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[IpennaraeMblii BHUMaHHUIO YATATEISI TOM COCTOUT W3 JBYX dacTel. B mepBoit yactu myo-
JUKYIOTCSl pa3BepHyThle pe3tome 10 mueHapHbIX JokianoB, npexacraBieHHbIx Ha Xl cbesge
MexayHapoHOW OOIIECTBEHHON OpraHu3aluu «AcTpoHoMudeckoe OOIIECTBO» U MPUYPOUCH-
HOW K HeMy HayuyHOW KoH(pepeHIun «ActpoHomus-2018%». Jlokimanbl OXBaTHIBAIOT IIUPOKUI
CHEKTp MmpoOieM, OT KOCMOJIOTUU JI0 UCCIIEJOBAHMS T€Jl COJHEYHOU cucTembl. Bropas dacth —
pa3BepHYTHIE PE3IOME JOKIIAJOB COCTaBHOW 4dacTh KoH(epeHIu «ActpoHoMus-2018», ness-
TOH exeronHol koHdpepeHun «CoBpeMeHHas 3Be31Hast aCTpOHOMUs». KHHUTa COIepKUT OKOJIO
60 pe3toMe JOKIANOB (YCTHBIX M CTEHIOBBIX), NIPEJCTABICHHBIX B 7 CEKLUAX 3TOW KOH(epeH-
107078

Astronomy-2018

Volume 1

Modern stellar astronomy 2018
Edited by O.Yu.Malkov, V.N.Obridko, A.S.Rastorguev, and N.N.Samus

This volume consists of two parts. The first part contains extended abstracts of 10 plenary
talks presented at the 13th Congress of the Eurasian Astronomical Society and the scientific
conference “Astronomy-2018" attached to it. The talks cover a wide range of problems, from
cosmology to studied of Solar-system bodies. The second part consists of extended abstracts of
talks presented at one of the parts of the “Astronomy-2018" conference, the ninth annual
conference “Modern Stellar Astronomy”. The book includes about 60 abstracts of contributions
(oral talks and posters) presented to 7 sections of this conference.

O©denepanpHOE TOCYAAPCTBEHHOE OI0/KETHOE YUPEKAEHHE HAyKH MIHCTUTYT 3¢eMHOTO MarHeTu3Ma, ho-
HOc(epsl U pactpocTpanenus paaroBoiad uM. H.B. ITymkosa Poccuiickoit akagemun vHayk (U3MHWPAH,
2018)
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“MODERN STELLAR ASTRONOMY 2018” CONFERENCE

Malkov! O.Yu., Rastorguev®® A.S., Samus® N.N.

YInstitute of Astronomy of the RAS, Moscow, Russia

2Sternberg Astronomical Institute, Moscow, Russia
3 Physics Faculty MSU, Moscow, Russia

We provide a compilation of extended abstracts of ten plenary talks presented at the conference
“Astronomy-2018" held during the 13" Congress of the Eurasian Astronomical Society in the
Sternberg Astronomical Institute and in the Institute of Astronomy of Russian Academy of Sci-
ences in Moscow (Russia) in October 2018 and of talks contributed to an important part of this
conference, the ninth annual conference on Modern Stellar Astronomy. The Modern Stellar As-
tronomy conferences provide a forum for Russian and former-Soviet-Union scientists concerned
with stellar astronomy and related topics. The key topics for the conference were Stars, Stellar
Clusters and Associations, Structure, Kinematics and Dynamics of the Milky Way Galaxy, Gal-
axies, Star Formation, Dynamics of Gravitating Systems, Scientific Goals of Lyra-B Space Pro-
ject. About 60 extended abstracts of this conference are published here.

Kondepennus «CoBpemenHas 3Be3Has actpoHomus 2018» npoBoautcs 22—
26 oxTts10ps 2018 r. B TAUIL MI'Y / UHACAH B pamkax Hayunoit koHpepeHIuu
«Actponomus 2018», nmpuypouenHoit k Xl cweszny MexaynapoaHoit oOrect-
BEHHOW opraHuzanun «AcTpoHOMHYECKOe 00mecTBo». OHa —leBATas B CEpUU
eXKeroJHpIX KoH(pepeHunii «CoBpeMeHHasl 3Be3/IHas aCTPOHOMMS», MpPE/ICTaB-
JISIONIUX TUIOMIAAKY ISl BCTpPEYM W OOMEHAa MHEHHSIMHU acTpoHOMOB Poccuu u
ctpad ObiBiiero CCCP. Opranuzatopsl KOHQEepeHIMH — ACTPOHOMUYECKOE 00-
mectBo, FAUII MI'Y, UTHACAH u U3SMUPAH.

COOpHHMK HAYMHAIOT AHHOTAIIMU TPEJCTABICHHBIX HA BCEX MEPOMPHUSITHUSIX
XII cwrezna MexmyHapoHOM OOIIECTBEHHOW OpraHu3aIi «ACTPOHOMUYECKOE
0OIIECTBO» MJICHAPHBIX JOKJIAJOB, OXBATHIBAIOIINX CaMbI HMIMPOKUN KPYT IMPO-
0JIeM COBpPEMEHHOW acTpoHOMHMHM M acTpou3uku. [lanee cieayroT maTepuaibl
koH(pepenuun «CoBpeMeHHas 3Be3aHast actpoHomus 2018». Ha Helt Oblu npen-
CTaBJIEHBI JOKJIAJAbl B CEKIMUSAX 3BE3[bl, 3BE3AHBbIC CKOIUICHHS M aCCOLMAIUH,
Crtpoenue kuHeMaTuka 1 quHamuka ['anaktuku, ["anaktuku, 3Be31000pa3oBaHue,
JlnHamuka rpaBUTHpYROIIMX cucteM, Hayunsle 3amaum mpoekta Jlupa-b. 3nech
MPE/ICTABIICHBI PACIIMPEHHBIC TE3UCHI 0K0JI0 60 MOKIaMOB, CETaHHBIX Ha KOH(De-
PEHIIH.
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HOBBIE ITPEJACTABJIEHUSA Ob ACTEPOUJIAX
IHPUMUTUBHBIX TUITIOB

BycapeBl’2 B.B.
TAAL MT'Y, Mockea
HUnemumym acmponomuu PAH, Mockea
busarev@sai.msu.ru

NEW NOTIONS ON ASTEROIDS OF PRIMITIVE TYPES

Busarev'? V.V.
ISAl MSU, ?IA RAS, Moscow, Russia

Study of spectral data on asteroids compiled over the past ~30 years made it possible to estab-
lish the predominant state of matter of the bodies. It was found that ~75% of asteroids in the
Main asteroid belt were primitive, that is, had low-temperature mineralogy. It points to similar
conditions and common mechanisms of origin of the bodies in the early Solar system,— likely
beyond the snow line.

Kparkoe BBenenune

W3yyeHue crneKkTpalbHbIX JaHHBIX 00 acTepouaax, MOJIYYEHHBIX 3a MOCIEe-
Hue ~30 JeT, MO3BOJIMIIO YCTAHOBUTH MPEOOJIaIaroIIee COCTOSHUE MX BEIISCTBA.
Okazanock, uro ~75% actepounoB ['maBHoro nosca (Puc. 1) sBasitoTcss mpuMu-
TUBHBIMHU, TO €CTh UMEIOT HU3KOTEMIIEPATYPHYI0 MUHEPAJIOTHIO. DTO YKa3bIBAET
Ha OJM3KHE YCIOBHS U OOLIMEe MeXaHU3Mbl (POPMHUPOBAHMS IMOJAOOHBIX MaJbIX
riaHeT B paHHed COJIHEUHOW CHUCTEME — BO3MOXHO 3a I'paHUIEH KOHJICHCAIluu
BOJISTHOTO JIBJ1A.

B mpenmecTByromux myoJuKanusIX yke 0OCYXIajcs BOINPOC O 3HAYCHUU
HaJIMYHs B BEIICCTBE OKOJIOCOJIHEYHOTO MPOTOIIAHETHOTO JTUCKA KOPOTKOKHBY-
IIUX U30TOMOB (B MOPSAKE YOBIBAHUS OOMIIHS 26AI, 53I\/In, Fe u Ap.) ¢ MepHoIaMH
noJiypacnajaa NpuMepHO OT OJIHOTO JI0 HECKOJBbKUX MIIH. JIET, PAIMOTE€HHOE TEIJIO0
KOTOPBIX CO3JaJI0 KPATKOBPEMEHHbIE (PU3UKO-XUMUUYECKHE YCIOBUA I (POPMHU-
pOBaHMS CUJIMKATHO-BOJIHOM MuHepanoruu B panHed Comneunoit cucteme (PCC)
B HEJIpaX MaJIbIX TUIAHETHBIX TEJI, BKIIFOYAsl POAUTEIBCKUEC Tea acTePOUIIOB, OII-
PENENUBIINUX COCTAB BEIIECTBA MOCIEIHUX (YTOUYHUM, YTO aCTEPOUTAMU MPUHSITO
CUNTATh TeJIa MPEUMYIIIECTBEHHO KAMEHHOTO WJIM CHJIMKATHOrO cocTaBa), (Harp.,
[1, 2]). Hamu 6buto mokasano [3], 4To 1moa00HBIE YCIOBHS MOTJIM BO3HUKHYTH B
HEeJ[pax BCEX JOCTATOYHO KPYMHBIX KaMEHHO-JIEASIHBIX Tel (¢ pasmepom Gosiee 200
KM) BO Bcel BHemHeW nepudepun panHerl COTHEYHONW CHCTEMBbI, BKIIOYAs IMOSIC
ten DmxBopra—Koiinepa, mpu yClI0BUU I0CTATOYHO BHICOKON HAYAJIBHOW KOHIICH-
TpaLHH KOPOTKOKHUBYIIUX H30TOMOB (B OCHOBHOM “°Al) B CHJIMKATHOM BEILLECTBE
LHEHTPAJIbHOM O00JaCTH HaIlEro NPOTOIUIAHETHOIO JHMCKA, COOTBETCTBYIOLIEH
cpemHeMy 3HageHno storo mapamerpa (ZPAl/Z Al ~ 10™°) B6im3H dKBaTOPHATBHOI
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mwiockoct ["amaktuku [1] u B MeTeopuTHOM BeriectBe [2, 4]. B kauecTBe Bepo-
SITHOTO MEXaHHM3Ma, 00ECIeUHBIIEro yKasaHHoe cojepxkanne “Al, paccMarpusa-
eTcsl B3pbIB OnmKaiiiieil cBepXxHOBO 3Be3nbl Tuna Bonbda-Paite, mocmyxuBumit
UMITYJIbCOM Taroke u st Gopmuposanus Conana [5]. Kak cnemyer u3 HakorieH-
HBIX K HACTOSILIEMY MOMEHTY HaOJIOAATEIbHBIX JAHHBIX U MHOTOYUCIIEHHBIX MO-
JICJIbHBIX PacueToB, BBIIMICYNOMSHYThIE W MOCIEAYIOUE (PU3UKO-XUMUYECKUE
IIPOLIECCHI B HEJIPAX MAJIBIX IUIAHETHBIX TEJ, BAPUALMU TEMIIEPATyPHBIX I'PaJUCH-
ToB B PCC, a Taxxe NTMHAMUYECKUE U yIAapHBIE MPOLECCHI, CBA3AHHBIE C POCTOM
IJJAHET-TUTAHTOB M TUIAHET 3€MHOW TPYIIbI, BEPOATHO, CTAJIM KOMIUIEKCHBIM Me-
XaHU3MOM (OPMHUPOBAHUS CTPYKTYPhl COBPEMEHHOTO [J1aBHOTO mosica acTepou-
noB (I'TIA). Ha Puc. 1 mpeacTaBieHO rearolieHTPUYECKOE pacipeiesieHue acTe-
pOMIOB, HA KOTOpPOE, KaK OyJleT MOKa3aHO, HAKJIAJAbIBAIOTCS IeJIMOLICHTPUYECKUE
pacrnpesielieHdss acTEPOUIOB Pa3HBIX CHEKTPAIbHBIX TUIOB (MJIM TaKCOHOMUYE-
CKHX KJIACCOB), UMEIOIIMX OTJIMYAIOIIYIOCS MUHEPAJIOTHIO BEIIECTBA.

FBHP[O]_IEHTPH‘IECKOE paciipeje/ieHHe acTepona0B

/4 13 23 1/2 2/3 171

3x;0‘

r II A

2x}04

KonnuecTBo 00LEKTOB

10
Tpoauus FOnuTepa

I'pynna XHIbIE

I'pynna Benrpun

Semna
Mapc

0 1 2 3 4 5 6 a.e.

Puc. 1. Nennouentpuyeckoe pacrpeesieHue acTepouioB COrjacHO JaHHbIM LlenTpa Ma-
neix [Dmaner ma 31.12.16 (https://www.minorplanetcenter.net/iau/plot/OrbEIs01.qif). T'TIA co-
OTBETCTBYIOT T'eJIMOLIEHTPUYECKHE paccTosiHUS ~2,2 — 3,3 a. €., BHEIIHUE T'PaHHIbl KOTOPOTOo

OT'PaHHUYCHBI PC30HAHCAMU ACTCPOUAOB 110 CO6CTBCHHOMy JABHKCHHIO C I’OHI/ITCpOM ]/4 u 1/2.

OcHoBHBIC Ha0II0aTENbHBIE (GAKTHI

[lepBas pabota, MO3BOJMBINAS B TIEPBOM MPUOTMKECHUN YCTAHOBUTH OCHOB-
Hyto cTpyktypy I'TIA mo cocraBy BermiecTBa (actepouibl 00jiee BHICOKOTEMIIEpa-
TypHOTO S-THNa mpeodnamaroT B OmmkHel k ConHily KoibileBoi 30He ['TIA, a ac-
TEepOU bl HU3KoTeMIiepaTypHoro C-tumna — B nepudepuiinoii) Obliia BBITIOJHEHA C
MTOMOIIBIO U3MEPEHHUH aNb0EI0 U CIIEKTPATbHBIX XapaKTEPUCTHK B BUIMUMOM JTHA-
na3zoHe Bcero 110 actepounos [6]. A B mocienoBaBIux Bckope paborax [7, 8]
yKe ObUIM MpeCTaBiIeHbl 0OOOCHOBAHMS, UYTO KaXKI0€ M3 TaKUX pachpeneieHui
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acCTepOUJIOB MOTJIO COPMHUPOBATHCA JIOCTATOUYHO OJIU3KO K €r0 HBIHEIIHEMY I1O-
noxenuto. Ho, kak OyaeT nmokazaHo jaajnee, Npupoa 0Ka3anach CJIOKHEE.

CoBpeMeHHbIE MPEJCTABICHUA O CTPYKType ['naBHOro mosca acTtepouaoB
(I'TTA) (~2.0-3.3 a. e.) 10 HETABHETO BPEMEHU 0a3MPOBAIUCH HA MHOTOIIBETHBIX
dboTomeTpryeckux u crekTpanbHbIX gaHHBIX 0 ~2000 acrepoumax I'TTA B guana-
30He ~0.4-0.1 Mxm [6—12] u Ha AByX HamOoJee MOMYISIPHBIX TAKCOHOMHYECKUX
Kiaccudukanusax 3tux tea [9, 13], BBIMOIHEHHBIX METOIOM KJIACTEPHOTO aHAJIH-
3a.

Takoit meTon Kiaccuukaluyu acTepoujioB ObLI BHEPBbIE MpuUMeHEH Toiie-
HOM [9], BHIOpaBIIMM B KaueCTBE IVIABHBIX CTATHCTUYCCKHUX MapaMeTPOB OTpaxa-
TEJIbHYI0 CIHOCOOHOCTh HaOMIOAaeMbIX OOBEKTOB Ha YKa3aHHbBIX JIMHAX BOJIH,
ONUCHIBAIOUIUX (HOPMY CIIEKTpa OTPAKEHUS U COOTBETCTBEHHO — CHITy MUHEPAJO-
TMYECKUX T0JIOC MOTriomeHus. PU3NYecKuil CMBICH Tako#l Kiaccu(PUKaluu co-
CTOUT B TOM, YTO JUIsl KaXKJIOTO TAKCOHOMHUYECKOTO THUIA ACTEPOHUJIOB C HEKOTO-
pPBIM CPEIHUM COCTaBOM BEIIECTBA, XapaKTepHa CBOSI KOMOMHAIIUS MHHEPAJIOTH-
yeckux nojoc nornomenusa. Ha Puc. 2 nzoOpaxeHnsl cieKTpbl oTpaxkeHus: 14 Tak-
COHOMHYECKUX (CHEKTPAIBHBIX) THIIOB acTepOUAOB coriacHo [9], mpemncrasisto-
X co00i MX ammpoKCUMAIlUK B 8-IIBETHOU (DOTOMETPUUYECKON cUCTeMe C 3(-
dextuBHbIME amuHaMu BoiH 0.337, 0.359, 0.437, 0.550, 0.701, 0.853, 0.948 u
1.041 MKM (TOYKH Ha KPHUBBIX), MMOJTYYECHHBIE IO HAOIIOAATEIbHBIM TAHHBIM O 589
acrepouaax [10]. Acrepouasl knaccoB «E», «M» 1 «P» UMEIOT MpaKTHYECKU COB-
najarougye mno Gopme CeKTpbl OTPAKEHUs], HO MPU PA3HOM I'€OMETPUUECKOM allb-
6eno Ha mmHe BoyHbI 0.55 MkM. MHTEpecyromye Hac CIEKTPhl aCTEPOUJIOB MPH-
MUTHBHBIX TUIIOB BBIJIEICHBI CEPHIM (POHOM.

OTPAMCHHUA

Puc. 2. Ycpennennsle HopmupoBaHHble (Ha 0.55
MKM) W TPOU3BOJIBHO CMEIICHHBIC IO BEPTHKAIBHOM
OCH CIIEKTPBI OTPAXKEHUS aCTEPOUIOB OCHOBHBIX TaK-
COHOMMYECKHUX KJIacCOB (0003HAYCHBI IATUHCKUMU OY-
KBaMH) corjacHo kiaccupukammu ToineHa (pUCYHOK
BOCIIPOM3BE/ICH C HE3HAYUTEILHBIMU H3MCHECHUSIMH U3
pabotsr [11]). DTu KpuBBIE NpPEACTABISIOT COOOH am-
NPOKCUMAIIUN CIEKTPOB OTPAXKCHHS aCTEPOHIIOB, TaK
KaK MOJIy4YeHBI M0 pe3yibTaraM (OTOMETPUUYECKUX H3-
MEpPEHUH B Y3KOIOJOCHBIX CBETOPMIBbTpax ¢ 3 dek-
tuBHBIMH anuHamu BonH 0.337, 0.359, 0.437, 0.550,
0.701, 0.853, 0.948 u 1.041 MKkM (TOYKH Ha KPHBBIX).

04 06 08 10 © 04 06 08 10 CrekTphl acTepOn10B MPUMHUTUBHBIX THIIOB BBIICICHBI
e e e cepbiM (POHOM.

COEKTP

IAARY

FR A

Hopyuposanubiii
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I'eHONeHTpHYecKOe pacnipeieleHIe
TakcoHOMHUYecKHX Kiaccor Tosena (1989) @)

Tarkconomuveckne Kiaccsl bac-bunzena

F T ! T T I T T (2002)

- — 06
0.8 - C-complex

i 5§04
0.6 - S

% S-complex

L [
0.4 —_

| 0.2 //;tomplex T
0.2

- Ld+D+T

2 2.5 3 (AU)
Semimajor axis

2 3 4 5 a(AU)

Puc. 3 (a,0). 'enmoneHTpryueckue pacrpeaeieHus OCHOBHBIX TAKCOHOMHUYECKHUX KJIACCOB
actepunoB [maBHOTO Mosica, u3 padot [10] (3a) u [13] (36), coorBeTcTBeHHO. [10 BepTHKATBHOM
OCH OTJIOKCHAa OTHOCHTEIbHAs JONSl KaXIOro TaKCOHOMHYECKOro Kiacca. PHCyHKH
BOCTIPOM3BE/ICHBI B OJIMHAKOBOM MacIuTaoe.

Takum 00pa3oM, COBOKYIMHOCTh WJIM B3aUMHOE HAJOXKEHHE TeIHOLEHTpUYE-
CKHMX pacIpe/esieHui acTepoHIOB BCEX TAKCOHOMMUYECKHX KJIACCOB B Mpeieliax
I'TIA mpencraBisier coOOH €ro CTpyKTypy IO cocTaBy BemiecTBa. Ha pucynke 3
U300paKeHBI 3TU PACIPENICICHUS B COOTBETCTBUU ¢ Kiaccudukamuein Tonena [9]
(3a), u 6oaee no3auerr bac-bunzena [13] (30), ommuaromieics oT nmpeabIAyIICH
HCIIOJIb30BaHMEM 0a3bl IAHHBIX CIIEKTPOB oTpakeHus ~1500 acrepoumor. Kpome
Toro, B kiaccupukamuu [13] HECKoabKO OJNM3KMX TaKCOHOMHUYECKHX KJIACCOB
o0benuHEHBI B Oonee kpymHble C-, S- m X- komiuiekcel. M3 Puc. 3 Buaen
CXOJHBIN XapakTep paclpeneseHU CIEeKTPajJbHBIX THIIOB aCTEPOUIOB B 00EUX
KJTacCU(DUKAIUAX, BBIPAKAIONIUNACS B TOM, YTO C YBEIIMYEHUEM TEIIUOIEHTPHUYC-
CKOI'0 paccTossHHs B ['JTaBHOM 1OsICE acTEPOMJIOB, TO €CTh B MPEAEIIAX BCETO OKO-
70 1 a. e. (!), IPOUCXOAUT TOCTATOYHO OBICTPHIN MEPEXO OT BHICOKOTEMIIEPATYP-
HBIX TUIIOB aCTEPOUIOB (C MPEUMYIIECTBEHHO BHICOKOTEMIIEPAaTypHOI MUHEPAJIO-
rueit — S-, M-, E-, R- Tumbl) K HU3KOTEMIIEPATYPHBIM (C MPEUMYIIECTBEHHO HU3-
KoTeMIieparypHoii MuHepanorueit — C-, P- u D- Tumsl) u naxke pocT KOJIM4YECTBA
MOCJIETHUX C MpUOImKeHneM k opoute FOnurepa.

Crnenyer NOYEPKHYTh, YTO MOCKOJIbKY aCTEpOUIbI SIBISIIOTCS CAMBIMU JIPEB-
HUMU M HauMEHEee BCEro M3MEHEHHbIMH 00bekTaMu COJHEYHOM CUCTEMBI, UTO
MOATBEPKIAETCS MCCIIEOBAHUAMU UX (DparMEHTOB — YIMaBIIMMH Ha 3€MIIIO Me-
Teoputamu (cM., Hanpumep, [14]), onu coxepxkat nHpOpMaIHIO 0 HaubosIee paH-
HUX TMHAMHYECKUX W IBOJIIOIMOHHBIX mporieccax CoHEYHOW CHCTEMBI, PUBEI-
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UX K GOpMHUPOBAHUIO HE TOJIBKO POTUTENHCKUX TEJ aCTEPOUIOB, HO U OOJIBIIUX
TUIAHET.

B mocnennee Bpemsi ObLIO TOCTUTHYTO 3HAYMTENBHOE PAaCUIMPEHUE HAOIFO-
natenbHOU 0a3bl JaHHBIX 00 actepoujaax [JTaBHOro mosica 3a cYeT BKIIOYCHUS B
HEEC MHOI'OLIBETHBIX (I)OTOMeTpI/I‘—IeCKI/IX JaHHBIX TaK Ha3bIBAEMOTI'O C110aHOBCKOTO
0630pa (Sloan Digital Sky Survey Moving Object Catalog) o ~100000 acteponaax
BILUIOTH JI0 5-KM pa3Mmepa B 5 mmojiocax B BUIUMOM juamna3one [15].

E03MO¥HOe paspylieHns
TENA NPH HHTEHCHBHOM
EbINeNeHMH raioe (CH4, H2)

Puc. 4 (a, 6, B). BHyTpeHHsIs TeTUIOBast SBOIONNS KAMEHHO-JICISTHBIX TEll.

Macca KaaZIoro TAKCOHOMHHECKOT0 K/acea (B Kr') N0 HHTEPBAIAM Ie/IHOLEHTPHYECKOIo
paccrosmns 0,02 a. e. Bee obberTrI HMerT pazvep 5 kM 1 Doslee

Macca Ka#I0OT0 KIACCA Ha IATAHHLIT HHTEpBAN
TEIHI0UENTpHIecKHX paceTosnmii (kr / 0.02 a. e.)

.0 1.5 3.0 35 4.0 51 52 53

Lo bas neyocs opouTs! (4. e.)

Puc. 5. Macca (B KI) KaXJIOro TaKCOHOMHYECKOIo Kiacca (0003HAauYeHBbI JIATHHCKUMU
OykBaMM) Ha KaXIbIi WHTEpBaa renuoreHTpudeckux paccrosuuid (0.02 a. e.). Bce 00beKThHI
HUMCIOT pasMep 5xMu 60.]'H>H_Ie. PI/IcyHOK BOCITPOU3BCICH C HC3HAYUTCIIbHBIMU U3MCHCHUSAMU U3

pabotsI [25].

Ha Puc. 4 mpeacraBieHbl TeIUMOIEHTPUYECKUE PACIPEICICHUS MacChl BO
BCEX OCHOBHBIX TAKCOHOMUYECKHUX THUIIAX aCTEPOUIOB Ha (PMKCUPOBAHHBIX HHTEP-
BaJIaX TeiuoneHTpuuecux pacctossHuil mo 0.02 a.e., KOTOpble MOJTHOCTHIO MOJ-
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TBEPXAAIOT BBIIIEOMMCAHHBIE OCOOEHHOCTH ATUX paCTpeesieHnii Ha 0oyiee BbICO-
KOM YPOBHE TOYHOCTH, a UMEHHO — PE3KHI POCT KOJIMYECTBA aCTEPOUIOB MPUMU-
TUBHBIX TUTOB K nepudepun ['TIA.

Hamu panee ormeuanock [16—18]), 94TO COOTBETCTBYIOMIMK YIOMSHYTHIM
PE3KUM pa3iNuusiM CKayeK (PU3UKO-XMUMHUUYECKUX YCJIOBUN (OPMUPOBAHHUS acTe-
pounoB (wm ux poautenbckux Ten) B PCC, Ha cTob KOPOTKOM MHTEpBAJE Te-
auoueHTpuyeckux pacctostuuii B I'TIA, Mor ObITh BbI3BaH HE TOJIBKO U HE CTOJIBKO
TEIUIOBBIMH MPOIIECCAMHU, CBA3aHHBIMHU, HAIIPUMEP, C PACHaioM KOPOTKOKUBYIIHX
W30TOIOB WM KoyiebaHusiMu cBeTumMocTu Mostoforo Comnna [19-22]. Ha ocHoBa-
HUU U3YYEHUS YCIOBUM aKKyMYJISIMK U PaHHEW TEIJIOBOM 3BOJIOLUU JOTIAHET-
HBIX KaMEHHO-JIEJIIHBIX TeJl 3a IpaHuIlell KOHJeHcanuu BojJsHOro jpaa B PCC
(MpeAnoa0KUTENIbHO Y 4-5 a.e. — Hanpumep, [19, 23, 24]) Hamu ObLI cliejaH BbI-
BOJ, O HEM30€KHOM BJIMSHUU Ha (DOPMHUPOBAHKME U IBOJIOLUIO ACTEPOUAOB JIMHA-
MUYECKHUX U yJIapHBIX MPOIECCOB, CBSI3aHHBIX ¢ pocToM fOmnuTepa, B 4aCTHOCTH —
JI0CTaBKa JIEASHOTO M YIJIHMCTO-XOHApUTOBOro matepuana B [TIA kameHHO-
JeISHBIMU TelaMu 13 30HbI FOmuTepa npu X CTOJIKHOBEHHSIX C POAUTEIHCKUMU
TEJIaMU acTEPOUIOB, 0Opa3zoBaBmmMucs in situ [16-18].

Ha ocHoBanuu 3Toro Hamu Obuta chopmynupoBaHa runoresa [17, 18] 06 00-
pPa30BaHUM YTIUCTBIX XOHJIPUTOB, KaK OCKOJKOB aCTEPOMAOB MPUMUTHUBHBIX TH-
OB, U, COOCTBEHHO, CAMUX aCTEPOUJIOB TakuX THMOB («C» M ONMHM3KHX K HEMY),
Kak (hparMeHTOB KaMEHHO-JIEJSHBIX Tell U3 30HbI pocta KOnurepa, BriOpachiBae-
MbIx B ['TIA 3apoasimem KOnuTepa Ha 3aKkiIO4MTENILHOM 3Tare ero GopMHpOBa-
HUS TP JTOCTHXKCHHH MM IO MAcce HECKOJIbKMX Macc 3emun [23, 24]. [Ipuuem,
KaK HaMH ObLIO YCTAHOBJICHO C MOMOIIBIO aHATMTUYECKUX pacyeToB [3], k aTomMy
MOMEHTY (Ha WHTEpBaJie BPEMEHU B TEUEHHE HECKOIBKUX TEPBBIX MHLITHOHOB
JeT) Mpu pacnafe KOPOTKOKHBYIIUX H30TOIMOB JOJDKHA ObLIa MPOW3OUTH WIIU
MPOUCXOAMIIa BHYTPEHHSS TETUIOBAs HBOJIONMS TaKUX JOCTATOYHO KPYIHBIX Ka-
MeHHO-JIesaHbIX Ten (>200 kM) u popmMupoBaHHE UX COOTBETCTBYIONIEH HHU3KO-
TEMIEPATYPHON MUHEPAJIOTUH, BKIIOYAIOUIEH T'MIpaTUPOBAHHBIE U BBICOKOOKHC-
JeHHble coequHeHus. Ho HeoOXOoaumo MOAYEpKHYTh, YTO NPECTaBICHHAs Ha
Puc. 4 BHyTpeHHSS CTpPyKTypa, BOOOIIEe TroBOps, Oojee XapakTepHa HE s
acTepoMJIOB, a s KaMEHHO-JEISHBIX Tell, O0Opa30BaBIIMXCS 3a TpaHUIIEH
KOH/ICHCALIUW BOJSIHOTO JIbJIA.

O4eBUAHO, YTO NMPU OOOCHOBAHUHU PACCMATPUBAEMBIX HIMPOKOMACIITAOHBIX
HBOJIIOIMOHHBIXU JUHaMHuueckux mpoiieccoB B PCC nomkeH ObITh MCIOJB30BaH
HE TOJBKO aHadu3 OO30pPHBIX JAHHBIX O OOJBIIOM YHCIE Ted € OJU3KUMU
XapaKTEepPUCTUKAMHU, HO TAaKXK€ W Pe3yJbTaThl U3yuyeHUs] KOHKPETHbIX Tesl. Hamu
MOJIy4eHbl HaOMIOAATENIbHbIE TMOJTBEPKACHUS OINUCAHHOTO BBIIIE MEXaHHU3Ma
MPOUCXOXKJIEHUS HECKOJIbKUX aCTEPOMJIOB MPUMHUTUBHBIX THUMNOB. Peub uuer o0
actepougax [JaBHOro mosca, NPSBISIIONIMX KOMETHYK) AaKTUBHOCTh BOJIM3H
HNepUreNds W HMMEIOIIMX 3HAYUTEIbHBbIE JKCHEHTpUCUTETHl opout. Takas
aKTUBHOCTh HaMHM Oblla OOHapyXeHa OJHOBPEMEHHO y 4 acTepoujoB

14



MPUMUTUBHBIX TUIIOB — 145 Aneonsl, 704 Uutepamuun, 779 Hunel u 1474 beii-
Pbl, HAXOAUBIUIUXCS Yy MEPUTreTUHHOr0 paccTosiHus B 2012 r. U moaTBepKaAeHa Yy
Tpex u3 HuX B 2016-2018 rr. mpu crexyromemM npoxoxaeHuu nepurenus (y 145
Aneonsbl, 704 Untepamunu u 779 Hunbl; ciienyromero NpoxXoxAeHus Mepureaus
y 1474 Beiipbl moka He 0b110) [27, 28]. Kak cienyer n3 aHann3a HaOI0qaTSIbHBIX
JAHHBIX, OCHOBHBIM (DAKTOPOM, BBI3BIBAIOIIUM CYOJMMAIIMOHHYIO aKTUBHOCTh
ITUX TEN ABJISIOTCS KOJIEOAHUS MOJACOTHEYHON TEMIIEPATYPhl, CBI3aHHBIC C U3ME-
HEHUEM TeIMOIIEHTPUIECKOTO PACCTOSHUS, ¥ JOCTUTAIOININE IECATKOB, a MHOTJA U
coteH rpaaycoB [28, 29]. Ho emie ogHuM yclIoBHEM JAaHHOIO IpoIecca SBIISIETCS
3HAUYUTENLHOE COJEp>KaHHE B MOBEPXHOCTHOM BELIECTBE PACCMATPUBAEMbIX aCTe-
POUIOB JIEJIIHBIX COEIMHEHUN (B MEPBYIO Oouepeab — BOASHOrO Jjbaa). OgHaKo
MPEANOJI0KEHUE O 3HAYUTEIBHOM COJIEP>KAHUU JIbJIa B CBOOOJHOM COCTOSIHUU U B
3HAQUYUTENBHBIX KOJWYECTBAX B BELIECTBE ACTEPOUJIOB MPUMUTUBHBIX THUIOB («C»
U OJM3KUX K HEMY), BOOOIIE TOBOPS, MPOTUBOPEUYUT CIOKHUBIIUMCS O HUX TMPE/I-
CTaBJICHUSM, OCHOBAaHHBIM Ha CBEJICHUAX 00 YIIIMCTHIX XOHJPHUTAX, KaK UX HAU0O-
Jiee BeposATHBIX aHajorax. CoriacHo J1abopaToOpHBIM UCCIAEAOBAHUIM, XOTS YIIIU-
CTBhIE XOHJAPUTHI U coaepkat Boay (mo 10 macc. %), HO TOJIBKO B CBS3aHHOM CO-
crosaun (Hanp., [29, 30]). Takum oOpa3om, OOHapyXeHHE CYOIUMAIIHOHHOTO
mporiecca y Iepureiusl Ha acTeporaX MPUMUTHUBHBIX THIIOB M €T0 OJTHOBPEMEH-
HOCTh Ha HECKOJBKHX TaKMX aCTEPOMIAX SBIISICTCS YKAa3aHHEM Ha €ro MacCOBBIN
XapakTep W Ha BEPOSTHOE MPOUCXOKICHUE PACCMAaTPUBAEMBIX TEJ 3a TpaHUIEH
KOHJICHCAIIMU BOASHOTO JIbJIa, BEPOSITHO, B 30HE (hopmupoBanus FOnurepa.

779 Huna (a)
25

TO4 Mmvepasns 53

Hopmuponanineii cnestp oTpamenns

Hopsampon e coexcrp o1t pascins

0.3 04 0.5 0.6 0.7 0.8 0.9 1
mHa BOTHB (MEM) o I oS e [ R A
F: I EROTRER (MRER

Puc. 6 (a, 0). (a): HopmupoBaunsie (Ha 0.55 MxM) criekTpbl otpakenust 779 Hunbr (1-3),
noyrydeHHbsie B ceHTsOpe 2012 r. Ha mHTEpBajge BpEMEHHU, COOTBETCTBYIomEeM ~1/2 mepuoma
BpalleHus: acteponaa (CrekTp 1 moiiydeH myTeM YCpeTHEHHS S MOCIIeOBATeIbHBIX CIEKTPOB;
2 — pe3yJbTaT YCPEAHECHHUS 5 CIEKTPOB; 3 — pe3yibTaT yCPEAHEHUS 2 CIEKTPOB); CIIEKTPHI OT-
paxkenuss 1 U 2 TPOU3ZBOJIBHO CIBUHYTHI BIOJb BEPTHKAIBHOW OCH ISl YAOOCTBa CpaBHE-
Hus). (0): HopmupoBanusiii ciektp orpakenust 704 Murepamuun (centsiops 2012 1.), sBisito-
IIMHCS PE3yIbTaTOM YCPEIHEHHUsS 5 MocieaoBaTelbHbIX criekTpoB [27, 28]. Crexktpsl Hunbl u
WNHTepamMHnu mpeicTaBICHBl B OJJHOM MacIlTaoe.
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Ha Puc. 6 moka3zanbl mpuMepsl CrieKTpoB otpakenus 779 Hunwl (6a) u 704
Nutepamauu (60), mosydeHHble B ceHTsOpe 2012 r., B MepHoJ MX BBICOKOH
CyOMMMAIMOHHON AaKTUBHOCTA Y TIEPUTENUS C HEOOBIYHBIMU IS CIEKTPOB
OTPaXXEHUSI AaCTePOHJIOB MPUMUTHUBHBIX THIOB MAaKCUMyMaMH B BHIAMOM
nuanazoHe 'y 0.50-0.55 MKM, CBSI3aHHBIMM C HaJU4YUEM pacceuBarollen
OTPaXKCHHBIN CBET KOMBI M3 JISASHBIX dacTull [27, 28].

NHTEepecHO OTMETUTh, YTO 3HAUWUTENbHAS CyOJMMAIMOHHAs AaKTUBHOCTh
Hunbl u UnTepamunu (a takke Aneonsl U beiipsl) B 2012 r. coBnasia ¢ BBICOKOH
COJIHEYHOM aKTUBHOCTBIO, & CIIEKTPhI OTPAXKEHUS 3TUX aCTEPOUIOB, MOJYyUECHHbIE
IIPU UX CleayroleM npoxoxaeHuu nepurenus B 2016—2017 rr. npu noHMKEHHON
COJIHEYHOM aKTHMBHOCTH TaKUX MAKCUMyMOB (KaK TMPU3HAKOB HAIWYMs
3HAUYUTENLHOMN paccerBarollell KOMbl) B OOJIBIIMHCTBE CiIy4aeB He cojepskanu. Ha
TOM OCHOBAaHUM MOXHO YTBEP)KIaTh, YTO HaM, BEPSITHO, YIAJIOCh TaKke
OOHApPY)XUTh BJIUSHUE COJHEYHOM aKTUBHOCTHM HAa MPOTSHKEHHOCTh  (WJIU
IJIOTHOCTH) CYOJUMAIIMOHHOW KOMBI aKTHUBHBIX acCTEPOUI0B. B0O3MOXKHO, dYTO
O0JibllIasi MHTEHCUBHOCTh IMOTOKOB 3apsKEHHBIX YacTHUI[ COJIHEYHOTO BETpa
(rmaBHBIM  00pa3oM TMPOTOHOB) TMPH TOBBIIIEHHOW COJIHEYHOW aKTUBHOCTH
BBI3BIBAET POCT IJIOTHOCTHU T'a30-MbLUIEBOM KOMBI (MPU «pa30pbI3rUBAaHUN JIbJla U
0CBOOOXKICHUH OO0JBIIET0 00bheMa MBIJICBOTO MaTepHalia) M TOBBIIIAET YPOBEHB
pacceMBaeMoro B HEW OTPaXEHHOIO0 OT MOBEPXHOCTH acTepoujia ceTa. Takxke
BO3MOXHO, 4YTO JAPYyruM (WJIH JOMOJTHUTEIBHBIM) MEXaHU3MOM YBEITUYCHUS
MPOTSHKEHOCTH KOMBI aKTMBHOTO acTepouja SIBJISIOTCS Oojee WHTEHCHUBHBIE
ANIeKTpocTaTnYecKkue d(PPEeKThl, 3aCTABISAIONINE YACTUIBI KOMbI JICBUTUPOBATH Ha
OoJiblliel BhICOTE TpH Oo0Jiee BBICOKOW COJIHEUHOM aKTMBHOCTH. Ho mpu odeHb
c1aboM TPaBUTALIMOHHOM II0JI€ aCTEPOMJIa TaKWE YACTUIIBI JIOJDKHBI €r0 OBICTPO
nokuaate. OueBHJIHO, YTO MepeyucieHHble HPQGEeKTbl HYXKAATCI B
JOTIOJTHUTEIBHBIX UCCIIEI0BAHUSIX.

BriBoabI

Hakonennbsle crieKkTpajibHBIE JaHHBIE 00 acTepoujax M TaKCOHOMHYECKAs
(criexTpanbHast) Ki1accuuKaus 3TUX TeJd MO3BOJIMIN BBISICHUTH MHUHEpAJIOrHye-
CKHE OCOOCHHOCTH KaXXJIOro kiacca (tuma) actepousoB. Okazanock, 4to ~75%
oOIIero ymcia M3BECTHBIX aCTEPOMIOB HMMEIOT MPUMHUTHUBHYIO (HHU3KOTEMIIEpa-
TYPHYI0) MUHEPAJIOTHIO.

C npyroit CTOpPOHBI, TIOCTPOEHHUE I'EIMOLEHTPUUECKUX paclpeesieHui acTe-
POMIOB Pa3HBIX TUIIOB MO3BOJIMIIO YCTAaHOBUTH CTPYKTYpY ['TIA 1o cocTaBy Berie-
CTBa M OOHAPYKHUTh JIOCTATOYHO PE3KHM mepexoj (B mpejesiax BCEro OJHOU ac-
TPOHOMUYECKON €AMHMIIbI) OT BBICOKOTEMIIEPATYPHBIX THUIIOB ACTEPOUIIOB Y €r0
BHYTpeHHero kpas (S-, M-, E-, R- kiaccel) Kk HU3KOTEMIIEpaTypHBIM Ha rnepude-
pun I'TIA (¢ npeumyllecTBEHHO HU3KOTEMIEpaTypHOil MuHepanoruei — C-, P- u
D- kiaccel) ¥ Jaxe pOCT KOJIUYECTBA MOCICTHUX C MPUOIIKEHHEM K OpOHTe
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FOnurepa. Ilono6uas crpykrypa I'TIA, BeposTHO, SIBJISETCS KOMILJIEKCHBIM pe-
3yapTaToM JeicTBOBAaBIINX B PCC 3BOIIOLIMOHHBIX U JUHAMUYECKHUX MTPOLIECCOB.

[lepeunciieHHbIE OCOOEHHOCTH T'€JIMOLUEHTPUYECKOTO PaCIpEAeIICHHUs] acTe-

pPOMJIOB MPUMUTHUBHBIX TUIIOB, & TAK)Ke OOHAPYKEHHWE HaMHU OJTHOBPEMEHHOM aK-
TUBHOCTH y TEPUTENHUS YETBIPEX ACTEPOUJIOB MPUMUTHUBHBIX THUIOB [ JIaBHOrO
mosica yKa3bIBalOT HA MPOUCXOXKIECHNUE WX 3HAYUTEILHON YacTH WJIU Jaxe OOJIb-
IIMHCTBA 32 TPAHMIICH KOHJEHCAIIMW BOJSHOTO JIbJIa, BEPOSTHO, — B 30HaX (op-
MupoBanus FOnurepa u Apyrux miaHeT-TUraHToB.
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ASTRONOMY IN SERBIA IN XX - XXI CENTURIES

Dimitrijevi¢ M.S.
Astronomical observatory, Belgrade, Serbia

History of astronomy is presented and reviewed since the foundation of Department of Astron-
omy in 1884 and of Belgrade Astronomical observatory in 1887. Apart from the development of
Astronomical observatory and the University teaching of astronomy, basic data on astronomical
societies of amateur astronomers are also given.

Kadenpa actponomun Oblia ocHoBaHa B benrpaae B 1884 1., a AcTpoHOMU-
yeckasi oocepBatopusi — B 1887 r. benrpajackas acTpoHOMHUYECKass 00CepBaTOpus
SBJIIETCSI OJIHUM W3 CTapeIlnX Hay4YHbIX yupexxaeHud B CepOuu M €UHCTBEH-
HbIM aBTOHOMHBIM aCTPOHOMHYECKHMM UHCTUTYTOM. Ee mpouuioe pa3BUTHE SIBIIS-
€TCsl BaXKHOM 4aCThIO UCTOPUM HAYKU U KYyJIbTYpPbl B 3TOM PETHOHE. YKa3 O €€ CO3-
JTaHWUW, COBMECTHO C¢ MeTeoposiorudeckoil oOcepBaTopueid, Obu1 moamucan 20
mapta (7 ampensi) 1887 roga MuHHUCTpOM OOpa30BaHUS M IIEPKOBHBIX nea Kopo-
neBctBa Cepbun Munanom Kyronmxudem no nHuimatue Mwunana HenenbkoBu-
ya (benrpan, 09.09.1857 — benrpan, 21.02.1950), mpodeccopa Bennkoit 1mikosbt
(benrpanckuii yauBepcutet). HenenbkoBud ObLT Ha3HAYEH MEPBBIM JUPEKTOPOM
HeIaBHO co3maanHoit O0cepBaTopuu [1-4].

[TepBoro mas 1871 r. HemenbkoBUY Hadall CBOIO JESITEILHOCTh BO BPEMEH-
HOi1 OOcepBaTopuu, B JOME, apeHI0BaHHOM y ceMbH I eitznepoB. 3aecy OOcepBa-
Topus nerictBoBaia A0 1 mas 1891 r., korjaa oHa Oblia repeMerieHa B CBoe coOCT-
BEHHOE 3/1aHuE, TIOCTPOSHHOE TEM BPEMEHEM; B HEM B HACTOSAIEE BPEeMs HaXoO-
nutcs MeTteoposoruueckasi 00cepBaToOpHs.

HenenbkoBuu Bo3rnasisut obcepBaTopuio ¢ 26 mapta (7 ampensi) 1887 r. o
30 saBaps 1924 r. [lepepsiB npoun3sorien Toabko ¢ 5 utonsg 1899 . no 31 okTabps
1900 r., xorna oH ObLI OTIPABJIEH HA MEHCHUIO MO MOJUTHYECKUM MoTHBaM. Ha
mecte HenenpkoBuua Obul B 3TOoT mepuop Jlxopmxke Cranoesuu (Heroruw,
7.04.1858 — ITapuxk, 24.12.1921), nepBsiii cepOCKUii acTpOPHU3UK, MO3THEE PEKTOP
benrpanckoro ynuBepcurera. CTaHOEBUY ObUI BETUKHUM IOMYJISAPU3ATOPOM ac-
TPOHOMHUHU M HAyKd B ILI€JIOM; OH ObUT JABMXKYILEH CHIIONW BHEAPEHUS AIIEKTpHUUE-
ckoro ceera B benrpane, Yxuue, Yauke, JleckoBue. beul crpoutenem mnepBou
ruapoaiekTpoctaHiiun B CepOuu, MUOHEPOM HMHIYCTPUM XOJOJUIBHBIX MPUOO-
POB, HHUIIMATOPOM CO3J[aHUs KOMHUTETA MO MpobiieMaM oxjaxaeHus u GopMupo-
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BaHUA MEXJAYHAPOJHON OpraHu3alvu Mo TeXHUKe oxnaxaeHus B [lapuxe B 1903
roay. OH Taxke ObLI MHOHEPOM IBeTHOM (hoTorpaduu B Cepoun [1-4].

Puc. 1. Munan Henenkouu (cieBa) u Jxopmke CtaHoeBUY.

[TomMmuMoO ee BayKHOCTH JJIsl aCTPOHOMMH U MeTeoposioruu, O6cepBaTopus BO
rnaBe ¢ HenenpkoBrudem Oblia KOJBIOETBIO CECMUYECKUX M T€OMAarHUTHBIX HC-
cinenoBanuii B Cepouu [1-3].

Bo Bpewms IlepBoit mupoBoii BoitHel OOcepBaTOpus OblIa OKKYITUPOBaHA aB-
CTpUiillaMu, ¥ BO BpeMs UX u3rHaHus u3 CepOuu OHU OTOOPATIU WM YHUUTOXKUIU
BCE MHCTpYMEHThI. OHaKo Oyarogaps cBoeMy HEOOBIKHOBEHHOMY U Mpo¢eccro-
HaJlbHOMY MacTepcTBY HenenbkoBuu cymen npuoOpectu B ['epManuu mocie Boui-
HBI, B CUET BOCHHBIX penapanui, psj WHCTPYMEHTOB Ui 000OpyAOBaHUs HOBOH
Ob6cepBatopuu.

B HacTosiiiee BpemMsi B COOTBETCTBYIOIIMX MaBUJIbOHAX YCTAHOBJIEHBI Clie-
TyIOIMe WHCTPYMEHTHI, MpruoOpeTeHHbie HenenpkoBrueM:

1. Bosbmioi pedpaxrtop - ZEISS 650/10550 mm. DxBatopua.

2. Conneunslii ciektporpad (Monoxpomatuueckuil) LITTROW, 9000 mm /
100 000, pazpaboTanusbiii npu agantanuu k ZEISS 200/3020 mm, sxBaTopual, ABe
actpokamepbl TESSAR u PETZVAL 160/800 mMm.

3. bonbmoi mepuauanubiii kpyr ASKANIA 190/2578 MM (cropen Bo BpeMs
HATOBckoit 6ombapaupoBku benarpaga B 1999 r.).

4. Bonbioit maccaxkubiii uHCTpYMEeHT ASKANIA 190/2578 mm.
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Puc. 2. BoucnaB MumikoBuy (cieBa) 1 Munytud MuiankoBuY.

Puc. 3. bearpaackas ActpoHoMUYecKast 00cepBaTopus

5. bonbmio# BeptukaabHbii Kpyr ASKANIA 190/2578 mm.
6. Actporpad ZEISS 160/800 mm.
7. ®otoBuzyanbHbIN pedpaktop ZEISS 135/1000 mm u 125/1000 Mm.
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8. IMaccaxxnswiii uncTpymeHT BAMBERG 100/1000 mm.

9. 3ennt-Teneckon ACKAHUA 110/1287 mm [1-3].

Kpowme Toro, B 2005 roxy Obu1 kyrieH peduiektop Meade 400 mm.

[Toxa HenenbpkoBuu 60poscs 3a HOBYIO 0OCepBaTOpHIO, HA KOTOPOHl OymyT
YCTAHOBJICHBI TPUOOPETEHHbIE MHCTPYMEHTHl M HAYHYTCSI PEryJIIpHbIE aCTPOHO-
MUYecKue HaOJII0eHHsI, OH BHE3AIHO ObUT OTHpaBiieH Ha neHcuto 30 suBaps 1924
r. [To pemenuto Cosera (axynprera OOcepBaTopus Obla pa3zeiiecHa Ha JiBa OT-
JENbHBIX YUPEKIACHHUS: ACTPOHOMHUYECKYIO obOcepBartopuio u MeTeoposiornye-
CKyl0 obcepBaToputo benrpanckoro yHuBepcurera.

Bo rinaBe ActpoHoMuueckoil odcepBaTopuu ObUT HazHaueH B 1925 r. Bowc-
naB B. MumikoBuy (®yxune, 18.01.1892 rona — benrpan, 25.11.1976), B To Bpe-
Msl YK€ XOpOIIO 3apeKkoMeHAoBaBIIMi ceOs actpoHoM. C 1922 r. oH 3aHuUMan
JIOJDKHOCTh acTpOHOMa B obOcepBaTopuu HuIBI, MOJyYUB CTENEHb JIOKTOpa B
1924 r. B yauBepcutete Monnense. B 1925 1. on nosyuui npemuto ¢hpaHIly3CKoi
AKaneMHH 3a UCCIIeIOBaHMS B 3Be3AHOM cTaTtuctuke. B 1919-1925 rr. on omy0-
JIMKOBAJl psifl cTateid BO (DPaHIly3CKMX HAYYHBIX KypHajaX, MOCBSIICHHBIX Ha-
OJIFOICHUSIM MaJIbIX TUIAaHET U KOMET M OmpejesieHuto ux opout. OH mpuexan B
benrpan B 1926 r.; kpome mocrta aupektopa ACTpPOHOMHYECKON oOCepBaTOpHH,
MHUIIKOBHY CTaJI ¥ 3aBEAYIOIIMM HEAABHO CO37aHHOMN Kadeapbl TeOpeTHUeCKOr 1
mpakTU4Yeckor actpoHomuu Ha dunocodckom dakynbrere, rae oH ObUT M30paH
acconMupoBaHHBIM Tipodeccopom. B 1929 1. o Obu1 u3bpaH YJICEHOM-
koppecnongeHToM CepOckoil KOpoJieBCKOM akajeMuu, a B 1939 r. — nmojgHomnpas-
HbIM wieHOM. OH B 3HAUMUTEJILHOW CTENEHU HampaBuil JesITebHOCTE O0cepBaTo-
pUU K MaTEeMaTUYECKUM U YUCICHHBIM paboTaM, KOTOpbIC Jaju LIEHHBIE PE3yJib-
TaTbl. BakKHbI ynClIeHHBIE PA0OTHI, CBSI3aHHBIE C MATEMAaTUYECKON KIIMMATOJIOTUEH
M. MunaHkoBu4a, a TakKe C COOCTBEHHBIMU MPEIECCUOHHBIMU TaOIHUIIaMU
Murmikosuya [1-3].

B 1929 r. MunikoBu4 cymen MOJIy4YdUTh CPEACTBA AJIsI CTPOUTENBCTBA HOBOM,
COBPEMEHHOM 00CcepBaTOpUH, HA PACCTOSIHUM 6 KM Ha IOr0-BOCTOK OT ILIEHTpa To-
pona, Ha miomaau 4.5 ra Ha BeicoTe 253 M Ha XxonMe Benvku Bpadap, Ha3BaHHBIN
no3Xe, Kak W Bci OKpykawmias 4dactb benrpana, 3Besnapa (obcepBatopusi).
CrtpoutenbHble paboThl ObUTH BbITIONHEHBI B 1930-1932 1., a MUHCTpYMEHTHI OBbLITH
YCTaHOBJICHBI B TE€UEHUE CIEIYIONIUX ABYX JeT. MUIIKOBUY Hayaj TakxkKe MmyoJu-
KaI[MI0 HAyYHOT0 TIepruoandeckoro xxypHaia «Mémoires de 1'Obs. Astr. Belgrade»
(1932-1949) u «Annuaire de I'Obs. Astr. Belgarde» (1929-1934), conepkariero
3BE3/IHOE BPEMS, KOPOTKO-TIEPUOJUYECKUE WICHbI HyTallUH, CPEIHUE U BUJUMbIC
mecta 189 3Be3n, HeJaBHO OOHAPY)KEHHBIE MaJible TUTAHETHl U WHCTPYKIIMH JIJIS
ucrnosib3oBanus, a moroM «Nautical Almanacy (1934-1941) nyist HaBUTaTMOHHOTO
oOecrnieueHus prota U «AJlbMaHax Haliero He6a», aCTPOHOMUYECKUN KalleHAaph
Ha cepOckoMm s3bike (1930-1951).
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Puc. 4. bonpmoi pedpaxrop — ZEISS 650/10550 mm.

B 1936 rony MumkoBu4, npu cogercteun Muiopana Ilpotuya, oprannso-
Ban u CnyxObl HaOmonenus Manbix mianer u Conxua. B tom ke roamy
I1. JlxxypkoBuu oOHapyxun B O0cepBatopun Uccle (benbrus) manyioo IuiaHery,
BITOCJIC/ICTBUM Ha3BaHHYI 1605 MunankoBuy, a M. IIpotuu B benrpasackoit 00-
cepBatopuu OOHapyXKuJl Maiyro 1aHetry 1564 CepOus, koTopasi 03HaMeHOBaja
Hayajo JJIMHHOW cepuu Oosiee yeM 40 MajbIX IUIaHET, OOHAPYKEHHBIX Oenrpa-
ckuMmu actpoHoMami. [Tomumo 1564 Cepbuu, nons3ysich mpaBoM aBTopa, [Ipotuu
Jan CIeAyoIne UMEHA MallbIM IUIaHeTaM, KOTopble oH oOHapyxui: 1507 ben-
rpan, 1550 Tuto, 1554 KOrocnasus, 1675 Cumonnna, 1724 Bnagumup (B uecthb
cBOEro BHyKa), 2244 Tecna u 2348 Mumkosu4 [1-3].

OcHoBannem B 1936 r. Cinyx0 HaOmonenuss Manbix mianer u CofHIa.
3aKOHYMIJIACh OpraHU3alus HabII0JaTeNIbHOM 1eATeIbHOCTH HOBOM 00CEpBATOPUH.
B stom rogy MumkoBuu Hauyad BBIMYCK HaydHoro >xypHana «Bulletin de
I'Observatoire astronomique de Belgrade», xotopsiit ¢ No 145 3a 1992 r. umeer
Ha3Banue «Bulletin astronomique de Belgrade», a ¢ Ne 157 3a 1998 r. — «Serbian
Astronomical Journal». B 1947 roay oGcepBaropus Takxke Havaja ceputo «Publi-
cations of the Astronomical Observatory of Belgrade».
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Korma B mae 1948 r. Obina mpuHsta oTcTaBka B. MwumikoBuya, Ha TOCT
nupekrtopa OOcepBaTopun ObUT Ha3HAYeH akageMuk MwumyTuH MuiaHKOBHY
(Hanp, 28.05.1879 — benrpan, 12.12.1958), KoTopblil BOILIENT B HUCTOPHIO HAYKH,
00BSICHUB (PEHOMEH JICHHUKOBOTO IEpUoAa Yepe3 MEIJICHHbIC W3MEHEHUS B
WHCOJISIIUKA 3€MIIA B Pe3yJIbTaTe HAKJIOHEHUSI OCH 3EMJIU U €€ JIBHXKEHUSI BOKPYT
ConHula, mpeTepreBarolue W3MEHEHUS, BBI3BAHHBIC PA3JIMYHBIMU BIHSHUSAMM.
MusiaHKOBUY M3y4all HUCTOPUIO KiMMaTa 3€MJId W JIPYyTHX IUIAHET, SIBJISJICS
co3jaTeraeM MaTeMaTHYeCKOW TEOpHHU IABMXKEHHUS MOJIIOCOB 3emMiii. MUJIaHKOBUY
3aHUMAJI ITOCT AUpEKTOpa 10 26 uroHd 1951 r.

B 1949 r. ObL1 3aBepIlieH acTpOTreoIe3MYeCKU MaBUJIbOH, HaYaThIl e1lle /10
BOMHBI. B HEM ObLIM yCTaHOBJIEHBI MaJleHbKUI naccaxkublid Teneckon 10/100 cwm,
3enutHbld Teneckon (11/110 cm), HeOonbplias mpu3MaTHuecKas acTposiOus U
yHUBEpCcaIbHBIM HHCTpYMEHT (7/70 cm). IlaBuiboH ObuT Ha3BaH «Y4eOHBIN
NaBUJIbOH», MOCKOJIBKY OH OBLI MPEIOCTABIEH B PACHIOPSKEHUE CTYIEHTOB.

B Teuenun 1957-1959 rr. 6puM MOCTPOCHBI MABUIIBLOHBI, B KOTOPHIX 3a 34
roja OBUIM YCTAaHOBJEHBI TPH KPYNHBIX (YHIAMEHTAIBHBIX WHCTPYMEHTA,
omaromapst kKotopbiM O6cepBaTOpusi CTana OJHOU U3 JIyHIIUX 000PYIOBAHHBIX IS
UCCJIeOBaHUM B oOnacTu (yHIaMeHTalnbHON acTpomerpuu. Kpome Toro, ObLi
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MOCTPOEH Psi/i BCIOMOTaTENbHBIX OOBEKTOB, KUJIO€ 3IaHUE U JI0pOra, h3-3a Yero
wiowanas O6cepBaTopuu norpedoBana pacmupenus 10 10 ra.

OTO MO3BOJWJIO CO34aTh TPU HOBBIE HAy4yHble TIpyHIbsl: [pymnmy 1o
OTHOCUTENbHBIM KoopauHaTaM (boiblioli MepuanaHHbIi KPyT, pyKOBOAUTEIND JI.
Jaund), ['pynmy aOCOMIOTHBIX MPSMBIX BOcXxoxaeHUi (bombmioit maccaxabii
Teneckorn, pykoBoautenb JI. Mwutuu) um ['pynmy aOCOMIOTHBIX CKIOHEHUH
(bosbmroit BepTUKaNBbHBINA Kpyr, pykoBoautenb k. Teneku). B teuenue 30 ner
ObUIM TOATOTOBJIEHBI CEMb HAOIIOAATENbHBIX 3BE3IHBIX KAaTaJIOrOB MPHU MOMOLIH
Bonbioro MmepunnanHoro kpyra noja pykoojctBoM Coduu CamxakoB; Bce OHU
OBLIH YaCThI0 MEXKIYHAPOIHBIX IIporpaMM HaboaeHui [1-3].

Puc. 6. CneBa — maBuiboH 1.4-mMeTpoBoro Teneckona Ha Bupoesure. CrnpaBa — 1.4-m
teneckon AZ 1400 «MunaHKOBUY».

CTpouTenbcTBO HOBOW ACTPOHOMHYECKOW CTaHUMM ACTPOHOMHUYECKOU
obcepBaTopun Ha rope Bugoesuiia okoso IIpokymie Ha BeicoTe 1155 M Havanmock
B 2005 r. C Tex mop mOCTPOEHBI KUJION MaBUJILOH (TJIABHOE aJMUHHUCTPATHUBHOE
3nanue) u kynous mis 60-cm Teneckona pediekropa Astro Optik «HenenpkoBuuy,
KoTopbiii Obul ycranoBieH B 2011 1. Camas BepiimHa 3ape3epBUPOBAHB IS
aBTOMATU3UPOBAHHOTO KymnoJsia HoBoro 1.4-m teneckona AZ1400 «MutanHkoBUY»
¥ BCIIOMOTATEIBLHOTO 37aHUs JUIsI TEXHUYECKOTO 000PYIOBaHUS, CEPBUCHBIX U
KOMITBIOTEPHBIX cucTteM. Teneckon «MumankoBuuy mpuoOsit 28 ampens 2016 r. u
OBbLJT YCTaHOBJIEH B BDEMEHHOM aBUJILOHE.
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Hupexktopom benrpanckoit ActpoHomuueckod oOcepBatopuu ¢ 2015 T.
apisietcs ['oiiko JlxypameBud. 3aeck pabotaeT okojo 50 denoBek, 41 u3 HUX —
ACTPOHOMBL.

Hayunble  ucciienoBaHusi,  NPOBOJAMBIIKECS B ACTPOHOMHYECKOU
o0cepBaTOpHH, CIEIOBAINA TCHICHIUSAM B aCTPOHOMHUYECKHUX U aCTPO(U3UUECKUX
ucciaenoBanusix XX Beka. TeMaMu HCCIEOBAaHUN OBLIU: HAONIOACHUS MAaJbIX
IUIAHET, KOMET M JBOMHBIX 3Be€3]] WU OINpeAelieHue HUX OpOuT, 3Be3qHAs
dboTOMETpHS, CIEKTPOCKOIHUS U MOIIPUMETPUS (B OCHOBHOM SPYIITUBHBIC 3BE3/IbI,
XOJIO/IHBbIE CBEPXTUTaHThl U Be-3Be3npl), criekTpockonust CoiHIla 1 MOHUTOPHUHT
KpynHOMAacIITaOHbIX (HOTOCHEpPHBIX ABMKEHUN A1 MOACIUPOBAHUSA JTUHEHHOTO
U3NlydeHus: B OoJbIIOM pa3zHooOpaszuu actpodusndeckoil mmasmel. Celuac
MunucrepcTBO 00pa3oBaHMs, HAYKU M TeXHoJIormueckoro pasputus CepOuu B
paMKax IporpaMmbl UCCIENOBAHUM B 00JaCTH (PYHIAMEHTAIBHBIX HayK, pa3ziel
«Hayku o 3emze», mnpenoctaBiasieT (UHAHCUPOBAHHME MJIA  CIEAYIOLIUX
ACTPOHOMHYECKMX M acTpopU3MYECKHUX  MIPOEKTOB:  AcTpodusnueckas
CIIEKTPOCKOMHUSI BHETaJaKTUYECKUX OOBEKTOB; BiusHHE CTOJIKHOBUTEIHHBIX
MPOIIECCOB Ha acTpoU3UYECKyIO TuiazMy; ['paBuTalis U CTPYKTypa BCEIIEHHOMN
Ha OoJibIMX MaciTabax; 3Be3nHas ¢u3uka; J[MHaMuKa ¥ KnHeMaTHuKa HeOESCHBIX
TeN U cucTteM; Buammoe U HEBUIMMOE BEIIECTBO B COCEAHUX TaJaKTUKAX: TEOPUs
u  HaOmonmeHus;  AcTpouHpopMaThka: NpPUMEHEHHE  UHOOPMAIMOHHBIX
TEXHOJIOTUI B ACTPOHOMHH M CMEKHBIX 00JIACTSIX UCCIICTOBAHHM.

Kadenpa acrponomuu cymectsyer B benrpane ¢ 1884 r., a tenepsb JeKIUU
U3 aCTpOHOMHHM 4WTarOT B yHUBepcureTax B HoBom Cane, Kparyesue, Hume u B
Yuusepcurere [Ipumtnasl B KocoBckoit Mutposuue. /IBa ynusepcurera B Cep-
OuM mpeaiaraloT AUIUIOM OakajdaBpa U Maructpa B 00JIaCTH aCTPOHOMHH (C Iep-
BOoro ydebHnoro roxa): benrpaackuii ynusepcuter m YHuBepcuter Hosu Can.
VYHuBepcurer benrpana takke npeasiaraeT aCUpaHTypy B 001acTH aCTPOHOMUHU.
B npyrux Tpex yHuUBEpCHUTETaX acTpPOHOMHUS IMPENoaaeTcs Kak o0s3aTebHBIA O]1-
HOCEMECTPOBBIN KypC JI CTYJIEHTOB-(OU3UKOB. benarpajackuii yHUBEpPCUTET yua-
ctByeT Takke B AstroMundus, nByxietHed nporpamme Erasmus+: Erasmus
Mundus Joint Masters Degree B o6sactu actpoHomuu U actpodusuku. [Iporpam-
Ma Obu1a Hayata B 2009 r. kak kypc Erasmus Mundus Masters u Tenepb mpoj1oJi-
J)KaeTcs B pamkax HoBoW mnporpammbl Erasmus+ Epomneiickoro Coroza. Kypce
npeajiaraeTcsi KOHCOPIIMYMOM M3 5 MapTHEPCKUX YHUBEPCUTETOB B ABCTpHH,
Wranuu, 'epmanum u Cepoun.

B Cepbumn cymecTBYIOT Takke€ HECKOJIbKO HEOOJBIIUX JTIOOUTEIHCKUX WU
YHUBEPCUTETCKUX oOcepBaTopuii: Hapomnas obcepBatopus B benrpame, O6cep-
Baropusi ActpoHomuueckoro odmiectBa Hosu Can u O6cepBatopus bemnepodot
npu YHusepcurere B Kparyesue. Ectb nBa miianerapusi: B benrpage (OTKpbIT B
1970 r.) u HoBom Caze (otkpsIT B 2001 T.) 11 ABa MOOMIIBHBIX M1aHeTapus. Heko-
TOpbIE U3 CaMblX BaXHBIX MHCTpyMeHTOB: B HoBom Cane — nBa peduiektopa
Meade 150 mm u 250 mm u Meade DeepSky CCD Imager; B Kparyesue — tene-
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ckom Zeiss 150/2250, 200/1000, teneckon HproTOHA ¥ HEIOTOHOBCKHM pedIeKTop
¢ ycranoBkoi Jloocona (250 mwm, f/5); B Humre — 60-mMM pedpakTop U TeinecKor
Meade LX200.

Ecth Taroke 17 moburensckux actpoHomudeckux obmects: 1) AO «Pymxep
BomkoBuu» (ocHoBanHoe B 1934 rony), benrpan, http://www.adrb.org [5]; 2) Ac-
TpoHOMHUYeCKasi rpynmna OpraHuzaidd MOJIOABIX HccienoBateneit «Bmagumup
Maunnnu-Manga» (1973), BanseBo; 3) AO "Hosu Can" - AIHOC (1974), Hosu
Can, http://www.adnos.org; 4) AO "Anda" (1996), Hum, http://www.alfa.org.rs/;
5) AO «Munytun Munankosuuy» (1996), 3pensinun; 6) AO «JIupay (1998), Hosu
Can; 7) ActpoHomuueckas rpynmna OOmiecTBa ecTecTBoMCHbITaTeNneil «l'ea»
(1999), Bpuair; 8) OO1ecTBO painoaCTpPOHOMUYECKUX UCCIEIOBAHUNA «ABpopay
(2000), bop; 9) AO «MaremnanoBo O61ako» (2001), ITpoxymie; 10) AO «Jlo3uu-
na» (2002), Jlosnuna; 11) AO «Anapomena» (2003) Kuspkerarr; 12) AO «HoBu
[Tazap» (2004), Hoewu Ilazap; 13) Llentp paguoactponomuu «Tecna» (2004), ben-
rpag; 14) AO «Apucrapx» (2005), Kparyesai; 15) AO «Yuausepzym» (2006),
bauka [lananka; 16) AO «Opuon» (2007), UBanbuia; 17) AO «Munytua Mu-
nankoBuy» (2007), [Tangero, http://ljvazic.googlepages.com [6,7].

[Toutn Bce obmiecTBa mpejararoT oOpa3oBaTelbHbIE U WH()OPMAIMOHHO-
MOMYJISPU3ANMOHHBIE TTPOTrPAMMBI JIJISi IIMUPOKON OOIIECTBEHHOCTH, HAUMHAs OT
3BE3/IHBIX BEYCPUHOK M 3aKaHUYMBAsS 3aHSATUSMU MO UCTIOIb30BAHUIO TEJIECKOTIOB U
nyOJMUYHBIX JICKIIUH. BOJIBIIMHCTBO M3 HUX OPTraHU3YIOT PEryJsipHBIE KYPCHI IO
aCTPOHOMUH, OOIIECTBCHHBIC HAOIOJCHHS 32 BCEMH MHTEPECHBIMH COOBITHSIMH,
JeKLIHMH, KOH(EepEeHIUH, JIETHUE IIKOJIbI U areps (Hanmpumep, AO «Pymxkep boi-
KOBHY» OpPTaHU3yeT «ACTPOHOMHYECKHE KypChl Ui HAYMHAIOIMINX» KaKIYIO
OCEHb U BecHy, benrpaackuil actpoHoMudeckuil yuk-suH1 (BAW) kaxapiii HioHb
MPOBOJMT CTICIMATIBHYI0 TEMATUYECKYIO BCTpedy NoJl Ha3BaHHeM «JleTHue acTpo-
HOMHMYECKHE BCTPEUM» M JIETHUE IIKOJIBl ACTPOHOMHH, MpOJoJDKarommecs 7-8
nueit; AO «Jlupay opranusyer Meccre-mapadoH, a TakKe aCTPOHOMHUYECKHUE Jia-
reps (Ha rope @pymka ['opa), npogomxatouuecs Tpu aus1). Taxxe ¢ 1953 roga
AO «Pymxep bourkoBuu» myonukyeT xxypHai «Bacuona» (Bcenennas).

CepbOust siBnsieTcs wWieHOM MEeXIyHapOJAHOrO0 acTPOHOMHYECKOTO CO3a
(MAC) ¢ 1935 rona. B nacrosimee Bpemst 50 unenoB MAC — u3 Cep6uun. Otme-
TUM Takxke, 4To 12 cepOCKUX acCTPOHOMOB SIBJISIOTCS WICHAMH ACTPOHOMHYECKO-
ro O6mectBa (AO), a B 2012 roay 6su10 co3aano npeactaButesbectBo AO B Cep-
oumu.

AcTpoHOMHUYECKOE 00pa3oBaHME, MCCIEAOBAHUS U OOIIECTBEHHAs ACSTEINb-
HOCTh XOPOIIO OpraHu3oBaHbl B CepObun. YHHBEPCUTETCKOE 00pa3oBaHHE U HC-
CJIeIOBaHMsI B 00JIaCTH aCTPOHOMHUHU MMeroT 134-netHioro Tpaguiuio. B xone cBo-
eil uctopun benrpazackas actpoHoMHuUecKas oOcepBaTopus, KOJIbIOEIh cepOCKOi
aCTPOHOMUH, MPEBpPATUIACH B HHCTUTYT, UMEIOIINI OOJBINIOE 3HaUYEHUE B HUCTO-
pUU HAYKH U KYJbTYpbl CEpOCKOr0 HapoJa HE TOJbKO B 00JIaCTH aCTPOHOMHUU, HO
U B METEOPOJIOTHH, CEICMOJIOrMH U TeoMarHeTu3me. C 3TUM yUpeKIEHUEM CBsI3a-
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Hbl UMEHA U3BECTHBIX JIMYHOCTEN B UCTOPUU HAYKH, KOTOPBIE BHECIIN BKJIAJ B pa-
00Ty 0OcepBaTOpUU U 3aCIy’KUJIM YBAKEHUE B MEKIYHAPOJHOM HAYYHOM COO0-
niectBe. OHO Take J1aeT MOJIOABIM XOPOIIYI0 BO3MOXHOCTh 3aHUMaThbcs B Cep-
OuM 3TOM KpacHWBOM U CIIOKHOM HayKo#l, B 0OCTaHOBKe, MO3BOJISAIONIEH UM JOC-
THAYb PE3YyJbTATOB CAMOU BBICOKOM LIEHHOCTH.

no
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We discuss various aspects of the interaction of modern astrometry and cosmology. A common
feature of the two branches of science is small number of dimensions of the field of activity. The
cosmological details of the solution of the main problem of astrometry, establishment of a fun-
damental celestial reference system in different wavelength ranges, are studied. It is shown how
the increase of accuracy in astrometry makes the problem of statistical accounting for gravita-
tional microlensing relevant. One of the ways for astrometry to influence cosmology is indicat-
ed, when the measurement of the Earth—-Moon distance, in the near future, will allow us to test
the latest theories of gravity.

AcTtpomMeTpust — 00J1acTh aCTPOHOMHH, 3aHUMAIOIIASICSl YCTaHOBJIEHUEM (PyH-
JaMEHTAJIbHOM HEOECHOM CHCTEMbI OTCYETa, a TAKXKEe ONpeAesIeHueM KOOpAUHAT,
pasmepoB u GopMbl HeOecHbIX Tel [1, 2]. AcTpoMeTpusi — IpeBHEHIINI pa3aen
aCTPOHOMMH, OCHOBHOM KPUTEPHUM aCTPOMETPUUECKON AEATEIBHOCTH — TOYHOCTh
oIpezesieHUs] KHHEMAaTUYECKUX XapaKTEPUCTUK HUCCIENYEMBIX OOBEKTOB — MOHO-
TOHHO, XOTSI 1 HEPAaBHOMEPHO BO3pacTaeT Ha NMPOTSHKEHUM Beel ee uctopuu. Koc-
MOJIOTHS — HayKa, KOTopasi u3ydaet BeeneHHyto B 11e10M, Haubosee o01me 3aKo-
Hbl €€ pa3BUTHUs, Nepuoau3anuio ee ucropuu [3—6]. CoBpeMeHHass KOCMOJIOTHUS
TECHO CBsi3aHa ¢ (PU3MKON MHKPOMHMpA, U3yvarollleld Ha Hanboliee PyHIaMEeHTAIIb-
HOM YPOBHE 3JIEMEHTAPHBIE YACTULIbI U UX B3aUMOJICUCTBHUS.

OOwelt uepToil ATUX ABYX pa3felioB HAyKU SIBISIETCS KpailHe HeOoJbluas
pa3MEpHOCTh MPOCTPAHCTB, B KOTOPBIX OCYIIECTBISETCS MPO(UIbHAS EATENb-
HOCTb. |71l acTpoMeTpun 3TO MIECTUMEPHOE (Pa30BOE MPOCTPAHCTBO U BPEMsI, JIJIst
KJIACCUYECKOM PEJIATUBUCTCKON KOCMOJIOTMM — YETBIPEXMEPHOE IMPOCTPAHCTBO-
Bpems. Jlaxke ¢ yueToM Teopuii u3 gusuku mukpomupa, Hanpumep GUT, paszmep-
HOCTb B KOCMOJIOTMHM MOBBIIIAETCS 10 HECKOJBKUX AECATKOB, YTO 3HAUYMTEIILHO
MEHBIIIE, YeM Pa3MEpPHOCTh (DYHKIIMOHAIBHBIX MPOCTPAHCTB, UCIOIb3yEMbIX B HE-
KOTOPBIX paszfenax acTpPOHOMHUH, MPUMEHSIONIMX, HAMpUMEp, MOMYJISIIMOHHBIN
CUHTE3 UM MAIINHbI CLIEHAPHUEB.

OcHoBy coBpemeHHOM HebecHo# cuctembl oTcueTa ICRF coctaBisioT kom-
NAKTHbIE BHETAJAKTUYECKUE PAJMOMCTOYHMKU — KBas3apbl, HaOIrOaemble B pa-
nuonnanasosne. VMx yJaJleHHOCTh IO3BOJISUIA HAJEAThCA HA MHEPLHAIBHOCTD I10-
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Jy4aeMoi cuctembl orcyera. OKa3aloch, 4TO 3TO HE Tak. Buaumele ABMKEHUA
JIOCTaTOYHO HaJEKHO OOHapyxuBarorcs [7]. [IpyunH UX NOSABIECHUS MOXKET ObITh
10 KpallHEeW Mepe TpU: BHYTPEHHHUE ABWKEHUS B PAAMOU3IYHAIONIUX JHKETaX KBa-
3apOB M MPELECCUsi caMuX JKETOB [8], BEKOBOM CIBUT PENSTUBUCTCKOM abeppa-
LM, BBI3BaHHBIN ycKOopeHneM COJIHEYHOW CHCTEMBI MPU JBWKEHUU B [ amakTrke
[9], apdexTsl rpaBUTAIMOHHOTO JTUH3UPOBAaHUS. BTopas mpuynHa UMEET CUCTe-
MaTHYECKUN XapakTep U MOKeT ObITh TouHO yuTeHa [10]. [lepBas npuuuna — ciy-
YaifHasi, HO €CTh KOCMOJIOTHYECKHE OCHOBAHMSI 111 BEIPAaOOTKH KpUTEPUEB 0TOOpa
PaAMOUCTOYHUKOB B CIHUCOK OINOPHBIX, KOTOPbIE MOMOTYT MHUHHUMHU3UPOBAThH €€
BiusiHue [11].

['paBUTaLIMOHHOE MUKPOJIMH3UPOBAHUE, YIIOMSIHYTOE B KA4ECTBE IIPUYHH I10-
SIBJICHUS] BUAMMBIX COOCTBEHHBIX JBUKEHHUM YAAJIEHHBIX OOBEKTOB CIIY’KUT Orpa-
HUYMUTEJIEM TOYHOCTH aCTPOMETPUYECKUX KaTanoros [12,13], Ho, ¢ apyroi cTopo-
HbI, MOYKET OKa3aTbCs METOJOM HCCIEIOBAHMS PACHPEIEICHUS TEMHON MaTepuu
[14].

OO1ast Teoprst OTHOCUTENBFHOCTH 00ECIIeUnBaeT TEOPETUUECKUil pyHaaMeHT
pacueToB I COBPEMEHHBIX aCTpOMETpUyYecKuX HabmoaeHuil. IddexTs, mpo-
THO3UPYEMBIE AJbTEPHATUBHBIMU TEOPHUSIMH TI'PAaBUTALIMHU, AAIOT OTHOCHTEIIbHBIE
nonpasky nopsiaka 107" Ha goctatouno Gombimx BpemeHax. COBpeMeHHbIE Ja-
3epHbIe HHTEP(HEPOMETPHI TaKyI0 TOYHOCTh OOECIEUNBAIOT HA BpEMEHaX MOpsaKa
MecsieB. Pazputue MetonioB uccienoBanust Jlynsl [15] u qoctukeHne TOYHOCTH
Ja3epHOU JanbHOMETpuM JIyHBI nopsaka | MM IO3BOJIMT pa3iavyarh IpeacKasa-
HHUS PA3HBIX TCOPUU.
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GRAVITATIONAL STABILITY OF GASEOUS DISCS AND THE GAS CONTENT
IN GALAXIES

Zasov'? A.V., Zaitseva® N.A.
1SAIMSU, Moscow, Russia
“Physical department of MSU, Russia

We consider the factors that determine the gas content in discs of galaxies, paying a special at-
tention to the observed correlations of hydrogen mass My, and specific angular momentum of
discs proportional to the product of V-D for star-forming galaxies. The role of gravitational in-

stability of rotating gaseous layers in the establishment of a certain mass of cold gas in galactic
discs and its evolution is discussed.

KonuyecTBo Mex3Be3HOr0 rasza, HabJMI0/1aeMOro B rajlakKTUYECKHUX JIMCKaX,
ompezensercs MHOrMMH ¢akTopamMu. OCHOBHOM KaHajl pacxoja raza — 3TO Mpe-
BpallleHHuEe €ro B 3Be3/bl, U, B MEHbILIEH CTEMEHH, BHIOPOC raza U3 JUCKa KaK pe-
3yJbTaT aKTUBHOCTH MAaCCHBHBIX 3B€3/. MICTOUHMKaMU MOCTYIUIEHUS ra3a B JHCK,
B CBOIO OYepe/b, MOTYT OBITh: COPOC raza Mpo3BOIIOIHUOHUPOBABIIMMHU 3BE3/1aMH,
aKKpelMs Ta3a U3 Tajo WIH MEXIajJaKTHYEeCKOro MPOCTPAHCTBA, a TAKXKE IOIJIO-
LICHUE KApJIMKOBBIX CUCTEM, COJIEPIKAIIMX MEXK3BE3IHBIN ra3.

Kazanoce 0Obl, 60Jb1110€ YKCTO (PAKTOPOB, KOTOPHIE 3aBEIOMO HE OJMHAKOBBI
JUTSL pa3HbIX TaJaKTUK M 3aBUCST OT MX MACChl U MJIOTHOCTU OKPYKEHUS, TOJKHO
OBLJIO MPUBECTH K KOJOCCATIbHOMY pa3HOOOPa3uio B COIEPKAHUU Ta3a U €ro paju-
alIbHOM pacripeziesieHnu. TeM He MeHee, SBOJIOLUS COJIep KaHus ra3a B OOJIbIINH-
CTBE TAJIAKTUK C AKTUBHBIM 3BE€31000pa30BAHHUEM, IOXOXKE, MPOTEKAET YAUBU-
TEJIbHBIM 00Pa30M CXOAHO, MPUYEM MOYTH HE3aBUCHUMO OT OKpPYKEHUS (€ciiu uc-
KJIFOUUThH IJIOTHBIE OOJACTH CKOIUIEHMM TalakTUK WM TECHO B3aMMOJCHCTBYIO-
mue cucreMbl). OO 3TOM CBUAETEIbCTBYET CYILIECTBOBAHUE (JJISl TAJIAKTUK C aK-
THUBHBIM 3BE371000pa30BaHUEM) KOPPEIAINI MEXy UHTETPAIbHON Maccoi ra3a B
JUCKe (WJIM ero OCHOBHOTO KoMIoHeHTa — macchl HI) ¢ Takumu rioGanbHBIMU
MEJUIEHHO 3BOJIIOLMOHUPYIOIUMY apaMeTpaMu TFaJIaKTHK, KaK PaJnyc 3BE3IHOTO
JMCKa, €ro 3BE3[lHas Macca, CKOPOCTb BPAILEHHs, a TaKK€ YACIbHbBIA YIIIOBOH
MOMEHT BpaieHus (cm. [1] u ccbuiku Ha 6osiee pannue padotsl). Kak mmmoctpa-
uus, Ha Puc.l mpuBenena auarpamma, rae Macca HEMTPAJIBHOTO BoAOpoAa My
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JUTSl U30JIMPOBAHHBIX TAJAKTUK MO3JHUX TUMOB (10 JaHHBIM 0030pa AMIGA) co-
MOCTABJISIETCS C ONTUYECKUM PAIMYCOM U CKOPOCTHIO BPAILICHMUS.

114

10

L0
lgVrot IgD

25

Puc. 1. 3aBucumoctu mMexy Maccoi BOIOPOAA, CKOPOCTBIO BpAIllEHHs U JIMHEHHBIM pas3-
MEpPOM JHCKa Ul N30JIMPOBAHHBIX IAJIAKTHK IMO3JHUX THUIIOB.

Hanuuue yka3aHHBIX KOpPpESIUN CBUAETENCTBYET O TOM, YTO JMHAMHYE-
CKHME€ TPOLIECCHl UTPAIOT POJIb PETYIATOPOB COAEPKAHUS Ta3a B 3BE37000pa3yro-
IMX TalakThkax. [Ipy 3TOM 3aBUCUMOCTH JOJIKHBI COXPAHSATHCA JTOCTATOYHO
JUTUTENIbHBIN MEePUOJl BPEMEHHU, HECMOTPS Ha HEMPEPBIBHBIN IMPOIIeCC MpeBpallie-
HUS ra3a B 3BE3/bl U B3aUMOJICHCTBUE TaJlaKTUKU C OKpyxkeHueMm. [lockonbKy
Macca, CKOPOCTh BpallleHUs WM pajualbHas IKajia (pa3Mep) JUCKOB SIBISIOTCS
c1ab0 BOJTIOIMOHUPYIOIINME ITapaMeTpaMu, COJEp>KaHnue Ta3a B JUCKAX JIOJKHO
aM00 MEHSThCA OYEHb MEIJIEHHO (Y4TO TpeOyeT aKKpeIruu, KOMIICHCHPYIOIIEH
IpolIiecc Mepexo/ia ra3a B 3Be3/bl U €ro YXOJI U3 IUCKA), TNOO0 IBOJIOIMOHUPOBAThH
B Pa3IMYHBIX TaJIAKTHKAX CXOJHBIM 00pa3oMm. TOJIBKO B 3THUX CIydasX MOKHO
0’XKMJaTh, YTO YCTAHOBUBIIHKECS B OMPEACICHHYIO 310Xy 3aBUCUMOCTH MacChl ra3a
OT JMHAMUYECKUX MapaMeTPOB TaIAKTUK HE «Pa3MOIOTCS» 32 BPEMEHHON HMHTEp-
BaJl MOPSAJIKA XapaKTEpPHOIO BPEMEHU HMCYEpIIaHMs ra3a Ha 3Be37000pa3oBaHUE
(HECKOJIBKO MUJLJTUAP/IOB JIET).

O6a BapuaHTa, B IPUHIMIIE, BO3MOKHBI, OJTHAKO B TIEPBOM ciIydae (yXo]1 raza
KOMIIEHCHUPYETCSl €r0 MPUXO0JI0M) OCTAE€TCSI OTKPBITHIM BOIIPOC, YTO KE ONpeIesi-
€T TOT YpPOBEHb, HA KOTOPOM yCTaHABJIUBAETCS PABHOBECHAS IJIOTHOCTh Xy, WJIU
WHTErpajbHasg Macca My B TaJlaKTUKaX, U MOYEMY TaJlaKTUKH C PA3HBIMHU pa3Me-
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paMu U CKOPOCTSIMH BpallleHHs] TUCKOB BEAYT ce0sl CXOIHBIM 00pa30oM — HECMOTPS
Ha TO, YTO TEMIIbl AKKPELUMU U pacipesiesieHue MpUOOPETEeHHOro ra3a mo JUCKY
JOJDKHBI CHJIBHO PA3IMYaThCsl IS TAIAKTHK PA3JIMYHBIX MAcC MM HAXOISAIIUXCS B
pPa3IUYHOM OKPY>KEHHH.

JleiicTBUTENBHO, MPO(UIN HU3MEHEHHUS MOBEPXHOCTHOM IUIOTHOCTH Tas3a C
pPacCTOSIHUEM OT LIEHTPA, HOPMHUPOBAHHBIM Ha PAJNYC TATAKTHKHU, JEMOHCTPUPY-
10T YHUBEPCAJIBHBIN XapakTep IS FalaKTUK Pa3JIu4HONM MAacChl: OHU ONMCBHIBAOT-
Csl OJTHUM M TE€M K€ 3aKOHOM — 3a HCKJIIOUEHHEM LEHTpaJIbHBIX 00JlacTell rajax-
TUK, KOTOPBIE MO Py NPUYUH OTIMYAIOTCS OOJBIIUM Pa3HOO0pa3ueM Mo coaep-
xanuto HI umu rasa B memom [2-3].

Eme B 1970-e¢ — 80-¢ roapl psaoM aBTOPOB apryMEHTHPOBAIACh UJES O TOM,
YTO PETYJISITOPOM MPOLIECCa IBOIIOLUU T'a3a B JUCKE MOXKET CIIY>KUTh BBIIIOJHEHUE
YCJIOBUSI TTOPOTOBOM TPABUTAIMOHHOW YCTOMYMBOCTH BPAIIAOIIETOCA Ta30BOr0
cnos [4-6]. IIpeBblIeHHE IOTHOCTHU Ta3a HaJl KPUTUYECKUM YPOBHEM ITPUBOIUT
K (OpMHUPOBaHUIO KPYITHOMACIITAOHBIX ra30BbIX KOMIUIEKCOB, AKTUBUPYS 3BE370-
o0Opa3oBaHMEe, YTO YMEHBIIAET KOJIMYECTBO T'a3a 10 MOPOTrOBOrO YPOBHSI IJIOTHO-
cti. OgHAaKo BOIPOC O TOM, HACKOJIBKO IUIOTHOCTBH I'a30BOTO CJIOSI B JIMCKax Ha-
OJI0JaeMBIX 3BE31000pa3yIOLIUX TaJaKTUK JEHCTBUTENIbHO OlM3Ka K KpUTHYe-
CKOMY 3HAY€HHUIO, U MOXET JIM aKKpelus ra3a Ha JAUCK JOJITO YAEp)KHUBAaTh Ia3
BOJIM3M 3TOTO YPOBHSL, O CUX IOP OCTAETCS OTKPHITHIM.

3agada oOmpenereHus YCIOBUM T'PaBUTALMOHHOW YCTOMYMBOCTH Bpalllaro-
IIMXCS TMCKOB MMEET MHOTO TOYEK IMPHUIOKEHUS, 1 OHA aKTUBHO OOCYKJAeTcs C
60-x romoB mponuioro Beka — HaunHas ¢ padot Cadponona [7] u Tympe[8], pac-
cMaTpuBaBIIUX AU (EepeHInanbHO BpallaloUMecss OCECUMMETPUYHbIE TPAaBUTHU-
pytomue ra3osele TMCKU. [IpocTol KpuTepnii yCTOMYMBOCTH JTUCKA K MajbIM pa-
JUATBHBIM BO3MYIICHHUSM, IIUPOKO HCIOIB3YEMbId M B HACTOSIIEEC BpeMsi, ObLI
npeioxken Tympe [8]. YCTOMUMBOCTH MEpBOHAYATBLHO PAaBHOBECHOIO JHCKA K
paguanibHBIM BO3MYIIEHUSAM COOTBETCTBYET ycioBuio Qr > Q. rme Q. — 310 KpH-
TUYeCcKoe 3HayeHue napamerpa Tympe Qr ,ompenenseMoro nmpocTbiM COOTHOIIIE-
HueM (1), KoTopoe MpUMEepPHO OJMHAKOBO KakK JJIsi 3B€3AHOTO (T.€. 6€CCTOIKHOBU-
TEJBLHOI0), TaK U JJI1 Ta30BOr0 (CTOJKHOBUTEIBLHOIO) JIUCKOB:

Qr =KC/2G 2y (1)

1/2
3nech kK = 212 (1 + 0.5 %) / — SMUIUKINYECKas 4acToTa, R — paauaibHas Ko-
opaunarta; C — paguaibHas JUCTIEPCUSt CKOPOCTEH cpenbl (Ui H30TEPMHUECKOTO
ra3oBoro aucka C — 3To cKkopocTh 3ByKa), X — NOBEPXHOCTHAs IJIOTHOCTh JAMCKA
Ha gaHHOM R. JIJ1si rpaBUTalMOHHOM YCTOMYMBOCTH TOHKOI'O JUCKA K PaIUaIbHbIM
Bo3MymeHusM Q. = 1.

AHanu3 ycioBUsl YCTOMYMBOCTH B IPUMEHEHUH K PEAIbHBIM rajlaKTUKaM yIi-
poiaetcst Ojaroaapsi TOMy, 4TO OAHOMEpHasl Tucnepcus ckopocreit raza C men-
JIEHHO MEHSETCS C pajuycoM, W Ul BHEIIHUX 00JacTel rajakTHUK C pa3IndHON
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CBETHUMOCTBIO (Maccoit) coctaBisieT 6-10 kM/c (cM., Hampumep, OOCyXKIeHHE B
[9D).

OpHako aHanMTUYECKOE BhIpakeHue g kputepus Tympe Q. = Qr = 1 mo-
JY4eHO B paMKax JIOBOJIbHO IpyObIX MPHUOIMKEHUN, KaK MPaBUIIO, TUIOXO BBIMOJ-
HSIOIIMXCS B pealibHbIX cucTeMax. Tak, mpu BbiBoAE (1) AUCK cuMTaeTcs OAHO-
KOMIIOHEHTHBIM, M30T€PMUYHBIM, TOHKUM (JJIMHA BOJHBI BO3MYUICHHS MHOTO
00JIbIlIe TOJNIIMHBI TUCKA), U OCECUMMETPUYHBIM, T.€. a3UMYTaJIbHO OJHOPOIHBIM,
a JUCHepCUsi CKOPOCTEH €ro COCTaBISIONIMX CUUTAETCS MaJOW MO CPAaBHEHHUIO C
KpyroBoit ckopocTbro Bpauienus (C <<V ). K tomy xe kpurepuii Tympe siBiser-

Csl IOKAJIbHBIM, TO €CTh Ka)/as paauaibHas 30Ha MIUPUHON MOPsAKA JJIUHBI BOJI-
HBbl BO3MYILEHUN pacCMaTpUBAETCS HE3aBUCHUMO OT COCEAHMX. YUeT Hepaaualib-
HBIX BO3MYIICHHH JellaeT JTUCK MEHEE YCTONYHMBBIM, YBEIMYWBAS KPUTHUECKOE
3HauyeHue napamerpa Tympe, Qc, B TO BpeMsi Kak KOHEYHasi TOJIIMHA CTaOUIN3H-
pPYET IUCK, NEHCTBYS B IPOTUBOIOJIOKHYIO CTOPOHY.

