,
NPUBNTNXKAIOLLNXCA K 3EMJIE C AHEBHOIO HEBA («CO1A»)

SPACE SYSTEM FOR DETECTION OF HAZARDOUS CELESTIAL BODIES APPROACHING THE

EARTH FROM THE SKY (SODA)

B HacTosLLee Bpems, B OCHOBHOM, Gnarofaps BbiNOSIHEHHON B
CLWA nporpamme Space Guard, BblABneHa 60sbLiaa yacTb (He
MeHee 90%) manbix Ten CofHEUYHO CCTeMbl pa3mepom Gonee 1
KM, MOTYLLIMX NPefCcTaBNATb OMACHOCTb CTOMIKHOBEHWA C 3eMnel.
CoBcem ppyraa cuTyauua C MNepcrnekTiBamyi OBHapy»KeHWs
6onee menkux Ten pasmepom ot 10 M. 3afaua ncyepnbiBatoLLero
OOHapyXXeHVsA TaKUX Ten Ha OOMbLWOM PacCToAHUM He OypeTt
pelleHa Ha NPOTAKEHUN KaK MUHUMYM HECKONbKMX AecATune-
TWIA, @ MOXeT ObITb U 6onblue. bornee peanbHO pelunTb 3agady
ObHapyXeHVs Takux Ten B OnKHEM KocMoce M obecrneunTb
BblAavy npeaynpexaeHnii O BO3MOXHbIX CTOIKHOBEHUAX CO
BPEMEeHEM YNpexaeHnsa B HECKOIbKO YacoB. KonnuecTBo Takmx
NoTeHUMaNbHO oMnacHbIX Ten pasmepom 10-20 M 1 6onee oueHn

At present, mainly thanks to the Space Guard program
carried out in the United States, a large part (at least 90%) of
small bodies in the Solar System larger than 1 km in size, which
could pose a danger of collision with the Earth, have been
identified. The situation with the smaller bodies with a size of
10 mis completely different. It will take at least several decades
to solve the problem of exhaustive detection of such bodies at
a large distance. More realistic approach is to solve the
problem of detecting such bodies in near space and ensure the
issue of alerts about possible collisions with a lead time of
several hours. The number of such potentially dangerous
bodies 10-20 m and more in size is estimated at 108, and the
frequency of their collisions with the Earth is approximately
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BaeTca B 108 a yacToTa MX CTOJIKHOBEHWI C 3emieli cocTaBnaet
npvmepHo ofHO cobbiTvie B 10-30 neT, a 6onee menkue Tena
nagatot exxerogHo. YensbuHckoe cobbitie 15 deBpansa 2013 r.
HarnAgHO Mokasano, YTo CTONIKHOBEeHMe C 3emnell JOCTaTOuHO
HebonbLUOro Tena pa3mepom okoso 17 M CNocobHO NPUBECTU K
3amMeTHbIM pa3pyLueHnAM. [ouTy NONOBUHA TaKUX FOCTEN NPUXO-
JWT C IHeBHOro Heba, Ha KOTOPOM HaboAaTb NX B ONTUYECKOM
[nana3oHe Henb3A 13-3a CUIbHOIO pPacCeAHHOro CBeTa B aTMOC-
depe. IMeHHO ansa 0b6Hapy»KeHNA TaknX «AHEBHbIX» acTePOVA0B
W npepgHa3HaueH npoekt COOA (Cnctema o6GHapyeHus
[HeBHbIX acTepongoB), paboTa Haj KOTOpblM BefeTca B
NHACAH. OgnH nnn gBa KA ¢ KOCMUYECKMMU LWMPOKOYrOfbHbI-
MU Teneckonamu aneptypoii 30 cm Ha 6opTy ByayT pa3mMelLeHbl B
OKPEeCTHOCTV TouKM L, (B cucteme 3emna-ConHue) Ha paccToAHMm
okono 1.5 mnH Km ot 3emnu. OpuH Takol KA 6yaet cnocobeH
Kax[ble HeCKONIbKO MUWHYT OCMaTpuvBaTb KOHYCHbII Gapbep
BOKpPYT 3eMnu € NpoHu1LaHmem o 17™ n obecneunBaTtb TOYHOCTb
YrnoBbiX M3MepeHu nydwe 0.5” B pekume COMPOBOXKAEHUA
obbekTa. B 2020 r. npopaboTaHa cxeMa Tefnieckona ¢ npeganep-
TYPHbIM MOBOPOTHbIM 3epKasioMm, obecreurBaloWym 061acTb
HaBefeHuna 50°x120°. BpemA nepeHaBedeHUs COCTaBUT He

6ornee 3 ¢, Bpems 0Of4HOKpaTHOro 0630pa onTuyeckoro bapbepa
BOKpPYT 3emnv Tpemsa Tenieckonamu (MMeHHO Takas KoHdurypa-
pucyHke)

umMAa  nokKas3aHa Ha coctaBut 3.5 MWHYTbI.

one event in 10-30 years. Smaller bodies fall annually. The
Chelyabinsk event on February 15, 2013 clearly showed that a
collision with the Earth of a sufficiently small body about 17 m
in size could lead to noticeable destruction. Almost half of
these guests come from the daytime sky, where it is impossible
to observe them in the optical range due to the strong
scattered light in the atmosphere. The detection of such
“daytime” asteroids is what the SODA project (Daytime
Asteroid Detection System) is devoted to. SODA is currently
being developed in INASAN. It will consist of one or two
spacecrafts with wide-angle telescopes with a 30 cm
aperture on board. The system will be located in the vicinity of
point L, (in the Earth-Sun system) at a distance of about 1.5
million km from the Earth. One such spacecraft will be able to
inspect the conical barrier around the Earth every few minutes
with a penetration of up to 17™ and provide an accuracy of
angular measurements better than 0.5” in the object tracking
mode. The re-pointing time will be no more than 3 s, the time
of a single survey of the optical barrier around the Earth by
three telescopes will be 3.5 minutes.

BapuaHm KA COJA 0na o6HapyxeHus acmepoudos, Npuxo0auux ¢ OHe8HO20 Heba /
Variant of the SODA spacecraft for detecting asteroids coming from the daytime sky
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