UucnenHble MoJieNu, CBOOOAHBIE OT MHOTMX HEJOCTATKOB AHAJIUTUYECKOIO
noaxo/a (HO UMEIOLIUE MPU 3TOM CBOM), MTOKA3bIBAIOT, YTO B 3aBUCUMOCTH OT Ia-
paMeTpoB JMCKAa U COOTHOILIECHUSI MAacC JUCKA U C(HEepOoUIabHBIX CHUCTEM IHUCK
MPUXOJIUT B PaBHOBECHOE yCTOM4MBOE cocTtosHue npu Q. ~ 1.2-1.5, npudem sToT
napaMeTp Bo3pacTaeT B o0jlacTh Oajjka U BO BHEITHUX 00JacTAX JMCKa (CM. Ha-
npumep, [10-12]). B uncnennsix rugpoanHamudeckux 3D-moaensx ajis napamer-
pPOB JMCKa, OJM3KUX K JIOKAJTHHBIM B OKOJOCOJHEYHOW OKpPECTHOCTH [ amakTuku,
KPUTHYECKOE 3HAUEHUE JJI1 OTACIBbHO PacCMaTpPUBAEMOIO ra30BOr0 KOMIIOHEHTa
nucka HaiaeHo paBHbIM Q; = 1.4 [12]. Bce 3T0 roBOpHUT O TOM, YTO MOPOT YCTOM-
YUBOCTH Ta30BOT0 JHMCKA MOXET COOTBETCTBOBATH CYIIECTBEHHO 0ojiee HU3KOH
IJIOTHOCTH, Y€M 3TO clieayeT u3 kputepust Tympe Q. = 1.

Bonee crnoxkHbIe IO COCTaBY JAMCKH, COCTOSIIINE U3 TOUEUHBIX Macc, TJe JHC-
nepcusi CKOpOCTEN 3aBUCHUT OT UX MAacChl, ObLIM paccMOTpeHbI B pabore Bonkosa
n Oprera [13], nmpoaeMOHCTPUPOBABIICH, YTO HAJIWYUE MACCHUBHBIX 3BE€3]] C
MEHBIIICH AMCIIEPCUCH CKOPOCTEH nenaer Auck Oojiee HectaOmiubHBIM. (Q, > 1).
OpHako B MPaKTUYECKOM IJIaHE BaKEH MPEXK]E BCEro YYeT JIByX OCHOBHBIX I'pa-
BUTALIMOHHO CBSI3aHHBIX KOMIIOHEHT JMCKA, BKJIAJ KOTOPBIX B PE3YJIbTUPYIOULYIO
orieHKy Qr [UIsl TUCKa B 1€JIOM MOKET ObITh CONMOCTABUMBIM: 3TO T'a3 C MPUMEPHO
IIOCTOSTHHOM JTMCHEPCUEN CKOPOCTEM M 3BE3JIHBIA JAUCK, AUCIEPCUS CKOPOCTEH B
KOTOPOM MEJUUICHHO MEHsIeTcs BlIoJb paauyca. [lopor ycroiunBoctu Q. 11 TakKux
COCTaBHBIX JTUCKOB OBLJI OIpe/iesicH B paboTax psijia aBTOPOB — KaK MyTeM aHaIn3a
COOTBETCTBYIOIIUX JUCIEPCUOHHBIX COOTHOIICHHUH, TaK M C HUCIOJIb30BAaHUEM
AHATTUTHYCCKUX TPUOIMKEeHnH (cM., Hanpumep, [14-15]).

EcrecTBeHHO, MOpPOroBo€ 3HaUCHUE (. 7S ABYX- WJIM MHOTOKOMIIOHEHTHOI'O
JIMCKA OKa3bIBAETCS HUKE, YEM IS KaXJA0ro KOMIOHEHTa Mo oTAeabHOCTU. COBO-
KyITHOE JIeWCTBHE I'PaBUTAIIMU FA30BOTO CJIOSA U 3BE€3JHOrO AUCKA MPUBOJAUT K TO-
My, 4TO Ha OOJBIIOM MHTEPBAJE PACCTOSHUNM R OT LEHTpa I a3UMYTalbHO YcC-
PEIHEHHOM IJIOTHOCTH IOJy4aeTcs 3HaueHue (Q,, B cpelHeM Oiu3koe K 2 (cM.,
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Hanpumep, [14]). HauGonee cirabbiM MECTOM TaKUX OIICHOK SIBJISICTCS HEBBICOKAs
HAJISKHOCTb OINpPEACNICHUsS] MOBEPXHOCTHOW IJIOTHOCTA 3BE3JHOTO JIMCKa, IO-
CKOJIBKY OHA 3aBHCHUT OT MPHUHSTOW 3BOJIIOIMOHHON MOJENH 3BE3JHOTO Hacele-
HUs, TUOO OT y4ueTa TPaBUTAIMH TEMHOTO TaJlo, €CJIM OIICHKA TOJIy4eHa U3 JIUHA-
MUYECKUX COOOPaKECHUI, W y Pa3HBIX aBTOPOB I TEX K€ TAJTaKTUK 3HAYCHUS
IUIOTHOCTH, a CIEN0BATENbHO, U ()7 MOTYT pacxoauThes B 1.5 — 2 pasa.

Tem He MeHee, Ha BXKHYIO POJIb HMEHHO I'a30BOM COCTAaBJISIIONICH B IPaBUTA-
UOHHOM (HE)YCTONYMBOCTH TaJIAKTUYECKUX JUCKOB YKa3bIBAET HECKOJIBKO (pak-
TopoB. Tak, eciii TOBOPUTh O TajlakKTUKax ¢ OypHBIM 3Be€31000pa30BaHHUEM Ha
OOJBIIMX KPACHBIX CMEIICHUSX, B KOTOPBIX a3 COCTABIISIET CYIIECTBEHHYIO JOJIO
JIYCKa N0 Macce, TO TPAaBUTAMOHHAs HEYCTOWYMBOCTh TAKHX JIUCKOB JOJDKHA
MPUBOAUTH K (hOPMUPOBAHUIO MACCHBHBIX KIAMIOB ¢ Maccoit 1o 10% —10°Mp,

YTO corjiacyercs ¢ HabmoaeHusiMu ramakTik Ha Z = 0.5 — 3 (cm. mampumep [16] u
CCBUIKH B 3TOW paboTe Ha 00Jiee paHHUE MCCIICIOBAHUS BOTIPOCA).

Cutyanusi ¢ ra3oBOM COCTaBJISIFOINEH JMCKOB B COBPEMCHHBIX TaJIAKTHKAX
MeHee orpejieicHHas. [IpsMblie COMOCTaBlIeHHs a3UMYTAIbHO YCPEAHECHHBIX PaIH-
QJIBHBIX MPO(UIICH TUIOTHOCTH Ta3a ¢ OXHUIAEMBIMU TSI KPUTHYSCKOTO 3HAYCHUS
mwiotHocTh 2(R) = Ck/ZzGQ, (cm. ypaBHenue (1)) B OONBIIMHCTBE CIydacB JIei-
CTBUTEJIbHO TIOKA3bIBAIOT HMX CKOPPEIHMPOBAHHOCTH: IMPOMOPIHOHAIBHOCTh
2gas(R) ~ 2¢(R) Coxpansiercs BO MHOTHMX TaJlaKTHKaxX Ha OOJBLIOM MHTepBane R
(cM., Hanpumep, [1] u [17]), xoTs 3Ha4eHus (. OKa3bIBAIOTCA MIPU 3TOM JI0OBOJIBHO

BbICOKHMH (Q.> 2).

Onenku nosiHoM Maccsl HI B ramakTukax Takyke COTacyroTcsl ¢ peryupyro-
1€ pOJIBIO0 TPaBUTALMOHHON HEYCTOMYMBOCTH Ta30Boro ciod. Ecinu cuurarh, 4To
CYILIECTBYET MPUMEPHOE PABEHCTBO (WM, B OOIIEM cCiy4ae, MPOMOPIHMOHAIIb-
Hocth) Mexay 2(R) u 2(R), To monyyaeT oObSICHEHHE JMHEWHAs 3aBHCHUMOCTH
Mexay Habmogaemon Maccoit HI B nuckax rajakTWK M TaKUM KOHCEPBAaTHBHBIM
napamMeTpoM, KakK yJIeTbHbIi MOMEHT BPAIICHUS JAUCKA, MPOMOPIUOHATBHBIA TIPO-
u3BeJeHUIO VioRyisc , TI€ Viot — CKOPOCTH BpallleHUs IUCKa, a Ryisc — ero xapakrep-
HBIA panuyc (onTuueckui paauyc Rys, mubo paamanpHas mkana Ry SKCIIOHEHIIH-
anpHOTO aucka (cMm. [1] u ccbuiku Ha Gojiee paHHUE PaOdOThI). DTO COOTHOIICHUE
wutroctpupyetrcss Ha Puc.2ab (nmo pabote [1]) mis M30IUpPOBAaHHBIX TaJaKTHK
MO3JTHUX MOP(HOJOTUUECKUXTUIIOB U (Ha Puc. 20) «IJI0CKUX» TaJIaKTUK C HAKJIO-
HOM Jucka >85°,
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Puc. 2a,6. ConocraBnenneM g; nist nuzonupoBadHbix (AMIGA) u «II0CKHX» TrajJakTUK C
napaMeTpamH, MpOMOPIHOHATIBHBIMU YAEIbHOMY MOMEHTY jucka: V,.,.D.z (BBepxy)
Vo Rg(BHU3Y). POMOUKH Ha Purc.2a OTHOCSTCS K TallaKTUKaM C aHOMAJIbHO BBICOKHM COJIepKa-
Huem HI [18]. JIBe mapannienbHble IITPUXOBBIE JIMHUM — OXKHUAAEMbIM KOPUIOp 3HAUEHUU I
Map>KMHAIBHO YCTONYMBBIX JMCKOB /ISl BEPOATHOTO UHTEpBaa 3Ha4eHud C/Q,,. = 10 km/c n

5 kM/c (BepxHssl M HIDKHSS JIMHUH COOTBETCTBEHHO). CIUIONIHAS TpsiMasi — JIMHEHHAsT perpec-
CUs U1 U30JIMPOBAHHBIX I'aJIAKTHK. Ha puc. 26 3BE€3J0YKAMH OTMECUYCHBI TAaKXKC IMTOJOXKCHUA HC-
ckonbkux LSB-ramakTuk, Bkirodas Malin 1,2 (BBepxy AuarpaMMsbl), U KapJIuK HU3KOU SPKOCTH
NGC4656UV (BHU3Y).

Ha nuarpammy Ha Puc. 20 3Be3104KaMi HAHECEHBI TaKKe rajJaKTHKA HU3KOM
sapkocTu (LSB-ramaktuku), OOJBIIMHCTBO KOTOPBIX CJIEAYeT TOH K€ 3aBUCHUMO-
CTH, 4TO TOBOPUT O €€ YHUBEPCAIbHOM Xapakrepe. bonbllmasa nucnepcus 3nave-
Hui 1 LSB-ranaktuk oObsCHIETCS, MPEkK/IE BCEro, HAIMUYUEM Y HUX MPOTSIKEH-
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HbIX AuckoB HI, pasMepbl KOTOpBIX cllab0 CBSI3aHbI C ONTHYECKUMU pa3MepaMu
raJlakTHK.

[TpuBeneHHbIe TUarpaMMbl MOTYT OBITH MCIIOJIB30BAHbI JJI TUATHOCTHUKHU CO-
nepxanust HI B rajlakThkax U BbISBJICHHS TIAKTUK, KOTOPbIE HMEOT aHOMAJIBHO
BBICOKYIO WJIM, HA00OPOT, aHOMAJIbHO HM3KYIO0 MacCy rasa Mo CpaBHEHHUIO C M30-
JUPOBAHHBIMU TaJaKTUKAMH CO CXOJHBIMH KMHEMAaTHYECKMMH Iapamerpamu. B
KauecTBe npumepa, Ha Puc. 2a Hapsay C HM30JMPOBAHHBIMHU TAIAKTUKAMU HOP-
MaJbHOW SPKOCTH, KAKUMU SIBJISIOTCS TalakTHKU BBIOOpKH AMIGA, mpuBeneHbl
TaJaKTHKU C OYCHb BBICOKUM cojiepkanreM HI mo BeiOopke ramaktuk “HIlghMass
galaxy sample” [18] (pombuku), B kotopsix Macca HI mpesbimaer 101°Mg u co-

CTaBJISIET B OOJIBIIMHCTBE CIydaeB 00Jiee TPETH OT MACCHl 3BE3THOTO HACEICHHUS.
Macca HI B HHX OKa3bIBaeTCsi CUCTEMATUYECKH BBIIIE, YEM B APYTUX radaKTHKAX
C QHAJIOTUYHBIM YTJIOBBIM MOMEHTOM, YTO TOBOPUT 00 OCOOCHHOCTSX MX JBOJIIO-
. DTO MOXET OBITh CBSI3aHO JTMOO ¢ HU3KOH A(()EKTUBHOCTHIO 3BE31000pa30-
BaHMS (C OOJIBIIIMM BPEMEHEM HCUepIiaHusl Ta3a), JM00 ¢ aKKpeluen rasa, Ui
HaJIMYueM 3HauuTeJIbHOW Macchl HIl B MPOTSIKEHHBIX Tra30BBIX JMCKAxX 3a IMpeje-
JJaMH ONITUYECKUX TPaHUIL.

[TapayienbHBIE MITPUXOBBIE JUHUU Ha Puc.2a oTMeUarT KOpUIOp OXKUae-
MBIX 3Ha4€HUN M,,; rasa g IOpOroBOM YCTOMYMBOCTH Ia30BOI0O CJIOSA C «ILIO-

CKOI» KpHUBOH BpallleHUs, COOTBETCTBYIOLIUI BEPOATHOMY HHTEPBAILy OTHOILICHUS
C/Qgas = 10 kM/c 1 5 KM/C (BEpXHSISL M HIDKHSISL JIMHUN COOTBETCTBEHHO). BoJib-

n1asi 4acTh TAIAKTUK PACIONaraeTcs HUKE 3TOTO KOPUIOpPA, YTO TOBOPUT O BEPO-
SATHOM 3aliace yCTOMYMBOCTH Ta30BOrO CJOSA ISl OOBIYHO MPUHUMAEMBIX 3Haue-
Huii Cu Q.

JIeCTBUTENBHO, MPEANOJIIOKEHUE O TOM, YTO PACIPEACIIEHUE ra3a B COBpE-
MEHHBIX TUIAKTUKAX «3aKPEMWIOCh» HA YPOBHE, ONMPEACIIEMOM yCIOBUEM MOPO-
roBoW (MapKWHAJIIBHOM) YCTOMYMBOCTU Ta30BOTO CJIOSl, HECMOTPSI HA CBOIO MpHU-
BJIEKATEJIbHOCTh, BXOJIUT BO MHOTHX CIIy4asiX B KOH(JIUKT C OIlEHKaMH MapaMeTpa
YCTOMUYHUBOCTUA PEAIBHBIX TAJIAKTUK. Y CTOWYMBOE COCTOSHHUE 3BE3JHO-Ta30BBIX
JIACKOB TaJIaKTUK OMPEAEISAETCS, KaK MPaBUJIO, HE Ta30BbIM, & COBOKYITHOCTBIO Ta-
30BOT'0 U 3BE3JHOI0 KOMIIOHEHTA, POJIM KOTOPBIX B OLICHKE () COIIOCTABUMBI, XO-

TS BO MHOTHX CIIy4asiX OMPENESIONIUM SBIIAETCS UMEHHO 3BE3/IHBII KOMIIOHEHT,
Onaronapsi ero 0ojee BBICOKOM MOBEPXHOCTHOW MIIOTHOCTH — €CJIM HUCKIIOYHTH
HEHTpaJbHbIE 00JIACTH TaIaKTUK, COAepkKallre OOJIbIIOE KOJTUIECTBO MOJIEKYIISIP-
HOTro rasa (cMm., Harpumep, [14], [19-21]). IIpu 3tom napamerp Tympe, BbIuuC-
JICHHBIN OTAENBHO JUIA Ta3a, CYIIECTBEHHO MPEBBIIIACT HanOoJee BEPOSITHBIN HH-
TepBaJl 3HAUYEHUI A KpUTHYECKOoro 3HadeHus (. = 1.5 — 2, nocturas 4-5, a B

HCKOTOPBIX ClIydasaX U 00J1e€ BBICOKHX 3H3‘-I€HPIﬁ, Ha Kparo OIITHYCCKOIO AMCKaA.
["a3oBbIit JOUCK, €CJIN €0 paCCMaTpruBaThb OTACIIBHO OT 3BC3AHOI0, JOJIKCH MMCTH
OOJIBIIION 3arac YCTOﬁqHBOCTH. Kak mokazanu IMPOBCACHHBIC OLCHKH, CUTYallUuIO
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HE MEHSET JaXe pPacCMOTpEHHUEe JBYXKOMIOHeHTHoro ciost HI, rae vactp rasza
uMeeT 0oJiee HU3KYIO IUCTIEPCHI0 ckopocTei (1o [9]).

Kak Torma oOBsSCHUTH CyIIECTBOBAaHUE 3aBUCHUMOCTEH, KOTOpBIE, Ka3alocCh
OB, SIBJISIFOTCS CJIEACTBUEM Map>KUHAJIBHOW yCTOMYUBOCTH Ta30BOTO CIIOS?

Bo03MOXHBI HECKOJIBKO BAPUAHTOB, 3a KaXJIbIM U3 KOTOPBIX CTOUT CBOM Clie-
Hapui 3BOJIIOLMM a30BOM COCTABIIAIOLIEH raJIakTUK. [lepBas BO3MOKHOCTB — 3TO
HEJIOOIIEHKA JIeCTa0MIM3UPYIONIETO BIMSHUS TPAaBUTAIMKM raza. Tak, ¢ y4eToMm
JIMCCUTIATUBHOCTU Ta30BOM cpenbl [22], kKak U Onaromapsi KpymHOMAaCIITaOHBIM
(KMJI0MapCceKku) a3uMyTalbHBIM HEOJHOPOJHOCTSIM B €€ paclpeleleHud B JHC-
ke[23], moporosoe 3HaueHue Q. A ra30BOrO CJIOSL MOKET 0Ka3aThCs CYILECTBEH-

HO BBIIIE, YEM OOBIYHO NMPUHUMAEMBIN MHTEpBaJ 3HaueHU Q.~ 1 — 2 ams oce-

CUMMETPHYHOTO JTUCKa, a TpeOyemas ISl 3TOro MOBEPXHOCTHASI TJIOTHOCTD ras3a —
COOTBETCTBEHHO BO CTOJIBKO K€ pa3 HIKe. B aToM ciydae BKiIaj ra3oBOro ciiosi B
oOLIyI0 YCTOMYMBOCTH AMCKA B TaJIaKTHKaX, MOXKET OKa3aThbCid PELIAIOIIUM HE-
CMOTpsI Ha BBICOKHE 3HaueHUs (J;, GOPMAIBHO BBIYMCIIEHHBIE O€3 yuera yKa3aH-

HBIX (akTopoB. OIHAKO ITO OCTABISET OTKPBITHIM BOIIPOC, IOYEMY Ha OOJIBIIOM
uHTepBaie R mapaMmerp (J; 0OKa3bIBa€TCs MPUMEPHO IIOCTOSHHBIM.

HaubGonee BepoATHBIM aBTOpPHI CUMTAIOT CIIEHAPHil, COIIACHO KOTOPOMY B
OOJBIIMHCTBE TAJTAKTUK T'a30BbIA CIOW JAEHCTBUTEIBLHO 00JIajaeT 3aracoM yCTOu-
YUBOCTH, @ BBIBOJ O IPUMEPHOM COOTBETCTBUM IUIOTHOCTH Tra3a MOPOTroOBOMY 3Ha-
4eHUIO (@, = (JOTHOCUTCS HE K COBPEMEHHOM 3I0X€, a K TOMY BPEMEHH, KOI'Zla B

JUMCKAX 3aBEpUIMIICS ATan OypHOIro 3Be31000pa30BaHUs U JUCIEPCUSl CKOPOCTEN
rasa ymnaja OT HECKOJIBKHUX JIECATKOB KM/C, UTO COOTBETCTBYET “TOJICTOMY’ 3BE3]I-
HOMY JIMCKY, 10 «COBpPEMEHHBIX» 3HaueHud C ~ 6 — 10 km/c. [Ipu nepexone ot

«OYpHOT0O» K «CIIOKOMHOMY» 3B€3/1000pa30BaHUIO MOBEPXHOCTHAS IJIOTHOCTH I'a-
3a OblJIa B HECKOJIBKO Pa3 BbIIIE COBPEMEHHOM, T03TOMY pOJIb ra3a B yCTOMUUBO-
CTH JMCKa 3aBeloMO Oblia onpenesnstoniei. Torna u ycraHoBUIach TeCHasl B3aM-
MOCBSI3b MEXJly MacCOM Ira3a U yAEIbHBIM YIJI0BBIM MOMEHTOM JIHUCKA, O’KAJAcMast
JUIsL MAp>KMHAJIbHO YCTONYHMBOIO Fa30BOTO CJIOA.

[Ipu mocnexnyromel 3BOJIIOLMU Macca raza B OOJIBIIMHCTBE T'aJIaKTHK IMO37-
HUX THUIIOB YMEHBIIMIACh MUHMMYM BJIBO€ Oaronaps 3B€31000pa30BaHMIO, a CO-
OTBETCTBYIOIIEE 3HaueHHe mapameTrpa Tympe (1) Bo CTOJBKO K€ pa3 BO3POCIIO,
4YTO COOTBETCTBYET €r0 COBPEMEHHBIM 3HaueHUsAM. Ecim mpu stoM 3QexTus-
HOCTb 3Be31000pasoBannst SFE = SFR/M,,. ObU1a IPUMEPHO OAMHAKOBOH I

rajakTHK Pa3IMdyHOM Macchl (Kak 3TO JEHCTBUTEIBHO MMEET MECTO I COBpeE-
MEHHBIX TaJaKTUK, CM. [24]), TO OTHOCUTENIbHAS Macca rasa B TaJaKTUKax C pas-
HBIM YTJIOBBIM MOMEHTOM YMEHbIIIAJIaCh CO BpeMEHEeM CHHXPOHHO. [Ipomopiino-
HaJILHOCTb MEXJy COJICp)KaHHEM raza v yJeJIbHbBIM MOMEHTOM B TaKOM Cliydae He
ycresa CUJIbHO «Pa3MBIThCS» 32 BPEMsl, COOTBETCTBYIOIEE YMEHBIIIEHUIO TIJIOTHO-
CTH raza B 2-3 paza (2—4 muumap/a JIeT Ipu OTCYTCTBUM aKKPEIUU), UTO 00BsIC-
HSET €€ CYIIECTBOBAHHUE B COBPEMEHHYIO DIIOXY.
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OTtaenbHY0 TIPOOJIEMY TIpeacTaBisieT (GOPMHPOBAHHUE M SBOIIONHUS IPOTS-
JKEHHBIX T'a30BBIX JINCKOB, PACIPOCTPAHSIOMIMXCS JAJICKO 3a MpeaeiaMu u30QoT-
HOTO paguyca rajakTukd. OHU ONpeaesieHHO MMEIOT 0oJiee BHICOKWH 3arac rpa-
BUTAITMOHHON YCTOWYUBOCTH T10 CPABHEHHUIO C BHYTPCHHUMH OOJIACTSIMH JTUCKOB.
Onnako oOjacTu 3Be31000pa30BaHUs], UMEIOIINE, KaK MpaBuiio, (GOpMy OTAEIb-
HBIX y3JI0B WM (PUIIAMEHTOB, HAOIIOAIOTCA U B HUX, YTO TOBOPHUT O CXKAaTUU 00-
JacTeil ra3a Ha MEJIKMX MaciTa0axX. YIUIOTHCHHS Ta3a, HEOOXOIUMBIC IS MOSB-
JICHHSI 0YaroB 3Be371000pa30BaHus, MOTYT OBITh CBSI3aHBI C BHEIITHIM BO3JICHCTBH-
€M Ha TajJakTUKy (IPUIMBHBIC B3aUMOJCHCTBHUSA, MaJIbli MEP)KHUHT, aKKPELIHs).
YucneHHble MOJICIH MOKA3bIBAlOT TaKE BO3MOXKHOCTH PACIPOCTPAHEHHS KPYII-
HOMACIITAOHBIX BOJIH IUIOTHOCTH B T'PAaBUTAI[MOHHO YCTOWYHMBOM Ta30BOM CJIOE.
DTH BOJHBI MOT'YT BO3HUKHYThH KaK PEaKIUsi ra30BOr0 CJIOS HA TPEXOCHBIN MOTCH-
I[MaJI MAaCCHBHOI'O TaJlo, a TaK)Ke OBITH PE3yJIbTATOM PACIPOCTPAHCHHUS CIIHPAITb-
HBIX BOJIH IUIOTHOCTH, W3 BHYTPECHHEH 00JacTH JWCKa 3a Mpeiesibl BHEIIHETO
JUHOIaJ0BCKOTO pe30oHaHca (CM. o0cykieHue B [25]).
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TOWARDS UNDERSTANDING THE DARK MATTER PUZZLE

Postnov K.A.
SAl MSU, Moscow, Russia

Dark matter is an outstanding problem in modern natural sciences. Some recent attempts to
constrain a plethora of models of dark matter by current observations will be discussed, includ-
ing primordial black holes and ultra-light scalar field (*fuzzy’ dark matter).

Temnast MmaTepus ocTaeTcsi OIHOM U3 cambIX 371000JHEBHBIX IPOOJIEM COBpe-
MEHHOI'0 €CTE€CTBO3HaHMs. Ee CBOMCTBAa IOCTAaTOYHO HAJEKHO YCTAHOBJICHBI W3
NPELHU3UOHHBIX aCTPOHOMUYECKUX HaOMoAeHui. B mokmnane OyayT mpencraBieHbl
pe3yabTaThl KOHKPETHBIX MOMBITOK OTPAaHUYUTh U3 HAONIOJICHUN JBE KapIuHalb-
HO pa3HbIE€ MOJIENIM TEMHOW MAaTE€pUU — MEPBUYHBIE YEPHBIE NBIPBI, IPETEHIYIO-
IIMEe Ha POJIb «XOJOJHOW» CKPBITOM MAacChl, U YJBTPAJIErKOE CKAJSPHOE IOJIE
(«Terasy TeMHasi MaTepus).
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DYNAMO AS A MECHANISM FOR MAGNETIC FIELD GENERATION IN
VARIOUS CELESTIAL BODIES

Sokoloff D.D.
Moscow State University and IZMIRAN, Moscow, Russia

Various celestial bodies contain large-scale magnetic fields that are believed to be excited
by a dynamo based on joint action of differential rotation and mirror-asymmetric convection or
turbulence. The mechanism was suggested in 1950s by E. Parker, while 10 years later M.
Steenbeck, F. Krause, and K.-H.Radler explained the role of mirror-asymmetry. Then,
Ya.B Zeldovich explained magnetic field evolution in the process. This mechanism results in ex-
citation of a magnetic cycle in the Sun and quasi-stationary geomagnetic field with a more or
less random sequence of inversion. Both these configurations are antisymmetric with respect to
equator (dipole symmetry). In contrast, dynamo in discs of spiral galaxies produces steady
magnetic fields symmetric with respect to the equatorial plane (quadrupole symmetry). In con-
trast, the magnetic field of a cluster of galaxies is a small-scale one, its scale is of the order of
galactic scale rather than of the scale of the whole cluster. This magnetic field is believed to be
excited by another version of dynamo, the so-called small-scale one. Small-scale dynamo action
requires random motions (convection or turbulence) but general rotation. Governing equations
for small-scale dynamo were obtained in 1960s by A.P. Kazantsev.

HabGnrogeHus nmokaspiBaloT, YTO MHOTHE HEOECHbBIE Tefa (CIUpalibHbIE rajak-
TUKH, 3Be3/bl, BKItOYass CoJiHIIE, MHOTHE IUJIAHEThI, BKJIIOYas 3€MIII0) HMMEIOT
KpyIHOMAcCIITa0HOE MAarHUTHOE 1oJjie. Bce 9TH TUITBI HEOECHBIX TEN BPAIIAOTCS U
UMEIOT TIPOBOJAIINE XKUAKUE (WU TUIa3MeHHBbIE) 000s0uku. [1o coBpeMeHHBIM
MPEACTABICHUSIM, 3TH MATHUTHBIE MOJSI MPOUCXOIAT U3 HAYAJIbHBIX 3aTPaBOYHBIX
MarHUTHBIX TOJIEN B pe3yibTaTe AEUCTBUS MEXaHU3Ma THIPOMArHuTHOTO TUHAMO,
KOTOPBIN MpeodpasyeT KUHETUYECKYI0 YHEPTUIO JBIKEHUN TIPOBOIAIICH cpebl B
MarHuTHy1o sHepruto. [lo aHanoruu ¢ TpaAUIIMOHHBIM Ha3BaHUEM OJTHOM W3 JeTa-
Jiel aBTOMOOUJIS, ’TOT MEXaHU3M Ha3bIBACTCS MEXaHU3MOM JUHAMO.

B chepuueckux Tenmax auHaAMO BO30YXKITAeT IHUKIWYECKOE MOBEJIECHUE Mar-
HUTHOTO TIoJIs (1(uKJT akTUBHOCTH CouHita). B 3emiie Bo30ykmaeTcsi KBa3ucTaluo-
HapHOE MarHUTHOE TI0JI€, BPEMs OT BPEMEHU MEHSIOIIEE CBOK0 OPUEHTALINI0. JTH
MarHuTHbIC TIOJISI AaHTUCUMMETPUUYHBI OTHOCUTEIIBHO JKBaTOpa (CUMMETpHUS -
MOJILHOTO THUIA). B ciupalibHBIX rajakTUKax AMHAMO BO30YXKIAeT CTAllMOHAPHOE
MAarHuTHOE MO0JI€, CAMMETPUYHOE OTHOCUTENIBHO TaJIAKTUYECKOr0 3KBATOpa (CUM-
METpUs KBAJIPYIOJIBHOTO TUIA).
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JluHaMo BOCIIPOU3BEIEHO B JaOOPATOPHBIX YCIOBUSX, MPUYEM YAAIOCH 00-
Hapy>KUTh BCE TPU TUIIA OBEAEHUS MArHUTHOTO TOJISL.

PaGota nuHamMo B BBIICYIOMSHYTBHIX HEOECHBIX T€laX OCHOBaHA Ha COBMe-
CTHOM JAecTBUM ABYX (PaKTOpOB — Au((epeHIInaIbHOTO BpaAICeHUs U 3€pKaIbHO
ACUMMETPUYHOM KOHBEKIMH WiId TypOyneHTHOocTH. CoBpeMeHHass MarHUTHas
TUAPOAMHAMUKA PACIOJIAracT MOACIIIMU Pa3IMYHOTO YPOBHS CII0KHOCTH, KOTO-
pbie OOBSICHSIOT, KaK HIMEHHO 3a CUeT ATHX (DAKTOPOB MPOUCXOAUT MpeoOpazoBa-
HUE KHUHETUYECKOW IHEPTHMH B MArHUTHYIO, TaK YTO B PE3YyJIbTaTe€ IMOTy4aeTCs
KpyHOMAacCIITa0HOE MarHUTHOE TIOJIE.

OnuH U3 ypoBHEN 3TOr0 OMUCAHUs, IpeaIokKeHHbIN .b. 3enpnoBuuem, omne-
pUpYET MOBEJCHUEM MAarHUTHBIX JTUHUN, BMOPOKEHHBIX B XOPOULIO MPOBOJSIILYIO
cpeny. B atom ciyudae auddepeHimansHoe BpalleHUE BBITATMBACT MarHUTHBIC
JIMHUY, a 3epKaJIbHO-aCUMMETPUYHAs KOHBEKIUS WK TypOyJIEHTHOCTb CKJIa/JbIBa-
€T 3TU JIMHUM B BOCbMEPKY, MEPEBOPAUYMBAET €€ MOJOBUHKU U CKJIAJbIBAET, TaK,
YTO y/BaUBAETCS MArHUTHBIN MOTOK YEPE3 MOKOSIIMICI KOHTYP.

Hpyroii, 6onee neraabHbIi, HO UCTOPUYECKH MOJYYCHHBIN paHbIlle, YPOBEHb
onucanus npeanoxed B 1950-x romax IlapkepoM. B pamMkax omnucaHusi 3TOro
ypoBHs nuddepeHInaIbHOES BpallleHne MpeodpasyeT MOJOUIaIbHOE MAarHUTHOE
[I0JIE B TOPOMJAIIBHOE, a 3€pKajibHass aCUMMETPHUS MO3BOJISIET BOCCTAHOBUTH I10-
JIOMJIaJIbBHOE MarHUTHOE I0JIE€ U3 TOPOMJAIBHOTO. KiltoueBOM 3J€EMEHT ITOM CXe-
MBI (OTKPBITBIN AecATUIETHEM TO3Ke padoThl [lapkepa HEMELKMMU UCcIieoBaTe-
asmu Llreenbekom, Kpayse u PagnepoM) cocTouT B TOM, UTO HAJIMYUE 3€pKAJIb-
HOM aCUMMETPHUU MO3BOJSET BOBHUKHYTh KOMIIOHEHTE 3JEKTPOJBHUKYIIECH CHUIIBI,
KOTOpasi HAMPAaBJIEHO HE MEPIEHIUKYISPHO, a NapaJJIEIbHO MAarHUTHOMY IOJIIO.

BO3HUKHOBEHHE 3€pKaIbHONM ACUMMETPHUH JBHKCHUM B MPOCTEUIIIEM CITy4dae
cBs3aHO ¢ cuioit Kopronmca, HO MOKET UMETh U 00Jiee CIIOKHBIC TPUINHBI (Ha-
IPUMEP, MOXKET BBI3BIBATHCSI MATHUTHOM CHJION), HO, B KOHEYHOM CYETE, CBSI3aHO
c 00IIMM BpallleHueM HeOEeCHOTO Tea.

Pazymeercsi, B COBpEMEHHBIX MOJIEISIX IMHAMO UCTIOIB3YIOTCS U Topa3io 00-
Jiee JeTallbHble ONMHCAHUS IMpolecca AUHaMo. B pamkax 3THX onuvcaHuil yaaercs
MOHSTh, TOYEMY OJIMH U TOT € MPOIEecC B HEOECHBIX TeNlaX Pa3IMYHON T'e€OMET-
pYH PUBOJAT K MOSIBJICHUIO PA3HBIX TUIIOB MATHUTHBIX IMOJEH.

B HeBpamaronmxcsi CKOIIEHUSAX TalakTHK TOXE €CTh MATHUTHBIE MOJISI, HO
OHM PAaCCMaTPHUBAIOTCS KaK MEJIKOMAacIITaOHbIE B TOM CMBICJIE, YTO UX XapaKTep-
HBI MaciTab CpaBHUM CKOpEE C XapaKTEPHBIM Pa3MEpPOM TallaKTUK, BXOISIINX B
CKOIIJICHUE, @ HE C CAMUM CKOILJIEHHEM. JTH MarHUTHbIE TOJIsi BO30YKIAI0TCS JTU-
HaMO, KOTOpoe TpeOyeT TOJbKO TypOYJEHTHBIX MM KOHBEKTHUBHBIX JBIKEHUMN
XOpOIIO MPOBOJAIICH Cpebl, HO HE BpallleHUs. JDTO MEIKOMACIITaOHOE AMHAMO
obu10 TipemioxeHo B 1960-x rogax A.I1. KazaHueBbim.

Pabora nmognepsxana npoekrom PODU 18-52-06002 Azl

44



YK 524.5 DOI: 10.31361/eaas.2018-1.007

TECHBIE JBOMHBIE 3BE3/IHBIE CUCTEMBI HA TTO3IHUX
CTAJIMSIX DBOJIIOLIAN

Yepenamyk A.M.
MTI'Y umenu M.B.Jlomonocoesa, I’ AUILLI, Mocksa
cher@sai.msu.ru

CLOSE BINARY SYSTEMS AT LATE EVOLUTION STAGES

Cherepashchuk A.M.,
Sternberg Astronomical Institute, MSU, Moscow

The newest results of studies will be reviewed for different kinds of late-type close binary sys-
tems.

Opoonus TecHbIX ABOMHBIX cucteM (TIC) — 3To 3BOMIOLMS 3BE3] C Mepe-
MEHHOM Maccoi U orpaHUYeHHBIM paauycoM. B npouecce spomonnn TJC 3Be31b1
WCIIBITHIBAIOT TICPBUYHBINA U 3aT€M — BTOPUYHBIA 00MeH macc. [loa mo3mneit cra-
nueit sBomtonuu TJIC moHuMaeTcs cTaaust OCie 3aBepIIeHUs EPBUYHOTO 0OMe-
Ha Macc. [lozmame cragum sBomtounu TJC wu3yyanuch B paboTax TIpymIlbl
A.I''Macesuua: A.B.Tyryko, JI.P.IOurembcon (1973), a Ttakxe B pabortax
E.BanpenXeiisena (1976), B.I'. Kopuunosa u B.M.JIunynosa (1983).

Baxnocte mo3ganx TC s actpodusuku u pyHmameHTaabHOU (HU3UKA
COCTOUT B BO3MO>XHOCTH MPOBEPKU TEOPUHU BHYTPEHHETO CTPOCHUS U HBOJIOIUU
3B€3]] C MEPEMEHHON MAacCOM M OTPAHWMYEHHBIM PAAUYCOM, B BO3MOXHOCTH OT-
KPBITUS U UCCIICIOBAHUS PUHITUIIUAIBHO HOBBIX OOBEKTOB — HEUTPOHHBIX 3BE3]]
Y YEPHBIX JbIPp B PEHTIT€HOBCKUX JBOMHBIX U IPAaBUTAIMOHHO-BOJHOBBIX JBOWHBIX
cucremax, B tectupoBanun OTO DWHMITENHA B CHJIBHBIX T'PABUTALMOHHBIX I10-
JSX, a TaK’K€ B BOBMOXKHOCTU UCCJIEIOBATh SIPKUE HAOJIOAATEIbHBIE TMPOSBICHUS
— AKKpPEIMOHHbIE JUCKH, PEHTTEHOBCKOE M3JIyYCHHE, JKEThI, HOBOMOI00HBIE (e-
HOMEHBI, IPABUTALIMOHHO-BOJIHOBOE U3JIYYEHHE U T.II.

B nokiane OyayT U310KEeHbI HOBEHIITNE PE3YNIbTAThl UCCIICIOBAHUS TTO3THUX
THC pa3HbIX TUIIOB, BKJIIOYasi PEHTT€HOBCKUE ABONHBIE CUCTEMBI C YEPHBIMU JIbI-
paMu, CUCTEMbI C PEHTTE€HOBCKMMU U PAAUONYJIbCApaMH, a TAKXKE I'PaBUTALMOH-
HO-BOJIHOBBIE JIBOMHBIE CUCTEMBI.
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OTKPBITUE TEMHOM YHEPI'MHU B JIOKAJIbHOM BCEJIEHHOM
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TAULII MT'Y, e.Mockea, Poccus
Arthur.Chernin@gmail.com

DISCOVERY OF DARK ENERGY IN THE LOCAL UNIVERSE

Chernin A.D.
Sternberg Astronomical Institute, Moscow University, Moscow, Russia

Einstein's paper of 1917 predicts existence of cosmic universal antigravity. This new force of
nature reveals itself in HST observations at global cosmological distances. It is found also in the
Local Universe, our own galactic backyard.

1. BBeaenue

Cro ner Hazaz, B 1917 r., B crathe «Bompockl kocMoIOruy M 00111ast TEOpUsI
OTHOCUTENBLHOCTHY, BbieAmer B Coobmenusx Ilpycckoir AkagemMuu Hayk B
bepnune, DUHIITEHH Mpeacka3al TO, YTO CE€MYac HAa3bIBAlOT TEMHOW SHEPrHUCH.
CoryiacHO MHTEpHpeTaluy, npeioxeHHoi B 1965 r. 3.b. I'nunepom (Torma co-
TpYAHUKOM JIeHMHIpaacKoro (PU3HKO-TEXHUYECKOTO MHCTUTYTA) U CTaBIIEH Ceii-
yac (1mo4tu) oOLIENPUHATON, TeMHAas SHEPTUs — 3TO 0COOOro pojaa KOCMHUYECKast
CILIOIIHAsA Cpefa, KOTOpas paBHOMEPHO 3aIlOJIHAET Bech 00beM BcenenHoit u cos-
JlaeT B Hell BceoOlliee OTTAKUBAHUE — BCEMUPHOE aHTUTATOTEHUE. TemMHas sHep-
TUSl HE MEHSIETCS CO BPEMEHEM U €€ €AMHCTBEHHON HE3aBUCUMOU (hHU3UMYECKOM Xa-
PAKTEpUCTUKOU CIY>KUT SUHIITEMHOBCKAs KOCMOJOTHMYECKas IMOCTOsIHHasi, 000-
3HauaeMas rpedyeckoil OykBoil A. Kak Bcsikasi Makpockonuyeckas cpea, TeMHas
sHEprus o0sazaeT MJIOTHOCTHIO M JaBiieHHEeM. Ee MIOTHOCTh MOJOKUTENbHA, a
JABJICHUE OTPULATENBHO U PABHO MJIOTHOCTH (YMHOXEHHOW Ha CKOPOCTh CBETA B
KBajpare) no abcomotHor BenuunHe. CornacHo ooumm npunnunam OTO, Tsro-
TEHUE OMPEEIAETCS HE TOJIbKO TUIOTHOCTBIO Cpenbl (Kak B MexaHuke HproToHa),
HO TaKXke W ee naBiaeHueM. OTpULATEIbHOE aBICHUE TEMHOM SHEPIUU CO3HAET
OTPULIATEIBHOE TATOTEHHE, TO €CTh AHTUTAroTeHue. [0 CBOMM MeEXaHMYECKUM
CBOMCTBAM T€MHas SHEPrus Mo00Ha BaKyyMy: OHA COITyTCTBYET JIIOOOMY JIBHKE-
Huto. Ecim, HanmpuMep, MmeroTcs 1Ba Tena, JBHXKYIIMECS APYT OTHOCUTEIBHO
Ipyra, TO TEMHasl 3HEPrUsl COIyTCTBYET KaKA0oMy U3 HUX. 110 3TOM npuymHe Koc-
MHYECKUN BAKYYM HE MOXKET CIIYKUTh CUCTEMOU OTCYETA.

Kak Tenepp n3BECTHO, HA TEMHYIO SHEPTUI0 npuxoauTcs 70 MpoueHToB, a Ha
TEMHYIO MaTepuio — 26 MPOILIEHTOB MOJIHOM Macchl/aHEpruu HabmomaeMoil Bee-
neHHoil. Ha «0ObIuHOE» BEHIECTBO M KOCMUYECKOE 3JIEKTPOMATHUTHOE HU3ITyde-
HUE, TO €CTh Ha TO, C YEM YCIICLIHO CIPABIIAECTCS CETOMHSIIHSS (PU3HKa MOJEeH U
YaCTHII, OCTAaeTCA B KocMoJiorud He 0oiee 4%.
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2. KocmoJiornueckue MoaeIu

B pa6ote 1917 r. DUHIITEWH NPEANPUHSI MEPBYIO B UCTOPUU HAYKH TOIIBIT-
Ky CAENaTh MPEIMETOM TOYHOTO (PU3UKO-MATEMATHICCKOTO OMMCAHUS U U3YICHUS
BCIO BceneHHy10, MOHMMaeMyr0 Kak Hekoe ennHoe nenoe. Ctonb HeopauHapHas
3agava TpeboBaga HOBOM (PHU3MUECKOM UAeH, COpa3MEPHOI 3TOH 3a7aue 1Mo OPUTH-
HAJIBHOCTU U TEOPETHYECKOW MOIIM. Takou uaeen ctano SMHIITEUHOBCKOE aHTH-
TaroTeHue. Pois 1 MecTo 3ToM naen B PU3MKe U aCTpPOHOMHH JIEMOHCTPUPYETCS Y
OWHIITEHHA HA IPUMEPE €r0 KOCMOJIOTMYECKOW MOJENIH — ITIEPBOM B COBPEMEHHOM
HayKe TEOPETUYECKOM KOHCTPYKIIMU TAaKOTo pojia. DTO ObLI MPOCTEHUIINM TTpUMEp
TOTO, KaK aHTUTATOTEHHE — ATa M300pETEeHHAas UM MOTy4asi HOBasl CHJIa — MOIJIO
OBl JICWCTBOBATh B MUPE KaK 11€JIOM Hapsay C BCEMUPHBIM TSATOTCHUEM U KOHKY-
pUpOBATH C HUM.

B mopnenu OitHiiteitHa BcenenHasi o0OiagaeT MaKCUMalbHOW MPOCTPAHCT-
BEHHO-BPEMEHHON CHMMETpPHEH: OHA CTaTU4YHA (TO €CTh OJIHA M Ta K€ B KaXKJIbIN
MOMEHT BPEMEHM), & €€ MPOCTPAHCTBO OJHOPOJIHO (TO €CTh OJJMHAKOBO BO BCEX
TOYKAaX) U U30TPOMHO (TO €CTh OJMHAKOBO BO BCEX HampaBiieHUsX). CTaTHYHOCTh
obecrieunBaeTcsl TOYHBIM OaJaHCOM TATOTCHHUSI U AHTUTATOTCHHS: CyMMa STHUX
JBYX CHJI (TOBOPS SI3bIKOM HBIOTOHOBCKOUM MEXaHUKH) PaBHA HYJIIO B K0 TOU-
K€ IPOCTPAHCTBA BO BCE MOMEHTHI BpeMeHHU. Takas Mmozens BeeneHHon He poTu-
BOpEUYMJIa HUKAaKUM aCTPOHOMHUYECKHM JaHHBIM TeX JieT. B acTpoHOMUM mepBbIX
JIBYX AeCATHICTHN XX BE€Ka CUYUTAIOCH, UTO BCeneHHass — 3T0 MUpP HEMOABHKHBIX
3B€3/, U DUHIITEHWH B CBOCHU CTAaTh€ HE Pa3 CChUIAETCA HA ATy CTATUYECKYIO Kap-
TUHY MHUpA.

Crneayroomuii mar B TEOPETUYECKOM KOCMOJIOTMM OBbUI C/ellaH neTepOypr-
ckuM MateMatukoM A.A.@puamanoM. OTKa3aBIIMCh OT UAEHU CTATUYHOCTU U HE-
U3MEHHOCTH mupa, Ppuaman noctpouwn B 1922-1924 rr. moxpens 3BONHOLHO-
Hupyronier Beenennon. Kak n moaens OuHinTeiHa, Mojienb OpuaMaHa OCHOBaHa
Ha OTO u npeanonaraer OJJHOPOJAHOCTh U U30TPONUIO MpocTpaHcTBa. CXOACTBO
MojieNiel emie U B ToM, 4To PpujiMaH He OTOPOCUI KOCMOJIOTHYECKYIO TOCTOSIH-
HYI0, COXPaHUB TE€M CaMbIM B CBOCH TECOPUU JHUHAMUYECKUN (PaKTOp BCEMUPHOTO
AHTUTATOTCHUS.

Hepenko rosopsAr, uto kocMojioruto @puamana noarsepauwia B 1929 r.
Xab061 B cBOMX HAONIONECHUSIX pa3z0eraroniuxcsi rajakTuk. B neicTBUTENbHOCTH
HaOmro/IeHns Xa00J1a orpaHMYUBAIMCEH OJIMPKHUM 00BEMOM MHpPaA — PACCTOSHUS Y
Hero He npeBocxoamnn 20-30 meramapeek (Mmnk). CaM 0OH OIIMOOYHO CUHTAI, YTO
€ro mnpeaen JanbHOCTU He Ooublie 2—3 Mk, U mosaraj, 4To 3TO U ecTh Bcs Bcee-
JeHHas NeaukoM. Jlo HaOmMomeHu B III00AIbHBIX, NCTUHHO KOCMOJIOTHYECKHX
MacIITaboB mopsaka Teicsiy Mk, OblT0 TorAa emie aanexko. Moaens @puamana ¢
SUHIITENHOBCKUM AaHTUTSATOTEHUEM JIOJITO KJajla SMIUPUYECKON MMPOBEPKU U HA-
1a HaJICKHOE MOATBEep Xk acHre Juib B 1998—1999 rr. B HabmoaeHusx [1,2] Ha
Kocmuueckom teneckorie «Xab0m». B nelicTBUTENBHOCTH HE «4eNoBeK Xa00m», a
«reneckon Xab0y» noarsepaui Teoputo Opuamana.
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3. TemHasi 3Heprus B r;j100aJ1bHOM MacmuTade

[TnanomepHble KOcMoorHueckue HadmoaeHuss Ha KocMuyeckom Teseckore
«Xab06m1» Benuch ¢ cepenuHbl 1990x TT. AByMsI MEXTYHAPOIHBIMU TPyMHIaMHu ac-
TPOHOMOB-Ha0JIIO1aTeNe, OHOM M3 KOTOphIX pykoBomwnu bpaitan IlImuar u
Anawm Puiic [1], a apyroit Coxn Ilepamarrep [2] (B 2011 1. 3TH Tpu actpoHoMa mo-
ayunnn HoOeneBckyro mpemuro mo ¢usuke). Ux HaOmoneHus mokasaiu, 4To y
Kpasi BUmuMon BceneHHOM Ha Macmitabax MOpsiiKa THICSAY MeEramapcek u Oosiee
IPOCTPAHCTBEHHOE paCIpe/iesieHe rajJakTUK BBIISIAUT CTATUCTUYECKU OJHOPOI-
HBbIM, pAaBHOMEPHBIM B cpenHeM. KpynHomacmtabHasi AHOPOJIHOCTh — BayKHEWIIEe
CBOMCTBO HaOmogaemMoil BeeneHHoit kak 1enoro. Takoro pojaa npocTpaHCTBEHHAs
CUMMETpHUS MpENoJaraiach — Mo CyTH Jiela, OHa MPEeICKa3bIBAIACh — B KOCMOJIO-
TUYECKUX Teopusx DiHmTelHa u @puamana. OTKpbITHE TJI00aTBHON 0THOPOAHO-
cTi Mupa B pabotax [1,2] Ob110 BOCTIPUHATO B aCTPOHOMHUU U (PH3UKE KaK HEYTO
camo co0oi1 pazymerouieecsi — Apyroro, COOCTBEHHO, U HE YKJIaJH.

Cronb xe 0KuaaeMbIM ObLJIO M OTKpBITHE B padboTtax [1,2] rimobamsHOTO KOC-
MOJIOTUYECKOTO PacIIMpeHus, IPeCKa3aHHOro B Teopun OpuaMaHa: TaIaKTUKU U
WX CHUCTEMBI JIEHCTBUTENLHO pa3z0erarorcs, yaauassich Apyr ot apyra. M3 teopuun
@puamaHa BBITEKAET, YTO CKOPOCTHU JAJIEKHUX TAIAKTUK MPONOPIIMOHAIBHBI pac-
CTOSTHUSIM 10 HUX (3akoH Xa00:x1a). Habmoaenus [1,2] moaTrBepauin 3Ty 3aBUCH-
MOCTh Ha CaMbIX JAJIEKUX INI00ATbHBIX PACCTOSHUSAX.

Ho HukTO He oxkuman (cuutas ¥ aBTOpoB [1,2]), 4TO 3TH HAONIOACHHUS TPH-
BEAYT K OTKPBITHIO TeMHOU dHepruu. B Habmonenusx [1,2] ynanocs u3meputs He
TOJIBKO CKOPOCTH YIAISIFOIIUXCS TAIAKTUK U PACCTOSHUSA J10 HUX, KaK 3TO MPEkKIE
JIeaJIOCh HA MEHBLINX PACCTOSHUSX, HO — BIEPBBIE — €I1I€ U YCKOPEHHUE, KOTOPOE
UCIIBITHIBAIOT MPU 3TOM ranakTuku. OKa3aaoch, YTO YCKOPEHHE HAMPABIEHO B Ty
€ CTOPOHY, YTO M CKOPOCTH YOEralmIiuX TaJlaKTHK, TAK YTO TAJTAKTHKU yAaJIs-
I0TCS OT Hac U JpYr OT Apyra Bce ObicTpee W ObicTpee. VX moaroHsieT temHas
DHEPIUS C €€ IUHIITEHHOBCKUM AHTUTATOTECHUEM.

B nabmoaenusx [1,2] yaaioch U3MEpUTh TUIOTHOCTh TEMHOM DHEPTHH: Py =
0.7x10 r cmM . DTa BeNMYMHA HAYTOXHO Maja 10 HALIMM 3€MHBIM MEpPKaM —
OHAa Ha UENbIX 29 MOPAIKOB MEHbIIE, HANPUMEP, MIOTHOCTH BOJIBI MPU «HOP-
MaJbHBIX YCJIOBUSAX»; M TeM HE MEHEe TeMHas SHeprus moyTu Oe3pasleiabHO
yIpasisieT JuHaMUKoOW Bcel BeenenHnolt kak nenoro. M3 npumepno 14 mumnuap-
JIOB JIET U3BECTHOM ceryac UCTOpUM BceesleHHOW Ha MPOTSKEHUU TEPBBIX / MUJI-
JMapA0B B HEW JOMUHUPOBAJIO TATOTEHHE, a 3aTEM 3Ta POJIb IIepelia K aHTUTATO-
TEHHUI0, KOTOPOE MPe00JIaJaeT B COBPEMEHHYIO AI0XY U Oy/eT CUIIbHEE TATOTEHUS
TaK)X€ U B CKOJIb YTOAHO OTJAJI€HHOM OYIyIlleM, HACKOJIBKO 00 3TOM MOKHO CEM-
4ac CyJuTh.
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4. JlokaabHasa Bcerennas

OTKpBITHE TEMHOU SHEPTUU HA III00ATBHBIX KOCMOJOTUYECKUX PACCTOSHUSAX
ITO3BOJIMJIO ITO-HOBOMY B3IJIIHYTh Ha MHP TAJIAKTUK B OTHOCUTEIBHO MAaJbIX IPO-
CTPaHCTBEHHBIX MaciuTadax. J[elcTBUTENBHO, €CIM OHA OMHCHIBAETCS KOCMOJIO-
TUYECKOU MOCTOSIHHOM, TO TEMHAsI SJHEPTHS JOJDKHA PUCYTCTBOBATH BCIOAY B MHU-
pe U Be3le UMETh OJIHY U TY K€ IUIOTHOCTh. MOKHO JIM 3TO NMPOBEPUTH B HAOIIIO-
nenusix? B rmobansHOM MaciiTade Takas IpoBepKa yJanach 0yaroaapsi TOMy, 4TO
AHTUTATOTEHHUE, CO3aBAEMOE TEMHOM JHEpPrued, CWIbHEE TIATOTEHUS IPYTUX
dbopM KOCMHUUYECKOHN PHEPrun/Macchl y JajabHel rpaHulibl Beenennoit. Bo3aMoxHO
JIU TI0I00HOE JOMUHUPOBAHUE aHTUTATOTEHUS Tie-Tu00 B OnvkHel BcenenHoi?
B 2001 r. Obu1 nan [3] MONOXKUTENBHBIA OTBET HA ATOT BOIMPOC: HA PACCTOSHUSIX
1-10 Mnk ot MiieyHOTO MyTH CYIIECTBYIOT 00JacTH MPOCTPAHCTBA, II€ AHTUTSI-
rorenue cuibHee TiaroteHus. Kak u B rmo0anbHOM MaciTade, «M3MEpUTETbHBIM
IpruOOPOM» JUIsl TEMHOM SHEPIHH B MaJIbIX MaclITabax MOCIYKWJIH MOTOKU raiax-
TUK.

JloxanbHas Bceenennas ycrpoeHa He 110 @puaMaHy: HUKAKOM OJHOPOJIHOCTH
B HEll HET W HaceNIIUe €€ TajJakTHUKU paclpeiesieHbl Mo ONMKHEMY 00beMy
KpaiiHe HepaBHOMepHO. [lonapistoiiee ux 4nuciao coOOpaHO B MAaCCUBHBIE CTYIIIE-
HUS, Ha3bIBaeMble rpynnamu (¢ pasmepamu nopsiaka | Mnk) u ckoruieHussMu (¢
pasMepamu nopsiika 10 Mnk), Torna Kak B MPOCTPAHCTBE MEXAY CTYIICHUSIMU
rajakTMK odeHb Mano. JlokanpHas BceneHnas — 3aMedarelbHBIM OOBEKT acTpo-
HOMHH U acTpO(DHU3UKH, TOMYCKAIOLIUNA BBICOKOTOUHBIE U3MEPEHUS B MUPE rajak-
TUK ¥ ux cucteM. OHa cTaja ceiiyac erie U eCTECTBEHHOM KOCMHUYECKOM jabopa-
TOPHUEN ISl U3YUEHUSI TEMHOU YHEPTUH.

[1o NOHATHBIM MPUYMHAM OCOOEHHO MHTEPECHBI camble OJIM3KUE CTPYKTYpPbI
B HAIIIEM TaJaKTUYECKOM OKpykeHuu. ['anaktuka Mneunsii [Iyte BMecTE ¢ Apy-
rOM CTOJb K€ KPYIMHOM rajlakTuKoi TymManHOCcTh AHzIpomenbl 00pazyeT MecTHyro
IPYIIly TAJIAKTUK, B COCTaB KOTOPOW BXOJUT €IIE IATh IECATKOB MEHEE KPYIIHBIX
raJIakTUK. MecTHas Tpyla — IPaBUTALMOHHO-CBA3aHHAs KBa3HCTALlMOHApHAas
cucTeMa ¢ moHoi Maccoit M = (2—3) 10** macc Comnmita. Ty Maccy COCTABIAIOT
(OaproOHHOE) BEIIECTBO 3BE3J U MEXK3BE3IHOU CpE/bl, a TaKkKe TEeMHasl MaTepus,
KOTOpOM pa3 B 5 OoJibllle IO Macce W KOTOpasi HaXOJUTCSI B OCHOBHOM B IPOTS-
YKEHHBIX rajo JBYX FMI'AHTCKUX TaJIAKTHK IpyIIbl. Pasmep rpynmnsl — mpuMepHo 2
Mk B nonepeunuke. BHe rpymibl Ha pacctosHusx ot 1.4 1o 3 Mk ot ee ueHrpa
HaOmoAaoTes 24 KapIUKOBbBIE FaTaKTUKK; BCE OHU — 0€3 UCKIIIOUEHHUSI — ABUKYT-
Csl POYb OT IPYIIILI, IPUYEM UX CKOPOCTH TEM OO0JIbIle, YeM OO0JIbIle paCCTOSTHUE
70 HUX. DTO ONMXaWIMil K HaM NOTOK pa3z0eranus rajgakTuk. TakoBa sMnupuue-
ckas kapTuHa OnmxHel Beenennoit o ganueiM WM. /1. KapadeniieBa u ero cotpy/-
HUKOB [4—8], TOJIydeHHbIM B HAOJIOJIEHUAX Ha Teyeckomne «Xabom» u 6-m BTA
CAO.

MecTHyt0 rpyInmy ¢ MOTOKOM pa30eranus BOKpYT Hee OyJieM Ha3bIBaTh Jajiee
MecTHOM cUCTEMOM Ipynna-nmoToK. Ee OCHOBHBIE YEPThI ONUCHIBAIOTCS TEOPETH-
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YECKOU MOJIEJIbI0, YUUTHIBAIOIICH (BIIEPBbIE) JOKabHBIC TUHAMUYECKHE A (PEKThI
TeMHOU sHepruu [3, 8-9]. B aToit Mogenu rpynma npeacraBieHa chepudecKon
Maccoii M, a moTok paszOeraHusi paccCMaTpUBAETCA KaK COBOKYITHOCTH JIETKHX
(«TTpOOHBIX») YACTHIL, ABUKYIIUXCS MO paaraibHbIM TpaektopusM. (ITomnas mac-
ca KapJIMKOB PEAIbHOTO MOTOKA JEUCTBUTEILHO Majia — He OOJbIIe HECKOIBKUX
MPOIIEHTOB OT MAacChl Tpymmbl.) ['pymnma BMecTe ¢ MOTOKOM MOTPY>KeHa B OOITUH
KOCMUYECKHUI (JOH TEMHOM IHEPTUU C OJTHOPOTHOM MOCTOSTHHOM TIOTHOCTHIO Po.

Ha kaxnayro u3 4acTul MOTOKa JIEUCTBYIOT JBE CHUJIbl: HHIOTOHOBCKas CUJja
NPUTSHKEHUST K Macce M U SUHINTEHHOBCKAs CUJIa OTTAJIKMBAHUS OT TPYIIIIbI, CO3-
naBaemasi TeMHOM sHepruei. [lepBast U3 cuil clielyeT HbIOTOHOBCKOMY 3aKOHY 00-
paTHBIX KBaJpaTOB; OHA MMEET OTPHUIIATENbHBIM 3HAK U YObIBaeT (MO0 MOIYIIO) C
POCTOM paCCTOSIHUS OT LIEHTpa Ipymibl. Bropas cuia, HanpoTHB, UMEET MOJIOXKHU-
TeJbHBIN 3HaK U PaCTET C PACCTOSHUEM IO JUHEWHOMY 3aKOHY — TaK CHJIy aHTH-
taroteHust onuckiBaeT OTO B npulamxeHuu cjiadboro moJis, Korjaa KBajapaTr CKo-
pPOCTH TE€J W MEepenajibl FPaBUTALMOHHOTO MOTEHIIMANIa TOpa3l0 MEHbIE (M0 MO-
IyJII0) KBaapara ckopocTu cBeta. [locienHee yciaoBUe BBIMOIHAETCS C XOPOUIUM
3amacoM JyIsl JIOKaJIbHOM CUCTEMBI TPYIIA-MIOTOK.

Tak kKak Cujbl UMEIOT Pa3HbIC 3HAKU M TTO-PA3HOMY BEIYT ce0sl C pacCTOSHU-
€M, CYIIIECTBYET TaKO€ PAacCTOSHHE, HA KOTOPOM MX CyMMa o0paiiaercs B HYIb.
DTO KPUTHYECKOE PACCTOSIHUE BBIPAXKAETCS Yepe3 Maccy Ipymibl M U IITOTHOCTh

TEMHOM SHEPruM Po:
Ro=[3M/ (8 7 po )] ¥® ~ 1 (M12)"® M.

3nech My, —Macca rpynnsl B €IMHULIAX 10*2 macc Comnna. Benmnunna Ry Ha-
3bIBAETCS PAJANYCOM HYJIEBOTO TAroTeHus: npu R = Ry uMeet mecTo GanaHc TAro-
TE€HUs U aHTUTAroTeHus. Ha MeHblux paccrosiHusax, R < Ry, npeobnagaer Tsro-
TeHue, a Ha OonbmX, npu R > Ry, foMuHupyeT aHTUTAroTeHue. [lpn mpuHATHIX
BBIIIE 3HAYCHUSIX MACChl TPYIIbI M U MJIOTHOCTH TEMHOU SHEPTUU Py PAIUYC HY-
neBoro TaroteHus Ry cocrasnsier 1.3—1.4 Mnk. Kak MbI BuanM, paguyc HyJI€BOTO
TATOTeHUSI Ry BecbMa OJIM30K K M3BECTHOMY W3 HAONIOACHUN paHaIbBHOMY pa3-
Mepy MecTHoii rpynmbl ~1 Mnk. 910 03Ha4aeT, 4To B 00beMe TPYMIIbI TSITOTEHUE
CUJIbHEEe aHTUTATOTeHMs. Takue cucteMbl (HO 0€3 KaKuX-Tu0o MPU3HAKOB aHTUTS-
TOTEeHMsI) OBLIM U3BECTHBI B ACTPOHOMHH U PaHEE.

Uro ke Kacaercs moToka paz0eranusi, ToO OH HaXOJUTCA Ha paccTosiHUsAX R >
Ro, TO ecTb TaM, Iie IOMUHUPYET SUHINTEHHOBCKOE aHTUTAroTenue. Cuna aHTH-
TATOTEHHUs 3aCTaBJIAET YACTULIBI NTOTOKA JABUTATHCS C YCKOpEeHHEM. Takoro pojna
bu3nYeCcKUX yCJIOBUN B MUPE rajlakKTHK, Ja U BOOOIIE B JOKaJbHOU (DU3UKE U ac-
TPOHOMUH, TMPEKIE HE 3HAIMU. Y CKOPSIOUIMNCA MOTOK pa30eraHusi rajJjakTUK BO-
Kpyr MecTHOM rpynmsl npeacTaBiser co0ol Ommkailimii K HaM NpUuMep JIOKajb-
HOM aCTPOHOMHYECKOM CTPYKTYpPbl HOBOI'O, HE U3BECTHOT'O PAHEE THIIA, ITOCTPO-
SHHOM I10 3aKOHAM O0IIIe TEOPUH OTHOCUTEIHHOCTH.
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Teopus B KOMOMHAIIMU C HAOJIIOJICHUSIMU TIO3BOJISIET CAENATh Psijl 3aKItoue-
HUW OTHOCHUTEJIBHO Kak caMoi CucTeMbl rpynna—mnoToK, TaK U TEMHOW SHEPTHUH, B
KOTOPYIO 3Ta cucTema norpyxeHa. OauH U3 pe3yJbTaToB TaKOro pojia — HE3aBU-
cUMasi SMIIMPHUYECKAs OLICHKA JIOKAJIbHOW IIOTHOCTH TEMHOM 3Hepruu. lIpumem
HAa OCHOBAaHUM WMEIOIIMUXCS HAOJIOMATENbHBIX JAaHHBIX (CM. BBIIIE), YTO PAIUAYC

HyJIeBOro Tarotenuss Ry mpubmmkenHo paseH paauycy rpymmsl Rg. JlokansHas
IUIOTHOCTh TEMHOW SHEPrUM, 0003HAaYaemas B 3TOM CIy4yae KaK Pjoc, CUUTAETCS
HEU3BECTHON BennuuHOU. Toraa u3 Gpopmymnsl sl paguyca HYJIEBOTO TATOTEHUS
HaxOJIMM:

Pioc ~ 3M/ (87) M IRG’ .

[ToacraBmnsis croma Habmomaemple 3HadeHUS it M u Rg , moiry4aem IjioT-
HOCTB Pjoc, KOTOpasi COBNALAET — IO KpalHEW Mepe, MO MOPSAAKY BEIWYMHBI — C
rJ100abHOM TJIOTHOCTBIO Py, U3MEPEHHON Ha KOCMOJIOTHYECKHX PACCTOSHHSIX.

Taxum 06pa3oM, n3 KOMOMHALMK IBYX JIOKAIbHBIX BenwduH M u Rg nomyckaro-
X MPSIMOE HAOII0JATEIHhHOE M3MEPEHHE HAa BEChMa CKPOMHBIX aCTPOHOMHYE-
CKHUX PACCTOSIHHSIX, BOSHHKAET TPEThsl BEIWYWHA, UMEIomas (PyHIaMEeHTaIbHBIN
buznyecKuit CMBICI.

Mogenbs mo3BOJISIET MPOCIECAUTH CIOXKHYI) HEJIMHEWHYIO MEXaHHUKY YCKO-
PAIOIIUXCS TTOTOKOB TajakTUK. Kak Oka3bIBaeTCs, aHTUTATOTEHUE, JOMUHUPYIO-
nee B JIOKAIHLHOM IOTOKE, HE TOJIbKO YCKOpSIET pa3OeraHue rajakTHK IO paju-
aJbHBIM HaNpaBJEHUSM, HO BMECTE C T€M MPHUAACT MOTOKY PETYISpHYIO «Xab0-
JIOBCKYH0» KUHEMATUKY C JJMHEMHOM 3aBUCUMOCTBIO CKOPOCTH OT paccTtosiuus. 1o
ATOM MPUYNHE JIOKATBHBIN MOTOK BBITJIAIUT KaK KOCMOJIOTHYECKOE PACIIUPEHUE B
MHUHHATIOpe. Takoro poja OJIM3K0E CXOJICTBO JIOKAJIBHOTO MOTOKA € TI00AIbHBIM
paclIMpeHUuEeM TPEJICTABISIIOCHh 10 HEIAaBHETO BPEMEHHU «3arajo4HbIM», KaK HE
pa3 nucan 06 atom A. Congmmk (CIIA), kmaccuk BHETaJTaKTHYECKOM aCTPOHO-
MHUH. «Y IUBUTEIBbHBIM» Haxoaus 3ToT ¢dakT A.b.3enpnoBuy. JleicTBUTEIBHO, pe-
TYJISIPHOCTH pa3deranusi TpeOyeT, Ka3aloch Obl, PEryIsIPHOCTH — TO €CTh (paKTH-
YECKH OJTHOPOJHOCTH — B MPOCTPAHCTBEHHOM PAacCIpeIeJICHUHU rajlakTUK. Tak OHO
1 €CTh B INI00AJIbHOM KOCMOJIOrHueckoM Macirade. Ho BOIHM3HM Hac, B JIOKAJIBHBIX
MaciiTadax, HUKaKo OJHOPOJHOCTH B PacHpeeiCHUU TajJakTHK OINpeaeIeHHO
HET.

D@ deKT >3UHIITEHHOBCKOrO AaHTUTIATOTEHUSI C €0 YHUBEPCAIbHBIM XapaKTe-
POM CHHMMAET 3Ty 3arajKy: BC€ JeJ0 B TEMHOW SHEPrUH, B KOTOPYIO MOTPYKEHBI
00a mMoTOKa — IIOOAIbHBIA KOCMOJOTUYECKUH MOTOK, IA€ JEUCTBYET MOJEIb
®puamana, U JJOKAIbHBIM MOTOK, T/ A3 (PEeKTUBHA JTOKAJIbHAS MOJIEIb, OITMCAHHAS
BhIlIe. B 000MX ciIydasx UMEEeT MECTO JIOMUHHPOBAaHUE TEMHON YHEPIHH KakK pe-
MIAIOIINA TUHAMUYECKHI (aKTop.

JlokanpHass MoJiesib TOJy4dmiia JajbHEHIee MOATBEPKICHUE U PAa3BUTHE B
HaOJII0JICHUSAX TajdakTUK Ha paccrosHusax 1m0 10-11 Mok, BemonHeHHbIX Kapa-
YEHIIEBBIM M €0 KoJijIeraMu (CM. BBIIIE) C TTOMOIIBIO Telleckomna «Xaoom». Ilpu-
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MEYaTeNbHO, YTO 3TOT KPYIHEHUIINNA KOCMUYECKUI HHCTPYMEHT HALEJIEH HE TOJIb-
KO Ha PEKOPAHO JAJIEKUE KOCMOJIOTMYECKUE PACCTOSHUSA, HO TaK)KE€ M HA CPaBHU-
TEJIBHO CKPOMHBIE IPOCTPAHCTBEHHBIE MAacIITa0bl B MUPE TaIaKTHK. 3a Oojee ueM
300 mepuoaoB oOpaleHUus] KOCMUYECKOTO TEIeCKONa ObLIINM OTKPBITHI U U3yUEHBI
TPH C JUILHUM COTHH TaJIaKTUK, 11O OOJIbIIeH YacTu coOpaHHBIX B 12 cucTteM TH-
na rpynna—IoToK, OJM3KUX MO CTPYKType K MecTHOU Ipymie ¢ ee MOTOKOM pa3-
oeranus. [lonoOHyI0 TMHAMUYECKYIO CTPYKTYpY UMEIOT, KaK ObLIO HailieHo, Tak-
K€ U IBe OJM3KHE CHCTEMbI CKOILICHHE—TIOTOK — CKorwieHus Virgo u Fornax c mo-
TOKaMH paz0OeraHusi BOKpyr HuX. Kaxknas U3 3TUX ByX CUCTEM IMPUMEPHO B Jie-
cATh pa3 Ooibiie mo pasmepy MecTtHoM cuctembl. X CTpyKTypa MOBTOpSIET B
[VIABHBIX YepTax yCTPOMCTBO MECTHOU CUCTEMBI, — HO C YBEJIMYEHUEM BCEX pas3-
MEpOB, CKOPOCTEH U JITMH (BKJIIOYasi M TOTOKK) B T€ xe 10 pas.

Bmecte ¢ MecTtHOI cucTeMoil yOMsAHYThI€ BbIlIe 12 00BEKTOB 00pa3yroT
KOJUIEKTUBHYIO CHCTEMY C nonepeyHukoM B 20 Mk u moiaHod maccou (TeMHOMN
MaTepuu 1 6apruosos) okoo 10 macc Contua. Bee 00bEKTBI CHCTEMBI pacmnoJia-
raroTcsl B YIUIOIIEHHOM o0beMe, mpuiieratonieM K CBepXrajJakTH4eCcKOn IMII0CKO-
ctu. [lo nmpennoxennto KapaueHuesa, cucrema nojay4duia Ha3BaHHe «JIOKalnbHBIN
omun 3enpnoBuyay (JIB3). Bece 12 o6bextoB JIB3 yaanstorcs ot nentpa MecTHoi
rpynmnsl co ckopoctamu oT 100 1o 1000 km/c, OIU3KO ciiexyst mpu 3TOM JTMHEHHON
(xab0JI0BCKOI) 3aBUCUMOCTH CKOPOCTH OT PACCTOSTHUSI.

5. 3akiaouenue

B crarhsix DUHIITEHA HET TaKUX CJIOB, KaK «TEMHAsl SHEPTHUS», «KOCMHUYE-
CKasl Cpea», «BaKyyM» WM «BCEMUPHOE AHTUTATOTEHUE». [[€710, KOHEYHO, HE B
CJIOBax W Ha3BaHUSIX; BaxkHee Jipyroe: B padote 1917 rona u B nanbHeHmmx padbo-
Tax DUHINTEWHA HET HU CJIOBAa O (PM3UYECKON MPUPOJIE€ KOCMOJOTHYECKON MOCTO-
AHHOW. DWHIITEHWH OTKPBUI BCEMUPHOE AHTUTITOTEHUE, HO HE CTAJl WU3MBIILIATh
TUIIOTE€3 Ha 3TOT CYET, — KaK 3aJ10JIF0 O TOT0 NOCTynui HbI0OTOH C OTKPBITHIM UM
BCEMUPHBIM TsAroTeHueM. Celuac, yepe3 TpUCTa TPUJLATH JIET TOCJIE€ HhIOTOHO-
BbIX «Havam» u depe3 cTo JEeT nociie SUHIITEMHOBCKOW TEOPUH, Mbl TaK U HE 3HA-
€M Ha CaMOM JEJie, YTO TaKO€ IO CYyTH BCEMHUPHOE TATOTECHUE-AHTUTIATOTECHUE.
®dwu3rka Mmoyie U YacTHUIl HE JaeT OTBETa Ha 3TOT BOIIPOC; B HEMl He ObLIO paHee U
HET JI0 CHX ITOp HUKAKHUX YKAa3aHUM Ha CYLIECTBOBAHUE TEMHOM DHEPIUH, A TAKKE
U TeMHON Matepuu, (MOYTH) CTOJb K€ 3araJoyHOM MO CBOEH mpupone. TakoBbI
KJIFOUEBbIC 337]a4l COBPEMEHHOW (yHIaMEHTAIbHOW HAYKH, BHITEKAIOIINE U3 CTO-
JIETHEN TaBHOCTH pabOThl DUHILITEHHA.
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THE MOON IS A MUSEUM OF ETERNITY

Shevchenko V.V.
GAISH MSU, Moscow, Russia

According to all the data known to us today, the Moon has never in its history had any noticea-
ble gas envelope, the atmosphere. This means that the surface of the natural satellite of the
Earth has always been open to the impact of all processes that took place in the surrounding
outer space. And first of all, all objects, from micron-sized dust particles to multi-ton asteroids
and comets, falling into the vicinity of the Moon, fell freely on its surface. Estimates of the age
of individual formations and their constituent lunar rocks can exceed 4 billion years. Approxi-
mately for such a period of time, the lunar surface accumulated its unique museum exhibits. Of
course, new shock processes could destroy the traces of more ancient events. However, it should
be borne in mind that the intensity of the appearance of fresh percussionists is constantly fall-
ing, and therefore we have an undeniable opportunity to find on the Moon traces of not only
very ancient, but also surprisingly rare phenomena.

[To BceM gaHHBIM, U3BECTHBIM HaM CETOJIHs, JIlyHa HUKOT]a B CBOEH UCTOPHUU
He o0Jiajjaia CKOJIbKO-HUOYIb 3aMETHOM Ta30BOM 000JO0YHON — aTMocdepoil. A
9TO 3HAYMT, YTO MOBEPXHOCTh €CTECTBEHHOTO CIIyTHHMKA 3eMJIM Bceraa Obuia OT-
KpbITa BO3JICUCTBUIO BCEX IMPOIIECCOB, MPOUCXOAUBIINX B OKPYKAIOIIEM KOCMH-
4eCKOM IpocTpaHcTBe. M mpexkae Bcero, Bce 00BEKThl — OT MBUIMHOK MUKPOHHBIX
pa3MepoB JI0 MHOTOTOHHBIX aCTEPOMIOB M KOMET, MOMaJaBIINe B OKPECTHOCTU
JlyHbl, CBOOOIHO Majialiv Ha ee MOoBEepXHOCTh. OIIEHKH BO3pacTa OTACIbHBIX 00pa-
30BaHUM M CJArarollydx UX JIYHHBIX MOPOJ JAOCTUraroT Oosee 4 muphd. jaet. [lpu-
MEpHO 3a TaKOW MEPHOoJi BPEMEHH JIyHHas MTOBEPXHOCTh HAKOIMJIA CBOM YHHUKAJIb-
HbIe My3elHble IKCTOHAaThl. KOHEUHO, HOBBIE yAapHBIE MPOIECCHl MOTJIN pa3py-
maTh cienbl 6ojee ApeBHUX coObITU. OJHAKO CIEAyeT y4eCTh, YTO MHTECHCUB-
HOCTb TOSIBJICHUSI CBEKUX YJIAPHUKOB MOCTOSHHO MAJA€T, U IO3TOMY Y Hac €CTh
HECOMHEHHAasi BO3MOXHOCTh HaTH Ha JIyHe ciieibl He TOJIbKO OY€Hb JIPEBHUX, HO
U YIUBHUTEIBHO peNKuX sBieHui. CBoeoOpa3Has 3aluch BCEX ITHX COOBITHIN 3a-
neyarienach B (PU3MUECKUX M XMMHUYECKMX CBOMCTBAX JIYHHOTO BEIIECTBA, OT-
JeIbHbIE 00pa3ibl KOTOPOTO YK€ M3yJaroTCs B 36MHBIX J1a00paToOpHsix, a TAaKKe B
CTPOCHUU THICAY PA3JIMUHBIX KPATEPOB, B CTPYKTYypaxX aHOMaJIbHBIX 00OPa30BaHUAX
JyHHOTO JaHamadTa.
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Bospact Jlynbl

HecmoTpst Ha MHOTOBEKOBYIO UCTOPHIO M3ydeHUs JIyHBI, 10 CUX TOP HET O/I-
HO3HAYHOT'0 OTBETA HAa BOIPOC O MPOUCXOKACHUU 3eMHOTr0 cnyTHUKAa. Ho BHe 3a-
BUCHMOCTH OT TOro, oOpasoBanack i JlyHa OHOBpEMEHHO ¢ 3eMJiel WJIH BO3-
HUKJIa TIpu OO0Jiee MO3IHEM CTOJIKHOBEHWHW HAIeH TUIAHETHI C IPYTUM TEJIOM, Ha-
Osroaemasi Cero/IHsI JTyHHAasl TIOBEPXHOCTh HECET CIICJbl Pa3IUYHBIX MPOIIECCOB,
npoTekaBmux B COMHEUHON cuUcTeMe 3a MOocleqHrue MIUMapasl jiet. Y 3ToT me-
pUOJ, HECOMHEHHO, MOKHO CUMTATh BEUHOCTHIO MO CPABHEHUIO CO BPEMEHEM CY-
IIIECTBOBAHHS YCJIOBCUECCKOM [IUBUIIM3AIINH.

KaxkoB xe Bo3pact JIyHnbl kak HeOecHoro tena? Ilo mpusHaHuio MCCiIen0Ba-
Tenel, Hanbosiee TOUYHOE OMpeIeNIEHUE dTON BEJTMYUHBI MOJIy4YE€HO COBCEM HEJaB-
Ho. MccnmenoBareny mpoBelid aHaIW3 BOCBMH O0OpaslloB, COJEpIKAIIUX MHUHEpA
nupkoH. OOpasibl ObUTM JOCTABICHBI HAa 3eMJII0 yYaCTHHUKAMU DKCIECAUIUU
«Anonnon-14», cocrossuerics B 1971 r. ABTOpBI UCCIEIOBAHUSA CUMUTAIOT LIUP-
KOH JTyUYIIIUMU «IPUPOJHBIMU YyacaMu». HoOBbIe pe3ylbTaThl MOKAa3bIBAIOT, YTO
JlyHa, Kak KOCMHYECKOE TeJI0, 00pa3oBayiach MPUMEPHO depe3 60 MITH. JIeT mociie
dbopmupoBanus Beeli COMHEUHON CHCTEMBI M TAKHM 00pa3oM umeeT Bo3pact 4.51
mup. aet [1].

[ToBBICUTH TOYHOCTH OMPENENICHUs YIAIOCh 3a CUET aHanum3a 0O0Jiee YUCTHIX
o0pasmoB. B nccnenoBanusx, KOTOpHIE MPOBOIUIUCH paHee, ObLUTHA MCIIOIb30BaHbI
00pasIpl ¢ YacTUIlaMH, HECYIITUMU CIIEAbl METEOPUTHBIX 00MOApIUPOBOK TTOBEPX-
HOCTH, YTO HE JIaBaJI0 BO3MOXXHOCTH BEPHO Ha3BaTh BO3PACT 3€MHOT'0 CITyTHHUKA.

O Bo3pacre TeJ1, NaJABIINX HA JYHHYIO IOBEPXHOCTH

Haunbonee MHOrOUMCIEHHBIMU O0OBEKTaMH, MAJaBIIMMHU Ha JIYHHYIO TTOBEpPX-
HOCTb, MOXKHO CUMTaTh METEOPOMbl U aCTEPOUJIbl Pa3IUYHBIX pa3MepoB. B Ha-
cTosilee BpeMs KOJUYECTBO OTACJIBHBIX OOBEKTOB MOJIOOHOM MPUPOIBI, HAOIIO-
JIa€MbIX B OKOJI0O3€MHOM MPOCTPAHCTBE, cocTarisieT okoao 15000. OyeBuaHo, 4TO
B paHHUE 3M0XU 3BOIONNUHA COJHEYHOW CHCTEMBI 3TUX OOBEKTOB OBLIO 3HAYU-
TEIBLHO OOJIBIIIE.

Puc. 1. Mereoputr NWA 11119 [2].
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Henasno B MaBputanuu ObLI HaMIeH CTapeWIuid U3 U3BECTHBIX B HACTOS-
1iee BpeMst MeTeopuToB. Ero Bo3pact okasaics paBHbIM 4.565 mapa. et [2]. TTo-
nararoT, yto mereoputr NWA 11119, nokazannsiit Ha Puc. 1, oO6paszoBaincs B mep-
BbI€ 2.5 — 3.5 MiIH. J1eT cymiecTBoBaHus COTHEYHON CUCTEMBL.

HaubGonee npeBHrM 0OBEKTOM, HAJICHHBIM HEMOCPEACTBEHHO HA JIYHHOMU
MOBEPXHOCTH, SABJSETCA (PparMEHT aHOPTO3UTOBOM IMOPOJIBI, KOTOPBIA OBLT J0OC-
TaBJICH Ha 3eMITIO dKcneauiuen « Amosion-15» (Puc. 2).

Puc. 2. O610MOK aHOPTO3UTOBOM TOPOBI (YKa3aH CTPEIKOH), pacloararonifiics Kak Obl
Ha eezectaine (Poro HACA).

Baumanue 41eHOB IKCIEeUIMN 3TOT (PparMeHT MPHUBJICK CBOUM HEOOBIYHBIM
MOJIO’KEHUEM «Ha ThelecTane» 1 00jiee BHICOKOU SPKOCTHIO 10 CPABHEHUIO C OK-
PYKaIOIINM peroiuToM. BeposiTHee Bcero, JaHHBIN (hparMeHT ObLT IepeMeIeH U3
MaTEpPUKOBON 00JIACTH, CIIOKEHHOW aHOPTO3UTOBBIMU TOPOJAMH, B PE3yJbTaTe
ymapHoro coObITHs. B mporecce mabopaTopHOTO HCCieOBaHUs Ha 3emiie ObLIO
YCTaHOBJIEHO, YTO BO3PAacT 3TOro oOpaslia, HeOPHUIIMAIbHO HA3BAHHOTO «KaMEHb
OBITHS», OKa3ajcs paBHbIM 4,1+/- 0,1 mupa. et [3].

CornacHO PEeKOHCTPYKIIUU JIYHHBIX AK30T€HHBIX COOBITUM, MPEICTaBICHHOMN
B pabore [4], Hauboree HMHTEHCHUBHas OOMOapAMpPOBKAa MOBEPXHOCTH 3€MHOTO
CIIyTHHMKA mpoucxoawia B nepuof 3.9 — 3.8 mupa. aet Hazan. CorjaacHO aHaIU3y
CTATUCTUYECKUX OLEHOK YMCIIa YIApHBIX KPAaTepOB pPa3IMYHOTO BO3pacTa, B MO-
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CJIEIYIOIEM MHTEHCUBHOCTb COOBITUHM MOCTENEHHO CHUXXAJIACh O COBPEMEHHOTO
ypoBHs. Ha Puc. 3 mokaszana nuarpaMma UCTOPUHU yAapHBIX coObITui Ha JlyHe,
npuBe/icHHas B [4].

Projectile relics in
W ancient regolith breccias

B young / soil-like regolith breccias
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Puc. 3. Jlmarpamma pacripezie/ieHus ynucia YAapHUKOB 10 BPEMEHHU COTJIACHO OOIIel cxe-
M€ 3K30T€HHBIX COOBITHIA, OCTaBUBIINX HAOIOAaeMble cleabl Ha JIyHHOH oBepXHOCTH [4].

ABTOpBI JAHHOTO UCCIIEJOBaHMs MOJararwT, YTO OCHOBHBIMM YAApHUKAMHU B
paccMaTpuBaeMblid epUo] OBLIM acTePOUIbl U METEOPOHIbI PA3IUYHOTO MPOUC-
XOXKJIEHUS U Pa3HOT0 XMMHUYECKOro cocTaBa. BmecTe ¢ TeM, Kak BUJIHO U3 MIPUBE-
JNEHHOM narpamMmmbl, IEPUOJ JIYHHON UCTOpUU 10 3.9 MIupA. JIeT Ha3al, B NPOBE-
J€EHHOM MCCIIEIOBAHNN OCTAETCS HE MPOSCHEHHBIM.

3araaka ayHHoro 6acceitna FHO:kHblil moJoc-JUTKEH

Kpome HecomMHEeHHOU MpUPOBI OOJBIIMHCTBA CIEAOB YIAAPHBIX COOBITHIA,
CBSI3aHHBIX C ITaJICHUEM TEJ ACTEPOUIHOIO TUIA U METEOPOUAOB, HA JIYHHOHU I10-
BEPXHOCTU HaOJIIOaI0TCsT 00pa30BaHUs, BO3MOXKHO, CBSI3aHHBIE C MaJCHUEM Tel
KOMeTHOro Tumna. M3 obmmx cooOpaxeHui 3aKOHOMEPHO MPEIIONIOKUTh, YTO
4acTh KOMET, MONaJalouMX B 00JIaCTh IPABUTAIIMOHHOTO BIUSHUS CUCTEMBI 3€M-
na—JIyHa, MOTYT CTaTh yJapHUKaMH, MaJalOIIMMUA HA TOBEPXHOCTh JIyHBI. Psin
UCCIIeIOBATENIe MoJararT, 4To 3arajouHbie nud@dy3Hble CTPYKTYphl (SWIrls B
AHTJIOA3BIYHBIX MYyOJIMKALMIX) MOTYT OKa3aThCs ClielaMH KOHTAKTOB JIYHHOM IO-
BEPXHOCTH C TEJIAMU OYEHb HU3KOW IUIOTHOCTH, 3a4aCTy0 OKPYKEHHBIX ra30BOU
000J10YKOM, TO €CTh ¢ KoMeTaMH. [0 COBpeMEHHBIM KpYIMTHOMACIITAOHBIM ChEM-
KaMm ¢ 6opTa ayHHoro crnyTHuKa «JIPO» Ha JTyHHOW MOBEPXHOCTH BBISBICHO OKO-
70 100 otnensHbIX 1udPy3HBIX CTPYKTYp (PuC. 4).
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Puc. 4. Pacnpenenenne nudy3HbIX CTpyKTYp Ha JyHHOU noBepxHocTH (poto HACA).

Tunuunbie 1udPy3HbIE CTPYKTYpbl UMEIOT (OPMBI, MOKa3aHHbIE Ha Puc. 5
0 JTAaHHBIM OPOUTATBHBIX CheMOK Kamepamu «JIPOy.

«3AKPbITAA METIIA >

MOPE MEYTHI MOPE KPAEBOE

«OTKPbHITAA MET/IA>» : ‘

K 48
J.a.

MOPE MEYTBI ' MOPE KPAEBOE

Puc. 5. Tunuuansie hopmsl quddy3abix ctpykryp (poro HACA).

Kpome HeoOprunbIX (hopMm, nuddy3HbIe CTPYKTYpPBI BBIIEISIOTCS BHICOKMMHU
3HAYEHUSIMU alIbOEI0 CBETIIBIX 00JacTel M HAJIMYMEM MECTHBIX MarHUTHBIX aHO-
Manuid. PaguosiokanimoHHble HccienoBaHus Iu(y3HOU CTPYKTypbl PeliHep-
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ramma, pacrnosioxeHHoit B Okeane bypb, nmokazanu, 4To BUAMMBIE POPMBI TOBbBI-
HIEHHOW SIPKOCTH PaCIpOCTPAHSAIOTCS BIUIyOb PErojvTa Ha OYEHb HE3HAUMTEIb-
HYIO BEJIMYMHY — BCEro JIMIIb OKOJIO OJHOTO MeTpa. Bo3pact sTux obpazoBaHuit
cocranisieT okosio 10 miH. net [5]. C yyetom Manoil riryOMHBI IPOHUKHOBEHHS B
peroyut 6osiee paHHHE 00pa30BaHuUs OJOOHOTO BUAA MOTJIU ObITh YHUUTOXKEHBI B
IPOLECCE METEOPUTHON U MUKPOMETEOPUTHON OOMOAPAUPOBKHU.

Opnnako Ha JlyHe cyliecTBYeT elle OJHO 3araJoqyHoe o0pa3oBaHHE, KOTOPOE
TUIIOTETHYECKH MOYKHO OTHECTH K BEChbMa JAPEBHEMY KOMETHOMY NaJcHUIO. Peup
UJIET O CaMOM KpymHOW He TOJbkO Ha JIyHe, HO m BO Bcell COJHEUHOU CHUCTEME
KOJIbIIEBOMY 00pa3oBaHuto — «FOxHBIHM montoc — DUTKEH».

Ha ocHoBaHuu 000011IeHNS JaHHBIX 110 U3MEPEHUSIM BBICOT ObLIa MOCTPOEHA
rurcorpaguyeckas Kapta U IOJyYeHbl BbICOTHbIE Mpoduiu OacceiiHa, BlepBbIE
OCHOBaHHbIC Ha c(heprUYECKON MOBEPXHOCTH OTHOCUMOCTH [6]. Takum obOpazom,
JIOCTOBEPHO ObLI ompenesieH oOmuil pasmep OacceliHa, paBHbIN 0kosio 3500 kM.
CpaBHeHHE C APYTUMHU KPYIHBIMU KOJIbLIEBBIMU 00pa3zoBaHUsAMU JIyHBI TIOKa3aio,
yTo obpazoBanue «HOKHBIHN MMOII0C — DUTKEH» 00J1a/1aeT aHOMaJILHO MAaJION BEJIH-
YHUHON COOTHOIICHHS «r1yOonHa — nuameTpy» (Puc. 6).
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Puc. 6. 3aBucumMocTh IIIyOMHBI 3KCKaBallUM OT JUaMeTpa JAerpeccuu: 1 — 3aBHCHMOCTb
11st oopazoBanuii muamerpom 200 — 500 xkMm; 2 — monoxkerue aenpeccuu KOIID cormacHo npen-
BapUTEJIbHBIM OIIpENIeICHUEM JHaMeTpa; 3 — MoiokeHue Ha nuarpamme Oacceiina FOIID co-
IJ1aCHO HOBBIM ONPEAEICHUSIM JUaMEeTpa Jierpeccuu [6].

Taxxe OBLIM MOJIyYEHbI 3aBUCUMOCTH PAcIpOCTPAHEHHS] OCHOBHBIX XUMUYe-
ckux 3neMeHToB (Fe m Th) Ha pa3jnMUHBIX BBICOTHBIX YPOBHSIX CTPYKTyphI. Ilo
3TUM JaHHBIM OblIa OOHApY>KeHA MOJIHAS KOPPEISLHUs COAEPKaHUS UHIUKATOPOB
JYHHBIX ITOPOJ C BBICOTHBIMH YPOBHSIMH HX MPEUMYLIECTBEHHOTO PaCIpOCTPaHe-
HUSL.

3aTeM Ha COBOKYMHOW T'MIICOMETPUYECKONM M F€OXMMUYECKOW OCHOBE Oblia
BBISIBJIEHA CTPYKTypa KOJIEI JEMPEecCHH. YHHUKaIbHON OCOOEHHOCTBIO CTPOCHUS
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SIBIIICTCS OTJMYKE OT LEHTPAIbHO-KPYTOBOM CHMMETPHH B PACIOJOKEHUU BHYT-
PEHHHUX KoJjiel| 0acceiiHa, YTO MOXKET yKa3blBaTh Ha JBMIKCHHE TMIIOTETHYECKOIO
yIapHUKa M0 TpaeKTOpuu (WM OpOUTE), MOYTH HOPMAJIHbHO OPUEHTUPOBAHHOMN K
MJIOCKOCTH SKJIUNITUKH (puC. 7).

Puc. 7. Ctpyktypa xoner oopa3zoBanus «HOKHBIN TOIOC — DUTKEH» W HaIllpaBJICHUE TH-
MOTETUYECKON TPACKTOPUU yIapHUKA.

B coderanuu c BBISIBIEHHBIM aHOMAJBHBIM COOTHOILIEHHUEM  «IJTyOnWHa—
JaMeTp» B MEPBOHAYAIIbHOM CTPYKType OacceiiHa, 3T0 00CTOSTENIbCTBO MO3BOJIS-
€T BBIBUHYTHb THIOTE3Y O MaJieHuU Ha JIyHy TMraHTCKON KOMETHI, C(OpMUpO-
BaBIeM OacceliH «HOXHBIN MONII0C — DUTKEH» — KPYIMHEHIIYIO KOJBIEBYIO CTPYK-
Typy B ConnHeunoil cucreme. CoryiacHO OlleHKaM Bo3pacta OacceiiHa, MOJIy4eH-
HBIM pa3HbIMH aBTOPAMHM, IMOSIBJIEHUE NEPBOHAYAIBHON CTPYKTYpPbl OTHOCHTCS K
JOUMOPHUIICKOMY MEPUOY JTYHHOM MCTOpUM — npuMepHo 4.2 — 4.3 Mipa. JeT Ha-
3aa [6]. Ecniu oOpatuTbest K Auarpamme, moka3zaHHo Ha Puc. 3, 310 coObiThe
MOYHO TTIOMECTUTh B 00J1aCTh JPEBHEUIINX YJAPHBIX SIBJICHUM, TOMEYEHHOMN aBTO-
paMH 3HaKaMH BOIIPOCaA.
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HUcTopust npoaosKkaercs

Hapsny c «okcroHatamMm» IpeBHOCTH, JYHHAs! MMOBEPXHOCTb XPAHUT CJEIIBI
COOBITHI1 COBCEM HEIAaBHErO BPEMEHHM U JIaXKe COBPEMEHHOCTH. biaromaps rio-
OanpHOM KpymHOMacHITaOHOW cheMKe ¢ opouthl anmapatoM «JIPO» ynanocs 06-
HApPY>KUTh TOSBIICHHE HOBBIX KpPaTepoOB. 3a MEPUOJ OKOJO 7 JIET MyTeM aHaJn3a
PEe3yIbTaTOB MOBTOPHOW CHEMKHU OJHUX M TE€X K€ YYaCTKOB JTYHHOU IMMOBEPXHOCTH
ObLTH 3a(DUKCUPOBAHBI BOSHUKHOBEHUS 222 KpaTepoB pa3HOro pasmepa (puc. 8).
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Puc. 8. Pacnipenenenne HOBBIX KpaTepoOB Ha JTYHHOW MOBEPXHOCTH, OOHAPYKEHHBIX IO
chemkaM criyTHHKA «JIPO» (hboto HACA).

O yeM MBI MOKA ellle He 3HAaeM

B cepenune oktsa6ps 2017 roma aBTOMATH3MpPOBAaHHBIN Teneckom Pan-
STARRS], paboratomuii Ha ['aBaiisix, 0OHaAPYKUT MEPBOE «MEK3BE3THOE» HE-
OecHoe Teno, nponukiiee B COTHEUHYIO CUCTEMY. DTOT OOBEKT ObLI YCIOBHO Ha-
3BaH «KOMETOI», momyunia BpeMennoe umsi C/2017 Ul, u 3a HUM HaYanu CJIeIUTh
JIECATKH Ha3€MHBIX U OPOUTATLHBIX TEJECKOMOB. J[0 TOro Kak mpuiieser] TOKuHYJI
OKOJIO3EMHO€ MPOCTPAHCTBO, YYEHbIC YCMENIHd MOJYYUTh MHOMXECTBO CHHMKOB
U JJaHHBIX O €ro (PU3UYECKUX CBOMCTBAX, KOTOPHIE YKa3bIBaJIM HA TO, UTO OOBEKT
SBJIIETCS] B OOJIBIIEH CTENEHU acTepOUIOM, Hexenn komeTorl. OH ObLI mepenme-
HoBaH B 11/2017 Ul, a Bnocnencteuu noayuusi umsi «Oymyamya», 4YTO O3HAYaeT
«pa3BeIUUK» Ha S3bIKE KOPEHHBIX oOuTarenei ['aBaiickux octpoBoB. [lo KOCBEH-
HBIM NMpU3HAKaM ObLTIa PEKOHCTPYHUpOBaHA (popMa U OIEHEHBI pa3Mepbl HEOObIU-
Horo HeOecHoro Tena: niuuHa 300 — 400 M, nonepeunuk 40 — 50 m. CurapooOpas-
Has popma «OymyaMya» U yKa3aHUS HAa MPUCYTCTBUE 3HAYUTEIHLHOTO KOJUYECTBA
OpPTaHUKH Ha €ro TMOBEPXHOCTH BBI3BAJIM MHOTO CIIOPOB O TOM, Y€M K€ Ha CAMOM
JIeJie OH SIBIIACTCS — SAPOM IOTYXIIE» KOMETHI, HACTOSIINM acTePOUIOM HWIIN
yeMm-To emie. [lomyTHOo ObuTH BRICKA3aHBI MPEANONIOKEeHHS, YTO0 «OyMyamyay Mpu-
OBLT U3 TUTAHETHOW cUCTeMbl Bern, camoii sipkoit 3Be3/6I B co3Be3uu JIupsl, mpe-
onoJeB paccrosgaue B 300 ThIC. CBETOBBIX JIET (puc. 9).
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Puc. 9. IlpennonoxurenbHo 00beKT «OyMyaMya» HMEET TaKy0 HEOOBIYHYIO (OpMY.

[Toka «Oymyamya» Ha aHOMAaJbHO BBICOKOW CKOPOCTH TOKHJAT MPEIEIbI
ConHEYHON CUCTEMBI, TOTOITHBIE UCCIICIOBATENH JTYHHOW MOBEPXHOCTH HAIILIN HA
JlyHe He4TO MOX0’Kee Ha 3araJouHoro mpuienbiia. Ha oqHOM U3 CHUMKOB, MOJTY-
YEHHBIX BO BpeMs JKCTIEAUINH «ATOJUIOH-15%», ObI0 00HAPYXEHO TEo, BeChMa
noxosee 1o popme Ha «Oymyamyay (Puc. 10).

Puc. 10. 3aragounstit 1BoitHuK «OymyaMyay Ha JTyHHOH noBepxHOCTH ((horo HACA).

UTto 3T0 32 00BEKT, KAKOBA €0 MPUPOJA U KaKYI0 €lle OJHY MY3€ilHyI0 pel-
KOCTbh JIyHBI OH TIpeNCTaBIISIET, MBI TIOKA HE 3HAEM.
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EVOLUTION OF THE EXOPLANETARY ATMOSPHERES

Shematovich V.1.
INASAN, Moscow, Russia

Currently, active studies on the formation, stability and evolution of exoplanet atmospheres are
being conducted through observations by ground-based and space telescopes, as well as math-
ematical modeling. Shortly after the observation of the extended hydrogen cloud around the
exoplanet - transit hot jupiter HD209458b, a number of models were developed to study the
thermal atmospheric escape in hydrodynamic mode from close-in exoplanets. These studies
have improved our understanding of the atmospheric escape process. It can be expected that
future observations of exoplanets will present stronger constrains and lead to improved models
of atmospheric dissipation, the use of which will lead to a better understanding of the evolution
of the terrestrial planets in the Solar and exosolar planetary systems.

UccnenoBanus sBomronuu arMmochep mianer B COTHEYHOW CHUCTEME U Tia-
HETHBIX CHUCTEMAaX y JPYTUX 3B€3]] MOJYYUIU YPE3BHIYANHO IIMPOKOE PA3BUTHE B
MOCJICTHUE ACCATUICTHsSI. DTOT MPOTPEecC IOCTUTHYT OJiaromaps yHUKaIbHBIM
JAHHBIM U3MEpPEHUN ¢ OOpTa KOCMUYECKUX alllapaToB IMpH IMOJIETaX K pa3iud-
HbeIM TenaM CoJIHeUHOM cUCTeMBI, HaOMoaeHuii BHeTHUX TeJ1 COJIHEYHOHN CHCTe-
MBI U 9K30IUJIaHET MPU MOMOIIM KOCMHYECKHUX U HA3E€MHBIX TEJIECKOIOB U Pa3BU-
THUIO METOJIOB MaTeMaTHYECKOT0 MOJIEIUPOBAHUs. DTU PE3yJIbTaThl TOCTABUIM Ha
HOBYIO OCHOBY (PM3MKY BepXxHeW aTtMocdepbl — a3pOHOMHIO, HEMOCPEICTBEHHO
CBSI3aHHYIO C TUIaHETHOM KocMoroHued. OHU MPUBENH, B YaCTHOCTH, K BBIBOIY O
TOM, 4YTO JUCCHUTIAIMA TUIAHETHON aTtMocdepsl (Mau atMochepHoe yOeraHue) ur-
paeT BaXHYIO POJib B 3BOJIIOLMU IJIAHET, B IEPBYIO OYEPE/b, IJIAHET 3€MHOI'0 TH-
na B CONHEYHOU cHUCTEME, XOTsl, MHOTHE JETalW 3TOTO SIBICHHUSI OCTAIOTCS 10
KOHIIa HE TIOHATBIMU U MIPOJIOJDKAIOT aKTUBHO o0cyxaatbes [1,2].

K coxaneHuto, moka HET HA/IEKHBIX PE3YyJbTATOB UCCIEIOBAHUIN POJIA aTMO-
chepHOl AUCcCUTAIMU B HBOJIIOIIMHU AK30TUIaHeT. Bekope mocie HabmoieHust mpo-
TSOKEHHOTO BOJIOPOJHOTO 00JIaka BOKPYT IK30IIAHETHI-TUTAHTA — TPAH3UTHOTO
ropsiuero ronurepa HD209458b [3] HeckoIbKO HCCIEAOBATENbCKUX TPYII HE3a-
BUCHMO pa3paldoTaid a’poOHOMHUYECKUE Mojenu [4-6] s ucciaenoBaHus yoera-
HUSI B THAPOJUHAMHUYECKOM PEKUME U3 aTMocdep ropsunx ronutrepos. HecMmotpst
Ha pasjdyus B JIETAIAX MOJEJEH, BCe OHU YJIOBJIETBOPUTEIIBHO COOTBETCTBYIOT
HaOJII0JICHUSIM Ta30BOM BOJOPOHON 000JIOUKU TaKOM MJIAHETHI, HO HE TTO3BOJISIOT
W3YUYUTh UCTOPHUIO DK30IUIAHETHI, HAXOASIIECss HA opOuTe, OIM3KOM K pOIUTEINb-
ckoii 3Be3ze (close-in exoplanets) u Ha OONBIIMX BPEMEHHBIX MHTEepBanax. [Ipo-
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OJieMa cBsi3aHa, B OCHOBHOM, C OOJIBIIMMHU HEOIPEACICHHOCTAMU B (pakTOpax, uc-
MOJIb3YEMbIX B MOJIENSIX, TAKMX KaK IMOTOK 3BE3AHOM SHEPrUu B AUANA30HE JKECT-
Koro yasTpaduoneroBoro u3nydeHus (XUV), apdexktuBHOCTh Harpesa (mpeobdpa-
30BaHUs MOTJIOLIEHHONW SHEpruu (POTOHOB B TEILIO), Te€OMETpUUYecKue (HaKTopbl
(obstacTu MOTJIONIEHUS 3BE3IHBIX (POTOHOB aTMOC(HEPHBIMU ra3aMu), BKJIA] TsXKe-
JBIX 3JIeMEHTOB U T. 1. Habmionenus kocmuueckoro teneckona Kepler oTkppuin
HEKOTOpbIE TEHJICHIIMM B PACIpENesIEHNN 3K30IUIaHET N0 Macce U paauycy [7] u,
COOTBETCTBEHHO, BBI3BAJIM pa3pabOTKy HOBBIX M 00Jiee COBPEMEHHBIX MOjelei
T'HJIPOIMHAMHUYECKOT0 yOeraHus, HHAyIupoBaHHOTO (oToucnapenuem [8—10],
KOTOpBIE TO3BOJISIIOT OOBSICHUTH JaHHbIE Kocmudeckoro teneckoma Kepler [7].
DTU UCCIEeI0OBaHUs CIOCOOCTBOBAIM YIYUIIEHUIO HAIIETO MOHUMAaHUs Mpolecca
yoeranus armocepst [1,2,11]. MoxHO 0Xuaath, 4To OyAyiine HAOIIOACHUS JK-
30IJIaHET MPEJCTaBAT 0oJiee CUIIbHBIE OTPAHUYEHUS W MPUBEAYT K YIYUILICHHIO
MOJieJIel TUCCUTIALIMM aTMOC(EpPBI, MPUMEHEHUE KOTOPBIX MPUBEAET K JTydlIEMy
MOHMMAHUIO SBOJIIOIMU IJIaHET 3¢MHOro Thuna B COJIHEUHOW W BHECOJHEYHBIX
MJTAHETHBIX CUCTEMAX.

BonwImoit nHTEpEC MPEACTaBISIOT MOJEIBHBIC PACUEThI YOETaHHs BOAOPOIA
U3 00OHAPYKEHHOTO MPOTSKEHHOTO BOJOPOJIHOTO 00J1aKa BOKPYT TOPSYHUX FOMHUTE-
POB, MPOUCXOJSIIETO B THAPOJWHAMUYECKOM PEXHME, MOCKOIBKY arMochepsl
MHOTHX M3 HUX BBIXOZAT 3a Ipezensl nojoctu Poma. Ha ocHoBe oaHOMeEpHOMR
CaMOCOTJIACOBAHHOM MOJeN aTMOCc(ephl ropsyero onurepa [6], BKiroyaromei B
cedst Mmoayib MonTe-Kapno, Moayib XUMHYECKOM KUHETUKU W ra30JuHaMUye-
CKHMI MOJyJIb, OBLJIM pacCUUTaHbl CKOPOCTH HarpeBa atMocdepsl B mporieccax (o-
TOXUMHH U TPOYUIIN MAKPOCKOTTMYECKUX MMapaMeTpoB arMochepsl P Mepexoie
OT THAPOCTATUYECKOTO K TUAPOJMHAMUYECKOMY PEXKUMaM TEUEHHUs, C YEM CBS3a-
HbI IIPOLIECCHI TEIJIOBOTO U HETEIUIOBOTO yOeraHus. bbulio BBIMOIHEHO MOJIETUPO-
BaHue atMocdepsnl ropsiuero ronutepa HD 209458b ¢ yuerom notenimana Poa u
YCTAaHOBJICHO BIIMSHUE PEAKIMI C y4yacTUEeM HAJATEIIOBBIX (POTORIEKTPOHOB Ha
JUHAMUKY, U3MEHEHHE XUMHUYECKOIO COCTaBa M TEMII OTTOKAa €ro BOJOPOIHO-
reaueBoil 000104k, Pe3ynbTaTel OKa3aanch B XOPOILEM COIJIACHMU C OLEHKaMH,
CJIEIYIONTUMHU U3 HAOMIOJACHUN Ha KOCMHUYECKOM Tejeckomne Xab0ia, u ¢ ApyruMu
ra3oIMHAMUYECKUMU MoJiesiMu. [loydeHHbIe 3HaYeHUs TapaMeTpOB aTMOC(EpPhI
MO>KHO HCITOJIb30BaTh B KaU€CTBE MPAHMYHBIX YCIOBHM JIJISI TPEXMEPHBIX T'a30]11-
HAMHYECKHUX PacyeTOB, MOACIUPYIOMINX B3aUMOJCICTBUE TUIAHETHI CO 3BE3HBIM
BeTpoM [11]. TTonmyuensl ouenku [12] addexkTuBHOCTH NpeoOpa3oBaHusl B TEIIO
HHEPrUy 3BE3JIHOI0 M3JIY4Y€HHs B JUANa30HaX MATKOIO PEHTreHa U KpailHero
ynbrpaduoiera (XUV), urparoriero 0COOEHHO BaKHYIO POJIb B MPOLIECCaX HOHHU-
3aiu, GOTOXUMHUU U TEIUIOBOM AMCCUMNAIIMM BEPXHHUX arMmocdep IMIaHeT, Moj-
BEPKEHHBIX BHICOKUM MOTOKAaM PaUallMOHHOTO BO3JEHCTBUSA KECTKOU paualuu.
VYcraHoBIEHO, YTO paccUuTaHHble 3(PQGEKTUBHOCTH HArpeBa, MOJYyYEHHbIE IS
COJIHEYHOTO CHEKTpa, MOTYT TakK€ IMPUMEHSAThCA W 1 3Be3] Mojoxe ConHua
nocjie MacIITabOUpOBaHUSl MOTOKA (POTOHOB B JAMANa3oHaX MITKOTO PEHTreHa U
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KpaiiHero ynbTpaduosiera B COOTBETCTBUU C JIAHHBIMU HAOJIOJEHUN CHEKTPOB
3Be3]l. DTO MO3BOJISIET MPOBECTU OLIEHKU TeMIa OTTOKa aTtMochepsl ISl MJIaHET y
MOJIOJIBIX 3B€3]1, Ueil cieKTp oTianvaeTcst ot cuekrpa Cosnua [10].

B omimune ot npeamecTByOmuX a3pOHOMUYECKUX MOJIENIEH, IETAIbHOE UC-
cieoBanue nporeccoB ¢orononnzanun H u auccoumanuu H, (dhoTtomucconna-
1HUsl, JTACCOLUALMS DJIEKTPOHHBIM YJIapoOM, JAMCCOI[MATUBHAsT MOHU3AIMUSA U Ap.)
[IOKA3JI0, YTO UMEHHO 3TU MHPOLIECCHI SBISIOTCS OCHOBHBIMU UCTOYHUKAMM TETI-
JIOBBIX U HAJTENIOBLIX aToMoB Bojopoaa Hy—H—H" B Bomopoa-noMuHaHTHO#M
aTMOoC(epbl K30IIIIAHEThI, MPEK/E BCETO, TOPSIUUX OMUTEPOB. Y CTAHOBJIEHO, YTO
3G (HEKTUBHOCTH NEPEHOCA PHEPTHH CHIIBHO 3aBUCUT OT SHEPTUU YIPYTHX CTOJK-
HOBEHUH IMPHU MaJbIX yriax paccesHUs U YTO OCOOCHHOCTH YIPYroro paccesHus
HAATEIUIOBBIX aTOMOB BOJIOPOJa HA TEIUIOBbIX KomnoHeHTax H,, He u H B cymie-
CTBEHHOM CTENEHU OMNPENENSAIOT napameTpbl Gpakiud HaJTEIUIOBOrO BOJOPOa B
BepxHell armocdepe s3k30rIaHeTsl. B yacTHOCTH, pacmpelieieHue aTOMOB BOJO-
pona B nepexonnoit Hy—H obnactu BepxHeil atMocepsl 3K30IUIaHETHl B padoTe
[12] 6b110 OmpeneneHo U3 pemeHUs] KHHeTHIeCKoro ypaBHeHus: bosbimana ¢ ¢o-
TOXMMHYECKUM MCTOYHMKOM HAATEIUIOBBIX aTOMOB BOJOPO/AA C M30BITKOM KHUHE-
TUYECKON 3HEPruM, 00pasyromuxcsa B npoueccax auccounannu Hp. B uncnennoi
Mozenu MoHnTte-Kapio ydreHo, 4To MOriomeHue XeCcTKoro Y @-u3iydeHus 3Be3-
JIbI COTIPOBOXKZIAE€TCA BO30YXKJEHUEM, NUCCOIMAIMel W MOHM3aIuen armocdep-
HBIX KOMIIOHEHT, a TakK)Ke 00pa3oBaHHEM MOTOKa (POTOIJIEKTPOHOB C SHEPTHSIMH,
JOCTATOYHBIMM JIJIS TOCIEAYIOMIET0 BO30YKJICHUS M MOHM3aLMKA aTOMapHOrO U
MOJIEKYJIIPHOTO BOJOPO/Aa. DTO MO3BOJMIIO BIEPBbIE OLEHUTH CKOPOCTh 00pa3o-
BaHMS, DHEPreTUUYECKUIN CIEKTP U HETEIJIOBOM MOTOK yOeraHwsi HaATEIIOBBIX
aTOMOB BOJI0poJia U3 BepxHel atMochepsl sk3omianeTsl HD209458b u mokasars,
YTO MCTOYHUK HAATEIJIOBBIX aTOMOB BOJOPOJIa 32 CUET MPOILECCOB AUCCOLUAIUN
H; HeoOXxoauMo BKIIIOUUTH B COBPEMEHHBIE a3POHOMHMUYECKHE MOJAENIU (u3nue-
CKHMX U XHMHYECKHUX MPOIIECCOB B BEPXHHUX aTMOC(epax dK30TUIaHET.

B 3akitoueHne oTMETHM, YTO CO3/1aBA€MbIE MOJICIIA MTO3BOJISIIOT HAJIOKUTH
Ba)KHBIC OTPaHUYCHHS HA MHOTO0Opa3ue MpoIecCOB, OTBETCTBEHHBIX 32 JBOJIO-
U0 1iaHeTHeIX atMocdep [11,12] w1 oIHOBpPEMEHHO CO3MAIOT HEOOXOIUMBIC
MPEANOCHUIKH I TIeJICHATPABICHHBIX MPOrpaMM HaOJIOICHUN SK30TUIAHET Ha-
36MHBIMM M KOCMHYECKMMHU TeJecKonaMu. M3ydeHue BHECOIHEYHBIX IUIAHET
BHOCHUT I'POMAJIHBII BKJIaJl B MIOHUMAHUE MPOLECCOB IUCCUNALUN TJIAHETHBIX aT-
Mocdep U, B IEPBYIO OYEepe/ib, IUIAHET 3eMHOT0 TUMa B paHHel CoaHeuHOU cuc-
TeMe, YTO JaeT MOAXOJ K PEKOHCTPYKIIUM UCTOPUU uX (popmupoBaHus. MoxxHO
OKUJIaTh, YTO pacliupeHue o0JaCTU UCCIEOBaHUN Janeko 3a npenensl CoyiHey-
HOM CHUCTEMBI U JajbHEMNIlIee COBEPIICHCTBOBAHUE pa3pabaThiBaeéMbIX MaTeMaTH-
YECKUX MOJIeJIEd Ha OCHOBE SK30IUIAHETHOM a’pOHOMHUHU OYyJEeT CIOCOOCTBOBATH
JydllieMy MOHUMAHHUIO SBOJIOIMOHHBIX MPOIECCOB U KIIOUEBBIX MpoOJieM CpaB-
HUTEJIbHOW IJIAHETOJIOTHUH.

PaboTa BbINOIHEHA TPU YacTHYHOU noyiepkke PODU (rpant 18-02-00721).
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GAS-DYNAMIC EQUILIBRIUM CONDITION OF DUST ENVELOPS OF
PROTOSTARS AND THEIR FRAGMENTATION

Abdulmyanov T.R.
Kazan State Power Engineering University, Kazan, Russia

We consider two independently investigated processes: star formation and formation of plane-
tary systems. Using the model of wave perturbations of the gas-dust shell of protostars, the ex-
istence and effect of the wave mechanism of fragmentation of the shell material and the simulta-
neous formation, in the equatorial plane of rotation of the protostellar cloud, of protoplanetary
rings are substantiated. The density profiles for the shells of solar-mass protostars are obtained.
A technique for calculating the intensity of infrared reradiation of the dust envelopes of proto-
stars is developed.

[To coBpemMeHHBIM TpEACTaBICHUAM O Tpoliecce 3Be3n000pa3oBanus [1] oc-
HOBHOU JIEUCTBYIOILIEH CWJIOW 3TOr0 MIpolLiecca ABISIETCA rpaButanus. Eciau rpasu-
TAIMOHHOMY MPUTSHKEHUIO Ta30IbUIEBOTO 00JaKa MPOTUBOAEHCTBYET TOJBKO Te-
IUIOBOE JIaBJIEHUE, TO IIPU Maccax o0jaka, mpeBblmaromux maccy kunca M;, Ha-
YMHAETCS MPOLECC IPABUTALIMOHHOIO CXKaTHs ra3onbuieBoro odmnaka. B npouecce
HEPABHOMEPHOI'O CXaTHsl, B LIEHTpe o01aka (GOpMUPYETCsl HENPO3PauHOE MIIOTHOE
TEJO — IPOTO3BE3/1A.

JlunaMuKa ckaTus MPOTO3BE3THOTO OOJlaka BIepBble Obla MCCIEIOBaHA B
1963 roay simoHckuMu actpodusukamu Xasm u Hakano [2]. BermoaHeHHbIE UMU
pacueTsl oKa3aiH, YTO Yepe3 HECKOJIBKO JIET ¢ Hauajida aanadaTHuecKOro CHKaTus
o0iaka B LEHTpPaJIbHON YacTH 3Be3/bl (IIPOTO3BE3/bI) (hOPMUPYETCS THAPOCTATHU-
YeCKH paBHOBECHOE sapo. BHemiHue ciou obnaka Mpu 3TOM MPOJOJIKAIOT CBO-
00JHO MMaaTh K MEHTPY.

CpaBHEHHME JTaHHBIX O pajJilyce MPOTO3BE3] M ra3oMblIEBOr0 00Jiaka BOKPYT
IIPOTO3BE3, KOTOphIC MPUBOAATCSA B cTaThe [1] m B paborax Xasimmum u HakaHo,
IIOKAa3bIBAET, YTO HAYAIBHBIA PAUyC MPOTO3BE3] COCTABISET HECKOJIBKO JIECATKOB
a.e. (oxoiso 50 a.e.). Koneunslii paguyc — 310 paauyc 3Be3abl. Hampumep, panuyc
Comnmna — 0.0047 a.e. Ecam pagmyc mpoTo3Be3abl ONMPEACIACTCS 1T MOMEHTA
HACTYIUIEHHUSI TUJIPOCTATUYECKOIO0 PAaBHOBECHS, TO BO3HUKAET CIEIYIOUIUMH BO-
npoc. MOXHO 1M OLEHHUTHh PaJnyC MPOTO3BE3Abl HA MPOMEXKYTOUHBIX 3Tarax?
Hampumep, Mexay HadajdbHBIM 3TalloM aaua0aTUYECKOTO CKaThid U B MOMEHT
OKOHYAHMS aanabaTHYeCKOro CKaThs, TO €CTh Ha MHTepBajie oT 4.7 a.e. mo 28.2
a.e., MEXIy HadaJIbHbIM MOMEHTOM CTaJIMM XasIlu 10 €€ OKOHYaHUs, TO €CTh Ha
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untepBasie oT 0.0047 a.e. no 4.7 a.e. Jlna Toro 4ToObl HAUTH OTBET HA 3TOT BO-
IPOC U HAa HEKOTOpBIE JIPYrHe€ BOIPOCHI, PACCMOTPUM CIEAYIOLIYI0 MOJEIb BOJI-
HOBBIX BO3MYIICHHH IMJIOTHOCTH ra30MbIJICBOM 000JI0YKH POTO3BE3IHI.
Ycii0BHE ra30iMHAMMYECKOr0 PaBHOBeCHsI 000J10YKH NPOTO3Be3/bl. Bribepem
IPSIMOYTOJIBHYIO CHCTEMY KOOPAMHAT (X, Y, Z) ¢ Ha4ajaoM B LEHTPE MPOTO3BE3AHO-
ro obyiaka Tak, 4ToObl OCh Z COBIIaJjajia C OChbIO BpalieHus obnaka. [IeuieBas 060-
JI0YKa MPOTO3BE3/bl OYJET HaXOIUTHCS B COCTOSIHUU Ta30JMHAMUYECKOTO PaBHO-
BECHsl, €CIM CKOPOCTh V JABM)KEHUS €€ YacTull, IUIOTHOCTh p, JAaBieHue P u mo-
TeHIanbHasg (yHKius @ OyayT penieHreM W3BECTHBIX ypaBHEHUH THUAPOAMHA-
MUk [3, 4]:

op —

—+V -grad p = —pdivV, (1)
ot
N 1 - 2 2
E+ VV)-V = —EVP—Vd)—Z(QxVHQ (xex +Yyey), V7@ =4nGp

U TIPU ATOM OYJIyT BBITIOJIHEHBI CIICYIONINE YCIOBUS:

N _op_oP_ o0

ot ot ot ot
PaBHnoBecue Oyner cratuueckuM, eciau V = 0. O6o3Haunm uepe3 pg, Po, Do, Vo
paBHOBecHoe penieHue cucteMsl (1)—(3), a uepe3 p1, P, @1, Vi — Manbie Bo3my-
IIeHUs 3TOro pemreHus. [loactapiss p = pg+ p1, P = Pg+ Py, ® = @y + Oy, V=V,
+ Vi B ypaBHeHnus (1) u yuutsiBas, uto pg, Po, @o, Vo — pemienue cucremst (1), ¢
TOYHOCTBIO JI0 BEJTUYMH BTOPOTO TMOPS/IKA, TTOJIYYHM CIEAYIOIIECEe YPAaBHEHUS PaB-

HOBECHS 000JIOUKH:

2 2 2
d 1d GM
C—Z(ﬂ) ~ == P02 — 4nGp,, )
po dr po dr r

rae Py = ¢? po, Q = [GM/r3]1/2, C — CKOpOCTh 3ByKa. PemieHue ypaBHeHus Oyem
UCKATh YUCICHHBIMU METOJJaMH.

BoJsiHOBBIe BO3MYylIeHHsI 000/104KH. 113 ypaBHeHunii (1) BBIBOAUTCS Takke clie-
JyIolllee YpaBHEHUE JIJIsl BO3MYILEHUH INIOTHOCTH MbUIEBOM 00OJIOUKHU:

2
a—gl = szzpl + 47‘[Gp0p1 + 2p0d|V(Q XV]_). (3)
ot
HavanbHbie 1 T'pPaHUYIHBIC YCJIOBUA KpaeBoﬁ 3aJlavu OJis1 BOJTHOBOI'O YpaBHCHMUA (3)
OIIPCACIIAIOTCA CIACAYIOIIUM O6pa3OM:

n
0
p1(r,29.,0) _ Plzo) D Jo(kr I Ryp), PL(r,29,0)=0,| p1(0, Z, 1) | < o0, p1(Ro 2, 1) = 0.
n+1 .=, ot
Torma ko3 duirenTs 8, OyAYyT paBHBI 8 = @ = p(Zo)-eXP(YZo)/[p(Z1)-(N+1)], by =
0. Pemenue ypaBHeHus (3), yuuThIBAIOIIEE BpalleHHUE MPOTO3BE3HOTIO 00JIaKa,
OyaeT UMeTh CIEeIYIOIINUNA BUT;:
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p1(r,z,1) +pg (1,1) = p(z) exp(=yz)a/(n +1)-

n n
: z-cos(tc\/(xk/Ro)2—4nGp0/c2—yz)-Jo(xkr/Ro)+ sdy (1) Jo (LI /Rp),
k=0 k=0

dy (1) = e cos(B 2t) + 2po 0k /BB = (Ch /Rp)? —4nGpy,  (4)

riae Cx = — p(2o)/[(n+1)(1+2pog«/B)]. Ha puc. 1a nzobpaxen 3D-npoduiib mioTHO-
CTH, IOCTPOEHHBIN Ipu nomMo1uy peuienus (4). Takue BapHaluy MJIOTHOCTH CIO-
COOHBI YCKOPUTH JIOKAJIbHYIO KOHJICHCAIIMIO ra30MbIJICBBIX YACTHIl U UX OCEIaHue
B OTIpeJIeNIEHHbIE 00J1aCTH (IPOTOIUIaHETHBIE KOJIbIIa) SKBATOPUAILHOM MJIOCKOCTH
BpallleHus1 MPOTO3BE3/bl. B pe3ynbraTte MOXKeT ObITh 33J€MCTBOBAH [5] MeXaHU3M
opbuTtanpHOro pe3onanca 1/1, cnocobcTByromuii GOpMUPOBAHHUIO €AUHCTBEHHOTO

3apo/Ibliia TIaHeThl B Konblle (Puc. 10).

0.002

-0.002

6) .08 M 0 0002 0004 06 08

Puc. 1. () 3-D npodwumu mrotaoctu pa(r, Ro, t) + py(r, t) mis mapamerpa Ry = 5 a.e. u mo-
asipHbIx paccrosauid 0.18 < r < 40 (a.e.) mia t = 0 (pax.). (0) JIubparroHHble OPOUTHI MAJTBIX
HEOECHBIX TeNl BOJIM3M OpOMTAIBLHOTO pe3oHaHca 1/1 s pe3oHaHCHBIX MapaMeTpoB o = 0.6;
0.8;1.7; 2.2 u nakioHoB opout I = 25°, r* = r — 0.817 (mpoekuuu Ha FKBATOPUAIBHYIO ILJIOC-
KOCTb).

10 0,06 -
0,04 +

0,02 4

5 10 15 0

1
100 150 200

5 | -0,02 -

Puc. 2. Bapuanuu f(Rg) BONMM3M paBHOBecHs TbUIEBOH 000510uku (CBepXy BHU3). MS,
3000Ms, 5000Ms, 8000Ms, 11000Ms; (k =0, RoB a. e.).

CornacHo pemienuto (4) ypaBHeHus (3), paBHOBECHE MBUICBOM 000JIOYKH MPOTO3-
Be3ll OyJeT yCTOWYMBBIM TOTJA, KOTJa BBIPaXKEHHE MOJ KOPHEM KBaJpaTHBIM B
ITHUX peleHUsX OyaeT Oobliie HyJIs:

f(Ry) =23 I RE —4nGpy /c? —y% >0,

TJIe Pp — CPEAHSS TUIOTHOCTD MPOTO3Be3bl, Y = [1/(21 — Zp)]-In{p(20)/p(21)}, 20, 21—
HavyaJIbHBIN ¥ KOHEUHBIH panyc MPOTO3BE3 bl A — Hynu (yHkuuu beccens Jo(r),
G — rpaBuTanMoHHAas MOCTOSIHHAS, C — CKOPOCTH 3ByKa (Puc. 2).

70



YpaBHeHHe HHTEHCHBHOCTH HH(PPAKPACHOT0 U3/ IyYeHHs NMbLIEBbIX 000/1049€eK
NpoTo3Be3/. VHTerpaabHblil IOTOK M3JIyYEHUs B IIBUIEBOI 000JI0UKE MOXHO OIl-
pEAENIUTDh U3 YPaBHEHUS HEPA3PBIBHOCTH:
oE, N 1 £+ oE,
o r 0z
3aBUCUMOCTbh MHTETPAIBLHOIO NOTOKA E, B Citydae ceporo moromeHust 1 u30-
TPOITHOTO MEPEUBITYUYEHHSI, OT HUHTETPAJIbHON CpEHEN HHTEHCUBHOCTH U3TyUYEHHUS
J, onpenensiercst u3 ypaBHeHuid auddysuu [6]:
4n 0d 4n 0
E,=—— E,=——.
3p or 3p 0z

[Toacrasmnss B ypaBHeH#ue (5), MOIydnuM ypaBHEHUE TSI OTIPEICIICHHUS UHTETPaITb-
HOU cpeHE UHTEHCUBHOCTH U3Ty4eHus J:

o(1Y83 10°3  148) 0181 18°)

—| =ttt | = =+ ==

8r£p] or por? rpor 8Z(pj oz p oz?
rae p(r, Z, t) = po (Ro) + pa(r, Z, t) — TUIOTHOCTH 00OJIOYKH, KOTOPAs ONIPEACIIACTCS
IIpY TIOMOIIY penieHus ypapaenuit (2) u (3).
BoiBoabl. CoriacHo pesynbrataMm BblumcieHuid (Puc. 2), mbuieBbie 0005109KH
IPOTO3BE3]l MOABEPKEHBI OOJIBLION ra30AMHAMUYECKOM IBOJIOLUN U UX MOJEIU
MOTYT CHJIBHO OTJIMYAThbCS OT MOJENel 3BE3IHBIX aTMoc(ep. 30Ha CKaTus Mpo-
To3Be311 OT 50 a.e. 70 5 a.e. ABIACTCS KPUTUUECKON U TIJI0OXO OOYCIIOBJICHHOM st
YUCJICHHOTO UHTETPUPOBAHUS YPABHEHUN Ia30BOU JUHAMUKU. MOJIeNb JOKAIBHO-
ro ra3oJJMHaMUY€CKOro paBHOBECHS, KOTOPAasi paccMaTpUBaeTCs B IaHHOM padoTe,
MOET OBbITh MCIIOJIb30BaHA JUIsl TIOCTPOEHUS] TEOPETUYECKUX KPUBBIX Oliecka U
00pabOTKH JTaHHBIX HAOJIIOJICHUM IEpEMEHHBIX 3Be3]] Xepoura.

divkE =

0. (5)

0, (6)
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INFLUENCE OF MOTION OF RELATIVISTIC RADIO JETS ON ESTIMATIONS
OF THEIR PHYSICAL PARAMETERS

Artyukh V.S.
PRAO ASC LPI, Pushcino, Russia

The effect of aberration on the visible form of relativistic radio jets in active galactic nuclei
(AGN) and on the evaluation of their physical parameters is considered. A method is proposed
for estimating the Doppler factors of radio sources whose velocities are close to the speed of
light.

B pa6orax [1, 2] Obutn pa3paOoTaHbl METOJIUKH OIEHKH (DU3NYECKUX Tapa-
METPOB KOMITAKTHBIX paIMOMCTOUHUKOB B ASI" 6e3 TpeboBaHus paBEHCTBA YHEP-
Ui MarHUTHOTO MOJISl U PENIATUBUCTCKUX YacTHIl B UCTOouHUKe. B [1] mns momy-
YeHHSI HHPOPMAIIIH HCIIOIb3yeTCs MAKCHMYM CIICKTpa paJHOUCTOYHUKA, a B [2] —
HU3KOYACTOTHAS M BRICOKOUACTOTHASI aCUMIITOTUKH paauociiekTpa. Kak mokazano
B [2, 3], u3mepsis IIIOTHOCTh MOTOKA Syy M YIJIOBOU pa3mep Ly PaaruoOUCTOYHHIKA
Ha HU3KOM 9acTOTE Vyy B 00JACTH HMU3KOYACTOTHOTO 3aBaja CHEKTPa MCTOYHHKA
(B 00J1aCTH HEMIPO3PAUYHOCTH ), MBI TTOJTYy4aeM OIEHKY WHIYKIIUA MAarHUTHOTO TTOJIS
NEPIEHANKYIISAPHYIO JTy4dy 3pCHHUS:

5 2
B, = () L0, (1)

HY

3aTtem, TPOBOSl aHAJOTUYHBIC M3MEPEHUS Ha BBICOKOW YACTOTE Vzy B OOJACTH
4acToT, € PAJAHMOUCTOYHUK SIBJISICTCS MPO3PAYHBIM M, HUCHOJIb3YS MOJIYYECHHYIO
OIIEHKY B , moiyuyaeM oleHkKy napamerpa No:

y 1+ 2)?
7+l 1-y ( 7+;/) ) (2)

Sp
1 r Lhvd
Q,,*B, vy, 2D, 02

Ny =o(¥)
Q

BY

31ech Z — KpacHOE CMEILIEHHUE POAUTENIbCKON TallaKTUKH, & — AOoNIUIep-PpakTop pa-

nuoucrounuka, f(y), ¢(y) — byHkuuu y, npuseneHusie B [4]. TommmHaa n3mydaro-
1

LIEro CJIOSA NPUHATA PaBHOW L = Q,.2, tae Dy — poTomeTprdeckoe pac-

o
(1+2)*
crosuue 10 ucrounnka. Gopmysnsl (1) u (2) HoaydeHsl i OJHOPOJAHOIO UCTOY-
HMKA CMHXPOTPOHHOI'O U3JIyYEHHs CO CTEIIEHHBIM DHEPIETHUECKMM CIIEKTPOM pe-
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astuBucTCKuX 1eKTpoHoB N(E)=NoE”. [ HEogHOPOOHOrO HCTOYHHKA OTH
dopmynel garoT BenmuuHBl B U No, ycpeaHeHHbIE O 00BbeMy PaTuOMCTOYHHUKA

[5]. Meroguka ydeTa HEOMHOPOTHOCTH PAJIUOMCTOYHHUKOB pa3paboraHa B [6].
Hwxke paccMOTpuM BIHSTHHE JIBHKCHHsI MCTOYHWKA HAa OICHKU €ro (DPM3MUECKHUX
apaMeTpoB.

Bruanue abeppayuu. CornacHo [7], yrioBoil pasmep UCTOUHHUKA U3ITyYCHUS,

nonep

ONPENEISIEMBIN KaK 6 = (6=VQ), sBAsIETCS MHBAPHAHTOM, TTOCKOJILKY TPH

JBUKEHUN Tela MEHSETCS TOJBKO €ro MpOJOJIbHBIA pa3Mep (JIOPEHLIEBO COKpa-
nienue). CnegoBarenbHo, Q=Q'. 3/1€ech MapaMeTpbl CO IITPUXOM OTHOCSTCS K
CUCTEME, TJIe PaAMOMCTOYHUK MOKOUTCS, a 0e3 mTpuxa — K CUCTEME OTCUeTa, e
HaXOJUTCs HaOMoAarenb. Takoe MOJ0KEeHUEe IPUHATO B psae padot [2,8—10], HO
OHO SIBJIIETCS HEKOPPEKTHBIM. J[€10 B TOM, 4TO OTHOILIEHHUE IIONIEPEYHOT0 pasmepa
VCTOYHHUKA K PACCTOSIHUIO 1O HETO JEUCTBUTENBHO SIBJIACTCS MHBAPUAHTOM, HO B
[7] He paccMaTpuBaeTcs IpoLeLypa U3MEPEHUs YIVIOB, IIPU KOTOPON BO3HUKAET
aBiieHne abeppaiuu. B padote [11] nmokazano, yTo u3-3a abeppaiii BUJUMbIE yT-
JIOBBIE Pa3Mepbl HICTOUHUKA 3aBUCST OT JABMXKeHHS (Q=Q'6 7). [ToaTtomy MeTou-
KM OLICHKH (pU3HYECKUX MapaMeTpoB [1] u [2], B KOTOPBIX UCIIOJIB3YIOTCS YTIIOBbIE
pa3Mepbl ICTOUYHUKOB, HYKJar0Tcs B Koppekuuu. @opmyasl (1) u (2) nomydeHsl ¢
ydeToM abeppaliuu.

VY4yer ABMKEHUS UCTOYHHMKA Takke HeoOxoaum mpu uutepnpetanuu PCJb
KapT paauouctouHukoB B ASI. Ecau Obl yrioBble pa3mepbl pagHOMCTOYHUKOB
SBIISUTUCh MHBApUAHTaMH, TO U300paKEHUs JH)KeTa U KOHTpPJKETa (J1Ba OJAMHAKO-
BBIX PaJiMOBBIOpPOCA, BBITSIHYTHIX MOYTH BIOJIb Jyda 3pEHHsI) Mbl BUAEIN OBl Kak
JIBa KOMITAKTHBIX PaJMOUCTOYHHKA OJMHAKOBBIX Pa3MepoOB, HO Pa3HOU SPKOCTHU
13-3a JIONIUIEPOBCKOTO ysSIpUueHHs. A M3-3a adeppaiu Takod OOBEKT MbI JOJKHBI
HaOMIOAAaTh KaK SIPKUI KOMITAKTHBIM PAJMOMCTOYHUK (IDKET) U ci1adyro MpoTs-
KEHHYIO PaIMOKOMIIOHEHTY (KOHTPIDKET). B Hacrosiiee Bpemsi Takue n3o0paxe-
HUS PaJIMOMCTOYHUKOB MHTEPIPETUPYIOT KaK AKTUBHOE SAPO U MOJIOAOE, 3aPOK-
Jaroleecs pajanoo0siako WM aKTUBHOE PO, B AMOXY COOTBETCTBYIOILYIO Z, U
OCTAaTKH MPEIbIAYIIeH aKTUBHOCTH SJIpa B X0Ji€ KOCMOJIOTHYECKOW HBOJIFOIUU ra-
JAKTHKH.

Memoouka oyenku oonniep-@axmopa peismueucmcro20 paououcmoyHUuKA.
Jlist ydeTa BIUSHUS ABHKCHHUS PAJUOMCTOYHUKOB Ha OIECHKH UX (DHM3UYCCKUX ITa-
paMeTpOB M MPaBUILHON MHTEPIPETAIIMN H300paKCHUH paIuoONCTOYHUKOB HE0O0-
XOJIMMO 3HATh JOMIUIEP-(aKTOPhl 3TUX HMCTOYHUKOB. CYIIECTBYET JIBa METOJa
OIIEHKH JomIuiep-GakTopoB paarnoncTouyHukoB. [lepBwiii Meton [12] ocHOBaH Ha
CPaBHCHHH HAO0JII0IaeMOM MHTEHCUBHOCTH PEHTTEHOBCKOTO M3IYYCHHUS HCTOYHH-
Ka C HHTCHCUBHOCTbBIO, BBIUHMCIICHHON HAa OCHOBE PaJHM0aCTPOHOMHUSCKHUX HAOIIIO-
JCHUH 3TOro ncTtouHuka. [Ipu 3TOM mpeamoiaraeTcs, YT0 PEHTICHOBCKOE H3JTyYe-
HUE UCTOYHHKA TOJHOCTHIO O0YCJIOBIEHO OOPATHBIM KOMIITOHOBCKHM PacCEsHH-
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€M PEJIITUBUCTCKUX AJIEKTPOHOB HA paguo(pOTOHAX, CO3AAHHBIX ATUMHU KE AJICK-
TPOHAMHU MPU CUHXPOTPOHHOM H3IYYEHHH. DTOT METOJ €T TOJBKO HUKHIOIO
o1ieHKy 0. Bropoii meton [13] ocHOBaH Ha MPEANOIOKEHUH, YTO B PaTUOUCTOU-
HUKaX CYIECTBYET paBHOPACIPEACICHUE SHEPIUil MAarHUTHOTO MOJII U YaCTHI] U
MOATOMY BCE PAJMOUCTOYHUKHU (B COCTOSIHUM MOKOS) UMEIOT OJIMHAKOBYIO SIPKO-
CTHYIO TEMIIEPATYPY, U OTKJIIOHEHUE BUJIUMOMN SPKOCTHOW TEMIEPATypbl OT 3TOU
BEJTUYMHBI OOYCIIOBJIEHO TOJIBKO JABMKEHUEM paauoucTouHuka. CUIBHBIE U Clia-
ObIe CTOPOHBI ATUX METOJ0B PACCMOTPEHBI B [14].

Hamu npenioxkeHna HoBast METOAMKA OlleHKH o [14]. Ucnonb3ys onpenenenue
PETSATUBUCTCKOTO 3JIEKTPOHA, CBSI3aHHOE C €ro PHEPrueu MoKosi, MOXKHO Ompe/ie-
JIUTh TIJIOTHOCTh SHEPTUU PEISITUBUCTCKUX AJIEKTPOHOB HE3aBUCHMO OT MArHMT-
HOro mousst: E; ZWNO' Takoll MoAXO0j] NPUHIMIUAIBHO OTIMYAETCA OT

-
OOILLENTPUHATOTO MOAXO0/Aa B PaJMOACTPOHOMUH, TJ€, coryiacHo [15], miIoTHOCTH
3

DHEPIrUU PEIITUBUCTCKUX 4YaCTHI[ 3aBUCUT OT MAarHUTHOro Ioya: E, = AH z,
MoOXHO mOKa3aTh, 4TO NPHU TAKOM MOIAXOJAE, HUMesS OLUEHKU BUIUMBIX 3HAYEHUU
IJIOTHOCTH SHEPIruu nojst v yactull (Ey u E,), Mbl MOKEM MOJIYYUTh OLICHKY JIOI-
iep-pakTopa UCTOYHHKA

5:[(1+2)EHJ ' )

3nech BenuuuHbl Ey u E, MOTy4YeHBbI ¢ y4€TOM BIHUSHUS HEOJHOPOJHOCTH PaJO-
HMCTOYHMKA Ha OI[EHKHU ATHUX MapaMeTPOB IO METOAUKE [6].

B nanHo# MeToanke He TpeOyeTcs, YTOObI BCE PaAMOUCTOYHUKN UMENU OJIHY
U Ty K€ APKOCTHYIO TEMIIEpaTypy, Kak 3To Tpedyercs B [13]. ¥V kaxgoro paauo-
HMCTOYHUKA MOXET ObITh CBOE DHEproBhleeHne. KpoMe Toro, jgaHHas METOJMKa
JaeT BIIOJIHE XOPOIIUE OIEHKH J, MaXKe JJIsl Te€X PaJUOUCTOYHUKOB, B KOTOPBIX
uMeeTcs HeOOJbIoe (0 ABYX MOPSIKOB BEJIMYMHBI) OTKIOHEHHE OT paBHOpAC-
MpeieNieHns SHEPTuil. ITO CBA3AHO C TeM OOCTOSTEIHCTBOM, YTO TUIIMYHOE 3HA-
yeHue y=3. [loaToMy OTHOIIEHUE TJIOTHOCTEN 3HEpruid B (3) HAXOAUTCA B CTEIIe-
HU ~ 1/9, 1 OTKIIOHEHNE OTHOIIEHUS YHEPTUH OT UICTUHHOTO 3HAYEHUS HE CUIILHO
BIIUSICT HA OIICHKY O.
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ON THE RELATIONSHIP BETWEEN METALLICITY DISTRIBUTIONS
OF GLOBULAR CLUSTERS, ULTRACOMPACT DWARF GALAXIES
AND OF CIRCUMGALACTIC GAS

Acharova® I.A., Sharina’ M.E.
Faculty of Physics, Southern Federal University, Rostov-on-Don, Russia
Special Astrophysical Observatory, Russian Academy of Sciences, N. Arkhyz, Russia

The abundance of alpha elements and iron in stars of globular clusters (GCs) shows the compo-
sition of the gas medium where they were formed. We discuss a possibility to consider dense
clouds of circumgalactic gas (partial Lyman limit systems and Lyman limit systems) observed in
the 100-130 kpc neighborhood of galaxies at redshifts of 0.1 <z < 1.1 as being residual parts
of clouds where globular clusters (GC) were formed. Conclusions have been drawn based on
statistical analysis of the abundance of magnesium and iron in GCs and in circumgalactic
clouds and on the spatial location of objects of both types.

CopepkaHue >JEMEHTOB alib(a-mporiecca M >Keje3a B 3BE3/lax LIApPOBBIX
ckoriennit (ILIC) otpaxkaer cocTaB ra3oBOM cpejbl, U3 KOTOPOMl OHU 0Opa3oBa-
muck. B Hacrosiel pabote 00Cyx’aaeTcsi BO3MOKHOCTh pacCMAaTpPUBATh MJIOTHBIE
obnaka okosoramaktudeckoro raza (PLLSs 16.1<IgNy<17.2 wu LLSs
17.2<IgNy<17.7), nabmromaembie B okpecTHOCTH 100-130 KIK OT rajakTHK, Ha-
xoasmmxcs: Ha kpacHbIXx cMmetmnenusx 0.1<Z<1.1 [1], kak coxpaHHBIIMECS YacCTH
00J1aKoB, B KOTOPBIX Ipousonwio odpaszoBanue [1IC. BeiBoabl clienanbl Ha OCHOBE
CTATUCTUYECKOTO aHaMu3a cojepskanus Maruus u xxene3a B IIIC u okosoranaktu-
YecKuX 00JIakax U MPOCTPAHCTBEHHOT'O PACIIONOKEHHSI 000UX TUIIOB OOBEKTOB.

B psnae uccnenoBaHuid yCTaHOBJIEHO, YTO MO COJIEPKAHUIO kene3a [2—4] u
Maraus [3—5] mapoBble CKOIUJIEHUS PA3ICIISIIOTCS HA JBE YETKO BBIPAXKEHHBIE MO/I-
CHUCTEMbI: BBICOKOMETALIMYHYI0O W HU3KOMETALIUYHYIO. DTOT pe3ysbTaT MOJI-
TBEpAWJI OoJjiee paHHUU pPe3ysbTaT, MOJYYEHHBI Ha OCHOBAHWHM HCCJIEIO0OBaHUS
METaJUIMYHOCTHU [6,7]. JlocTaTOUHBIN JI1 CTATUCTAYECKOrO0 aHAJIM3a MaTepuall O
conepkanuu xejneza U Maraus B 11IC mo3BoJisieT CyIIeCTBEHHO MPOJABUHYTHCS B
HCCIICIOBAaHUM PAHHMX ATAIlOB ABOJIIOIUYU TAJIAKTUK. DTU AJIEMEHTHI MPOU3BOIST-
Csl B OCHOBHOM JIByMSI Pa3HBIMH THUIIAMU CBEPXHOBBIX: MarHWi — KOJUIATICUPYIO-
mMu cBepXxHOBBIMH (SN ), kene30 — cBepxHoBbIME THTIA 1a (SN1a) [8-10].
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B 2013 r. nosgBuirchy pe3yabTaThl IEPBBIX MACCOBBIX MCCIEAOBAHUI COAEP-
aHUS TSDKEIbIX 2JIEMEHTOB B 00JlaKaX, OKa3aBUIMXCS HA JIyuye 3peHHs] KBa3apoB
[11]. DT uccnenoBanust MpPoOJKEHBI B cepun pador [1,12]. [Tomydeno, uro pac-
npenesieHne Cojep>KaHus MarHus, OIleHeHHOe Mo 55 obnakam, OMMOJanbHOE, TO
ecTh (YHKIHS paCTPECICHUs] UMEET JBA YETKO BBIPAKEHHBIX MHUKA C TIIyOOKUM
muanmMymoM Ha [M@/H]= —0.9. bumonanbeHoe pacmpe/enicHre METaLTHYHOCTH Y
TaJIaKTUK Ha KpacHbIX cMmerieHusx or 1 mo 0 o3Haudaer, yTo OCmHBIN U OoraThiit
METaJJIaMUA Ta3 3aMETHO HE MEPEeMEIIMBAIUCh HAa HTOM IMPOMEKYTKE BPEMEHHU.
Nnmroctpanust 6umonansHoro pacnpenenenust s LIIC u oxonoragakTH4ecKUx
00akoB noka3ana B [14].

Taoauna 1. Cogepxanue xenesa B IC.

ImoacucreMa
B FaﬂaKTI/IKe HU3KOMCTAJIJINYHAas HO,Z[I‘pyHHa BBICOKOMCTAJIJIMYHAsA noz[rpynna
Kapperra u ap. (2010) [4]
KOJINYCCTBO KOJINYCCTBO
<[Fe/H]> | o ([Fe/H]) 11IC <[Fe/H]> o ([Fe/H]) 11IC
19 mc, mus
KOTOPBIX ~1.69 0.41 14 -0.62 0.17 5
HU3MEPEHO
[Mg/H]
BHYIPEHHEE | _1.67 0.37 33 - - 2
rajio
BHEIIHEE | _1.74 0.32 27 - - 1
rajio
mwck/Ganmk | —1.50 0.33 39 —0.44 0.26 37
Juac u np. (2016) [3]
SYIPERHEE 1178 0.24 6 —0.64 0.24 7
BHETHEE 1 _1.70 0.13 7 - - 1
rajgao
nuck/6anmk | —1.65 0.14 6 -0.38 0.21 12
[Mputiyr u gp. (2005) [5]
rano ~1.73 0.37 32 —0.54 0.2 3
IUCK/OammK | — - - -0.55 0.29 6

CratucTuka NEpPEeYrCICHHBIX BBIIIE UCCIEIOBAHUN (CpeIHUE 3HAYEHUS CO-
JepKaHus Kene3a U Maruus (<[Fe/H]>, <[Mg/H]>), cpeIHEeKBaIpaTUYHbIE OTKJIOHE-
Hus (o ([Fe/H]), o ([Mg/H])), KOJIUYECTBO OOBEKTOB B PaccMaTpUBACMOW TPYIIIIE)
npeacrabiieHa B Tabnuiax 1, 2. CpenHee 3HAYCHHUE COAEPIKAHUS JKelie3a M MarHus
Hu3koMetamunbix IIIC, omnpeneneHHoe 10 pe3ylbTaTaM BCEX AaBTOPOB:
<[Fe/H]>=-1.66£0.34, <[Mg/H]>=—-1.31£0.35. AHaJOTHYHO I BBICOKOMECTAJI-
mnunbix LIC: <[Fe/H]>=-0.47%0.25, <[Mg/H]>=—0.24£0.18. Cpeanee 3HaucHUE
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COJIepKaHUsl MarHUs B HU3KOMETAINTMYHON TPYIINE OKOJOTATAKTUUYECKUX 00JIaKOB
<[Mg/H]>=-1.4910.28, B BeicokoMeTaunuHOM rpymmne <[Mg/H]>=—0.38+0.30.
CpaBHuUBas CO/IEp)KaHUE MarHusi B HU3KOMETAJUIMYHOW U BBICOKOMETAJLIINY-
HOW MOATpyMIax OKOJOTATAKTUYECKUX O0JIAKOB C COACp)KaHUEM MarHusl B TaKUX
xe noarpynmnax [11C, MOXHO 3aKITIOYUTh, YTO OHH, B MpEJeIax OMUOOK U3Mepe-
HUS conepkanus B obsakax 0.3 dex, coBmamarot. [1Ji1 BRICOKOMETAUTMYHOMN MO/~
IPYMIBI cofepkaHre MarHus B obmakax Ha 0.15 dex menbmie, yem B LIC. s
HU3KOMETAUTMYHOM TMOATPYIIbBI COAepKaHWe MarHus B oOmakax Ha 0.21 dex
menblie, uem B IIIC. B paborte [12] moka3zaHO, 4TO Ha KPacCHBIX CMEIICHUIX
2.3<z<3.3 pacnpejieiieHUE METATMYHOCTH O0JIAKOB MPEJCTABICHO TOJIBKO HM3-
KOMETAJUTMYHON KOoMIOHeHToN. OTcrofa CciaeAyeT, YTO MPOHU30LLI0 oOoraiieHue
TSDKEJIBIMU JIEMEHTaMU 107 HU3KOMETAJNIMYHOIO Ta3a MyTeM MONaJaHusi B HETO
MPOJYKTOB TEPMOSACPHOTO CHHTE3a CBEPXHOBBIX 3B€3/] epBoro nokojienus 11C.

Tadauua 2. Conepxanue maraus B IIIC u okosorajakTH4IecKuX o0maKax.

el BBICOKOMETATMYHASL TIOJTPYII-
cucTteMa B HH3KOMETA/LTHYHAs MOArpyrma |
Tl'anmakTuke
Kapperra u np. (2010) [4]
KOJIMYECTBO KOJIHYECTBO
<IMg/H]> | o (IMg/H]) 00BEKTOB <IMg/H]> | o ([Mg/H]) 00BEKTOB
19 mic, mus
NOTOPRI® ) _1.19 0.35 15 -0.17 0.15 4
U3MEPCHO
[Mg/H]
Juac u np. (2016) [3]
BHYTpEHHCe | 1 37 0.25 6 -0.37 0.17 7
rajgo
BHEHIHEE | _1.27 0.13 7 - - 1
rajgo
auck/6ammk | —1.21 0.15 6 -0.19 0.14 12
IMputiyt u ap. (2005) [5]
rajo -1.38 0.42 33 - - 2
muck/oanmx | — - - -0.24 0.23 6
Jlexuep u ap. (2013) [11]
pLLSs | -1.58 1 0.23 | 24 | -0.34 | 0.28 | 20
Borra u np. (2016) [1]
pLLSs+ _ N
LLSs 1.49 0.28 32 0.38 0.30 22

13 3T0ro 000orameHHoro raza BIOCIEACTBHH 00pa30Balioch BTOPOE MOKOJIe-
aHue HIC. TToaToMy MOXXHO cenaTh Ipeanoioxkenue, 4yro odmaka pLLSs +LLSs -
OCTaTKH POJUTEILCKUX 00JAKOB IIAPOBBIX CKOTUICHHIA.
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CXO,Z[HOC pacupCaciiCHUC IMOKAa3bIBAIOT TAKKC YJIbTPAKOMITIAKTHBIC KapJIHWKO-

BbIC TAJIAKTUKH, KOTOPbIC UMCIOT META/UTMYHOCTH U MTPOCTPAHCTBEHHOE pacipeie-
nenue cxoxHoe ¢ HIC, mpu 3TOM WX MacChl, CBETUMOCTH M OTHOIIICHHE Macca-
CBETHUMOCTH Ooibmre [13].

Kak mogpobno moxazano B pabote [14], uzyueHue coiepkaHus xejeza U

maraus B I1IC u okonoragakTuueckux oOakax NPUBOAUT K HETPUBUAIBHBIM BBI-
BOJ/IaM OTHOCHUTEJIBHO JOJIH rasa, nepepadoTaHHOrO B 3B€3/Ibl, BKJIaJJa CBEPXHOBBIX
3Be3]] B IPOU3BOJICTBO 3THUX AJIEMEHTOB U JOJH Ta3a, 000raleHHOro MeTajljlaMu B
pe3ynbTaTe MepBOW BCIIBIIIKY 3B€31000pa30BaHUS B HEM.

10.

11.

12.

13.

14.
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We provide infrared photometric monitoring of young stellar objects in vicinity of variable wa-
ter or/and class Il methanol maser sources. The observations are conducted with the instru-
ments of the Sternberg Astronomical Institute (Lomonosov Moscow University). As first results
of monitoring, we observed the variation of G025.65+1.05 and G107.298+5.639 K-band emis-
sion during maser flares in comparison with archive data

HNndpakpacnoe (MK) uzinydeHue urpaer onpeAesisionlyto pojib B MEXaHU3-
Max HaKaykd M CToka psjaa mazepoB. OnHako nanHble HaOmonaeHu B MK oaHo-
BPEMEHHO CO BCIBIIIKOM Ma3epHOTO MCTOYHHMKA OTCYTCTBOBAJIM JI0 HEIABHETO
Bpemenu. B 2015-2016 rogax mis okpectHoctedt S255 IR [1] u NGC 63341 [2]
IIPU BCIIBIIIKE Ma3epa OblIM BIEPBbIE 3aUKCUPOBAHBI COMYTCTBYIOLINE YBEINYe-
Hus sipkoctd B UK uznydenuun monomoro 3Be3nHoro oowekra. [lo3anee mist 00b-
ekta G107.298+5.639, cBsi3aHHOTO C MEPUOAUYECKMM METAHOJIBHBIM Ma3epoM
(mepuon ~35 cyT.), OblIa BIEpBBIE TOCTPOEHA KpuBas Oyiecka [JIs IIBETOB
NEOWISE [3]. bsuto nmokaszaHo, 4TO HOBBIIIEHUIO ITOTOKAa METAaHOJILHOIO Maszepa
conytctByeT nossimenue B UK. Tlpu stom 3aryxanue UK usnydenust B 00beKTe,
B OTJIMYME OT Ma3€pPHOI0, IPOUCXOIUT MMOCTETIEHHO.

MHoOroJjieTHE MOHUTOPUHTH MAa3€pHOTO HM3JIYYEHHUSI MO3BOJIWIN BBIICIHUTH
O0OBEKTHI, TIPOSBIISIONINE TEPEMEHHOCTh BCHBIIIEYHOTO Xapakrepa. Takas mepe-
MEHHOCTh, BEPOSITHO, CBSI3aHA C SIBJICHHEM SIU30/IMUYECKON aKKpEIMU BEIEeCTBa
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Ha MOJIOJIbIE 3BE3/IHbIE 00BEKTHI, COMpOoBOKAatonIMMcs Benbikamu B UK nuamna-
3one. Habmonenus UK usnydenus Takux 0ObeKTOB BHECET CYIIECTBEHHBIN BKIIA/]
B MCCJIEJOBAHUE IIPOLIECCOB AMMU30ANYECKON akKpeunu. Ho b 9acTe MOJIOABIX
3BE3JIHBIX OOBEKTOB, CBS3aHHBIX C Maszepamu, BujpHa B OmmkHem MK u moxer
OBITH HCCIIEJIOBaHA HA CPABHUTEIHHO JOCTYIMHBIX HHCTpyMeHTax. Hamu Obln BhI-
Opano 15 oOwvekToB anst HaOmoaeHU B puiibTpe K, CBSI3aHHBIX C MEPEMEHHBIMU
BOJSTHBIMH Ma3epaMu W/WJIM MeTaHOIbHBIME Ma3epamu |l kmacca. YV 6ompmmHCTBA
0o0BekTOB m3nmydeHue B J u H cymecTBeHHO moHWXaeTcs. B HampaBieHUU BbI-
OpaHHBIX OOBEKTOB HAOJIOMACTCS HU3JIydeHHWEe Ha 8§ MKM Mo JaHHbIM CrouTiep
(GLIMPSE).

HK monutopunr nposoautcs B puibtpe K Ha 2.5-M Teneckone KaBkasckoi
['opuoit  ob6cepBatopun  (KI'O, TAUII) ¢ ucnoab30BaHUEM  KaMepbl
ASRTONIRCAM [4]. dotomeTpuueckas cuctema Onmszka k cucteme MKO
(Mauna Kea Observatory). HabiroaeHusl COIPOBOXKIAIOTCS MOHUTOPHUHIOM Ma-
3epHBIX 00bekTOB. Habmonenus B muauu Metanona 6.7 I'T nmpoBoasrcs Ha 16-m
teneckone B Benrcnuice, JlatBuga. HaGmaroneHus B JIMHUM BOABI Ha 4YacToTe 22
[T mpoBoastcs Ha Teneckone PT-22 [lymmHCKON pagmnoacTpoOHOMHUECKOH 00-
cepBatopuu (ITPAO, ®MAH), a Takxe B Kpeimckoit Actpodusnueckoii o0cepBa-
topun (KpAO).

B pamkax HaGmrofeHu#t 1151 OKPECTHOCTH BOISIHOTO M METaHOJIBHOTO Masepa
G025.65+1.05 Obuta Moka3zaHa BO3MOJKHAS CBSI3b NEPEMEHHOCTH B K M aKTHBHO-
CTH Ma3epoB (pe3yJbTaThl MpejacTaBieHbl B [5, 6]). Habmonenus B KI'O B ¢punbt-
pe K npoBefeHbl BCKOpE MOCie NPOXOXKACHUS MAKCUMYMa BCIBIILIKH BOJISIHOTO [ 7]
1 MeTaHoJIbHOTO [8] Ma3epoB B ceHTs10pe 2017 rona. [Ipu sToM Onmxaiiuii k Ma-
3epy UK-00bekT, HA000pOT, 3aMETHO MOTYCKHE BO BpeMsl HaIlIMX HAOJIIOACHUH, a
taxke B mapte 2011 romga, BO Bpemsl MOBBIIIEHHON aKTUBHOCTH BOJSIHOTO Masepa
(MO0 CpaBHEHUIO C APXUBHBIMU JIaHHBIMH, MOJYYEHHBIMHU BO BpPEMSI CIIOKOWHOTO
COCTOSIHMSI Ma3zepa). Takum 00pa3oM, B YCUJICHUU Ma3epHOTO M3IYYCHUS] 00bEKTa
G025.65+1.05 BaxHyIO pOJib MOXET UrpaTh 3(HEKTUBHBIN MEXaHU3M CTOKA MPHU
noHmxeHHoM MK n3nyueHun.

B kauectBe emie oJIHOTO pe3ysbTaTa HAOMIOJAEHUMN MOIYYEH P U300paxe-
Hui uctounnka G107.298+5.639 B dbunsTpe K BOIM3M HOBOrO MakCHMMyMa MeTa-
HOJIBHOTO Ma3epa. MakcuMyM H3JIy4yeHus B MeTaHoJie Habmtonancst B Bencrnuice
7 centsiOpsi. Bpewmst HabGnroaeHuit Takke OJM3KO K MUHUMYMY H3JIy4eHHUS] Ma3epa
B quHuU Boawl 22 I'T'1 mo ganueiM HaOmonenuit B [TIPAO u KpAO. Ilpu stom
CUTHAQJI OT WCTOYHWKA Ha apxXuBHBIX cHUMKax 2MASS B ¢punbtpe K cnuBaercs ¢
¢onom. Takum 00pa3oM, aKTUBHOCTb METAHOJBHOI'O Ma3epa COMPOBOXKIACTCS
CYIIIECTBEHHBIM YBEIMYCHUEM SIPKOCTH 00beKTa B huiibTpe K.
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Puc. 1. OxpectHocTh 00BekTa G107.298+5.639. Jlepas manens — nanneie apxuBa 2MASS
(ucrounuk (akTruecku He BujeH); mpasas — qanaeie KI'O ot 08.09.2018 (BOnHM3M MakcumyMa

METaHOJILHOTO Ma3epa). KpecT yka3pIBaeT MooKeHne METaHOJIBHOTO Ma3epa.

s nByx 3Be3q Ae/Be XepOura, B OKpECTHOCTH KOTOPBIX Takke HabIo/1a-
10Tcs MasepHoe uanydenue — V645 Cyg u LkHa 234, npoBoasTcs HaGmroaeHUS Ha
dboTomerpe, yctaHOBICHHOM Ha 1.25-M Teneckone KpbiMckoi ACTpOHOMUYECKOM
cranuuu (KAC, I'AUII) B punerpax J, H, K. Habmonenus V645 Cyg nHauaiuch B
centsiope 2018 r. Habmonenus LkHa 234 Begyrcs ¢ oktsiopst 2017 1. Bo Beex
Tpex moJiocax 3adukcupoBaHbl n3mMeHenus: usnydeHus LkHo 234 na Benuuuny

~0.3 mag (cm. puc. 2).
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Puc. 2. Ilepemennocts 3Be3nbl LkHa 234 B punbrpax J, H u K. lanasie 3a oktsi6ps 2017
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Pabora A.Il. bucspunoii mo opranuzanuu, oOpaboTKe M aHAIU3y (POTOMET-
pUYECKUX JaHHBIX BBIMOJIHEHA IIpU (prHaHCOBOM nojaepxke PODU B pamkax Ha-
yunoro npoekra Ne 18-32- 00314. Pa6ora A.M. Cob6oneBa u A.Il. bucapunoii mo
OpraHM3alil U aHAJIMU3Y COIMYTCTBYIOIIMX MAa3€pHBIX HAOJIOIECHUI BBITOJIHEHA
npu nogaepkke rpanta PH® (Ne 18-12-00193). Pabora A. Aberfelds u I. Shmeld

1o Ha6JIIOI[eHI/IIO N aHaJIn3y AJAaHHBIX H&6J’IIOI[GHHI>1 MCTAaHOJIBHBIX Ma3C€pPOB IIOJ-
nepxana npoektom ERDF «Physical and chemical processes in the interstellar
mediumy», Ne 1.1.1.1/16/A/213.
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KINEMATICS OF THE GALAXY FROM OB STARS WITH PROPER MOTIONS AND
PARALLAXES FROM THE GAIA DR2 CATALOG

Bobylev V.V, Bajkova A.T.
GAO RAS, St.-Petersburg, Russia

We consider a sample of OB stars with radial velocities known from ground-based observations
and with trigonometric parallaxes and proper motions from the Gaia DR2 catalog. A part of
stars in our sample have distances estimated from calcium spectral lines. A direct comparison
to trigonometric distances shows that the calcium scale should be reduced approximately by
13%. Using 495 OB stars having relative uncertainties of their parallaxes below 30%, we de-
termine parameters of the Galaxy’s rotation curve and parameters of the spiral density wave.

PaccmoTtpena Beibopka u3 554 OB-3Be3n. JIyueBble CKOPOCTH 3THX 3BE3]] OI-
penesneHbl B pe3yibTaTe Ha3eMHBIX HAOJIOJICHHM, a TPUTOHOMETPUYECKUE Tapa-
JaKChl M1 COOCTBEHHBIC IBHKEHHMS B3AThI M3 KaTajora Gaia DR2 [1].

[To OB-3Be31aM C OLIEHKaMMU PACCTOSIHUS 10 HUX, MOJYYEHHBIX IO CIEK-
TPaJIbHBIM JIMHUSM MEX3BE3HOIO KAJIbIUA [2], MPOBEAECHO CPABHEHHUE CO IIKAIOU
paccTosiHUM, 3aJaBaeMOi TPUTOHOMETPUUECKMMM TapajulakcamMu W3 KaTajora
Gaia DR2. Pe3ynbrathl oTpaxeHnsl Ha Puc. 1, U3 KoToporo BUIHO, UTO KajbIlueBas
IIKaJia CJerka JJIMHHEe TPUroHOMeTpudeckou. [lapaMeTpsl cBsi3M MEXIy IBYMs
STUMH  IIKaJlaMH  MUCKAJIach Ha OCHOBE  CIEAYIOUIEr0  COOTHOILIEHHUS:
dtrig=a+b-dCa||+C-d2Ca||, rae Oyig — paccTosHUE A0 3BE3/bl, BEIYUCIEHHOE HA OCHOBE
€¢ TPUTOHOMETPUYECKOTO Mmapayuiakca, a ey — paccTosiHEE 10 3BE3JIbl, HaWICH-
HOE IO JIMHUAM MEX3BE3IHOro Kayblus. [Ipyu paccMOTpeHUH JIMHEHHOTO cliydast
mbl Hanu 8=0.05+0.02 knk u b=0.87+0.05, a B HenmaeiiHOM citydae a=0.04+0.02
kK, b=0.95+0.11u ¢=—0.42+0.048 knk™’. 31ech HanboIee BAXKHBIM SBISCTCS 3HA-
YeHHE MapameTpa b, KOTopoe rOBOPHUT O HEOOXOIUMOCTH COKpAIICHHS KaJbIIHe-
BoH 1ikaibl. O0e HalileHHbIE 3aBUCUMOCTH HaHeceHnl Ha Puc. 1a. Ha Puc. 10 na-
HbI pacctosiHug 10 OB-3Be31, rae kaiblueBas mkana cokpamnieHa Ha 10%. Buauwm,
YTO TaKOE€ COKPAIICHUE KAJIBIIMEBOM MIKaJIbI I€JIAET PACIIPEICIICHUE TOUEK Ha JIha-
rpamMMme 0ojiee CHMMETPUYHBIM OTHOCHUTENIBHO JIMArOHAJIU, XOTs U HE UCKJII0YaeT
MOJIHOCTBIO XBOCT MPU OYeHb OO0IBIINX (>4 KIIK) PACCTOSIHUSIX.
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B urtore moarBepikeH HE3aBUCUMBIM METOJOM CJEJIaHHBIM HaMU paHee W3
aHanu3a kuHeMatuku OB-3Be3n [3] mpUHIUMIIHAIBHBIA BBIBOJ O HEOOXOAUMOCTH
HeOobIoro (MeHee 20%) CokpalieHus KaIbIIUEBOM IIIKAJIHI.
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Puc. 1. (a) PaccTostHus, BRIUMCIIEHHBIE HA OCHOBE TPUTOHOMETPUUYECKHUX MapaJIaKCOB U3
katasiora Gaia DR2 B 3aBUCUMOCTH OT PacCTOSHUMN JI0 3THX 3BE3/, MMOJYYEHHBIX 110 CIIEKTPaIb-
HBIM JIMHUSIM MEK3Be3HOro Kanbius. (0) To xe, HO KampliMeBas mkanga cokpaimiena Ha 10%,
TOHKAsl JIMHHSI COOTBETCTBYET OXKHJAAEMOUN 3aBHCHUMOCTH C KO3(DPHUIIMEHTOM KOPPENSIINU, PaB-
HbIM |, )KUpHOW JIMHUEN JaHa HaliIeHHAas JMHEWHAas, a MyHKTUPOM — KBaJIpaTUYHAs 3aBUCUMO-
CTH.

[Io OB-3Be31aM C HaJEKHBIMU OLIEHKAMH TPUTOHOMETPUYECKHUX Napaulak-
COB (C OTHOCHUTEJbHBIMH OIIMOKaMH napaiakcoB MeHee 30%) ompezeneHsl na-
paMeTpbl KpUBOW BpalieHus ['anakTUKu C UCHOJIb30BAHUEM KOTOPBIX OBLIN BbI-
YUCJIEHBI OCTATOYHBIE CKOPOCTH 3BE3]l — paiualibHble VR, OCTATOUYHbIC TAHTCHIIM-
anbHble AV, 1 BepTuKaibHble ckopocTu W, koTopeie nanbl Ha Puc. 2. [To psaam
ATUX CKOPOCTEW, C MPUMEHEHUEM MEPHUOJIOIPAMMHOIO aHalIn3a HaWJEeHbI Iapa-
METpBI TaJaKTUYECKOM CIMPAIBHOW BOJIHBI IUIOTHOCTH. [l Takoro aHammsa uc-
nosib30BaKch OB-3B€371bI ¢ OTHOCHTENIBHBIMU OIMMOKAMH MapajUIaKCOB MEHEe
20%. AMmnuTyasl paauanbHbIX, TAHTEHIUAIBHBIX M BEPTUKAIBHBIX CKOPOCTEH
Bo3MyteHuii cocraBmm fr=7.1+0.3 xm/c, f;=6.5+0.4 xm/c, fiy=4.8+0.8 xM/c coot-
BETCTBEHHO, JJIMHA BOJIHBI BO3MyIeHUU Ag=3.3+0.1 knk, Ay=2.3+0.2 KOk u
Aw=2.6+0.5 KK 11 IPUHATON YETBIPEXPYKABHOM MOJIENM CIIUPAIILHOTO y30pa.
3nauenust pa3pl ConHIla B CHUPATbHON BOJIHE IJIOTHOCTU HAWJEHBI CIEAYIOMIMMHU:
(xsun)r=—135%5°, (xsun)e=-123+8° 1 (Ysun)w=—132421°. Jlns Kaxm0ro BHIa CKOPO-
cty Ha Puc. 2 naHa BoJIHA C HalICHHBIMU XapaKTEPUCTUKAMU.
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Puc. 2. (a) Paguanshsie, (b) ocTaToYHBIC TAHTCHIMATBHBIE U (C) BEPTUKAIBHBIE CKOPOCTH
OB-3Be311 B 3aBUCUMOCTH OT TJIAKTOLUEHTPUYECKOTO PACCTOSIHUSA, BEPTUKAIBHON MYHKTUPHON
JTUHUEN oTMedeHO nosoxeHnue CoaHia.

Pabora BeimonHeHa npu nojaaepxke IlporpaMmel pyHAaMeHTaIbHBIX UCCIIE-
nosanuii [Ipesuanyma PAH I1-28, nognporpamma "Kocmoc: uccienoBanust GpyH-
JAMEHTAJIBHBIX MPOIECCOB U UX B3aUMOCBSI3El".
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POSSIBILITIES OF THE SPACE EXPERIMENT "LYRA-B"
TO STUDY ASTEROIDS

Busarev V.V.
SAIl MSU, Moscow, Russia

We discuss possibilities of the project for investigation of asteroids in order to determine their
taxonomic (mineralogical) types, as well as to study the new sub-type of these bodies, active as-
teroids.

3amadeil KOCMHUYECKOro 3KkcrnepuMenTa «JIupa-by» sBisiercs 0630p Bcex He-
OecHBIX 00BEeKTOB (3Be3n M actepouos) or 3" mo 16™17" B BumuMom, Y@ u
ommxaeM MK nuanasonax [1]. Kak yTBepkIar0T aBTOPHI 3TOT0 0030pHOTO MPOEK-
Ta, HOTPEIIHOCTh (POTOMETPUH HEMEPEMEHHBIX 3Be3]] B Karajore (B mosoce V) Oy-
ner cocrapnath He xyxke 0,001™ musa 3sesn or 3™ mo 12™ u me xyxe 0,01™ i
3ge3n or 12™ no 16™ mpu mmrensHoCcTH yenemnoi paboTel 3.5—5 netr. XoTs Ha-
OJroaeMble 3BE3/IHBbIC BEIMUUHEI acTepounos (0T ~8—-9™ u cnabee) TOMbKO vac-
TUYHO TIEPEKPBIBAIOTCS C YKa3aHHBIMH, B PaMKax pacCMaTpUBAEMOT0 MPOEKTa C
YUETOM TMPEAIaraéMoro KOJIMYeCTBAa (POTOMETPUUYCCKUX IOJIOC M 3HAUEHUH HX
3¢ (GEKTUBHBIX JIMH BOJH MMEETCS PsI HOBBIX MOTCHIIMATBHBIX BO3MOXKHOCTEH
npu uzydeHuu actepouioB (Puc. 1):

® [IOBTOPSIOIINECS HAOIIOIEHUS OOIBIIOTO KOJIMYECTBA TNl HA OTHOCHTEIHHO

KOPOTKOM WHTEpBaje BpeMEHU (BO3MOXKHOCThH MOCTPOSHUS X MHOTOIIBET-

HBIX KPUBBIX OJIeCKa, CBSA3aHHBIX C BPAIICHUEM, a TAaK’KE€ BO3MOXKHOCTh H3Y-

YCHHSI HX OTPAKATEIBHBIX XapaKTEPUCTHK IPH Pa3HBIX (a30BbIX YIJIaX);

eHaOI0/IeHNS 00BEKTOB B HEJOCTYITHOM IPU HA3EMHBIX HAOIIOJCHUSX KO-

POTKOBOJTHOBOM JIMara3oHe CrekTpa (3 moochl);

®KBA3MOJHOBPEMEHHOE IOTY4YCHHE HAOIOJATENBHBIX JaHHBIX B IIHPOKOM

CIIeKTpaJIbHOM Juana3zoHe ot ganbHero Y® no 6mxaero UK (10 monoc);

®IOCTOSIHHBI MOHUTOPHWHT pacipeneieHust dHepruu B cnektpe ConHia u

BO3MOKHOCTh MCITOJIb30BAHUS 3TUX JAHHBIX JIJISl pacdyeTa CIeKTPOB OTpaxe-

HUS HaOMIOaeMBbIX 00BEKTOB B PEKUME PEATBHOTO BPEMEHH.

[TockoJibKYy B MyOJIMKAIIMM aBTOPOB IMpoeKTa [1] ymomMuHaeTcss BO3MOXHOCTh
UCKIIIOUEHUS M300PaKEHHBIX MMYHKTUPOM (POTOMETPUYECKHUX IMOJIOC, XOTENOCh Obl
o0paTuTh UX BHUMaHHE Ha 1ojockl moj Homepamu 9 u 10 (Puc. 1). C Hameit Tou-
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KM 3pEHUS, XOTs M0JIoca 9 MMEET HECKOJIBKO OOJIbIIIee 3HAUCHUE «IIPOMyCKaHus +
KBaHTOBas 3((HEKTUBHOCTU» 1O CPaBHEHUIO ¢ 1ojocor 10, HO KOMOMHAIMS TTOJIOC
7, 8 m 10 maetr 6onee paBHOMEPHOE MOKPBHITHE CIEKTPAILHOTO auama3oHa 650—
1000 M. Kpome Toro, 3pgexTuBHas JyiMHa BOIHBI oJ1ockl 10 6ojee TOYHO cOoOT-
BETCTBYET MUHEPAIOTUYECKOM MOJI0CE MOTIOMICHUS (BbI3bIBAEMON AIEKTPOHHBIMU
nepexonamMu B Fe**) B KPHCTAIIMYECKOM MONE TAKMX MUHEPAIOB, KaK OTHBUH M
NUPOKCEeH (Hampumep, [2, 3]), a 3HaUUT, NOPEANOUYTUTENIbHA MPU TAKCOHOMHUYE-
CKOH (MUHEpaJIOTUYECKOM) KiTacCU(pUKaMU HAOII0aeMOro acTepoOuIa.

KOCMHWYECKHWHA 3KCIEPUMEHT “JIMPA-B”
IIponyckanne + KBAHTOBAA 3(p(PEeKTHBHOCTE
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Puc. 1. Tlomocel mpomyckanus (POTOMETPHUYECKON CHCTEMBI dKcrmepuMmeHTa «JIupa-by»:
HEeHTpalbHble IIUHBI BOJH 194 uM (1), 218 uMm (2), 270 uMm (3), 350 uMm (4), 374 um (4a), 440 um
(5), 555 um (6), 700 um (7), 785 uMm (7a), 825 am (8), 930 am (9), 1000 aMm (10) u mmpokomo-
JIOCHBIM MaHxpoMaTudeckuii GpuinbTp. KpuBbie MpOMyCKaHUsl YYUTHIBAIOT MPOMYCKaHUE HHTEP-
dbepeHImoHHOro (GUILTPa, HAHECEHHOTO HAa KPeMHHMM, 1 KBaHTOBYIO 3 dexktuBHoCcTh [13C. U30-
OpaXeHHBIE TYHKTHPOM IIOJIOCKI, BO3MOXKHO, OYIyT HCKJIFOUEHHI [ 1].

Crnenyer Takke OTMETUTh YHUKAJIBHOCTH MEPBOM M ABYX MOCIEAHUX BO3-
MOKHOCTEW (M3 BBIIIENEPEUNCICHHBIX) ISl U3YYEHUS] BaXKHOW HOBOW pPa3HOBH/I-
HOCTH MaJIbIX IJAHETHBIX TeJl — aCTEPOUJIOB C KOMETHON aKTUBHOCTBIO, U3yUEHHUE
KOTOPBIX TpeOyeT MoHuTOprHTra. B 2012 r. MBI 0OHApY>XKWJIM OJTHOBPEMEHHYIO aK-
TUBHOCTh 4 NMPUMHUTHUBHBIX (C HU3KOTEMIEPATYpHOH MHUHEpaJIOrHei) acTepOouI0B
(145 Aneonnl, 704 WUntepamuuu, 779 Hunbl u 1474 beiipsl) ['maBHOTO mosica
BOIM3U mepurenus [4, 5], npudeM TaHHOE SBJICHHE YaJ0Ch OATBEPIUTh HA 3 U3
HUX B 2016-2018 rr. mpu ux ciaeayronieM MpoxoxJaeHuu nepurenus. Ha pucyH-
Kax 2 ¥ 3 B KaueCTBE MPUMEPOB MPEJICTABICHBI CIIEKTPbI OTpaxeHus 145 AneoHbl
u 704 VaTepamHun, mogydeHHbIE HaMU B ceHTs0pe 2012 r. B mepuoj; HanboIb-
el akTMBHOCTU BOJM3U Tiepurenus B nuana3one 0.35-0.90 MxkM U cpaBHEHUE C
HUMU aHajJorudHBIX SMASSII-naHHBIX B CIOKOWHBIN mepuoj. XapaKTepHBIM
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CHEKTPAJIbHBIM MPU3HAKOM AKTHMBHOCTH STHUX TEJ SBIISICTCS HEOOBIYHBIM MaKCH-
MYM pacCesiHUS B CHEKTpe oTpakeHHs y 0.55 MKM, yKa3bIBalOIIMA HA HAJTUYHC Y
acTepounia KOMbl M3 CYOJIMMHPOBABIIIUX YACTHUI] BOJISTHOTO JIbJ]a MUKPOHHOTO Pa3-
Mmepa [4].

145 Aneona, Tepckoa, 19-09-12

14

1.2
T
os ; e ‘_/.P/-/ SMASSII

HopMUpOBaHHBINA cNEKTP OTpakeHHs

4 Y
0.6
0.4
0.2
6 +-r——r—m—m—mr—r—rrrrrrrrrrrrrrr T T T T T T T T T T T T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Jaana BoTHBI (MKM)

Puc. 2. HopmupoBanuslii (Ha 0.55 MKM) crieKTp oTpaskeHus 145 AeoHbI 1 €ro cpaBHEHHE
¢ maHHbIMH apyrux aBropoB SMASSII [6].

704 HaTtepamuns, Tepckoa, 13-09-12
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Puc. 3. HopmupoBaunslii criektp otpaxkeHus 704 MHTepamMHUM M €r0 CpaBHEHUE C JaH-
HbIMH Apyrux aBropoB SMASSII [7].

OcraeTcst HeM3BECTHBIM, KaK MPOSBIAIOT ce0sl 3TU U MO0OHBIE aCTEPOUIBI B
IPYTUX CHEKTPAIbHBIX JUANa30HaX, a TakkKe KaKk MHOTO TaKMX 0O0beKTOB B I JaB-
HOM Tmosice. Kpome Toro, 3HauuTenbHas CyOnMMalMOHHasi aKTUBHOCTh AJICOHBI U
WuTepaMuun U apyrux oOHapyKeHHbIX HaMu actepounioB B 2012 r. coBmana c
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BBICOKOW COJIHEUHOW AKTHUBHOCTBIO, @ CIEKTPbl OTPAKCHHSI ATHUX ACTEPOUJIOB,
MOJYYEHHBIC TIPU UX CIEAYIONEM poxoxkaeHuu nepurenusa B 2016-2017 rr. nipu
MMOHW)KEHHOW COJHEYHOW AKTUBHOCTH IIPU3HAKOB HAIWYUS MPOTSKEHHOU
paccenBarolleil KOMbI B OOJIBIIMHCTBE CIy4aeB He cojiepxar. Ha 3Tom ocHOBaHUU
MOXHO YTBEpKJaTh, YTO HaM, BEPSITHO, YJAAIOCh TakKe OOHAPYKUTh BIIUSHUE
COJIHEYHOW aKTUBHOCTH HA MPOTSHKEHHOCTH (WM IUIOTHOCTH) CyOJIMMAaIMOHHOMN
KOMBbI aKTUBHBIX aCTEPOUJIOB.

Takum oOpa3oM, C yYE€TOM TMEPEYUCICHHBIX HOBBIX IMOTEHIIMATBHBIX
BO3MOKHOCTEH, HaOto/aTeNnbHble JaHHblE 00 acTepoujiax, MOJyYECHHbIE MPHU
peanuzauuu sKcnepuMeHTa «JIupa-b» Ha 3asgBIEHHOM ypOBHE TOYHOCTU OyAyT
MIPEACTABIIATh 3HAYUTEIIbHBIA NHTEPEC.
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B 3BE3/IHO-T'A30BbIX MOJEJIAX I'AJTAKTUK
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MECHANISMS FOR FORMATION OF «cROWS» IN THE STAR-GAS MODELS
OF GALAXIES

Butenko® M.A., Khoperskov' A.V.
Volgograd State University, Volgograd, Russia
maria_butenko@volsu.ru

A comprehensive approach to the study of possible mechanisms for the formation of "rows™ is
applied. We supplemented the catalog with 276 objects with "rows™ based on an analysis of all
the galaxies from the NGC and IC. The results of the galactic disk dynamics simulations of the
self-consistent model revealed transient character of the resulting straight segments.

BrniepBbie cnpsiMiieHHBIE YYaCTKU B CHHPAIbHOW CTPYKTYpE TaJlaKTUK OBLIH
BbIJICJIEHBI U onucaHbl b.A. BopoHLIOBEIM-BeNbIMUHOBBIM, OH U Ha3Bajl UX «Be-
perutiamu» (rows). Crycts maoro et A.J[. UepHuH u ap. oOpaTwiii BHUMaHHE
Ha MOAOOHBIE CTPYKTYphl B Onu3kux raigaktukax M101 u MS51, umu Oputo mpen-
JIOKEHO KauyeCTBEHHOE OMHMCAHHWE BO3MOKHOTO MeXaHu3Ma (hOPMHUPOBAHUS MOJIH-
rOHaJBHBIX CTPYKTYp. B 2001 r. 6611 0nyOJIMKOBaH KaTajuor rajakTHK ¢ «BEPEHU-
amMu», coctosanmi u3 204 oorexkToB. Hamu cocraBiieH HOBBIM KaTajaor TaJaKTHK
¢ «Bepenuniamu» [1], on BkirouaeT B ce0st 276 00bEKTOB, HE BOIICANINX B KATAJIOT
[2]. B pabote [1] mpuBeaeHbI pe3ysibTaThl UCCIICIOBAHUS TOCTPOSHHOTO HAMU Ka-
TaJIOTa TAIAKTUK C MOJIUTOHAJIIBHBIMU CTPYKTYPAMU U CPABHEHHUE C KATAJIOroMm [2].
PaccmarpuBaembie BMeCTE, 3TH KAaTaJOTH BKIIIOYAIOT BCE TAJIAKTUKU C «BEPEHU-
mamuny, Bxoasmme B NGC u IC.

[Ipu moucke ramakTUK C «BepeHULaMU» ObUIO MpocMoTpeHo cBaime 30000
M300paXeHUI CIUpPaIbHBIX TAIAKTUK B PA3IUYHBIX JMAalla30HaX U3 aCTPOHOMUYE-
ckux 0a3 naHHbIX. [Ipy cpaBHEHHM Ba)KHEHIIMX XapaKTEPUCTHK T'aJlaKTUK C «Be-
penuniaMmu» U Bcex S-ranakTuk u3 NGC/IC He ynmanoch OOHApPYKUTh CKOJIBKO-
HUOY/Ib CYIIECTBEHHBIX pa3Muuii B 3THX BbIOOpKax. Hamboree xapakTepHbie
OCOOEHHOCTH MOJUTOHAJIBHBIX CTPYKTYp MO JaHHBIM HAOJIOJIEHUN NEPEeUUCIICHBI
B paborax [1,3].

[Toutn Bce pacCMOTPEHHbIE XaPAKTEPUCTUKHU Hallleld BBHIOOPKHA XOPOILO CO-
IJ1aCyIOTCS C PE3yJIbTaTaMU aHaIu3a KaTtajora [2], 3a UCKIIOUEHUEM HAIlIEH OLICH-
KM yuCcla «BepeHuly. JlJid Hamiero karajgora oHo JiexuT B npenenax N = 1+11 co
cpeanuM 3HaueHueM <N> = 4 (puc. 1a). B kxarayore [2] y O0JbIIMHCTBA raJaKTUK
BbIJIeeHO 2 WK 3 «BepeHulbly (<N> = 3). J[ns Hamieil BBIOOpKU pacmpeacieHue
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Puc. 1. (a) ['ucrorpamma pacmnpeseneHus TalaKTUK [0 YUCITY «BEPEHUID» B HUX IS
Hailero katanora. (0) ['mcrorpamma pacnpeienenus «BepeHHID 0 JUHEHHBIM pa3Mepam s
HAIIero KaTajora.

[0 YKCIIy BEPEHUIl SBISIETCS JOBOJIbHO HIMPOKHM C MEHEE SIPKO BBIPA’KEHHBIM
MakcUMyMoM (cM. puc. la) [1].

Jlunelinpie pa3Mepbl «BepeHMI» L BappupylOTCs B IIMPOKHUX Mpeaenax
(puc. 10), mpudem B Heckodbkux ramaktukax, Hampumep NGC 6935, NGC 5850,
NGC 1512, ux nnuna mpesbimaeT 22 knk, a mias [C 4479 nocturaer 30 Krmik.
Cpenusisa nnmvHa BepeHHIbl <L> = 6.6 K1k, a MeAMaHHOE 3HaYeHue — 5.6 KK, ITH
pe3yJbTaThl MOYTH BABOE MPEBBINIAIOT 3HAYEHUS, MOJyYEHHbIE B KaTajnore [2],
yTO OOYCJIOBIIEHO OOJIbIIIEH MOJEe JUIMHHBIX BEPEHUII W3-3a BBISBICHUS OoJiee
MPOTSHKEHHON CIUPAIBHON CTPYKTYPHI M YBEITUYECHUS JJIUHBI L ¢ paccTosHueM r
3a CUeT KayeCTBEHHBIX M300pakeHUU Nepudepur rajiaktuk no naHHeiM SDSS u
3a mpeaesnaMu onTudeckoro paauyca B cimyyae GALEX [1].

[To nanubiM LEDA 77% raiakTuk u3 Haiiel BRIOOPKH SIBJISIFOTCS TaJIaKTHKa-
Mu ¢ 6apoM. B katanore [2] Oap npucyrctByetr y 70% rajiakTHK, 4TO JAeT JJIs
o6mieit BeIOOpkH U3 Bcex 406 0OBEKTOB ¢ BEpPEHUIIAMH, BXOJSIIMX B KaTaJOru
NGC/IC, 74% SB-ranaktuk. Omnako, 1 Bcex 7143 S-ranakruk uz NGC/IC, 6ap
B LEDA yka3zan mns 51% ciaydaeB. OTMeTHM Takke, 4To paboThl mpoekta Galaxy
700 JUIsl TaJaKTUK C Pa3HbIMU KPAaCHBIMHM CMEIICHUSIMH JTAl0T OIEHKH JJIs Tajak-
TUK ¢ Oapom, He mnpeBbimarone 40%. [lo-Buaumomy, Hanuuue Oapa SBIsSETCS
OJIarONMPUATHBIM YCIOBHEM JUTsl (HOPMHUPOBAHUS TIOJIUTOHAIBHBIX CTPYKTYpP B CITH-
pabHBIX pyKaBax.

[Ipu paccmoTpennn OOBEIMHEHHOW BBIOOPKH, cojepskaimieid 480 raiakTuk,
npemsiokeHHas: B paboTe [2] rumoTes3a, UYTO CPeau TaaKTHK C «BEPEHULIAMID)
B3aMMOJICUCTBYIOIINE TAIAKTUKA BCTPEUAIOTCS MOYTH BJIBOE Yallle, HE MOATBEP-
munack. O0benuHenHas BeIOOpka n3 480 OOBEKTOB C «BEPECHHUIIAMHY COJCPKHUT
Bcero 128 B3auMopeicTByOMMX TalakTuk (27%). HeOonbias 1015 Takux rajgak-
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TUK B Haiel BeiOOpke (13.8%), BuaguMo, cBsi3aHa ¢ TeM, YTO HauboJiee SIPKO BbI-
paKeHHbIC B3aUMO/JICHCTBYIOINE OOBEKTHI YK€ BOIILINA B KaTajor [2].

B nutepatype oOcCyxkpanuch JBa BO3MOXHBIX MeXaHU3Ma (HOPMUPOBAHUS
«BepeHuiy. A.Jl. YepHuH [4] npeaioxkuia ruipoJUHAMUYECKAN MEXaHU3M, OCHO-
BaHHBIM Ha OCOOCHHOCTSIX JUHAMHKH TJI00aTbHON TalaKTUYECKON y1apHOU BOJIHBI
(YB). U3-3a neycroitunBoctu (GpoHTa YB MpOMCXOIUT JOKAIBHOE CHPSMIICHHUE
ero y4acTKOB, YTO 00pa3yeT MOJUTOHAIbHYIO CTPYKTYpy. DTOT MEXaHU3M YBe-
PEHHO BOCIPOM3BOJNUTCS B YUCIEHHBIX pacyeTax pa3IMuyHbIX aBTOPOB [3, 5, 6].

Bo3MmoskeH nHOil MexaHu3M, KOorjia B YMCIEeHHbIX Mozensx N Ten Ha TpaH3u-
€HTHOM cTaguu (opMUpOBaHUs Oapa W crupalied MOXKHO BBIJACIUTH OTHEIbHBIC
CHpsIMJIEHHBIE CETMEHTHI PyKaBOB. MexaHu3M (OpMHUPOBAHUS «BEPEHHUL», OCHO-
BaHHBIM Ha TPABUTALIMOHHONW HEYCTOMYMBOCTH OECCTOJIKHOBUTEILHOTO 3BE3HOTO
JIMCKa W/WJIM PE30HAHCHBIX SIBJICHUSIX, pacCMOTpeH B pabote [7]. He BnaBasich B
00CYXKJIeHHE KOHKPETHBIX (PU3NYECKUX MEXaHU3MOB (hOPMHUPOBAHUS «BEPEHUID,
yKa)keM Ha MX HEKOTOpbIE OTJIMYUTENIbHbIE OCOOEHHOCTH B 3BE3JIHBIX JAUCKaX I10
pesynbTaTam Hariero MojenupoBanus nuHaMukd N Ten. CropsiMiIeHHBIC YYacTKU
BO3HHMKAIOT B MOJICJISAX C JOCTATOYHO MacCUBHBIM rayo ¢ [ /= Mp/My = 3 B nipeze-
Jax ONTUYECKOro pajauyca. TOJIbKO B TAKUX MOJEISAX MPHU PA3TUYHBIX HayaIbHBIX
3HaueHusX mapamerpa Toompe Qr S 1B03MOKHO 00pa3oBaHNEe MHOTOPYKABHBIX U
JOCTATOYHO Y3KMX CHUpPAJIEH, B KOTOPBIX yJIaeTcs MNPOCIEINUTh TPAH3UECHTHbBIE
cupsmieHHble yyacTkd. Ha Puc. 2. moka3aHbl pe3yJibTaTbl HAIUX YHCIEHHBIX MO-
neneir N-Teq, B KOTOPBIX MOKHO OOHApYKUTh CHpPSMIICHHBbIE YYacTKH BETBEH U
JaXe MOYTH U3JIOMBI.

I d

-0.8 -0.6 -0.4 0.2 [ 0.2 04 06 0.8 0.8 -0.6 -0.4 -0.2 o 0.2 04 0.6 0.8

Puc. 2. Pacnipenienienns BO3MYIICHHS JIoTapr(pMa MOBEPXHOCTHOM MIIOTHOCTH B MOJICITH
3BE3/IHOTO JIMCKa B pa3IMYHble MOMEHTHI BPEMEHH (CIIpaBa MoKa3aHa TOIbKO MOJIOXKUTEIbHAsS
yacTh Bo3Mylenus). [lapamerp TooMpe B HayanbHbIH MOMEHT BpeMenn Qt = 0.8 B oOiactn
1/2 S rlry S 2, ry — 9KCMOHEHIIMAbHAS [IKaia aucka. [Toka3aH MOMEHT MEepecTPORKH MEXKITy
JIBYXPYKaBHOM M TPEXPYKaBHOU CIIMPATBHON CTPYKTYpPOU.
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B crapsIx 3Be34HBIX AMCKax 1O AaHHBIM 2MASS «BepeHULbD) BCTPEYAOTCS
0BOJILHO peako (18 oO0bekToB u3 Hamiero karaigora) [1]. TpyaHo oxuaath, 4TO
BO3MYILIEHUE B Ta3e CIOCOOHO packayaTb «BEPEHHILY» B KOMIIOHEHTE CTapbIX
3Be31. Bpems rpaBUTaiMOHHOTO BO3JEUCTBHS Ia30BOM CTPYKTYPBI HA 3BE3AHYIO
MOJKET OBITb HEJOCTATOYHBIM B YCIIOBUSX HECTAIIMOHAPHOTO XapaKTepa «Bepe-
HUI. Bo3MOXHO, /U1t ykazaHHBIX 18 rajlakTUK NepBUYHBIM MEXaHU3MOM (HOpMHU-
pPOBaHUS «BEPEHULBD B 3BE3AHON KOMIIOHEHTE SIBJISIETCSA CaM 3BE3HBIN TUCK, YTO
HE MCKJII0YAeT 3aTeM MapasuieabHON paboThl Ta30JUHAMHUYECKOT0 MEXaHU3Ma.

MonenupoBaHue JUHAMUKH CaMOCOTJIACOBAaHHOTO 3BE3[THO-TA30BOT0 JHMCKA
TaK)Ke JEMOHCTPUPYET (POPMUPOBAHUE TPAHZUEHTHON CHCTEMBI «BEPEHUID», KO-
TOpbIE BBIIEISAIOTCS HA HEMPOJIOJKUTENBLHBIX HHTEpBajIaX BPEMEHU Ha (OHE pa3-
BUTOM CIIMPAJIBLHOM CTPYKTYpPbI B 3BE3JHOM U ra3oBou noacucremax. Ha Havaib-
HOM 3Tare nocie (GopMUpPOBaHUS CHUPATIBHOIO y30pa BEPEHHUIIBI HAOJIOMAOTCS
yaiie, co BpEMEHEM YacTOTa MX MOSBICHHUS yMEHbIIAeTCs. DTO, MO-BUIUMOMY,
00BsicHsIeTCSl 60JIee MOLIHBIM CIHUPAIbHBIM Y30POM IIOCJIE€ €r0 BO3HUKHOBEHHS B
pe3ynbTaTe IpaBUTAMOHHOW HeycToMunBOCcTH. CO BpPEMEHEM AaMIUIMTYZAA CIIH-
pajbHOM BOJIHBI MTAJAET MIPEXK/IE BCETO B 3BE3AHOM JHCKE. HacToTa NMOsBIEHUS Be-
pEeHULL B ra3e B cpeiHeM B 2—4 pa3a BblllE, YyeM JUIs 3Be3]1. [losBiieHne BepeHUI] B
ra3e M 3Be3/laX, Kak MpaBUJIO, HE SIBISETCS OJHOBPEMEHHBIM, XOTS nMeercs 3¢-
(eKT coriaacoBaHHOTO MX MOsIBICHUS. YHCIEHHBIE HKCIEPUMEHTHI HE MO3BOJISIIOT
OOHapYX UTh YETKYIO KOPPEJSLUIO, YKa3bIBAIOIIYIO, YTO BEPEHUIIbI B ra3€ BbI3Ba-
Hbl BEPEHUIIAMHU B 3BE3JHOM KOMIIOHEHTE, JIMOO HA0OOPOT, YTO MPUUYUHON Bepe-
HUII B 3B€3/THOM JIMUCKE SIBJISIIOTCSI BEPEHUIIBI B Ta3e.

PaGota BeImoHEHA TPU YacTUUIHOM noaepxke rpanTa PODU 16-02-00649.
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FORMATION OF COMPLEX ORGANIC MOLECULES IN COLD CLOUDS:
THE IMPACT OF STOCHASTIC EFFECTS IN GRAIN SURFACE CHEMISTRY
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We show that discreteness of chemical reactions on surfaces of interstellar dust grains has an
appreciable impact on the abundances of complex organic molecules (COMs) in cold (T~10 K)
prestellar clouds, both in the gas phase and interstellar ices. Stochastic effects that occur due to
discreteness of chemical reactions on interstellar grains cannot be properly taken into account
via rate equations-based models that are a standard in modern astrochemical simulations. In-
accuracies in the values of modeled abundances of COMs obtained with rate equations-based
models can exceed an order of magnitude in comparison to the values calculated with rigorous
Monte Carlo models.

CnoxHble OPraHUYECKHE MOJIEKYJIbI B MOCIEAHUE TOJbl OOHAPYKEHBI B PsIfie
xomomubix (T~10 K) temubx (Ay~10 mag) miotasix (Ny>10" cvM ™) mMomexysmsip-
HBIX 00JIaKOB M J103Be31HBIX sjep [1-3]. Takum oOpa3oM, MOSBUIUCH CBHICTEITb-
CTBa TOTO, YTO OpraHUYECKasi MaTepus 3apoxkaaeTca B ['amakTUKe ykKe Ha CaMbIX
paHHUX CTaIUAX 3Be37000pa3oBaHus. B Hacrosiee Bpems MOJCTUPOBAHUE XU-
MUYECKON BOJIONNUNA O0OBEKTOB MEXK3BE3THON CPEIbl, KaK MPABUIIO, BBHITTOIHICTCS
C HCIOJIb30BAHUEM YHCIIEHHBIX KOJIOB, PEANM3YIONIUX TaK Ha3bIBA€MbId METO]]
XUMHUYECKUX OaslaHCHbIX ypaBHeHUU (XBY). DddekTuBHOCT U KOPPEKTHOCTH
JTAHHOT'O TMOJX0/1a JOoKa3aHa il XUMUUYECKUX MPOIECCOB B raze, OAHAKO MPH MO-
JETUPOBAHUU XUMHUYECKUX IMPOIECCOB HA MOBEPXHOCTU MEK3BE3JAHBIX MBLUICBBIX
yactull MeTol XbY npumennm He BO Beex ciiyvasx [4]. OnHUM U3 TaKUX CIy4acB
SBJIICTCSI TIPOTIECC TUApHUpPOBaHUS MOeKyabl CO u pagukagoB Ha MOBEPXHOCTH
MBUIEBBIX YaCTHIl B CJIy4dae, KOT/1a CKOPOCTh TUJIPUPOBAHUSI MPEBBIIIAET CKOPOCTh
aKKpeLMy BOJIOPOJa M3 raza Ha mbllb [S]. B 3TOM pexxume cpeaHee colepkaHue
aTOMOB BOJOPO/Ia, YYaCTBYIOIIMX B PEAKLUMAX THAPUPOBAHUS, B pacueTe Ha OJIHY
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NBUIEBYIO YaCTHUILy MOXKET OITYyCKaThCsl HIXKE €IMHMIIBI. B 3TOM pexume TUcKpeT-
HOCTh XMMHUYECKUX PEaKLMi CTAaHOBUTCS CYIIECTBEHHBIM (DAKTOPOM, y4eT KOTO-
poro HeoOxoauM npu MoaenupoBanuu. Meronx XBY B aTom cinyuyae naetr HEKOp-
pPEKTHbIE pe3yabpTaThl. KOppEeKTHBIE PE3yNbTaThl MOJEIUPOBAHUS B 3TOM Cllydae
MOTYT OBITh TIOJTYYEHBI C UCIIOIb30BaHueM MeToia MonTe-Kapio, peamsyroiero
anmroput™ JDxmmiectin (Gillespie), mosBossiromuii yuects croxacTHueckue 3¢-
(eKThl B XUMUYECKUX PEarupyromux cuctemax [6].

H2CO HCOOCH3 NH2CHO
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Puc. 1. OTHOCHTENIEHBIE COIEPIKAHUS CIIOKHBIX OPraHMYECKUX MOJICKYJ METHI(POpMHATa
(HCOOCH3) u dopmamuna (NH,CHO), a Takke Monekylsl-ipeKypcopa (opMaiibaernia
(H2CO) B X0710,{HOM J03BE3THOM SIAPE (nH=2><lO4 CM_S, T=10 K), paccuntanHbie ¢ UCIIOIH30BaA-
HUEM XUMHYECKHX OANaHCHBIX YpaBHEHHU (CUHSIS JuHUsA) U MeToaa Moute Kapno (uepHas mu-
HUSA).
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Puc. 2. OtHOCHTEIIBHEIC COACPIKAHUA CIOKHBIX OPraHUYCCKUX MOJICKY]T ANMMETHUIIOBOIO

spupa (CH30CH3) u merunpopmmuara (HCOOCH3) B neasHbIX MaHTHUSX NBUIEBBIX YacTHII,
paccUMTaHHbIE ¢ UCIOJIb30BAaHUEM XMMHMUECKUX OaJlaHCHBIX YPAaBHEHUH (CUHSAS JIMHUS) U METO-
na Monte Kaprno (uepnas nunus). [Ipeduke ‘g’ o3Hagaer, 4TO MOKa3aHO COAEPKaHUE MOJIEKY-
JIBI B JIEASTHOM MAaHTHHU MBUIEBONA YaCTHIEL.
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Puc. 3. OtHocutenbubie conepkanus pagukanos HCO n CH20OH B nensHbIX MaHTHAX
IBIJIEBBIX YACTHL], PACCUYUTAHHBIE C MCIIOJIB30BAHMEM XMMUYECKUX OalaHCHBIX ypaBHEHHUH (CH-
Hsis TuHUA) 1 MeToaa MonTe Kapro (depHast nuHus).

JIJis OLleHKH BIMSIHUSI CTOXACTHUECKUX 3((HEKTOB HA pe3yiabTaThl MOACIUPO-
BAaHMUS COJEPKAHUM CIIOKHBIX OPraHMYECKHUX MOJIEKYJ MbI BBIITOJIHHWIM PacUEThl
XAMHUYECKOMN 3BOJIIOLUM B XOJIOAHBIX J03BE3AHBIX siapax merogom XbY u mero-
noM Monte Kapio. Pe3ynbrarsl MOneNIUpoOBaHus [JI1 HEKOTOPBIX OPraHUYECKUX
MOJIEKYJ, @ TAKKE€ UX IMPEKYPCOPOB — PATUKAIOB B ra3e W B JEASIHBIX MaHTHUAX
NBUIEBBIX YaCTHUII, TPUBEJACHBI HA pUCYHKAX 1-3.

Mpb1 00HapYXWIH, YTO PE3yIbTaThl MOJETUPOBAHUS COACPKAHUNA CIOMKHBIX
OPraHUYECKUX MOJIEKYJ U UX IMPEKYPCOPOB B XOJOJIHBIX SAPAX, NOJIYYEHHBIE ME-
togamu XbY 1 Monte Kapno, cylecTBeHHO pa3nuyaroTcs B CIIy4ae BKIIOUCHUS B
MO/IeJIb KBAHTOBOT'O TYHHEIMPOBAHMS KAK MCTOYHMKA MOOMJIBHOCTU JIJIi aTOMOB
BOJIOPOJIa HA TOBEPXHOCTH NbLIEBBIX YacTull [7]. Coaep:kaHusi OPraHU4eCKUX MO-
JIEKYJI M MX IPEKYPCOPOB B ra3ze okasbiBaercs Bbille Ha 0.5 — 1 nopsaok Beau4u-
HbI B pacu€re meTtonoM MoHTte-Kapiio 1o cpaBHEHHIO C pe3ysibTaTaMH, ITOIYYEH-
HeiMH MeToioM XBY (Puc. 1). Conepskanusi OpraHU4eCKUX MOJIEKYJ B XOJIOTHBIX
MAaHTHUSAX MBUIEBBIX YaCTHL, MOJy4YeHHbIE MeTooM MonTe-Kapno, Takxe okasbl-
BAIOTCS BBIIIE COAEPKaHUM, MOTydYeHHBIX MeToaoM XBbY Ha 1-3 mopsigka Benu-
yuHbl (Puc. 2). Mbl nonaraeM, 4to pa3nuyus B Pe3yJibTaTax BbI3BAHBI EPEOLICH-
KO CKOPOCTH THAPUPOBAHUS PAAUKAIOB-IIPEKYPCOPOB CIIOKHBIX OPTaHUYECKHUX
MOJIEKYJ B PEAKLUIX HAa MOBEPXHOCTH IBUIEBBIX YACTHUI MPU PACUETAX METOIOM
XDBY 1o cpaBHEHHIO ¢ KOPPEKTHBIMU OLICHKAMH, ITOIy4aeMbIMU METOA0M MOHTe-
Kapno. [lepeonienka CKOpOCTH TMAPUPOBAHUS PATUKAIIOB IPUBOJUT K 3aHUKECHUIO
ux koHueHTpauuit (Puc. 3) u, cienoBaTenbHO, K HEIOOIIEHKE CKOpoCcTel (hopmu-
POBaHMS CJIOKHBIX OPTaHUYECKUX MOJIEKYIL.

ITonydeHHble IPYU BBINIOJIHEHUU HCCIICLOBAHMS PE3YIbTaThl IIO3BOJIAIOT Ce-
JaTh BBIBOJ O B&XKHOCTH yueTa JUCKPETHOM MPHUPOJABI U CTOXAaCTUUYECKUX IPPeK-
TOB B XMMHMYECKHUX IPOLIECCAX HA MOBEPXHOCTU MEXK3BE3JHBIX IBLJIEBBIX YACTHUII
IPU MOJICTTUPOBAHUM 00PA30BaAHUS CIOKHBIX OPTaHUYECKUX MOJIEKYJT B XOJIOAHBIX
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n03Be3AHbIX sApax. [lomydyennsie MeTogoM MonTe-Kapio pe3ynibTraTbl HO3BOISIOT
ceNaTh BBIBOJ O TOM, YTO HAKOIUIEHUE OPTaHUYECKUX MOJIEKYJI B 3HAUUTEIbHBIX
KOJIMYECTBAX B JIEASHBIX MAHTHSIX MBUIEBBIX YACTHIL] IPOUCXOIUT YXKE B XOJIOAHBIX
N03BE3AHBIX sAIpax. KOHIEHTpaly OpraHu4ecKuX MOJIEKYJI B XOJIOAHOM T'a3e He-
CKOJIBKO BBIIIE, ITOJIy4eHHbIE METOAOM MoOHTe-Kapiao HECKOJIBKO BBILIE, YEM I10-
JaydeHHble MeTooM XBY. DTOT pe3yapTaT NO3BOJISIET MPEAIOI0KHUTh, YTO HEKO-
TOpasi HEJIOOLEHKa OOMIINK OPraHNYeCKUX MOJIEKYJI B COBPEMEHHBIX MOJENAX XO-
JOMHBIX sfep [8] MoxkeT ObITh CBS3aHA C OTPAHHMYCHUSMH METOJa XUMHYECKHUX
OaJlaHCHBIX YpaBHEHUH, UCIIOJIb3YEMOI0 B 3TUX padoTax.

[IpencraBnennas paborta mogaep:xkaHa ¢ougom ERDF B pamkax mpoekra
«Physical and chemical processes in the interstellar mediumy», Nel.1.1.1/16/A/213.
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ANALYSIS OF SEGMENTS OF SPIRAL ARMS OF THE GALAXY TRACED BY
CLASSICAL CEPHEIDS

Veselova A.V., Nikiforov I.1.
SPbSU, Saint Petersburg, Russia

Applying the likelihood-based spatial modeling of spiral arm segments of the Galaxy, we inves-
tigate the morphological structure of the Galactic spiral pattern. We propose a new technique of
visualization and testing of multi-segment model quality. Our analysis results in tracing a new
segment in the outer part of the Galaxy. Addition of this segment leads to better agreement be-
tween the model and observations. Results obtained for models with different number of seg-
ments are discussed.

Panee mHamu ObLT MpeIOKEH U alTpOOMPOBAH HOBBIN MOAXO K OMIPEICTICHUIO
paccrosiHus 10 1eHTpa ["amakTtuku (R, ) MO r€OMETPUU CETMEHTOB CHUPAIbHBIX

PYKaBOB, TOKa3aBIIUA CBOIO pabOTOCTIOCOOHOCTS [1,2].

[TozmHee Mbl pazpaboTany B paMKax METO/a HarOOJBIIETO MPaBAOIOA00S
(MHII) cTraTucTiyeckn KOPPEKTHBIN AJITOPUTM IMPOCTPAHCTBEHHOIO MOJAEINPOBA-
HUSI CECTMEHTOB PYKaBOB | alakKTHKM C y4€TOM AMCHEPCHH IONEPEK PyKaBa U He-
OTPECNIEHHOCTH TEIUOLICHTPUUECKUX PACCTOSIHUM, HE TpeOyIomuil >KeCTKON
IOPUBSI3KH 00BEKTA K ONPEJEICHHOMY CerMeHTy. B mpocreiiiiem cityuae Kaxabli
CEerMEHT MpeJCTaBisieTcs jJorapudMuyueckoil Mozenplo ¢ mapaMmerpamu R, (pac-

crossaue ot ComyHna 1o mneHrpa [amaktukm), k =tg(i) (TaHTeHC yria 3aKpyTKH) U
X, (abcuucca TOYKH TMEPECEYCHUS] MOJEIbHBIM CErMEHTOM JIMHUU UEHTP—

AHTHULICHTP raHaKTI/IKI/I, OTCUHUThIBACMaAsA OT COJIHI_Ia B HaIIpaBJICHUKW Ha HCHTp).
3HaueHue Ro CUUTACTCA OJMHAKOBBIM AJII BCEX CEIMCHTOB.

B nacrosmell padoTe BBINOJHAETCS CTPYKTYPHBIM aHAIU3 3JIEMEHTOB CIIH-
panbpHOTO y30pa ["amakTuku mo JaHHbIM O Kiaaccudeckux nedennax [3]. Panee mbl
NPEMIOKWIN aJTOPUTM, TO3BOJISIOIIMI TPOBOJINUTH IIE€PBOHAYAIBHOE Pa3/IEICHUE
00BEKTOB Ha CETMEHTHI C MOCIEAYIONINM UTEPATUBHBIM MEPENPUITUCHIBAHUEM Ha
OCHOBE TPUHLHMIIA pa3/eleHUs] BHIOOPKH Ha 0a30BYI0 M CIOpHYKO YacTu. st
KJIACCUYECKUX LeQen1 10 MUHUMYMaM paclpeaeaeHus IO3UIMOHHOTO ITapamMeTpa
X, TpU pa3lInyHbIX OPOOHBIX R, ObUIM BBIJEIEHBI CEMb CETMEHTOB pyKaBOB. B

HacToALIeH paboTe s NaHHOW Mojaenu ObUT UCCIIEOBaH BOMPOC O HAIUYUH IIe-
PEMEHHOCTH yTia 3aKpyTKH CerMeHTOB. B oOmacTu, mpencTtaBieHHON IaHHBIMH,
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IIPU COBMECTHOM MOJEJIMPOBAHNUN CEMU CETMEHTOB 3HAYMMBIX IPOU3BOIHBIX yIJla
3aKpPYTKU HE BBISIBJIEHO, YTO JAET OCHOBaHHUE B JaJIbHEHIIEN paboTe ¢ JaHHBIMU
[3] mOKa OrpaHUYUTHCA MOAEIISIMU C IIOCTOSIHHBIMU YIJIAMH 3aKPYTKHU.

Hamu 6b11 pa3paboTan MeTOJ BU3yalIM3allMi U TECTUPOBAaHUS KauecTBa (Ha
OCHOBE CTaTUCTUKH y° ) MHOTOCETMEHTHOW MOJIEH CIIUPATHHON CTPYKTYPHI C HE-

OJIMHAKOBBIMH yTJaMHU 3aKPYTKH CETMEHTOB IyTEM CpPAaBHEHMS HAOII0AAeMOro U
MOJIEJIBHOTO pACTPEAENICHHs X C YUYETOM OIUOOK PACCTOSHUNA. DTUM METOJIOM

CPaBHUBAJIMCh MOJENIN C PA3HBIM KOJIMYECTBOM CEIMEHTOB, B YAaCTHOCTH, IMpHU
o0beIMHEHNN CErMEeHTOB pykaBa Ctpenblia 1 MecTtHOro pykaBa. beumu paccmot-
peHsl ueTbipe BapuaHnTta: 1) MectHblil pykas, pykaBa Ctpenbua 1 u 2 (Loc, Sgrl n
Sgr2 na Puc. 1) otnenensl npyr ot apyra, 2) pykasa Ctpenbua | 1 2 00beIUHEHBI,
3) oobeaunensl MecTHbIN pykaB u pykaB Ctpenblia 2, 4) Bce TpU CerMeHTa 00be-
JIMHEHBI, KaK 3TO caenaHo B [4]. [lepBoHauanbHO 10 KpuTeputo coriacus Ilupco-
Ha ObUIM OTBEPrHYThI BCE BapUaHTHI Mojenel. JleTalbHblil aHanu3 pacrpezaele-
Huil X, (Ha Puc. la Takoe pacnpezeneHnue npeacTaBieHo 1y Moaenu 1) nmokasai,

YTO MPUYUHOM 3TOTO SBJSETCS HEYUET €II€ OAHOTO TOHKOTO CETMEHTA, HA3BAHHO-
ro HamH «pykaB BHemHuii 1a» u pacnoyioxkeHHOro Mexay pykaBamu BHemHuMm 1
u Braemnum 2. [locne moGaBieHUsT ’TOTO CETMEHTAa MOJIEIN 2 U 3 MO-TIPEeKHEMY
OTBEPraroTcs, OAHAKO Mojienu 1 1 4 MOTYT ObITh MPHUHSITH HA OCHOBAHUU KPUTE-
pusi corniacusi, o0yagas OJM3KUMH BEPOSITHOCTSIMH ClydailHOU peanmzariuu. Co-
noctasienue Puc. 1a u 1b mokassiBaeT nmpeANnoOYTUTEIFHOCTh BOCBMHUCETMEHTHON
MOJIEJIN 110 CPABHEHUIO C CEMUCETMEHTHOM.

[Tocne uckioyeHus: AByX 0OBbEKTOB pykaBa BHeliHero 2, sBISIOMIMXCS BbI-
Opocamu, ONTUMHU3AIMS MapaMeTPOB BOCHBMUCEIMEHTHOW MOJENIU MpHUBeia K
OLIEHKe R,=6.90+0.25 knk. Ha puc. 2 MpEeACTaBIICHO paclpeesieHue LIC(bGI/I,II 110

CEerMEeHTaM W CPEHHUE JTUHUW CETMEHTOB I 3TOTO pemieHus. [lepecuer yka3aH-
HOTO pe3yJbTaTa K COBPEMEHHOW KanmuOpoBke d,,, =18.49+0.09[5] maer oreH-

Ky R, = 7.71+0.28 (cTar.) + 0.37 (kanuOp.) KIIK.
OnHako OIleHKa R, CYIIIECTBEHHO 3aBHCUT OT IPEIMOJI0XKEHUS O YUCIIE Cer-

MeHTOB. B ciydae oObenuHenus cerMeHToB pykaBa Ctpenbiia 1 MecTHOro pyka-
Ba (Mozielnib 4) coriacue ¢ JaHHBIMU TaK)Ke YJIYyYIaeTcsl MPU BbIJIEICHUN pyKaBa
Buemnero la, omHako onTMMM3anMs IMApaMeTPOB TOTAAa NPUBOAUT K OLEH-
KeR, =7.70+0.45 KIIK, YTO B COBPEMEHHOI KanHOpPOBKE COOTBETCTBYET 3HAUECHUIO

R, =8.60+0.50 (cTar) + 0.41(kamuOp.) kK. ONEHKN yIiI0B 3aKPYTKHA CETMEHTOB ISt

mozenel 1 u 4 Takke CWIBHO OTiIMYaroTCs. Ha MaHHBIE MOMEHT MBI HE MOXEM
(opMaIbHO TUCKPUMUHUPOBATH 3TU JIBE MOJEIH, JUIsl ITOr0 TPEOYIOTCS 10MOJI-
HUTENIbHbIE HccnenoBanusa. OaHako Mozaens | mpezacrasisgercs 0onee PU3NIHOM,
TaK KaK 0ObEJMHEHHBIN CETMEHT B MOJIETH 4 MOJIy4aeTcs CIUIIKOM IUPOKUM. B
J1000M cilydae 3TOT MPUMEpP MOKa3bIBAeT, UTO JACTAJIbHBIA CTPYKTYPHBIH aHaIU3
Ba)XCH JIJIs1 000CHOBAaHHOCTHU BBIBOJIOB.
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Puc. 1. Pacnpenenenue 3HaueHuit Xs B ciaydae 7 cermeHToB (a), 8 cermenToB (b). Cruom-
HOW JIMHHMEH MOKa3aHa MOJICNIbHAs (YHKIUS pactpeeICHHs] BETUYHH Xs, PACCUUTAHHAS C yde-
TOM HEOIPEIEICHHOCTH MOYJISL PACCTOSIHUM.
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Puc. 2. MojnenbHbIE CETMEHTHI U TPUITMCAHHBICE K HUM IIeEeHabl B CIydyae BOCHMHCET-
MEHTHON MOJIENIM CIOUpPaIbHOIro y3opa ['anmakThku B MPOEKUMHM Ha TIOCKOCTh ['amaktuku. Ilo-
CJIeI0BATENIbHOCTh CETMEHTOB Takasl ke, Kak Ha puc. 1. [lenTp ['anakTuku — nojaoc CerMeHToB
— nokasaH 4€pHbIM Kpyx)kKoM (R, = 6.90knk B opuruHanbHoil mkaie [3]). TpeyronpHuku uso-

OpaxaroT /1Ba OTOPOIIEHHBIX OOBEKTA.

Pa6ora BeinosHeHa mpu noaaepskke PH® (rpant 18-12-00050).
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SMALL-SCALE MODES ON THE BACKGROUND
OF NON-STATIONARY DISC-LIKE MODELS OF SELF-GRAVITATING SYSTEMS

Ganiev' J.M., Tadjibaev? I.U.
! National university of Uzbekistan, Tashkent, Uzbekistan
2 ChSPI Tashkent region, Chirchik, Uzbekistan
ganiev_jakhongir@mail.ru

We suggest that small-scale structural condensations could be formed thanks to the
gravitational instabilities of particular perturbation modes. Instability of the mode with
harmonics N=18, m=16 for a non- stationary disc- like model with anisotropic velocity
diagrams is investigated.

JluckooOpa3Hble CaMOTPABUTHUPYIOIIME MOJICIH Yallle BCETO MPUMEHSOT [1]
K CIIMPAJIbHBIM M JIMH30BUIHBIM T'AJIAKTUKAM, & TAK)KE K CBEPXCKOIUJIEHUAM Tajak-
THK, Ha3bIBAEMBIMH TaKXke «OIuHaAMU» 3enbaoBu4a. B HacTosiiee BpeMs BechMma
aKTyaJIbHO HCCJIEIOBAaHUE MPOOJIEM MPOUCXOKICHHUS W DBOJIONHUH Pa3TUIHBIX
IJIOCKUX CHUCTEM Ha MPUMEPE HECTAlIMOHAPHBIX BAPUAHTOB [2,3] M3BECTHBIX PaB-
HOBECHBIX JUCKOOOPA3HBIX MOJIEIICH.

CtpykTypa e JUCKOOOpa3HBIX TaJIaKTHUK JOBOJLHO MHOTrO0Opa3Ha, B HUX
HAOJIIOMAeTCsl KaK KPYIMTHOMACIITAOHBIE CTPYKTYPBI, TaK U Pa3INIHbIE MEIKOMAC-
mrTabHbeie 00pa3zoBanus. [Iporeccsl GopMUPOBAHUS ATUX CTPYKTYPHBIX 00pa3oBa-
HUU MOXHO OOBSICHUTh HEYCTOMUYMBOCTSIMU KOHKPETHBIX MOJ BO3MYIIICHUH, TaK
KaK OJIHUM M3 OCHOBHBIX (DU3NYECKUX MEXAHU3MOB UX MPOUCXOXKICHUS SBISACTCS
MMEHHO I'PaBUTAIIMOHHAS HEYCTOMYMBOCTS [ 1].

SIBneHKe rpaBUTAIIMOHHOM HEYCTOMYMBOCTH UTPAET BaXKHYIO POJIb B (hOPMU-
POBAaHMM U IBOJIFOLIUU TATAKTUK U UX CUCTEM, BBUY YETO B acTpO(U3UKE €ro UcC-
CJI/IOBAaHUIO BCerja ynensercsi 0ojbliioe BHUMaHue. B Hacrosiee Bpems yxe
BBISIBJICHI MHOTHE BHUJIbl TPABUTAIMOHHBIX HEYCTOMYMBOCTEU [JI paBHOBECHBIX
COCTOSIHUM TPABUTUPYIOIIMX CUCTEM HA OCHOBE M3YUYCHUS JIMHEWHOW TEOPHUM HX
ycroiunBoct [1]. OnHAKO 0 CHX MOP 3TH HEYCTOMYUBOCTH UCCIICAOBAINCH aHa-
JUTUYECKHU B paMKaX CTPOr0 PAaBHOBECHBIX MOJEJIEN IPaBUTUPYIOLIETO AUCKA, TO-
r7la Kak B peajJbHOCTH 3TU MPOIIECChl MPOUCXOAAT HA (OHE SIBHO HEIMHEHHO He-
CTallMOHAPHBIX COCTOSHUM JUCKOBOW mMoJcCHCTEMBI. OTCIOIa BBITEKAET aKTyallb-
HOCTb MPOOJIEMbI TOCTPOCHUSI AHAJIMTUUECKU PEIIAeMbIX HECTAI[MOHAPHBIX CaMO-
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IPABUTUPYIOLIMX MOJEIEH U U3YyUYCHUS SIBICHUS IPaBUTALMOHHBIX HEYCTOMYUBO-
cred Ha (hOHE PTHX HEIMHEHHO HEPAaBHOBECHBIX cocTosiHUU. [Ipuiuio Bpems uc-
CJIETOBaHMs TAaK)K€ MEIKOMACIITa0HBIX BO3MYIICHHM Ha (POHE HECTAMOHAPHBIX
JTMCKOOOPAa3HBIX MOJIETICH.

JIrobast Teopusi MPOUCXOXKIACHHS JTOJDKHA OMUPAThCs Ha HAOIIOJATENIbHbIC
JAaHHBIC M yKa3aTh Ha KPUTEPHUH, MPU KOTOPHIX MOTYT (DOPMUPOBATHCS KOHKPET-
HBIE COCTaBJISIOLIME B HECTallMOHapHOM aucke. [loatomy B nanHoil paboTe Hac
MHTEpPECYET aHAJIM3 HECTallMOHApHOTO aucnepcroHHoro ypaBHenus (HAY) mns
HEJIMHEMHOW MOJIENM AUCKA C aHU30TPONHOM AuarpaMMmon ckopocteit. C 3Toil 1e-
JIbI0 HaMU BbINoOJHEH pacueT H/{Y, monyuennoro HypurnnaoBeim [2], 1u1s cinyyas
MeakoMacmTabHoi Moael M=16, N=18 Ha ¢oHe HecTarMOHapHO# AUCKOOOpa3HOH
MOJENH, KOTOPOE UMEET BUJL

2 Nt 2 2
a W)= N (N=D(N“+N-m“)Dy, +1.2m(N“+N-m“)d
aHN3 N(Nz—l)H3 Nm N N
rac
m_ (N+m-DI(N-m-D!! v
IN = NemuN—mn 0 In= ] Elndyg
Dy = gTEW'\'—ldp—Nd E = I13(y,)S(w, v )a(yrq)
d(cosh) Y1 - WL Ay
d2p P 1+ Acos
Iy =W 1 N-+1 N _ltgh, W = V1
N +2 g(cosh)2 ~ d(cosh) 1+ Acosy

Py (cosh) - nommtuom Jlexannpa,

(cosc,u +/1)(cosz//1+i) +(1- /12)sm wsin Wl
1+ Acosw)(1+ Acos l//l)

HeycToiunBOCTb 3TOM MOJ1bI KOJI€OaHMs TPUBOJAUT K (POPMHUPOBAHUIO CTPYK-
Typbl U3 MEJKUX CTyCTKOB Marepuu (puc. 1). HeycToitunBocTh HauMHaeTcs co

3HAYCHUS BUPHUATBHOTO MapameTpa (z%ua ~ 0,066 u noxomut no 0,11, TO ecTh
0

3dHUMACT BCCbMa MAJIYIO O6J'IaCTB, YTO YKa3bIBaA€CT HAa YMCHBIICHHC obmacTu ¢
POCTOM CTCIICHU MEJIKOMAaCIITaOHOCTH.
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Puc. 1. 3aBUCMMOCTh MHKpPEMEHTA HE- Puc. 2. Kpurtuueckas 3aBHCUMOCTH

YCTOMYHUBOCTH OT BUPHUAIILHOTO IIapaMeTpa.

BUPUAJIBHOIO OTHOLIEHUSA OT IapamMerpa
BpallCHUS.

OTcroa MOKHO SIBHO HAOJIIOJAaTh POCT 00JIACTH HEYCTOMYMBOCTH TI0O MEpe
YBEJIMYEHHMS 3HAYEHUS TapaMeTpa BpauieHus (puc. 2).

PaGora BeimonHsiack B pamkax rpanta Ne @-2-13 MunucTtepcTBa HHHOBA-
1uu Pecriybnvku V30ekucras.
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TWO NEW MODELS OF AN ELLIPTIC GALAXY
AND ITS DYNAMICAL PARAMETERS

Gasanov S.A.
Lomonosov Moscow State University,Sternberg Astronomical Institute, Moscow, Russia

On the basis of the developed two new models, potentials and dynamic parameters of an inho-
mogeneous elliptical galaxy (EG) are calculated. According to these models, the EG together
with the halo is considered as a two-layer inhomogeneous triaxial ellipsoidal body. The inner
layer, the luminous part of the EG, is an inhomogeneous triaxial ellipsoidal body in which the
baryon mass predominates. The law of distribution of the density of the luminous part of the EG
is the so-called "astrophysical law". The outer part is an inhomogeneous spherical or ellipsoi-
dal (homeoid) layer in which the dark matter predominates. A version is also investigated where
proportions of dark and baryonic matter in the inner layer are comparable. To obtain accurate
results, the potentials both of the luminous part of EG and of the spherical layer or the homeoid
are not decomposed in an infinite series, but their exact expressions are used. Equilibrium is
established and the Peebles-Ostriker stability criterion is satisfied in such dynamic system. The
results are applied to ten elliptical galaxies.

CornacHoO CO3[JaHHBIM JBYM HOBBIM MOJENSIM SJUIMOTUYECKOW TAIAKTUKH
(3I'), oHa BMecCTE ¢ rajo NpeacTaBisieT co00i ABYXCIOMHOE HEOJHOPOIHOE TPEX-
ocHoe aumnconaanbHoe Teno [1]. Cuurtaercs, uro rago DI orpanudeHo b0
cthepoil paguyca, COBIMAIAIONIETO ¢ paanyc-mkaion DI, mubo >Iuncon anabHON
MOBEPXHOCTHIO ¢ OOJIBIION MOJIYOChIO, paBHOM ee paauyc-mkane. [Ipu sTom BHYT-
peHHuit crnoit — ceetsamasics yacte O (CU OI') mpencraBnsieT co6oit HEOTHOPOI-
HOE TPEXOCHOE AILIUTICOMIAIEHOE TEJI0, B KOTOPOM TpeodiiaiaeT OapuoHHas Mac-
ca. BHemHss yacTh sBiseTcs 1160 HEOHOPOAHBIM cepuueckum cioeM (Moaens
3), 1100 HEOTHOPOIHBIM IILTUTICOMTATBHBIM ciioeM (Mogens 4), B KOTOPBIX Tpe-
obnamaet temuas marepusi (TM). Ecnu snunconianbHelil ¢oii (TOMeou1) sSBIIs-
€TCs OJTHOPOJHBIM, TO TaKyK MOJENb OyneM cuutath Mogenbto 2, eciu ke Ol
COCTOUT TOJIBKO U3 CBETsALIEH YacT, To Mojensto 1. Bo Bcex Moaensix cuuraercs,
yto CY OI' obnanaer «actpou3n4ecKuM 3aKOHOMY paclpeneseHus MIOTHOCTH.
Takoe Ha3BaHUE CBA3aHO C 3AKOHOM PaCIIPENEIEHUS IOBEPXHOCTHOU SIpKOCTH DI,
OTKpBITBIM Xab0som [2—4]. Jlyist BHenHero ciost B Mojenu 3 6epeTcst 3aKoH pac-
npenenenus wiotHoctd TM wiu npodusie NFW [5], a B Moaenu 4 — ero ananor
[1]. B xuure [6] paccmaTpuBaeTcsl 3aKOH pacmpenesieHus mioTHocTu TM Oosee
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obmiero Buaa, M3 Kotoporo Jierko nosy4datrorcs npodunu NFW, [Isuena [7],
Hxadda [8] u XepukBucra [9].

OctanoBuMcs Ha MoJielsiX 3 U 4, KOTOpbIE OyZeM cunuTaTh Oosee OIM3KUMU K
COBPEMEHHBIM MPEACTABICHUAM O CTpyKType OI'. B 3TUX Mozensx, B 3aBUCUMO-
¢t oT Hanmmuust TM Bo HeHTpasbHBIX 00JacTsax O, paccMaTpuBalOTCs J1Ba Bapu-
aHTa. BapuaHT a): ocHOBHas 4actb TM HaxoguTcs BHe cBeTsAuieiics yactu Ol
[10], u BapuanT b): conepxkanue TM Bo BHyTpeHHHX oOjacTsx DI cpaBHUMO ¢
conepxanueM 6apnoHHoOM Macchl [11-12]. B 06enx Moaensx yCIOoBHBIE TPaHUIIBI
cBeTsleicsa yactu Ol onpeaenstorcss o 3HayeHUsIM BemuuH Djs u Rys, mpuBe-
JICHHBIM B KHHTE [13].

Kak cnpaBegnmuBo otmeueHno B [10],mpupoga TM HeusBecTHA W HET SICHOTO
NOHUMAaHUsl (PU3NYECKON ee B3auMOCBS3M C HAOJII0AEMbIMU ACTPOHOMHYECKUMU
oObekTamu. TeM He MeHee, €€ HaJIM4Me B rajlaKTUKaX MPU3HAETCS U MOATBEPK/Ia-
eTcsi KOCBEHHO. B nmanHOI paboTe cpaenaHa emie OAHA MONBITKA HCCIEAOBATH
BiusgHue TM Ha KUHEMAaTHKy U JUHAMHUKY MAaCCUBHO-TPABUTHUPYIOIIETO Teja
(II'T) u mocTpoeHsl MoJenu ABYX TUIOB DI BMecTe ¢ rajao, KOTOpbIE HE MOTYT
MPETEHI0BATh HA MOJHOTY OXBaTa mpoosaemMbl TM B 11€710M.

Ha ocHOBe CO3JaHHBIX ABYX MOJEJIEM TaKKe paccMaTpUBaeTcs 3ajaya o
MPOCTPAHCTBEHHOM JBUXEHUM mnaccuBHO-rpaButupyromero tena (III'T) BHyTpu
takou ramaktuku. ITox III'T 6ymem mompasymeBaTh 3Be3y WIIM IIEHTP Macc Iia-
poBoro ckorieHus (LLIC), B nBI>KeHUH KOTOPOTO YUUTHIBAIOTCS MIPUTSKEHUS CBE-
Tamencs yactu OI' u chepudeckoro (WM 3IUTMIICOMAAIBHOIO) ciod. B pamkax
ATOM 3a7auM HAaXOJWUTCA aHaJor MHTerpaina SkoOu, ompenensieTcss o0JacTh BO3-
MOxHOCTH ABWKeHHs [II'T m cTposiTCA MOBEPXHOCTH HYJIEBOW CKOPOCTH. YcCTa-
HAaBJIMBAIOTCS TUIl U YCTOWYMBOCTb B CMbICie JIsiMyHOBA HaWJIEHHBIX CTallMOHAP-
HBIX pEIIeHUN — To4ek JubOpanuu. J[jisi moayyeHus TOYHBIX Pe3yJbTaTOB MOTEH-
nuasbl cBerdlleica yacTu OI U clloeB He pasiararorcs B psj, a OepyTcss UX TOY-
HbIE BbIpakeHus [1].

B nacrosmeit pabote Takxke mpearaeTcsi HOBbI CIIOCO0 OTNpeseieHus He-
KOTOPBIX KIIFOUEBBIX AUHAMHUYECKUX mapameTpoB DI Ha ocHoBe 3Tux Mozeneil. K
TaKOBBIM OTHOCSITCA: CPEIHUE 3HAUYCHUS paanyc-mKaibl Ol Iy, IIOTHOCTEH B LIeH-
TPE po U HA TPAHUIIC TaJIO TAAKTHKH ps, @ TAKKE €€ TPEThel MOTyocH D, momHas
rpaBUTallMOHHAs (MOTeHIMaNbHas1) Heprus W u KuHeThdecKkas SHEprusi Bpallie-
HUA T ot HEOAHOPOIHOM DI, MPOCTPaHCTBEHHAS! AUCIIEPCHSI CKOPOCTEN Teff HA pac-
CTOSIHUM 3(P(GEKTUBHOTO pajnyca rajJjakTUKU Reg, a Takke cpeqHee 3HaueHue ma-
pameTpa f U €ro 3HauY€HUE fefr, COOTBETCTBYIOIIEE IP(YEKTUBHOMY paaUyCy ra-
nakTuku. [lapameTp £ urpaer KitoueByro pojib B 3aKOHAX paclpeiesieHus MI0THO-
CTH U MOBEPXHOCTHOM sipKoCcTH XabbOusa [2] u ompexaensiercs s Kaxaon DI ot-
JIeJIbHO BBIpaBHUBAHUEM JIaHHBIX (poToMeTpuu [3].

Omnpenensiercs otHoteHue t = T,of/|W| misa mecsatu DI, ¢ MOMOIIBIO KOTOPOTO
YCTaHaBIIMBACTCSI PABHOBECHUE U YCTOWYHMBOCTh PACCMAaTPUBAEMOUN TMHAMHYECKOU
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cuctembl. st 3TOro HEOOXOAMMO BBITIOJTHEHUE KPUTEPHUS YCTOWYUBOCTH 1<t~
0.14 £+ 0.03 o runorese [Tubnca-Octpaiikepa [14-15].

Tadauua 1. 3HaueHUs MOTHBIX TPaBUTAIIMOHHBIX dHepruit W (B JIK.) ralakTUK ¥ OTHO-
mrenus t = T/|W|, BeruucienHsie coriaacHo monensm 2, 3 u 4. [To moxensim 3 u 4 3T 3HAYCHUS
MIPUBEJICHBI COTJIACHO BapruaHTaM a) U b)

OI' NGC | Monenn W t OI' NGC | Mopenu W T
(x10%) (x 10°)

2 -6.5276 0.0329 2 -1.8549 0.0377

3 a) —1.4285 0.0964 3 a) —0.3933 0.0169

4365 b) -1.5929 0.0865 4621 b) -0.4164 0.0161
4 a) —1.7809 0.0271 4 a) -0.3797 0.0298

b) —2.0082 0.0239 b) —-0.4072 0.0277

2 -10.3009 0.0153 2 -5.8676 0.0278

3 a) —1.8405 0.1034 3 a)-1.1303 0.0698

4374 b) -1.9738 0.0964 4636 b) -1.1904 0.0663
4 a) —2.1277 0.0123 4 a)-1.1491 0.0219

b) —2.3706 0.0112 b) -1.2387 0.0204

2 -4.0789 0.0358 2 -11.4972 | 0.0228

3 a) —0.9887 0.0898 3 a) —2.1662 0.1093

4406 b) -1.1932 0.0745 4649 b) —2.3074 0.1026
4 a) —1.6043 0.0307 4 a) —2.4196 0.0183

b) -1.9161 | 0.0257 b) -2.6527 | 0.0167

2 -12.0667 | 0.0229 2 -1.6251 0.0572

3 a) —2.4397 0.0859 3 a) —0.4243 0.1078

4472 b) -2.7303 0.0768 4697 b) —-0.4566 0.1001
4 a) —3.4095 | 0.0191 4 a)-0.3842 | 0.0451

b) —3.9152 0.0166 b) —0.4078 0.0425

2 -2.1191 0.0256 2 —8.1953 0.0051

3 a) -0.3774 0.0238 3 a) —1.3308 0.0838

4552 b) -0.4372 0.0206 5846 b) -1.4157 0.0788
4 a) —0.6929 0.0224 4 a)-1.6521 0.0041

b) -0.8511 | 0.0018 b) -1.8472 | 0.0037

Kak nmokxazano B TaGnuie 1, naHHbIi KpuTepUidl YCTOMUYUBOCTH BBIMOIHIETCS
JUIsl paccMaTpUBaeMOM JIMHAMHYECKOW CUCTEMbI OTHOCHTENIBHO necath Ol co-
TJIACHO MOJIS)IH 2 ¥ BapuaHTaM a) u b) Moneneit 3 u 4.3aBeJOMO BBITTOTHSICTCS HE-
paBeHcTBO Ilyankape [16] mist naHHOW TMHaAMHU4YecKoW cucteMsbl. Ui onpenene-
HUS OTHOIIEHUS t B KaXJI0W MOJIETN BBIYUCIISIIOTCS MOJHAS MOTEHIUANIbHAS YHEP-
rus W ¥ noJiHasi KWHETHYeCcKasi SHeprus BpameHus Iy B Buge cymm: W = Wy +W,
+Wsu Tiot = T1 +T,. 3necs W u T; — moTeHIIMaabHast SHEPTUs U SHEPTHUs BPAILICHUS
CUY OI' cootBercTBeHHO. [Ipu atom W, u T, npeacTaBistoT coboil MOTEHIINAIb-
HYIO DHEPIrUIO0 U SHEPIrui0 BpallleHHs HeOAHOpPOAHOro chepuyeckoro ciosi (Mo-
nenb 3) wim romeonsia (Moaens 4), a W3 — B3auMHYI0 OTEHIIMATBHYIO SHEPTHUIO
sToro ciost win romeonna u CH OI' cooTrBeTcTBEHHO. JlJi1 BHIYUCICHUS YHEPTUU
BpaieHus T, B Moaenu 3 MOXHO 1M0sb30BaThest GOpMyIIoil, MPUBEIECHHONW B KHU-
re [17], a B ciiyqae Mogenu 4 — B kaure [4]. HeoOxogumbie GopMyIibl 11l BEIYHC-
nenust W1, W, nWs, a Taxxe sHeprum Bpamenus 1; B3saThl u3 [4]. B paborax [18] u
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[19] nmpuBenen sBubIi By sHepruid Wy, W, W3 u T,, T,, BBIYMCIEHHBIX COTJIACHO
BapuaHTtaMm a) u D) mozeneii 3 u 4 (CM. BbIIIE), a TIOJyYEHHBIC PE3YJIbTAThl IPH-
MEHEHBI K JIECATH JJUTUNITUYECKUM TaJaKTUKAM W TIPUBEACHBI B BUJIE PUCYHKOB U
TaOJIHII.
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REDDENING AND EXTINCTION FOR THE GAIA STARS

Gontcharov G.A., Mosenkov A.V.
Pulkovo observatory, Pulkovskoe shosse, 196140, Saint-Petersburg, Russia

We use parallaxes and photometry of the Gaia stars to compare their distribution in the
Hertzsprung—Russell diagram with the PARSEC and MIST theoretical isochrones taking into
account the TRILEGAL and Besancon models of the Galaxy. To take into account the reddening
of stars and interstellar extinction, we use different maps and models including those by Schle-
gel et al., Planck, Arenou et al., Drimmel et al., Green et al., Lallement et al., Gontcharov-2012,
Gontcharov-2017, etc. It is shown that 2D maps by Schlegel et al. and Planck with reddening
estimates to infinity cannot provide accurate reddening estimates for the stars inside the Galac-
tic dust layer, i.e. for the vast majority of Gaia stars. Among the 3D estimates, the ones from
Gontcharov-2012 and Gontcharov-2017 better agree with the theory inside the first kiloparsec,
while Green et al. (version 2018, outside it. Apparently, the reddening and extinction at high
latitudes have been underestimated, being E(B-V)=0.06 for |b|>50 deg on average. The best
estimates of the reddening E(B-V), extinction Av and extinction-to-reddening ratio Rv are pre-
sented as the catalogue 11/354 in the Strasburg Data Center (http://cdsarc.u-strasbg.fr/viz-
bin/Cat?cat=11%2F354&).

Msl nmomectriin 3BE3apI M3 KatajgoroB Gaia DR1 Tycho-Gaia Astrometric
Solution (TGAS) [1] u DR2 [2] ¢ TouHbIMH TTapauTaKcamu (PacCTOSTHUS B3SThI U3
[3]) u doTroMeTtpueit Ha quarpammy [eprmmnpyHra—Paccena BMecTe ¢ TeopeTrye-
ckumu n3oxponamu PARSEC [4] u MIST [5] (Puc. 1), a Takxke BMecTe ¢ Menua-
HaMH TEOPETHUYECKOTO pactpeaencHus 38&31 mo moaenu [Manaktuku TRILEGAL
[6] (Puc. 2). PaccmaTpuBaeMble 3BE3/1bI HAXOAATCS MPEUMYLIECTBEHHO B pajuyce
400 nk ot CosnHia, rae mapamiakcsl Gaia Tounsl. [Ipu 3TOM HCITOIB30BaHbBI OLIEH-
KU TIOKPaCHEHUS M MEK3BE3IHOTO MorioieHus u3 9 kapt u moxediei: [7] (SFD),
[8] (PLA), [9] (AGG), [10] (DCL), [11] (GSF), [12, 13] (G12), [14] (G17) ¢ yué-
TOM TPOCTPAHCTBEHHBIX BapHalliil OTHOIIEHUS TOTJIOMICHUS K MOKPACHEHUIO RV
no kapte [15], [16] (CLY), [17] (SDB) u npsiMbie OlIEHKH MMOKPACHEHHS U3 pac-
NpEeIeTICHUS YHEPTUH B CIIEKTPaxX ATHX 3BE3] MO CHEKTPOCKOMUYECKUM HaOIIo/Ie-
M npoekra RAVE [18] (KKS). HMcnonb3oBansl Takke SFD n PLA, nepecun-
TaHHBbIC HA KOHKPETHOE PACCTOSTHUE 3BE3/bI C MCIOIh30BAaHHEM OApOMETPUIECKO-

ro 3aKOHa pacrpejeneHus nbut [19] B 0gHOM 3KBaTOpUAILHOM CJlIO€ BOJIM3U
Comnama — SFDR u PLAR.
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Puc. 1. 3Bé3ap1 TGAS B paguyce 200 nk ot Connua Ha auarpamme ['—P ¢ yuérom noro-
nieHus U nmokpacHenus u3 (a) PLAR, (0) AGG, (B) DCL, (r) GSF, (x) G12, (e) G17, (x) CLY,
(3) SDB. JluHusMu moka3zaHbl MU30XPOHBI Tt MeTamudHocTd u3 [20]: 4 maper mo PARSEC
(crumomrHast muaus) U1 MIST (myrkTup) ciaeBa HanpaBo it 0.15 (u€pHble, PaKTHIECKH MOTYT
CUMTAThCS HadadbHOW THaBHOW mocnenoBarenbHocThio, HITI), 1 (cuuue), 3 (3enéubie) u 5
mipa. et (kopuaHeBsie); mis 0.01 mupa. et (kpacHsie, PARSEC — mrpux-nyaktup, MIST —
MyHKTHp, TTOKa3aHa 9acTh u30xpoH yesee HI'TI); u mns 2.5 mupa. aer, Z=0.003 (dbuoneroBsrii
MYHKTHP, TMMOKa3aHa 4acTh u30xpoHbl Jepee HI'TI). Kpect — Ttunmunas ommoOKa MoOI0KEHHS
3Be3/1bl Ha JHarpaMMe M3-3a HEOoIpene€HHOCTH mapajuiakca u ¢poromerpun. Br u V1 — doto-
metpus u3 Tycho-2. Buano, uto PLAR, GSF u SDB omu604H0 MOMEIIA0T MHOTO 3BE3]T JIEBEE
u30xpoH 0.01 mupx. net, rae 38€3x ObTh He 10omkHO; DCL 1 CLY mo4ty He MOKa3bIBAIOT 3BE3]
mostoxe 0.15 Mipa. JeT, 9To Tak)Ke He COOTBETCTBYET TeopuH, u 1o cpaBHeHUIO ¢ TRILEGAL u
bezanconckoii monenbio ['amaktuku [21] moka3pIBalOT CIAMIIKOM MHOTO TMTAHTOB cTapuie 5
MJIpJI. JIET B cyOruranToB. Hammydmiee cornacue o6iaka To4ek U M30XpoH BUIHO Wit G17, 9yTh
xyxke — st AGG u G12. He nmokazannbie 31ech rpaduku st SFD, PLA, SFDR cxoxwu c
PLAR, a ms KKS —c CLY.
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Puc. 2. lnarpamma I'-P nns rurantoB B paguyce 415 nk ot Connua (noBépayra Ha 90°
OTHOCHUTEIIEHO OOBIYHOTO MPEACTABICHUS): YEPHBIC KPUBBIC C IITMPOKOM CEPOH MOIOCON — Teo-
petudeckoe nonoxxkenue Ha ocHoBe PARSEC, MIST u TRILEGAL, kpacnas (TémHO-cepasi) u
3e€Has (CBETJIO-Cepasi) KPHUBBIE — MEIHAHBI paclpeesieHust peanbHbIXx 3BE3a s |b[<50° wu
|b|>50°, coorBeTcTBeHHO, ¢ YyuéTOoM morionieHus u nmokpacuenus u3 (a) PLAR, (0) AGG, (B)
DCL, (r) GSF, (n) G12, (e) G17, (x) CLY, (3) SDB. Ilpu coriacuu JaHHBIX C TEOPUEH KpacHas
U 3enEHas KpUBbIE JIOJDKHBI OBITH BHYTPH IIMPOKOH cepoif monockl. Hamyuniee cornacue Bu-
Ho st G12 m G17. He moka3annsie 3aeck rpaduxu ais SFD, PLA, SFDR cxoxu ¢ PLAR, a
st KKS — ¢ CLY.

HexoTopbie pe3ynbTaThl 3TOI0 UCCIIEI0BaHUs onmyOaruKkoBaHbl B [22—-24]. Tlo
HuMm 3HadeHus E(B-V), Rv u Av u3 G17, kak HauOoyiee TOYHBIC, MPHUCBOCHBI
730,496 3B&3nam Gaia B paguyce 415 ik ot CosHIIA U PEACTABIICHBI HAMH B Ka-
tasore 11/354 B CtpacOyprckoii 6aze TaHHBIX.

BriBobI:

1. JIBymepHbIe KapThl MOJHOTO MOKpacHeHUs Ha ocHoBe MK smuccun nbuim
(SFD u PLA) He y4HTBHIBalOT PACCTOSHHUN U MOATOMY HE MOTYT Y4€CTh HEOJHO-
ponHoe pacrpezaenenue neui BOm3u CoinHia. B pesynpraTe oHU 1ar0T ommbo4-
HbI€ OLIEHKU BHYTPH TajakKTUYECKOIrO CJIOS MbUIM, T.€. IJIsl MOAABIISIIOUIETO 0O0JIb-
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mMHCTBA 3BE311 Gala. DTH OICHKU COXPAHSIOT OYCHb HU3KYIO TOYHOCTD M MPH TIe-
pecyéTe MOKPACHEHUS/SMUCCUM C OECKOHEYHOCTHM Ha KOHKPETHOE pPACCTOSHUE
3Be3/lbl C HMCMOJIb30BAaHUEM OapOMETPUUYECKOTO 3aKOHA PACHpECNICHUs MbUIH B
OJITHOM CJI0€ TIPH JIFOOBIX pa3yMHBIX apaMeTpax CJIosl.

2. BHyTpu Ommkaiiliero Kujomnapceka Hauiaydyllee COrJIacue MEXIy Teope-
TUYECKUM U SMIIMPUYECKUM pacrpenencHueM 3BE31 natoT Moaens G12 u kapra
G17, 6naromapsi SBHOMY Y4Y€TY HEOJHOPOJIHOTO PACTIPEICICHUs MBUIH BOJIU3H
Comnnira, a BHe Onrpkaiiiiero kusomapceka - kapra GSF Bepcun 2018 rona, 61aro-
Japsi UCTOJIB30BaHUIO (POTOMETPUH JANEKUX 3BE3I.

3. B BeIcOKuX ramaktuyeckux mmporax (|b[>50°, 3enénbie kpuBbie Ha Puc. 2)
CpeaHee MOKpacHEeHHe, Jaolee HAmTydllee COTJachue MEXIy NTaHHBIMH U T€OpH-
eif, 3aBUCUT OT npuHsATOW MeTaummyHocTH Connna Z: npu Z=0.015 nmeem E(B-
V)=0.06, u Haubonee BepHbl oneHku G17; mpu Z=0.018 umeem E(B-V)=0.04, u
HaunOosnee BepHbI oneHku GSF; mpu Z=0.021 umeem E(B-V)=0.02. Omnako co-
BPEMEHHBIC TCOPETUUSCKUE MOCIH TATOTCIOT K 3HaueHuo Z=0.015.

4. Henocpe/cTBEHHbIE OLICHKU MMOKPACHEHUS U MOTJIOLIEHUS U3 paclpezene-
HUSL DHEPIMU B CHEKTpax ATHX 3BE3/ IO CIEKTPOCKONMUYECKUM HaOIIOJECHUSIM
npoekta RAVE He TouHee OIEHOK, MOJYYeHHBIX MPU WHTEPHOIUPOBAHUHN TPEX-
MEPHBIX KapT ¥ MOJeJiel TOKPACHEHUS U MOTJIOIIECHUSI.
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SOME CHARACTERISTICS OF THE GALACTIC GLOBULAR CLUSTERS BASED
ON A COMPARISON WITH THE THEORETICAL ISOCHRONES

Gontcharov G.A., Mosenkov A.V.
Pulkovo observatory, Pulkovskoe shosse, 196140, Saint-Petersburg, Russia

This is the first study from a series on the determination of the distances, ages and extinction
laws (extinction versus wavelength dependence) for the Galactic globular clusters from the
comparison of their multi-color photometry with the theoretical isochrones. For the globular
cluster NGC 5904 (M5), we use 24-band photometry from the UV to mid-IR range, unprece-
dented in accuracy and richness, presenting the H-R diagram from the tip of the red giant
branch to the red part of the main sequence. The basis of this study is the space-borne observa-
tions by the Hubble, Gaia, and WISE telescopes. We use some new PARSEC, MIST, DSEP and
BaSTI isochrones, for solar-scaled metallicity as well as for higher He and alpha-elements
abundances. Based on spectroscopic measurements, we accept [Fe/H]=-1.33. We obtain: the
distance 7.4+0.3 kpc, true distance modulus (mo—M)=14.60+0.11, age 12+1 Gyr, extinction
Av=0.24+0.05, reddenings E(B-V)=0.054+0.018 and E(J-Ks)=0.050+£0.011. The derived dis-
tance agrees with the commonly accepted 7.5 kpc (in the Harris catalogue), but considerably
deviates from the result of Gaia DR2 (8.8 kpc). A similar effect appears for other Galactic glob-
ular clusters, which may indicate a systematic error of the Gaia DR2 parallaxes of the order of
0.02 mas for this crowded field. The derived extinction law differs from the standard one of
Cardelli-Clayton-Mathis 1989 with Rv=3.1, mainly by much higher extinction in the range from
770 to 3300 nm, i.e. between Gaia DR2 RP and WISE W1 bands. As a result, the true extinction
in the optical range is about 2.5 times higher than the commonly accepted value (Av=0.24 in-
stead of 0.09 from the Harris catalogue). Similar deviations of the extinction law from the
standard one are supposed by us for many Galactic globular clusters.

be3ommnbOo4HbIe TEOPETUUECKUE U30XPOHBI BMECTE C HEKUM MPUHSTBHIM 3aKO-
HOM TIOTJIONICHUS (3aBUCUMOCTBIO MOTJIOUICHHS OT JJIMHBI BOJHBI A) MIPH alllPOK-
CUMHPOBAaHUHM JUarpaMM ILBET — BEJIMYMHA JJISI MHOXeCTBa (POTOMETPHUUECKUX
II0JIOC JTOJDKHBI J1aBaTh [uid mapoBoro ckomuieHus (LC) ¢ ogHOpoaHBIM Hacerne-
HUEM €/IMHOE 3HAUYE€HHE paccTosHUA R, Bo3pacTa, METAJUINYHOCTU U €€ OTKIIOHE-
HUS OT COJIHEYHOM MIKajbl (T.€. HACBILIEHUS TE€IMEM M O-3JIEMEHTaMH), HO CBOE
3HAYEHUS MOKPACHEHUS IS KaKJIOM Maphl MOJ0C. 3aBUCUMOCTh 3THX MOKpacHe-
HUM OT A MOKAa3bIBA€T OTJIMYME PEATbHOTO 3aKOHA MOTJIOIICHUS B HaIpaBiICHUU
IC ot mpunsitoro. [Ipu 3TomM Manblif pa3dpoc HalIEHHBIX TOKPACHEHUI OTHOCH-
TEJIbHO HEKOW TIaJKOW (PYHKIIMH TOBOPUT 00 a€KBaTHOCTH M30XPOH, a COTJIacue
ATUX MNIAaAKUX (YHKUUH IJI1 U30XPOH, OCHOBAaHHBIX HAa Pa3HbIX MOJENAX, MOJ-
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TBEPI)KJIa€T PEATBHOCTh OTKJIOHEHHUS 3aKOHA TMOTJIONIEHUs] OT IPUHATOr0. MBI 1ia-
HUPYEM HaWTH 3TUM METOJOM 3aKOHBI nortomenus s 21 ramakrtuyeckoro HIC ¢

OONBIIMMU pa3HOTJIACHSIMHU B olleHKax mokpacHeHus: NGC 1904, 5272, 5824,
5897, 5904, 6093, 6101, 6287, 6366, 6402, 6584, 6652, 6681, 6723, 6752, 7006,
ESO280-SCO06, IC 1257, Pal 5, Terzan 7, o Cen.
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Puc. 1. [Ipumepsr nByx auarpamm 1BetT — BenuuuHa 11t NGC 5904, Hamnyumias anmpox-
cumanus nzoxponamu DSEP (Bepxuwmii rpaduk, comHeyHas mIKajga METAIMYHOCTH — KENTas,
MOBBINICHHBIA HE u a-31emenTsl — kopuuHeBasi); BaSTI (cpemnuii rpaduk) — crapas Bepcus
(coHEeUHas MIKanxa — CBETIO-3eNEHas], MOBBIIICHHBINH HE U 0-351eMeHThI — TEMHO-3eNEHAs) U HO-
Basg Bepcus (comHeuHas mkaiga — romyobas); PARSEC (awxuuii rpaduk, comHEdHas mIKajia —
¢uonerosast); MIST (HwxHul Tpaduk, comHeuHasl IIKana — KpacHas). Bugna ycremnas an-
MPOKCUMAIIUS M30XPOHAMH BCEX OCHOBHBIX OOyiacTeil nuarpamMmbl. BusmHo Takke, 4To M30Xpo-
HBI JUISI COJTHEYHOM HIKAJIbI ¥ TIOBBIILIEHHOTO cojepkaHust He 1 0-371eMEeHTOB JI0BOJILHO OJM3KH
Ipyr K apyry. HaiiaeHnsie 31ech mokpacuenus BecbMa Benuku: E(F438W-F606W)=0.09+0.01
u E(Grp—W1)=0.150+0.025 B cpenHem.

[Namaktuueckoe IIC NGC 5904 c koopauHaramu (l=15h19m, 0=120°41",
1=3.9°, b=+46.8° (oOmenpuHsThIC 3HaUeHUsI U3 KaTajgora Xappuca [1]: R=7.5 knk,
(m-M)y=14.46, E(B-V)=0.03) BbIOpaHo Hamu Hu3-3a Ooratoii (oToOMEeTpuu, Ha-
NEKHOU METAJUTMYHOCTH, OTCYTCTBUS Pa3/iesIeHNs HA HECKOJIBKO MOMYJISINMI, Ma-
JIOTO TTOKPACHEHHsI, HO Pa3HOTJIaCHid B OIICHKAX MOKpacHEeHUs [2—4]:

E(B-V)=0.006+0.02 5] E(B-V)=0.040+0.03  [9]
E(B-V)=0.015+0.04 [6] E(B-V)=0.066+0.02  [10]
E(B-V)=0.031+0.02 [7] E(B-V)=0.100+0.04  [11,12]
E(B-V)=0.035+0.03 8] E(B-V)=0.120+0.04  [13]
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Puc. 2. 3akoHBI MOTJIOMIEHUS, TOTYYCHHbIE U3 COMIOCTABICHHS JAHHBIX C U30XPOHAMHU (a)
PARSEC, (6) MIST, (8) DSEP, (1) crapas Bepcus BaST]I, (n) HoBas Bepcus BaSTI, (e) APM.
Pesynbratel Hubble n ux anmpokcumanus - kpacubie poMObI U aunus, Gaia + WISE u ux an-
MPOKCUMALIUA - KENTble CHEKUHKH M JIMHUSA C JOTOJHUTEIbHOM CHEXUHKON IS TOJIOCHI
UKIDSS H, ¢poromerpus UBVRI - cunue kBagpatel, potomerpuss SDSS - 3enénsie kpyru ¢ an-
npokcuManuen suauen st APM, doromerpus J u KsS - ¢uoneroBeie kpecthl. [IyHKTHD,
CIUIONIHAST KPWBAsl, [UTMHHBIA TMYHKTUP M IITPUX-TYHKTHP TOKA3bIBAIOT 3aKOH MOTJIOMICHUS
CCM89 ¢ Rv=2.6, 3.1, 3.6 u 5, cooTBeTcTBeHHO. BumHo, uTo Bce Habopsl ¢ manusiMu Gaia +
WISE (k€ntelie 3HaKH) moKa3biBatoT OoJbiioe mokpacHenue E(Grp—W1)=0.15 B cpemHem, u ¢
3THUM XOPOIIO COIJIACYIOTCSI OCTalbHbIE PE3YNbTAThl JJISl 3TUX JJIUH BOJH (OCTAJbHBIE 3HAKHU
Onm3ku K xkEntoit muHuK). IMeHHo 3To obecnieunBaet obmiee Oompinoe mornomenue s NGC
5904 u OTKJIOHEHHE 3aKOHA IMOTJIONIEHUS OT cTaHaapTHoro: noriomeHue B W1 marno, mostomy
E(Grp—W1)=0.15 o3nauaer normomieHue B mosoce Ggrp 0.15, B TO Bpemsi Kak OOIICTIPUHSTOC
E(B-V)=0.03 ¢ Rv=3.1 maér Bcero sums Av=0.09.

Mps1 ucnosib3zoBanu Gotomerputo 6osee 50 Toicsau 3BE3M ckorieHus NGC
5904 B momocax F275W, F336W, F438W, F555W, F606W u F814W npubGopon
HST/WFC3, HST/WFPC2 u HST/ACS teneckomna Hubble [14-17]; Ggp, G u Ggp
teneckorna Gaia [18]; u, g, I, 1, Z 0630pa SDSS [19]; H Tteneckona UKIDSS; J u Ks
teneckorroB NTT u TNG [20]; W1 teneckona WISE v koMmumisiiiuio HaOJIr01eHUIH
B nosiocax U, B, V, R, | [21] — Bcero 24 monocel mexay 244 (yabTpaduosier) u
4071 am (cpennuit uHdpakpacHblif). ITH TaHHBIC HA JUarpaMMax IBET — BEJIUYH-
Ha" anmpOKCUMHPOBAIUCH M30xpoHamu 1o moaensim PARSEC [22], MIST [23],
DSEP [23], BaSTI crapoii Bepcun [24], BaSTI noBoii Bepcun [24] u Momenu
APM [18] — nmpumeps! aanbl Ha Puc. 1. [lpunsta metamnunocts [Fe/H]=-1.33-
+0.06 13 cnekTpockonuueckux HabOmoaeHui [25]. 3aKoHBI MOTJIOMICHHS, MOTY-
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YEHHbIE U3 COMOCTABIICHUSI JAHHBIX C 6 MOJEISIMU/U30XPOHAMHM, MOKa3aHbl Ha
Puc. 2.

BriBobI:

1. HauGonee Bepositabie onenku s [IIC NGC 5904: R=7.4+0.3 xnk, (Mg—
M)=14.60+0.11, Bo3pact 12+1 mupna. ner, Av=0.24+0.05, E(B-V)=0.054+0.018,
E(J-Ks)=0.050+0.011. C oOuienpuHsITEIMEA COTIACYIOTCS BCE ITHU OLICHKH, KPOME
Av u E(J-KS), uTo BBI3BaHO OTIMYHMEM HAOJFOa€MOr0 3aKOHA MOTJIOMICHHUS OT
crangaptHoro [26] ¢ Rv=3.1. HabGmtomaeMbIii 3aKoH OJM30K K CTaHIAPTHOMY C
Rv=4.4 1 NONMOJHUTENBHBIM CEpPbIM (HE3aBUCSALIUM OT JIJIMHBI BOJIHBI) MOTJIOIIE-
HueM okoo 0.03™,

2. Haitnennoe paccrosaue 7.4+0.3 KOk coryiacyercsi ¢ OOIIEHPUHATHIM 7.5
KIIK, HO CHJIbHO oTiiMyaeTcs oT pesynbrata Gaia DR2: mapamiakce 0.1135+0.001
mas, 1.e. 8.8+0.1 xnk, (My-M)=14.7320.02. Gaia DR2 3aBbIiraer 1mo cpaBHEHHUIO C
OOLENPUHATHIMU PACCTOSHUS TTOUTH Uil Becex ranaktudyeckux IIC, yto ropoput
0 cUCTeMaTH4ecKoi ommoOke mapamiakcoB Gaia mis LHC oxomno 0.02 mas.
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INTERSTELLAR POLARIZATION IN THE LOCAL BUBBLE
AND THE GOULD BELT BASED ON GAIA DR2 DATA

Gontcharov G.A., Mosenkov A.V.
Pulkovo observatory, Pulkovskoe shosse, 196140, Saint-Petersburg, Russia

We have compiled the all-sky data on optical interstellar linear polarization from 13 data
sources for 6420 stars without considerable intrinsic polarization from Gaia DR2 within 500 pc
from the Sun. We display these data versus the stellar reddening estimates from five 3D maps
and models. We have considered variations of the polarization degree P, its positional angle 6,
reddening E(B-V), and polarization efficiency P/E(B-V) with the Galactic coordinates | and b,
distance R, and dereddened color. A border between the Local Bubble with lower polarization
and the Gould Belt with higher polarization can be drawn at P=0.1%. P has a maximum at the
mid-plane of the Gould Belt, but not at the Galactic mid-plane. Too high values of P/E(B-V)
from the reddening maps/models of Arenou et al., Drimmel et al., and Lallement et al. in some
regions of space lead us to suggest that the reddening is systematically underestimated in these
cases. The most reliable maps/models show nearly similar dust volume density E(B-V)/R every-
where in the space under consideration. The drop of P inside, compared to outside, the Bubble
together with constant E(B-V)/R, i.e. dust volume density everywhere within 500 pc can be ex-
plained by a much lower volume density of neutral gas, a much higher volume density of ionized
gas, the same volume density of dust, and the same gas/dust ratio inside, compared to outside,
the Bubble. In the Belt, all variations of P and E(B-V) dependent on dereddened color and co-
ordinates compensate each other, resulting in a nearly constant P/E(B-V), including a variation
for different stellar spectral classes. In the Bubble, 6 demonstrates a chaotic behaviour, while
the Belt is dominated by a giant envelope of aligned dust oriented nearly along the Local inter-
stellar tunnel.

Mpb1 00BbeIMHUIN B KpYIHEHIIEH KOMITUIISIUN JaHHBIX TI0 MEK3BEZTHON OII-
TUYECKON JTMHEHHON mojsipu3anuu 6898 3HaueHuil cTeneHu nosjspuzauuu P s
6420 3BE31 u 5742 3HaueHuit mosuiponHoro yria 0 mist 5372 38é3n Gaia DR2 B
paauyce 500 nk ot Counna. /JlaHHbIC TOIAPU3AIUH B3ATHI U3 13 HCTOYHUKOB — [1-
4] u np. Otobpanbl Tounsie u3mepenus (6(P)/P<0.7 wm P=0 npu o(P)<0.04%;
0(0)<20°), TmaTteNpbHO HCKIIOYEHBI 3BE3bI C COOCTBEHHOM mossipuzanueit (120
3831 Be u3 [5], 161 3Bezna ¢ UK u30bITKOM U3 [6] M apyrux myOiauKaiuii, a Tak-
xe 148 3B€37, 3aM0/I03pEHHBIX HAMHU) U MOKa3aHo, 4To u3MepeHus P u 0 u3 pasz-
HBIX UICTOYHUKOB JJIsl OJHUX U TEX K€ 3BE3]] COTJIACYIOTCS, MO3BOJISI OOBEAUHUTH
BCE€ JAHHBIX.
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Tounble mapauiakchl (paccTosiHus B3AThl U3 [7]) U dhoTOMETpHUsl B MOJIOCaX
Ggp u Grp Gaia DR2 [8], a taxxke onenku E(B-V) u3 nsatu HanbOosee TOYHBIX [9—
11] B aTO#1 O6sMIaCTH MPOCTPAHCTBA TPEXMEPHBIX KAPT U MOJAENEH MOKpaCHEHUS
[12-16] (0o603Hauennbix AGG, DCL, G12, G17, u LVV, COOTBETCTBEHHO) C y4&-
TOM TPEXMEpPHOW KapThl MPOCTpaHCTBEHHBIX Bapuanmii Rv=AV/E(B-V) [17] mo-
3BOJIMUIM HaM TipoaHaM3upoBaTh Bapuanuu P, 0, P/R, E(B-V), E(B-V)/R (00béM-
HYIO ITPOCTPAHCTBEHHYIO TNIOTHOCTD Mblin) B P/E(B-V) (3 dexkTrBHOCTD MOIApH-
3alMK) B 3aBUCHUMOCTH OT koopauHat |, b, R u mopmansaoro nsera (Ggp—Grp)o
3B€31. OTMETHM, 4TO nomyJisipHbie KapThl [18-20] HE JaIOT TOYHBIX OLICHOK IO-
kpacHeHus: npu R<300 1k, T.e. 1j1s1 OOJBIIMHCTBA PACCMATPUBAEMBIX 3BE3], U T10-
ATOMY HE UCIOJIb30BAJIUCH HAMU.
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Puc. 1. Pacnipenenenue 3B€31 Brosib koopaumHat XYZ B cnosix (a) —60<Z<60 nk, (6) —
60<Y<60 nk, (B) —60<X<60 mk. 3B&3ap1 ¢ P<0.1, 0.1<P<0.33, 0.33<P<1 u P>1 % mnoxazansI
CUHUMH TOYKAMHU, KPACHBIMH KPECTaMU, 3eNIEHBIMU KBaJpaTaMu U (UOJETOBBIMU CHE)KHMHKAMH,
COOTBETCTBEHHO, a 00JIaCTH UX MPeoOIalaHus — YETHIPhMS TpajaliusaMu ceporo npera. Hanbo-
nee TéMHast obnactb — MecTHblii [1y3bIph, BKIIOUAIONIMNA HEHTPATBHYIO TOJOCTh M «IBIMOXO-
JIbD» B DKBaTOPUAIbHBIX IIMPOTaX 6-TO OKTAHTA, CEBEPHBIX BHICOKUX IIUPOTaX 2-T0 KBaJApaHTa U
IOJKHBIX BBICOKHX INMUPOTax 4-ro kBajpaHnTta. duosneroBas TOJCTast KpUBAs MMOKA3bIBAET KOHTYP
06béMHo# rotHOCTH Na | 1g(NNar)=-9.1 eM™ u3 [21], ¢ koTopsiM KoHTYp P=0.1% X0pomo co-
riacyercs. 3enéHas mpsMas — CpeIHsisl TUIOCKOCTh mosica ['ynga: BUIHO, 9TO 00JacTH MaKCH-
MapHOM P (6emas ToHMpOBKa, 3eIEHBIC M (PHOJIETOBBIE CUMBOJIBI) PACIOJIOKEHBI BIOb [losica
I'ynpa. GC — nanpasnenue Ha uentp ['amaktuku, NGP — HanpaBnenue Ha ceBepHbIii mostoc ['a-
nakTuku. [{udper mokas3piBaOT mosioxkeHue 3BE3NM s opueHtanmu: 1 — berenbreiize, 2 — Ilo-
asipHas, 3 — Ansbupeo, 4 — Anrtapec, 5 — ABuop, 6 — Ty6an, 7 — llayna, 8 — B Ind, 9 — Kanomyc
u 10 — Cnuka.

BriBobI:

1. B Mectaom Ily3pipe crenenp mossipusaiusi P u o0bEMHAs TIIOTHOCTH
HEUTPAJIIBHOIO ra3a B HECKOJBKO pa3 MeHblle, yeM BHe ero. I'panuny I[ly3sips
MO>HO TipoBecTH 1o P=0.1%. O61mast 00bEMHas MIIOTHOCTH Ta3a (HEUTPaIbHOTO U
WOHHM30BAHHOI0), 00bEMHas MIOTHOCTH MUt E(B-V)/R u cooTHomleHue raza u
MbUTH, BUIUMO, HE MEHSIOTCS TIpHU Bbixojie u3 Ily3bips Hapyxy. Takum oOpazom,
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[Ty3bIpb siBiIsIETCSt 00JIACTHIO MOHUKEHHOU MOJISpHU3ALMU, HO HE 00JIaCThIO MOHU-
YKEHHOTO TTOKPaCHEHUS 3BE3]] U MEXK3BE3IHOTO MOTJIOMICHHUS.

2. Crenenp nojsipuzalid P MakcuMalibHa OKOJIO CPEAUHHOW IUIOCKOCTH
[losica I'yna, a HE OKOJIO TAIAKTUYECKOTO 3KBATOPA.

3. Cimumkom Beicokue 3Hadenuss P/E(B-V)>9.3% mo kapram/MomensM Io-
kpacuenus AGG, DCL u LVV nns 17, 18 u 34% 3BE311, COOTBETCTBEHHO, B HEKO-
TOpPBIX OOJACTSIX MPOCTPAHCTBA JHOO 3aCTAaBIISIIOT MOJHOCTHIO OTBEPTHYTH W3-
BecTHbIN «mpeaen Serkowski» P/E(B-V)<9.3% [22], mu6o npu3HaTh CHCTEMAaTH-
YEeCKYI0 HEJIOOIEHKY TOKPACHEHUS TUMH KapTaMH/MOICIISIMH.

4. Bue Ily3sips Bapuaruu P u E(B-V) B 3aBUCHMOCTH OT KOOpAMHAT U IIBETA
3Be37bl KOMIIEHCUPYIOT APYT APYTa, AaBas B pe3yibTare MPUMEPHO MOCTOSHHYIO
P/E(B-V), B Tom uucie u s 38€31 OB u ruranros M.

5. B Ily3bIpe MO3UIMOHHBIN YroJl Mojspu3auuu 0 1 MarHUTHOE T0JIe OPUEH-
TUPOBaHbl XaOTUYECKH, a BHE ero mpu |[b[>30° momuumpyeT rurantckas (Ooiee
300 x 200 x 100 nk) 000I0YKa U3 MBUIMHOK, OPUEHTUPOBAHHBIX BJIOJIb MECTHOTO
Mex3BE3AHOTO TyHHEns (Mexay 1=40° m 1=250°). Ob6nako MapkkaHena [23],
North Polar Spur [16] u apyrue BBICOKOUTUPOTHBIE CTPYKTYPHI SABJISIFOTCS YaCTIMU
ATON 000JIOUKH.

ol ' @) | ' ©)

R“o
T
-

[ B8]

| o S Ay Ty Sl Rty sl L aat P s SR TR e |
=300 =200 -100 0 100 200 =200 -100 0 100 200 300
Z, nK ¢ nk

Puc. 2. Pacnpenenenue noaseioopku ¢ R<300 nk Brosb (a) Z u (0) KOOpAMHATHI MOMEPEK
[Mosica I'ynna ¢, ananoruunoit Z B cucreme koopaunar [losica. 38é31s1 ¢ P/E(B-V)>9.3% mnoka-
3aHbl KpacHBIMU poMmOamu. BuaHo, 4To pacnpeneneHue HeHTpupoBaHo oTHocuTensHO (=0 (T.e.
cpenunaHOM rockocTH [losica I'ynna), Ho nHe Z=0.
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Puc. 3. 3aBucumoctu P, E(B-V) u P/E(B-V) (BepxHsisi, CpeiHss U HUXKHSS CTPOKA, COOT-
BETCTBEHHO) OT HOPMAJbHOIO ILIBETA, IIUPOTHl U JONTOTHI (JIEBBIN, HEHTPAIbHBIA U TPaBbIiA
CTOJIOMK, COOTBETCTBEHHO) I10 IaHHBIM KapT U Mojenel nokpacHenus G17 (cuHui, pe3yapTaTbl
o G12 nmoxoxu), AGG (puoneronsrii), DCL (kpacusbrit) u LVV (3enénsiii 118eT) BHE MecTHOTO
Iy3sipst (R>100 nk). Buase! cymectBennbie Bapuanuu P u E(B-V), koTopbie KOMICHCUPYIOT
Apyr apyra tak, uto P/E(B-V) nmpuMepHO MOCTOSHHA MPH MCIOJIb30BAHUH JIOOOr0 HCTOYHHKA
JJAHHBIX O MOKpacHeHuu. Bumnmo, 310 BepHO U 111 MectHoro Ily3bIpsi, HO HU3Kas OTHOCH-
tenbHas TouHocTh P u E(B-V) BOmm3u CounHila He MO3BOJISIOT caenath it [1y3bips Oonee Ha-
NEXKHBIA BEIBOJI,
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POSSIBLY CYCLIC SPOTTED ACTIVITY OF AM LEO

Gorda S.Yu.
Kourovka astronomical observatory, Ural Federal University, Yekaterinburg, Russia

It is known that the light curves of short-period W UMa- type contact systems are constantly
changing. Currently, the most likely cause of such changes is considered to be the presence of
spots on the surface of their components. Based on the ten-year photometric CCD monitoring of
AM Leo carried out by the author from 2007 to 2017, the presence of a possible cyclic character
of the spot activity, with a period of 7.5 years, was found.

3aTtMeHHO-TIepeMenHast 3Be31a AM Leo (BD +10°2234 A) siisieTcst spKAm
komrnonenToM (V= 9™1-9™7) Busyansno asoiiHoii cuctemsr ADS 8024
(WDS11022+0954) (p=11".4, 6=270°). Buzyansusiii kommonent (BD+10°2234 B)
cnabee AM Leo B Makcumyme ee 6i1ecka Ha 1".48 B gpunwstpe V [1]. Ilepsas goto-
aJIeKTpUYecKas KpuBasi Osiecka mosydeHa B 1956 r. Yopau u Orrenom [2]. OHu
onpeneaii GOToOMETPUUECKUE IJIEMEHThI IEPEMEHHON U KJIAaCCU(PUIIUPOBAIIN €€
Kak 3aTMeHHyIo cuctemy tuna W UMa (P = Od.3658). [lepemenHasi HEOJHOKpAT-
HO UCCJe0BaIach (POTOMETPUUYECKH, C TOMOUIBI0 (POTORIEKTPUUECKUX TPUEMHU-
KOB U3JIy4eHUs ObLIM MOJy4YeHbl MHOTOYHCIIEHHBIE KPUBBIE OJiecKa.

MHor#ue aBTopbl OTMEUAIOT BPEMEHHBIC U3MEHEHUSI KpUBBIX Osiecka AM Leo,
BBIPKAIOIIMECS B BO3PACTAHUH U OCJIA0JICHUU 001Iero 6J1ecka CUCTEMBI, H3MEHE-
HUU TJIyOMH MUHHMYMOB WM TIOSIBICHUU Pa3U4Ms B BBICOTE MAaKCUMYMOB. JTO
MOXKET CBHJIETEILCTBOBATh 00 aKTUBHOCTH Ha MOBEPXHOCTH KOMIIOHEHTOB KOH-
TaKTHOW TECHOW JIBOMHOW CHCTEMBbI — IOSIBJIEHUU U UCUYE3HOBECHHUU SIPKUX U TEM-
HBIX oOyacteii (MATeH), 9yTo xapaktepHo ais 3Be3n tuna W UMa [3]. OtmeTuwm,
yTo y cucteMbl AM Leo 3apeructpupoBaHo O4YeHBb c1a00€ PEHTTC€HOBCKOE M3ITY-
yeHue [4], KOTopoe SIBISIETCS UHIAMKATOPOM XPOMOC(EpHOM M KOPOHApPHOM ak-
TUBHOCTH.

B nepuon ¢ 13.03.2007 no 22.03.2017 aBTopoM ObLIM MPOBEAECHBI (POTOMET-
puueckue HaOmonenus AM Leo Ha teneckorne A3T-3 (D = 0.45 M, Fyewton =
2.0 M) KoypoBckoii acTpoHOMHYECKOH oOcepBaTOpur Y paabCcKoro ¢eaepaibHOro
yauBepcuteta. Mcnons3oBanuck [13C-kamepsr Alta U6 (1024 x 1024, 25 mxm) u
A230-FLI na yume E2V CCD230-42 ¢ oOpatHoii 3acBeTkoit ( 2048 x 2048, 15
MKM). PasHocTu Grecka Ompenessuch OTHOCUTENBHO 3Be3asl BD+10°2235, ko-
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TOpasi TOXKE SIBJSIETCS] BU3yaJIbHO-ABOMHON € pazzaeneHueM 13".3 U npakTU4ecKu
BO Bcex uccienoBanusx AM Leo ucnosb3oBasiach Kak 3Be3/la cpaBHeHus. Bcero
ObUTO MosydeHo nopsaaka 80 yuacTkoB KpuBbIX Osiecka. C caMbIX MepBbIX HAOJIO-
JIeHUW OBUTH OTMEYCHBI HEOOJIBIIINE W3MEHEHUS Ha MOTYYEHHBIX KPHUBBIX OJiecKa
AM Leo, xapaktep KOTOpbIX omucaH Bblle. Ha ocHOBe ananm3a HaOIIOACHMIA,
nosydeHHbIX B 2015 1., aBTOpOM OBLIO MOKa3aHO, YTO BPEMEHHbIE M3MEHEHUS
KPHUBBIX OJIECKA XOPOIIIO OMUCHIBAIOTCS COOTBETCTBYIOIIECH MOJICIBIO TEMHBIX WJTH
rOpsiYMX MSATEH, PaCHpeIeICHHBIX MO0 MMOBEPXHOCTU KOMIIOHEHTOB. [Ipu 3TOM reo-
METpUYECKHEe U (POTOMETpUUECKHE MapaMeTpbl 3aTMEHHOW CHUCTEMBbI OCTaBaJIUCh
0e3 m3MeHeHui [5].

[Ipennonarasi, uro usmenenus 6iecka AM Leo, He cBsi3aHHBIE C 3aTMEHUSMHU
1 3¢GdeKToM NPUWIMBHON JepopMaliiu KOMIIOHEHTOB, BbI3BaHbl U3MEHEHUSIMU
MJIOIIA/IM, 3aHUMAeMOU TSATHAMH, a TakXKe UX TUIIOM (TOpsiuue, XOJOJHbIEC), NS
UCCJIEIOBAHMS XapaKTepa BPEMEHHOM W3MEHUMBOCTHM 3TOTO IMapaMerpa Oblia
MpUMEHEHa METOJ/IMKa, ONMCaHHAas B padote [6]. A UMEHHO, A1 KaXI0W KPUBOH
(ygacTka KpuBO#) OJecka, OJy4eHHOU B OTNIEIBHYIO HOYb, HAXOAMIACH CPEIHSISA
3a HOYb pa3HuIla OJiecka OTHOCUTEIHFHO TEOPETUYECKOW KPUBOM, CHUHTE3MPOBAH-
HOM Ha OCHOBE JIOCTOBEPHO YCTAHOBJICHHBIX 3HAYEHUW MMAPAMETPOB ATOM 3aTMEH-
HOU IBOMHOM CHCTEMBI.

Crnenyer OTMETHUTbh, YTO HAa U3MEHEHUSI BHE3ATMEHHOT'O OJIECKA CUCTEMbI MO-
T'yT BIUSTH, IO KpailHell mepe, emie aBa ¢Gakropa — U3MEHEHHE OJiecka 3BE3JIbl
CpPaBHEHHUS M SKPAHMPOBAHUE CBETA CUCTEMBbI BEIECTBOM, BBITEKAIOUIUM YEPE3
Touku L;, L3, mOCKOIBKY 00a KOMIIOHEHTa 3aIoJIHSIOT (IIEPETOIHSII0T) CBOU T0-
noctu Poma.

B nepBomM citydae kpuBbie 61ecka AM Leo, nonaydeHHbIe B OT/JEIbHbIE HOYH,
YUUTBHIBAsI MAJO€ 3HAYEHUE MEpro/a, MopsaKka 9 yacoB, pacnoiaraiuch Obl LeNn-
KOM HEMHOTO BBIIIIE€ WJIM HUXKE TEOPETHUECKOW KpUBOil Osiecka. CMelleHne UMeio
OBl OIMHAKOBYIO BEIMUMHY JJI BCEX TOUYEK, MMOCKOJIBKY MaJOBEPOATHO, YTO U3MeE-
HeHHUs OJiecka 3Be3NIbl CPABHEHUSI OyIyT TOXKE KOPOTKOMEPHOTUYCCKUMHU, XOTS
MOJIHOCTHIO UCKITIOUUTD 3TO HENb3s. B HaieM citydae HEeKOTOpbIe KpUBbIE Oiiecka
pacrmoJyiaraiich Kak BBIIE, TaK M HIDKE TEOPETUYECKOW KPUBOW Oiiecka, HO B
OOJBIIMHCTBE CIIy4aeB TOJIHKO HEKOTOPBIC yUaCTKM KPHUBBIX OJieCKa MMENU 3Ha-
YUMOE OTKJIOHEHUE OT Hee. JTO JAET YBEPEHHOCTh B TOM, UTO 3BE€3/1a CPABHEHUS
HEe MeHsi1a OJIeCK B mpefenax TOYHOCTH U3MEPEHUH.

Bo BTOpOM ciydae ras, HCTEKarOIMIMN U3 OJHOM U3 BHEIIHUX TOYek Jlarpan-
’Ka, B OOJIbIIEH CTENEHU YKpaHUPOBaJl Obl 0JIECK KOMIIOHEHTOB B TEUCHHUE OJTHOTO
NOJIyIEPUOJIa U B MEHbLIEH CTENEHUW B TEUECHHE JPYroro, m3-3a yObIBAHMS €ro
MJIOTHOCTH IO MEpE paccerBaHus B 0OIYI0 000JI0UKY WM 1aKe BO BPEMEHHO 00-
pa3oBBIBAEMbI HEOTHOPOAHBIN Ta30BbIN TUCK. TakuM 00pa3oM, B TEUCHHUE OJHOU
U3 KBaJpaTyp KpuBas Oyiecka Obljia Obl MOCTOSIHHO HMXKE, YEM B APYIroil, 4ero B
HAITMX HAOJIIOJIEHUSX HE HAOI01aeTCs.
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JIJiss CUHTE3UPOBaHUs TEOPETHUECKONH KPHBOW OJiecka OBLIM HCITOJIb30BaHBI
napametrpbl AM Leo, npuseneHnHsie B padote [S]. CuHTe3 BBITIOIHEH ¢ TOMOIIBIO
nporpammbl PHOEBE [7]. Hyib-myHKT TeopeTUuyecKoil KpuBoil Oiiecka ObLT IpHU-
Bs3aH K AaHHBIM Houer 26.03.2015 u 31.03.2015, xorna kpuBas Onecka mmMena
pPaBHOBBICOKHME MAaKCUMYMbI. BbIOOp 3HaueHus HyJIb-IYHKTa B JaHHOM Cllydyae
0c000ro 3HAUYEHHUS HE UMEET, TaK KakK LeJb BCEH MpoLeayphl — 3aperucTpUpOBaTh
BPEMEHHbBIE, BO3MOXKHO LUKINYECKHE M3MEHEeHMs Oiecka Manoi aMrumrtyasl. K
TOMY € IO JaHHBIM TOJBKO (DOTOMETPUH HEJNIb3s1 OJTHO3HAYHO CKa3aTh, YEMY CO-
OTBETCTBYET, HAIpUMEp, MAaKCUMaJIbHOE CMEIIEHUE HAOII0AaTeTbHON KPUBOU OT-
HOCHUTEJIFHO TEOPETHUYECKOH B CTOPOHY yBEIMUYEHUsSI OJieCKa: TOJTHOMY OTCYTCT-
BUIO TEMHBIX IATEH Ha TTIOBEPXHOCTH KOMIIOHEHTOB WJIM HAJHYUIO OMIPEICTICHHOTO
YHCIIa TOPSYUX MATEH.
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Puc. 1. 3aBucUMOCTh OT BpeMEHHM BHE3aTMEHHBIX M3MeHeHul Oimecka AM Leo; depHbie
KPYXKHU — uibTp V; He3amonHeHHbIe KPYKKU — QuiabTp R; crutonrHast TMHUS - almpoKCUMaIu-
OHHAasl CHHYCOH/Ia.

YcpenHeHHbIe 32 HOUb 3HAYCHHS Pa3HOCTEH KPUBBIX OJIECKA, TOJYYCHHBIX U3
HAOIOCHUM, W TEOPETHUYECKNX KPHUBBIX OJiecka OBLIM BBIYUCICHBI JJIS JIBYX
bunbtpoB , V u R. Ha Puc. 1 paznuyabsiMu 3HaYKaMu MOKa3aHbl TpauKu 3aBUCH-
MocTel pasHocTel O1ecka B puibTpax V 1 R 0T COOTBETCTBYIONIMX YCPEIHEHHBIX
3a HOYb 3HAUYCHMM I0JIMAHCKOM naThl. HecMOTpsl Ha 3HaYUTENbHBIA pa3dpoc TOYEK,
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Ha Puc.l xopomo mpocMaTpuBaeTcs MIaBHAs TEHICHIIMS YMEHBIICHUS U YBEJIH-
yenus Onecka AM Leo co BpemeHeMm ¢ nomyammautygoii ~0™.02. Jng ouleHKu
3HAYEHUS BO3MOXKHOTO MEpHOIa JaHHBIE OBLIN alMmpOKCUMHUPOBAHBI CHHYCOHJION.
B pesynbrate ObUI0 TOMYUYEHO Ceayollee 3HaueHne BO3MOKHOTO MIeproia:

P =2770° +120° ~7.5",

[TockonpKy NEPHOAMUYHOCTh U3MEHEHUS Oliecka HaOII0AaeTCsa B ABYX (QUIIBT-
pax, MOJYYEHHBI pe3yJbTaT MOKHO CUUTATh C JIOCTATOYHOM CTENEHBIO JOCTO-
BepHbIM. Tem He MeHee, TpeOyeTcs JanbHellee UCCaeI0BaHue C MPUBJICUCHUEM
HOBBIX JIAHHBIX, MOCKOJbKY, HECMOTpPSI Ha (OPMAIbHO MAJIyI0 OTHOCUTEIbHYIO
norpemHocTh [ /P/P= 0.04, ¢ KoTOpO#i HaiiIeHO 3HaYeHHE TIEPHOIa, OHO TOJIyYe-
HO Ha OCHOBE JIAHHBIX, PaCIpe/IeIEHHbIX HA BPEMEHHOM MHTEpBAJIe, JIUIIb HEMHO-
I'MM MPEBBIIIAIONIEM CaMO 3HaYEHUE TIEPHO/IA.

PaboTa yacTiuHO BhINOJIHEHA TIPU (MHAHCOBOM MoasiepKke rpanta PHO,
uccnenoBarenbekuit mpoekt Ne 18-12-00193.
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INTERPRETATION OF SPECTRA OF TRANSIENT X-RAY PULSARS
AT HIGH ACCRETION RATES

Gornostaev M.1., Postnov K.A.
SAIl MSU, Moscow, Russia

The problems of interpreting X-ray pulsar spectra at accretion ratesz 1017g/s are discussed. A

self-consistent solution of polarization-dependent radiation gas-dynamical problem, which is
presently under construction, is considered.The possibility of using an alternative model is taken
into account, and an example of the corresponding data fitting is given.

Teopernueckue MCCIEIOBAHUS MEXaHU3MOB I€HEpaluy M3JTy4YeHUs pPEeHTre-
HOBCKHX ITyJIbCapOB HAYaJIUCh MPAKTUYECKU Cpa3y IMOCJIE OTOXKIECTBICHUS ITUX
00BEKTOB C AaKKPEUHPYIOUIMMHU 3aMarHMYEHHBIMU HEHUTPOHHBIMU 3Be3naMu. Ogi-
HAKO HaOJIIOAATEeNbHBIC MPOSBICHUS PEHTT€HOBCKUX MYyJIbCAapOB, JAHHBIE O KOTO-
pbIX ObUIM HAKOIUIEHBI WM MPOJOJDKAIOT MOCTyHaThb B XOJ€ pPsiia IPOEKTOB
(RXTE, INTEGRAL, NusStar), no-npexxHemMy TpeOyOT TEOPETUUECKOW HHTEPIIPE-
tauuu. [IpencraBnsercs, 4To NOCTPOEHUE HOBBIX, CAMOCOIIACOBAHHBIX MOJEIEH
U3TyYalonMx o0iacTed MO3BOJSAT MPOSCHUTH CUTYallMIO B 3TOM HaIlpaBJICHUU.
Tak, pelieHne KHHETUYECKOTO YpaBHEHHUS AJI1 U3TYyUYEHUs OJITHOBPEMEHHO C YpaB-
HEHUEM OJiijiepa, ypaBHEHUEM HEPA3PHIBHOCTU M YPABHEHUEM MJI AJIEKTPOHHOMN
TEMIIepaTyphbl ¢ MUHUMAJIbHBIM KOJIMYECTBOM MapaMeTPOB U UCIOJb30BAHUEM CE-
YEHUN paccessHus M MOTJIOIICHUS, 3aBUCSIIUX OT YacTOThl, MOKET OMHCAaTh HE
TOJIBKO CHIEKTpaIbHbIC, HO U MOJIIPU3ALIMOHHBIE SBJICHUS, BOZHUKAIOUIUE B CBEPX-
CUJIbHOM MarHUTHOM TOJIE.

OCHOBHOE YypaBHEHME, OIMCHIBAIOIIEE MEPEHOC W3IIyYECHHs] B MPUCYTCTBUU
paguamoHHO-JOMIUHUPOBAHHBIX YIApPHBIX BOJIH OBLIO MoydeHo B padote [1]:

YD()TR) + ¥ € dn 1 a4 et ( T an) . on
+Vvo—+ — +kT,— |- v -Vn+q=—,
evn V3¢ 3m,e2de |D(¢€) " ¢ e VoV a =y 1)

rae N U é— NPOUHTETPUPOBAHHBIE IO YIiIaM YKCIIa 3al0JIHEHUs U d3Heprus poToHa
B CUCTEME OTCYETa aKKpELIMOHHOU KOJOHKHU, D — koaddunment nuddysuu, 3aBu-
CSIMNA OT dHEpruM (POTOHA, V — BEKTOP CKOPOCTH BEIIECTBA, | — AIEKTPOHHAsS
TeMIIepaTypa, m, — Macca IoKosl 3JIeKTpoHa, K — moctosinHas bonbimana.
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DTO ypaBHEHHE ONMUCHIBACT U3MEHEHHUE YKCell 3arodHeHUs1 (POTOHOB CO Bpe-
MeHeM. [lepBbie TpH cilaraeMbIX B JIEBOM YaCTH OMHUCHIBAIOT MEPEHOC U3ITyUYEHHUS B
1 Gy3nOHHOM TPUOITMKEHUH, 0aTK-KOMIITOHU3ALMIO TIEPBOTO MOPSAIKA, TEMIIE-
paTypHyH0 KOMITOHHU3ALMIO W aJBEKIHIO, COOTBETCTBEHHO. Ciaraemoe (| Jomyc-
KA€T y4eT IPYruxX NpOLECCOB.

B paccMoTpeHHOM ypaBHEHHH, OJJHAKO, HE YUUTBIBAETCS MPUCYTCTBHUE Mar-
HUTHOTO ToJisi. HamarnuueHnHas miasma B yCIOBUSIX aKKPELIMOHHBIX KOJIOHOK SIB-
JII€TCA AHU3OTPOIHOM W JIBYJIYUETIPEJIOMIISIFOIIEH CpPENOW, MO3TOMY ITPOLECCHI
NepeHoca U3Jy4YeHHs ONPEAEIISIOTCS HE TOJIBKO SHEpTruei (POTOHOB, HO TAKXKE UX
NOJISIpU3allMel 1 HanpaBJICHUEM PaclpOCTPaHEHHs MO OTHOIICHHWIO K HarpaBJie-
HUIO MarHUTHOTO MOJs. B mpeablayliux Uccie0BaHusAX NPOU3BOIUIUCH MOTMBIT-
KM y4eTa aHU30TPONUH CPEJIbl JIHIIb MOCPEACTBOM onpeenacHust «3PpHEeKTUBHBIX)
CEYEHMIl paccesiHus B MOMEPEYHOM U MPOJOJIBHOM 0 OTHOIIEHUIO K MAarHUTHOMY
IIOJIK0 HalpaBJIeHUsX [2—4]. 3aBUCHUMOCTh OT YAaCTOTHI IIPH 3TOM HE YUHTHIBAIACH
— IPUMEHSIOCH TaK Ha3bIBaEMOE cepoe MpuomkeHue [5, 6].

[TockonbKy MepeHOC U3IyYeHUS ONMUChIBaeTCA B TU(PGYy3MOHHOM MPUOITIIKE-
HUHU, MOXKHO T0JIarath, 4YTO PACCESHUE MPOUCXOIUT KOTepEeHTHhIM obOpazom [11].
VYpasnenue (1) HanucaHO AJi CPETHUX YUCEN 3alOJIHEHUS, TAK YTO C CAaMOT0 Ha-
yajia Mbl I0JIAra€M UX HE 3aBUCSAIIMMU OT yriia. Takoe NMpuOIMKEHHE MOKET
IPUMEHSTHCS, €CIIM ONTHYECKAas TOJIIa 00JaCTH (POPMUPOBAHUS CIIEKTPA BEJIUKA.

JI1sl KOHKpPETU3aluy CJIAraéMoro ( Ipu pelieHuy 3aa4y [epeHoca Mosipy-
30BAHHOI0 M3JIyYEHUsS B IEPBYIO OUYEPEb HY>)KHO OOpAaTUTh BHUMAaHHUE HA U3MEHE-
HUE YKCEN 3all0JHEHUS B MPOLECCE KOHBEPCUH OJHOM MOJSPU3ALMOHHON MOJBI B
IpYryto (M3 HEOOBIKHOBEHHOW B OOBIKHOBEHHYIO M 00paTHO). O0O03Hauast CKo-
POCTb U3MEHEHHSI YHCEN 3AIOJHEHUS My, OOYCIOBIEHHYIO 3TUM IIPOLIECCOM,

MOZKHO 3aIliuCaThb.
Neony = CSi3-i)N3—i — CS(3-7)iNis

rzie S;; —Kod(PUIMEHTBI paccesiHust OJHOM MOJIbI B IpYryo[8, 7, 9].

OO003HauuM Ternepp U3MEHEHHE YMCENl 3allOJHEHUs BCIEICTBUE CBOOOIHO-
CBOOOJIHOTO MOTJIOMIEHUSI IOCPEICTBOM T, O4EBUIHO, Ny, = —CAN, rae A —

K03 dunreHT cB0O60IHO-CBOOOHOTO TIOTJIOIICHUS.
Takum 00pazom, B HALUX PacueTax ¢ = Mgpny + Ngps- MBI TaKOKE coOUpa-

eMCsl y4ecTh OalK-KOMITOHU3AIMIO BTOPOTO MOPSAKA, KaK 3TO CAENaHO B paboTe
[10]. PaccmaTpuBaeMble ypaBHEHUS MOTYT pPEIIAThCsl KaK B CpPEAE C 3apaHee 3a-
JAHHBIMH PACIIPENEIICHUSIMU CKOpOCTU U TemmepaTypsl [11, 12], Tak u ogHOBpe-
MEHHO C YpaBHEHUSMH, OIHUCHIBAIOIIMMHU 3T pacnpeneneHuss. Ha ocHoBe pesysb-
TAaTOB PELICHUSI CaMOCOIIACOBAHHOM 3aJjaul MO>KHO JIeJIaTh BBIBOJBI KaK O I'€0-
METPUU H3IIydaroluX o0nacTed, Tak U BOOOIIE O CYIIECTBOBAHUU PaJUallMOHHO
JOMUHUPOBAHHBIX aKKPELIMOHHBIX KOJOHOK.

[IpoBeneHHbIE K HACTOSIIIIEMY BPEMEHH PACUYEThI MOATBEPKIAIOT, UTO B COOT-
BETCTBUM C TPAJAUIIMOHHBIMU MPEACTABICHUSIMU O (DPOPMUPOBAHUM CHEKTpa B OII-
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TUYECKU TOJICTBIX YJApHBIX BOJHAX B YCJIOBHUSAX PAJMALMOHHON aKKpELMOHHOMN
KOJIOHKH MPOMCXOJHUT IPOLIECC HACBIIIEHHOW KOMITOHU3alMU U3lyueHus. B pe-
3yJbTaTE€ PACUETHBIE CHEKTPhl UMEIOT BBIPAKEHHBIM MaKCUMyM Ha 3HEPIHUSX IO-
psaka ~3KT.

[Tocneanue HaOMIOAEHUS PEHTTEHOBCKUX ITyJIbCApOB (B YaCTHOCTH, oOcepBa-
topueit NUSTAR) moxaspIBaioT, 0/HaKo, 4TO (popma CHEKTpa MPAKTUYECKU HE
MEHSAETCS B OYEHb IIMPOKOM JIMAla30HE PEHTTEHOBCKUX CBETUMOCTEHN
~103° — 103%pr/c. D10 MOKET 03HAYATE, UTO U3TyUEHHE KOJTOHKH CYIIECTBEHHO

nepepadaThIBACTCS MPU OTPAKEHUU OT MOBEPXHOCTH HEUTPOHHOU 3BE3MbI, MO0
dbopMHpoOBaHUE CIIEKTPa C CAMOTO Hayasia 00YyCIOBICHO HHBIMU MEXAHU3MaMHU.

PaccmoTpum, Hanpumep, XOpOIIO HW3BECTHYKO 33/1adyy O KYJIOHOBCKOM TOp-
MOXEHHUU aKKPEIIMOHHOTO IMOTOKa B aTMoc(depe HEHTpPOHHOM 3Be3ibl. PaccMOT-
pUM IJIOCKO-TIApaJLIETbHYI0 BOJAOPOAHYIO0 atMocdepy ¢ Temneparypoit T. Torna,
Kak cieayeT u3 [13], moToku 11t 0OBIKHOBEHHOM U HEOOBIKHOBEHHOM TOJISIpHU3a-
IIUOHHBIX MOJ| U3JIyY€HHUsI, TECHEPUPYEMOro B aTMocdepe, MOKHO MPEICTaBUTH B
BHUJIE

2
Fy(x) = xe s W , (V1 +46x), F (x) = E(xi) F, (x),

la
T 2 Y 3 \Xg (2)
rae x = E/kT — 0e3pa3mepHas s3Heprust OTOHOB,
2 2
_ismec? B 15w
8 kTxZ’ 9 kT’ 2 kT

3,Z[CCI> Eg — OUKJIOTPOHHAA 3HCPIrusi (I)OTOHOB, Tg — ONTHUYECKas TOJIHWHA aTMO-

cepsbl, COOTBETCTBYIOIIAs TITyOUHE TOPMOKEHHUS MMOTOKA.

O4eBUHO, YTO MPU HEKOTOPOM BEChbMa PEATIMCTUYHOM HabOpe mapaMeTpoB
paccMarpuBaeMasi MOJIEJb XOpOIIO COTJIacyeTcsl ¢ HAaOMIOJEHUSMU. DTO MOMKET
TOBOPUTH O BEChbMa OI'PaHUYEHHOMN 00JIaCTH MPUMEHUMOCTU MOJIENEeH aKKpEeIMOH-
HBIX KOJIOHOK. [leficTBUTENBHO, POpMUpOBAaHUE HEKOTOPOH (IyCTh JaKe HecTa-
UOHAPHON) ONTHUYECKH HENPO3payHOM CTPYKTYpbl C PAJAMALMOHHON YyAapHON
BOJIHOI BO3MOKHO TOJIBKO B Cy4yae, KOr/ia TEYeHHE MOXKET (XOTs Obl Ha Mpome-
KYTKaX BPEMEHHU, CPAaBHUMBIX WM TPEBBIMIAOMUX BpeMs auddy3uu GoTOHOB
4yepe3 CTPYKTYpPy) pacCMaTpUBATHCA KaK THIPOJIMHAMHYECKHUI ITOTOK BEIIECTBA, K
KOTOPOMY PUMEHUMO YPaBHEHUE HENPEPBIBHOCTH.

Takum oOpa3oM, JanbHEHIIee pa3BUTHE CAMOCOTIIACOBAHHON MOJIEH M3ITY-
yaromux o0JacTel, a Tak e MPOJI0JDKAoIIUecs aHamu3 U 00paboTka Habro1a-
TEJNbHBIX JAHHBIX (B TOM YHCIIE€ U3yYEHHE NMOBEACHUS [IUKIOTPOHHBIX JIMHUI) TO-
3BOJIAT CYIIECTBEHHO MPOSICHUTH BOMPOCHI O (PU3NYECKON CUTYyallMu BOJIM3M Mar-
HUTHBIX MOJIOCOB AKKPEUUPYIOMIMX HEUTPOHHBIX 3Be3/1. OUEBHUIHO, YTO XapaKkTep
AKKPELMOHHOTO TE€YEHHUs BOJM3M MArHUTHBIX TOJIOCOB MIPAET OMPEIECISIOLIYIO
poJib B POPMUPOBAHUU CHIEKTPA PEHTTEHOBCKUX IYJIbCAPOB.

Pesynbrar ¢utupoBanusa HabmoneHud ucrtounuka GRO J1008-57 mo pan-
HbIM NUSTAR [14] mo popmynam nokaszan Ha Puc. 1.
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I |arbitrary units|

Mode 1 \
\

1
1 5 10 30
E [keV]

Puc. 1. ®uruposanue nHabmogenuii GRO J1008-57 mpu ceerumoctu 1.4 x 1038 »spr/c
[14].CniexTpsl ABYX MOJISIPU3AIMOHHBIX MOJ I CyMMAapHBIil CIIEKTp, 3a7aBaeMble hopmynamu (2).
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CORRELATION FUNCTION OF MAGNETIC FIELDS IN GALAXIES
WITH INTENSIVE STAR FORMATION

Grachev D.A., Mikhailov E.A.
Lomonosov Moscow State University, Moscow, Russia

When studying magnetic fields in galaxies with inhomogeneous media, it is reasonable to study
dynamo equations with random coefficients. These equations are useful to describe magnetic
fields in galaxies with intensive star formation, supernova explosions, and other active process-
es that change the properties of interstellar media. In this paper, we study the magnetic field
evolution for the model where the parameters of the dynamo are random. From the mathemati-
cal point of view, the results show some special effects. The magnetic field can have large oscil-
lations, so we have also described the correlation function of the field, which was studied using
both theoretical estimates and numerical modeling.

DBOJIONHS KPYITHOMACIITAOHBIX MAarHUTHBIX TOJIEH B rajakTUKaxX CBsi3aHa C
MEXaHU3MOM JIMHAMO, CYTh KOTOPOT'O COCTOMUT B NEPEX0J€ KMHETHUYECKOW 3HEp-
MU MEX3BE3JHOr0 r'a3a B SHEPrUI0 MATHUTHOTO MOJs. DTOT Nepexo 00yCIOBIEH
COBOKYITHOCTBIO JIBYX MpolieccoB: nuddepeHiimanibHoro BpaiieHust (CBI3aHHOTO C
TEM, YTO YIJIOBasl CKOPOCTb BpAILIEHUS TaJaKTUKH 3aBUCUT OT PACCTOSHUA JI0 €€
IIEHTpA), U TaK Ha3biBaeMoro aibda-dddexra, xapakTepu3yroero TypOyIeHTHbIS
nBrokeHus: [1]. JlaHHbIe SIBJIEHUS OMMCBHIBAIOTCS O€3pa3MEpHBIMU TapameTpaMu,
KOTOPBIC BXOJSIT B YPAaBHEHUS TUHAMO M BBIPAXXAIOTCS Yepe3 KUHEMAaTUUECKHE Xa-
PAKTEPUCTUKH MEK3BE3HOM Cpebl: MOTYTOIIMINHY TAIAKTUYECKOTO JIUCKA, YIJIO-
BYIO CKOPOCTH BpAIIEHHUS, CKOPOCTh TypOYJICHTHBIX ABMXKEHUHN U 1p. [2]. OObI4HO
B «CIIOKOMHBIX» TajaKTUKaX, B KOTOPHIX OCHOBHYIO POJIb UT'PAET aTOMAapHBIA BO-
JIOPO/JI, 3TU BEIIMYMHBI MAJIO MEHSIOTCS B MpeJiesiax raJakTHYecKOro AUCKa, U Mpu
pacuerax MX MOXHO CUHMTAaTh MNOCTOSHHBIMU. OJHAKO B CiIydyae MHTEHCHUBHOIO
3B€3/1000pa30BaHUsI U TMPOYUX OYPHBIX MPOIIECCOB 00pasyeTcs 3HAYUTEIbHOE
4KCciIo0 o0nacTell HOHM30BAaHHOTO BOJIOPOAA. DTH 001acTH UMEIOT 00Jiee BBICOKYIO
TeMIepaTypy, 4TO 3aMETHO MEHSIET COOTHOIICHHE MEXAY pa3IMuHbIMU (hazamMu
MEK3BE3IHOM cpensl [3].

Pacnonoxenune oOnacteil 3Be31000pa30BaHUsl B MEPBOM MPHUOJIMKEHUU
MOXHO CYUTaTh CIy4YalHBIM («CTYCTKW» MOHHW30BAHHOI'O BOJIOPOJA BO3HUKAIOT B
CIIy4yalHbIX MECTax B raJlaKTUKE U CYIIECTBYIOT B TCUCHHE CPABHUTEIBLHO HEIOJI-
roro BpeMeHu). B paMkax momoOHOro mojxojia CyIIECTBEHHBI MHTEpEC Mpel-
CTaBJIIET PACCMOTPEHUE MOJENEN TMHAMO, B KOTOPBIX YIPABJISIONIAE MTApaMETPhI
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CUMTAIOTCS HEKOTOPBIMU CIy4YaWHBIMU (PYHKIUAMU (IIPOLIECCAMM) C 3aJlaHHBIMU
CTaTUCTHYECKUMH XapakTepucTukamMu. OQHOM W3 TaKUX MOJEJIEN M IOCBSIICHA
HacTosIIas padoTa.

CornacHo Teopuu AMHAMO [2, 4], MarHUTHOE TOJIE B TajJaKTHUKE PacTeT IO
HKCHOHEHIIMAIILHOMY 3aKOHY C XapaKTEPHOU CKOPOCTHIO

7%k
y=——"—+4D,
4
rae D — Tak Ha3pIBaeMoe€ JMHAMO-UYHKCIIO, XapaKTEPU3YIOIIEe POCT MArHUTHOIO
nonsi, K — KoahGuIenT, XxapakTepusyimui poib TypOyaeHTHoi nuddysuun. Ot-
METHUM, YTO B JIAaHHOM CJIy4ae MPEoyaraercs, YTo BpeMsi U3MEPSETCA B €AUHU-
nax 7 =h?/n, rae h — MONYTONIIMHA TaTAKTHYECKOTO JHUCKA, 77 — KO3(QDUIHEHT
TypOyneHTHON audPy3uu.

Msr nipennonaraem [4, 5], 9to 3Bosrorus kodddunrenta K onuceiBaeTcs ¢
MOMOIIBI0 CTOXACTUUYECKOTO 3aKoHA. C onpeeeHHON BEpOATHOCTHIO OH MPUHU-
MaeT OJTHO M3 JIBYX 3HAYCHU, OJHO U3 KOTOPHIX COOTBETCTBYET «CTIOKOMHOW» 00-
JIACTH TAJAKTUKUA C HEOOJBIION J0JIeH MOHW30BAHHOW KOMIIOHEHTBI, BTOPOE — 00-
JacTu 3Be37000pa3oBaHus. [lociie ncreyeHus: KOPOTKOTO MPOMEKYTKA BPEMEHU
3Ha4YEHUE JaHHOTO K03 duiieHTa 0OHOBIISIETCS

Crnenys pabote [4], MBI OJIaraeM, 4TO Ha KaXKJ0OM M3 HHTEPBAJIOB OOHOBJIE-
uus [0;0), [0,20),...,[(N-1)5,nd) OH TPUHUMAET OJIHO U3 JIBYX CIIy4ailHbIX 3Haue-
HUU:

B {kl C BepPOATHOCTRIO P
~ |k, cBepoaTHOCTRIO 1l — P

Mer npeanonarany, 9ro K;=2.5, k,=8.8, D=10. Bennmuuna napamerpa p oka-
3BIBACTCS CBSI3AHHOM ¢ MHTEHCHUBHOCTHIO 3BE3/1000pa30BaHHUS 10 3aKOHY:

p=12%,;

rie X — TMOBEPXHOCTHAsl IUIOTHOCTb 3BE€31000pa30BaHMsA, HU3MepsieMas B
MSun/Kl'[K2 r[5]

Takum 00pa3om, B 3aBUCHMOCTH OT TOTO, KAKOE MMEHHO CIIy4ailiHOE€ 3Haye-
HUE HaOIIOAAETCA Ha JJaHHOM IPOMEKYTKE BPEMEHH, BO3MOXKEH KaK pPOCT Mar-
HUTHOTO OJISA, TaK U €T0 3aTyXaHHUE.

[Tpsimoe mMonenupoBaHue NIl MOJAOOHBIX 3aJlad MPOBOAWIOCH B pabdoTax [4—
6]. Poct MarHUTHOTO MOJIs1 BO3MOXKEH B JaHHOM Mojenu B ciydae, eciau p>0.16.
bbulo mokazaHo Hanuuue psja UHTepecHbIX 3PdekroB. Tak, cpenHeKkBaapaTHU-
HbIE PELIeHMs pacTyT ObICTpee CPEeIHHUX, UYTO SIBISETCS CBUIETEILCTBOM TaK Ha-
3BIBAEMON MEPEMEKAEMOCTU. DTO O3HAYAET, YTO CPEAU PELICHUNA MPUCYTCTBYIOT
pelKHue peanu3alny, COOTBETCTBYIOIIME KpaiiHe OOJIbIINM «BCILJIECKAaM) MarHHT-
HOTOo 1oJjs. [IoAToOMy 10CTaTOUYHO Ba)KHBIM OKa3bIBAE€TCA U3YUEHUE KOPPEIALMOH-
HbIX (QYHKUUHN [7], MOKa3bIBAIOLUIUX B3aUMOCBSI3b MEXKY OT/IETbHBIMU KOMIIOHEH-
TaMU MarHUTHOTO TOJISl B Pa3JIMYHbIE MOMEHTHI BPEMEHHU:
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K(t,T) =< B()B(t+ T) >;

rae B — TopounanbHast KOMIIOHEHTa MAarHUTHOTO TIOJISI.

OBOMIONUS KOPPENLMOHHON (YHKIMU TOKa3zaHa Ha puc. 1. Mimeer cmbici
oTnenuTh 3(PQEKThl, CBSI3aHHBIE C IKCIIOHEHIIMATBHBIM POCTOM, PACCMOTPEB €€
HOPMHUPOBAHHYIO MOJIU(UKALIHIO:

_K(@,T)

K,tT)= K(t0)

[ToBenenue gaHHOM (DYHKIMK IMOKa3aHO Ha pUC. 2. MOXHO OTMETUTb, UYTO
JUISL pa3fIMYHBIX 3HAYEHUN mapaMeTpa T oHa OJiM3Ka K KOHCTAHTE.

10° . -

10°F 1

KT

0 10 20 30
t

Puc. 1. DBomorust koppensiiinonHoi ¢yHkuuu. CIUTonIHas JUHUS TIOKa3bIBaeT Ciydai
T=0.1, nynktupHnas — T=1.

Mp&1 cpaBHWIN pe3yJIbTaThl ¢ TIOJYICHHBIMHA pPaHee JIJIsl TaK Ha3bIBAEMBIX Jia-
rpamkeBbIx Mojenei [7]. CTOUT OTMETHTH, YTO B Clydae ypaBHEHHS SIKOOM Ba-
HYIO POJIb UTPAET B3aWMOCBSI3b MEXIy MUHUMAJIbHBIM 00BEMOM BBIOOPKH HE3a-
BUCHMBIX pean3aluil peuieHusi, KOTOpbld HEOOXO0UM ISl MOJEIUPOBAHUS CPEI-
HEro U BBICHIMX MOMEHTOB, U KOMMYTAI[MOHHBIMUA CBOMCTBAMH COOTBETCTBYIOIIUX
anreOpanyecKkux orepatopoB. BrojgHe BO3MOXXHO, 4TO aHajdoruyHbie 3¢h(EKThI
OyIyT CYIIECTBEHHBI P PACCMOTPEHUHN APYTHX MOCICH JIJI1 MArHUTHOTO TTOJIS.

1.2

S ——

0 10 20 30

4

Puc. 2. DBomonyst HOpMUPOBAHHON KOPpENAMOHHON QyHKIMHU. CIuIOIHAas JIMHUS MTOKa-
3piBaeT ciaydaid T=0.1, myakrupnas — T=1.
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THREE-COMPONENT STAECKEL’S MODEL OF THE GALAXY
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Using the method of Staeckel’s potential, we construct a dynamical model of the Galaxy, con-
sistent with current observational data. This method provides an analytical expression for the
potential of the Galaxy, which will make Binny’s algorithm for constructing the phase distribu-
tion function easier and more accurate. The model constructed has a good agreement with re-
cent measurements of mass in the radius of 50 kpc and density in the neighborhood of the Sun.

J>x. buHHM mocTaBWII 3a1a4y onucaHus |'anakTUKA B MEPEMEHHBIX JIEUCT-
Bue—yroJ [1]. i aToro eMy moTpeboBajioch HANTH METOM, KOTOPHIA TTO3BOJIMI
OBl TOYHO W DKOHOMHO OILICHUTH NEPEMEHHbIC JACHCTBUS MO OOBIYHBIM (ha30BBIM
KoopauHaTaM. M3HayalbHO MCHOJIB30BAJICS METOJT TOCTPOEHHUS] TOPOB, OAHAKO OH
OKa3zaJicsa HEyMO0OeH, TaK Kak JaeT 3aBUCUMOCTH (ha30BBIX KOOPAMHAT OT JICHUCT-
BUIA, a HE HA000POT, Kak TpeOyeTcs. Ha cMeHy emy mpHIen METOa UCIOIh30Ba-
HUS aaua0daTHYeCKUX MPUOIMKEHUM, OJTHAKO OH OKAa3aJICS XOPOIIUM TOJBKO IS
3Be3]1, OJIM3KHUX K SKBATOPHAIBHOM IJIOCKOCTH. B HacTosIee Bpems pa3padaTbiBa-
€TCS METOJI, OCHOBAaHHBIN Ha pa3ACiAIOMINUXCS TMOTEHIIMAIaxX, Hanboyee HU3BeCT-
HBIMU U3 KOTOPBIX SABJISIOTCS MoTeHIManbl [IITekkens.

B snmmunTudeckux KoopauHarax <&, <, ,

R=12,,(&-DA-S,), Z=1265,, & ello), &, e[-11], (1)

IIOTCHIOHAJI TAKOIr'o TUiia JOJI?KCH HpeﬂCTaBHﬂTBCﬂ B BUJC
51 - gz
rac R, Z— MUJIMHAPHUYICCKUC KOOPANHATEI, Zp — IIOCTOSIHHAA C pPasMEPHOCTBIO JIN-

Hbl, a @ — moTteHman monaenu. [loreHnmansl (2) JOMyCKalOT CYIIECTBOBAaHUE
TPETHETO KBAJAPATUIHOTO 110 CKOPOCTSM MHTETpasia IBYKECHUS [2]

I, = (Rv, —2vg )? + 2%v2 + 22 (v? — 200°), 3)

rae (byHKuHﬂ D cBsi3aHa ¢ noreHuuaioM O cienyromum 06p330M:
, 00", 00 oD
2 —=2"——Rz

® 2R 6R oz

, 0" , _2\0D oD

2. —=|\R*+25 )—-Rz—. 4
° 5z ( 0)82 oR ()
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Hanuuue TpeTbero MHTErpajia ABMKEHUS MO3BOJISIET OOBSICHUTH HabJ0/1ae-
MyI0 B OKpecTHOCTH COJIHLIA TPEXOCHOCTh AJUIMIICOMIA CKOPOCTEN B paMKax TEO-
puu ctanoHapHoM ['amaktrku. Moaenu co ITEKKENEBCKUMH MMOTEHIAAIIAMU MO-
TyT UCIOJb30BaThCA ISl UCCIIEIOBAHUSI YCTOMYMBOCTH U 3BOJIIOIUU [ allaKTUKH.
Takxke pacCMOTpeHHE MOTEHUHAIA B BUAE BO3MYIIEHHOIO IITEKKEJIEBCKOIO IMO-
3BOJIIET CHU3UTH 00BEM PACUETOB MPHU PEIICHUU PA3TUYHBIX 3a7a9 3BE3THOM JU-
HaAMHKHU.

PaGoT, B KOTOpPBIX CTPOUIIUCH IITEKKEIEBCKUE MOJIEIN 3BE3/IHBIX CHUCTEM,
HeMmHoro. OgHa u3 nepBbix — padota C. Cato u M. Musmorto [3], B KOTOpoii ObLiTu
MOCTPOCHBI JIBYXKOMIIOHEHTHBIE IITEKKEIECBCKUE MOJIeU ["alakTUKU 10 JaHHBIM
0 KUHEMaTHWKe HeWTpaabHOro Bojopojaa (rmo 18 Toukam KpHUBOM BpalieHus).
B HacTosimiee Bpemsi MOJieu CTpOsITCA Mo 00Jiee HaJCKHBIM JaHHBIM O BpalllCHUU
nojcucTeMbl Ma3epoB. B cBs3u ¢ atum padota C. Cato u M. MusimoTto ycTapena.

B pabote b.®ameit u X. [leiionre [4] npeanpuHsTa NOMBITKA OLEHUTH Mapa-
METpPBI IITEKKEJIEBCKUX MOTEHI[MAJIOB, OCHOBBIBAsICh HA OLIEHKAaX HEKOTOPBIX Xa-
paktepuctuk [amaktuku (pacctostHue orT CoJHIA J0 TAJIAKTHYECKOTO IIEHTPA,
TJI0CKasi KpUBasi BpalleHusi, mocTossHable OopTa, JTOKajabHask KPYroBasi CKOPOCTh).
Pesynbrarom paboThl SBHIJIOCH TO, YTO INITEKKEIEBCKUE MOTEHITUAIBI YIOBJIETBO-
PAIOT OLEHKaM JHHamMuyeckux napamerpoB [anaktuku. OnHako, Kak yTBEpKaa-
10T caMU aBTOPBI, HeoOxoauMa padoTa, KoTopasi Obl yUUTHIBAJIA MOCIEIHUE KUHE-
MaTHUYECKUE JTaHHBIC.

JIx. buHHHU [5] ncnonb30Baa CBOM alrOpUTM MOCTpoeHHs! (a30BOM GyHKUIUU
pacopeneneHus g Mojiend [6]. OnHako mpy ONpeAeICHUH MOTEHIUAIA UCTOJIb-
30BaJICSl YUCIICHHBIA MTOAXO/I, @ 3HAYUT, Takasg (QYHKIUS pacrpeacsiCHus SBISICTCS
HEKOTOPOM anIpOKCUMAIUEH.

B manHO# paboTe UCIOIh3yeTcss MeTOA 0000IIEeHNS MMOTEHITNAIa B SKBATOPH-
aTbHOW TUIOCKOCTH Ha BCE MPOCTPAHCTBO IITEKKEJIEBCKHUM METOJOM, KOTOPBIN
owu1 npeaoxked B.M. PogunonosbiM [7]. Takoit oaxo/ Mo3BOJISIET TTOTYYNUTh aHa-
JUTUYECKOE BBIPAXKEHUE JJIS1 OTEHIMAJA, TO €CTh B JAJbHEUILIEM HAWNTH TOYHYIO
(dha3oBy10 QYHKIIUIO pacIpeIeIICHHS.

J{ns 5KBaTOpHAIBHON MIIOCKOCTH MBI IPUHSJIN MOTEHIHAN CIEAYIOLEro BU-

Ja.

yij a 1
<D:<Dl+®2+<D3:CD01In(1+— +@ + Dy, — (5)
, 2 0,2 0,3 '
1+R (0!—1)+«/1+K2R2 R+x;
rae ®, — KBa3U-U30TEPMUUYECKUN MOTEHIHa, ®, — 0000IIEHHO-U30XPOHHBIH T0-
TCHIIHAJI, CD3 — IIOTCHIIKaJI XCHKBI/ICTa, OIIKUChIBAIOIIHUE Iaj1o, JUCK U 6aJI,Z[>K, COO0T-

BETCTBEHHO.

OueHka mapamMeTpoB MOTEHUHANA (5) MPOBOAWIACH MYTEM CPAaBHEHUS MO-
JEJIbHOM KPUBOW KPYT'OBBIX CKOPOCTEU C a3MMYyTAJILHBIMU KOMIIOHEHTAMHU CKOPO-
crerd masepoB. Mcnonp30Banuch NaHHBIE O TPUTOHOMETPHUUYECKHUX Iapajulakcax,
COOCTBEHHBIX JBMKEHHIX U JIyUE€BBIX CKOPOCTSIX U3 OJHOPOAHOIO IO TUIy Ma3e-

poB (HMSFR) karainora [8] (103 o6bekTa). Pemenue uckamoch HEITUHEHHBIM Me-
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TOJIOM HaWMEHBIINX KBaJapaToB. /[ yTOUHEHUS pe3ylbTaTOB OBUIO pEIICHO
y4eCTh 3HaUCHUE MIPUPOIHON AUCTIEPCUH CKOPOCTEH. Takke NCKITI0YaInCh 3HaYe-
HUS C U30BITOYHBIMHU HEBSI3KaMU (BEIOPOCHI).

B pesynapraTe 3HaueHWE NPUPOMHON AWCHEPCUM HAWJIECHO PaBHBIM
0, =2.75+0.20 kM/c. bpuTH UCKITFOYEHBI 5 0OBEKTOB C OOJBITUMHU HEBSI3KAMU. 3Ha-

YCHUs  MIapaMeTpoOB  MOJYYMIHUCH  CICAYHOLIMMU q= % =0.858+0.011,
+
x, = 0.07893 +0.00093 KITK ", ®,, = 245.3+3.7 kM*C ", a =0.3021+0.0052,

K, =0.1504+0.0015 KK ', ®,, =318.3+1.9KM°C %, K, =0.71+0.11KIK, ®,, =224.3+8.9

2 -2 . .
kM c “. Ha puc. 1 nmpeacraBieHo cpaBHEHUE MOJIEIIbHOM KPUBOW KPYTOBBIX CKOPO-
CTEU C a3UMyTaJIbHbIMU CKOPOCTSIMU Ma3€pOB.

300 T—————T———————————————

2004

0, km/s

100

0 5 10 15 20
R, kpc

TPEXKOMITIOHCHTHAS MOICTE

— — KBa3W-M30TEPMHUYECKass KOMITIOHEHTA

""" 0000I1IeHHO-U30XPOHHAS KOMITOHEHTA

— * — KOMIIOHECHTa XCHKBHCTA

Puc.1. CpaBHeHue MOAEIBHON KpUBOI KPYTOBOM CKOPOCTH C M3MEPEHHBIMU 3HAYEHUSIMU
a3MMYTAJIBHOM CKOPOCTH Ma3epoB. lIpencrasiieHbl BKIaabl OTAENbHBIX KOMIIOHEHT. KBagpara-
MU 0003HAYECHBI O0OBEKTHI C OONBIINMU HEBS3KAMH (BEIOPOCHI).

OTtMeTnMm, 4TO IJI 3TOW MOJENIM HAAEHHOE 3HAUEHUE MACCHI B IIAPE paauy-
com 50 Kok M =0.45x10”M_ XOpOIIIO COTJIACYETCS C PE3yJIbTaTaMH JIPYTHX aBTO-

poB. Hampumep, A. [maccon u np. [9] Hamm M =0.42+0.04x10"M , a
A. Bunbsimc u H. DOBanc [10] momyunnm M =0.45+0.15x10%M . Kpome Toro, Be-

o M
JIMYMHA TPOCTPAHCTBEHHOH IIOTHOCTU B oKpecTHocTH ConHua p, =0.103—
nK

TaK)Ke Onu3Ka K HCIAaBHUM PpE3yjbTaTaM HU3MCPCHUA 3TOU XApPaAKTCPUCTUKU:
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A.B.Jloxtun u B.A. Mapcakos [11] noxyunnu p, =O.08—0.11M—3, a /Ix. bnenn-

]
nK

XoropH u O. I'epapa [12] - p, = 0.097J_r0.013M—[3.

nK
Takum 06pa30M, IMOCTPOCHHAA TPCXKOMIIOHCHTHAA INTCKKCIICBCKAA MOICIIb

['anakTUKH, KaK ¥ MOCTPOEHHBIE pAHEE HAMM OJIHO- U JIByXKOMIIOHEHTHbBIE MO/IE-
mu [13,14] naroT xopoiiee coryacue ¢ HaOJII0JaeMbIMUA JaHHBIMH, a 3HAYUT, MOX-
HO I0JIaraTh, 4TO MOCTPOCHUE AHAIMTHUYECKUX IITEKKEIEBCKHUX MOJICJICH 3BE3.-
HBIX CHCTEM ITO3BOJIUT YIPOCTUTH AJITOPUTM MOCTPOCHUS (Pa30BBIX (PYyHKIIMM pac-
MpENEIEHUS, PEAI0KEHHbIN /K. bUHHU.

10.

11.

12.

13.

14.
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PULSATING STARS, THE DISTANCE SCALE AND KINEMATICS
OF THE MILKY-WAY HALO AND THICK DISK

Dambis® A.K., Berdnikov' L.N., Kovaleva® D.A., Malkov? O.Yu.,
Rastorguev’ A.S., Utkin® N.D.
ISternberg Astronomical Institute, M.V.Lomonosov Moscow State University, Universitetskii pr.
13, Moscow, 119991 Russia
?Institute of Astronomy, Russian Academy of Sciences, Pyatnitskaya ul. 48,
Moscow 119017 Russia

We determine the radial velocities and metallicities for 500 RR Lyrae type variables from the
spectra (R=1300-1500) acquired with the 11-m SALT telescope (South Africa). We combine
these measurements with published data and Gaia DR2 radial velocities, trigonometric paral-
laxes, and proper motions to determine the zero points of the period—-metallicity—luminosity re-
lations for RR Lyrae type variables in various photometric bands and infer the kinematic pa-
rameters (mean velocity and velocity ellipsoid components) of the halo and thick-disk RR Lyrae
populations in the broad solar neighborhood.

We use BDB binary database to investigate the prospects of finding and studying pulsating stars
of various types in binary and multiple systems where the data make it possible to determine the
semimajor orbital axes and/or physical parameters of the components and hence to refine the
zero points of the period—-metallicity—luminosity relations for the pulsators involved.

Jlannast paboTa mOCBAIIEHA MCCienoBaHn0 (1) KUHEeMAaTHKU W TIKaJIbl pac-
cTostHUM nepeMeHHbIX Thna RR Jlupsl B IIMPOKOW COJHEYHON OKPECTHOCTH Ha
OCHOBE aCTPOMETPUYECKHX U CHEKTPOCKOIMYECKHX JaHHBIX mMpoekra Gaia (Tpu-
TOHOMETPUYECKUX MapaJlJIaKCOB, COOCTBEHHBIX JBUKEHHUI U JTyYEBbIX CKOPOCTEN),
a TaK)Ke HAIIMX COOCTBEHHBIX (POTOMETPUUYECKUX U CHEKTPOCKOMUYECKUX HaOJIIO-
nenuit 500 nupup, BKIIFOYAsl paHee CIIEKTPOCKOIMYECKH HE MCCIIEI0BAHHbBIE MEpe-
MEHHbBIE 3TOr0 TUMA U (2) MOUCKY U UCCIIEIOBAHUIO MYJIbCUPYIOMINX TEPEMEHHBIX
— YJICHOB JIBOMHBIX M KPATHBIX CUCTEM, OMPENEIECHUI0 UX OpOUTANBHBIX U (U3H-
YECKUX NapaMmMeTpoB JUIsl YTOUYHEHMs] MMapaMeTpOB 3aBHUCHUMOCTEW MEepUOI—
METaJUIMYHOCTh—CBETUMOCTh COOTBETCTBYIOUIMX THUIIOB IYJIbCUPYIOIIHUX Mepe-
MEHHBIX 3BE3/I.

B pamkax Hamieil mporpamMmbl CIIEKTPOCKOIMYECKUX HAOJIIOJCHHUIN TepeMeH-
HeIX Tina RR JIuper Ha 11-meTpoBoMm Teneckome SALT (Southern African Large
Telescope) monydens! crekTpsl HU3Koro paspemenus (R=1300-1500) 500 3Be3n
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sToro tuma, 450 U3 KOTOPBIX paHee He HAOMIOMAINUChH CIIeKTpockomudecku [1].
Haiy onieHKH cpeHuX JyYeBBIX CKOPOCTEH B 1esioM Hemioxo (6AV = 24 kwm/c)
COTJIACYIOTCSI C paHee OMyOJMKOBAHHBIMHU JTAaHHBIMU, CUCTEMATU3UPOBAHHBIMU B
[2], a HAIIM OIIEHKN METATMIHOCTH — C OJTHOPOJHBIMU JaHHbIME [3] (cA[Fe/H] =
0.15dex).

.mn,...,..........,../)(,
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Puc. 1. CpaBHEeHHE OIICHOK CPEIHUX Jy4EBBIX CKOpocTel nmepeMeHHbIx Tuna RR Jlupsr mo
HamuM 1aHHbM (SALT) ¢ onyOnmKkoBaHHBIME paHee JaHHBIMU JIPYTHX aBTOPOB.

[Fe/Hlprevious
-

[Fe/Hloyr

Puc. 2. CpaBuenue orenok MetaunaHocty ([Fe/H]) mepemennsix Tuma RR Jlupsr mo Ha-
muM gaHHbM (SALT) ¢ omyOIMKOBaHHBIMU paHee TaHHBIMU [3].

Ha ocHOBaHMM NOJIy4EHHBIX U3MEPEHUM JIyYEBBIX CKOPOCTEN U METAJUIMYHO-
cteil B coueranuu ¢ nanueiMu UK ¢poromerpun WISE [4] u panee omy6inkoBaH-
HeiMu BermunHamu Vi 1 [Fe/H] [2] u actpomerpudeckumu ganabiMu Gaia DR2
[5] METOIOM CTAaTHCTHYECKUX MNapajUIaKCOB YTOYHEH HYJb-IIYHKT 3aBUCHMOCTHU
NEPUOI—METAINIMYHOCTh—CBETUMOCTD [6], CpeTHHE CKOPOCTU JIMPHUJ Tajlo U TOJI-
croro aucka otHocutenbHOo Comama [Vo(I'amo)=—215 + 8 xm/c u Vo(Toncr.
nuck)=—37 + 5 KM/C], KoMIIOHEHTHI Aruurconsia ckopocreit (cU, oV, sW)(T'ano) =
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(165, 95, 88) xm/c u (cU, oV, sW)(T. auck) = (46, 38, 28) kmM/c 1 pacCTOSAHHS J10
["anmakTraeckoro nerrpa (Ro=8.0 + 0.4 xnk) u BMO (D = 48 + 3 knk).

W3BecTHO, 9TO 3HAUUTETBHAS JOJIS 3BE3]] POKIACTCS B IBOMHBIX U KPATHBIX
cuctemax. [Ipu 3TOM BO3MOXKHOCTH M, B HEKOTOPBIX CIIy4asX, JOCTUTaemasl TOU-
HOCTh ONpPENENICHUsI Pa3IMYHBIX XaPAKTEPUCTUK JIsl KOMIIOHEHTOB JIBOWHBIX U
KpPaTHBIX CHCTEM 3HAYUTEIBHO BBINIEC, YeM JJIi OJAMHOYHBIX 3Be3/. VI3BECTHBI
3BE3/IbI-ITYJIHCATOPBI, BXOASIINE B COCTAB IBOWHBIX U KPATHBIX CUCTEM.

C ucnosie3oBarnem BDB http://bdb.inasan.ru [7] uccienoBaimce mepCereKTy-
Bbl OOHApYXKEHMSI M M3YUYEHHS MYyJIbCATOPOB, BXOJSIIMX B JABOWHBIE U KPATHbBIE
CUCTEMbI HAOJIIOATENbHBIX THUIOB, MO3BOJIAIONIMX OIpeAesieHne OO0NbIION MOTy-
ocu opouThl M(MaM) (HU3NUECKUX XapPAKTEPUCTUK KOMIIOHEHTOB B aOCOJIOTHBIX
eauHuIax [8].

VY 3Be3x, HAOMIOAAIOMIMXCS OJHOBPEMEHHO KaK 3aTMEHHbIEC JBOMHbBIE M Kak
CIIEKTPaIbHO-IBOMHBIC C JIMHUSIMH OOOWX KOMIIOHEHTOB B CIICKTPE IS ONpEJIe-
JIeHUs1 acTpOo(U3NIECKUX MapaMeTPOB KOMIIOHEHTOB (MacCc U PaJlyCOB) KOMIIO-
HEHTOB HE TpeOyeTcs 3HATh Mapauiakc cUCTeMbl. [[0CKOIbKY OCHOBHBIM OTpaHU-
YUTEJEM TOYHOCTH OMPEJEICHHUS MacC 3Be3] J0 IMOCJIEIHEr0 BPEMEHH ObLia
MMEHHO HEBBICOKAsi TOUHOCTH IMApaUIaKCOB, OOJBITUHCTBO HanOOJIEe HAICKHBIX
ompeeseHri Macc nmpuHajyiexkanu umeHHo 38e3aam DLEB. [lyOnukaius BTopo-
ro penusa naHHbix Gaia [5] He mpuBena K CYHMIECTBEHHOMY YIIYYIICHHIO CHUTya-
IIUH, TTIOCKOJIbKY B HEM IMapauIaKChl KOMIIOHEHTOB aCTPOMETPUUYECKH Pa3pEIlICH-
HBIX CHCTEM OOPEMEHEHBI CHCTEMAaTHYSCKUMHM OITMOKAMHU, CBS3aHHBIMHU C HEyYe-
TOM OpPOMTAIBHOTO JIBMIKEHUS, a MapajUTaKChl aCTPOMETPHUSCKH HEepa3pelIeHHBIX
JBOMHBIX MMEIOT HU3KOE KAauyeCTBO aCTPOMETPHUECKOT0/(OTOMETPUUECKOTO pe-
mieHus (B YaCTHOCTH, 3aBbIlIeHHBIH Photometric excess factor) [9].

Eme ogna xomOuHaius HaOIMIOAAaTEIbHBIX THIIOB, MO3BOJISIIOIIAS OIpeiesie-
HUE XapAaKTEPUCTUK IBOWHOU cO cpaBHUMOM ¢ DLEB BBICOKON TOYHOCTBIO, — 3TO
aCTPOMETPUYECKU pPa3pelIeHHbIe CHEKTPaIbHO-IBOMHBIE 3Be3lbl. Kpome ToTO,
KOMOMHUPOBAHUE ONPEICTICHUN BEJIMUMHBI OOJIBIIION MOIYyOCH OpOUTHI JJIsl TAKOH
napbl TO3BOJISIET ONPENENUTh PAacCTOSIHUE 0 Hee. B KpaTHBIX uepapXudecKux
3BE3/IHBIX CHUCTeMaXxX YJauHble JIJISi MMOBBIIICHHUS] TOYHOCTH U KOJUYECTBA OMpeJie-
JSIEMBIX MapaMeTpoB KOMOMHAIIMKM HAOIIOATEIbHBIX THIIOB — BHEIIIHSAS 1apa BU-
3yajgbHas OopOuTanbHas NBOWHAsI, BHYTPEHHSS Mapa CIEKTPaJbHO-IABOWHAS WIIU
3aTMEHHasl.

[TpoBOIUTCS KOMITIIIATIHSI CTIMICKA BCEX Te)eU T ¥ JTUPUJ] — KOMIIOHEHTOB WJTH
KaHIUJATOB B KOMITOHCHTHI IBOWHBIX WJIM KPATHBIX CHUCTEM, BKJIIOUAs: () BXOIs-
e B CIIEKTPOCKOIMYECKHUE TBOWHBIC (I MOMCKA 3aTMEHHWI B CHCTEME W/MIU
BO3MOXKHOCTH MHTEPPEPOMETPUUYECKU pa3penTh ee); (0) Bxoasmme B uHTepde-
POMETPUUYCCKHE W 3aTMEHHBIC JBOWHBIC (C IEIBIO TOJYYCHHS] KPUBOM JIYYEBBIX
CKOpOCTeii); (B) BXOIAIINE B CUCTEMBI KPaTHOCTU 3  Oosiee (1t KOMOMHHPOBA-
HUS METOJIMK IMapaMeTpu3alud KOMIOHEHTOB). J[Jisi Takux OOBEKTOB BO3MOKHBI
HE3aBUCUMBIE ONPENICTCHUS PACCTOSHUSA, MOTEHIIMAIBHO MO3BOJISIONINE YTOUYHUTh
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HYJIb-ITYHKTBl COOTHOILIEHUN MEePHOA-CBETUMOCTh. OTOMparoTCs 0OBEKTHl — KaH-
JUIATHI 7S TalbHENIIIer0 UCCIIeI0BAHMSL.
Pa6ora BeimonHeHna npu yactuaHoi nojaepxkke POOU (rpant 18-02-00890).
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The activity of young stars possessing planetary systems (K2-231, EPIC 219388192, K2-136,
Kepler-66 and Kepler-67) is investigated. We constructed maps of the temperature
inhomogeneities on their surfaces and made conclusions on the evolution of changes in the posi-
tions of the active regions. The spottedness parameters S of the stars’ surfaces were determined.
The positions of the objects in the S—Age, S-P and S-Ro diagrams were studied. We conclude
that they correspond to the general nature of the dependences established, earlier, for 1570 M
dwarfs and, in this study, for 34030 stars.

Panee mamu ObLIM TpENCTaBIEHBI PE3yJbTaThl M3Y4CHHS 4 MOJOIbIX M-
KapJuKoB, oOnagatommx miaaHeTHbiIMU cuctemamu: EPIC 210490365, EPIC
211901114, EPIC 205117205 (K2-33) u EPIC 247267267 [1-3]. B nactosmei
paboTe Mbl TOMOJHWIM 3TO HCCIEAOBAaHUE €lIE MATHIO MOJOABIMU 3BE3aMHU C
mianetamu: K2-231 u EPIC 219388192 u3 ckomnenus Ruprecht 147, K2-136
(I'maner), Kepler-66 u Kepler-67 (NGC 6811). O630pbl MHOT'OYHCIICHHBIX HCCIIC-
JOBaHMH TUTAHETHBIX CUCTEM B CKOTUICHUSAX MPHUBOJATCS, Hanpumep, B [4-5]. s
aHaju3a ObLUIM MCIIOJb30BaHbl KPUBBIE OJIECKa 3BE3/ U3 apXHBa HAOIIOJEHUNA KOC-
muyeckor muccun «Kemnepy», oOpadborannbeie mo metonuke [6—8]. Mbl uccneno-
BaJid, KaK COOTHOCSTCSl HAMJICHHBIC MapaMeTphbl EHTPATbHBIX 3BE3J TIAHCTHBIX
CHUCTEM C OOLIMMHM 3aKOHOMepHOCTsIMU TioBeneHus: 34030 3Be3/ IIaBHOM Mociie-
nosaTenbHOCTH U3 [9] ¢ T,p < 6500 K m nepuonom Bpamenus P ot 0.2 no 70 cy-
ToK. Harmm onpeznenennst S ObITM yCTaHOBIIEHBI MO BeMWYMHAM Rvar, xapaktepu-
3YIOUIMM aMIUIUTYly IEPEeMEHHOCTH Ojiecka 0OBEKTOB, @ MX BO3PACT — IO ypaB-
HEHUSM TMPOXPOHOJIOrn4ecKoil 3aBucumoctu us3 [10].
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Puc. 1. 3aBucuMOCTh apaMeTpa 3amITHEHHOCTH 3Be3]1 (S) OT ux Bo3pacra.(“‘age”, B MIIH.
neT), nepuoaa Bpamenus (“P) u uncen Poccou (“Ro”).

Ha puc. 1 npencraBineHbl 3aBUCUMOCTH MapaMeTpa 3alsiTHEHHOCTH 3BE3[ S
oT Apyrux (usmueckux xapaktepuctuk. BeprtukanbHas munus — Ro=0.13. Ha
BCEX JMarpamMMmax ImojokeHue oobekToB u3 [9] — cBetabie Touku, K2-25 — pomo,
K2-33 — Oonbmoit kpyxok, EPIC 211901114 - cpemnuii xpyxok, EPIC
247267267 — xBaapart. [lonoxxeHns oOBEKTOB HACTOSILIETO MCCIEAOBAHUS TPE-
cTaBlieHbl KpecTukaMu. CemMb U3 paccMaTPUBAEMbIX MOJIOJBIX 3BE3]l C ILIAHETAMU
Ha quarpamme “S—Age” nexaT 3HAUYMTEJIBHO BBINIE CPEIHEN 3aBUCHUMOCTH IS
KapJIMKOB TOTO K€ BO3pacTa, T.€. UMEIOT MOBBIIICHHYIO aKTUBHOCTh. K2-231 Ha-
XOJUTCSl OJIM3KO K cpenHert 3apucuMoct, a K2-136 (700 MiH. JI€T) JIeKUT HUXKE
e€. Ha muarpamme “S—P” 8 MooapIX 3Be3/] ¢ TUIAHETHBIMU CHCTEMaMH TTOTIaIaf0T
B rpynimy ObicTpoBpamaromuxcs 00bekToB ¢ P < 10-12 cyrok, a oxna (K-136)
HaxoauTcsa psaoM ¢ Humu (P=15.16 cyrok). s Tpex cambIx OBICTpOBpaliaro-
muxcs 38e3n — K2-33, EPIC 247267267 u EPIC 211901114 xapaktepHbl 00J1b-
mme 3Hadenust S. K2-25, EPIC 219388192, Kepler-66 un Kepler-67 naxonsarcs He-
ckoabpKko Bbime, a K2-231 (10.75 cyt.) u K2-136 — Hmxe cpenHel 3aBUCUMOCTH
JUTSI KapJIMKOB CIIEKTPAJIbHOTO Kjacca M co cxonubiMu 110 BenuuuHe P. Jluarpam-
Ma “S—Ro”, kak ObLI0 TOKa3aHo B [11], MOBTOpPSIET KIACCHYECKYIO 3aBUCHMOCTH
MEXy PEHTI€HOBCKON CBETUMOCThIO aKTHUBHBIX 3Be31 U Ux yuciamu Poccou. Pe-
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YKUM HaCBILLIEHUsI JOCTUTAETCs MPHU TOM ke BennuuHe napamerpa Ro = 0.13. [lpu
YCTaHOBJICHHBIX unciax PoccOu asa 5 ucciieqyemMbixX 37eCh 3Be3]] UX MOJIO0XKEHUE
Ha auarpamme “S—Ro” (pomObl) CBUAECTETBCTBYET O BO3MOXHOW MPUMEHUMOCTH
onieHok u3 [12]. CornacHo 3TUM OIIEHKaM, UX PEHTT€HOBCKHE CBETUMOCTH HAaXO-
nsaTcs B auana3one BenudrH 1g(Rx) ot —4.49 mo —4.46 (Rx=Lx/Lbol), garo cymiect-
BEHHO BBIIIE COJTHEYHOM BeauuuHbl 1g(RX) = —6.24 (cm. [13]). [lo monyueHus pe-
3yJbTATOB TOYHBIX PEHTTC€HOBCKUX HAOIIOICHUI 3T OIEHKU MOTYT OBITh UCIIOJIb-
30BaHbI IPU MOJICTUPOBAHUN BIIMSHUS AKTUBHOCTH 3BE3]] HA IUIAHETHI.

K OCHOBHBIM BBIBOJIAaM JaHHOW pabOTHI MOKHO OTHECTH clieAyromue. Bbvi-
MIOJTHEHO WCCJICIOBAHME aKTUBHOCTHU 3BE3[l, 00JaJarONINX IUIAHETHBIMU CHUCTEMa-
mu: K2-231, EPIC 219388192, K2-136, Kepler-66 u Kepler-67. Bo3pact 00bek-
TOB YCTAHOBJICH TI0 WX MPUHAICKHOCTH K cKoruieHusM (I'maapl — mopska 650—
800 muH. stet, NGC 6811 — 1 mupa. net, Ruprecht 147 — 3 mupa.et). K2-136 u3
CKOIUICHHS ['Majpl Ha MOMEHT OTKPBITHS ObLTa TIEPBOM MYJIbTUILUIAHETHONW CHUCTE-
MO# B MoJonbIX cKoruieHusx. OHa oOnagaeT Tpems IUTaHeTaMH, CPEId KOTOPBIX
€CTh TUTAaHEeTa 3€MHOTO THUIa. bplia mpociekeHa HempephIBHAS YBOJIOIUS AKTHB-
HbIX obnactedt Ha moBepxHocTH K2-231, EPIC 219388192, K2-136 B Teuenue 70
cytok u Kepler-66 u Kepler-67 3a unrepsan Bpemenu okoiuo 4 net. [Ipencrasme-
HBI 3aKJIFOUYEHHS O XapaKTepe U3MEHEHU OecKa u3ydyaeMbIX 3Be371, HaillJIeHbl WU
YTOUYHEHBI TIEPHO/IbI UX BpalleHUs, KOTOpHIE JeKaT B uHTepBajie 9—15 cyrok. Jlns
Kepler-66 u Kepler-67 momnydens! orieHKH mapamerpa audGepeHInaibHoro Bpa-
mienus AQ=0.04—-0.05 pan/cyt u 0.04 pan/cyt, coorBeTcTBeHHO. [TocTpoeHs! Kap-
Thl TEMIIEPATYPHBIX HEOJHOPOJHOCTEH Ha MOBEPXHOCTH M3YYEHHBIX 3BE3] U CJIC-
JIaHBI 3aKJTFOYCHHSI O XapaKTepe dBOIIONNN W3MEHECHUN MTOJI0KEHUIA aKTUBHBIX 00-
nacteil. bimm onpeneneHbl BEMUYMHBI TapaMeTpa S — TUIOIIAIN 3 THEHHON TI0-
BEPXHOCTHU 3BE3]l, KOTOPBIE JJI HAlIUX O00BEKTOB HaxonArca B npenenax 0.7-4.5
% OT TJIOIIAU UX MOJTHON BUIMMOW MOBEPXHOCTU. M3yueHO MOJ0KEeHUuE 00bEK-
TOB Ha JUarpamMMmax S — BO3pacT, S — MepHo/I BpaiieHus u S — uynuciio Poccbu, cue-
JlaH BBIBOJI O €r0 COOTBETCTBUU OOIIEMY XapaKTepy 3aBUCHUMOCTEN, YCTAHOBIICH-
HbIX HamH paHee B [11] msa 1570 M kapnukoB u B Hactosiie padore qis 34030
3Be3 u3 [9].

ABTOpBI O1arofapHbl KOMaHe KOCMUYeCcKOTo Teseckona Kerep.

Jannass pabota ObUla BBINOJHEHA MNpU (PUHAHCOBOM MOJJEP)KKE TpaHTa
PODU 8-52-45048 MHJla / INT/RUS/RFBR/P-271 «Bcnpllliku ¥ aKTUBHOCTh
3BE€3]] CIIEKTPaJIbHBIX KIaccoB OT F 10 M».
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ESTIMATIONS OF TIMESCALES OF STAR DESTRUCTION IN THE VICINITY
OF A SUPERMASSIVE BLACK HOLE
IN THE HILLS SCENARIO

Dryomova® G.N., Dryomov' V.V., Tutukov® A.V.
! Russian Federal Nuclear Centre, Snezhinsk, Russia
2INASAN, Moscow, Russia

Populations of hypervelocity stars (HVSs) ejected from the neighborhood of a supermassive
black hole and S-stars captured in the galactic center are strictly correlated, as they are
replenished due to the same Hills mechanism. S-stars are of a great interest for estimating the
time of their tidal destruction, as well as estimating the time for effective "fouling™ of the
supermassive black hole with a "star coat”. It is of interest to compare the calculated and
observed populations of captured stars in the galactic center.

Cuenapuii Xuimn3a [1], paccMaTpuBaromyii THHAMUYECKUI 3aXBaT JIBOWHOMN
3BE3/IbI OKPECTHOCTHIO CBEpXMACCUBHOM YepHOU NbIpbl (CMYJI), 0OBsICHSIET POXK-
JIEHUE CBEPXCKOPOCTHBIX 3BE3]1 (BEIOPOC OJTHOTO U3 KOMIIOHEHTOB) M 00pa30BaHUE
S-3Be3 Kak CleNCTBUE TMepepachpeiesieHusT MOMEHTa UMITyJIbca B 3ajade Tpex
TeJ. DTO 3HAYUT, YTO MOMYJISIIUUA CBEPXCKOPOCTHBIX 3Be3M (C3) u S-3Be3x, 3axBa-
YEHHBIX B FaJaKTUYECKOM LIEHTPE, IOJKHBI ObITh CTPOTO CKOppenupoBaHbl. Llens
paboThl — YKCIICHHAs! OIICHKA CTaTUCTHKU S-3B€3/1 U BPEMEHHU MX BBDKUBAHUS B
okpectHocT CMY/I.

Cpennee Bpemsi 3axBaTa S-3BE37bl, 7., MOXHO OLIEHUTh KakK BEJIHYUHY,
00paTHYIO0 BEPOSTHOCTH 3aXBaTa JABOMHOW CHCTEMBI, P, B OJIM3KYIO OKPECTHOCTh
CMYl, . ~ pc'l. BeposiTHOCTh 3axBaTa P, ObLJIa BRIUKCIEHA B paMKaX MPOCTON
JTUHAMUAYECKOW MOJICNIM 3BE3]l, 3ACEJICHHBIX B IIAPOBOM CJIOE (IO_ZHK<I‘<10_1HK)
Ha PEryJIIPHBIX KPYTOBBIX OpOUTAX B HAUaJIbHBII MOMEHT BpeMEHH [2].

MopenupoBaHue HCKKCHUN HaYaldbHBIX OPOUT BCJICICTBUE CITyYalHBIX
yAapHBIX CTOJKHOBEHUU, CyMMapHbIM 3(QPEeKT OT KOTOPBIX MNPUBOAMI OBl K
«crankuBaHuto» ABoiHoM cuctemsl (JIC) B 6muskyto okpectHocth CMYJ] (r <
I'eri), TIO3BOJISIET OLIGHUTH CPEJHEE BPEMS TIEPECeUCHUs] OPOUTON 3BE3bI TPAHUITBI
o6acty morerHnuansHoi rerepamun C3 (rgi=10~° mK). 3aceneHHOCTh MapoBOrO
CJIOSI IPOBOJIMJIACH METOJOM IKCTPAIOJSIUA B COOTBETCTBUU C KPUBOM BpaIllCHUS
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["anakTiku, NOCTpoeHHOW B [3] AJi1 TPEXKOMIIOHEHTHOM MOJIENH (JIUCK, OaniK,
rano). Pesymprupyromast BepositHocth 3axBara JC B obGmacts r<107mk,
IPOCYMMHUPOBAHHAs 110 BCEM BO3MOKHBIM HayaJbHbIM MOJOKEHHUSIM B IIAPOBOM
cioe, cocramia P ~2-10° B rox, to ects JIC 3axBaTblBacTCS B 00JACTh
noteHuuaibHou reneparuu C3 pa3 B 50 Thicsy sieT. DTa oleHKa Obula MoyuyeHa
IIPU yCJIIOBUH, YTO JAUCHEPCUS CKOPOCTEU A I' < I NPUHATA PABHOM KPYTrOBOM
ckopoctu 60 km/c [3].

[Ipu MopenupoBanuu ciydaiHbix npoxoxaenuit JIC Ha 3amaHHOM
NEPULIEHTPUYECKOM paccrosHun F, or CMYJl BepostHocTh 3axBata JIC
KOPPEKTUPOBAJIaCh  Kak pc-(rp/rcri)s. Ota  BEpOSITHOCTh  MOHMXKAJIACh
k023 ueHTaMu Pej ¥ Ps. 1IepBBII U3 HUX, Pej, OTPAXKAET YCIOBHE, YTO OJMH W3
komnoHeHToB JIC Oyner TouHo BbIOpoieH u3 okpectHocty CMYJ] ¢ 3amaHHOTO
NEPUIICHTPUUECKOTO PACCTOSIHUSI CO CKOPOCTbIO, CIIOCOOHOM MpPeoAoseTh
rpaButaniionHoe mone CMYJL (>750 xm/c [4]). Bropoii ko3ddunmeHt, ps,
MOKa3bIBACT, YTO MPHU BBIOPOCE KOMIIOHEHT HE Pa3pyLIUTCS CUJIAMH MPHJIMBHOMN
rpaButanuu CMYJ] [4].

Unes npusnedenus mupokux JC (A=11.3-425 R,), 1151 KOTOpPBIX 00JaCTh,
OnmarompusitHas Juis BbiOpocoB C3, nomkHa OBITh MPOTSKEHHEH, MOJydnsa
NOATBEPKIAEHUE PeE3ysIbTaTaMu MojaenupoBanus [S]. Oka3anoch, 4To i1 TECHOH
JAC (4.5My+2.5M,; A=11.3R,) cobbiTusi BbiOpocoB C3 He reHepupyrloTcs Mpu
MPOXOXKICHNY ee Ha paccTosHnn ganbme 1800 R, or CMYJL (M=3.4-10° M,), B 0
Bpems kak aiis mmpokoit JC (4.5My+2.5M,; A=425R,) BeposTHOCTE BeiOpoca C3,
XOTSI U HEBBICOKAs (pej=10'4), COXpaHsETCs Ha MEPUIIEHTPUUECKUX PACCTOSIHUSX 10
50 000R,.

Koo duueHTsl Pej 1 Ps OBLIM pacCYMTaHBl B MOCTAHOBKE 337a4M TPEX TEI
[5] u N Ten [6], cooTBeTCTBEHHO, ¢ N — 4KCIIO TPaBUTHPYIOMIMX AJIEMEHTOB, U3
KOTOPBIX COCTOMUT 3Be3fla. TakuM oOpa3oM, pe3yJabTUPYIOIIas BEPOATHOCTh
3axBata JIC, c¢ mocnenmyromuMm BbeiOpocom C3 u o0pa3oBaHuEM S-3Be3bl,
OLICHUBAJIACh KaK

pzpej Ps 'pc'(rp/ rcri)3- (1)

CxeMa OLEHKH WIKaJIbl Pa3pylICHUSI S-3BE3M, Tgestr, CBOJUTCS K PACUYETHOMY
3HAYEHHIO CKOpPOCTH BbIOpoca C3 — Vi, 10 KOTOPOH MOXKHO OIpPEEIUTh YHECEH-
HyI0 3Hepruto BelOpomeHHoH C3: Eg= mg: Vej2/2. [lomarasi, yTo BBIOPOC 3BE3/BI
kak C3 mpoucxoauT B 00JACTU MEPUILICHTPA, MOJHYI 3HEPTHI0 OCTABIIETOCS B
nojie CMY/I kommanbOHA MOXKHO 3aIlicaTh KaK

E = mg V%2 — Mg V72 — GMgy -mg/r,, (2)

rJie Mej — Macca BEIOPOLIEHHOH 3B€3/1bl; Mg — Macca OCTaBLIErOCsl KOMIIAHbOHA Ha
opoute Bokpyr CMY/I; Mgy — macca CMY/L, V, 1 Iy — CKOPOCTB M PACCTOSTHHE 3a-
XBa4YE€HHOW 3BE3/IbI B IEPHUIICHTPE.
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Hcnonb3ysi OLIEHKY MOJHOW AHEPTrUy B MEPHUIIEHTPE, MOKHO U3 ypaBHEHUS
TPAaCKTOPUM HAWTH HOBOE 3HAUYECHME aroOlEHTpa Il U3MEeHEeHHOM BbiOpocom C3
OpOUTHI 3aXBAaYCHHOTO KOMIIAaHBOHA:

%Ji(E—um)— e ©

m mer

rae U(r) — sHeprus rpaBUTAIIMOHHOTO B3aMMOJCHCTBUSI CBEPXMACCUBHOW YEPHOM
JBIPBI C 3aXBAYEHHOW B €€ OKPECTHOCTh BTOPOi1 3B€3101 1 M — MOMEHT UMITyJIbCa.
OTOT 1IAr MO3BOJISIET PACCUUTAThH OOJBIIYIO TOJTYOCh HOBOWM OpOUTHI S-3BE3/bl Kak
a=(ra+rp)l2.

Hanee, anantupys ¢popmyiy (6) u3 [7] s OLIEHKH BPEMEHHU CIMSIHMS JIBYX
CMUY/I, MO>XXHO OLICHUTh BpeMsl MPWIMBHOTO pa3pylICHUS S-3BE3/IbI B I0JIE OJU-

HouHot CMY/I:
4 -3
Tdestr ~ 108 (%{ ) (M = M ) ) (4)

Bormpoc cratuctuku S-3Be31 MOKHO PEIIMTh U3 aHaIU3a COOTHOIICHUS Bpe-
MEHH BbIXKMBaHUs S-3Be3]1 B okpecTtHocT CMY /] u Bpemenu 3axBata JIC B okpe-
ctHocTh CMYJ] ¢ mocnenyromei «ycnemHoi» renepanueii C3 u odpazoBaHueM
S-3Be3p1. CpaBHUTEIBHBIN aHATN3 ATHX KA yI00OHO MPEICTaBUTh B 3aBUCUMO-
CTH OT Iy 11 (PUKCHPOBAHHOIO 3HA4YEHUsI OOJIBIION MoiryocH poautensckon JC
(Puc.1). [lyHKTUpHBIEC U CIUIONIHBIE KPUBBIE MOKA3BIBAIOT, COOTBETCTBEHHO, BPEMSI
paspyuieHust S-3Be311bl (Tyesty) U BpeMs 3axBata (Tc) JJC B 3aBUCHMOCTU OT IMepHU-
LIEHTPUYECKOT0 paccTosHus I, u Oosbmoi nmomxyocu JC. 3amrpuxoBaHHas 00-
nacth Ha Puc.1, oOpa3oBaHHas MepeceYEeHUEM 3TUX KPUBBIX, KOTJA Tgestr >Tc, HII-
JHOCTPUPYET MPOTIKEHHOCTh 30HBI HAKOIJIEHUsT S-3Be37] B okpecTHocT CMUJ] B
3aBUCUMOCTH OT TiepulieHTpuueckoro paccrosaus (7000 R, — 50 000 R,) u 601b-
mroii moayocu JIC (56 R,— 425 R,).

Hcnonb3ys 3aBucumocth pacnpeneneHuss JJC mo OOnbIIMM IMOIYOCsSM CO-
rmacuo [8] (AN~A'dA), MoxxHO oneHuTh BeposTHOCTH, uTo manHas JIC nmeer
¢$ukcHpoBaHHYIO OOJNBIIYIO MONIYoCh. C y4eTOM 3TOW BEPOSATHOCTHU MPECKa3bIBa-
eTcs YHCIIeHHOCTh S-3Be311 B okpectHocTH CMUJL (r<10mK), Takux 3Be3[ okasa-
jochb ~10.

B pamkax mpoekta MoHHTOpHHTA ["allaKTHYECKOTO IEHTpPa CETOMHS BHHUMA-
TEJIBHO OTCIEKUBAIOTCS opOuTHI 40 S-3Be3y [9], camble OMM3KHE U3 KOTOPBIX K
Sgr A" — Ha ynanennn 4-107° nk. IIpeacraBiser G0MbLIOH HHTEPEC MPOIOKEHHE
MOHHMTOPHHIA raJaKTHUYECKOTO IIEHTPa U MOACIUPOBAHUS OPOUT S-3BE3, OILICHKA
BPEMEHHU BBDKHUBAHUSI KOTOPBHIX Ba)KHA JIJISI M3YUCHUS PE3EpBa 3BE3] C PEIISTUBU-
CTCKUMH CKOPOCTSAMHU.
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rox 10° R,

Puc. 1. 3aBucuMoCTH BpeMEHHOW IIKajbl pazpymeHus S-38e3a B mosie CMYUJL (Tgestr) U
BpeMeHHOW mKaiel 3axBara JIC (t¢) OT I'p. PasnuyHble y4acTKH KPUBBIX, BBIJICICHHBIE OTTEHKA-
MH B YepHO-0€JI0ol maTuTpe, COOTBETCTBYIOT pa3inyHbIM OonbiinM noiayocsm J(C.
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EmeansanoB H.B.
TAUL MT'Y, 2. Mockea, Poccus
emelia@sai.msu.ru

RATIONALE FOR OBSERVING PLANETARY SATELLITES
FROM AN EARTH ARTIFICIAL SATELLITE

Emelyanov N.V.
SAl MSU, Moscow, Russia

The study of the dynamics of natural planetary satellites is relevant for ensuring space missions
and for determining physical parameters of planets and satellites. For progress, it is necessary
to extend the time interval of observations by new regular observations performed with better or
previous accuracy. Observations performed from an Earth artificial satellite have special ad-
vantages for this purpose.

AKTyaJIbHOCTh M3yYCHHS TUHAMUKH CITyTHHUKOB IIJIaHET OOYCJIOBJICHA Clie-
OyroIyMH mpuanHamMu. HeoO6xoaumel Bce 0ojiee TouHbIe d(peMepuIbl CITyTHUKOB
TJTAaHET I 00eCTICYeHHs] KOCMUYECKUX MUCCUi. V3yueHne TuHaMUKN CITyTHUKOB
Ha OCHOBE aCTPOMETPHUECKHUX HAOJIIOJIEHUHN MO3BOJISIET OMpPENesITh GU3NUECKUe
nmapamMeTphl TUTAHET W CIYTHUKOB, B YAaCTHOCTH, BSI3KOCTh HEOECHBIX TeJI. IJTO
HY)KHO I Oyayimiero pacmuipeHusi cpeabl ooutanuss B COJIHEUHOW CHUCTEME.
YTouHeHre OpOUTATBHBIX MapaMETPOB MAJCKUX CIYTHUKOB TUIAHET IO3BOJISET
MIPOBEPSITH TUIIOTE3bI O MPOUCXOXKACHUU U IBOTIONUN COTHEYHON CUCTEMBI.

OcHOBOM U3y4eHUsI TUHAMUKHU SBJISAIOTCS HaOmoaeHus. [loaTomy ycnex nena
B MEPBYIO OYEpEe/ib 3aBUCUT OT COCTaBa W TOYHOCTH HAOIIOJEHUM. AHAIU3 IO-
CTPOCHHSI MOJIEJeH JABUXKEHHSI CITyTHUKOB Ha OCHOBE HAOJIOJCHUN MPUBOJIUT K
CJIEQyIOIKM BbiBOAaM [1,2].

1. Jns mocTpoeHUs: MOJIENIM JABUKEHHS JIF0OOOr0o HEOECHOro Tejla Bcerja cTa-
paroTCsl UCIOJIb30BaTh HA0Op BCEX CYIIECTBYIOIIMX B MHUpe HaOIOACHUMH,
HayWHasi C MOMEHTA OTKPBITHUS 3TOTO HEOECHOTO Tea.

2. Ilponomkenue HaOMIOJEHUM HEOSCHBIX TE JaXe C IMPEKHEH TOYHOCTHIO
OKa3bIBACTCS ITOJIC3HBIM.

3. IlpeumymiecTBa OTHUX HAOMIOACHUN IO CPABHEHHUIO C APYTUMH OIPESIs-
€TCS UX TOYHOCTHIO, a TaKK€ MHTEPBAJIOM BPEMEHM, HA KOTOPOM OHH BbI-
ITOJIHEHBI.

4. JlroOble HOBBIC HAOMIOACHUS, Jaxe 0oJiee TOYHBIC, BCETJa HCIOIb3YHOTCS
TOJIBKO KaK JIOTIOJIHEHHUE K YKe CYIIECTBYIOIIEH 0a3e JaHHBIX.

OTH BBIBOJIbI COCTABISIOT OCOOCHHOCTh MPAKTUYECKON HEOECHOM MEXaHUKHU
M0 CPAaBHEHHUIO CO MHOTHMHU JPYTHUMHU UCCIEA0OBAaHUAMHU HEOECHBIX TeJ, KOrJga HO-
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BbI€ IICHHBIE HAYYHbIE PE3YJIbTAThI MOJYYAIOTCS HA OCHOBE TOJIbKO HOBEMIINX Ha-
OJIF0IEHUI, KOTOPBIE€ 110 TOYHOCTU MEPEKPHIBAIOT cTaphie. bosee TouHast u anex-
BaTHasl JICUCTBUTEIHLHOCTA MOJICTh JIBIKEHUSI HEOSCHOTO Tela CTPOUTCS Ha OCHO-
Be OoJiee MOJTHOM Oa3bl TaHHBIX HAOJIOICHUH.

Cpenu pazHooOpa3HbIX TUIIOB HAOMIOeHNN BechMa d((HEKTUBHBIMU OKa3bl-
BalOTCS aCTPOMETpPUYECKHUE HAOMo/IeHns ¢ OOpTa HCKYCCTBEHHOTO CITyTHHKA
3emumm (MC3). Habmoaenus ¢ momonisto Hubble Space Telescope (HST) mamu
BBICOKYIO TOYHOCTh KOOpAuHAT cryTHUKOB. Habmronenust co cimytauka WEIS no-
3BOJIMUIM JJOOABUTH B 0a3y JaHHBIX aCTPOMETPUUECKUE TIOJIOKEHHUS JATCKUX CITYT-
HukoB FOmuTepa. Takux JaHHBIX TTOKA UMEETCSl COBCEM HE MHOTO.

[IpeumymiectBa HabmoaeHui ¢ MC3 oueBuaHbI OJaronaps 1ByM OCHOBHBIM
cBoiicTBaM. Bo-miepBbIX, 3TO BHeaTMc(epHble HAOJIOJEHUS, MOATOMY KadeCTBO
M300pa)K€HUsl BBIIIE, YEM MPU HAOIIOJCHUSIX ¢ 3€MJIM MPU TPOUYUX PABHBIX yCIIO-
BUsIX. BO BTOPBIX, HAOIIOJIEHUSI MOTYT BBITIOJHATHCS JaXKe B T€ MOMEHTHI, KOTJa
yII0BO€ paccTtosinue o0bekTa oT CoHIla HEBETUKO, a HA3eMHbIC HAOIOICHUS HE-
BO3MOXHBI. K coxaneHuto, acTpoMeTpudeckux HaOmojeHuit ¢ momorisio MC3
nenaetrcss mMano. VHTepBan BpeMeHW HAOIIOJCHHM, BBITOJHEHHBIX C TMOMOIIBIO
HST, Becbma Mai1, 4To CHMKAET 1IEHHOCTh HaOmoaeHnid. HabmroaeHus cmyTHIKOB
IJIAHET ¢ TOMOIIBIO Tejieckomna Ha ciiyTHuke WEIS HauaTsl HEJJaBHO U TTPOBOJIAT-
Cs BEChbMa PEIKO. YKa3zaHHbIE 00CTOATENHCTBA OOOCHOBBIBAIOT BBICOKYIO aKTY-
QIBHOCTh OYAYyIIUX HAOIIOACHUI €CTECTBEHHBIX CIYTHHKOB IUIaHET ¢ OopTa uc-
KYCCTBEHHOI'O CITyTHHKA 3EMJIH.

[Iponomxenre HAOIIOACHUN CITYTHUKOB IJIAHET JaXKe C MPEKHEH TOYHOCTHIO
BeChbMa IIEHHO. DTO JEMOHCTPUPYIOT CIEIYIOIINE MPUMEPHI, IOCTPOEHHBIE HAa BO-
00pa)kaeMbIX JaHHBIX, OMU3KUX K JEUCTBUTEIbHBIM. CBONCTBO OpOUTAIIBHBIX
JBIDKEHUN HEOECHBIX TEJI TaKOBO, YTO OpOUTAIbHAS JOJTOTA YBEIMUUBACTCS MO-
HOTOHHO CO BpeMEHEM. ECIu MCKIIOUUTh M3 €€ 3HAYEHHM, MOJYYCHHBIX U3 Ha-
OnmoieHnit, GQYHKIHIO €€ TEOPETUYECKOT0 U3MEHEHHS, TO MOXHO MOJIYYUTh OCTa-
TouHble OTKJIOHEeHUsI O—C, BhI3BaHHBIE OIIMOKaMH HAOIIOJEHUN U HEYYTEHHBIMU
B MoJienu dddexramu. [loaydynm npuMepHO TO, YTO U300PAKEHO AJIT HEKOTOPOTO
BooOpaxaemoro HebecHoro tena Ha Puc. la. CHayana Huuero unrepecHoro. On-
HAKO €CJIM MOWCKAaTh CTapble HAOIOJIEHUS W MPOAOKaTh HAOIIOJATh HHTEpE-
cyloliee Hac HeOeCHOe TeJo, TO MOKHO MOJIYYHTh TO, YTO MoKa3aHo Ha Puc. 16.
MpbI BUAMM MOYTH KBaJpaTUYHOE MO BPEMEHHM HU3MEHEHHUE JOITOThI. Takou 3¢-
(eKT MOXKET TMOSBHUTHCSH TOJBKO HM3-3a HEYUTCHHOW JMCCHMAIMN MEXaHUYECKOU
OHEPrul HEOECHOTO TeJa, YTO MOXET OBITh BBI3BAHO, HANIPUMED, MPUITUBHBIMU
cuiamMu, OOyCIIOBJICHHBIMH BSI3KOCTBIO IJIAHET W CIYTHUKOB. 371€Ch BHJIHO, YTO
WMEHHO pacIIMpeHre WHTEpPBajia BpEMEHH HAOIIOICHNI 00ECTIEUHIIO TTPOrpecc B
HaIllUX 3HAHUSX.

[Tapametps! Bsizkoctu FOmutepa, CarypHa U HEKOTOPBIX CIYTHUKOB ObLIM
OTIPEICJICHBI U3 aCTPOMETPUUECKUX HAOII0IeHUM B paboTax [3, 4].
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BrisicHum Temneph, KakoBa CBSI3b MHTEpBajia BpeMEHU HAOIOJIEHUN U TOYHO-
ctu 3pemepun. [Tocmorpum Ha Puc. 2a. [Tokazanbl 3Ha4eHUST OPOUTATBHOM J0JI-
roThl HEOECHOTO TeJa, MOJyYeHHbIE U3 HaOJ0ICHUN Ha MHTepBajie BpeMeHu (1,
t;). Hanmuio HeKkoTophIf «1rym» U JIMHEWHOe n3MeHeHue. Ha ocHoBe Teopun u Ha-
OJIFOICHUI MBI MOKEM BBIUMCIUTH BO3MOJKHBIE 3HAUEHHUS JOJITOThl Ha WHTEpe-
CYIOLIMI HAC MOMEHT BPEMEHMU t;, OTpaHUYEHHBIE PSAMBIMU JIMHUSIMUA Ha PUCYHKE.
Ecnn MBI poAomkuM HaOMIOACHUS C MPEXKHEH TOYHOCTHIO N0 MOMEHTa {3, TO
TOYHOCTbH deMEepUIbl YIYUIIUTCS, YTO U BUIHO HA Puc. 26. DTOT mpumep moka-
3bIBAET TUITUYHYIO CUTYAIIMIO C TIOCTPOCHUEM HOBBIX 3()eMEepH] CITyTHUKOB.

a 6
[onroTa [onroTa
no op6ute no opbute

ty ty te  t

[Ipomecc yrouHeHus: MoIeNiel NBYXKCHHS CITyTHUKOB BBITIISIUT CJICTYIOIITUM
obpaszomM. Ha kakom-To sTane HakoruieHsl HaOmroAeHus. MccnenoBarenu mpoBOasT
ONpE/ICJICHUE MapaMEeTPOB JBUKEHUS U BBIJAIOT dpeMepubl cnyTHHKaA. [Ipoxo-
TUT HEKOTOpoe Bpemsl. PaboTraroT Habmonarenu. B kakoi-To MOMEHT HaKarljuBa-
eTcsl mopuMs HOBBIX HabmoaeHui. Toraa uccienoBarenu 6epyT cTapble HaOIIO-
JIeHUsI, 100aBJIIET K HUM HOBBIC, MIEPEOINPECISIOT TapaMeTphl ABUKEHUS Ha OC-
HOBe 0o0Jiee MOJTHOTO COCTaBa HAOJIIOACHUM U BBIJIAIOT HOBBIE, 00JIee I0CTOBEPHBIE
adeMepubl. bomnbimas UX TOCTOBEPHOCTh O0YCIIOBICHA TEM, YTO 3PEeMEPHIBI TT0-
CTPOCHBI HA OCHOBE OOJIBIIIETO YHCjIa HAOIIOACHUMN, BBITIOJHCHHBIX Ha OOJBIIEM
uHTepBajie BpeMmeHu. [IpuMepsl Takux paboT MOKHO HAaWTH B IMyOIUKaIusx [5, 6].

JIOBOJIBHO 4acTO CIIy4aeTcsl CUTyallusi, Korjaa HabJt01aTeu, BhITIOJHUBIIINE
HOBBIC HAOIIOJICHUS, COTPYTHUYAIOT C TEMH, KTO MOXET YTOYHSTH d(PEMEPUIbI.
Wuornma aBTOpBI caMu yMEIOT HaOMIOAaTh U yTOUHATH dpemepunnl. Takum oOpa-
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30M, BMECTE C pe3yjbTaTaMH HAOIIOACHUN CIIyTHHUKOB B HOBOM IPOEKTE IyOJIH-
KYIOTCsl HOBBIE JJaHHBIC O TUIAHETAX U CIIyTHHUKAX.

Bo3moxHnb! cienyromue Tunsl HaOmoaeHui. [lepBolil THII — 3T0 U3MEpEeHUs
KOOpAMHAT OTHOCUTENBHO 3BE37, Ha3bIBa€MbIE e€llle «aOCONIOTHBIMIY HaOo/1e-
HUSIMU. 371€Ch B pe3yJbTaT HaOJIONECHUS MOJHOCTHIO BXOJUT OLIMOKA 3BE3THBIX
KaTajoros. JTa npobjema B MoclieHee BpeMsi CHUMAETCSl HaJIMUUeM HOBBIX KaTa-
noros (Hiparcos, GAIA). ObpaboTka n300paskeHu# pr aOCOTIOTHBIX U3MEPEHU-
X MOKET JIeNaThCsd OOBIYHBIMU METOAAMH, KOTOPbIE TPUMEHSIOTCS IpU 00paboT-
ke [13C-uzo0paxkenuii. Bropoit Tun — oTHocHUTeNbHbIE U3MepeHus. 3mepsatoTcs
Pa3HOCTU KOOpJMHAT map cnyTHUKOB. Ha ocHOBe Takux HaOJIIOIEHUI MOKHO OII-
penensTb opouThl 000MX CIYTHUKOB. IIpM OTHOCHTENBHBIX U3MEPEHHSIX BEKTOP
CHYTHUK—CIYTHUK Ha HEOECHOU cdepe MOKET ObITh CHPOEKTHUPOBAH Ha Jt000E
HaIlpaBJIEHUE B TOJIE 3PEHUS, U KaK pe3yJbTaT U3MEPEHUS MOXKET BbIJJAaBATHCS BE-
JUYMHA 3TO npoekuuu. [Ipu 3ToM HampaBieHue BEKTOpa, Ha KOTOPBIN MPOEKTH-
pyercs BEKTOp CHYTHUK—CIYTHUK, JOJKHO OBITh TAaK)K€ M3BECTHO OTHOCHTEIHHO
HaIIpaBJIEHUS Ha IOJIIOC MHpa Ul KaXA0ro usmepeHus. Ha ocHOBe Takux OAHO-
MEPHBIX OTHOCUTENIbHBIX H3MEPEHHH MOXKHO OIpEeNessaTh MapaMeTpbl OpOUT
CIIyTHUKOB. TpeTul W 4YeTBEPTHIM TUIIBI U3MEPEHUU — 3TO YIJIOBOE PACCTOSIHUE
MEXy CIYTHHUKAaMH W MO3ULUOHHBIA YroJl BEKTOpA CIYTHHUK—CIIYTHHK, OIpEJe-
JIEHHBI OTHOCUTEJIBHO HAIIPAaBJICHUS Ha MOJI0C MUPA.

K Hacrosiemy BpeMeHM H3BECTHO 179 €CTeCTBEHHBIX CIIyTHHKOB IUIAHET
(xpome Jlynbr). COyTHUKM MUMEIOT 3BE3[HbIE BeauuuHbl OT 4.5 1o 26. Haubonee
apkue — ['amuneeBbl cmyTHUKM FOmurepa, ux 3Be3aHble BenWuuHbl 4.5 — 5.5.
['maBHbIe ciyTHUKM CaTypHa UMEIOT 3BE3AHBIE BEIWYUHEBI OT 8.8 10 15.4, nanekue
cnytHuku FOnurepa, Carypna, Ypana u Hentyna — ot 14 u Gouee.

Pabota BemonaeHa npu noanep:xkke PODOU (rpant 16-52-150005).
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IMOJIOCTH B 'A30BOM JUCKE I'AJIAKTHUKH NGC 6946

E¢pemos F0.H.
TAULI MT'Y um. M.B.Jlomonocosa, Poccus
zasov@sai.msu.ru

CAVITIES IN THE GAS DISK OF THE GALAXY NGC 6946

Efremov Yu.N.
SAIl MSU, Moscow, Russia

We use the spiral galaxy NGC 6946 as an example to consider anew the origin of rounded re-
gions in gas disks of galaxies (first of all, of spiral ones) with the gas (HI) density within them
much lower than around them.

Ha mpumepe cnupansnoit ranaktuku NGC 6946 (Puc. 1) paccmarpuBaetcs
3aHOBO TIPOOJIeMa MPOUCXOKICHUS B Ta30BBIX JUCKAX TAAKTUK (TPEkKIE BCETO
CHHUPATIbHBIX )OKPYTIIBIX 00JaCTe, BHYTPH KOTOphIX MioTHOCTH raza (HI) cyme-
CTBECHHO MEHBIIIE, YeM 110 COCeACTBY. B HekoTophix u3 3THX obmacteit (HI holes)
HaO0JII0/1a0TCsl HEOOJIBIIINE YYAaCTKH, B KOTOPBIX Ta3, oTHocsmuiica k NGC 6946,
OoTCyTCTBYET BoBce. OO0 3TOM MO3BOJISIOT CYJUTh HE TOJBKO JIy4eBbIE€ CKOPOCTH U
HEOOBIUHBIC TTapaMeTPbl HOHM30BAHHOTO BOJOPOJA ra3a BHYTPH I3THX y4YaCTKOB,
HE BCTpEYalolIruecs B MJIOCKOCTH Halel ['alakTUKu, - HO TUIMYHbBIC JJISI HA0JIt0-
JTaeMbIX Ha €€ CPAaBHUTEIIBHO BBICOKUX IIMPOTaxX, riae u pacnonoxeHa NGC 6946.

CymiectBoBaHue Takux «IbIpodek» B Tiockoctd NGC 6946 6v110 06Hapy-
)KEHO TIpM  CHEKTpaJbHOM  HCCIeIOBaHUM ATOM ramaktTuku Ha BTA
B.JI. Adanacbesim 1 FO.H. EdbpemoBBIM ¢ coaBTOpamMu OKOJIO JECSTH JIET HA3a/l,
HO JIO CUX TOp MPHUPOJa 3TUX OOBEKTOB HesiCHA. X M3BECTHO HEMHOIO, HO CIie-
[[MaJbHO OHU HE UCKaIUCh. Bripodyem, mporcxoxaeHrne OONBIINUX IbIP B ra30BOM
nucke NGC 6946 (kak 1 B JpyruX rajJakKTUKaX) TaKKe OCTAETCs JUCKYCCUOHHBIM.
HaubGonee momymsipHasi rumnore3a uxX oOpa3oBaHMsI KaK TMOCIEICTBHIA B3PHIBOB
CBEPXHOBBIX SIBHO HE MPOXOAUT; Oojiee pealuCTUYHA TUIOTE3a MPOXOXKICHUS
CKBO3b I'a30BBIM JAUCK TrajJaKTUKU OOBEKTOB C BBICOKOM KMHETHMUECKON SHEpruei
(MUHU-CKOIUIEHUI?) — HO OHA TOXKE BCTPEYAET BO3PAKEHUSI.

Jlyumme n3obpaxenuss NGC 6946 B HIl mokassiBaroT, 4To BCe arperaTsl Ta-
30BBIX O0JIAKOB COCTOSIT U3 MEHBIIIUX TECHBIX TPYII — U TaKKe 001aKka OOBIYHBI U
BHYTPH HaHOOJBIIHNX JABIP B TA30BOM JIUCKE 3TON TATAKTHKH.

NGC 6946 umeer mmpoty 12°, u B myctoTax ee aucka (IbIpoukax) BUIHBI
XapaKTEpHbIE JJIsl TAKUX MIUPOT CHEKTpabHbIC MPU3HAKU Ta3a Hallel ["anakThuku
— aHOMAaJIbHbIE COOTHOIIIEHUS MHTEHCUBHOCTEW HekoTopbix JuHui. [lomoca HI ¢
Jy4eBOM CKOPOCTHIO, TOYHO COOTBETCTBYIOILIEH €€ 3HAYCHUIO BHYTPHU MOJIOCTEH
razoBoro aucka NGC 6946. npekpacHo BUHA Ha KPUBOW BpallleHHs 3TOM rajak-
TUKH.
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NGC ) *AH Bum

Puc. 1. NGC 6946 B IR-nmuamazone (8 mum) u B 6mmwkaet UK-o6mactu.Komnax n3obpa-
JKeHUH HUCCIICOOBAHHBIX CUCTEM.

158



YK 520.3 DOI: 10.31361/eaas.2018-1.034
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CHARACTERIZATION OF ASTRONIRCAM SPECTRAL MODE

Zheltoukhov S.G., Tatarnikov A.M., Shatsky N.I.
SAlI MSU, Moscow, Russia

The spectral mode of the infrared camera-spectrograph ASTRONIRCAM is described. The re-
solving power with the narrowest 0.9" slit varies within R=1140-1440; the wavelength calibra-
tion is stable at the 0.3 A level. The resulting instrument light efficiency in the long-slit mode
ranges from 6 to 15% in the bands from Y to K; scattering and diffraction efficiency of the sur-
face-ruled grisms are primary limiting factors. The cross-dispersion mode throughput is ~4-5
times lower. Airglow lines and thermal background permit exposures longer than one hour.

The ASTROnomical NearlnfraRed CAMera (ASTRONIRCAM) — xamepa-
criekTporpad, ycTaHOBJIeHHas Ha 2.5-M Teneckone KaBkasckoil ropHoi oOcepBa-
topun ['AVII MI'Y. Kamepa moxeT paboTaTh B IBYX pexumMax — (oromerpuye-
CKOM (TIOJTydeHHE MPSMBIX CHUMKOB He0a B Pa3INYHBIX (UIBTPAX) U CIIEKTPaJIh-
HOM (IIOJIy4€HHE CIIEKTPOB HU3KOTo paspeleHus). B Hactosmeit pabore Mbl Xxa-
paktepuzyeM crekTpaibHbiii pexxum ASTRONIRCAM c¢ menbio ompeneneHus
BO3MOXHOCTEH mpudopa mo uzmepennto NK-cexkTpoB pa3nmudyHbIX acTpOHOMHYE-
CKHUX OOBEKTOB U OMHMCHIBAEM OCOOCHHOCTH PEAYKIIMU JaHHBIX.

OcHoBHBIM 35eMeHTOM Kamepsl sBisiercss HgCdTe wmarpura ¢opmara
2048%x2048 snementoB monaenu H2RG, ¢ kBanToBOM »dexkTrBHOCTEIO >9(0%,
IIyMOM CUHTHIBaHUS 12 31€KTpOHOB M €MKOCTBIO sueeKk ~120000 s3nexkTpoHOB.
N300paxkeHne Ha MpHUEeMHUKE (POPMUPYETCS] ONTHUECKOW CXEMOM, COCTOSILEH U3
BXOJIHOTO OKHa, (hOKaJIbHON Typeiu C BXOJHOM auadparmoil moyis U Habopom
CHEKTPaJIbHBIX IIEJIEeH, KOJTTMMATOPa, ABYX Typenel (pUiIbTpoB U IpU3M U Kamep-
HOTO 00BbeKTHBA. Bce 351IeMEHTHI Mociie OKHAa U JETEKTOP OXJIAKIAIOTCS KUIKUM
a30ToM. CUMTBIBaHHME M OLM(PPOBKA CUTHAJA OCYILIECTBISIETCS KOHTPOJUIEPOM
ARC Gen 111 [1]. ITogpoOHOCTH KOHCTPYKITMK U paOOTHI KaMephl cM. B [2].

B xauectBe mucnepcopoB B ASTRONIRCAM wucnons3ytorcs rpusMbel. B
nepBol Typenu (GUIBTPOB YCTAHOBJIEHBI JBE TPU3MBI IS PEXUMaA KpOcCc-
aucrnepcuu, padoTaroliye B NepBoM nopsiike. Bo BTropoil — ocHOBHas rpusma, pa-
OoTatomiast B mopsakax ot 6 10 3, B 3aBUCUMOCTH OT TPeOYeMOro CIEKTPaIbHOTO
nuanasona Y, J, H wim K.

[Ipu paboTe B CIEKTPATLHOM PEXUME HUCIIOIB3YETCS OJHA U3 MSATU JJIMHHBIX
(280", pexum naMHHOW mienu) wiM nOsaTH KopoTkux (10”7, pexum Kpocc-
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JUCTIEPCUM) IIeJIel, yCTaHaBJIMBaeMbIX (DOKAIBHOU Typenblo. B KaXaoM KOM-
miekTe uMmerores menu mupunoun 0.9”, 1.3”, 1.8", 2.7" u 7.2" B npoekuu Ha He-
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-—
—
-—
-
o —
[ A I Y A T T Y AN O B M
12390 12400 12410 12420
A A

Puc. 1. IIpodwib criekTpanbHON TUHUMA U GParMEeHT KaJpa cO CIEKTPOM KaIMOPOBOYHOMN
JaMIbl ¢ 6-M U 5-M nopsiakaMu (IOAMKUCAHBI ITTMHBI BOJIH HEKOTOPBIX JTUHUN B MKM). Ha kanpe
XOpOIIIO BHJICH CBET, PAcCESTHHBI OCHOBHOW TPU3MOM (BEpTHUKAIBHBIC IOJOCHI) U KpOCC-
JUCIIEPCOPOM (FOPU30HTAIIBHBIE ITOJIOCHI).

I, counts

Jlist oTcedeHuss HepabOUNX MOPSAKOB NP HAOIIOACHUSIX C JNIMHHOM IIEITHIO
ucnonp3ytorcs cBeropmibTpsl YOS, JOS, H u K, yctaHOBIIEHHBIE B TOM K€ KOJIe-
ce (UIBTPOB, YTO U TPU3MBI Kpocc-aucnepcuu. CBeTOUIBTPHI IS OTCEYCHUS
JUIITHUX MOPSAJIKOB B PEXKUME KPOCC-IUCHEPCUN HAKIEEHBI HEMOCPEICTBEHHO Ha
COOTBETCTBYIOIIME JOMOJIHUTENbHBIE TpU3MBbI. [Ipu paboTe B 3TOM pexkume Ha 0]i-
HOM KaJIpe MOJyYaroTCs CIIEKTPhI cpa3y AByX auamna3zoHoB — YOS+JOS unu H+K.

JIns kanuOpOBKU B CHEKTPATILHOM PEXKHME UCMOJIBb3YEeTCsl BHENTHUNA Kalnuo-
POBOYHBIN OJIOK, COAEpIKAIIMNA JaMITy HaKaJMBaHUS U CHEKTPAJIbHYIO aprOHOBYIO
JamIy.

HaOmroieHust ¢ IJIMHHOW IIEIBI0 MPOBOJATCS B 4 CIEKTpalIbHBIX JHAna3o-
HaX, Ha3bIBaeMbIX MO coptupyrommm nopsaku punstpam YOS, JOS, H u K. Tlo-
Jy4aeMbIil CIIEKTP OTATOIIEH I'e€OMETPUUECCKUMHU HCKAKEHUSMH, alpOKCHMAITUs
M0JISI KOTOPBIX BBHITIOJIHAETCS JIBYMEPHBIM MOJIMHOMOM Masioil crernienu (z10 4). [o
CIIEKTpaM aprOHOBOM JIAMITBI CTPOUTCS] MaTPUIA CMEIIEHUN, UCTIPABIISIONIAS KPHU-
BU3HY CIIEKTPAIbHBIX JIMHUM. A TI0 CIIEKTpaM HECKOJbKHUX 3BE3]T B pa3HBIX MECTax
HIeJIA TIOJTydaeTcsl MaTpuiia KodOPHUITMEHTOB ITUCTOPCHH (MCKAKEHMsI MaciiTada
BJIOJIb III€JIM HA Pa3HBIX JJIMHAX BOJIH — MAaKCUMAaJIbHOE H3MEPEHHOE «CHKATHUE)
CIIEKTpa COCTABIACT 8 muKcenen npu pazmepe cnekrpa 1000 nukcenen, T. €. Me-
Hee 1%).
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OcTtarouHble OTKJIOHEHHUs (OPMBbI JUHUM OT HpsiMoW amiumMtynod no 0.2
IUKCENST UCHPABIAIOTCA MOJMHOMOM 10 creneHu, U B MTOr€ UX aMIUIUTYyJa He
npessbimaer 0.05 nukcens.

JlucriepcroHHAas KpuBasi CTPOUTCS 10 CIEKTPY aproHOoBOM jamiibl. [Ipu sTom
KOKIBIM M3 CHEKTPAIbHBIX JHANA30HOB ANNPOKCHUMHUPYETCS MOJEIBHBIM CIEK-
TpoM. B pe3ynbpTaTe 3aBUCUMOCTD JUIMHBI BOJHBI OT KOOPAUHATHI HAa H300paskeHUN
onchiBaeTcs moauHoMoM 3 crenerr ¢ CKO moniokeHuil eHTpOB JIMHUKN KainO-
poBouroii mammsl Menee 0.3 A. TTpu stom aucnepens Ha A=1.25 MKM paBHa 2.68
Alpix.

CMmenieHre n300paxeHUs CIEKTpa Ha JETEKTOPE BCIEJICTBUE MTOBOPOTA MH-
CTpyMEHTA MEXaHUUYECKUM JIEPOTATOPOM, BpallleHUsl KoJiec U Apelida Temrepary-
pBI Kpuoctara B cymMme He npesbimaet 0.15 nukcena B pabounx MHTEpBaiax ma-
pameTpoB.

B pexume kpocc-aucnepcun paboure MOpsiAKK CIEKTPOB HAKIOHEHBI K Ha-
MPaBJICHUIO JUCIIEpCUU OCHOBHOU rpu3mbl (Puc. 1). [{ns TpaccupoBKH MOPSIKOB
UCIIOJIB3YIOTCSl CIEKTPhl KAJIMOPOBOUYHOM JaMmbl HAKaJIMBAaHUA, MO KOTOPHIM
CTPOUTCS MOJMHOM TPETHEN CTEIIECHHU, ONPEAEIISIONINI CMELIEHUS LIEHTPA MOJI0CHI
HYKHOIO nopsiika cnekrpa. [locne 3Toro ucnpasiisieTcsi KpUBU3HA JIMHUAK U OIIpe-
JEJSIETCS TUCIIEPCUOHHAs KpUBasl.

[Iporeaypa 006paboTku HAOIIOAATEIBHBIX JAaHHBIX HAYMHACTCS C KOPPEKIIUH
JAHHBIX [JIOXUX MHUKCENIO0B. [Iocae 3TOro CHUMKM UCIPABIISIIOTCS 34 HEIMHEWHOCTh
YYBCTBUTEIBHOCTH JETEKTOpa, HE NpeBblmawiyo 15% npu makcuMmalibHOM
YpOBHE curHazia [2]. 3aTemM CIeKTp KOPPEKTUPYETCSI B COOTBETCTBUHU C UMEIOIIH-
MUCS KalTMOpPOBOYHBIMH JAHHBIMH, U B pe3yJbTaTe padOThl aJIrOPUTMA MOJTydaeT-
CS CIIEKTP C M3BECTHOW TUCIIEPCUOHHOW KPUBOM U UCIPABICHHBIMU UCKAXEHUAMU
dbopMBbI JIMHKUI U MacITaba BOJb IIEJIH.

B tabmuue 1 ana meneid 0.9” u 2.7" npencrasnensl ycpeanéuasie FWHM
JMHUH U KaXXJI0TO CIIEKTPaJbHOTO JAMana3oHa, a TaK )K€ OLEHKA CIIEKTPAJIbHON
paspemaromieii cuibl R=A/FWHM.

Tadauua 1. U3mepennsie mupuHa npoduis u paspemrarorias cimuia ASTRONIRCAM.

ens YOS, JOS, H, K,

1.12um 1.33um 1.65pum 2.2um

Slit7, 0.9” 78A 11.3 A 142 A 16.1 A
1440 1180 1160 1370
Slit10, 2.7" 19 A 24 A 30 A 40 A
580 550 550 550

[To ciexkTpy HOYHOTO Heba ObLI onpeenéH poroMerpuueckuii mpoduib ie-
au. OH TOKa3bIBaeT HATMYKE HEKOTOPOTO BUHBETHPOBAHUS B cucTeMe. B mosoce
H noTok Ha Kpato e MeHblle MOToKa B IeHTpe npuMmepHo Ha 10%.

161



CgeroBas 3ddextuBHOCTE ASTRONIRCAM 1pu paGoTe B CHeKTpaJbHOM
pexXUME OLEHUBAJIACH MO HAOJIOJIEHUSIM C HauOoJsiee IIMPOKON MLIENbIO 3BE3]
cnekTpanbHoro kiacca AOV, Hcronb3yeMbIX B KaueCTBE TEJUTYPUUYECKUX CTaH-
naptoB. C yu€rom mpo3padHoctu atMochepsl B 3eHute P=0.95, nuneiHoro 11eH-
tpanbHoro 3kpanupoBanus 1,=0.40 u ko3dduirieHTa OTpaKeHUST KaXJIOTO W3
3epkan teneckona R=0.9, sagppextuBHOCTh caMoil kamepsl B nosocax Y, J, H u K
okazasiack paBHa 6%, 9%, 12% u 15%, coorBeTcTBeHHO. [IpH Mcnonb30BaHUU 10-
MOJIHUTEILHON TPU3MBI B pEXUME Kpocc-aucrepcuu 3(PGeKTUBHOCTh Kamepbl
cuibHO TagaeT — 10 1%, 2%, 3% u 4%, COOTBETCTBEHHO.

Crnektporpad ASTRONIRCAM wumeeT oueHb BBICOKOE CBETOpACCESHHE —
OCHOBHAasI TpHU3Ma paccenBaeT B HampasiieHnu aucnepcuu 10 50%, rpusMel Kpoce-
nucnepcuu — 10 16% cBeta. [lo-BuauMomy, BEICOKOE pacCesHUE CBETAa U HU3Kas
adpexkTUBHOCTh audpakiuu B paboure nuamna3zoHbl, o0ecreurnBaeMble pabOYrNMu
IrpU3MaMH C TIOBEPXHOCTHBIM IITPUXOM, U SBIISTFOTCS TJIABHBIMH (paKTOpaMH OTHO-
CUTEJIBHO HU3KON CHEeKTpaibHOU 3(h()EKTUBHOCTH TpuOOpa MPU BBICOKOM IIPO-
yCKaHUH B (POTOMETPUUECKOM PEKUME.

[IpenenvHas skxcnio3unusi B cnekrpaibHoM pexxnme ASTRONIRCAM omnpe-
TeJSIeTCsl SIPKOCThIO JIMHUM Heba, a B ¢punbTpe K elie U BeIMYUHON TEIIOBOTO
dona. U Tot, u npyroit ¢paktop mnepeMeHHbI, HO MPEBAPUTEIbHBIC OIICHKU TOKa-
3bIBAIOT, YTO JKCHO3UIMU MOTYT JIOCTUTAaTh HECKOJILKMX 4YacoB 0€3 HACHIIICHUS
¢dboHOBOTO curHana Heba.

[To pesynpratam cnekTpanbHbIX HaOmoaeHUN ¢ Kamepoir ASTRONIRCAM
cnytHukoB FOnmuTepa Kamnucro u EBpomnbl ony0nukoBaHa crates [3], TOTOBSTCS
nyOIMKaIMU MO0 HAOMIOIEHUSIM CIIEKTPOB cuMOmoTuueckux 3Be3n u Post-AGB
00OBEKTOB.

PaGoTa BEITIOJIHEHA C WCIIOIB30BaHUEM OOOPYIOBaHUS, MPUOOPETEHHOTO 3a
cuet cpeacts IIporpammel pazsutus MockoBckoro yausepeutera. H.W. [llaTckuii
u C.I'. KenroyxoB BeIpakaroT 0J1aroJlapHOCTh 32 (PUHAHCOBYIO MOAAEPKKY Poc-
cutickomy Hayunomy ®onny, rpant 17-12-01241 (mocraHoBKka 3aj1a4yul U pas3pa-
00TKa ajaropuT™Ma KOpPEKIun).
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GAIA DR2 AND HYPERVELOCITY STARS
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Sternberg Astronomical Institute, Lomonosov State University, Moscow, Russia

The main goal of the work is to compile a classification of the hypervelocity stars, to study the
mechanisms of emission of hypervelocity stars depending on the initial conditions and proper-
ties of the stellar population of the Galactic Center. A study of aggregate data, including data
from the Gaia DR2 catalog, will help determine their origin and dynamic evolution.

[lepBas cBepxckopocTHas 3Be3aa Obuta oTKphITa Y.bpaynom B 2005 1. Terne-
ckormt MMT BBITIOJTHSIT CIIEKTPaIbHBIN 0030p ¥ OOHAPYKUJ 3BE3/ly CIIEKTPATIBLHOTO
Kjacca B rmaBHOM mocnenoBaTenbHOCTH Maccoil 3M@, IBHXKYIIYIOCS C ralakTo-
IEHTPUIECKO ckopocThio 700 KM/C, 9TO B 2 pasza MPEBHINIACT CKOPOCTh MOKH 1A~
Hus Ha pacctossHuu 100 knk [1]. CymecTBoBaHue Takux 3Be3[ Npeackazan Jx.
Xwui3 [2]. OTKpbITHE TIEPBOM CBEPXCKOPOCTHOM 3BE€3/IbI BBI3BAJIO BCIJIECK MHTE-
peca K KOHIENIMU XWII3a, KoTopas mnposexana 6e3 aena okono 20 ner. Korma
CIIPOCUJIM €r0 MHEHUE OTHOCUTEIBHO OTKPBITHSA, XWJUI3 OTBETUJI, YTO «HACTAJIO
BpeMsi ux HauTu» [3]. MHOXXECTBO BO3MOKHBIX CIOCOOOB YCKOPEHHS 3BE3]1 JI0
CBEPXBBICOKMX CKOPOCTEH MpeJJIoKeHO, HampumMmep, B padore [4], HO MeXaHU3M
Xuii3a yHHKaJI€H B CBOEH CIOCOOHOCTU YCKOPSTH OOJBIIOE KOJIUYECTBO 3BE3[
TJIaBHOU TIOC/IeIoBaTeIbHOCTH. OHU MOTYT YCKOPSTHCS M BHIOPACHIBATHCS U3 JTIO-
OOl TaJIaKTHUKHA CO CBEPXMACCHBHOW 4epHOU apIpoil B 1neHTpe. CyiiecTByeT He-
CKOJIbKO BO3MOXHBIX OIpEJETIeHU CBEpXCKOpOoCTHbIX 3Be3n [5]. Ilo Bpayny
3BE3/IbI, KOTOPHIE CBOUM TMPOUCXOXKJIECHUEM OO0s3aHBbI TAIAKTUYECKOMY IEHTPY U
SIBJISIFOTCSL 3BE€3/IaMH TJIaBHOW IMOCJIEA0BATEILHOCTH, HA3bIBAIOTCS CBEPXCKOPOCT-
HBIMH, a T€, KOTOPbIE BBUICTAIOT U3 TAJJAKTUUECKOTO JIMCKA — CBEPXYOETatOIINMH.

Meusnsiit Ilyts comepsxut 2-10™ rpaBHTAIMOHHO-CBSI3AHHBIX 3BE3J] H BECh-
Ma Majo€ KOJIMYECTBO IPAaBUTALIMOHHO-HECBS3AHHBIX 3BE3[l, MOJHASA DHEPTUS KO-
TOPBIX B TPABUTALIMOHHOM I10JI€ MOJOKHUTENbHA. OHU UCXOIAT U3 FaJaKTHYECKOTO
LIEHTPA, MIEPEMEIIAOTCA B TEMHOE TaJI0 U IO MPAMOJUHEVNHBIM TPACKTOPHUSAM I10-
kunaT ['anaktuky. O6o3HaunM ux abopeBuatypoit CC3. UToObl MPOBEPUTH T'U-
noTe3y 00 MX MPOUCXOXKJICHUH B TAIAKTUYECKOM IIEHTPE C MOMOIIbI0 KUHEMATH-
YECKUX HCCJIEAOBaHUN, HEOOXOJMMO OIpPENSTUTh TEKYIIHE MPOCTPAHCTBEHHbBIC
ckopoctu CC3. K cokaneHuto, ux COOCTBEHHBIC IBIKCHHS Ha HeOeCHOU cdepe
HUYTOXKHBI. JIj1si ompeneneHus: mpocTpaHcTBeHHBIX TpaekTopuit CC3 Hamo ObuIO
OBl 3aTPAaTUTh MHOTHE JECATUJICTUS MPU HCIOIH30BAHUM CAMBIX COBEPIICHHBIX
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Ha3eMHBIX TereckonoB. OHAKO ¢ MOSBIEHWEM BTOPOTO BbiNycka kaTaiora (Gaia
TOYHBIE JIyYEBBIE CKOPOCTH, MOJYYEHHBIE METOAOM CIIEKTPOCKONUU Ha 6.5-M u
8.1-M Teneckonax, JOMOIHIIOTCS U3MEPEHUSIMU COOCTBEHHBIX JIBUYKEHUI Oecrpe-
neaeHTHoil Tounoctu. CnytHuk ESA Gaia mpenocTaBusl camblii MOJIHBINA U TOY-
HBII Katajgor Maueunoro Ilytu ¢ actpoMerpuueckuMu napaMmerpamu Juist 6omuee 1
muuapaa 3Be3n. Ho Beibopka u3 Gaia Oynmetr WMeTh OpYyroi Auama3oH Macc U
PACCTOSIHMI 10 CPAaBHEHHIO C BBHIOOPKOMW, HE SBIISAIONICHCS BhIOOpKOM u3 Gaia —
3Be3/bl Maccoit (2.5-4)Mp B TemHoMm raino [6]. MccnenoBanre COBOKYITHBIX JaH-
HBIX MOMOJKET omnpenenuTh npoucxoxaenue CC3, moATBEPAUTh WM ONPOBEPT-
HYTh TOT (DAKT, NEHCTBUTENBHO JIU OHU SIBJSIOTCS CBEPXCKOPOCTHBIMH, & TaKkKe
JaeT BO3MOXHOCTh YTOYHHUTH MOJIEJIh TajlaKTHIeCKOoro moteHnuania [7, 8, 9, 10].
3Bezga HD 271791 — mepBblil mpuMep Tak Ha3bIBaeMOM CBepxyOeraromiei
3BE3/IbI, BHIOPOIIIEHHOW W3 JUCKAa B CTOPOHY BparieHus ['amaktuku. O003HaYUM
Takue 3Be3abpl ab0peBuatypoit CY3. OTMerum, 4yTo TepMHUH «yOeraromas" ObLI
npemioxkeH A. bnaay [11]. Tak mpoucxoauT, Koraa B OBIBIICH TECHOW U MacCUB-
HOM JIBOMHOM cucTeMe OJMH KOMIOHEHT Maccoil SSM@ B3pbIBaeTCs Kak CBEPXHO-
Bas. [Ipu onpeneneHHbIX mapaMeTpax ABOMHON CUCTEMbI BTOPOH KOMIIOHEHT MPHU-
o0peTaeT BBICOKYIO MPOCTPAHCTBEHHYIO CKOPOCTh U cTaHoBuTcs CY3 mocne pac-
najia CUCTEMBbI U3-3a B3pbIiBa CBepxHOBOM ThIa SNI b/c. MexaHu3M THUHAMUYECKO-
ro BeIOpOCa 3Be37Ibl, 00YCIOBICHHBIA TECHHIMA COJMKEHUSMU 3BE3J] B MOJIOJIBIX
paccessHHBIX ckoruieHusx U OB-accormarusax aucka, Obut npeioxeH [loBemoi
[12]. CY3 moxeT ObITh criyTaHa co CC3, ecnu ee ckopocTh coctaBisieT ~400 km/c
Monens norenuunana Mneunoro Ilytu moxkassiBaer, uto CY3, ABMKYIIAsCA CO
ckopoctsamu 10 400 km/c B o6mactu 10 < Rge < 20 Kk, sSBIsieTCS TPaBUTAIIMIOHHO-
cBszanHOM. Eme oqun mexanusm obpazoanus CY3, cuenapuii ['Bapamanze [13]
— TMHAMUYECKUN BBIOPOC M3 JUCKA B CTOPOHY BpAIeHUS [ aJaKTUKU OJTHOTO KOM-
IMMOHCHTA TECHOM ABOMHOM 3BE3JIHOM CHUCTEMBI OUEHb MACCHUBHBIMM 3BE3JaMH, Ha-
XOISIIIMMUCS B MOJIOJIBIX pacCesiHHbIX CKomieHusx u OB-acconmanusx. OcHOB-
Has runote3a npoucxoxaeHus CC3 — cueHapuili Xuii3a — IMHAMHUYECKUN BbI-
Opoc 3Be3bl u3 rajaktudeckoro meatpa. CymecrBoBanue CC3 B ["anakTuke — ec-
TECTBEHHOE CJICJICTBUE HAJIMUUS CBEpXMacCUBHOM uepHO# abipel (CMYJI) ¢ mac-
coit (4.31  0.06)-10°M@ B OKpYXEHHH LEHTPAIBHOTO 3BE3JHOTO CKOILICHHUS, 00-
mas Macca 38e3 Kotoporo npessimaer 10°Mg. BrIGpoc MpOMCXOIUT BCIEACTBHE
JWHAMUYECKOTO0 TPOMHOTO B3aUMOJEHCTBHS TECHBIX ABOMHBIX CHUCTEM, HMEOIINX
MOJIyOCh OPOUTHI @p;,,, 8.€., KOTAA IIEHTP MacC CUCTEMBI M, + M, NPUOIMKAETCS

co ckopoctbro V k CMYJI 1o 3Hauenus 13, (puc. 1)

Ap;
Ty = Tclose & (30 - 200) (1 (I”; ) L. €.

164



@ S-star
Pt

-

--------

-
-
-'-—
-

Puc. 1. Mexanu3m obpazoBannst CC3 u S-3Be37] B raJlakTHUECKOM LIEHTpe [5, 14].

OnauH U3 KOMIOHEHTOB TECHOW JBOMHON CHCTEMBI 3aXBAaTHIBAETCSI HA OPOUTY
¢ CMY/]l B akTuBHOM (hOKYyCE, BTOPOIl K€ BHIOPACHIBAETCSI C BHICOKOW MPOCTPAH-
CTBEHHON CKOpOCThIO M cTaHoBHUTCS CC3. 3Be3bl, 3aXBaYCHHbIE HA CTAalMOHAp-
HbIE OpOUTHI (S-3BE31IbI) UMEIOT CHEKTPaIbHBIN Kiacc B u sBIsAIOTCS 3BE3mamu
TJIaBHOM TMOCJIEIOBATEILHOCTU — 3TO ObIBIIME KOMIaHbOHBI CC3 B pOIUTENbCKUX
JBOMHBIX cUcTeMax, paspymeHubix CMY/I. Hanpumep, 3Be31a SO-2 B ranaktuye-
CKOM ILIEHTpE coBepIIaeT mojiHbiii o0opoT Bokpyr CMYJ] 3a 15.56 + 0.35 rona.
[Tpoxoxaenue nepuiieHTpa npousonuio B 2002 r. Ha paccTossHUU ~17 CBETOBBIX
yacoB, nuau 120 ag.e. IlpunuBHBIE pa3pylI€HHs OTPAHUYMBAOT MAKCHUMAJIbHYIO
CKOpOCTh BhIOpoca B crieHapuu Xwuiza [15]. [Ipubnuxascs k CMUYJI Ha paccrosi-
HUE T}j4q, OOUH U3 KOMIIOHEHTOB JBOMHOM CHCTEMBI IOCTEIIEHHO Pa3pyLIAcTCs

IIPHUJIINBHBIMU CHUJIaMHU

i
3MBH )5 T ae
y W Eyy

Ttidal =~ Up; (
ida in mHVS+mS RO

rine Mgy —macca CMY/I B enunnnax Mo, R — panuyc Coinrila, a.e.

Bri6poc CC3 cMmoaenupoBaH B SKCIEPUMEHTAX MO YUCICHHOMY UHTETPHUPO-
BaHMIO — cueHapuii 10 u Tpuwmeiina [16, 17]. Pasron xo ckopocreii 10° km/c Bo3-
MO>KEH BCJIEACTBUE AUHAMUYECKOTO TpeHus cuctembl u3 AByx CMY/] HepaBHOI
MAacchl 0 3Be3/bl Oapka. DTO OyJeT BhI3bIBATh U3MEHEHHE TapaMETPOB 3BE3THBIX
op6ut ¢ nocneayrouwmm Beiopocom CC3. M3nydeHne rpaBUTAIlMOHHBIX BOJH MpHU-
BEJIET K JBUYKEHUIO YEPHOU JbIpbI MpoMexyTouHoi Maccsl (YAIIM) no cnimpanu k
CMY (MAIIM-ciupansHoe coowite). Ho equnnunoe Y/IIM-cnimpanbHOE CO-
OBITHE MPOUCXOAUT Ha BpeMeHHBbIX MacimTabax B 10—-100 pa3 kopoue, ueMm cpei-
HUW uHTepBaJ BpeMeHu npotiera CC3 OT rajJakTU4ecKOro HEHTpa 10 TEMHOTO ra-
J0, O3TOMY Il OOBsicHeHUs KoiudecTBa HabOmomaembix CC3 tpebyercst He-
ckosbko Y/IIIM-cniupalibHbIX COOBITHI 110 JAHHOMY CLEHAPHIO.

B pab6orax [18, 19, 20] mokazano, uro npucyrcteue YJ[[IM Ha opOute BO-
kpyr CMY/I B ienTpe Mineunoro Ilytu Mmoxet 3peKTUBHO CllydailHbIM 00pa3zom
pacmpenenuts 3Be316l BOMU3n CMYJI, npeobpasys nmepBoHaAYaIbHO TOHKHUH, Bpa-
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HIAIOUIMICS 3BE3/IHBIN JUCK B MOYTH M30TPOIHOE paCIpeesieHne 3Be3], IBIXKY-
nmxcst Ha opoutax Bokpyr CMUJ[ ¢ xaoTuueckuM pacnpeesieHueM SKCIEHTPHU-
CUTETOB. DTOT MpoIiecC MOTpeOyeT ~1 MIIH. JIeT, TO €CTh BpeMs, KOTOPOE MEHBIIE
3BE3HBIX SBOJIIOIIMOHHBIX BPEMEHHBIX MacmTaboB, eciau macca YJIIM mpeBsi-
maetr ~1500Mp u skcuentpucurer opobutbl UJAIIM pasen ~0,5 wnu Oombie.
OxoHyaTeNnbHOE pacIpesielieHne Moayoceid OpOMUT 3Be3]] 3aBUCUT OT MpeArnosa-
raemor maccbl YJIIIM, HO 3B€3/bI C allOLEHTPUYECKUM PACCTOSSHUEM HE MEHBIIE
neputieHTpa opoutsl YJIIIM OynyT renepupoBaThesi Hanbosee spdextuBHo. Ha
OCHOBE TOJyaHAIUTUYECKOW MOJENN 00pa30BaHUs U BOJIOLMH KJIAaCTEPOB B ra-
JAKTUYECKOM IIEHTPE MpeJjIokeHa cKopocTh oOpazoBanus UMIIM, paBuas ~10~
"rox™". TIPOMCXOIUT CITHSHUE YEPHBIX ABIP, M MPOLECC MOBTOPSETCS CHOBA. DTO
OJTHO W3 BO3MOXKHBIX OOBSICHEHHI Tapajokca Monogoctu S-38e3a. YJIIIM pango-
MU3HpYET S-3Be3AHOe pactpeneneHue nepen causnuem ¢ CMYJ. Takum obpa-
30M, JIaHHasi MOJIeJIb He 00s13aTebHO O3HAaydaeT, uTo B Hacrosmiee Bpems Y/(I[IM
MPUCYTCTBYET B KiacTepe S-3Be3l. B skcmepuMeHTax 1Mo YMCICHHOMY WHTETrpPH-
POBAHUIO JIOKA3aHO, YTO B pe3yJbTaTe CONMIKEHUN 3BE3]] CO CBEPXMACCHUBHBIMU
JIBOMHBIMH YEPHBIMH JIBIPAMH B SIJpax TalakTHK mpoucxoaut Gopmuposanue CC3
[22].

B nocraHoBKke 3amauu TpexX TeNl B paMKax MOAU(UIIMPOBAHHOTO CLIEHApHs
Xuin3a BO3MOXKEH JUHAMUYECKHAM 3aXBaT JIBOMHOU CUCTEMBbI, COCTOSILIEN U3 PO-
nutenbekot YAIIM u oauHOYHON 3Be3/bl TPABUTALIMOHHBIM IOJIEeM 0oJiee Mac-
cupHoi CMY/I. IIpenckasaHo CylIecTBOBAaHHUE 3BE€3J]l, CKOPOCTh MPOCTPAHCTBEH-
HOT'O JABHMXKEHHUS KOTOPBIX COMOCTABMMA CO CKOPOCTBIO CBeTa [23]. DTO 3BE3/bI C
PEIATUBUCTCKUMHU CKOPOCTSIMH, 0003HauuM ux adopeBuatypoir 3PC. Ilpoegem
CpaBHEHHUE XapaKTEPUCTHK U Kiaccudukanuio mo ckopoctsim CC3:

macca CC3 M = 2,5 + 3,0 Mp; cnextpanpabiii kitacc CC3 B9; Bpems mposera
CC3 tyy = 60 + 200 MiTH. 51eT; BeposiTHOCTB 0Opaszoanmst CC3 (2+8)-107 rox

Mmacca S-3Be31 M > 5 Me; Bpemst skwu3Hu S-3Be31 tys < 100 MuIH. JIeT; BEposT-
HOCTB 06pasoBanmst S-38e3x (1 + 4)-10™ rox ; y6eraromue 3Be3zpr (Y3): 50+100
KkM/c; cBepxyOerarommue 38e31b1 (CY3): 100+400 kM/c; cCBEpX-CKOPOCTHBIE 3BE3/bI
(CC3): 400 + 10000 xm/c; 3Be31abI ¢ pensTuBUCTCKUME cKopocTsmu (3PC): 6omee
30000 xwm/c.
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FOCI OF STAR FORMATION IN INTERACTING SYSTEMS OF GALAXIES

Zasov? A.V., Saburova' A.S., Egorov’ O.V.
ISAI MSU, Moscow, Russia
%Faculty of Physics, MSU, Moscow, Russia

The genesis of local foci of star formation (SF) in the regions of low mean surface density of gas
(on the kiloparsec scale) in the outer disks and tidal structures of galaxies remains an open
question. In particular, a nascence of tidal dwarf galaxies in tidal debris is widely discussed. We
discuss the study of emission gas and SF regions in several perturbed systems of galaxies (Arp
42, Arp 58, Arp 82, Arp 194, Arp270, Arp305, and NGC4656), based on long-slit spectroscopic
observations performed with the 6-m telescope.

M3BecTHO OU€Hb OOJIBIIOE KOJIMYECTBO TECHBIX B3aMMOJIEUCTBYIOIINUX rajak-
TUK U UX CHCTEM, IJle OCTPOBKHM TeKylIero 3Bé3nooopa3oBanus (SF), Bbiaemnsto-
IIMeCs HaJIMYUeM SIPKUX SMHCCHUOHHBIX JIMHUA B CHEKTpE, HAOJIONaroTCs He
TOJIbKO BO BHYTPEHHUX O0JIACTSAX TaJIAKTHK, HO U Ha Janékoi nepudepuu, a yac-
TO — ¥ Ha OOJIBIIIUX PACCTOSHUSIX (ECATKH KIIC) OT POAUTENHCKUX TATAKTHK. Me-
XaHU3MBI UX (OPMUPOBAHUS B 00JIACTIX C HU3KOM CPEeIHEH TIOTHOCTHIO Ta3a (Ha
KIJIOMAPCEKOBBIX MacIITabax) 0CTaeTcs MoKa OTKPHITON MPOOJIEMOiA.

OTnenbHBIA WHTEPEC MPEACTABISET 00pa3oBaHWE MPUIMBHBIX KapJIUKOBBIX
ranaktuk (tidal dwarfs, namee — TD), koTopbie 001a1al0T CBOMCTBAMH CaMOCTOSI-
TEJIbHBIX 3BE3MHBIX CUCTEM. WX OTIMYUTETHHBIMU OCOOCHHOCTSMH JIOJKHBI SIB-
JISITHCS: TPAaBUTAIMOHHAS CBSI3aHHOCTH, TIOBBIIIEHHOE COJIEPKAHUE TAKEIBIX dIIe-
MEHTOB 1O CpPAaBHEHUIO C TaJaKTUKaMHU aHAJIOTHYHON CBETHMMOCTH HWJIM MacChl
3BE3THOTO HACEJEHMS, OTCYTCTBUE 3HAUYMTENbHBIX KOJIWYECTB TEMHOW MaTepuu.
Jlo cux mop CKOJIb-HUOY/b HAJIEKHBIE J0KA3aTeIbCTBA XOTS OBl ABYX U3 TPEX Iie-
PEUYMCIICHHBIX YCIOBHM TMOJIY4YE€HBI JIMIIb JJisi KpailHe HEOOJBIIOrO KOJIWYECTBA
00BEKTOB, IO3TOMY OOBIYHO MPHUHATO FOBOPUTH O KaHauaarax B TD. O030p mpo-
0JieM, CBSI3aHHBIX C 00Opa3oBaHUEM M HaOMOgaeMbIMU cBoicTBaMu TD 1 MOJ0ABIX
3BE3/IHBIX CKOIIJICHUH B MPUJIMBHBIX CTPYKTYpax MOXHO HalTH B paboTax [1-3].

[Iporpamma crieKTpaiabHBIX HAONIOACHUIN TalaKTHK, B KOTOPHIX HabIto/ae-
MbI€ OCTPOBKH SF BO3HUKIIH B PE3yibTaTE B3aUMOJIEUCTBUSA, BbINOHsIIach B CAO
PAH B pamkax coBmecTtHo padotel ¢ AW MI'Y nHa 6 m teneckone BTA c unc-
10JIb30BaHUEM (POKANBHOTO pexykTopa Scorpio u Scorpio-2. JUIMHHOIIENEBbIE
CIEKTpaibHbIe pa3pe3bl ObuH MosydeHsbl it cuctem Arp270, Arp 194, Arp305,

168



Arp 42, Arp 58, Arp 82 u NGC 4656/4631 (cm. Puc. 1). Hamu uccnenoBanach au-
HaMUKa rasza (pacnpeieJieHue JIy4eBOl CKOPOCTH M JIMCIIEPCUU CKOPOCTEM), CO-
nepxanus kuciaopona (O/H), momydeHsl OI[EeHKH BO3pacTa U Macchl 3BE3HOTO Ha-
ceneHust B JokaiabHBIX obnactax SF. Ornomenue (O/H) ompenensiiock 1mo oTHO-
CUTEIHHOM MHTCHCUBHOCTH SIPKUX JIMHUI HECKOJIBKUMH MeTosiaMu (S, izi, N3O2).
JlanHble HAOIOACHUM, OMMCAaHNE METOJAUKN 00paOOTKU M aHAIN3 Pe3yJIbTATOB 10
Ka)KI0H CHCTEME OIKCaHbBI B paboTtax [4-8].

NGC4656

Arp305 ©

Arp82

Arp194

Puc. 1. Komnax n300paxeHui NCCIETOBAHHBIX CUCTEM.

Cucrtemspl, BBIOpaHHBIC 1JIs HAOIIOICHUN, O0OBEANHICT HATUYHE JTOKATHHBIX
oOnacreii 3B€31000pa3oBaHus Ha NepUQepun JUCKOB HWIIM MEXKIY TaJaKTUKaMU, a
Tak)K€ HEKPYTOBbIC ABMKEHUS ra3a, Kak B CAMUX TJIAKTUKAX, TaK U B MPUIMBHBIX
cTpyKTypax. Arp 58 u Arp 82 — 310 cuctemsl Thna M51 co cmyTHUKOM, HaOIIIO-
JaeMbIM Ha KOHIIE CIUpaIbHOW BeTBH; B Arp 270 NBe TaJlaKTUKH HEOOJIBIION
CBETUMOCTHU Pa3/IeJIeHbl PAaCCTOSTHUEM, COMOCTABUMBIM C MX pa3MepaMu, B OC-
TaNBbHBIX CIIy4asX PAcCTOSHUE MEXKIY TajJaKTUKaMU TPEBBINIAET TUAMETp Hau-
Oonbiieil u3 Hux. Arp 42 mpeacraBisieT 0coOblid Cayyail: TajJakTHKa C pa3BeTB-
JISIONMIMMHUCS CITUPATTLHBIMU BETBSIMU U SIPKUMH 00jacTIMu  SF pekopHO BBICO-
KO CBETHMMOCTH Ha nepudepur He UMEET OYEBHIHOTO UCTOYHHKA BO3MYIICHHI:
COCENIHSIS TaJIaKTHKA, HAaOJIro1aeMast psiioM, M 1o BUAY — B3aMMOJICHCTBYIOIIAS, 110
UMEIOIUMCS TaHHBIM OTJIMYAETCSl 3HAYUTEIHHO 00Jie€ BHICOKUM KPACHBIM CMeE-
IICHUEM, SIBJISISICH, TTO-BUAUMOMY, (DOHOBBIM OOBHEKTOM.

OpuenTarus menei npyu HabIIOACHUSIX BHIOMpAIach TAaKUM 00pa3oM, 4TOObI
KaXkaasi 1eb repecekanga Hauboliee SipKUE OCTPOBKH 3MHMCCHOHHOrO raza. Jlims
npumepa, Ha Puc. 2 ansa cucremsr Arp 270 npuBeieHbI OJIyYeHHbIE TPOGUITH Ty-
YEeBOM CKOPOCTH, AUCIIEPCHH CKOPOCTEH M COAEp KaHUs KUCIOPOa BIOJb IIETH C
PA= 93°, nepecekaroieid 00€ TaIaKTUKU U OCTPOBOK SF Mexay HUMU. ITOT OCT-
POBOK HE MpEACTaBIseT COOOM NUHAMUYECKH O000COOJICHHOTO OOpa3oBaHUs, U
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pacrnoJiaraeTcsi OH Ha CThIKE JIBYX Ta30BbIX Cpejl, MPUHAJIEKAIIUM KOMIIOHEHTaM
cucteMbl. [Ipu satom Arp 270 oxkaszanach €IMHCTBEHHOW CHUCTEMOM, B KOTOpPOU
MPOU30ILIO MOJTHOE XMMHUUYECKOE MEPEMENTMBAHUE ra3a Kak MEXIy TaIaKTUKaMU,
TaK U B OKOJIO-TAJTAKTUYECKOM cpezie. 3a BpeMsi OTHOTO COJIMKEHUS TaIaKTHK 3TO
MIPOU30UTH HE MOTJIO, HO B JAHHOU CHCTEME HAOJIOMAIOTCS JIJTMHHBIC MPUITUBHBIC
XBOCTBI, 3aMETHbIEC TOJILKO B TMHUK HI, 04eBHIHO, BO3HUKILIKE HA MPEABIIYIIEM

BUTKC Op6I/ITaJ'II)HOFO JABHXKXCHMUS I'aJIaKTHK.
Slit#1 (PA=93°)
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Puc. 2. CBepxy BHU3: pedepencHoe nzoopaxkenuss Arp 270 mo manasiM SDSS; npoduns
JTYy4eBOW CKOPOCTH 3BE3]] U HOHU30BAHHOTO Ta3a; paJuaibHbIA TPOQUIh AUCTIEPCUN CKOPOCTEH
rasza; npouib coaepKaHus KUCIOpOa B rase.

B ocTanpHBIX uCCleOBaBIIMXCS TaJaKTUKaX MOAOOHOTO XUMHYECKOIo Ie-
pemMenBaHus He OOHapy»XEHO, HO Be3/e Ha0NI0JaeTcss MOHOTOHHOE YOBIBaHHE
METAJUIMYHOCTH € PAaCCTOSHUEM OT LIEHTPA TAIAKTHK. DTO MO3BOJISIET MO COAEP-
XKaHUIo Kuciopoaa B obnactax HII mexny ramakThukamu onpeienuThb, U3 Kakon
raJakTHKA OH OBLI BEIOPOIIICH.

B NGC4636 B HemocpeaCTBEHHON OJIM30CTH OT TaJlaKTUKH, MCKAKEHHOU
B3aumojiericteueM ¢ NGC4631, nabmronaeTcsi 3BE3HBIN OCTPOBOK C OYEHb HU3-
KO MOBEPXHOCTHOM SIPKOCTHIO, HanboJiee OTYETIMBO 3aMeTHBIN B UV auanazone.
On okazazics He KaHaugaToMm B TD-rajnakTuky, Kak CUMTAJIOCh paHee, a BIIOJHE
POPENAKCUPOBABLINM AUCKOM HEOOJIbLION yiabTpa-audPy3HOM rajJakTUKH C MO-
BBIIIEHHBIM TeMIIoM Tekyiiero SF. Tpurrepom oOpa3oBaHusi HAOIIOJAEMBIX JIO-
KalbHBIX oOnacteit SF B aToM ranaktuke u npuiieratomieit k Heit uactu NGC 4656
MOJKET OBITh aKKpEIUs BHEIIHETO ra3a Ha JIUCK.

B nabmromaBmmxcs rajgaktukax tana M51 (Arp 58 u Arp 82) 3Be31000paso-
BaHUE UMEET MECTO HE TOJBKO B CIHUPAJIbHBIX PyKaBaX, HO U MPOCTPAHCTBE MEX-
Iy CIYTHHUKOM M TJIaBHOHM TaJlaKTHKOW, a CIupalibHas BETBb, UX COEAMHSIOIIAs,
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MO-BUJIMMOMY, HE BIIMBA€TCA B CIYTHHUK, a JUUIb MPOEKTHUpyeTcs Ha Hero. Ha
M300pKEHUH KaXKJOM M3 3THX CHCTEM 3aMETHO TaKXke cjaaboe roxy0boBaToe OT-
BETBJICHUE OT COUPAIILHOW BETBH, UAYIICH K CIyTHUKY, CAMMETPUYHOE OTHOCH-
TEJIHHO MPOTUBOIIOJIOKHON BETBU, UTO MOXKET MPEJCTABIATH COOOM 3aTyXaIOIIyIO
MOy CIUPAIILHOM BOJIHBI INIOTHOCTH B JUCKE T'AJIAKTUKH.

W3 paccMatpuBaeMbIXx CHUCTEM AMHAMUYECKas 00OCOOJICHHOCTh JIOKAJTbHBIX
obnacteit SF, koTopas Moriia Obl CBUIETEIHCTBOBATH O TOM, UTO mepen Hamu TD,
Obl1a HaWeHA JIUIIb JIJIS1 IPOTSHKEHHOTO OCTPOBKA Pa3MEPOM OKOJIO 4 KITK MEXKTY
rajjakTukaMu B cucteme Arp 194, a takxe (¢ OOJBIION BEPOSTHOCTHIO) ISt
3BE3IHOTO KOMIUIEKCA CXOIHBIX Pa3MEPOB MEXKIY TaJlaKTUKaMU B cUCTeMe Arp
305. 1o — Haubosiee BeposiTHbIE KaHAUAaThl B TD, HO, Kak MOKa3bIBAIOT OIEHKHU
UX CKOPOCTEH, OHU JOJKHBI ObITh KOPOTKOKUBYIIIUMHU.

Cnabas smuccust 3a mpejeiaMid OCHOBHOTO «Tejay TaJlaKTUK MPUCYTCTBYET
JaXke TaM, TJIe€ HET OTYETIMBO HaOMoaeMbIix ocTpoBKOB SF. UacTuuHo oHa 00y-
ciosiiena menkumu obnactsamu HII, He pa3pemaemMbiMu Ha MaciiTabax HECKOJIb-
KHUX yTJ. CEK., YaCTUYHO — MU Ppy3HbIM noHM30BaHHBIM ra3zoM (DIG), ans kotopo-
ro OTHOCUTEJIbHAS UHTEHCUBHOCTH JIMHUM TpeOyeT nubo Oojee KECTKOro MOHU-
3YIOIIETO U3Ty4YeHUs, JIMOO yIapHOTO BO30YKICHUS.

OCHOBHBIM MEXaHHU3MOM, WUTPAOIIUM poJib Tpurrepa SF B 001acTax Kuio-
MapCEKOBBIX Pa3MEPOB B pacCMaTPUBAEMbIX FaJIAKTUKAX SIBIAETCS, IO-BUIUMOMY,
HAJIMYKUE YJAPHBIX BOJIH B JUHAMUYECKH HEeCOATaHCUPOBAHHBIX CHUCTEMAaxX M BO3-
pacTtaHue CKOpoCTe TypOyJIEHTHBIX JBM>KEHUM Taza. [Ipu sToM OOJbIIyIO0 POJIb
JOJDKHA UTPaTh HEOJHOPOJTHOCTH CpEJbl, M3HAYATIBLHO CYILECTBOBABINAS Ha Iie-
pudepun rajakTHK.
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"LYRA-B" DATA STRUCTURE AND PROBLEMS SOLVED IN THE EXPERIMENT

Zakharov A.l., Zhukov A.O., Mironov A.V., Prokhorov M.E.,
Stekolshchikov O.Yu., Tuchin M.S.
SAIl MSU, Moscow, Russia

The structure of observational data that will be obtained in the forthcoming space experiment
"Lyra-B" is considered. The limitations imposed by the ISS are presented. The directions of stel-
lar astronomy in which the data of "Lyra-B", high-precision multicolor homogeneous photome-
try of stars, can be used are discussed.

B nacrosmee Bpemst B AU MI'Y Benercs pazpaboTka KOCMHYECKOTO
skcniepumenTa «Jlupa-by. [lng ero npoenenus Ha 6opty Poccuiickoro cermenra
MKC npeanosnaraercst yctaHoBUTH (0,5-M TEIECKOIL. 3a1adyeil 3TOro KOCMUYECKOTO
skcniepumenTa (K9) siBnsieTcst 0630p Bcex HeOECHBIX 00BEKTOB (B OCHOBHOM 3BE3/
u acteponnioB) ot npumepHo 3" mo 16™-17" u dona ne6a B BuauMom, Y® u
ommwxaem UK nuanazonax. OCHOBHOM 1I€IbI0 MPOBEACHUS SKCIIEPUMEHTA SIBIISET-
Csl CO3/1aHHE BBICOKOTOYHOI'O M OJHOPOJIHOTO MHOTI'OLIBETHOTO KAaTaJIOTa 3BE3IHBIX
(OTOMETPUYECKUX CTAHIAPTOB, B KOTOPBIN BOWIYT HENEpEMEHHbIE 3Be3/bl. OXKu-
JAETCsl, YTO MOIPEUIHOCTh (POTOMETPUM HENEPEMEHHBIX 3BE3/ B Kartajore (B IO-
noce V) 6yner coctaBiuath He xyxke 0,001™ nana 3esn or 3™ mo 12" u He xyxe
0,01™ mna 3Besn ot 12" go 16™. MnurensHocts KD — 3.5-5 ner.

OcHoBHBIM MHCTpyMeHTOM KO «JIupa-b» sBisgercs teneckon cucremsl Pu-
yn-KpeTbeHa ¢ JIMH30BBIM aOKadbHBIM KOMIIEHCATOpOM. JlMaMmeTp IJIaBHOTO
3epkana — 0,5 M, dhokycHoe paccTtosiHue — 3 M, UCTIPaBIEHHOE ToJie 3peHus — 2°,
HEBUHBETUPOBAHHOE ToJie 3peHus — 1,5°, mupuHa moyocskl ckaHupoBaHus — 1°.
Huamertp Teneckomna omnpeneisercs pasmepamu JitokoB MKC. bornee monpoGHoe,
HO HECKOJIbKO ycTapesiiee onucanue K3 «Jlupa-b» npuseneno B pabore [1].

Teneckon Oyzaer BecTu HaOMIOJEHUS B CKaHHpyolieM pexxume. CkaHupoBa-
HUE TPOU3BOIUTCA 3a cdeT opoOutanbHoro amwkeHus MKC. [lpu nBrxenun 1o
opbute MKC coxpansieT Tak Ha3bIBa€MYyI0 «OpOUTATBHYIO0 OPUEHTALINIO», B KOTO-
pOil 07lHa CTOpPOHA CTAaHLMHU Bceraa oOpaileHa K 3emiie, a OCh HalpaBlieHa BIOJIb
opOuThl. Teneckon ycTaHaBIMBAETCS HAa MPOTHUBOIOJIOXKHON 3eMjie CTOPOHE He-
noaBmxkHoO oTHocuTenbHO MKC. ITpu 1BM>XeHUH CTaHIIMK MO0 OpOUTE MO 3PEHUS
MHCTPYMEHTA OIMCHIBAET HA HEOE MOJIOCY, IIMPUHA KOTOPOU OIpeAeseTcs npu-
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E€MHUKOM M3JIy4YEHUs, Pa3MEIIEHHbIM B (POKAIbHOU IJIOCKOCTH, U COCTaBiseT 1°.
Ecnu pacnofioxkuth OCh BU3UPOBAHUSI HMHCTPYMEHTA B IJIOCKOCTH OpOUTHI CTaH-
UM, TO OHA Oy/IeT ONMUCHIBATh Ha HEOECHOH cepe OONBIION KpyT, HAKIOHECHHBIN
K TUIOCKOCTH HeOeCHOTO dkBaTopa Ha 51.6° (paBHbI HakioHeHUIO opouthl MKC).
Opbutra MKC mnpenieccupyeT BOKpYT OCH BpalleHHs 3eMJIM ¢ COXpaHEHHWEM Ha-
KJIOHA K IJIOCKOCTH 3KBaropa. Ilepnon npeueccun cocrasisieT okono 70 qHen. 3a
onuH opourtansHbiii 000poT MKC ee opbuta cmemntaercst mpudiausurensHo Ha 0.3°,
T.€. IPU CKAaHUPOBAHUM B TUIOCKOCTU OPOUTHI OOBEKTHI HAOIIOMAIOTCS HE MEHEe
YeM Ha Tpex MOoceq0BaTeIbHbIX 000pOTaXx.

HaGmonenus B miockoctu opoutsl MKC 103BOJISAIOT U3MEPATh OOBEKTHI C
|6/<52°. TIpu 3TOoM 0OnacTu BOJM3M MOJIKOCOB MUpPA OCTAHYTCS HE3ATPOHYTHIMH.
Jlnst ux HaOmoAeHUsT HEOOXOAMMO OTKJIOHUTH OCh BHU3MPOBAaHHUS TeJIECKONa Ha
38.4° x tory unm ceBepy. IIpu 3ToM Ha KaxaoM 000pOTE MOJI0ca CKAaHUPOBAHMS
OyZeT MPOXOAUTHh Yepe3 COOTBETCTBYIOIIMI IMOJIOC MUPA, & NMPU MAKCUMAJIbHOM
YIAJIEHUH OT MOJ0ca — rnepecekars 3kBatop. CoueTaHne TpeX YKa3aHHBIX PEKU-
MOB JIOCTATOYHO JIJIsi HAOJII0ICHHS BCe HEOECHOM cdhephl.

[IpaBunbHbIl BEIOOp OopueHTanuu Teneckona otHocuTenbHO MKC u ycra-
HOBKA Ha HEM JOCTaTOYHO 3((HEKTUBHOMN OJEHIBI MO3BOJISIOT BECTH HAOIIOACHUS
B cpenHeM B TeueHue 75% BpemeHu (0e3 ydera BHEKOpaOEIbHOU AESITeIIbHOCTH
skunaxka MKC), B octanbHOE BpeMsi 3TOMy OyaeT MemaTh 3acBeTka oT ComHIa.
MopaenrpoBaHue OKa3ajo, YTo MOJI0KEHNE TEJIECKOIa HaJl0 U3MEHSTh IPUMEPHO
pa3 B mecsl. [Ipu 3Tom 3a oiMH TOJ HAONIOAEHUN CpeAHee MOKPhITHE Heba co-
ctasiseT 20 pa3 (mpu 3ToM yucao HabmoaeHuid nomocoB goxoaut a0 1000), 3a 5
aet — 100 pas.

I'eomeTpuyeckue pasmepsl (IpeaBapuTeabHbIe) 0071acTU (HOTONPUEMHUKOB
(oKaNbHON TMIOCKOCTH OMPENESIOTCS pa3MEepOM HCIPABICHHOTO TOJIS 3PEHHUS
TeJecKona u cocTaBisitoT 54x54 mm. B aToit obnactu pazmemtatores 11 map I13C-
MaTpHI] C pa3IMyHbIMU (QuibTpaMu QGoTroMeTpudeckoit cucreMbl «Jlupa». ['eo-
METPUYECKUN pa3Mep KaxJa0W MaTpullbl (C y4EeTOM TEXHOJIOTHYECKHUX 3a30pPOB)
cocraBisieT 27x3.6 mm. [Ipu pasmepe nukcens 12 MKM Kaxnaas mMarpuua Oyaet
conepxath 2250x300 nkc. CxanupoBanue BegetTcsi B pexxume TDI Bronb kopot-
KOM CTOpOHBI MaTpullsl. [Ipoxoxaenue n3o0paxeHus Mo MaTpuile 3aHUMAET MpH-
MmepHo 1 ¢. Bua ¢okanpHOM MII0CKOCTH Toka3zaH Ha Puc. 1.

Bo3moxHo, k kaxaon marpune mupuHor 300 nKC o perucTpauuu sipKux
3Be3q OyaeT moOamieHa marpuiia pazMepoMm 2250x3 MKC € TeM K€ ONTHYECCKUM
MOKPBITUEM.

Ha u3o6pakenusix ¢ Haubosee 4yBCTBUTEIILHON TIEPBOM Mapbl MaHXPOMATH-
YECKUX MaTpHI] OyAyT BBIAEIATHCS 00BEKTHI. [10 3TUM TaHHBIM MIPEACKa3bIBAIOTCS
MOJIOKEHUSI U MOMEHTHI MOSBICHUS] N300paKEHUN ITUX O0BEKTOB Ha OCTAIbHBIX
dboToMmeTpuyeckux Matpunax. Ha Hux Oyner cuuThIBaThCS U 3alUChIBaTHCS (Ppar-
MEHT, CoJIep Kamuii n3o0paxkeHrne oobekTa (9 x 9 mke. wmm Gosbie). Mexmy 3tu
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Puc. 1. YcrpoiictBo (okanbHoil miaockoctu «Jlupa-by.

MU ¢parmeHTamMu OyyT HaKaruBaThCsl curHajibl (poHa Heba — mo 100-150 mxe.
BJ10JTb cTOJI0110B 1 cTpok [13C.

B Tabnune 1 npuBenens! nanHbie 0 GOTOMETPUUYECKOM cucteme «JIupa» u o
MpeNebHBIX BeINYMHAX (00ECTIeUnBAIONINX 3aIaHHYI0 TOYHOCTh (DOTOMETPUM) U
O TIEPEINOIHEHUU TUKCENsl B KaXJoW mosioce. Bce BeNMUMHBI pacCUMTaHBI JIst
3Be3/bl criekTpaibHoro kiaacca AOV. Takum obpaszom, B KO «Jlupa-by» Oyayr na-
Gmogathes 38361 10 18.4™ B «Oenom ceeter u 10 16.9™ n 16.1™ B punstpax B un
V. Y®-nonocer 195, 218, 270 HM 103BOJIAIOT HAOJIOAATh MOJIOCY MEXK3BE3THOTO
noryomeHusa, nosocbkl 350, 440, 555, 700 HM coBmagarOT CO CTaHAAPTHBIMU
WBVR, 825 1 930 um noxarcs Ha nojockl H,O u TiO. ITonoca 1000 HM, BO3MOX-
HO, OyJIeT 3aMeHeHa.

B nabmoaenusx 3Besn, B KO «Jlupa-b», mpucyTCTBYIOT TpU BpEeMEHHBIC
mkaiael. Camasi KOpOTKas IIKajna CBSI3aHA C IMOCJIEIOBATEIbHBIM MPOXOKIACHUEM
n3zo0pakenus 38e31bl o 11 IM3C-matpuniam B GokansHOM muockoct. NHTEpBan
MEK]Ty TPOXOKICHUSAMU 0 COCETHUM MaTpuiaM okoJio 1 c. CpenHss mikana cBsi-
3aHa ¢ HAOMIOEHUSIMH OOBEKTa Ha TOCIEOBaTENbHBIX BUTKax opoutel MKC.
WurepBan mexnay nabmoneHusmu — 90 muH. OOBEKTHl HAOMIOAAIOTCS TPU WITU
6onee pa3 mompsa. Camas JUIMHHAS IIKala CBSi3aHA C MOBTOPHBIM IMOMAJAaHUEM
00beKTa B MoJjiocy ckaHupoBanusi. OHA HE ABJISIETCS] CTPOTO MEPHUOTUUYECKOM, TaK
KaK 3aBHCHUT OT rpaduka Mmepekyiajlok Teleckomna. XapakTepHbIi BpeMEeHHOM Mac-
mTad — nmopsijKa Mecsiia.

«JIupa-b» He cMoOkeT BbIIaBaTh alepThl. ITO CBSI3aHO CO CIIOCOOOM Tepeia-
yn gaHHbeix ¢ MKC na 3emumto. Ha 60pTy OTCYTCTBYIOT IIMPOKONOJIOCHBIE KaHAJIbI
CBA3U C 3eMJieil, MOATOMY JaHHbIE HAOJIIOJEHUA OyIyT 3aMUChIBATHCA HA HOCHU-
Tenb (SSD-IHMCK) U JOCTaBIATHCS HA 3€MJII0 MPH BO3BPAIEHUH KOCMOHABTOB.
PearupoBats Ha aneptsl «JIupa» Takxe He OyleT — MUHUMAJIbHOE BpEMs H3MEHE-
HUS TIPOTrpaMMbl HAOJIOIEHUN COCTABIISIET 3 CYTOK.

MKC nonBepkeHa HU3KOYACTOTHBIM YIJIOBBIM BHOpAIHMSM C aMIUTUTYaMU
o0 10". JIyig ux KOMIIEHCAIlUU CIY>KUT CUCTEMa CTAa0MIM3AIUU U300PaKEHHUS.
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Tadauna 1. DoToMeTpruUECKrEe TTOJIOCHI, TIPEACIIbHBIC W TIEPETIONHSIONINE BEIUYUHBI 00-
30pa «/Iupa-b».

Cnabeiimue 00beKThI [lepenonnenue

Ao AL 3a 1 HaOIoIeHNE nukcenei [13C
(1) () 0.01M (1%) | 0.1M (10%) 300 nkc 3 mKkc
195 20 8.96 13.58 6.02 1.07
218 20 8.93 13.56 6.00 1.05
270 25 9.15 13.77 6.22 1.27
350 (W) 50 10.47 15.10 7.54 2.59
440 (B) 100 12.48 16.91 8.80 3.85
550 (V) 80 11.67 16.10 7.99 3.04
700 (R) 80 10.72 15.02 6.61 1.66
825 80 9.73 14.03 5.62 0.67
930 80 8.67 12.87 4.25 -0.70
1000 100 7.68 11.89 3.26 -1.70
[Tarxpom - 14.16 18.36 9.74 4.79

«Jlupa» mact 607b1110I 00BEM TaHHBIX, K UX 00pabOTKe HaJ0 MOATOTOBUTHCS
3apanee. OcHOBHOM 3agaueit komauabsl KO OyaeTr noctpoeHue karaiora GpOTOMET-
pUYecKux ctanaapToB. Ho, mOMUMO 3TOro, €CTh MHOTO JPYTUX 3a/ad, KOTOpbIE
MOXHO OyJeT pemuTh ¢ noMmoibio AaHHbIX KO «Jlupa-b». Botr HekoTopsie u3
ATUX HaIpaBJCHUI: MEPEMEHHbIE 3BE3/Ibl U TPAH3UEHTHI; aCTPOMETPUs (B Y3KOM
noJjie ¢ ToyHocThio Hipparcos mim uyth nydine — «He Gaiay); Kaaccupukaims
3BE3]l; METAJUIMYHOCTD 3BE3]l; MEK3BE3/IHOE MOTJIONIEHHE U ero 3akoH (mo YO u
no (oHy); MeX3Be3qHas cpella; Hepa3JelIeHHble JBOMHBIE M KpaTHbIC 3BE3bI;
CTaHIapTHbIE CBEYM — CTpyKTypa ['amakTuku; acrepousisl (actpomeTpus U (HoTo-
METpHs); CIIYTHUKU IJIAHET, 30/IMAKAJIbHBIN CBET U T.]I.

Jljig pelieHus: HEKOTOPBIX M MEPEUUCICHHBIX 3a/1a4 He0OX0IMMO BHECTH M3-
MEHEHHUS B [MApaMeTPhl anmaparypsl «JIupbDy — 3TO €11€ MOXKHO CAENaTh!

MBI K1eM TPEeNIOKEHUN 0 KOHKPETHBIX HAIMPABICHUSX «IOMOJHUTEIbHBIX)
HCCIICIOBAaHUM JaHHBIX «JIUpbI». A B TaJIbHEUIIIEM 3TO JOJKHO MEPEPACcTH B MOJI-
TOTOBKY K IpUEMY U OBICTpOH (B TeUueHHE roga) oOpabOTKH JaHHBIX HKCIIEPUMEH-
Ta.

JIureparypa
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ON THE EVOLUTIONARY STATUS OF YELLOW SUPERGIANT WITH DUST
ENVELOPE V1427 AQUILAE

Ikonnikova N.P., Arkhipova V.P., Shenavrin V.1,
Komissarova G.V., Esipov V.F., Burlak M.A.
Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

We present multicolor (UBVJHKLM) photometry, performed in 1990-2018, and low-resolution
optical spectroscopy for the yellow supergiant with dust envelope V1427 Agql = HD 179821. We
compare V1427 Aqgl with post-AGB stars and yellow hypergiants and discuss the evolutionary
status of the star. The photometric behavior and spectral changes indicate that the star is most
likely a yellow hypergiant in the post-RSG state.

HD 179821 (BD-00°3679) — sipxuii (V~8") CBepXIMraHT CHEKTPaIbHOIO
kiacca G5 (HD) Ob11 otoxnectBied ¢ undpakpacupiM (MK) ncrounukom IRAS
19114+0002. B pab6orax [1] u [2] UK-u30bITOK ObLT MpUMKMCAH KPYITHOMACIIITAO0-
HOM MOTepe Macchl Ha aCUMITOTUYECKOW BeTBU rurantoB (AGB), mpusenmeii k
00pa30BaHUIO PACIIUPSIONICICS MBIJIEBOM 000JI0UYKH, a 3Be3/1a ObliIa KJIacCu(HuIn-
poBaHa kak kaHauaatr B post-AGB o0wexkthl. HD 179821 umeer psia apyrux
CBOMCTB, XapaKTEePHBIX JJIs 3B€3]] B ATOU CTAJMH HBOJIIOIIUHU, B YACTHOCTH, 00OTa-
HIeHne aTMoc(ephl 3B€3/1bI KUCIOPOA0M, a30TOM U dJIeMEHTaMH s-Tipoiiecca [3, 4].
Onnaxko, ckopocTs pacuupeHuss CO 000510UKH Veyp=33.9 kM/c [5] u Temn notepu
maccer 107107 Me/ron [6] 3ameTHO OOJbINEe BETMYNH, TUIMYHBIX 17151 post-AGB
3ge3n. Onenka My = —8™.9, momydeHHast Mo M3BECTHOMY SMIIMPHYECKOMY COOT-
HOIIICHUIO MEXTy dKBUBaJIEHTHOH mmpuHoi Tpumieta Ol 7774 u My, [7], mpuBo-
auT k L=3%x10°L, [4]. C Takum 3HaueHHEM CBETHMOCTH 3BE€3/1a IOMaJaeT Ha JIua-
rpamme ['epuinpynra—Peccena B 001acTh, 3aHUMAEMYIO JKEJITHIMU TMIIEPIUTraHTa-
MHU.

Baxnoit ocobenHocteio HD 179821 sBnsercst doTomMeTpuueckas HecTa-
ownbHOCTE. [lepemeHHOCTh OJiecka 3Be3/bl OblLTa 0OHApYKeHa HaMH [8] U ucclie-
noBaHa B pabotax [9—12]. B O6mem kaTajiore nepeMeHHbIX 3B€3]] 3Be3/a IMOTy-
yiia obo3Hauenue V1427 Aql u Oblna oTHECEHa K Kiaccy MOJIyNpPaBUIbHBIX I1€-
pemenHbix Tuna SRD [13]. M3BecTHO, 4TO 3BE3/Ibl HA MO3AHUX CTAAUSIX SBOJIIO-
MM UCHBITHIBAIOT HECTAOMIILHOCTh, XapakTep KOTopoil pazmuueH y post-AGB
CBEPXTUTAHTOB M Y KEJITHIX TUIEPTUTAHTOB TMOCJE CTAUU KPACHBIX CBEPXTHMIaH-
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ToB (RSQG). [ToaTOMy 151 3B€3/] ¢ HESICHBIM BOJIFOLIMOHHBIM CTATyCOM, TaKUX Kak
V1427 Aql, uzydenne poToMeTpuuecKo U CEKTpaJIbHON MEPEMEHHOCTH KpaiHe
BaXHO.

B Hacrosmeit pabote mpeacTaBieHbl pe3yJabTaThl MHOTOIBETHOU (HOTOMET-
puu V1427 Aql, nonyyennoi B 1990-2018 rr., u cnekTpajdbHbIX HAOIIOACHUN 32
1994-2018 rr. Ha puc.1 noka3ana kpuBas 6necka V1427 Aql B monoce V no Ha-
omonenusim Ha Teneckone lleiicc-1 KpbiMckol acTpoHOMHYECKOW CTaHIIUH
CAVII MI'Y. Jlnsa 3Be37pI XapakTepHbI KBA3UTIEPUOIUYECKUE KOJIEOAHUS C aM-
mautynoi 0M.05-0™.25 B nmonoce V, a Takxke J0ATOBPEMEHHBINA TpeH  OJecka U
nokasaresei 1upeta (puc. 2).

years
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Puc. 1. KpuBas Gnecka V1427 Aqgl B mosoce V no nHaOmoaenusm B Kpeimy B 1990-
2018 rr.

KBasunepruoanueckrue m3menenus oOnecka V1427 Aql momoOHBI mysbcariu-
OHHBIM, OJIHAKO MEPHUOJIbI KoeOaHUIl KpaiiHe HeCTaOMIbHBI M MEHSIOTCSA OT CE30-
Ha K CE€30HY. XapaKTepHbIC BpeMeHa u3MeHeHus oiecka (> 200 cyrok) V1427 Agl
IIPEBBIIIAIOT IIEPUO/BI ITYJIbCALMMI 3BE3 MAJIOU U CpEeIHENH MAcChl B CTaauu POSt-
AGB u cpaBHUMEBI ¢ TIEpHOJIaMA MAaCCUBHBIX KEITHIX TUMEPTUTaHnToB. Hamu mo-
ka3aHo [12], uro monroBpemeHHbIN TpeH  Onecka V1427 Aql csizaH ¢ u3MeHEeHHU-
€M CBETHMOCTH 3BE3[bl, a XOJ MOKa3aTeIeil BETa OTPAKAET U3MEHEHUE €€ TEM-
nepatypsl. C 1990 r. Temneparypa noBsIlanach, TOCTUTHYB MAaKCUMAJIbHOTO 3HA-
yenus B 2001-2003 rr., mocje 4yero Hayajga MOHOTOHHO CHMKaThcs. M3MeHeHue
TeMIIEpaTypbl COPOBOKIAATIOCH MageHueM cBeTUMOCTH B 1990-2003 rr. u moBsI-
menneM B 2004-2018 rr.

CrexTpajibHble HAOMIOACHUS! ¢ HU3KUM DPa3pellieHreM, MOJyuYeHHbIE HAMU B
1994-2008 rr. u B 2016-2018 rr., oOHApyX WU CYIIECTBEHHbIE W3MEHEHUS B
cnektpe V1427 Aql. K 2016-2018 rr. 3ametHo ycwimuiauch abcopouuu Ba 11 u
uHdpaxpacnoro tpuruiera Ca I, Torga kak 6nenaa tpumiera O | A7771-4 ocna-
OeJla, 4YTO MOKET yKa3blBaTh Ha YMEHBIICHUE TEMIIEPATypbl 3BE€3/bl B 30HE 00pa-
30BaHMs STHX JnHU# [12].
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Puc. 2. CpeaneroaoBbie KpuBble Oecka u mokasareneii nsera V1427 Agl mo mabmrome-
HusiM B Kpeimy B 1990-2018 rr. (V, B-V) u B 1992-2018 rr. (J, J-K).

Teopus post-AGB 3BoirOIIMM MpeacKa3bIBaeT, YTO MOCIE OCHOBHOTO cOpoca
Macchl Ha ACUMIITOTMYECKOW BETBU TMTAHTOB TEMIIEpaTypa 3BE37bl BO3PACTAET
IIpU TIOCTOSIHHOM CBETHMOCTH, M 3Be3da Ha HR-muarpamme aBuxkeTcss B 00JaCTh
IIEHTPAIBHBIX 3BE3] TUIAHETAPHBIX TyMaHHOCTeH. OKumaeMbpIM HAOII01aTeTLHBIM
MPOSIBIICHHEM OyJeT CUCTEeMAaTHUeCKOe MOT0oIy0eHre TToKa3aTenel 1[BeTa U Mosip-
YaHUe 3Be3/Ibl B Mojoce V A0 TOCTUKEHHS €10 TEMIIEPaTyphl, COOTBETCTBYIOLIEH
cnektpaigbHoMy kiaccy GOI (anms kotoporo OojoMmeTrpuyeckasl MomnpaBka paBHA
HYJII0), @ 3aTeM, MPHU MOCJIEIYIOUIEM CKAaTUU U HArpeBaHuU, ociabieHue Oyecka
3Be3/bl. HaOmrogaeMbiii JOJNTOBpEMEHHBIM XOJ Ojiecka W TIOKa3aTesieid IBeTa
V1427 Aql He ynaetrcst 0ObSICHUTH B paMKax TeopuH 3BooIUHU post-AGB 00bek-
TOB.

[To cBoeMy (poromeTrpruueckomy nosenenuto V1427 Aql nanomunaer runep-
rurantel BOm3u JKenroro sposrormonnoro nposaina (Yellow Evolutionary Void)
[14]. B aroi1 ¢hasze 3BOIONMH MPOUCXOIUT KPYIMHOMACIITAOHAS TIOTEPS MACChl, B
pe3yJbTaTe KOTOPOM 3BE3/1a OKPY)KAETCS XOJIOTHOH rceBaodoTochepol 1 HaUH-
HAEeT CBOE JIBIDKEHHE B 00JIACTh KPACHBIX CBEPXTHTAHTOB, a MOCJE MPOCBETICHUS
00010ukM BO3BpaiaeTcss B ronyOyio yacte HR-guarpammel. U3BectHo, 4TO, Ha-
npumep, xentbiii runepruradnT V509 Cas 3a 30 et ucnbITan IBa TaKKUX COOBITHS
[15].

AHanu3 HaOMIOJATEIbHBIX JJAHHBIX J1a€T BO3MOXXHOCThH MPEANOI0XHUTh, YTO
V1427 Agl, BeposiTHee BCero, SBJISICTCS MACCHUBHBIM JKCJITBIM T'MIICPIHTAaHTOM B
ctaanu POst-RSG, a e post-AGB o00bekToM Majioi Uit CpeTHe MacChI.
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THE BINARY STARS DATABASE BDB: NEW APPLICATIONS AND FEATURES

Kaygorodov' P.V., Malkov! O.Yu., Kovaleva' D.A.
YInstitute of Astronomy of the RAS, Moscow, Russia

The database of binary stars (BDB) includes information about binaries of all known types from
several dozen original catalogs. Within the framework of BDB, a new identification system
BSDB was developed, which uniquely identifies systems, pairs, and components within BDB.
The search for objects in the database is possible both by the identifier (all major identification
systems are supported) and by parameters. The talk is devoted to the review of the main func-
tions of BDB, new features and development prospects.

PazpabateiBaemas B MTHACAH 6a3a naHHbIX JOBOWHBIX 3Be3f (Binary star
DataBase — BDB) siBnsieTcst pa3BuTHEM NepBOHAYATILHON 0a3bl TAHHBIX, CO3J/1aH-
HOU B obcepBaropun be3zancona [1]. BDB Bkitouaer B ceOst JaHHBIE U3 HECKOJIb-
KHUX JIECATKOB OPUTHHAIBHBIX KAaTAJIOTOB JIBOWHBIX 3BE3[l, COMEPKAIINX HHPOpMA-
L0 O JBOMHBIX 3BE€3/1aX BCEX M3BECTHBIX TUNOB. B pamkxax BDB mnposeaecna
KpOCC-HICHTU(PHUKAIIUS BKIIOYCHHBIX B HEE OOBEKTOB U CO3/IaHA TPEXYPOBHEBAs
cucrteMa uneHtudukanuu BSDB [2] u karamor uaeHTHPUKATOPOB OOBHEKTOB B
JBOMHBIX W KpaTHbIX cuctemax ILB [3], 94To mo3BosMiIO0 OAHO3HAYHO MAEHTU(DU-
MPOBaTh CUCTEMbI, Tapbl U KOMIOHEHTHI nap, Bxoasaume B BDB. Ilouck o0bek-
TOB B 0a3€ BO3MOXKEH KaK M0 WACHTU(PUKATOPY (MOIAEPKUBAIOTCS BCE OCHOBHBIE
CUCTEMbI UAEHTU(UKALIMK), TaK U 110 napamerpam. BDB cogepxut nanseie o ¢pu-
3MYECKUX M HabmogaeMbix mapameTpax ~260 000 KOMIIOHEHTOB, BXOJSIIUX B
~120 000 cuctem ¢ kpaTHOCTHIO OT 2 110 20.

Ha Puc. 1 cxemaTH4eckH IMOKa3aHbl TUIBI 3BE3], BKIIOYECHHLIX B BDB. 910
Bu3yanbHble aBoWHbIC (ViS), opouTansHbie ABoiHbBIC (OrD), mapsl ¢ oOmmM co0-
ctBeHHbIM nBIKeHHEeM (CPM), actpomerpudeckue asoitHbie (AsSt), uatepdepo-
MeTpudeckue aBoitHbie (INt), mapel, oOHapy)uBaeMble TPU MOKPbITUN JIyHOU Uin
actepounamu (OcCC), cnexkTpockonuueckue aBoiHbie (SB), 3atmennsie (EB), ka-
taknmumudeckue (CV), pentrenoBckue (XRB), pammomynbscapsl B JBOMHBIX
(Rad), ucrounuku rpaButannoHubix BoH (GW). B3zaumHoe nepecedenue obac-
teit Ha Puc. 1 00o03HauaeT mepeKphITHE COOTBETCTBYIOIIMX THUIIOB JBOMHBIX (HO
pa3mepnl obsactedt Ha Puc. 1 He mponmopiuoHaIbHBI KOJIMYECTBY 3BE37] Pa3HBIX
TUTIOB).

180


mailto:pasha@inasan.ru

[ToanepkKa TaHHBIX O TAKOM OOJIBIIOM KOJIMYECTBE PA3HOPOJHBIX, HO Mepe-
CeKaroIIMXcsd TUIIOB 3Be3]l IMOTpedoBaja MpPOBENEHUS THIATEIbHOM Kpocc-
uAeHTUGUKAIIMM ¥ CO3/JaHusl HOBOW wuaeHTH(uKanmoHHoi cuctembl BSDB. B
pamkax BDB kaxnmas cucrema, mapa U KOMIIOHEHT MMEIOT CBOM YHMKAJIbHBIN
unentudukarop BSDB. Cuctema BSDB [2], B TOM umciie, ycToHYMBa K CIIydasiMm
pazpelieHus 00BbEKTOB Ha KOMIIOHEHTHI, YTO MO3BOJISIET HE U3MEHATh UACHTU(DU-
KaToOpbl MPOYMUX YJICHOB CHCTEMBI B MOJOOHBIX CIy4yasiX, a TAKKe CBSI3bIBATh MH-
(dopMaIuio u3 HCTOYHUKOB, UMEIOIINX Pa3HOE pa3pelieHue.

B ocnoBe mexanu3moB novicka BDB nexut paspadareiBaembiii B MTHACAH
kataynor ILB. DToT kaTanor BKIIOYaeT KpOCcC-UACHTU(HUKATOPHI U3 O0Jiee YeM Jie-
CSITKA CUCTeM I Kaxkaoro uaentudukaropa BSDB, a takxe naHHble 0 KOOpau-
HaTaxX, (pU3MYecKux M HAOIIOJATEIbHBIX XAPAKTEPUCTUKAX BKIIOYEHHBIX B HETO
nap u komrnoHeHToB. Katanor ILB nonyuaer perynsipHble OOHOBJIEHUS, UCIIPAB-
JeHUs1 OMMOOK, & TAKXKE pacHIMpseTcsl M0 Mepe J00aBJIEHHS HOBBIX KaTajOroB B
BDB.

Conepxanue BDB He orpaHumumBaetcsi JaHHbIMHU, BKJIOUYeHHbIMU B ILB.
Haiinst Hy>xHbIe 00BEKTHI 110 UMeromuMcs B ILB maHHBIM, TTONIB30BaTEIh MOXKET
HOJIyYUTh BCIO OTHOCSIIYIOCS K HUM HH(OPMALMIO U3 OPUTHHAIBHBIX KaTaJIOTOB
(xommmu koTopbIx HTErpupoBanbl B BDB). [Ipu srom BDB He npou3BoauT Huka-
KON (pUIIbTpaly WM OLEHKU JaHHBIX, JaBasi MOJIb30BATEII0 MAaKCUMYM JOCTYII-
HOU HH(pOPMAIIUH.

B pamkax nokinana OyAeT 1aH 0030p OCHOBHBIX (B TOM YMCJI€ — HOBBIX) BO3-
MoxkHocTeld BDB, a Takxke mpeacraBieHsl IUIaHbl JalibHEWIIEro pa3sutus. byaer
MOKa3aHo, Kak ¢ nmomouipio BDB MoryT ObITh pelieHbl OCHOBHBIE 3aa4l, BO3HU-
KAIOIINE MIPU UCCIEI0BAHUH JIBOMHBIX 3BE3]] — MOUCK MNOIXOIAIUX O0BEKTOB, MO-
Jy4eHHe JaHHBIX M3 KaTajoroB, OMpE/eJIeHHe BO3MOXKHOCTEH HAOIIONCHUS Hali-
JEHHBIX 3BE3/I.

Pabota wactuuno noanepxkana [Iporpammoit 28 Ilpesununyma PAH u rpasn-
ToM POOU 16-07-01162.
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Puc. 1: CxemaTndeckoe n300pakeHWe TUTIOB IBOWHBIX U KPATHBIX 3Be31, HHGOPMAIIUS O
KOTOPBIX conepxurcs B BDB.
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LONG-TERM VARIABILITY OF THE X-RAY BINARY CYG X-1

Karitskaya® E.A., Bochkarev? N.G., Goranskij® V.P., Metlova® N.V.
YInstitute of Astronomy RAS, Moscow, Russia
?Lomonosov Moscow State University, Sternberg Astronomical Institute, Moscow, Russia

As a result of our study of spectral and photometric long-term variations of V1357Cyg = Cyg X-
1 on the base of a 44-year-long series of multicolor photometric and many-year-long spectro-
scopic observations, it is concluded that the fundamental parameters of the supergiant in the
system of Cyg X-1 continue to vary on the time scale of decades. There is a connection between
X-ray and optical changes. The chaotic variations of X-ray flux, sometimes reaching "hard" —
"soft" state irregular changes, switch on when the U brightness and Hel 14713A absorption line
depth decrease. And inversely, they switch off during the U brightness and Hel 14713A absorp-
tion line depth increase. This may be connected with star size variations, causing outflow gas
instability.

V1357Cyg = HDE226868 = Cyg X-1 — maccuBHasi TeCHasi IBOMWHAsI CUCTEMA,
PEIATUBUCTCKUN KOMIIOHEHT KOTOPOM SIBIIIETCA HCTOPUYECKH IEPBOM YEPHOU
JBIPOM, a ONITHYECKHI KOMIOHEHT — cBepxrurant 09.7 lab, mouTu 3amoIHsromui
CBOIO MoJocTh Pota. 3a BpeMs HcclieJoBaHUs 0Ka3a10Ch, YTO TIOMUMO OpOUTAIIb-
HOM MEPEMEHHOCTH C MepuojaoM P = 5.6, 00ycnoBiaeHHON 3(DPEKTOM AILTUTICOU-
JTATbHOCTH ONTHYECKOM 3BE3/Ibl, 0OBEKT B ONTHYECKOM JTMAIA30HE JEMOHCTPUPY-
€T IEPEMEHHOCTh Ha PA3JIMYHbIX BPEMEHHBIX IIKaJIaX — OT JIECATKOB JIET JI0 YacOB
(cm. Hanpumep, [1, 2]). OnHako HUCCleIOBaHUE JTOJITOBPEMEHHON MEPEMEHHOCTH
TpeOYyeT NJIUTEIbHBIX U OJTHOPOAHBIX HAOJIOICHUIA.

K nacrosimemy BpeMeHH HaMH COOpaH OJHOPOHBIN 44-eTHuil hoTomMeTpu-
yeckuit psa UBV-nabmronenuii, BeimonHeHHbIn Ha Kpbeimckoi cranmuu I'ANIIIL.
On coctout u3 35-netuero psga B.M. Jlrotoro, koTopsiii 6611 ipooken H.B.
MeTnoBol Ha TOM k€ 000PYIOBAaHUM U C TaKOH ke 00paboTkoii. B Hamielt pabote
[3] Opl1a 0OHapyKEeHA IEPEMEHHOCTh Ha IIKaJe TOJbI—IECATKH JIET, KOTOpas Mmpo-
noipkaercs o cux mop [4,5] (cm. Puc.1). Ha olmee magenue cpeaHero ypoBHs
0JiecKa HaKJIaJIbIBAIOTCSI BapyallMii Ha MEHbIINX BpeMeHax. M3MeHeHust Haubosee
3HaunTeNbHBI B U. OOpaiiaer Ha ceOs BHUMaHKUE CUJIbHAS ToJTyOast BCIBIIIKA, KO-
TOpasi BUJHA TOJbKO B puiabTpe U. HTEepecHO, UTO OHA COBNAJAET CO BCIBIIIKON
B PEHTT€HOBCKOM Jrana3oHe [4,5]. OHa MOXKET yKa3bIBaTh Ha BHE3AMTHOE MOSIBIIC-
HUE ropsiYero ONTUYECKH TOHKOTO ra3a.
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Puc. 1.V, B, U xpussie 6ecka ¢ 1971 r. (yieBas nanens). Kpussie m3meHenus miseto U—
B, B-V u xpuBas 6necka U (nmpaBas maHensb). Touku ycpeaHeHsl o rogam. BeprukanpHas jm-
HUS OTMEYaeT CuibHYH0 Benbiky B U B 2009 1.

Hcnonb3oBaHue CHEKTpalbHBIX HaOdofeHud, mnoidydyeHHblx B KpAO, Ha
Tepckonbckoit oocepBaropun u Ha obceppatopurn BOAO B HOxHoit Kopee, a
Takke NpuMeHeHne MojenbHbIX He-JITP pacueros npoduins muaun Hel A4713A u
CONOCTaBJIEHUE UX ¢ POTOMETPUUECKUMH M3MEHEHHUSIMHU TI0Ka3ao, 4to ¢ 1997 no
2003 r. (Bo Bpems 001iiero majieHust 0jJecka) paauyc CBEpXIMIraHTa BbIpOC Ha 1-—
4%, B TO BpeMs kak Temnepatypa ynaia Ha 1300-2400 K [3]. K coxanenuro, u3
dboTocepHBIX JIMHUI B UMEIOIIHMECS y HAC Y3KOIOJIOCHbIE crieKTphl 1997 r. mona-
naet b juaus Hel A4713A, IIO3TOMY UMEHHO Ha HEE B TAHHOM HMCCJIENOBAHUU
obOpaieHo ocoboe BHUMaHHUE.

Bo Bpems atoro magenus 6iecka B 2000 r. BnepBble HaOII0JAIOCh BKIIFOYE-
HUE€ Xa0TUYECKON EPEMEHHOCTH PEHTTE€HOBCKOIO MOTOKA, MHOTAA JOXOISAIIEN J10
CMEHBI COCTOSTHUH «MSTKO€ — YKECTKOe» (PEHTTCHOBCKash HEYCTOWYMBOCTH). DTO
MO>XHO OOBSCHUTH B paMKax HalJICHHON MEPEeMEHHOCTH (yHIAMEHTAIbHBIX I1a-
paMETpOB CBEpPXTUraHTa. Y BEJIMYCHUE CTEIECHM 3arojHeHUs mosioctu Porra npu-
BEJIO K MHTCHCU(UKAIIUU HEYCTOMYMBOCTU MEPETEKAHUSI MACChl, YTO OOBACHSET
YBEJIUYEHUE PEHTTEHOBCKON aKTUBHOCTH.

[TogoOnas cutyanus npousomnnia u B 2010 r. — mageHue 0jiecka U BKIIOUCHHE
PEHTT€HOBCKON aKTUBHOCTH.

Cnektpsl, monydyeHHble HA 6-M U 1-M Teneckonax CAO PAH, nokassiBatoT
nepeMeHHOCTh rayounsl muaun Hel A4713 A, npuuem Habmromaercss aHTUKOppe-
JSAUMST B U3MEHEHUSX ITUX IIyOuH u u3MeHenuu oOnecka B U. Ilpu magenun Oire-
cka B U rimyOvHa TUHUU pacTeT, a IpHu yBeJlnueHuu osecka B U JTUHUS CTAHOBUTCS
Menpye. [IpuyeM B mepBOM ciydae MPOUCXOAHUT BKIIOUEHHE HEYCTOMYHMBOCTH B
PEHTTEHE, a BO BTOPOM CJIy4ae HEYCTOMYMBOCTh MPEKPAIIAETCS.
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Ha Puc.2 nokaszaHo cpaBHeHHE 3TUX nepemeHHocter B 2015 r. mo Habmoe-
HusMm 1-m teneckona CAO PAH. Ilo-BuauMoMy, HaM yaaioch HaOMHOJaTh MO-
MEHT CMEHbI 3HaKa MPOU3BOAHBIX. [[puMepHO B 3TO BpeMsl pEHTTEH Mepelea B
CIIOKOMHOE KE€CTKOE COCTOSIHUE.
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Puc. 2. CpaBHeHHe n3MeHeHnii 6iecka B U u riy6unsl muann nornomenus Hel A 4713A
B 2015 .

Takum oOpaszoM, HalifieHa CBS3b MKy TTTyOWHOH JTMHUM TIOTJIONICHUS, OJe-
cKkoM B mosioce U 1 HeyCTOWYMBOCTHIO PEHTIT€HOBCKOTO MTOTOKA, KOTOPast BKJIFOYA-
eTcs Tpy najeHuy usnydenus B U u ymeHbienuy roy6unsl muaun Hel A4713A.
N HaoOOpOoT — HEYCTOMYMBOCTH BBIKJIIOUACTCS TMPHU yBeJduueHun Onecka B U u
IyOWHBI 3TOW JIMHUW. DTO COTJIACYETCS C MEPEMEHHOCTHIO (DyHIaMEHTaThHBIX
napameTpoB cBepxruranta. OTHAKO BCE OCIOKHACTCS MPUCYTCTBUEM MEPEMEHHO-
'O M0 KOJIMYECTBY OMTHYECKU TOHKOTO TOPSIYETO rasa.
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KINEMATICS OF THE MOLECULAR SHELL
AROUND THE HII REGION RCW 120 AND STAR FORMATION

Kirsanova M.S., Pavlyuchenkov Ya.N.
INASAN, Moscow

Initial conditions at which massive stars form are still a matter of debate. The collect-and-
collapse scenario suggests that the star formation can be triggered by expanding HII regions.
We model molecular envelope of an expanding HII region using the MARION code and for-
mation of molecular line emission in the envelope using the URAN(IA) code. We review archive
data on CO molecular emission towards the HIl region RCW120 and show that the parameters
of the molecular lines do not contradict our model of expanding HII region.

3amaya 00 ompeaeNeHUH HAYaJbHBIX YCIOBHM 0Opa30BaHMS MAaCCHUBHBIX
3BE3[] 10 CUX IMOp He pemieHa. M3BecTHO, 4TO 10 30 MPOLIEHTOB MAaCCUBHBIX 3BE3[
dbopMupyeTCcs B OKPECTHOCTSX oOjacteld moHu3oBaHHoro Bojgopoxda (HII), mo-
BUJIMMOMY, BCJIEACTBUE CXKATUS MOJIEKYJSAPHOTO rasa yaapHbIMu BojiHaMu (YB)
[1, 2]. PactipocTpanenue YB npuBoauT Kk GopMUPOBAHHUIO TIJIOTHBIX JBHXKYIIUXCS
MOJIEKYJISIpHBIX 000J104ek Bokpyr objsacteit HII. Ilpu ycrnoBusix, G1aronpusiTHbIX
JUISL Pa3BUTHS JHKUHCOBCKOW HEYCTOMYMBOCTH, O0OJOYKH (PparMEHTUPYIOT U B
HUX 00pa3yroTcs MoJiojbie 3Be3/bl [3]. OqHako A0 cux mop He ObLIO MpeAcTaBiie-
HO JTOKAa3aTeIbCTB TOTO, YTO 3TH IIOTHBIE O0OJIOUKH JEHCTBUTENBHO JIBUKYTCH.

B nactosmeii pabote paccMoTpeHa MoJieKyisipHas obonouka oOmactu HII
RCW 120, nuramMuKy mblUid B KOTOPOM MBI MOJIEIHpOBan B pabotax [4, 5] ¢ mo-
Mo11bio nporpammHoro koga MARION [6]. [TapameTpbl MoienupoBaHus yKa3aHbl
B pabore [5]. Ha Puc. 1 moka3zana ¢u3uueckas CTpyKTypa U OOMJIHS MOJIEKYJ B
o6onouke RCW 120. Bunno, yto MonekyssipHas 000J04YKa, B KOTOPOM MPHUCYT-
cTBYIOT MoJiekyJsibl CO, IBHXKETCS CO CKOPOCTHhIO OKOJIO 1 KM-C Temnepatypa
rasa B 060JI0UKe COCTAaBIET HECKOIBKO AecsTkoB KenpBuH mpu miotHoctn ot 107
emS 1o 4-10* oM,

C nomorpto porpamMmmaoro koga URAN(IA) [7] Obuiu paccuntansl npodu-
au iuHui MoJiekyinbl CO B MPEAnoaoKeHUH, YTO 3a TUIOTHOM 000JI0UKO#, Hauu-
Has IpUMEpPHO ¢ 1.25 MK, HET MPOTSKEHHOT'O BHEIIHETO0 HEBO3MYIIEHHOTO MOJIe-
KyJISIpHOTO 00Jiaka, 4To cornacyercs ¢ HaomoaeHuasMu RCW120 (cm. vuxke). Ha
Puc. 2 moka3zanbl Tunbel npoduiield TUHUM, KOTOpbIE XapaKTepU3yeT pa3InyHbIe
YacTH MJIOTHOM JBUXKYIICICS 000IOUKH.
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Puc. 1. CneBa — xummudeckasi CTpykTypa o6onouku odnactu HIL, B ieHTpe — paanansHbIii
npoduIs TeMIepaTypsl ra3a, cripaBa — paJAualbHbIN MPO(UIL CKOPOCTH rasa.

[TnoTHY!O 000JI0YKY MOXKHO pa3ienuTh Ha Tpu cios. Hambornee Onm3ko K
3Be3jie, Ha BHelHel rpanuiie oomactu HIl, HaxoguTes cioi, rje npoucxXoauT Ie-
pexoa MEXIy HOHHU30BaHHBIM, HEUTpalmbHBIM yriepoaoM u Mojekyiramu CO.
O6wunue CO B 3TOM ci10€ MaJio, IMHUU U3TYYCHHS SIBISTFOTCS] ONTHYECKH TOHKAMU,
a CUMMETPUYHBIN IBYTropObIid MPOPHIIb TUHUN O0BICHIETCS 3PPEKTOM MPOSKIUU
pacmmpsitonieiicss obonouku. B cpennem cinoe uz-3a Bbicokoro obmmus CO Ha
npo b TMHUKM HAYMHAIOT BIHUATH d()(PEKTH CAMOTIOTIIONIEHUS, YTO MPUBOJIUT K
00pa3oBaHUI0 HECUMMETPUIHOTO IBYTOpOOTO MpOduIs.

B o
C*/C/CO transition
V #£0, low x(CO)
~_ exp
> compressed shell
HIl region D,

undisturbed envelope

Puc. 2. Cnoucrast cTpykTypa IJIOTHOH MOJeKynsapHoOi obonouku obmactu HII. TIpsmo-
YTOJIBHUK TTOKA3bIBACT MPUMEPHYIO 001acTh KoHAeHcaruu Condensation 1, B KOTOpo# cocpeno-
TOYEHBI MOJIOJIbIE POTO3BE3/1bl, B TOM UHCIIE MACCUBHBIE.

Tpetuit cioil npeacrapiasieT coOo HEBO3OYKACHHBIN T'a3, B KOTOPOM TaKKe
Benuko oounue CO. IIpodwmm muauit CO B HEBO30YXJACHHOM CJI0€ MOTYT OBITh
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a160 ogHOTOPOBIMH, JIUOO ABYrOpObIMU B 3aBUCHUMOCTH OT DHEPTUU IMEpPexoja U
n3otonomepa mMoJiekyssl CO.

MpbI UCHIOIB30BAIM OTKPBITHIE apXWBHBIE AaHHbIE Teneckorna APEX, uToOsl
HCCIICI0BATh MOJEKYISIPHYIO 06010uky RCW120 B muanu “°CO(2-1). IIpuHnmas
BO BHUMAHHE, 4TO CKOpOCTh pacmmpenns RCW120, mo Haumm JaHHeM, 1 KM-C
MbI BBIIC/HIN HA apXHBHBIX fits-Ky0ax AMana3oH CKOpOCTeil MHMPUHOM 2 KM-C
uMesl B BUJLy MEPEAHION U 3aJIHIOI0 CTEHKU 00O0JIOUKH, B KOTOPBIX OHA BBITJIAUT
MAaKCUMAJIbBHO OJHOPOJHOW M HENPEPBIBHOM — OTO HHTEPBAl CKOPOCTEN
—8<V4< —6kM-c*. Ha Puc. 3 mokasaHbl KapTbl MHTETPAJIbHOW MHTEHCHUBHOCTH
u3nydeHHsT Molekyn CO(2-1) BMecTe C MOJOKEHHSIMH TodedHbx K-
MCTOYHUKOB, COOTBETCTBYIOLIUX MOJIOJIBIM ITPOTO3BE3HBIM OOBEKTAM.
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Puc. 3. Uznyuenue 13CO(2-1) B RCW120. BBepxy cneBa: uHTErpajibHOE U3ITyUEHUE T10
IIOJIHOMY MHTEpBaly cKopocTed, BBepxy cmpaBa: —20 < Vigy<—8 KMC BHU3Y CIIEBa:
-8 <V < —6KM'C_1, BHM3Y crpaBa: —6 < Vig<0 kM-c L. Toueunsie MK-MCTOYHUKA MOKa3aHbI
YEepHBIMU KpPY)KKaMU. Besblii KOHTYyp Ha KapTax B KaHajlaX CKOPOCTEH — W3JydeHHE TbUIA Ha
mmHe BotHBI 870 MkM. benast 3Be3/104Kka MOKa3bIBaeT MOJIOKEHUE MOHHU3YIOMIEH 3BE3/bI B 00-
nmactu HII.

B o6onouxe BBIACIICTCA HCCKOJBKO KPYIHBIX CI'YCTKOB. OcHOBHasl 4acTh
Hanbo0JIee MaCCHBHBIX ITPOTO3BE3] HAXOJUTCA B CaMOM KPYIIHOM M3 HHUX B IOI'O-

188



3anagHoi yactu oobekTa (Condensationl B [8]). [lo Mepe ABMIKEHHS B HOKHYIO
9acTh CT'YCTKa JIydeBasi CKOPOCTh CTAHOBUTCS Oosiee oTpuiiaTesibHOi. B padote [9]
MOKa3aHO, YTO B IOKHOW YacTH 000J0YKa Pa3phIBACTCS, M W3IIyYCHHE MOHU3YIO-
el 3Be346l MOXeT ¢BoOOAHO mokumath oonacts HIl. Taxsxe n3 Puc. 3 BugHO,
YTO HambOOJee MAaCCUBHBIC MOJIOJbIE MPOTO3BE3MbI M30ETaAI0T Pa3phIBHOW YaCTH
000JI0UKH.

Hab6monaemsie nHTeHCHBHOCTH uami “CO(2-1) U HX WIUPHHBI COTIACYIOT-
Csl C pe3ysbTaTaMH Hamiero mojaenupoBanus. HaGmromarensHbie mpoduny TuHUI
UMEIOT JBYropOblid Mpoduib, BbI3BAaHHBI COBMECTHBIM JAchcTBHEM 3(PGheKToB
MPOEKIUU JIBIDKYIIEHCS 000J0YKHA M camororiomenneM. CKOpOCTH, COOTBETCT-
BYIOIIME TTUKaM JBYTOopOOTo MpoQuIis, COMOCTAaBUMBI C TEOPETUYECKUMHU 3HAUE-
HUSMU. B OoKIame Mbl TOKa3pIBaeM, YTO JIJIsl UCCIICIOBAHMS KHHEMATHKN HE00XO0-
nuMbl 00 HaOmoneHus aunuid CO HaumHas ¢ nepexona (3-2) Ha uHTEpdepo-
METpPE C BBICOKHM pa3pelieHueM, JH00 HAOMI0IeHUsI Ha OJUHOYHOM TEJIECKOIIE,
HO B BBICOKOBO30YX)aeHHBIX Tiepexomax CO [10].

Pa6ora BeimonHena npu nojuepxke PODU (16-02-00834-3a).
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INTERSTELLAR EXTINCTION DETERMINATION WITH GAIA DR2 DATA

Kovaleva D.A., Malkov O.Yu., Sytov A.Yu., Tutukov A.V.,
Chulkov D.A., Yungelson L.R.
Institute of Astronomy of the RAS, Moscow, Russia

All stars are born in groups. Statistical properties of the population of binary and multiple stars
bear imprints of this process. Modern observational projects provide significant advancement in
investigation of multiplicity of stars in the solar region as well as in the clusters, both in quality
of observational data and in its completeness. We investigate approaches toward restoration of
initial properties of population of binary stars via solution of the inverse problem, by modeling
evolution of synthetic populations with different initial characteristics. We present the modeling
results for selected data sets of binary stars and discuss limitations and possibilities of the
method.

Bce 3Be3nbl, B COOTBETCTBUM C COBPEMEHHBIMU MPEACTABICHUSIMU, 00pa3y-
I0TCS B TPYIINAX, B pe3yJbTaTe pacnajga KOTOphIX (OpMHUPYETCs 3BE3THOC HACeIe-
Hue noJyist ['anaktvku. Eciyd CBOMCTBAa HAyajgbHOM MMOMYJSLUU JIBOMHBIX 3BE3]L
(HIT3) He 3aBUCAT OT XapaKTEPUCTUK OTIEIBHBIX TPYII, UX MOXHO ONPEIEIUTh
yTEM UCCJIEI0BAHUS CTATUCTUUYECKUX XAPAKTEPUCTUK ABOMHBIX U KPATHBIX 3BE3/[]
nons [1,2].

CoBpeMeHHbIE HCCleIOBaHUsT KpaTHOCTH 3Be3n B oOnactu ConHIA U B
CKOIUICHHUSIX TO3BOJIMJIM CYIIECTBEHHO MPOJABUHYTHCS B CTOPOHY HAKOIUICHUS U
MOBBINICHUS KadecTBa HAOIIOJATENBHOTO MaTepuasa, OOJbIIeH CTENEHU €ro
noaHoTh! [3—5]. JlaHHBIE BTOPOTO BBIMyCKa AaHHBIX 0030pa Gaia [6] mo3BoJsOT
HAJIESTHCA Ha CYIIECTBEHHOE TIPOJIBIDKCHHE, B YAaCTHOCTH, B OTHOUICHUU
BBIJICJICHUSI IBOWHBIX 3B€3]1 B CKOTICHUSIX.

CpoiicTBa aHCamMOJIs TIBOWHBIX M KPATHBIX 3BE3]l OMPENCISIOTCS HECKOIbKU-
MU TpyHOIamMu XapaKTEPUCTHUK. ITO PaCHpPOCTPAHEHHOCTh JBOWHBIX M KPATHBIX
3BE3[l, a Takxke (QyHKIHS 3BE€371000pa30BaHUs JBOMHBIX — paclpeiesieHue map 1o
XapaKTepUCTHKaM (MaccaM W/Wn OTHOIIeHUI0 Macc kommorentoB f(m), f(q); pac-
CTOSIHUIO MeX1y komroHeHTamu f(a), skcuenTpucurery opouts f(€)). dynkuum
f(m), f(q), f(a), f(e) oObIYHO MOJIArarOTCS HE3aBUCUMBIMH, XOTSI €CTh YTBEPKICHHS,
YTO CYUIECTBYET CBS3b MEXIY OpOUTAIbHBIMU Nepuoaamu u ( [3]. Habmonarens-
HbIE OMNpEJETICHUs CBSI3U PACIPOCTPAHEHHOCTH JBOMHBIX 3BE3]] C MACCOU IJIaBHO-
ro KOMIIOHEHTA, a TaKXK€ COOTHOIICHHUE JIOJIM JBOMHBIX 3BE31 U 3Be3/ 00Jiee BhI-
COKOM KpaTHOCTH MPUBOAATCS B PA3IMYHbBIX HCCIIEOBaHUAX [3, 5].
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Mpbl uccnenyem 3aady BOCCTAHOBJICHHS HAaYallbHBIX XapaKTEPUCTUK MOIMY-
JSIUUU IBOMHBIX 3BE3]l MyTEM pelIeHUs] 00paTHOM 3a/ladyi — MOJIETUPOBAHUS 3BO-
JIOUAA CUHTETHYECKUX MOMYJSIUUMH C pa3IMYHbIMU HAYaJbHBIMH CBOMCTBaMHU.
JIBOITHBIEC 3BE3/IBI TIOJIS SIBIISFOTCSI COBOKYITHOCTHIO OOBEKTOB Pa3IMYHOTO BO3pac-
Ta, TaK YTO MX CTATHCTHYECKHE CBOMCTBA 3aBEIOMO OTJIMYAIOTCA OT XAPAKTEpPU-
ctuk HII/I3. MccnenoBanus rpynn 3B€3]1 OAMHAKOBOIO BO3pacTa B MOJIOABIX CKO-
TJICHUSIX Y aCCOIMAIMAX HeaocTatouHo nHpopmaTusHbI [3]. [ToaToMy BCTONB30-
BaHHE METOJA MOIYJSIIUOHHOIO CHHTE3a MOYKET OKa3aThCsl KIHOYEBBIM HHCTPY-
MEHTOM 11 BoccTtaHoBiieHus cBoiicTB HITJ[3. MbI paccmaTpuBaem mpoOiieMy Orl-
penereHns nmapaMeTpoB pyHKIMHU 3Be3n000pazoBanus aBoiHbIX 3Be3n f(M), f(q),
f(a) u f(e) (pynaamMeHTaILHBIX MapaMeTpoOB) KaK pelIeHue OOpaTHOM 3a1adu, UC-
X0l U3 paclpelereHril JTBOMHBIX 3B€3[ MO HAOIIOJAEMbIM XapaKTEPUCTHUKAM.
Kak cBOWCTBEHHO OOpaTHBIM 3ajayaM, OHa HEKOPPEKTHA U MOXKET pelaThCs
TOJIBKO TIPU YCJIOBUU HAJIOKEHUS JOMOJHUTEIbHBIX OIPAaHUYEHUN Ha CBOMCTBA
UCKOMBIX pacrpezeneHuii. B 3Tom kauecTBe Mbl OIpOOOBAIN CYIECTBYIOIINE TU-
1oTe3bl O BUJE HAYaIbHBIX PACHpPECICHUN ABOWHBIX 3Be3/ MO (PyHIaMEHTAJIb-
HBIM [TapaMeTpaM, BbISIBJICHHBIE paHEE.

[Tpn moctpoeHun BBHIOOPKM HAONIOAATEIbHBIX JAHHBIX JJISI CPAaBHEHUS KpH-
TUYECKH BaXKHA €€ MOJHOTAa B ONPEEICHHON 001acT MPOCTPaHCTBa apaMeTPOB.
Bmecte ¢ Tem, MO NMOHATHBIM NpUYMHAM, BBIOOPKA HE JOJKHA OBITH CIMILKOM
CKy/aHOH. B kauecTBe ncxoHOro Habopa HaOMIOAAaTEIbHBIX JaHHBIX HUCIOJIb30Ba-
Ha BBIOOpKA JIBOMHBIX 3BE3JI M3 KaTaJiora BU3yalbHBIX JBOMHBIX 3Be3x WDS [7],
uMmeronux napamuiakcel Gaia DR2 (v, st spkux 3Be3q, mapauiakcebl Hipparcos)
OoJIbllIe 5 MIJITUCEKYH AYTH. [[71s1 3TOM, OUMIIIEHHON HAMU OT ONTUYECKUX JBOM-
HBIX M OIMMOOYHBIX JIAaHHBIX, BHIOOPKHU HcclieI0oBaHbl 3PhEeKThl HAOIIOAATETLHON
CEJICKIINH Y BBIJIETICHa 00JacTh MapaMeTpoB, CBOOOAHAS OT HAOIIOIATEIHHON He-
MOJTHOTHI: YTJIOBOE paszzaenieHue KoMrnoHeHToB 2<p<100 cek. myru, OJecK BTOPHY-
Horo kommnonenTa V,<11". Pe3ynpTupyromas BEIOOPKa COAEPKUT JaHHbIE 0 2884
BU3YaJIbHBIX I1apax.

HcnonszoBaB meToq MonTte-Kapio, Mbl OCTpOUIIN MOJAENH aHCAaMOJI BU3Y-
aJIbHO-JIBOMHBIX 3BE3]] C YIOMSHYTHIMH BBIILIE OTPAHUYCHUSAMU 110 HAOII01a€MbIM
XapaKTepUCTHKAM I Pa3IMYHbIX KOMOMHALMW pacnpeieleHudl no (pyHaameH-
TaJbHBIM TIApaMETpaM: YEThIpEX CIICHapHueB 00pa30BaHMs ABOMHBIX 3Be3] (pairing
scenarios, PS) [8], aByx BapuanToB HauanbHOU ¢yHKIIMU Macc (Conmurepa [9] u
Kpoymnsr [10]) ans My uan M=M;+M,, B 3aBucumoctu ot PS, msatu f(q) (aus PS,
KOTOPBIC JIOMYCKAIOT ( Kak CBOOOIHBIN MapameTp), ity BapuaHToB f(a) u Tpex
f(e).

Bcero paccMmotpensl 360 koMOMHaIMI HAYaJIbHBIX pacnpeaeneHuit. Jus ka-
KON U3 ITUX KOMOHMHAIIMK CMOJIETUPOBaHA OKOJIOCOJTHEYHas 00JlacTh B Mpejie-
nax 200 mk, 3an0JHEHHAs UCKIIOYUTENBHO JTBOWHBIMU 3BE3/1aMH, CPOPMUPOBAB-
IIMMUCS IO UCIIOJIB30BAHHBIM CLEHapusM. 1Ipu 3TOM 3B€311bl CUMTATUCH OJUHOY-
HBIMH, €CIM MMeIu KOMIOHEHT ¢ Maccoil < 0.08 M CymiecTBoBaHME KpaTHBIX
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3BE€3]l Mbl Ha TOM 3Tare UrHopupoBaiu. [ImMoTHOCTH 3B€31 HOPMUPOBAHA HA OI-
penenennyto o Gaia DRI [11]. Beut npunsaT 6apoMeTpruyecKuii 3aKOH pacmpeie-
JICHUS 3BE3[1 110 Z. PaquanbHbIil rpaiMeHT paclpee/ICHHs 3B€3/1 U MOTJIONIEHUE HE
YUUTBHIBAJINCh, TaK Kak paccMarpuBaiach Onmskas okpectHocTh Connima. Cko-
pPOCTh 3BE374000pa30BaHUsl HAa MPOTSHKEHUH 14 MIpA. JEeT NMpUHUMANach paBHOU
15e™", rne =7 MiIpa. JieT [12]. DBomronus 3Be311 OMUCHIBATIACH TPUOTUKECHHBIMH
dbopmynamu Xapau u 1p. [13].

«Habmonaemas» monenbHas BIOOpKa omnpenessuiach chopMyarupoBaHHBIMU
BBIIIIE KpUTEPpUSIMHU 0TOOpa 110 7T, V5, p.

MopenbHasi BBIOOpKA CUMTANIACh YJIOBJIETBOPUTEIBHOM, €CIM YUCIEHHOCTD
3Be3/1 B Hell OblIa Osr3ka k HaOmogaeMon. Ha puc. 1 npencrasieHsl pacnpeaesne-
Hus 1o Vi, V,, AV, p 11 HabmoaaTenbHOM BBIOOPKHU U JIJISl IBYX BapUAHTOB CHH-
TETUYECKUX pacIpeeieHui i pa3IuyHbIX KoMOuHanuii xapakrepuctuk HITJ3,
Jy4IIUM 00pa3oM COTJIaCYIOITUXCS ¢ HAOIOICHUSIMU.

500 ¢

200 N E M
e -. at
100 r AHHE j'}L 20 | _HV'—E.J
50 B ;Jl’r I 100 § Jﬂﬁ
50 { d’]rd'
20 | ]
= u z g 1
10 ; .
_ 104
3 1 t
31
2 N
12 3 4 % 6 7 8 9 10 11 L 4 5 6 7 8 9 10 11
V. mag Vz, mag
"
200 J L|HI'I."_l
o B
100 LI'H wot bkl "I-l_‘_ '
50 Il l—'ﬂ:| | [l [ L”-dﬂ
I I It
= 20 = £l |.||-
- 40
10
30
5 —
20
2 —
1 |
0o 1 2 ?w 4 5 6 7 5 5 10 20 50 100
|, mag /. arcsec

Puc. 1. Pacnipenenenusi xapakTepucTUK HaOMIOAATEIbHOW (CHHSSA oruOaromias) ¥ Hau-
JTy4IIUM 00pa3oM ONHCHIBAIOIIEH €€ CHHTeTHYEeCKOW (KpacHasi TMCTOrpamMma) BBHIOOPOK JBOMA-
HBIX 3BE3/: BEPXHUE MaHENIU — MO OJIECKY TJIABHOTO U BTOPHUYHOTO KOMITOHEHTOB, HI)KHHUE T1a-
HEJIM — TI0 Pa3HOCTH OJieCKa U BUAMMOMY YITIOBOMY PACCTOSIHUIO MEXy KOMIIOHEHTAMHU.

Pe3ynbraThl MOJEIMPOBAHUS C YBEPCHHOCTBIO YKa3bIBAIOT HA IMPEINOYTH-

-1
TEJBHOCTH Jiorapu(pMuUecKH-TIocKoro pacnpeaenenus f(a)~a . Hawmydimum 00-
pa3oM coryiacyercs C HaOJ0JIaTeIbHOM BBIOOPKOM clieHapuil (opMHUpPOBaHUS
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nBoiHbIX 3Be31 Split-Core Pairing (cymma Macc BbIOMpaeTcs cliydaiiHbIM 00pa3om
3 3aganHoit HOM) co crenennsiM pacipenenernem f(q)~q > u HOM Comnmure-
pa. [lpunsroe pacnpenesnenue f(€) Ha pe3ynbTaThl BIUSET ciiabee, 4eM WHbIC Ha-
YaJbHbIC PACHIPEICICHUSI.

TpeOyercsi cOnoCTaBUTh PE3yNbTaThl MOJCIUPOBAHUS C HAOJIOATEIIbHBIMU
JTAHHBIMM O JPYTUX THIAX JBOWHBIX 3BE3]], C MHBIMH THITMYHBIMHU XapaKTECPHCTH-
KaMH, YeM y BU3YaJIbHBIX JIBOWHBIX, YTO MO3BOJMT OOJiee IMOJHO HCCIIEI0BAThH
HPOCTPAHCTBO MaPAMETPOB JBOMHBIX 3BE3]I.

Pabota wactuyno nmopaepxana I[Iporpammoii 28 Ilpesuauyma PAH. B uc-
CJICIOBAHNH OBLTH MCIOJB30BaHbI PECYypChl MexBeOMCTBEHHOTO CyIepKOMIThIO-
tepHoro Llentpa PAH.
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AUHAMHYECKAS 3BOJTIIOLIUA ITAP ACTEPOUAOB HA BJIM3KHUX
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DYNAMICAL EVOLUTION OF ASTEROID PAIRS IN CLOSE ORBITS:
CONNECTION WITH ASTEROID FAMILIES

Kuznetsov E.D., Safronova V.S., Ustinov D.S.
Ural Federal University, Ekaterinburg, Russia

We apply natural metrics (Kholshevnikov metrics) defined in the space of Keplerian orbits to
search for asteroids in close orbits. First, we use, as a metric, the distance between two orbits in
the five-dimensional space of Keplerian orbits. Then, we apply the distance in three-dimensional
factor-space of positional orbital elements. We have identified new asteroid pairs with a possi-
ble common origin. We have found 105 asteroid pairs that have Kholshevnikov metric less than
0.002 (AU)Y (square of metric is less than 600 km). There are 33 asteroid pairs that were
identified within known families of asteroids using AstDyS. We consider orbital evolution of the
tightest pairs. To carry out high accuracy numerical simulation, it is necessary to take the
Yarkovsky effect into account. We numerically integrated the orbits of pairs backward in time (a
time span of 20 kyr) with the code Orbit9. The numerical integrations were made taking the
nominal orbits given by the AstDyS database as initial conditions. It is shown that the Yarkovsky
effect is required to be taken into account accurately to carry out precise simulation of dynam-
ical evolution of asteroid pairs. Determination of physical and rotational parameters of aster-
oids is needed to solve this problem.

HccnenoBanre TUHAMUYECKOW DBOJIIONMH TAp aCTEPOUIOB HA OJU3KUX Op-
outax Benercsa 6onee 10 ner. B pabote [1] 060cHOBBIBaETCS MPEANON0KEHHE, YTO
napbl acCTEpOUIOB, ABMKYILKECS IO OJIM3KUM OpOMTaM, MOTYT UMETh 00IIee Mpo-
ucxoxxaenue. [Tapel MmoryT o0pa3oBbIBaThCS B pe3ysibTaTe BhIOpoca pparMeHTOB
BEIIECTBA KPYIHBIX aCTEPOUIOB IIPU HEKATACTPOPUUECKUX COYJTAPEHUSIX ITHX ac-
TEPOUJIOB C APYTHMH MJIBIMU TeIaMH. ICTOYHUKOM T1ap acTepOUI0B MOXKET OBITh
nporiecc apodaeHus actepousa noj aekcreueM Y ORP-addexrta. B aTtom ciydae
dbparmMeHT, o JAEHCTBUEM IIEHTPOOEKHON CHJIBI TEPSIOIIUIN CBS3h C MOBEPXHO-
CTBIO acTEepPOMIa, JOJKEH JBUTAThCS OTHOCUTEIBHO POJIUTEIBLCKOTO Tea CO CKO-
POCTBIO, IIPEBOCXOJIAIIEH BTOPYIO KOCMHUYECKYHO. Pacraa JBOMHBIX M KpaTHBIX
CHUCTEM aCTePOHUOB TAK)KE MOXKET MPUBOJAUTH K (POPMUPOBAHUIO TAp aCTEPOUIOB
Ha Onmm3Kkux opobutax. OAHUM U3 MEXaHU3MOB, IPUBOMASIIUX K pachaay JBOWMHBIX
U KpaTHBIX cucteM, MoxeT ObiTh BYORP-a3ddext. He crout uckmouats u3 pac-
CMOTPEHHUSI BO3MOKHOCTh CIIY4alHOTO COJMMXKEHUSI OpOUT acTEpPOUIOB, OCOOCHHO
JUIsi OOTaThIX CEMEWCTB acTEepOUJIOB, HANPUMEpP, BCIEICTBUE BEKOBOTO Ipeiida
O0JBIIMX MOTyOoCceil OpOUT o BiausiHUEM 3P dekTa ApKOBCKOTO.
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B KoypoBckoi#t actpoHomudeckoir oocepBatopun YpdY peanusyercs npo-
ekt KASPAR (Kourovka Asteroid Pairs Research). Hacrosiast paboTa siBisieTcs
IPOJODKCHUEM HCCIIeIoBaHMi [2—4].

Ha ocnoBe 647 001 HaGopoB 351eMEeHTOB OpOUT n3 0a3bl maHHBIX AstDyS [5]
(mo coctosinuio Ha 22.06.2018) st HyMEpOBaHHBIX aCTEPOUIOB, a TAKXKE JJIS ac-
TEPOUJIOB, HAOIIOJABIITUXCS B HECKOJBKUX OMIO3UITUSAX, TIOTYUYCHBI OIEHKH pac-
CTOSTHUHM MeXay opOouTamu. Mcronp3oBanach MeTpruka XOJIIEeBHUKOBA [6] p, (O11-
pezeneHa B NATUMEPHOM MPOCTPAHCTBE KEIJIEPOBBIX 31€MEHTOB). BoiaBieno 105
rap acTepouJIOB, JJIsi KOTOPBIX METpUKa pp; HE mpeBocxoauT 0.002 (a.e.)l/z, a ee
kBagpaT — 600 kM. B Tabn. 1 mpuBeneHsl mapbl aCTEPOUIOB ¢ MUHUMAIbHBIMU

3HAUYCHHUAMU MCTPHUKU Py.

Taoauna 1. [Tapsl acTepon10B ¢ MUHUMAJIbHBIMU 3HAYEHUSAMHU METPUKH P2

p2, (@.e)? | po° kM Acrepouisl CeMelcTBO
0.000034 | 0.177 (63440) 2001 MD30 (331933) 2004 TV14 | (434) Hungaria
0.000039 | 0.230 (355258) 2007 LY4 (404118) 2013 AF40 —
0.000078 | 0.916 (229401) 2005 SU152 2005 UY97 (1547) Nele
0.000106 | 1.67 (356713) 2011 UK160 2014 QX220 .
0.000127 |2.43 (180906) 2005 KB6 (217266) 2003 YR67 .
0.000138 | 2.87 (21436) Chaoyichi (334916) 2003 YK39 .
0.000162 |3.90 (88259) 2001 HJ7 (337181) 1999 VA117 .

Ha puc. 1 1 2 noka3aHo pacmojoKeHue map acTepou 0B Ha OJU3KUX OpOH-
Tax MO OTHOIICHHWIO K CEMEHCTBAM acTEpOUIIOB. ACTEPOUIbI, BXOISIINE B CEMEH-
CTBa, TOKAa3aHbl TOYKAMH; Mapbl, MPUHAICKAIINE CEMEHCTBaM — OOJBIIMMHU
OpPaH)KEBBIMU KPYXKKAMHU; TIaphl, HE TIPUHAITICKAIINE CEMEHCTBAM — MAJIBIMU TEM-
HO-KOPUYHEBBIMU KpykKaMu. OTOXKIECTBICHUE TIap aCTEPOUIOB C CEMEUCTBAMU
U KJacCU(pUKAIMSA CEMEHCTB 1O THUIIAM BBIMOJHSIINCH C UCIIOJIB30BAHUEM JTAHHBIX
AstDyS u Ha ocHOBe pabor [7-11].

N3 105 map actepouioB Ha OJM3KUX opOuTax 33 mapel MpUHAJJIEKAT CEMEN-
CTBaM acTepouoB. 16 map BXOAAT B ceMeilcTBa, 00pa3oBaBIIMECS B pE3ysbTaTe
dbparMeHTaIMK POAUTEILCKOTO acTeponyaa cemericTBa: (158) Koronis — 10 map,
(434) Hungaria — 6 map.

B cemelictBa, chopMupoBaBiIMecs B pe3ysibTaTe BHIOPOCOB BCIEICTBUE
YIapHOTO KpaTepooOpa3oBaHUs HA POTUTEIBCKOM acTepouje, Bxomar 10 map:
(4) Vesta— 7 map, (15) Eunomia — 1 mapa, (20) Massalia — 2 napsi.

ITo oxHoM mape BXoasT B MoJiojsie cemeiicta (396) Aeolia u (1547) Nele, a
Takke B cemeirictBo (93) Minerva, xapakTepusyroleecss OJHOCTOPOHHEH V-
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nuarpaMmMon. UeTeIpe mapbl BXOASAT B HeKJIaccupUIMpoBaHHbIE cemericTBa: (135)
Hertha — 2 nmaps1, (298) Baptistina — 1 napa, (1338) Duponta — 1 napa.
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OcraBmuecs 72 napbl aCTEpOUJIOB Ha OJIM3KUX OpOUTaX HE UAECHTU(PUIUPO-
BaHbI C U3BECTHBIMU CEMENCTBAMHU aCTEPOUIOB.

Jlig moucka TeCHBIX COMM)KEHHH acTepOMZIOB, BXOASILUX B Hapbl, a TaKXKe
JUISL OLIEHKH YCJIOBUM 3TUX COJIMKEHHUH BBIIOJIHAJIOCHh YACIEHHOE MOJEIMPOBAHNE
JNBH>KEHUSL acTepouaoB Ha uHTepBajie BpemeHd 20 000 ser B mpomuioe ¢ momo-
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nipto mporpammbl Orbit9 kommekca OrbFit [12]. HomuHaneHbIe 371eMEHTBI OpOUT
actepounioB u3 6a3bl AstDYS nHa snoxy To = MJID58000 ucrnoias30BayICh B Kaue-
CTBE HAaYaJIbHBIX. YPAaBHEHMsI JBHKECHUS acTEpOUa, BOCBbMU OOJBIIUX TJIAHET U
KapJIMKOBOM IUTaHeTsl 11myToH mHTErpupoBanmcy coBmectHO. PesynbpraThl Moe-
JUPOBAHUS MMOKA3BIBAIOT, YTO MapaMeTphl CONMKEHUS aCTEPOUIOB CYIIECTBEHHO
3aBUCAT KaK OT MOAYJIS, TAK U OT 3HAKA 3HAYCHHM Jipeiidha OOBITNX MOTyOoCeH.

Jlyig onpeesieHrs 3TUX MapaMeTpoB TPEOYIOTCS HHTEHCUBHBIEC TO3UIIUOHHBIC
u (poromeTprueckre HAOMIOACHHS TIap acTepou0oB. Takue HaOIIOEHNS B paMKax
npoekta KASPAR npoBoastcs B KoypoBckoil acTpoHOMUYecKoi obcepBaTOpuun
YpdV.

Pabota BhinoHeHa rpu noaepxkke rpanta POOU No 18-02-00015.
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SCIENTIFIC PROBLEMS OF ASTEROID OBSERVATIONs IN THE “LYRA-B”
SPACE EXPERIMENT

Kuznetsov E.D., Sobolev A.M.
Ural Federal University, Ekaterinburg, Russia

Scientific problems of asteroid observations in the ““Lyra-B”” space experiments are considered.
Improved orbits can be constructed as a result of astrometric observations of asteroids. Photo-
metric observations permit to determinate taxonomy classes of asteroids. This data will be use-
ful to describe physical properties of asteroid surfaces and to study dynamical evolution of as-
teroids taking into account the Yarkovsky effect.

B xozne BbINOMHEHN KOCMUYECKOro 3KcrepuMenTa «JIupa-b» [1], kotopslit
IJIAHUPYETCA peanu3oBarh Ha PoccuiickoM cerMeHTe MexayHapogHOM KOCMUYe-
CKOM CTaHIIMH, B TIOJIC 3PCHUS TEIeCKOMNa Oy IyT peryJIIpHO MOoNaaaTh Majble Tela
Conneunoit cucreMsl. st 3TuX 00BEKTOB OyAyT (DUKCUPOBATHCS KOOPJIUHATHI C
TOYHOCTBIO HE XYK€ | MUJUTMCEKYHJbl yTH, a TAKXKE 3BE3[HbIEe BETUYHHBI B 11
nojocax ¢ TouHocTEI0 He Xyxke 0.1, IlpenenbHble 3Be3IHbIE BEIMYUHBI IS 00b-
extoB CoyHeuHoM cructeMbl oT 16" B mostoce V 1o 18™ B MaHXPOMATHYECKOM CBE-
TE.

[IpenenbHasi 3Be3/1Has BEJIMYMHA B MAaHXPOMATUYECKOM CBETE HE IMO3BOJIUT
0OHApYKHUTHh OOJBIIIOEC KOJIMYECTBO HOBBIX OOBEKTOB, HO aCT BO3MOXKHOCTbH I10-
Jy4UTh HOBBIC CBEACHHUS O TUHAMUYECKUX U (PU3MUECKUX CBOMCTBaxX Oojiee yeM
100 ThICSIY acTEPOUIOB.

[To pe3ynbrataM acTpoOMETpHUUECKUX HAOIIOAEHUIN OyAyT yaydlIeHbl OpOUTHI
acTepousioB. BrICOKOTOUHBIE HAOMIOJCHUSI, KOMOUHUPYEMBIE COBMECTHO C YIbT-
Pa-BbICOKOTOYHBIMH HaOroeHussMu Gaia, MOTryT OBITh UCIOJIB30BaHbI IIPU OTpe-
JIEJIEHUH MAacC aCTePOUJIOB HA OCHOBE OLIEHKH B3aMMHBIX BO3MYILIECHHI UX JIBHXKE-
Hus [2].

dotomeTpuueckue HaOmoaeHus B 10 monocax ot 175 no 1050 HM mo3BoJsSIT
BBITIOJTHUTh MAacCOBBIC ONMpEACIICHUsI TMOKa3aTejael I[BeTa acTepOUIOB JJIsI ITHUX
nosioc. OcoOblit UHTEpEC mpeacTaniseT noioca B oomactu 700 um. Ilo stum Ha-
OJIFOZICHUSM MOXKHO CJIeJIaTh BBIBOJ O HAJIMYUM HA TTOBEPXHOCTH acTEPOMJa TU/l-
paTUPOBAHHBIX MATEPUAJIOB.

Hcnonb3yemasi B HacTosIIiee BpeMs TaAKCOHOMHUYECKasi KjacCU(pUKaIus acTe-
pounoB [3] ocHOBaHa Ha aHAJM3€ CIEKTPOB, MOJYYCHHBIX B BUIUMOM U HH( pa-
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KpacHOM JMaria3oHe B MHTepBayie JiauH BOiIH oT 450 1o 2450 um. Pe3ynbraThl Ha-
OmoneHuil B xoae skcnepuMmenTa «JIupa-b» co3mganyT oCHOBY Uisl pacuIMpeHHUs
ATON KJIaCCU(PHUKAIUU B YIbTPa()HUOIETOBYIO 001ACTb.

[Toy4yeHHBIE B pe3ybTaTe PEIICHUS TUX 3a7ad JaHHbIE 00 AJIEMEHTaX Op-
OUT 1 PU3NYECKUX CBOMCTBAX acTEPOUIOB OYAyT MPUMEHEHBI IIPU UCCIIETOBAHUH
JTUHAMUAYECKON JBOJIIOIUY AP W TPYII aCTEPOUIOB, NBIDKYIIUXCS MO OJU3KUM
opburam. B pabote [4] 000CHOBBIBACTCS MPEANOIOKEHNE, UTO IMaphl ACTEPOUJIOB,
JBIDKYIIHECS 10 OJU3KUM OpOWTaM, MOTYT UMETh o011iee mpoucxoxxaenue. [lapsl
MOTYT 00pPa30BBIBATLCS B pe3yjIbTaTe BHIOpOca ()parMEHTOB BEIIECTBA KPYITHBIX
aCTEPOUIOB IIPH HEKATACTPOPUUCCKUX COYIAPCHUSAX ITHUX aCTEPOUIOB C APYTHMHU
MaJIbIMH TeIaMH. MICTOUHUKOM Tap acTepOUII0B MOXKET OBITh MPOIECC IPOOICHUS
actepouna noja aeicteueM YORP-addekra. B aTtom ciydae ¢parment, mox aei-
CTBHEM IICHTPOOCSKHOW CHIIBI TEPSIOIINNA CBS3h C TTIOBEPXHOCTBIO acTepoua, A0JI-
JKEH JIBUTAThCS OTHOCHUTEIBHO POJUTEIECKOTO TEJIa CO CKOPOCTBIO, MMPEBOCXOIS-
el BTOPYIO KOCMHMYECKYHO. Pacmaj NBOMHBIX M KPaTHBIX CHUCTEM acTEPOMIOB
TaK)K€ MOJXKET MPUBOJUTH K (DOPMUPOBAHMIO AP aCTEPOUJIOB Ha OJIM3KUX OpOU-
tax. OIHUM U3 MEXaHU3MOB, PUBOJIAIINX K PacCrajy JBOWHBIX M KPATHBIX CHC-
teM, MokeT ObITh BYORP-a3ddext. He crout uckimodars U3 paccMOTpeHUsT BO3-
MO>XHOCTb CITy4alHOTO COJM)KEHHSI OpPOUT acTepOHUIOB, OCOOCHHO JIsi OOTraThIxX
CEMEHNCTB acCTEPOUIOB, HAIPUMEP, BCJIEJICTBUE BEKOBOTO Jipeiia OOIBIINX MOITy-
oceit opout noa BiusiHUEM 3P dekTa SIpKoBCKOro.

B Koyposckoit actpoHomuueckoit obcepBatopun Yp®dY peanusyercs npo-
ekt KASPAR (Kourovka Asteroid Pairs Research) KoMIiekCHOTO HCCIIeIOBAaHUS
nap actepousoB Ha Onu3kux opoutax [5—7]. IlomydyeHue mapameTpoB, XapakKTe-
PHU3YIOIMNUX TUHAMUKY acTEPOUIOB B MOMEHTHI TECHBIX COJIMIKEHUN B IMPOIIIIOM,
MTO3BOJIUT OIEHUTH BO3PACT Maphl, @ BO3SMOXKHO, U YCTAHOBHUTHh MEXaHU3M €€ (op-
MUpPOBaHUS: ()parMeHTAINS WM KpaTePUPOBAHUE ACTEPOUIIOB, PACIaj] JTBOWHOMN
WM KPaTHOW CHUCTEMBI aCTepOUIOB, CiayuyailHOoe cOnmmxeHue opout u ap. s pe-
HIEHUS BONPOCAa TC€HETHYECKOW OOIIHOCTH MPOMCXOXKICHHSI acTepOUAOB, 00pa-
3YIOIIUX APy, BAXXHYIO POJIb UTPAIOT CHIEKTpasibHble HaOmoaeHusa. Kocmuueckuit
sKcriepuMeHT «JIupa-b» nactT BO3MOXKXHOCTh OLIEHUTh TAKCOHOMHYECKUHN KJIacc ac-
TEPOUJIOB, BXOSIINX B Mapbl WK TPYIIbI, a Pe3yJbTaThl HAOIIOJEHUN B yIbTpa-
(GburoNeTOBOM Juana3oHe IMO3BOJSAT OIEHUTh BpPEMsl SKCIO3UIMU MaTepuiia Io-
BEPXHOCTU aCTEPOUIOB. DTHU OIEHKU TUIAHUPYETCS CPABHUTH C JIMHAMHUYECKUMU
OLICHKaMH BO3pacTa nap acTepOoHIOB.

TouHOe ompejeneHue yCIOBUI MPOLLILIX COMMKEHUS aCTEPOUJIOB, ABUKY-
mUXcs o OMM3KUM opOuTaM, TpeOyeT 3HaHUS pa3Mepa acTepouIoB, UX (OPMHI,
[IapaMEeTPOB OCEBOT0 BPALIEHHUs, TEIUIOBBIX CBOWCTB ITOBEPXHOCTH U Ap. s pe-
IICHUS ATOU 3a7a4¥l TPEOYIOTCS NHTCHCUBHBIC TIO3UITMOHHBIC U (POTOMETPUIECCKUE
HaOJIOICHUS TIap aCTEPOUJIOB.

PabGora BbITIOTHEHA TIpU (PUHAHCOBOM MOJJIEpKKE MocTaHoBiIeHUsT Ne 211
[IpaButenncTBa Poccutickoit deaeparuu (koHTpakT Ne 02.A03.21.0006) u Munu-
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crepcTBa oOpa3oBaHus M Hayku Poccuiickoii ®eaepannm (6a3oBasi 4acTh rocy-
napctBenHoro 3aganus, PK NeAAAA-A17-117030310283-7).
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BA3A JTAHHBIX METAHOJIBHBIX MA3EPOB | KJIACCA:
COBPEMEHHOE COCTOSHUE U ITEPCIIEKTHUBbI

Jageitmukos' I A., Bassuanna’® O.C., CoGosres” A.M.
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2 Acmporkocmuueckuu yenmp PHUAH, 2. Mockea, Poccus
dmitry.ladeyschikov@urfu.ru

THE CLASS | METHANOL MASERS DATABASE: STATUS AND PROSPECTS

Ladeyschikov* D.A., Bayandina®0.S., Sobolev'A.M.
!Astronomical observatory of UrFU, Yekaterinburg, Russia
2Astro Space Center of LPI RAS, Moscow, Russia

The database of class | methanol masers is presented. The collected data on methanol maser
emission consists of modern and archival papers published till September 2018 and is regularly
updated. The current version of the database consists of information on 831 objects, showing
emission in Class | methanol maser transitions. The online database system allows studying sta-
tistical characteristics of methanol masers using infrared, radio, and other astrophysical cata-
logs. The database is available online at http://maserdb.net.

B Hacrosimuii MOMEHT B aCTPOHOMUH MPOCIEKUBAETCS TEHASHIUS K UCTIOJb-
30BaHUIO0 MaCHITA0OHBIX 0030pOB HeOa JIJIsl pEeLIeHHsI Pa3TUYHbBIX aCTPOYU3HUECKUX
po0IeM HapsIly C UCCIIEIOBAHUEM OTAEIBbHBIX 00heKTOB. O0IACTh NCCIEAOBAHUS
METaHOJIbHBIX Ma3epOB — HE UCKIIIOUCHUE.

B nocnennue roasl NOSIBUIKCH HOBEUIIME 0030pbl CEBEPHOTO U FOKHOTO He-
0a B MazepHbIX JHHMIX MeTaHona | kmacca. K mpumepy, Ha Teneckone Mompa
(ABctpanus) B pamkax npoekta MALT-45 B 2015 roay ObLI MPOU3BEIEH «Clie-
noi» 0030p rokHOTO Heba HAa 7 MM (cM. [1]), B TOM 4ucie B JIUHUU MeTaHoja |
kiacca Ha 44 I'T1. B ceBeprom HebGe Ha 13.7-M teneckone obcepBaropuu Ilyp-
nypHoii ropsl (Kutait) B 2017 r. 6611 IpOM3BEIeH MOMCK METAHOJIBHBIX Ma3epoB |
kiacca Ha 95 I'T'u B HanpaBneHuu Ha ~1000 MonekyssipHbIX crycTKoB [2]. Bee atn
palboTHI SIBISIFOTCSI CBUJETEIILCTBOM TOTO, YTO HAOIOJCHUS METAHOJIBHBIX Mase-
POB aKTyaJIbHBI U PETYJIIPHO MPOBOJAATCS JJIsl UCCIIEIOBaHUS 00acTeil 3Be31000-
pa3zoBaHMs.

[TpoGiiemMa B HACTOSIIIMI MOMEHT 3aKJIFOUAETCSI B TOM, YTO OMYOJMKOBAaHHBIC
JaHHBIE TIPEJICTABJICHBI B BUJE PA3HOPOJIHBIX TAOJIHUI] B PA3IMYHBIX CTaThsIX, YTO
3aTpyAHSET MOUCK U CTAaTUCTUYECKUN aHaiu3 JaHHbIX. EquHas 0a3za JaHHBIX Ha-
OJIF0JICHUIT METaHOJIbHBIX Ma3epoB | Kacca Mmo3BOJUT KaUeCTBEHHO PEIIUTh 3aja-
Yy J0CTyna K MHGOpMallMK, BKJIIOYas MOUCK, CPABHEHHE U aHAIM3 BCEX OIyOJIU-
KOBAaHHBIX JaHHBIX. HeoOX0AMMOCTh B TAKOM aHaNIM3€ BO3HUKAET MPH IJIAHUPO-
BaHMM HAONIOAEHUM, KOrja BCTaeT 3aJayda IOKMCKa pPETUCTpaluii MeTaHojla B
onyOJIMKOBAaHHBIX paHee paboTax. CpaBHEHUE JJAHHBIX U3 Pa3HBIX Pa0OT MO3BOJUT
UCCJIEIOBATh MEPEMEHHOCTh HCTOUYHUKOB M MPOAaHATU3UPOBATh CTATUCTUKY OOHA-
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pYy’KEHUsl JTUHUI MEeTaHoja Ha pa3lMuyHbIX yacToTax. Hamuuue uznydeHus mera-
Houia | Kilacca yka3pIBaeT Ha aKTHBHBIE IIPOLIECCHI 3BE€31000pa30BaHUs W/UIIM pac-
POCTPAHEHUE yIaPHBIX BOJIH YMEPEHHON CKOPOCTH.

90
60
30
180 BB B s Bt ® s e B mm, 25 1m0
-30
-50
-90

Puc. 1. CrarucTuka 1eTeKTUPOBAHMS METAaHOJIBHBIX Ma3epoB | kiacca Ha ["amakTuyeckoi
MJIOCKOCTH: 3€JI€HBIE TOUYKHU — MOJOKUTEIBHOE JIETEKTUPOBAHUE, KPACHBIE — OTPULIATEIBHOE.

Panee pa®oThl MO CO3AaHUIO KaTajgora METaHOJbHBIX Ma3zepoB | kiacca Be-
auck rpynnoi BaneTi u 1p. (em. [3]). B aToit padote npeacrasieH karaior 206
00BEKTOB 10 paboTam, onyosrkoBaHHBIM j0 2011 r. BrItounTtenbHo. B Hamei
paboTe MpeJCTaBICH YCOBEPIICHCTBOBAHHBIM MHTEp(EC A0CTyna K AaHHBIM U
OoJee TOJIHBIN HA0Op JAHHBIX MO METAHOJBHBIM MaszepaM | Kiacca BIUIOTH [0
2018 roma. baza naHHBIX NO3BOJUT MPOU3BOAUTH CTATUCTUUYECKHI aHAIIN3, UCCIIE-
JIOBATh OTJIEIbHBIE aCTPOPU3NUECKIE OOBEKTHI U INTAHUPOBATh HAOIIOCHUS.

OcHOBHO# MTOAXO0 K CO37aHUI0 0a3bl JAaHHBIX — OIU(POBKA U MPUBEJICHUE K
eMHOMY BUJIy NaHHBIX M3 CTaTed JUIsl MX JajbHEHIero BkitodeHus B 6a3y. Oc-
HOBHOM MaTepuasn IJisi HAMOJHEHHsS — Pe3yJbTaThl Ma3epHBIX HAOIIOACHUN H3
UMEIOIIEHCS JTUTEPATYPHI, a TAKKE OTKPBITHIE apXUBBI MH(PPAKPACHBIX, PAIUO U
WHBIX TUIIOB JaHHBIX. JJ1s1 y100CcTBa paOOThl BCs HeoOXxoauMas uHGopMalus o0b-
eIMHEeHa B €MHYI0 0a3y JaHHBIX C MHTEPAaKTUBHBIM BeO-uHTepdeiicoMm. B 6a3y
JTAHHBIX B HACTOSIIEe BpeMsl BKJIIOUEHA OOJIbIas 4acTh MMEIOIIUXCS Ma3epHBIX
HaOmoeHni MetaHona | kiacca, a Takxke GoroMeTpust OJMKAUIINX UCTOYHUKOB
B uH(pakpacHoMm auanazoHe (ot 1 go 100 MKM) MO COBpEMEHHBIM HAa3€MHBIM U
kocmuueckuM oo63opam Heba — IRAS, 2MASS, UKIDSS, WISE, Herschel u np.

OneHoYHOE YUCI0 00BEKTOB, KOTOpOe OyAEeT BKIIOUEHO B 0a3y JaHHBIX CO-
craBiusier okojo 1000. Cpeau Hux — 00jacTu 3Be31000pa3OBaHMS, OCTATKU
CBEPXHOBBIX, yAapHble (POHTHI M O0JACTH CIOKHOTO THAPOJIUHAMHYECKOTO
B3aMMOJICUCTBUS B MEXK3BE3/IHOM cpejie. baza nanHbIX yxke conepkuT 831 o0bek-
Ta, Y KOTOPBIX 3apETMCTPUPOBAHO Ma3epHOE M3inyyeHue Meranosa I knacca. J[an-
HBIE MIOCTOSTHHO JTOOABJISIIOTCS U YMCJIO OOBEKTOB PaCTeET.

Cucrema yrpaBieHusi 6a3bl JaHHBIX MO3BOJISIET PEIIMTh Pa3IUYHbIC 3a/1a4H,
KOTOPBIE MOXHO YCJIOBHO Pa3/eNiuTh Ha JiBe yacTu: (1) cTaTucThueckue Uuccieno-
BaHHUS OOJBINIOTO YHciia OOBEKTOB; (2) MOAPOOHBIE HCCICIOBAHUS OTICITHHBIX
00BEKTOB.
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JIJIss CTaTUCTHYECKHMX HCCIICIOBAHUM MPEAYyCMOTPEH BBIBOJ TAOJIMIl HCTOY-
HUKOB B €IMHOM (popmaTe 1o BCeM BKIIIOUCHHBIM B 0a3y JaHHBIX HAOJIOJICHHUSIM.
dopmar 6a3bl JaHHBIX MTO3BOJIICT B CIIydae OJHO3HAYHOCTH ACCOIMUPOBATH KaXkK-
J10€ HAOJIIOJICHUE C HICTOYHUKAMH W3 IMTOMYJISIPHBIX aCTPOHOMHYSCKHX KAaTaJIOTOB, B
tom uncie 2MASS, IRAS, WISE, Akari, GCVS u np. Ilo tabmuiiam BO3MOKHO
IIOCTPOCHHE B PEXKMME OHJIAWH OJHOMEPHBIX, TBYXMEPHBIX U TPEXMEPHBIX pac-
NpEJICIICHUIA MapaMeTPOB HCTOYHUKOB Ma3epPHOTO HM3JIyYCHHUsS, B TOM YHCJIC JHa-
rpaMM IIBET-I[BET B PAa3JIMYHBIX I0J0cax. Peajan3oBaHa TakKe BO3MOXKHOCTh
buabTpali 00BEKTOB MO MapaMeTpam.

i+ Qbjectid  GC Object nams e Hean RA MeanDex | b Detection IRAS IRAS Fyy IRASFys IHAS Fgg  IHAS Fypg [12)[25] [25)(60]) Referemces
ag. (12000)  deg. (12000} (deg.) - " o % 5

Puc. 2. ITpumep ciimcka 00bEKTOB CO CTATUCTUKOW PErHCTPAIM Ma3epOB Pa3IUIHOTO BHU-
Ja B JaHHBIX OG’bGKTaX, 006paHHa;1 10 OHyGHHKOBaHHBIM CTaThiAM, B TOM YHCJIC U MCTAHOJIbHBIX
MmazepoB I knacca. K kaxxmomy 00bekTy nobaBieHa nHGoOpMaIus o moTokax u3 kataiora IRAS.

Jlst iiccemoBaHuid OTACIBHBIX OOBEKTOB MPEAYCMOTPEH MOUCK JETEKTUPO-
BaHUS Ma3epoB MO KOOpPAWHATAM, Ha3BAHUIO MCTOYHUKA M CIUCKY HCTOYHHUKOB.
PeanuzoBan mpocMoTp moapoOHON MHGOPMAIMK O KaKJIOM HCTOYHHKE, BKIIIO-
yaromiei nzodpaxenus B paznnunbix K- u paano-nonocax, cBeeHUsI O pEerucT-
parnu MasepoB MeTaHoJia  MaszepoB npyrux mojekyn (H,O, OH, SiO), BeBox
CBSI3aHHBIX JAHHBIX W3 PA3UYHBIX IOMYJSPHBIX ACTPOHOMHUYECKHUX KATaJIOTOB:
IRAS, WISE, Akari u np. IIpeanycMoTpeH Tak:ke BBIBOJ OIMCAHHH M H300pake-
HUN OOBEKTOB M3 OINMYOJMKOBAaHHBIX CTAaTEW, a TaKKe CChUIOK Ha JIAHHBINA MCTOY-
Huk u3 cuctemMbl SAO/NASA ADS. BMmecrte nanHas nH(OpMaIUs MOMOXKET HC-
CJIeI0BATENSIM OTACJIbHBIX O0BEKTOB COCTABUTh HAYAJIbHOE MPEACTABICHHE 00 HC-
CJIEAyeMOM MCTOUYHHKE U CJIeJIaTh HEKOTOPhIE BBIBOABI O (PU3MUECKUX Mpolieccax,
KOTOpbIE B HEM MpoTeKaroT. JlJisi mpuMepa BHEIIHUN Bl OKHA C MOAPOOHON WH-
dbopmanmu 06 oovekte IRAS 06056+2131 npencrasnen Ha Puc. 3.
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Source IRAS 06056+2131 (92.170625, 21.516944)

DSS colored 2MASS colored WISE colored Maser observations
08 40.¢ 08 ' 6 08 40.950 +21 311,00

¥

Tip: Green is detection,
Red is non-detection

Hide / Show individual components
H30 maser observations within 60"

Peak Vpeak Dist. Ref
1.94 S5kmfs, 12
243Jy,  33kmis, 0.7

CH30H | maser observations within 60"

SDSS color GLIMPSE 360
06 08 40.950 +21 31'1.00

Vpeak Dist. Ref
1.8 Jy, 2.09 {0.18) km/s, 11.9" [YAN17] Go

0= y
0=60.000 Jy, 07"
CH3OH Il maser observations within 60"

Peak Vpeak Dist. Ref
6.6 GHz, 0,605 Jy, 10.6 (0.1) kmvs, 0.7" [FON10] Go

6.6 GHz, 17.00 Jy, 9.0 ks, 7.3" [CAS09] Go

Associated data

Variable star:
PACS color (70-160 um) SPIRE color (250-500 um)

0608 40.950 +21 31-1.60-‘ 06 08 40. 311.00
i &

Puc. 3. [Tpumep noapo6Hoii napopmanuu 06 uctounuke IRAS 06056+2132, B koTopom
MMeEETCs MTOJIOKUTEIbHAS PETUCTpaIlis MeTalbHOTO Masepa I kimacca B padore [2].

IRAS source(s):
06056+2131 (click to go)

F12=4860Jy
Fox = 241.00 Jv

CoznanHas 0a3a JaHHBIX YHOPOIIAET JOCTYIM K OMYOJMKOBAHHBIM JIaHHBIM,
YTO TO3BOJIAET OoJsiee F(h(PEKTUBHO MPOU3BOANTL MX HayuHbIA aHanu3. Ha done
BO3pacTaroiiero oobema nosxydaeMord uHGOpMAIUU MO0 METaHOJIBHBIM Ma3zepaM |
Kjacca 0aza JAHHBIX MO3BOJSET MOOUTHCS MOMHOTHI CTAaTUCTUYECKOrO aHaIM3a
JAHHBIX 110 UMEIOIICHCS OMyOIMKOBAHHOMN JTUTEPATYPE, a TAKKE MOIYUUTh UCUEP-
MIBIBAIOIIYIO XapaKTEPUCTHUKY O Ma3epHOM HM3Iy4YE€HUH METAaHOJIA B M3BECTHBIX ac-
Tpou3nyeckux oObeKTaX.

PazpaboTka BeO-unTepderica 0a3pl JAaHHBIX BBITIOJIHEHA TPU TMOAJCPKKE
rpaata PH® 18-12-00193.PaboTa 1o HarmoJxHEHUO ¥ MOAMUKAIINA 0a3bl TAHHBIX

J1s. Ma3epoB MeTaHoda | kiacca BeinoHeHa npu nogaep:xkke rpanta PODU 18-
32-00605.
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ROTATION OF STELLAR CLUSTERS ACCORDING TO GAIA DATA.
PRAESEPE

Loktin A.V., Popov A A.
KAO URFU, Yekaterinburg, Russia

GAIA DR2 provides us with high quality photometrical and astrometrical data that can be used
for solving the problem of motions of stars in star clusters. As a part of this problem, one can
consider the problem of galactic cluster rotation. We decided to discuss this problem using the
well-studied nearby cluster Praesepe. We use three methods to retrieve the cluster from proper
motions and radial velocities of cluster members. As a result, we expect the possible rotation of
the cluster to be 0.4 km/s.

Karanor GAIA DR2 [1,2] no3BossieT onpenenuth mapaMeTpbl ONHU3KUX K
Conniy paccesHHbIX 3Be31HbIX cKoruieHui (P3C) ¢ BbIcOKOM TOYHOCTHIO. TOuHbIE
acTpoMeTpuieckue, GOTOMETPUIECKUE U CIICKTPAJbHBIE JaHHBIC pein3a TM03BO-
JISIIOT, B YACTHOCTH, PACCMOTPETh paHEe HE HM3YYEHHBIE BOMPOCHI O BpallleHUU
CKOIUJICHUH, UX PACHIMPEHUH WU C)KaTUU. B KadecTBe mepBBIX OOBEKTOB JIJIS TIO-
JTOOHOTO HccienoBaHus Mbl BelOpanu ckorieHust SAcium, Ilnesast u 1C2602. B
JTAHHOM JIOKJIajie OyIyT 00CYXAaThCsl TIEPBbIE PE3YIbTAThI, MOJYUYSHHBIC TSI CKO-
TieHus fcnu.

C nomomipto Visier Mbl BBIOpain HEOOXOAUMYIO HHPOPMAITUIO JJIs1 00J1acTH
HeGa PajiycoM 3 YIJOBBIX IPajyca M LEHTPOM ¢ KoopauHatamu Ra=08"40"24°,
Dec=+l9d40m005, cojepkalled paccesHHoe ckoruieHue Sciu. BricokoTouHBIE
TPUTOHOMETPUUECKUE MApaJUIAKChl U COOCTBEHHBIC TBWIKEHUS 3BE3]l TIO3BOJISIOT
YBEPEHHO BBIJICNSATh YJICHBl CKOIUICHHS] MO JAMarpaMmaM TPUTOHOMETPUYECKUN
napajyiakc — BUJAMMAs 3Be37[HAsl BEIMUYMHA U KOMIIOHEHTa COOCTBEHHOTO JIBHIKE-
HUS — BUAMMAs 3Be3[Has BelnuuHa. [IpuMep Takol nuarpaMMbl NPHUBEJIEH Ha
Puc. 1. Ha nuarpamme BUIHO, YTO YIEHBI CKOIUIEHUS, HAXOMSAIIMECS HA OJHOM
paccTosiHUM OT Habiomarens, oOpa3yloT SBHO BUIMMYIO TOPHU3OHTAJIBHYIO I10-
CJIeI0BATEILHOCTD, BhIJCICHHYIO Ha Puc. 1 aByms kpacHbiMU JuHUSAMU. C MOMO-
IO MOIOOHBIX TUArpaMM JIJII KOMIIOHEHT COOCTBEHHOTO JBMXKECHHUS IO TIPSIMOMY
BOCXOJICHUIO U CKJIOHEHUIO MbI BBIACIWIN ISl paccMaTpuBaeMoi obactu Heba
828 3Be311, KOTOPhIE MOYKHO CUMTATh BEPOSTHBIMH 4jeHaMHu ckoruteHus. (s 169
u3 HUX B Katasore GAIA noctynHa nHdopmaius no Jy4eBbIM CKOPOCTSIM.
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BpaHICHI/IC CKOIINICHHA MBI ITPOBCPAIIN IO ABMIKCHUIO BBIACIICHHBIX YJICHOB
TPEeMs HEC3aBUCUMbBIMHU MCTOJaMU.

P, mas
i
*

i ] 10 12 14 16 18 20 22
G, mag

Puc. 1. luarpamma napaiinakc — 3Be37Hasi BenuunHa. KpacCHbIMU JIMHUSIMU BBIJI€TICHBI
TPaHULIbI C WIEHAMH CKOIUJICHUS.

[IepBb1ii METOT peanu3yeTcsi B MPEANOJIOKEHUH, YTO OCh BPAILICHUS CKOILJIE-
HUS JIOKUT BOJU3M Jiyda 3peHus HaOmromaTens. Mbl pas3lioKuUiId COOCTBEHHOE
JBUKECHHUE KAXKJIOW 3BE3/Ibl HA PAJUAIIBHYIO0 U TAHTCHIUAJIBHYIO COCTABJISIONIME B
CHUCTEME KOOPJWHAT, CBI3aHHOW C IIEHTPOM CKOTUICHHMSI, U BBIWIN CpelHEee COOCT-
BEHHOE JIBM)KCHUE CKOIUICHUS B LEJIOM. B Takom cilyyae OTKJIIOHEHHUE OT HYJIS yC-
pPEIHEHHOW MO BCEM a3MMyTaM TaHTEHIIMAJbHOW COCTaBIISIONICH COOCTBEHHBIX
JBW)KCHUHN 3Be37] OyJEeT CBUICTEILCTBOBATH O BpallleHUHU cKoruieHus. OHOBpe-
MEHHO paJuajibHbIE COCTABJISIONINE COOCTBEHHBIX JABMKCHUU 3BE3]] CBUIETEIBCT-
BYIOT O pacIIMPEHUU WU CKAaTuU cKoruieHusd. Ha Puc. 2 yepHbiMu Toukamu u3o-
Opa’KeHbI 3HAYEHUS TAHTCHIIMAIbLHBIX KOMIIOHEHT YJIEHOB CKOIUICHUS, KPaCHBIMHU
— paaualibHbIE KOMIIOHEHTHI.

W, kmv's

1] 0.5 1 1.5 2 2.5 3 35
Rc, dieg

Puc. 2. 3aBUCHMOCTh TaHT€HIIUATLHOH (Y€PHBIC TOYKU) U PAIUATLHON (KpacHBIC TOUKH)
COCTaBIISIOIIEH COOCTBEHHOTO JBUKCHHSIL.
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JIuHeliHbIE anPOKCUMAIIMU JTaHHBIX MPOBEICHBI CIUIOIIHBIMU JIMHUSMU CO-
OTBETCTBYIOLIETO LBETA. 3€JI€HAs NpsiMasi IOKA3bIBA€T TEOPETUUECKOE N3MEHEHUE
KOMIIOHEHT COOCTBEHHOTO JABM)KECHHUS, CBSI3aHHOE C YJAJICHUEM CKOIUICHUS OT Ha-
omonarens (CpemHss TydeBasi CKOPOCTh CKoIieHus: paBHa +35.2 km/c). [Tonoxe-
HUE YEpPHOU NPSIMOM MOKA3bIBAET, UTO CKOPOCTh BpPALICHUS CKOIUICHHUS IS pac-
CMaTPUBAaEMOTO MOJIOKEHHUSI OCU BpallleHus He npesbimaeTr 0.4 kM/c Ha nepude-
pun ckoruieHus. [loutn mosHOE COBMAaAEHUE 3€JE€HOM U KPAaCHOW IPSMBIX ITOKa-
3bIBAET OTCYTCTBUE 3aMETHBIX W3MEHEHHI JIMHEHMHBIX Pa3MEPOB CKOIUJIEHUS CO
BPEMEHEM.

BTtopoii MeTon OCHOBBIBAaeTCA Ha MPEANOJI0KEHUH, YTO OCh BpAILlEHHs CKOII-
JICHUS JISKUT BOJIM3U KAPTUHHOM TUIOCKOCTU. ECiiM MBI BBIJIETTUM YJIEHBI CKOILIE-
HUS BOJM3M €ro HeHTpa (sApa), TO 3aBUCUMOCTh CPEAHUX OCTATOYHBIX COOCTBEH-
HBIX JBWKEHHUH 3B€3]l OT PACCTOSHUS OT HAOIIOAATENs BIOJb JIy4ya 3PEHUS JTOJK-
Ha J1aTh KPUBYIO BPAILICHHS CKOIUIEHUS. JTa 3aBUCUMOCTD ISl OCTATOYHBIX CKO-
pOCTEN MO MPSAMOMY BOCXOXKIEHUIO NpUBEJECHA Ha Puc. 3, rie ABHKEHHUs ycpea-
HEHbl Ha MHTEpBaaxX OKoJIO0 2 K. KpacHas JMHHS MOKa3bIBAET JMHEHHYIO all-
MMPOKCUMAIIMIO MOJIYYEHHBIX TOYEK. BUIHO, YTO HAKIIOH ITOJIYYEHHOU IPSMOU SIB-
JSI€TCS HE3HAYUMBIM, T. €. CKOPOCTh BPALIEHUSI CKOIUICHHMSI JUIsl JAHHOTO MOJIOKE-
HUS OCH BpaiieHus He npesbimaet 0.1 km/c.
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Puc. 3. 3aBUCMMOCTb OCTaTOYHON CKOPOCTH IO MPSAMOMY BOCXOXKIECHUIO OT PACCTOSIHUSA.

Tpernii METO OCHOBBIBAETCSI HA AHAJIM3E OCTATOYHBIX JIYYEBBIX CKOPOCTEU
3B€3/] B MPEIAINOJIOKEHUH, YTO OCh BPAIICHHS JICKHUT BOJU3M KapTUHHOU TIOCKO-
ctu. [Ipoekuus ocu BpallleHUs ACIUT CKOIJICHUE Ha JIBE MOJOBUHBI, IS KOTOPBIX
CpEHHE OCTATOYHBIE JIyYEBBIE CKOPOCTH, B CIIy4ae BpPAICHUS CKOIUICHUS, JOJIK-
Hbl UMETh MPOTUBOIOJIOKHBIE 3HAKU. VI3MEHsIA MOJI0KEHUE TUIIOTETUYECKON OCH
BpAILICHUA C IaroM 15 rpaaycoB, Mbl YCPEAHSIN OCTATOYHBIE JTy4EBbIE CKOPOCTH,
MOIAIAONINX B 3TU MOJIOBUHBI 3BE€3/l. 3aBUCUMOCTD MOJYYEHHBIX CPEIHUX 3HAUE-
HUW OT a3UMyTa NPOSIBUTCA B BUJIE€ IUIABHO MEHSIOLICHUCS KPUBOM, JOCTUTAOIIEN
MAaKCHUMyMa B TOT MOMEHT, KOTJIa a3UMYT THIIOTETHYECKOW OCU COBIIAJIET C PEallb-
HOH OChIO BpalleHusi ckoruieHusi. Ha pucyHke 4 npejcraBieHbl pe3yJbTaThl JaH-
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HOT'O METO/a, KOTOPhIE MOKA3bIBAIOT BO3MOYKHOE BpAIlICHUE CKOIJICHUS CO CKOPO-
cthio 0.5 £+ 0.14 km/c, ¢ oChIO BpallleHus1, OJIM3KOM K OCH CKIIOHEHUM.

AHaJIN3 UMEIOIIUXCA JaHHBIX MOKa3ajl, YTO HEJb3sl UCKIIOYUTH BpalllCHUE
CKOIUJICHUS SICiii cO CKOPOCTSIMU TOPsIIKa HECKOJIBKHUX JECAThIX KM/C. Bo3MoOXkHO,
npyrue 6muskue kK CoJHITY CKOTUICHHS TayT 00Jiee ONpeIesieHHbIE pe3yIbTaThI.
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0.6 |
Dd-' L] ' &

02|

RV, km's

0.2 |
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0.6
1] 20 40 &0 BO 100 120 140 180 180

Azimut, deg

Puc. 4. 3aBucUMOCTb CpelIHEN OCTAaTOUYHOU JIy4eBOM CKOPOCTH 3BE3[] OT a3UMYTA.

PaGora npoBenena npu GUHAHCOBOI MOJIEpKKE TOCynapcTBa B iuie MuHu-
cTepcTBa 0OpazoBaHusi U Hayku Poccuiickoit @enepanuu (6a3oBasi 4acTh roc. 3a-
nanusi, PK No AAAA-A17-117030310283-7), a takxe mpu (HUHAHCOBOU TOJ-
nepxke nocraHoBieHus Ne 211 IlpasurtensctBa Poccuiickoit denepanuu, KOH-
TpakT Ne 02.A03.21.0006
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INTERSTELLAR EXTINCTION DETERMINATION WITH GAIA DR2
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Parameters of stars obtained by the authors earlier from multicolor photometry are compared
to Gaia DR2 data. This comparison allows us to modify our procedure for parameterization of
stars and to use the results for construction of a 3D map of Galactic interstellar extinction.

VYenemnas peanuzaiusa muccun Gaia mo3BoJisieT yxe ceituac (B anpene 2018
u3JlaHa Bepcus BhIXOAHOro kartanora Gaia DR2) mpunekars ee maHHble JUIsl pe-
HIeHUs] 3a7a4 3BE3JHOM acTpOHOMHUHU. B yacTHOCTH, MOSIBUIACh BO3MOKHOCTh
MPOBEPUTH PE3YyJbTaThl apaMeTpU3alMu 3BE€3]l, OCHOBAHHOW Ha JaHHBIX MHOIO-
1BeTHOW (hoTomeTpuu. MayikoB u np. [1] onpenenunu mapameTpsl 3Be37] B 4 U3-
OpanHbIx iomankax. Jms 251 o0bekTa ObLIM OMpeIeNIeHbl CIIEKTpaIbHbIE Kilac-
ChI, PACCTOSIHHSI ¥ 3HAUCHUSI MEXK3BE3HOTO TOTJIOMIEHUS, TIOCIIe YETO OBLIN OTO-
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OpaHbl 26 3Be311 ¢ HauboJsiee HAJEKHBIMU JAaHHBIMHU U TIO HUM OBLI MOCTPOEH XOJ]
MEX3BE3[THOTO MOIMJIOUIEHUsI ¢ paccTosiHueM. CpaBHEHUE C HE3aBUCHUMBIMHU pe-
3yJbTaTaMH, IOJIYYEHHBIMU [UIsl HEKOTOPBIX M3 O3THUX 3BE€3]l Ha TEJIECKOIe
LAMOST, noxkazano xopoiiiee cooTBeTcTBUE. J[Ji Tpex U3 4YeThIpex ILIONaJ0K
ObLIO HalJIEHO XOPOIIEe COrIacue C JAHHBIMHU, UCIIOJIb3YEMBbIMU B UCCIIEIOBAHUU
CBEpPXHOBBIX 3B€3] [2] I MOATBEPKICHUS YCKOPEHHOIO paciuupeHus BceneH-
HOU (BOIPOC ¢ OcTaBIIeics miIomaakon, No. 2, octaercst moka OTKpbIThIM). CpaB-
HeHHue naHHbIX [1] ¢ nanHbpIME (Gaia MO3BOJUT YIYYIIUTH YK€ arpoOMpPOBAHHYIO
METOJIMKY TTapamMeTpHU3alliy 3B€3/] C HEU3BECTHBIMU Mapaiakcamu. Jjist 3Be3n xe
C U3BECTHBIMU Mapasuiakcamu Gaia Metoauka Oyner MoauuUMpOBaHa Tak, YTO-
OBl MCHOJIB30BaTh MapaIaKChl KaK BXOJHOMW, a He CBOOOAHBINA apameTp, 4To IMo-
3BOJIUT NOBBICUTHh TOYHOCTb [MapaMeTPHU3aLIUU.

Takum oOpa3zoM, B JaHHOU pabOTe CTABUIIUCH CIIETYIOIINE BOMPOCHI: KaK OT-
Oupath 715 MapaMeTpU3aluid 0OBEKTHI, I KOTOPBIX (1) HEM3BECTHBI MapajlIaKChl
Gaia, (i1) u3BecTHBI Napayiakcel Gaia.

[Tpu oTBeTe Ha NMEPBBI BOIPOC MBI ONUPAIKUCH HA PE3YJIbTaThl, IIOJyYCHHbIE
B HallleM MWJOTHOM HCCJICIOBAaHUM TOIJIONICHUS B 4YEThIpeX IuIomaakax [1], u
nanHble Gaia. Mbl, B 4aCTHOCTH, CPAaBHUBAJIM IOJYYEHHbIE HAMU PACCTOSIHUS C
OLICHKaMH PacCTOSHUM, ONpPEIEICHHBIMU KaK BEJIMYUHBI, OOpaTHbIE MapajiaKcam
Gaia.

OTMeTuM, 4TO CYHIECTBYIOT MHBIE METO/bI BBIYMCIICHUS PACCTOSHHUNA U3 Ia-
pamnakcoB Gaia [3, 4], Takue Kak METOJ MaKCHUMaJIbHOIO IMPaBIONOA00Us, WU
0alleCOBCKUN METO/I, MCTOJB3YIOIIUN alpuOpHbIE MPEATOJIONKEHUS O pacrpese-
neHuu 3Be37 B ['anmaktuke. Ha manHOM 3Tane, ogHaKo, Mbl OrpaHUYMBAEMCS IIPO-
CTEHIIEl OLEHKOW, He TpeOyIolled MPUBJICUYECHHS TOMOJHUTEIBHBIX COOOpaXKe-
Hull. [Tpu ananusze ganHbix (Gaia HAMHM YYUTBHIBAIMCh PEKOMEHIALNH, OIyOINKO-
BaHHBIE B [5]. B wacTHOCTH, MPUHUMATUCH BO BHUMaHUE (DUIIBTPBI, CKOHCTPYHUPO-
BaHHbIE Ha OCHOBaHUHU cojepxkamuxcs B Gaia DR2 doromeTpuuecknx u acTpo-
METPUYECKUX (PJIaroB M MCIOJIL30BAHHBIE [IJISi CO3/IaHMSI TaK HA3bIBAEMOTO. aCT-
poMeTpUUYECcKH OuMIlleHHOTO Habopa (atrometrically clean sample, ACS). IIpuBe-
JIEHHBIE HUXE BBIBOJbI 0A3UPYIOTCS Ha CpaBHEHUU (OTOMETpUUECKUX (Oiecku
gGaia u gSDSS, cm. Puc. 1) u actpomerpuyeckux (mapasiakcel Gaia U onpene-
neHHble B [1] paccTosiaus, cM. Puc. 2 u Puc. 3) maHHBIX 1715 MTapaMeTpU30BaHHBIX
3BE3/I.

1. O cenexnmu 0OHEKTOB C HEM3BECTHHIMU Tapayuiakcamu Gaia.

1.1. ITnoxo mapamerpusytorcs 38e31bl ¢ gSDSS>18.2 (Puc. 4).

1.2. ITnoxo mapamerpu3yrorcs 38e31b1 ¢ d>3200 pe (Puc. 5).

1.3. Jlnst 3Be37, yAOBIETBOPAIOMUX (GUIBTPAM, OIMCAHHBIM BBIIIE B MMyHKTaX
1.1 u 1.2, nenecoobpa3no obpaiiath BHUMaHUE Ha 3HaueHue ¢pyHKuuonana D, xa-
PaKTEepU3YIOIIEro CTENEHb OTKJIOHEHHUS MOJENbHOM (OTOMETpUH OT Habirojae-
Mo (cM. [1, popmyna (1)]). OH sABIsIETCS XOPOUIUM UHAMKATOPOM MPUTOTHOCTH
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pElIeHUs M, COTJIACHO MPHUBEACHHOMY 37I€Ch aHaJHM3y, €r0 3HaUYE€HUE HE JIOJDKHO
onyckartbcs Huxe 49 (Puc. 6).
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Puc. 1. (cnesa) binecku gGaia (phot_g_mean_mag, mag) vs. gSDSS, mag. Kpacubie Touku
— BCC MMapaMCTPU30BAHHBIC B YCTLIPCX INIOMIaAKax 3BC3AbI; 3CJICHBIC TOUKU — TC U3 HUX, YTO
npouutd ACS-GunbTpanuio; CUHHE KPYXKKH — 3Be3/bl, OTOOpaHHBIC B [1] i1 mgaibHEHIIero
aHaJIM3a U TOCTPOCHUS KAPThI MEXK3BE3HOTO TIOTJIOIICHHSI.

Puc. 2. (B nentpe) Paccrosnaus, B mapcekax, mo nanabeiM Gaia (1000/parallax) u orneHeH-
ueie B [1] (d).
Puc. 3. (cipasa) ITapamnakcer (mas) Gaia (parallax) u orienennsie B [1] (1000/d).
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Puc. 4. (cneBa) 3aBHCHMOCTH pPa3HUIIBI PACCTOSHUN, B Tapcekax, mo aaHHbIM (Gaia
(1000/parallax) u onerennbix B [1] (d) oT Giecka gSDSS.

Puc. 5. (B neHtpe) 3aBUCMMOCTh pa3HMIIBI PACCTOSIHUHM, B Mapcekax, 1mo gaHHeIM (Gaia
(1000/parallax) u onerennbix B [1] (d) oT d. O603HaueHus — kak Ha Puc. 1.

Puc. 6. (cmpaBa) 3aBHCHMOCTH pa3HUIIBI PACCTOSHUM, B Tapcekax, mo gaHHeM (Gaia
(1000/parallax) u oneHennbix B [1] (d) oT 3Hauenus ¢pynkuuonana D (em. [1], popmyna 1).
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Puc. 7. (cnmeBa) 3aBHCHMOCTH pa3HHUIIBI PACCTOSHUN, B Tapcekax, mo aaHHbIM (Gaia
(1000/parallax) u oreneHHbix B [1] (d) oT BeposiTHOCTH 3Be3.bI IPUHAAICKATH K [ JTaBHOU TIO-
crnenoBaTtenbHOCTH. KauecTBEeHHO: ueM MEeHbIIe 3HaueHue napamerpa sl-sV, rem Gosbiie Bepo-
ATHOCTb, UTO 3Be3/1a siBisgeTcs ceepxrurantoM (I), a ve mpunamnexur ['TI (V).

Puc. 8. (B uenrpe) Ilokazarens 1pera gGaia-gSDSS (phot_g_mean_mag - gSDSS, mag)
JUTS 3BE3]] C M3BECTHBIMU Tapayuiakcamu Gaia (parallax, mas).

Puc. 9. (cnipaBa) ITokasarens npera gGaia-gSDSS (phot_g_mean_mag - gSDSS, mag) vs.
gGaia, mag.
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1.4. Hakonen, misa 3Be3f, yaoBieTBopsoomux guiabtpam 1.1 u 1.2, HYXHO
OIICHMBATh BEPOATHOCTh UX MPUHAIJICKHOCTH K APYIHM KJIacCaM CBETUMOCTH (HE
I'TI). I'py6ast orieHKa Takoi BEpOSITHOCTH OCYLIECTBIsIIACh B [1] (1o maHHBIM ¢o-
tometpuu 2MASS u SDSS), onHako /11 HECKOJIBKUX 3BE3]l OKa3ajach OMIMO0U-
Hoit (Puc. 7). [IpeacrapmisieTcss BechbMa 11€1€CO00pa3HBIM BKIIOYUTH B TIPOIETYPY
napameTpu3anuu (MOYepIHyThIe U3 JUTEPATYpPhl WU OMPEIeICHHBIE COOCTBEH-
HBIMHU YCWJIHMSIMHU) 0OJiee TOYHBIC CBEACHHUS O (DOTOMETPHH THTaHTOB M CBEPXTH-
TaHTOB.

2. O cenekuun 0OBEKTOB C U3BECTHBIMU TMapasuiakcamu (Gaia.

2.1. He pexkomeHmyeTcsl MCIOIL30BaTh IS MapaMmeTpu3aur (HOTOMETPHUIO
Gaia nyis cambix Onm3kux 3Be3q (parallax > 2.6 mas, Puc. 8). OTu 3Be3bl, moka-
3aBIlIME CHJILHOE paccoriiacoBaHue B oromerpuueckux gaHHbIX Gaia u SDSS,
SIBJITFOTCSI CAMBIMH OJIM3KUMHM, HO JAJICKO HE BCET/Ia CAMBIMH SIPKUMH 3BE3/IaMU B
ancamOmne (Puc. 9). Jlnsg ueneid mocTpoeHUs KapT MEK3BE3IHOTO IMOTJIOIMICHUS
OJIM3KKE 3BE3/IbI, B CHITY MAJIOTO MOTJIOMICHHS — HE CaMbIil [ICHHBINM MaTepual.

2.2. He pexkoMeHyeTCsl MCIONB30BaTh ISl MapameTpu3anuud (poToMEeTpHIo
Gaia 1 cambIx caa0bIx 3Be3n, g SDSS > 20.5 mag (Puc. 1).

3. O6m1ue BBIBOIBI.

3.1. Kpocc-oroxnectBienne o0bekToB [1] ¢ Gaia DR2 mpoBeneHo npaBuiib-
HO. 3HaueHus pacxoxaeHus mexay Gaia u [1] B 6mecke (gGaia u gSDSS) u pac-
CTOSIHUHM HE KOPPEIUPYIOT C YIIIOBBIM PACCTOSIHUEM MEXIY 3Be310il u3 [1] u co-
OTBETCTBYIOUIUM €l 00bekToM (Gaia.

3.2. [Tnomanka No 2, nmoka3aBmas B [1] mmoxoe corjmacue ¢ JaHHBIMU [2], €
TOYKH 3PEHUS MTPOBEICHHOTO B TAHHON pabOTe aHAIM3a HUIYEM HE BBIJEISACTCS.

ABtopsl Omaronapsat E.Kunsnmo 3a momomps B pabote. PaGoTa BhImomHEHA
npu yactuaHoi nmoaaepxkke POOU (mpoekt 17-52-45076).
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ON X-RAY EMISSION OF RADIO PULSARS

Malov I.F., Timirkeeva M.A.
Pushchino Radio Astronomical Observatory ASC LPI, Pushchino, Moscow region, Russia

The analysis of distributions of some parameters and relationships between them for radio
pulsars emitting X-ray radiation was carried out. It is shown that their non-thermal X-ray
emission is generated at the periphery of the magnetosphere by the synchrotron mechanism.

B HacTtosiiee Bpemsi JOCTAaTOYHO JIeTajbHbIE JaHHbIE MOMy4YeHbl a1 61 pa-
JAOITYJIbCapa U3 Karajora [1], KoTopble M3Iy4aroT B PEHTIT€HOBCKOM JHAla3OHe
[2-3] or 0.1 g0 10 x3B. 3aeCch MPOBOAUTCS CPaBHEHHE Psiia MapaMeTPOB ITyJIbCa-
POB, TPOMKHUX U TUXUX B PEHTT€HOBCKOM JHara3oHe.

Hccnenyemple MCTOYHUKA HMMEKOT KOPOTKHE IEpUOIbI (CpelHee 3HauyeHue
<P> = 133 mcek). Pacnpenenenne nmpou3BogHBIX nepuoja oumonanbHo. s 21
nynbcapa cpensee 3HaueHue <lg dP/dt> =—19.69 — onu oOpasyrot rpymimy, B oc-
HOBHOM, M3 MWJUIMCEKYHIHBIX 00beKTOB. BTropas momynsauus coctaBieHa u3 40
IyJIbCApOB, Ubs 3BOJIIOLMS, IO-BUJAMMOMY, IIPOTEKala BHE JBOWHBIX cucTeM. [[ns
stoi rpymmsl <lg dP/dt> =-13.29.

AHAJIOTUYHO BBIVISIAUT M paclpefeeHre MHAYKIMA MarHUTHOrO TOJsl Ha
DKBATOpPaX UCCIEAYEMbIX HEUTPOHHBIX 3BE3A:

Bs=3.2 x 1019PdPdt12 1
OHO Taxke OMMONANBLHO: JIJII MUJUIMCEKYHJIHBIX TyJibcapoB <lg Bo>= 8.48, ms
«HOpMaITBHBIX» — <Ig By > = 12.41. PacnpeneneHre MarHUTHBIX MOJICH HA CBETO-
BOM IIMUIMH/IPE MOXKET OBITh OMHUCAHO TayCCHaHOW ¢ MakcumymoM mpu lg B, =
4.84, 4To Ha TpU NOPAJIKA BBILIE, YEM Y TUXHX PAJAUOIYIbCAPOB.
Pacnpenenenre ckopoCTH MOTEPHU SHEPTUH BPALLEHUS

dEdt= 4m2] dPdtP3 ()

(I — MOMEHT MHEPIIUN HEUTPOHHOM 3BE3/1b1) OKa3bIBaeTCs OMMOAAIBbHBIM. CpeaHee
3HAYCHHE I uccienyeMbix o0bekToB(<Ig dE/dt> = 35.24) 3HaunTeNHHO BHIIIES
3HAQYEHHUM 111 OCHOBHOM MAcCChl paIHOIyJIbCAPOB.

VY ramma-mynbcapoB CKOPOCTH TIOTEPH IHEPTUU BpaIleHUs Takke, B Cpell-
HEM, 3aMETHO BBIIIIC, YeM y raMMa-TUXHMX paauomnyibcapos (<lg dE/dt> 35.53 u
32.60, cooTBeTCTBEHHO) [4]. ¥ HMX CHUJIBHO pa3MyarOTCs U MarHUTHBIC MOJISI Ha
cBeToBOM IunuHApe. COOTBETCTBYIONIME 3HAUYCHUS paBHBI <B;> = 9 10° T'c u 56
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['c. DT naHHbBIE MO3BOJSIOT CII€JIATh BBIBOJ O TOM, UTO KECTKOE M3JIYYEHHE Ha-
OromaeTcsi, B OCHOBHOM, Yy IYJIbCapOB C BBICOKMMH 3HaucHusMH OE/dt u B.
JlanbHeNNii MOMCK PEHTI€HOBCKOTO U TaMMa M3JIy4Y€HHUS OT 3TUX O0OBEKTOB MOXK-
HO BECTH LEJCHANPABICHHO, BBIACIMB U3 BCEM COBOKYITHOCTH PagUOIYJIbCAPOB
WCTOYHUKH C YKa3aHHBIMH OCOOCHHOCTAMH (CM. Takxke [5]).

PaccMmoTprm 3aBHCMMOCTD HETEIIOBOW PEHTIEHOBCKOW CBETUMOCTH OT CKO-
pPOCTH TIOTEPh dHEPTUU BpamieHus. s nuccneayeMoit BEIOOPKA OHA MOXKET OBITh
OIMCaHa CIEAYIOIIUM YPABHEHHUEM:

lgLx=1.17 +0.08lgdEdt—9.46 +2.89 (3)

npu ko3 punrente koppensiuuu K = 0.90.

HeremnnoBoe nznydeHne MOXKET OBITh OOBSICHEHO TIOSBIICHUEM Y PEISTUBUCT-
CKHX DJICKTPOHOB 3aMETHOTO JIOpPEHII-(akTopa Ha nepudepuu MarHuTocPepbl U
BKJIIOYEHUEM CHUHXPOTPOHHOIO MeEXaHu3Ma [6], CBETMMOCTh B PEHTTEHOBCKOM
JMana3oHe MOXKET OBITh TOJTyYeHA U3 CIICTYIOIIETO BRIPAKEHUS:

Lx= 16 n8R*8I Bs2yry2dPdtsin2fm3c11P8 4)

r1e ¥, — JOpPEHI-(PaKTOp UMyHaArOUIUX YACTHULL, \y — UX MUTY-YTOI, 3 — YTOa MeX1y
MarHUTHbIM MOMEHTOM HEUTPOHHOM 3BE€3Ibl U OChbIO BpalleHus 3Be3/bl. cnonb-
3ysl IOJIydeHHOE B [6] BBIpakeHue IS\, IPUXOAUM K cleayromied dhopmyne ais
BBIYHCIICHUS 0)KMIAEMOT0 3HAYEHUSI PEHTTEHOBCKOM CBETUMOCTH:

Lecalc=31/2n7/2e 1 dPdtyb3 /232 c3/2P7/2m1/2 yp2=1027dPdt—15P7/2
(apr/cex). (5)

31echyy — NOPEHI-(HaKTOp TEPBUYHBIX JJIEKTPOHOB, & },, — JOPEHI-(PAKTOp POK-
NEHHBIX B KACKQIHBIX IIPOIleccax BTOPUYHBIX 3apsnoB. [lomaranock, 4to s Bcex
UCCIIeyeMbIX IyJibcapoB yb=5 x 106, ¥p = 10. Ha Puc.1. coorBercTBHE Leac &
Ly ciemxyeT mMpU3HATh OYEHb XOPOIIHUM, a MCIOJIb30BAaHHYIO MOJEb CHHXPOTPOH-
HOTO M3JIYYCHHUS — aJCKBaTHO ONMCHIBAIONICH JaHHbIe HaOmonenuid. [Ipsmas Ha
Puc.1 cooTBeTcTBYET 3aBUCUMOCTH:

Lx=3.48 x10—4Lcalcl1.14 (6)

npu ko3 duimente koppemsinuu K =0.97.

Emé omHuM apryMeHTOM B MOIICPXKKY BBIBOJIA O TOM, YTO PEHTTCHOBCKOE
HETETNIOBOE M3IyYCHHUE TeHepUpYyeTCs Ha nepudeprun MarHuToc(heps myascapa 3a
CU€T CHHXPOTPOHHOTO MEXaHU3Ma, CIYXHUT 3aMETHas KOpPPEILUs MEXIY
PEHTTEHOBCKOM CBETHMOCTBIO M BEIMYMHOW MAarHMTHOTO TIONsI HAa CBETOBOM
nUIuHape (puc.2), KoTopasi MOXKET ObITh MPECTaBlIeHa B BUJIE:

IgLx=0.96 +0.46lgBlcsin3$+29.93 +0.92. (7)

Koaddunuent koppensiiuu s stoit 3aBucumoctu K = 0.49.
Hamu Obu10 1OKa3aHo [7], 4TO CyIIECTBYET aHAIIOTHYHAS KOPPEISAIHS MEKITY
raMmma-CBETUMOCTBIO TMYJIhCAPOB M MAarHUTHBIM TIOJIEM HAa CBETOBOM ITMIJIMHJIPE.
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[TooToMy cnemyeT OXuaTh 3aMETHYH KOPPEISAIMIO MEXAy TramMma- |
PEHTTEHOBCKOM CBETHMMOCTBHIO. [l CpaBHEHHWs WCMOJIB30BaHBI JIaHHBIC U3
KaTajora TaMMa-myJibcapoB, TpHBEACHHOro B pabore [8]. Oxazamoch, d9TO
JEHCTBUTEIBHO CYIECTBYET CHIIbHAS KOppeJsaysa MexIy Ly u L

lgLx=1.22 +0.211gLy—9.67 +7.18, (8)

ko3 durment koppensuuu K = 0.77.
Paayo u peHTreHOBCKHE CBETUMOCTH TAaK)Ke KOPPEITUPYIOT MKy COOO:

IgLx=1.20 +0.28lgRlum1400+30.80 +0.31, (9)

ko3 punment koppensinuu K = 0.53.

3aMeTHbIe KOPPENSLUU MEXAY CBETUMOCTSIMHU B PaJnO, PEHTITC€HOBCKOM H
raMma-auana3oHax JaiT BO3MOXKHOCTh II€JICHAIPaBICHHOTO TMOHMCKa HOBBIX
NyJIbCAPOB OT UCTOYHHUKOB C 3aPETUCTPUPOBAHHBIM U3JIYYEHHUEM B OJTHOM U3 3THUX

JTaIa30HOB.
38 -

36 - P
] .,..V"' .
-
I scanllll
fﬂ 32 1 &
2 Mot
30 - .o./"
e
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26 s . ‘ . .
26 28 30 32 34 36
log L_calc

Puc. 1. CpaBHeHre HaOIIOJaEMBIX U MOJCIIbHBIX 3HAYCHUN PEHTTEHOBCKOM CBETUMOCTH.

36 q
35 4
34 A

log (B_lc sin®p)

Puc. 2. 3aBUCUMOCTh PEHTT€HOBCKOW CBETUMOCTH OT MHIYKIIMM MAarHUTHOTO TOJISl HAa CBE-
TOBOM ITWJITMHJIPE.

OO0cyxaeHue u BbIBO/bI

1. Bonplasi 4acTh paguoNynbCcapoB, U3IyYarOIIUX B PEHTTCHOBCKOM JHaIla30He,
00J1a71a10T KOPOTKMMH TeprogaMu BpaiieHus (<P> = 133 Mcek).

2. PacnipenernieHre MPOU3BOIHBIX MEPHO/IA OKAa3bIBACTCS OMMOJIAIBHBIM C TpyIIIa-
MU MAJUIHCEKYHAHBIX mynbcapoB (<Ig dP/dt> =—19.69) u HOpMaIbHBIX ITy/IbCa-
poB (<lg dP/dt> =-13.29).

215



3. Takxe OMMOIANBHO pacCIpeeNeHNe MarHUTHBIX TO0JE€M Ha IOBEPXHOCTU HEW-
TpoHHO# 3Be3/blI (<Ig B> = 8.46 u 12.43 ais Tex ke rpyrmm).

4. Jlis MarHATHBIX TIOJIEH HA CBETOBOM IIWJIMHIApE MeauaHHoe 3HadeHue lg Bi, =
4.43 Ha ;Ba MOpsAKa BBILIE, YEM XAPAKTEPHOE ISl TUXUX PAIAUOILYJIbCAPOB, Y
xotopeix <lg B> = 1.75.

5. BennuuHbl CKOPOCTH MOTEPh BpAIIATEIbHON 3HEPTUU HCCIIEAYEeMOW BBIOOPKHU
(<lg dE/dt> =35.24) Taxxke Ha TpH MOpPSAKA TMPEBHIIIAIOT COOTBETCTBYIOIIHE
3HAYEHUS I TUXUX PaJUONyIIbCapOB.

6. HaOmronaeTcst cusibHasi KOppENsALUsS MEXIYy PEHTTEHOBCKON CBETUMOCTBIO pa-
JVOIIYJIBCAPOB U CKOPOCTBHIO MOTEPh SJHEPTUU BPAILCHMUS.

7. O6GHapyKeHa 3aBUCUMOCTb PEHTI€HOBCKOM CBETUMOCTH OT MHIYKIMW MarHuT-
HOTO TOJIs1 HA CBETOBOM IMJIMHJApE. JTa 3aBUCUMOCTDH CBUJIETEILCTBYET O TOM,
YTO TeHEepalusl HETEIUIOBOIO PEHTT€HOBCKOTO HM3IYy4YEHUs MPOUCXOJUT Ha Ie-
pudepun MmarauTocpepsl U 00ycIOBIEHA CHHXPOTPOHHBIM MEXaHU3MOM.

[Tomy4yeHHbIe pe3ynbTaThl 3aCTABIISIOT IPUUTH K BBIBOIY O TOM, YTO CYILECT-

BYET J[B€ MOMYJIALNU MMyJIbCApOB. B mepByto BXOAAT 0OBEKTHI C AJIMHHBIMU EPUO-

JlaMH, OT KOTOPbIX PEHTTEHOBCKOE M3JIyueHHUe, KaK MpaBUiIo, He HaONtoAaeTCs WIn

PETUCTPUPYETCS TOJIBKO TEILUIOBOE H3JIyYEHHUE IMOBEPXHOCTH. Bropas momymsuus

COJIEP)KUT KOPOTKONEPUOAUYECKHE HCTOYHHMKH, Y KOTOPBIX MAarHMUTHOE IIOJIE Ha

CBETOBOM LIMJIMHJPE OKa3blBaeTCsi OoJiee MHTEHCHUBHBIM, YTO MO3BOJISET BKIIO-

YUTHCSI CHHXPOTPOHHOMY MEXaHU3MY M CI€HEpUpOBaTh HAOII0Ia€MO€ PEHTTEHOB-

CKO€ M3JTyUYEHHUE.

Pabora BbImonHeHa npu ¢uHaHCOBOM moanep;kke IIporpammel ¢yHnamen-

TabHbIX uccaenoBannil Ilpesnanyma PAH «Ilepexoanbie 1 B3pbIBHBIE TPOLECCHI

B actpodusuke» ([1-41) u rpanta PODU (mpoekt Ne 16-02-00954).

JIureparypa

1. Manchester R.N., Hobbs G.B., Teoh A., Hobbs M. The Australia Telescope National Facility
pulsar catalogue // Astron. J. V.129. P. 1993-2006. 2005.

2. 2.Possenti A., Cerutti R., Colpi M., Mereghetti S. Re-examining the X-ray versus spin-down
luminosity correlation of rotational powered pulsars // Astron. and Astrophys. V. 387. P.
993-1002. 2002.

3. Prinz T., Becker W. A search for X-ray counterparts of radio pulsars // ArXiv1511.07713.

4. Malov I.F, Timirkeeva M.A. Peculiarities of radio pulsars with emission outside the radio
range // Astronomy Reports. V. 58, P. 611-618. 2014.

5. Malov I.F,, Timirkeeva M.A. On X-ray emission of radio pulsars // Research in Astron. and
Astrophys. V. 18. Article id. 89. 2018.

6. Malov I. F., Machabeli G.Z. The spectra of hard radiation from radio pulsars // Astronomy
Reports. V. 46. P. 684-690. 2002.

7. Malov I.F, Timirkeeva M.A. Comparison of the parameters of radio-quiet and radio-loud
gamma-ray pulsars // Astronomy Reports. V. 59. P. 865-672. 2015.

8. Abdo A.A., Ajello M., Allafort A. et al. The Second Fermi Large Area Telescope Catalog of
Gamma-Ray Pulsars //Astrophysical Journal Supplement Series. V. 208, Article id. 17. 2013.

216



YK 524.7 DOI: 10.31361/eaas.2018-1.049

BOCCTAHOBJIEHUE HOBEuPXHOCTHOI‘/'I APKOCTHU
I TAPAMETPUYECKOU MOJIEJIN 'AJTAKTUKHA

MapaanoBa M.A.
CIIol'y, e. Cankm-Ilemepoype, Poccus
f.start@mail.ru

RECOVERY OF SURFACE BRIGHTNESS FOR THE PARAMETRIC
GALAXY MODEL

Mardanova M.A.
SPbSU, Saint-Petersburg, Russia

We consider features of the algorithm for restoring the distorted surface brightness of galaxies.
From the example of the parametric model of the galaxy, we get a picture of real brightness ex-
perimentally. Measurement errors are modeled by the introduction of the point spread function
(PSF).

B peanbHOl onTHYecKOW CUCTEME TOYKa M300pa)kaeTcsi B BUJE MSATHA pac-
cesiHud. 3Hasi QYHKIMIO pacCesHUsI TOUYKH, MOKHO HAlTH HM300pakeHHe JH00ro
IpeaMeTa, €CIU Pa3NoKUTh €ro Ha TOUukd M Haltu PSF kaxmoit Touku. [lycTh
eCTh 00BEKT ¢ APKOCThIO B(X,Y);, TOrma ka)caas ero Touka M300pakaeTcsi B BUC
byakmun S(X—VX,y'—VY), To ectb PSF cmemaercss B TOYKY ¢ KOOpAMHATAMHU
(VX,Vy), a sspkocTh Bcero o0beKTa OYAET MPEACTaBIATh COOOH CyMMY 3THX SIPKO-
CTei:

+00 +00

By (6 Y) = | [BOXY)-s(X' =Vx,y' ~Vy) dxdy. (1)

—00 —00

Ecnu yBenuuenue V npuHATH 3a €AUHUILY, TO BbIpaxkeHue (1) ctaHOBUTCA
cBepTkor. Takum oOpa3om, HaOmrOgaeMasi SIPKOCTh €CTh CBEpTKa peanbHou (6e3
MOMeX ) SIPKOCTH 00BbEKTa ¢ PYHKIIUEH paccessHUs TOUKH:

Bobs = PSF * Btrue (2)

rne PSF =s(xX'—x,y' —y).

Wtak, BBenenne PSF maeT BO3MOXKHOCTH DKCIIEPUMEHTAIBHO TOJIYYUTh HE-
UCKWKEHHYIO SPKOCTh. [IprunMHaMu momex M MCKaKEHUU B M3MEPEHHUAX Yalle
BCETO SIBJISIIOTCA BIMSAHKUE aTMOC(Ephbl U HECOBEPUIEHCTBO anmnaparyphbl.

B xauectBe PSF vacto 6epyt pacnipenenenue ['aycca. Tak, B [1], [2], Hanpu-
Mep, paccMaTpuBaIMCh TrayccuaHa W moauduiupoBanHas ¢yHkius Moddara.
31eck ObUTM BBIOpaHBI JABa Apyrux Bapuanta — PSF Moddara [3] u PSF Jlopenna
[4]. PaccMOTprM OCHOBHBIE€ YPABHEHMSI M COOTHOIICHUS, pEATIU3YIONIUE Tpeia-
raeMbli aJITOPUTM.

a) PSF Moddara 3amaercs Tak:
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1

PP = Ay

(3)

b) PSF JlopeHma:

1
o = (A (4)
rae A — mapaMmerp, xapaktepusyronuii mupuny PSF, a p — HekoTopas KOHCTaHTA.

B kadectBe peanbHOIl siprkocTH (0€3 TOMEX) BRIOMpPAEM MOJEITHHOE BBHIPAKCHHE —
3akoH Cepcuka:

PSF

-1/n
Btrue = eXp(—Vn a ) : ®)
[Tapametp v, =const BbIOMpaeTcs Tak, YTOObI B mpenenax 3¢pHEeKTUBHOTO pa-
auyca r, W3Iydanach MOJOBUHA MOJIHOW CBETUMOCTH, a =r/r,, N — NEHCTBUTEIb-

HOE 4YHCIJIo. Bbluncienus mpoBOIMINCH NP N=1 — mpu 3TOM 3HAYEHUU 3aKOH
Cepcuka XOpOILIO OMHMCHIBAET KAPJIMKOBBIE IIUNTHYECKUE TaJaKTUKU U JTUCKH
CIUPAJIbHBIX.

Ha nepBoM »Tane BBIYUCISETCS MOBEPXHOCTHAS IPKOCTH (2) 1Sl IBYX Bapu-
antoB PSF. Jlanee crpositcsa rpaduku AB=B,, — B, 4 3aTe€M pacCMaTpUBAIOTCS

true

3Ha4eHUs1 AB B 3aBUCMMOCTH OT IIMPUHBI A 1 mapameTpa .

[Ipeobpa3yem BeipakeHue cBepTKku (1) ms BapuaHTa a): yI0OHO BBIPA3UTh
paananpHyr0 KoopAauHaTy I B emuHunax 3¢dextuBHOTO paamyca r,. Ilyctb

e
p=rlr,. IlepenaemM OT IEKapTOBBIX KOOPANHAT K NOJISIPHBIM, ITOJYYHUM:

+o02 71

By = ”exp(—l.678 r') @+ (r* + r?-2rr'cos0)*/ A*) ’rdrdé. (6)
00

r7ie 6 — yriaoBoe pacCTOsIHUE UM UHTepBai u3mMenenus PSF.

Bripaxenue cBepTku Ui BapranTa b) BeimuceiBaercs ananoruydHo (6). Urak,
JUIs IByX BapuaHTOB PSF ObLIM BBIYMCIIEHBI 3HAUEHUS MOBEPXHOCTHOW HAOIIIO-
JaeMoi IpKOCTH, B, KaKk CBEpTKM UCTHHHOM sipkoctu B, u PSF, a Takxke mo-

obs » true

cTpoeHbl rpaduku AB njist paccMmarpuBaeMoit mojenu (Puc.1, 2).
AB
2004
1601
1201

g0

404

2.4

Puc.1. I'padpuxk AB PSF Moddara npu 3Hauennsx napamerpa mumpunas A=3,4,5u £ =0.1.
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0 ) 0.56 ) 112 ) 1.68 2724 28

Puc. 2. I'papux AB PSF Moddara npu A=3 u 3nauenusix £ 0.2, 0.3, 0.4.

4B
420

350

280

210

140

70
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384

320

286

132

128

B4

03 06 03 12 15 1.8 21 24 27

Puc. 3. I'padux AB PSF Jlopenua npu A 3.,4,5u f=0.1.

\

D 0z 0Ee 09 12 15 e 21 24 27 3

Puc. 4. I'paduxk AB PSF Jlopenna npu A=3 u £ =0.1,0.2,0.5.

Korna B kauectBe PSF paccmarpuBaetcst ¢pynkuus Moddara, mpu 00ab11ux
3HadYeHUAX A mosiyqaeM Oosbinue 3HadeHus: PSF, 1 pa3HOCTh AB TakKe YBEJIMYU-
BaeTcs. TakuM 00pa3oM, MOXXHO CJenaTh BBIBOJ, YTO MpPH yBEeIWYeHHH A u
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YMEHBIIICHUU B ToJy4aeTcs OOJIbIlIee pa3MbITHE (T.€. HCKAKEHUE) U300paKeHUs.
Tak 4TO Ha MPAaKTUKE WUMEET CMBICT OpaTh MEHbIE 3Ha4YeHUS A u Oonbime S,

kak B ciiydae PSF Moddara, Tak u B ciiyqae PSF Jlopena.
WTak, B X0/1€ YNCICHHBIX IKCIIEPUMEHTOB OBIJIO 3aMeYeHO: 1) C yBeInYeHH-
€M 3HAaYeHHUS S W TMOCTOSHHOM A 3Ha4eHHWE AB CTaHOBHUTCS MEHBINE; 2) 4YeM

OoJibllle 3HaYeHUE MUPUHBI A Tpu (PUKCUPOBAHHOM S, TEM ATa Pa3HOCTh OOJIbIIIE,
T.€. UICKOKEHUS YBEINMYUBAIOTCS. TakuM 00pa3om, Bappupysi A U B, MbI CBOJIUM K

MUHUMYMY HCKKECHUS B M3MEPEHHUSX HAOIIOAAEMOro OOBEKTa, T.€. MOTydaeM
OoJiee TouHbIC 3HaueHUs cBepTKH (1).

PaccmoTpennsie 37ech BapuaHThl PSF MOryT OBITH MCIIOJIB30BaHBI JJIs pe-
IICHHUS HE TOJBKO MPSMBIX 3a/a4 (BBIYUCICHUS B, ), HO M OOpaTHBIX.

obs
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CHEMICAL EVOLUTION OF
THE GALAXY’S DWARF SATELLITES: REVISING OBSERVATIONS USING NLTE
METHODS

Mashonkina L.%, JablonkaP.?, Sitnova T.}, Pakhomov Yu.*, North P.?
) YInstitute of Astronomy of RAS, Moscow, Russia
®Ecole polytechnique fédérale de Lausanne (EPFL), Lausanne, Switzerland

We review our recent abundance results for very metal-poor stars in seven dwarf spheroidal
galaxies (dSphs) and in the Milky Way (MW) halo comparison sample that were obtained based
on high-resolution spectroscopic datasets, homogeneous and accurate atmospheric parameters,
and the NLTE line formation for 10 chemical species. We show that all massive galaxies (the
MW halo and the classical dSphs Sculptor, Ursa Minor, Sextans, and Fornax) reveal a similar
plateau at [o/Fe] = 0.3 for each of the a-process elements: Mg, Ca, and Ti. The evidence is

provided for a decline in a/Fe with increasing metallicity in the Bootes I ultra-faint dwarf
galaxy (UFD) that is most probably due to the ejecta of SNela. In our classical dSphs, we
observe the dichotomy in the [Sr/Ba] versus [Ba/H] diagram, similarly to the MW halo, calling
for two different nucleosynthesis channels for Sr at the earliest evolution stages of these
galaxies. The subsolar Sr/Ba ratios of Bootes | and UMa Il indicate a common r-process origin
of Sr and Ba.

Accurate chemical abundances of different mass galaxies in the very metal-
poor (VMP, [Fe/H]< -2) regime are important for understanding whether or not
galaxies follow a universal chemical evolution, independently of their masses, and
for addressing such fundamental questions as (i) what was the initial mass func-
tion of the first stars in different-mass galaxies; (i) what were nucleosynthesis
sources and the levels of chemical enrichement; (iii) what was the level of homo-
geneity of the interstellar medium from which low-mass stars arose. The first
high-resolution spectroscopic study of the VMP stars in the dwarf spheroidal gal-
axies (dSphs) was performed by Shetrone et al. [1] for the Draco dSph. For past 20
years, much of the observational efforts have been invested to obtain detailed
chemical abundances of stars in the MW satellites. In the literature, we count
about 140 VMP stars in 16 different dSphs, with high-resolution spectra available.
However, a number of investigated stars in each individual paper never exceeds 9.
It is common to combine stellar samples from different papers altogether despite
the fact they were analyzed in different ways, with different methods of determi-
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nation of atmospheric parameters, different model atmospheres, codes, and line
atomic data. The majority of papers apply the assumption of LTE, although indi-
vidual stars in the dSphs that are accessible to high-resolution spectroscopy are all
giants, and line formation, in particular in the MP atmospheres, is subject to the
departures from LTE. Altogether, this can lead to a distorted picture of galactic
abundance trends in individual galaxy and systematic shifts in abundance trends
between different galaxies.

We aim to provide a homogeneous set of atmospheric parameters and chemi-
cal abundances for the VMP stars in a set of dSphs as well as for a MW halo com-
parison sample by employing high-resolution observations and treating the non-
local thermodynamic equilibrium (NLTE) line formation. This makes possible to
push the accuracy of the abundance analysis to the point where the trends of the
stellar abundance ratios with metallicity can be robustly discussed.

Here, we review briefly our method [2] and results [3] obtained for the dSphs
with the largest samples of the VMP stars, observed with R > 20 000 in a broad
spectral range. These are the classical dSphs in Sculptor (11 stars) and UMi (10
stars) and the ultra-faint dwarfs (UFDs) Bootes | (8 stars) and UMa Il (3 stars).
The Sextans and Fornax classical dSphs and the UFD Leo IV are represented by 2,
1, and 1 stars, respectively. Our MW comparison sample includes 23 halo giants
uniformly distributed in the -4 < [Fe/H] < -1.7 range common with that of the
dSphs. Preselection was made in order to exclude C-enhanced stars.

We use spectra from archives of VLT2/UVES and CFHT/ESPaDONS, the
Magellan/MIKE spectra provided by R. Ezzeddine, A. Frebel, and J. D. Simon,
and published equivalent widths.

Stellar atmosphere parameters were derived in a homogeneous way. Effective
temperature (Ter) Was calculated from the Johnson system photometric colours,
using the photometric magnitudes from the literature and calibrations from [4].
For surface gravity, we relied on the known distance and stellar mass of M= 0.8
Mg, and applied the standard relation between log g, Ter, Mpo, and M.
Microturbulent velocities and the Fe abundances were derived from the NLTE
analysis of lines of Fe | and Fe Il. With the obtained T and log g, the NLTE
abundances from lines Fe | and Fe Il are found to be fairly consistent and the
mean difference is Fe | — Fe 11 =-0.026 £ 0.075 ([Fe/H] > -3.5). All the stars cor-
rectly sit on the giant branch between the evolutionary tracks of [Fe/ H] = -2 and -
4 [5], in line with their metallicities. The same photometric method was applied to
determine T of the MW stars. Their surface gravities are spectroscopic, from the
NLTE analysis of lines of Fe in the two ionization stages. The spectroscopic gravi-
ties are found to be consistent with those based on the Gaia DR2 parallaxes.

The NLTE abundances were derived for up to 9 chemical species and the
LTE abundances, for Ni. The NLTE calculations were performed with the
DETAIL code and the MARCS spherical homogeneous 1D model atmospheres.
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We obtain that, in the VMP regime, our classical dSphs are a-enhanced at
[o/Fe] = 0.3. The NLTE analysis removes discrepancies between different o-

elements: Mg, Ca, and Ti and between the classical dSphs and MW halo. Previous
high-resolution LTE abundance analyses deduced a common conclusion on
enhancement of Mg in the classical dSphs, however, different results were
reported in different papers on Ca/Fe and Ti/Fe. We confirm that, among the
classical dSphs, Sculptor reveals the strongest evidence for incomplete mixing in
the early evolution stage, at [Fe/H] < -2.

Our three UFDs present different features. Three stars in UMa Il are o-
enhanced at a similar level as the massive galaxies. In contrast, Leo IV and Bo0tes
I, which are the brightest of the Local Group UFDs, reveal [a/Fe] ~ 0 at [Fe/H] > -
2.5. A hint of a decline in [o/Fe] in Bootes | was first reported in [6]. We increase
the statistics of stars and provide consistent evidence from the three elements (Mg,
Ca, Ti) for the existence of a low [a/Fe] population in Bootes | that suggests a
contribution of SNe la to the galactic Fe abundance.

Both dSph and MW halo stars have solar Ni/Fe ratios. Given the large range
of galaxy masses that we consider, this is very remarkable and suggests a common
origin of Fe and Ni, independently of galaxy mass.

For Na/Fe, Na/Mg, and Al/Mg, the MW halo and all dSphs reveal

indistinguishable trends with [Fe/H] and constant ratios of [Na/Mg] = -0.6 and

[Al/Mg] = -0.8, suggesting that the processes of Na and Al synthesis are identical

in all systems, independently of their mass, and the early production of Na and Al
occurred in a similar way to that of the primary elements.

All our dSphs are poor in heavy elements beyond the Fe group, and only Sr
and Ba can be investigated. In the MW and classical dSphs, there is a large scatter
of Sr/Mg and Ba/Mg below [Mg/H] ~ —2.6 suggesting that the early enrichment in
Ba and Sr occurred in conditions of incomplete mixing of the interstellar medium.
At higher [Mg/H], massive galaxies reveal nearly constant ratio of about [Sr/Mg]
= —0.4, while Sr/Mg is lower, by 1 dex, in the UFDs Booétes I, UMa Il, and Leo
IV. This means that while the stellar population of massive dSphs and the MW
halo can increase their abundance of Sr relatively to Mg, the UFDs cannot and
therefore, miss this efficient channel of Sr production.

If Ba and Sr were produced by the same nucleosynthesis source, this would
result in a fairly flat [Sr/Ba] ratio. This is clearly not the case in the VMP stars in
the classical dSphs and the MW halo that reveal very similar [Sr/Ba] versus
[Ba/H] trends formed by two stellar groups. The first one has subsolar [Sr/Ba] ~ -
0.5, suggesting an r-process origin of Sr and Ba. Although the astrophysical site of
the r-process is not identified yet, the strongly r-process enhanced stars provide

observational evidence for the r-process to yield a subsolar ratio of [Sr/Ba],= -0.4.
The second group is aligned on a well-defined downward trend of [Sr/Ba] with
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[Ba/H]. The source and type of nuclear reactions that produce an excess of Sr rela-
tively to the classical r-process are not identified yet, although various ideas and
models have been proposed in the literature. We infer that the second producer of
strontium in the MW halo and the classical dSphs is independent of the production
of barium and operated below [Ba/H] ~ —4.

For our UFDs, the statistics of Sr/Ba measurements is very poor. This is
mostly due to missing observed spectra in the blue wavelengths. With available
data, we suggest that, in the UFDs Bodétes | and UMa I, Sr and Ba have a com-
mon origin in the classical r-process.

This research was supported, in part, by the Fundamental Research Program
of Presidium of the RAS No. 28.
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RESONANCE RINGS IN THE GALAXY

Melnik A.M.
Sternberg Astronomical Institute MSU, Moscow, Russia

The models of the Galaxy with analytical Ferrers bars can reproduce the residual velocities of
OB-associations in the Sagittarius, Perseus and Local System regions. The Outer Lindblad Res-
onance of the bar (OLR) must be located 0.4 kpc beyond the solar circle, corresponding to the
bar angular velocity of £,=50 km s™ kpc™.

Buemane konbiia Habmogatorcs npuMmepHo y 30% ramaktuk ¢ 6apamu [1].
Karamor ByTer [2] ranakTuk ¢ pe30HAHCHBIMH KOJbIIaMu conepxut Ooisee 2000
TaJIAKTUK, UMEIOINX KaKHe-TU0O0 JIeTaau BHEITHUX KOJIell, U3 KoTophix Oosiee 800
KJIACCU(PUIIMPOBAHBI KaK PE30HAHCHBIE KOJIbIA WU TCEBIOKOJIbLA (Pa30MKHYTHIE
KoJbl1a). MojenupoBaHue MoKas3ao, YTO BHEIIHUE KOJIblla (OPMHUPYIOTCS BOIU3U
OLR 06apa (manpumep, [3, 4]). Menpauk u PaytuaitHed [5] moCTpouiIN MOJENb
["anakTrky ¢ ananutuyeckum 6apom deppepa (N=1), koTopasi BOCIPOU3BOJIUT OC-
TaTOYHbIE CKOPOCTH MOJIOJIBIX 3BE€3] B 3BE3/IHO-TA30BbIX KoMILIekcax CTpeinbla u
ITepces. Payruaitnen u Menbauk [6] moctporin N-body mopenu ¢ BHEIIHUMH
KOJIBLIAMH ¥ TTOKA3aJI1, YTO 3HAYEHUE CPEAHEN CKOPOCTH YACTHII, PACIIOIO0KEHHBIX
B OIPE/ICJICHHBIX 001aCTsIX, CHJIbBHO MEHSAETCS CO BPEMEHEM, IEMOHCTPUPYS KOJIe-
OaHus ¢ aMIIMTy 101 10 20 KM/C, OIHAKO YCpEIHEHHbIE Ha UHTEpPBaJie BpeMEHU |
MJIPJT JIET MOAEJIbHBIE CKOPOCTH MOT'YT BOCIIPOM3BECTU HAOJIOJa€MbIE CKOPOCTH B
3Be3/1HO-Ta30BbIX KoMiuiekcax Crpenbua, [lepces u MecthHoit Cuctembl. HoBbie
MOJIEJIN, MPEACTABICHHBIE B JOKJIAJIE€, MOTYT BOCIIPOU3BECTH CKOPOCTH MOJIOIBIX
3BE€3/1 B TpeX 3Be3AHO-ra30BbIX KomIuiekcax (Crpenbia, [lepces 1 MectHol cuc-
TE€Mbl) B KOHKPETHbIE MOMEHTBI BPEMEHH, 0€3 YCpeIHEHHUs MO BpEeMEHH. Y crex
HOBBIX MOJIeJiell B PEKOHCTPYKIIMM CKOPOCTe B MecTHOM crcTemMe BhI3BaH 00JIb-
IIOW JUCTIEpCUEN CKOPOCTEH, KOTopas ocnadiisieT pe3oHaHCHbIE d(PPEKTHI myTemM
CO3/IaHHS] MEHBIIINX CUCTEMATUYECKUX JIBUKEHUN.

HoBble Mojenu BKIIOHArOT aHanuTuueckuii 6ap deppepa, IKCINOHEHIMATb-
HBIM JHCK, KJIIACCUYECKHU OAJ/K U rao. MojiesibHbIe KpUBbIEC BPAILIEHUS SIBISIOT-
Csl INIOCKUMHU M COOTBETCTBYIOT HaOJIIOAaeMO KpUBOM BpalleHus | ajnakTuku, Ko-
TOpas ABJIETCSA MPAKTUYECKH IUIOCKOW B OKpecTHOcTH ConHna. J[BuxkeHue raso-
BBIX 00J1aKOB U poxJeHHbIX B HUX OB-accoumanuii MoAeIUpyeTcs ¢ MOMOIIbIO
10° yacTHIl KOTOPBIE MOTYT HEYIPYTo CTAIKHBATBCS APYT C APYroM. Bpemst mMoe-
JUpoBaHUS 2 muia JieT. MojaenbHble AUCKH (POPMHUPYIOT BHEIIHHE PE30HAHCHBIC
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konblla R; v Ry, a Takke siaepHble 1 BHYTPEHHUE PE30HAHCHBIE Kojbla. M3 aByx
BHELIHMX KOJIel, KOJbLo R; pacnonoxeHo HeMHOro OiMke K LHEeHTpy [ 'anakTukuy,
geM KoabIlo R,.

MBI cpaBHHBaeM MOJENbHBIE H HAOIIOAaeMbI€ OCTaTOUHbIE CKOPOCTH, B TPEX
3B€3HO-Ta30BbIX KoMiuiekcax: Ctpenbua, MectHoit Cucteme u Ilepcee. Ocra-
TOUHBIE CKOPOCTH BBIYUCISIOTCS KaK Pa3sHOCTH MEXAY HaOJI01aeMbIMH TeIHO-
HEHTPUYECKUMU CKOPOCTSIMH U CKOPOCTSIMHU, O0YCIIOBIIEHHBIMH KPUBOM BpallleHUsS
u neukeHreM CoJIHIIA K aleKCy:

Vres = Vobs - Vrot - Vap .

CpaBHeHHE MOJENIBbHBIX U HAOIIOAAEMBIX OCTATOYHBIX CKOPOCTEH SIBISIETCS
CEPbE3HBIM TECTOM JIsI MOJIETIEH.

Puc. 1 noka3piBaeT M3MEHEHHE OCTATOUYHBIX MOJEJIbHBIX CKOPOCTEH, BBIUKC-
neHHbIX g koMiuiekca Crpenbia, [lepcess 1 MectHoit CucteMsl, OT BpeMeHH {.
PaccmarpuBaroTcsi 1Ba KOMIIOHEHTa OCTATOYHBIX CKOpPOCTeH: Vg B HalpaBieHUU
TATAKTUYECKOTO paanyca-BeKTopa u V1 B HaNpaBlIEHWU TAIAKTHYECKOTO BpaIlle-
HUsA. MOXHO BUACTH, YTO CYIIECTBYET MHOTO MOMEHTOB BPEMEHU Ha MHTEPBAJIC
t=1-2 muix jeT, KorJa MOJACIbHBIE U HAOMIOAaeMbl OCTATOYHBIE CKOPOCTU COTJIa-
CYIOTCSl B Tpejenax omuOoK. MojenbHbIe CKOPOCTH BBIYUCISUIUCH KaxKasie 10
MJTH JIET, TIPU 3TOM MO3UIIMOHHBIN yros CoJIHIIa OTHOCUTETHHO OO0JIBIIION ocu Oa-
pa IpUHUMAJICS PaBHBIM Oy = 45°.

MectHas Cuctema pacrnoioKeHa MEX]y JABYX BHEIIHUX KOJIEI U COIAEPKUT
MOJIe/IbHBIC YaCTHIIbI (Ta30BbIe 00JIaKka), OTHOCSIIUECS K 000MM KOJIbIIaM: 00BEK-
ThI KOJIbIIa R; UMEIOT TOJIOKUTENbHBIC paauaIbHbie CKOPOCTU VR, HATIPABICHHBIE
oT 1eHTpa ["alakThKK, a YacTHIIBI, 3aXBAaYCHHBIC KOJBIIOM R, — oTpHIlaTeIbHBIE
OCTaTOYHBIC CKOPOCTH, HANpaBJICHHBIC K IEeHTPY [ amakTuku. DTUM OOBSICHICTCS
001b111011 pa30poc cpeHMX MOJIETBHBIX CKOopocTel B MecTHOM cucTeme.

PaccmarpuBarorcst ammuncounsl deppepa ¢ pacmnpeneneHueM IUIOTHOCTH,
onpenensiemoit crenenssMu N=1 u 2. Mogens 1, npencrasnennas Ha Puc. 1, ne-
MOHCTPUPYET pe3yibTaThl MOJACIHUPOBAHUS C aHAIUTHYECKUM Oapom Deppepa,
MMEIOIIUM ToKa3aresb creneHu N=2. Moaenu ¢ 6apom deppepa ¢ mokaszarenem
n=1, HO UMerIIUM Ty ke Maccy O6apa (Mp, = 1.3 10% Msyn), TatOT TIOXOXKUN pe-
3yJIbTaT, XOTS B 3TOM CJIydyae AUana3oH U3MEHEHHUs MOJIETbHBIX OCTaTOYHBIX CKO-
pocteil Vi 6ombiie. [lupruna MmonensHoro konblia R, okazanach npuMepHO B JBa
paza Oosblie, yueM koiiblia R;., T.e. kosblio R, 3aXBaThIBaET MPUMEPHO B JBa pasa
Oosbie yacTuil, 4yeM Kousiblie R;. Buemnuii nuaaomagoBckuii pesonanc (OLR)
Oapa J0JKeH ObITh pacmoiokeH Ha paccTossHuu (.4 KK 3a COTHEYHBIM KPYrom
(RoLr=Ro*0.4 KmK), 9TO COOTBETCTBYET YIJIOBOW CKOpPOCTH BpamieHus Oapa 50
KM/C/KIIK.
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Puc. 1. CpaBHeHHE MOJCIBHBIX U HAOIIOMAEMBIX OCTATOYHBIX CKOPOCTEH, BHIYMCICHHBIX
JUISL TPEeX 3BE3/IHO-Ta30BbIX KomruiekcoB: Ctpenbua, MectHoit Cucremsl u lIlepces. Jleas u
npaBasi KOJIOHKH JEMOHCTPUPYIOT U3MeHeHus paauanbHoro (VR) u azumyransHoro (V1) KomIo-
HEHTOB OCTaTOYHOM CKOpocTH. Cepble MOJOCKU MOKA3BIBAIOT HEOMPEACICHHOCTH B 3HAYEHUSIX
HaOJII0/TAEMBIX OCTAaTOYHBIX CKOpocTel Vops * €. UepHble KPY>KKH MOKA3bIBAIOT CPEAHHE CKOPO-

CTH MOJENbHBIX YaCTHULl, OKAa3aBLIMXCS BHYTPHU I'PAHMI] COOTBETCTBYIOIIETO KOMILUIEKCA B YKa-
3aHHBIA MOMEHT BPEMEHH.
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[Tozummonukii yrom CojHIIa OTHOCHUTEIBHO OOJIBIION ocH Oapa, oOecreUrBaro-
IIUH corjacue MOJACIBHBIX U HAOJIOAaeMbIX CKOpOCTeH, coctaniser 0, = 40-52°.
bonee moapoOHOE onrcanne MOJENe U pe3yIbTaTOB MOYKHO HAlTH B padoTte [7].
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REDISTRIBUTION OF THE SPECIFIC ANGULAR MOMENTUM
NEAR THE LINDBLAD RESONANCES OF THE BAR

Melnik A.M.
Sternberg Astronomical Institute MSU, Moscow, Russia

The redistribution of the specific angular momentum, L, is found near the Lindblad Resonances
of the bar (ILR and OLR): the average value of L increases (decreases) at the radii a bit smaller
(larger) than those of the resonances.

Pe3oHaHC MeXITy 4acTOTOW SMUIUKINYECKOTO BpPAIICHHs] K U 9acCTOTOW Op-
OUTaIBbHOTO BpAIICHUs OTHOCUTENBHO Oapa (Q2—-Qp) mpuBOIUT K (HOPMUPOBAHUIO
B FQJIAKTUYECKHUX JTMCKAaX PE30HAHCHBIX KOJIEIl, OCHOBY KOTOPBIX COCTaBIISIOT II€-
puoandeckue opoutel. OcoObIil MHTEpPEC BBI3BIBAIOT JIMHAOIAAOBCKHE PE30OHAH-
CBI:

k/(Q—C,) = 2/1 — BHyTpeHHu# uHI0Ia10BCcKui pe3oHaHc (ILR),
k/(Q—-Q) = —2/1- BHemHwmit TuHAOIaK0BCKUI pe3oHanc (OLR).
Kpome Toro, yacTo paccMaTpuBaIOTCs pe30HaHCHI mopsaka k/(Q-Qy) =+4/1.

OCHOBHBIE MTEPHOJUUECKHE OPOUTHI COCTABIIAIOT «CKEJIET» PE30OHAHCHBIX KO-
JICTIM COITYTCTBYET OOJIBIIIOE KOJMYECTBO KBa3H-Meproaudeckux opout. Cyie-
CTBYIO JIBA OCHOBHBIX CEMEMCTBA YCTOMUMBBIX MPSMBIX MEPUOTUISCKUX OPOUT: X;
U X;. CeMecTBO X, CYIIECTBYET TOJBKO MEXAY NIBYMSI BHYTPEHHHUMH JIMHIOIA-
noBckumu pesonancamu (ILRs: ILRO — Buemnuii u ILRI — BHyTpenHuUit) u ciy-
KHUT «CKeJIeToM» saepHbIX KoJel N (N — nuclear rings). Buytpu paauyca koporta-
uu (QQ = Q) OCHOBHBIE IEPUOANUECKHE OPOUTHI X1 BBITSHYTHI MapajljieibHO Oapy
u GopmupyroT ero ocHoBy. Bomm3n OLR ocHOBHBIE meprogndecKkue OpOUTHI X;
pacmanarorcs Ha JqBa cemeiicTBa: Xi(1), BRITSHYTBIX MapajuieibHO Oapy, u Xi(2),
BBITSHYTBIX MEPHCHIUKYIApHO Oapy. CemelicTBO X;(2) OCHOBHBIX TMEpUOINYEC-
CKHX OpOHUT pacnojioxkeHo Meay pe3oHancamu —4/1 u —-2/1 (OLR) u city)uT oro-
poli BHEIIHUX KoJjell Rj, BRITAHYTHIX HepreHAUKYJIIpHO O0apy. OpouTts X;(1) se-
xat cHapyxu OLR u mogaepxuBaioT Koiblia R, , BRITAHYTHIE MapaliebHO Oapy
[1-4].

B noknane paccmatpuBarotcs 2D Moaenyu ralakTuk, BKIIOYAIONINE aHATTUTH-
yeckuit 6ap deppepa, 3KCIOHEHIUMANIBHBIN JHUCK, KJIACCHYECKUI OajK U Tajo.
MonenbHable aucku ObicTpo (uepe3 0.1 mia jet) GopMUPYIOT siepHbIE KOJIbLIa U
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BHYTPEHHHE KOJbIIa, @ BHEIIHKE KoJiblia Ry 1 R, popmupyroTcs nocnennumu (ue-
pe3 ~1 Mipp et nocie Hayana MOJAETUPOBAHUS).
OOHapy>keHo, YTO BpallleHue 0apa B TaJaKTUKE BBI3BIBACT Iepepaciipenesie-
HUE yJIeTLHOTO yTII0OBOTO MOMEHTA:
L= OR,
BJ10JIb TAJIAKTOLIECHTPUYECKOTO paccTosinus R, riae ® — ckopocTh B a3UMYTajJIbHOM
HaIpaBJICHUMU.

eI, ] ] L ] o
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KM/C n | | @ KM KNG | (b)
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Puc. 1. (a) Pacnpenenenue a3zumyTanbHON CKOPOCTH ® (YepHBIC KPYKKH) MOICITHHBIX
YaCTHUIl, YCPEIHEHHON B TOHKHMX IUIOCKMX KOJIbIlaX MUpUHON 40 NK, BIOJIb TAIAKTOLEHTpHYE-
ckoro paccrosiHus R B MomeHT Bpemenu t=1.5 mug ner. Cepas JIMHUSA MOKa3bIBa€T CKOPOCTH
KpHUBOH BpallleHHs, OTPAKAIOLIME HaYalIbHOE pacnpenesieare @. BepTukanbHble cepbie MOJIOCKU
yKa3bIBAIOT MOJIOKEHUS pe3oHaHcoB. (D) Pacnpenenenue yuenpHOro yriioBoro Momenra L (uep-
HBIE KPYKKH) MOJIEJIbHBIX YaCTHUII, YCPEAHEHHOT'O B TOHKHX KOJIbIaX, BAOJIb paccTosiHus R. Ce-
pasi TUHUS TOKA3bIBACT HAYaJbHOE PACHpPEECIICHHE CPEAHETO YIIIOBOTO MOMEHTA YacTHI] Ha
pa3HBIX paccTosHUsIX R.

Puc. la nemoHcTpupyeT pacmnpeleieHue CpelHel a3suMyTalbHOM CKOPOCTU
MOJICJIbHBIX YaCTHI] B HaYaJbHbIII MOMEHT BpEMEHHU M B MOMEHT t=1.5 muin Jer,
BBIYMCIICHHON B TOHKUX KOJIbLIax mmpuHoN 40 nk. BumHo, 4To U3MeHeHue cpe-
HEl a3uMYTaJbHON CKOPOCTH MOJIEIBHBIX YACTHI], PACIIOJIOKEHHBIX OKOJIO JIMH-
nonagoBckux pezoHaHcoB (ILRS u OLR), mpoucXOauT CXOIHBIM 00pa3oM: Ha
kpuBoii ®(R) dopmupyrorcs ropObl ¥ BHNAAUHBI, IPUYEM MOJEIbHBIE YACTHIIBI
npUOOPETAIOT (TEPSIOT) CKOPOCTh ® M COOTBETCTBEHHO MPUOOPETAIOT (TEPSIOT)
yraoBoil MOMeHT L Ha pagumycax HeMHOro MeHbIIUX (OONBIIMX), YEM PaIqNYChl
AUHI0IaJ0BCKUX pe3oHaHcoB. B okpectHoctu ILRS ckopocts ® pacter B oOnac-
TH SIZIEPHOTO KOJiblla (N) ¥ majaer B 00yiacTh HanboJiee 3acelIeHHBIX OpOuT Oapa.
Bommzu paguyca OLR ckopocTe ® pacTeT Ha pacCTOSIHUU, TZI€ PaCIIOIO0KEHO
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KoJIbIO Ry, ¥ masaer B 00J1acTH, TIE JSKUT KOJIbO Ry, Puc. 1b mokassiBaet pac-
Ipe/esieHne CPEeHEro YrioBOoro MomMeHTa L MOAENbHBIX YacTHl] B HadaJlbHbBIN
MOMEHT BPEMEHHU U B MOMEHT t=1.5 Mz 5ieT. 31ech TakKe BUTHO MOSBICHUE TOP-
OOB U BIA/IMH, HO UX OTHOCUTEIbHASI AMILTUTY/]a MEHbIIIE.

BeposiTHO, nepepacnpeieneHue yriioBoro MoMeHTa L Boisip paanyca rajak-
TUKHU CBSI3aHO C CYILECTBOBAHUEM JIBYX TUIIOB NEPUOAMYECKUX OPOUT, BBITSIHYTHIX
NEPHEHANKYJISPHO APYT APYTY BOJIW3M JUHAOIAIOBCKUX pe30HAHCOB Oapa. B ra-
JaKTUKax ¢ O0apaMH yrioBOW MOMEHT L OTAeNnbHBIX 4acTHIl HE COXpaHseTcs, OJ-
HAKO OHM TMOJIYyYalOT U TEPSIOT MPUMEPHO OJIHY U TY K€ BEJIMYUHY YTIIOBOTO MO-
meHTa AL 3a Bpems oqHOTO OOpalieHusi OTHOCUTENbHO Oapa. Pe3onanc ycunmBaet
MULMKINYECKUE JABIKECHUS U MepeMellaeT YacTULbl 10 PajlyCcy Ha pacCTOSHUS
COOTBETCTBYIOIIKE OOJIIINM M3MEHEHHUSIM YIJIOBOTO MOMEHTa, 4yeM AL, moryueH-
HOe OT Oapa (unu otaaHHoe Oapy). YacTHIbl ¢ MEHBIIUX paccTOsHUM R, nMero-
1€ MEHbIIUNA YTI0BOM MOMEHT L, mepemeniatoTcss Ha OOJIbIINE pacCTOSHUSA, T1e
YaCTHUIIBl M3HAYAJIBHO UMEJM OOJBIINN YIJI0BOM MOMEHT W HaoOopoT. [losTomy
CpenHsisl a3UuMyTallbHasi CKOPOCTh ® U yriaoBoil MOMeHT L ymeHsbIatoTcs (yBenu-
YUBAIOTCS) HA PACCTOSHUSAX HEMHOTO OOJBIINX (MEHBIINX ), YEM PAJNYChI JIUHIO-
JaI0BCKUX pe3oHaHCOB. bosee moapoOHOe 00CykaeHne MOKHO HalWTH B pabote

[5].
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THE INVESTIGATION OF SECULAR PERTURBATIONS IN TWO-PLANETARY
THREE-BODY PROBLEM WITH VARIABLE MASSES

L2Minglibayev M.Zh., ®Prokopenya A.N., **Shomshekova S.A
! al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Fesenkov Astrophysical Institute, Almaty, Kazakhstan
3Warsaw University of Life Sciences — SGGW, Warsaw, Poland

The two-planetary problem of three bodies with variable masses varying non-isotropically at
different rates has been investigated. The parent star is assumed to be located at the origin and
the relative coordinates are used to describe motion of the planets. We have obtained the differ-
ential equations of motion of the system in terms of the osculating elements of quasiconic sec-
tion. The evolution equations obtained are investigated by numerical methods.

1.BBenenne. Bo MHOruMX »HK30IIAHETHBIX cucTemax [l] Mbl HaOIOmaeM
OoJbIIMe pa3dpOChl HAKIOHOB IUIOCKOCTEN OpOUT K 3KBaTopy 3Be3nbl. OTcroga
BBITEKAET HEOOXOJUMOCTh JACTAIBHBIX HCCIEIOBAaHUA HX JUHAMUYECKON
ABOJIIONMKM, OCOOCHHO Ha dTalax MX HecTalMoHapHocTu [2—4]. JIByXIuiaHeTHas
3a/laya TpeX Tel C IEePEMEHHBIMM Maccamu, KOTrJa MacChl H3MEHSIETCS CO
BpEMEHEM H30TPOIHO, ObliIa CCiieIoBaHa B paboTax [5—6], B cuctemMe KOopauHaT
SAxobu B aHanorax BTOpoW cuctembl 3neMeHTOB Ilyankape. Ilpu 3TOM OBLIO
BBISICHEHO YTO OPHUEHTAIMsI OPOUTANBHBIX TUIOCKOCTEH coXpaHsercs. B cBs3u ¢
TUM TPEACTABISCT MHTEPEC HCCIENOBaHUE 3aJayd B ClIydya€ HEU30TPOMHOTO
nu3MeHeHus Macc [7-8]. B pabote [9] ObuIM MOIYYECHBI 3BOTIOIIMOHHBIC YPABHEHUS
JNBYXIUUIAHETHOM 3a/laud TpeX Tell, KOrJa MAacChl MEHSAIOTCS HEU30TPOIHO B
pPa3IMYHBIX TEMIaX, B CUCTeME KoopAuHaT k00U B aHaiorax BTOPBIX AJIEMEHTOB
[lyankape. B Hacrosiieir paboTe Mbl pacCMOTPUM 3ajlady B OTHOCUTEILHOMN
CHUCTEME KOOpJMHAT C HA4YaJloM B IIEHTPE POJIUTEIBLCKOM 3Be3lbl U B
OCKYJIUPYIOIIUX 3JIEMEHTAX anepuoJAMYECKOrO JBUKEHUS MO0 KBa3UKOHUYECKOMY
CceYeHHIo [3], BOCHOJIb3yeMCsl YPAaBHEHUSIMUA BO3MYIIEHHOTO ABUXEHUS B (popme
ypaBHenus Jlarpanxka [ 10].

2. IlocrtanoBka 3amauyu. PaccMOTpUM JBYXIUIAHETHYIO 3a7ady TPEX TN C
nepeMeHHbIMu Maccamu. [lycth, P,— UEHTpanbHas poAauTeabCKas 3Be3na, P, —

BHYTPCHHAA IUIAHCTA W P, — BHCHIHAA IIJIaHECTA C IICPCMCHHBIMH MaCCaMH.
I[BI/I}KCHI/IC ABYX INIAHCT, B pPaMKaxX 3aJa4l TpExX C(I)CpI/I‘{CCKI/IX TCI C
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NIEPEMEHHBIMM ~ MAacCaMM, HW3MEHAIOUIMMUCS HEU30TPONHO, TMpPU  HAJUYUU
pPEaKTHBHBIX CHJ, B aOCOJIOTHOM CHUCTEME KOOpJIMHAT, OIHUCHIBAIOTCA
ypaBHeHusiMu Memepckoro [10—11]. Maccel Tesn MEHSIFOTCSL B pa3IMuHbIX TEMITaX,
my / My = m, / m, =m,/m,, HSU30TPOITHO. Y paBHEHUs BO3MYILIEHHOIO JBH)KEHUS IBYX

IIJIAHET B OTHOCUTEJIBHOM CUCTEME KOOpPAMHAT HanuiieM B Buze [11]:

= L 4 V
r1+f(m0+ml)—13—ﬁ|’1:9radrlwl, 1)
n ]
r, + (mo+m2) 3 I, =4gra K2, (2)
rz 7/2
o Vi
Wj :Uj +ijxj +ijXj +szzj _2_yr1 v 1=12, (3)
i 1 F-F . 1 nn
U = =L U. = — _1 2
l luz(rlz ry ) 2 M[rﬂ r’ j ’ “

m, (t,)+m (t,) _
m, (t)+m, (t)

U,— CuI0Bble ()yHKIIMH HBIOTOHOBCKOIO B3aUMOJIEHCTBHUS TEll, Ifj(F.

x?

rzlz‘rl_rz‘:rlz vy = Vj(t)’ :uj:fmj, (5)

Fy. sz) B
PEaKTUBHBIE CHIIBI.

3. Paszinoxenuss Bo3mymawmeid ¢yHkuuu. Bripazum Bce ciaraemblie
Bo3MyInaromue ¢Gyuakiun W,, W, depe3 opOHMTalbHBIE DIIEMEHTHI IBYX ILIAHET.
[Tpu 5TOM y BO3MymaOMKX (GYHKIMA yYAOOHO BBIIETUTH TJIABHYIO U KOCBEHHYIO
YacCTh:

v H H ~ 1
Ul = - Ulen - - aUlzmce ’ U2 = Iu;l UZm - ‘Lll _ZUZKDCH’ (6)
V.8, 7,2, 7,8, 7,8, &
~ y,a 1 ~ 2
Ulz,v = :7/28'2 (_jl Ul/cocsz( rl j(yzazj COSW! a:a(t):ﬁ<ls (7)
I, I, eCh I 7,4,
~ a 1 N r 2
UZZJ = 7/2 : = 7/2a2 L_j ’ Uzmm ) [_Zj (@j COSV/ . (8)
Iy Iy 7,8, I

Jlayiee, MCTIONB3Ys CHCTEMY KOMITbIOTEpHOH ainreOpsl Mathematca [12], paznaraem
BBIPKEHUS B MPABBIX YaCTAX 3TUX (GOPMYII B PSAJ IO OCKYIUPYIOIIUM dJIEMEHTaM
areprOMYECKOTO JBUKEHHUS 110 KBa3HKOHUYECKOMY ceueHuio [3]:

X; =7,p;| cosu; -cosQ; —sinu; -sinQ, -cosi; |,
y; =7,p;| cosu;-sinQ, +sinu; -cosQ; -cosi; |, u; =, +0, )

. - 2 L2 2 2 2 2
z,=y;p;|sinu;sini; |, rP=x?eylfezi=y2pl
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3aKOH JBHKEHMS, TaK kK€ KAK U B KJIIACCHUECKOM 3aJlaue ABYX TeJl, ONPEAEIIIeTCS
ypaBHeHuem Kemepa:
u, l1+e. E. . .
tg?’z ﬁtg?, E,—esinE; =1, j=12. (10)

J
OTMeTHM, YTO aHAJIOTH CPEAHEH aHOMAIUH |, j =1,2 3aBUCAT OT 3aKOHOB U3MEHE-

HUS Macc Tpex Ten. W3 BelpaxkeHus 1, =T, —T, ClIeayerT:

2 =r—20%, +1r’ =r’ —2rr,cosy +r> = A°, (11)

TIIe y — YroJI MeXKIy IByMs pajuyc-Bekropamu. O003HAYUM
A =1’ +r17=2rr,cos(u,—u,), (12)
¥ =cosy —cos(u, -u,), (13)

rae U =w+6 U U,=w,+0, — UCTHUHHBIE JOJI'OTbl BHYTPEHHHMX M BHEIIHEU

IaHer, coorBerctBenHo. Torma u3 (11), yumteiBas obo3Hauenus (12) — (13),
MOy YHM:

~ 2rr, ~
2_ a2, (_ _A2lq_&lbh
A” = Ay +( 2rlr2‘P)_A0[1 e ‘P} | (14)
N3 paBenctBa (14) cnenyer:
L2y By | Hhgg g, (15)
A A, A Al
Pa3naras B psig nmpaByto yacth (15) MOXKHO HamucaTh:
1 1 -1 3, -1 5, -1 °°(2i)!(1 ~j‘1
et Y —+—(rr ) —+=(rr¥) —+...= 1=y | —. 16
A AT A 2(12 )A§ 2(12 )A; iZo:(i!)2 270 ) A (16)

1 1g[a1y(! ) _
ey {EFZ@#Z' kA,j,k,._k}COSJ(ul—uz). (17)

, s ,(m [&j{&j@j (ra) (r2,)"
EE) L2 la)\la, 2
A

4. 3akmouenume. B pesynbrare, MCHONB3ys MOJYYEHHBIE PA3JI0KEHUS,
yCpeIHsis MO CpPelHEM aHOMAIUSIMU, U3 YPaBHEHUS BO3MYILIEHHOTO ABM)KCHUS B
¢opme Jlarpamxka [3] moiyduM cHUCTEMY W3 BOCBMHU YpaBHEHHH, OMUCHIBAIOLINX
BEKOBbIE BO3MYIICHHSA. OTH SBOJIIOLMOHHBIC YpaBHEHHs Jajiee HCCIeLyeTcs
YHCIICHHBIM METOJIaMH.

(18)
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CTPYKTYPA MATHUTHBIX ITOJIEHA BO BHEITHUX KOJBIIAX
I'AJIAKTHK B HX B3AUMOCBA3b CO CBOHCTBAMU
MEZK3BE3/ITHOU CPE/IbI

Muxaiijaosn E.A.
MI'Y umenu M.B.Jlomonocosa, 2. Mockea, Poccus
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STRUCTURE OF MAGNETIC FIELDS ON OUTER RINGS OF GALAXIES
AND THEIR CONNECTION WITH PROPERTIES
OF THE INTERSTELLAR MEDIUM

Mikhailov E.A.
MSU, Moscow, Russia

The possibility of the magnetic field generation in the outer rings of galaxies is studied. Their
evolution is described by the torus dynamo model. For this approximation, we can have both
quadrupolar and dipolar field, if the turbulent motions of the ISM are quite intensive. We have
shown that, for the nonlinear case, the dipole magnetic field can be generated even for mainly
quadrupolar initial conditions.

Hanuyme MarHUTHBIX TIOJICH B TIEJIOM PSJIe CUPAIBHBIX TATAKTHK B HACTOS-
iee BpeMsi XOPOIIIO U3BECTHO U MPAKTUUECKH HE BbI3bIBaeT comMHeHu. C Ha0I0-
JaTeJIbHOM TOYKHU 3pEHUS UX CYIIECTBOBAHUE MOATBEPKIACTCS U3MEPEHUSIMHU (a-
pPaJeeBCKOro BpaIlleHUsI Ha COBPEMEHHBIX pajauoTesieckonax, Takux kak LOFAR,
VLA u ap. [1] C TeopeTudyeckoil TOYKH 3pEHUsI T€HEpalyus MarHUTHBIX MOJieh
OTIMCBIBACTCS TIPU MTOMOIIM MEXaHW3Ma rajJaKTHYeCKOro TuHaMo. Eciu ToBOpuTh
0 KpyImHOMAcCIITaOHOM JTHHAMO, XapaKTEPU3YIOIIEM 3BOJIONHIO PETYISPHBIX Mar-
HUTHBIX TIOJIEH, TO OHO CBSI3aHO C COBMECTHBIM JIeHCTBHUEM ABYX 3P GHEeKTOB: mud-
depenuanpHOoro BpameHus u anbda-apdexra (xapakTepHu3yroIero 3aKpydeH-
HOCTh TYpPOYJICHTHBIX JBW)XKCHHN MEXK3BE3IHOW Cpelbl), KOTOPhIe TIPH OJHOBpE-
MEHHOM JCHCTBUU JOKHBI MPUBOAUTH K SKCTIOHEHIIUAIEHOMY POCTY MarHUTHOTO
nosist. Kak mpaBuiio, reHepanys MarHUTHBIX TTOJIEH B rajJakKTUKaX U3y4aeTcs ¢ Mo-
MOIIBI0 TaK HAa3bIBAEMOI0 TUIAHAPHOTO MPHOIMKEHUS, IIPEATIOararIiero rajgak-
TUYECKHUM JUCK JIOCTAaTOYHO TOHKHUM [2]. B Takom cily4ae MOKHO CUUTATh OTHO-
IIICHUE Pa3MEPOB B BEPTHKAJIHLHOM HAMPABICHUH K PaJAyCy TATaKTUKH MaJIbIM U
3aMCHHUTh HEKOTOPBIC YACTHBIC MPOW3BOJHBIC HAa alreOpandecKHe BBIPAKCHUS.
CTOUT OTMETHTb, YTO TUTAHAPHOE MPUOIMKCHUE OMMCHIBACT T€HEPAITMI0 MarHUT-
HBIX MOJIEW KBAaAPYNOJbHOW CHMMETPHUU.

bonpiioe KoamuecTBO TajlaKTHK 00JaJacT TaK Ha3bIBAGMBbIMU BHCEIITHUMH
KOJIbIIaMH, KOTOPBIE PACITONIOKEHBI Ha ONPEICICHHOM PAaCcCTOSHUN OT IIEHTpa Ta-
JAKTUKU. B HUX Takke MPUCYTCTBYIOT TYpOYyJEHTHBIE JBMKEHUS U quddepeHin-
albHOE BpAICHUE, MO3TOMY MOXXHO IMPEIIOJOKUTh BO3MOXKHOCTh TEHEpaIuu
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MarHUTHBIX MOJEH B JaHHBIX 00bekTax [3]. KoHeuHo, reHepalys MarHUTHBIX MO-
Jieil BO3MO>KHA U C TIOMOLIBIO aHayora IlaHapHoro npuomkenus. Tem He MeHee,
CTOUT OTMETUTh, YTO XAPAKTEPHHIM MacITaboM B paJHaiIbHOM HaIpaBiICHUU B
JAHHOM CJy4dae SBJISIETCA HE PaJuyC rajlakTHK{A (MM BHELIHErO KOJIbIla), a €ro
IIUPUHA, KOTOPYIO YK€ HENIb3sl CUMTATh OOJBIION BEIUYMHOW MO CPABHEHHIO C
ero TOJIIMHON. B cBs3M ¢ 3TUM HEOOXOAMMO HCIIOJIB30BAHUE MOJETH, YUHUTHI-
BaIONIEH BEPTUKAIBHYIO CTPYKTYPY MarHuTHOTO mojisi. Kpome Toro, BaxHO MOHU-
MaTh, YTO B 3aBUCMMOCTH OT ITAPaMETPOB MEK3BE3HOM Cpelbl BO3MOXKHA I'eHepa-
M MAarHUTHBIX TIOJIEM KaK KBAJPYIOJbHOW, TAK WU HUIIOJBHOM CHUMMETpUU. B
JAHHOU paboTe paccMOTpeHa MOJIeb MAarHUTHOTO TOJI B TOpe, KOTopas ObLia
pa3Buta panee [4] u HaMHOTO 0OO0Jiee aJeKBATHO OMHUCHIBAECT TO, YTO MPOUCXOIUT
BO BHEIIHUX KoJjblax. OcoOyro poiib, KaK 0Ka3aloCh, UTPAIOT HEIUMHEHHBIE 3(-
(eKTbl, TO3BOJISIONINE TPOU3BECTU IIEPEKITIOYEHUE) MEXKY MOJSIMU Pa3InYHOU
CUMMETPUU

PaccMoTpuM BHemHee KoJblO B (hopMe TOpa, KOTOPBIM UMEET OOJBIION U
Majblid paguycel R m a. Takke OyaeM cuuTath, 9TO B HEM IPHUCYTCTBYET TypOy-
nentHas quddys3us, Xxapakrepusyemas KodpHUIUEeHTOM 7).

Bo3pMeM MarHuTHOE 0J€E, ONMUCHIBAEMOE C IOMOLIBIO CIAEAYIOIIEH MOJENH:

B =Be, +rot(Ae, ),

rac B - TOpOUAdJIbHAsI KOMIIOHCHTA MAIrHUTHOT'O I10JIA, A- TOpOUAdJIbHAsI KOMIIO-
HCHTAa BCKTOPHOI'O IIOTCHIMAJIA. Ecau ncnonb3oBaTh 663p33MeprI€ ICPEMCHHBIC,

B PaMKax KOTOPBIX BpeMs H3MepsieTcst B @ /1, a paccTosHus — B R, To renepa-

oA MaroHuTHOTI'O I10JIA 6y,Z[CT OIMMCBIBATHCA C IIOMOIIBIO CJ'IC,Z[YIOH_ICﬁ MOACIIN:

oA _ R,ZB + A2 AA;
ot

B _ Rw% + A°AB;
ot 0z

rie R, xapakrepusyer anbpa-3pdext, a R, — nuddepeHunanbHoe BpaleHue,
a
A =R~ COOTHOIICHHE MEXKIY MaJbIM M OOJIBIINM PaguyCcoOM BHEIIHETO KOJIbIIA

rajgakTHKHU.
['enepanyst MAarHUTHOTO TIOJIST HE MOYKET MPOJIOJDKATHCS OECKOHEYHO M OTrpa-
HUYCHA TaK HA3bIBAEMBIM 3HAUYCHHUEM II0J paBHopacmpenenenus B, [1]. Ha-

CBIMICHUEC POCTAa MAIrHUTHOI'O II0JIAA B HpOCTCﬁHICM ClIydac MOXET OBITh OMMCAHO C
HIOMOIIBIO ClIeAyroIeiH MoauduKau ypaBHeHuid (OynemM nojarath, YT0 MarHuT-
HOE TI0JIC U3MEPSICTCS B €AMHUIIAX PaBHOPACTIPEACICHHUS):

oA

o= R,zB{L— B?)+ A2AA,

B _ R, A 2AB.
ot 0z
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33,[[3113 pemacTcAa B 00acTu:
p=+(r-RP+2% <4

C 'PaHUYHBIMU YCIIOBUSIMMU:

oA
B |p=/1: O’ %lp:ﬂ: 0.
Panee Onu1O IMIOKa3aHO, 4TO I'CHCpalud MAIrHUTHOI'O IIOJIA IMPHUHIUIINAJIBHO
OIMMCBIBACTCA C IIOMOIIBIO YHCJIa D= Ra Ra) Mo3xHO IIOKa3aTb, YTO

2
D (BQaj ;
v

rae () — yriioBasi CKOPOCTh BPALCHUS TaJlaKTHUKU, V — CKOPOCTh TYpOYJIEHTHBIX
JIBKESHUH.
MarnuTHOe ToJie KBaapynoiabHoii cummerpuu ( B(z) = B(—2)) renepupyercs

npu D >42. T'enepamus aunosibHOro MarautHoro mojs (B(z)=-B(-z)) Bo3-

moxkHa mpu D >1190. Takum 00pa3oM, IpU WHTEHCHUBHBIX JABIIKEHUSAX MEXK-
3BE3IHOU Cpenbl BO3MOXKHO BO3HMKHOBEHHE JUIOJBHBIX CTPYKTYP MAarHUTHOTO
noJist [4].

OTaenbHBIN BONPOC CBSI3aH C HaYaIbHBIMH YCIOBUAMU. B TMHEHOM ciiyyae
BO3HUKHOBEHHUE JUIIOJBHBIX CTPYKTYP MAarHUTHOTO II0JII BO3MOKHO TOJIBKO IIPH
IIOJTHOCTBIO AUIOJIBHOM HAadaJbHOM MAarHMTHOM 1moJie. Tem He MeHee, B HEJIMHEN-
HOM CJIy4ae HEPTUsi MOKET MEPEXOAUTH OT OJTHOM MOJBI K Apyroi. BBumy 3toro
MBI PACCMOTPENHN HECKOJIBKO HAaYaJbHBIX YCJIOBUU C PAa3HbIM COOTHOLIEHUEM -
MOJIBHOM M KBAJIPYNOJIBHOW COCTABISAIOMIMX MAarHUTHOTO noJig. OHO XapakTepusy-
€TCS C IOMOUIBIO MEPBI:

»_EQ-E(P)
E(Q) + E(P)

rae E(Q) — sHeprust IunoibHOM cocTaBIIsoNIeld MarauTHOTO 1oJsi, E(P) — sHep-

T'Hsl KBapyIMOJbHOTO MarHUTHOTO ToJist. Ha Puc. 1-2 mokasaHa 3BOOIHS TOPOH-
JAJIbHOTO MAarHUTHOTO TOJS JUIsl Pa3IMYyHOM CUMMETPUU HAYaIbHBIX YCIIOBHH U
Mepol P nipu D=1200.
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Puc. 1. 3BOJHOI_II/I$I MAarauTHOIO 1oJit 1 MEpbl CUMMCETPHUH IIPU NMPCUMYINICCTBCHHO KBa/l-
PYHOJBHBIX HAaYaJIbHBIX YCIIOBUAX

10

10
Tt
10°
10°
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Puc. 2. DBonronuss MarHUTHOTO MOJS M MEPHl CUMMETPUM IIPU MPEUMYILIECTBEHHO IH-
MOJIBHBIX HAYAJIBHBIX YCIOBUAX

Taxum o0pa3oM, ObLIT UCCIIEOBAH MPOLIECC T€HEPALUU MarHUTHOTO TOJISI BO
BHEIIHUX KOJbIAX TanakTHK. [lokazaHo, YTO B HEJMHEHHOM cllyyae BO3MOXHA
reHepauus AUMOJIBHOTO MarHUTHOTO MOJIS aXKe JUIsl MPEUMYILECTBEHHO KBapy-
MOJILHOTO HAYaJIbHOTO TIOJISI.

Pa6ora BeimonHena npu nojuep:xxke POOU (rpant 18-32-00124).
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FEATURES OF CHEMICAL EVOLUTION IN THE GALACTIC DISC

Mishurov Yu.N., Tkachenko R.V.
SFEDU, Rostov-on-Don, Russia

The binned oxygen distribution, derived using new Cepheid observations, demonstrates wrig-
gling radial pattern with different gradients in various ranges of the Galactic radius, in particu-
lar, a plateau distribution within 7 <r < 9 kpc and local dips associated with the infall of inter-
galactic low-abundant gas. Explanation of the above features is the goal of this study. Our mod-
elling of oxygen synthesis in the Galactic disc is based on the refined theory that takes into ac-
count the combined effect of corotation resonance, turbulent diffusion, and local streams (from
satellite galaxies) on the disc enrichment.

HoBbie Hanbonee Oosiee TOUHBbIC W OOLIMPHBIE JAHHBIE O COJEPNKAHUU KHU-
ciopojia B 3Be3fax-liePengax MOCTABWIM MEpes HCCIeAoBaTels MU MpolieMy
OOBSCHEHHS BaXXHBIX OCOOCHHOCTEW B paHaIbHOM paclpe/ieIeHUU KUCIopoja B
["anmakTrke. OTH 3BE3/bl MPUBJICKAIOT BHUMAHUE IO psAy NMPUYUH. byayun sipku-
MU, OHU BUJHBI Ha OOJBUINX PACCTOSHUSIX, CPABHUMBIX C pa3MEpPOM TajlaKTHue-
ckoro panuyca. I[Ipu 3TOM paccTOSHHS 10 HUX MU3MEPSAIOTCS C XOpOIIed TOYHO-
cteto. Kpome Toro, Gmaromapsi sipKOCTH yAaeTcsl TOJMYyYUTh HAJEKHBIE CIIEKTPHI
3BE€3/] U HAWTH OTHOCHUTEIIbHOE COJIepKaHue KUCIIopoaa B HuX. Hakonen, Beienct-
BHE€ UX MOJIOJIOCTH, IIePernIbl JaI0T 0OMIINE KUCIOPO/ia MPAKTUIECKHA B TOU TOYKE,
I71€ OHU POJIUIIUCH, YTO OYEHDb BAXKHO JJISI YUCICHHOTO MOAEIUPOBAHUS KOJIHYECT-
Ba KHCJIOPO/JIa, TaK KaK TEOPUS ONEPUPYET C €ro OOMIMEM B MEK3BE3THOMN Cpee.

Kucnoposn BeiOpaH MOTOMY, 4TO OH IMPOWU3BOJUTCS B OCHOBHOM OJIHUM HC-
TOYHUKOM — CBEPXHOBBIMU BTOPOI'O THUIA, KOTOPBIE SIBJISIIOTCA OYE€Hb MOJIOJBIMU
00BbEKTaMH, POJIUBIIMMUCS B CIIUPAJIbHBIX PyKaBax M HE YCHEBIIUX YUTH OT MecC-
Ta, T/Ie OHU ObLIK pokJeHbI. [locieqHee Ype3BbIUaiiHO BaKHO, TaK KaK HaIlla LEJhb
— HMCCJIEIOBATh BIMSHUE CIUPAIBHBIX PYKABOB HA CMHTE3 KHCIOPOJa B JIUCKE ra-
JAKTUKH.

[locnenHue naHHbIE MOKA3aJId, YTO PACIPEAECICHHE KUCIOPOAa MO rajakTu-
YECKOMY PaJINyCy HE OMHUCHIBACTCS MOCTOSIHHBIM OTPUIIATEIBHBIM IPAJUEHTOM IO
BCEMY FaJlaAKTUYECKOMY JIUCKY, KaK 3TO MOJEIIUPOBAIIOCH PSAIOM MPEAbITYLIUX UC-
cnenoBateneil. Oka3anock, 4TO €ro paclpe/iesicHHe BO BHYTPEHHEN YacTU rajiak-
TUKH SIBJIsieTCsl yObIBarommM, a BOIM3u CoJIHIIA OHO OKa3bIBAE€TCA MPUMEPHO TO-
cTOSIHHBIM. 3a CoJHIEM pachpeAesieHUE KHUCIOpOJa B CPEIHEM OMNUCHIBACTCS
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OMSATh CMAJAINIeH ¢ POCTOM rajakTU4YecKoro paaumyca ¢pynkuueir. Kpome rtoro,
UMEIOTCS U JIOKaJIbHbIE 0COOCHHOCTH, MTPUBOISIINE K TOHUKEHHOMY COJIEP KAHUIO
KHCJIOPO/JA.
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Puc. 1. HaGmonaemoe cpennee copepikaHue KUCIOpPOJa BIOJb TaJaKTHUECKOTO paguyca
(KpacHbIC KBaJpaThl) U ColepKaHuE KUCIopoa B Iiedennax (Kpyru).

Jli1s 00bsICHEHUs yKa3aHHBIX OCOOEHHOCTEN B IpeiaraeMoil paboTe pa3BuTa
TEOpUsl, COTJIACHO KOTOPOH CMEHa CHAJAIOIIEro ¢ PaCCTOSTHUEM COJEPIKAaHUS KH-
CJIOpOJia Ha pacHpeielieHHe B BUJE IUIOCKOTO IJIATO CBSA3BIBAETCS C BIMSHUEM Ha
oOoraieHle TajJakTUKU KUCJIOPOAOM TaK Ha3bIBAEMOTO KOPOTALMOHHOI'O pPE30-
HaHca, KOTOpbIH pacnojyaraetcst BOMM3u Cosnna [1]. JlokaneHble 0COOCHHOCTH
(poBasbl) B pacmlpeieseHnd KHUCIOPOAa OTOXIECTBIIIOTCS C SMU30AHYECKUM
BBINIQJICHUEM Ia3a C HU3KUM COJIEPKAaHUEM KHUCJIOPOJa Ha TAIAKTUYECKUI TUCK (B
nocieanue 100 MiH. JieT) B BUAE MOTOKOB OT rajJakTHK-CIyTHUKOB (MaremiaHo-
BbIX O01akoB) [2].

B pabote pa3BuUT yMCIEHHBII METOJ pemeHus: chopMyIMpOBaHHON 3a/1ayH,
peaaM30BaHHbI B BUJAE KOMIIBIOTEPHOTO Koja. JlJisi CpaBHEHHUSI TEOPETHUYECKHX
pacnpeneneHuil ¢ HaOJI0JaeMbIM pa3padOTaH CTaTUCTHUUECKUW METOJ, IO3BO-
JSIFOIIUM ONPENeNaTh CBOOOAHBIE MMapaMETpPbl TEOPUH, OLEHUTh CPEIHUN BBIXOJ
KHCJIOPOJIa 32 OJHY BCIBIIIKY CBEPXHOBOW BTOPOIO TUIIA U CPEIHUE MACCHI BBIIA-
JAIOIIET0 ra3a ¢ HU3KUM COJIEP>)KaHUEM KHUCIOPOa.
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TOWARDS THE THEORY OF PHASE MIXING AND LYNDEN-BELL VIOLENT
RELAXATION

Nuritdinov S.N., Muminov A.A.
National University of Uzbekistan, Tashkent, Uzbekistan

We study strongly non-stationary stochastic processes that take place in the early stage of the
evolution of self-gravitating systems by modelling violent compulsive phase mixing in
multiplition of random matrices. We investigate behavior of a selected phase volume under the
action of different types of random pushes which have, for example, rotational or deforming
character. We compared the results of our study to numerical experiments on Lynden-Bell’s vio-
lent relaxation.

Kak u3BecTHO, HAa HAYAJIbHOW HECTALIMOHAPHOM CTaJMK 3BOJIIOLIMU OECCTOIK-
HOBUTEJIBHOM CaMOTPaBUTHPYIOLIEH CHUCTEMBI BCErJla UMEET MeCTo (pa3zoBoe Iie-
peMelIMBaHrue, KOTOPOe CTPEMUTCS MPUOIU3UTh CUCTEMY K COCTOSIHHIO, KBa3H-
CTallMOHAPHOMY B PETYJSIPHOM moiie (cM., Hanpumep, [1,2] u cceutku Tam). Cra-
TUCTHYECKAsi MeXaHHKa HauOoJiee CHIIBHOTO HECTAllMOHAPHOTO Cy4as BIEPBbBIC
usydeHa Jlunmen-bemnom [3], koTopelii Ha3Bajd COOTBETCTBYIOIINN (U3NUESCKUI
nporuecc «OypHOU pernakcarueii». OH MPeanoyokuil, 4To MOCIeAHss crocoOHa
3¢ (HEeKTUBHO CTUpaATh BCE CJ€/lbl HAYAJIbHBIX YCJIOBHM U MOXET MPUBOJAUTH K OII-
pEleICHHOMY paBHOBECHOMY cocTosiHHIO. Tak, B [3] Oblia npencka3aHo KOHEYHOE
KPYIHO3EPHUCTOE pacIpe/ielieHe CKOpocTell, coBmaBuiee ¢ 3akoHoM Depmu—
Hupaka. ITocime 310l paboThl ObLT 0OJIBINON HAIIBIB MMyOaukanuid [1] ¢ neabio
IIPOBEPKU pe3ysibTaToB JIMHAEH-bema u ero mpeacka3aHui IyTeM 4YHUCICHHO-
HKCIIEPUMEHTAJIBHBIX METOJ0B. BBIACHWIIOCH, YTO NpelcKa3zaHue 00 yKa3aHHOM
KOHEYHOM COCTOSIHUM MO>KET UMETh MECTO JIMIIb MPHU MPEAEIbHO HECTalMoOHap-
HBIX HaYaJIbHbIX YCJIOBUAX U IPUTOM TOJBKO B paMKaxX OJJHOMEPHOTO paccMoTpe-
HUS sIBIeHUs nepeMmemnBanus. OTMETUM, YTO KiaccUuKauus BUAOB (Ha30BOro
NEepPEeMEIINBAaHUsl B 3aBUCUMOCTH OT CTENEHHM HECTAllMOHAPHOCTH CUCTEMbI Oblia
BIEpBbIC Npesiokena B [2,4]. Huxe paccmaTpuBaeTcsl TOJNBKO MPUHYAUTEIBHOE
nepeMeIMBaHue coriacHo [2,4], koTopoe BKIO4aeT B ce0sl B BUIC YACTHOTO CITy-
yas 1 OypHYto penakcanuto Jlunaen-benna.

[Tpu npunyauTETHLHOM (Pa30BOM MEPEMEIINBAHUU U TEM Oo0Jiee B Clydyae ero
MpeAeIbHOTO TUIAa B BHUAE OypHOU penakcanuu 000N Mamblii (a3oBbii 00beM
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CHUCTEMBbI HE MOXET IBOJIIOLUOHUPOBATH CAMOCTOSATEIBHO, @ IOYTH IOJHOCTHIO
HNOJUYUHSETCST 00IEMYy I'PABUTALIMOHHOMY IOJI0, MPUYEM IOCIEIHEE B IPOMU3-
BOJIbHOM TOUYKE (pa30BOT0 MPOCTPAHCTBA MOXKET MEHSTHCS CO BPEMEHEM CTOXAac-
TU4ecku. B pesynbrare, oueBUIHO, TPOUCXOJUT HEPEPHIBHOE U3MEHEHHE (POPMBI
¢dazoBoro odbema, KOTOpOe TakXKe MUMEET cilydyalHbli xapakTep. MoXHO 3ame-
TUTh, 4TO (a30BbIi 00bEM IMOJBEPraeTCs CEPUH CIyYalHBIX TOJYKOB Pa3IMYHON
MHTCHCUBHOCTH, UTPAIOIIMX, HAlPUMEp, BpAIlaTEIbHYIO WIH JehOPMUPYIOLIYIO
poib. [ToaToMy cTaTUCTHUECKHI TOIX0 MOKET OBITh MPUMEHEH I ONUCAHUS U
n3ydeHus: (pazoBoil HBOIOIUHU SIBHO HECTAIIMOHAPHON OECCTOJKHOBUTEILHOM CHC-
TEMBI.

B pamkax Hamieid paOOThl Mbl XOTHM BBISIBUTh CTaTUCTUYECKUN AP EKT OT
MOCJIEIOBATEILHOCTH BO3JECUCTBUN — CIIyYalHBIX TOJYKOB Ha BBIJCJICHHBIA MPO-
M3BOJIBHBIN (Da30BbIE 00beM. MexaHu3M JaHHOTO IPoIleccCa MOXKHO MOJEIUPO-
BaTh cienytoumm oopasom. Ilycts BozaelicTBUE Ha 3eMeHT (ha3bl B MOMEHT Bpe-

Menu t onuceiBaeTcst matpuneit My, rie n= %, T — CpeJHUN UHTEpPBAJl BPEMEHH,

B MIpeAenax KOTOpPOro JBa IMOCJIENOBATEIbHBIX TOJMYKA MOXHO CUHMTATh CIy4au-
HeIMHU. Torma creneHs pacTspKeHHS (a30BOTO AJIEMEHTa B MOMEHT BpeMeHu U xa-
pakTepu3yeTcsi COOCTBEHHBIMU 3HAYCHHUSIMU MATPHIIHI

Rﬂ = MﬂMﬂ_l M»]_ ’

rae M — ciyuaitnele maTpuisl. J[eficTBUTENBHO, €CJIM B HaYaJdbHOM COCTOSIHUU
umeercs chepa

62 = 1! "_f = E(xryr Z,V,, U}f: vz) (1)

TO TIOCJIe TIEPBOTO TOJYKA MBI MMeeM ¢, = M, q . [Toacrasisist q=M;*q, B (1), mo-
JTYYUM:

. (M,MT) G, = 1,

I7ie CHMBOJI | O03Ha4yaeT TPAHCIOHUPOBAHHE MATPHULBI. Tak Kak 3TO — ypaBHEHUE
AITUIICOUA, €r0 TOTYOCH OMPEACNIAIOTCS COOCTBEHHBIMU 3HAUEHUSMU MaTPHIIbI

M;. lanee, q, =M,q,u T.4. YTOOBI BBISIBUTH CTATUCTUYECKHUUN 3D (PEeKT acumnTo-

TUYECKOTO TMOBEJEHUSI MPOU3BEIEHUs CiyuyailHoi matpuibl Ry, TpeOyercs mpo-
BECTU YMCIJICHHBIE PAcU€Thl, UCIIOJIb3Ysl TEHEPATOP CIyYalHbIX YHCE, JIEKAIIUX B
untepBasie (0,1). OTMETHM, YTO W3JI0OKEHHBIA BBIIIE CIIOCOO HUCCIIECIOBAHUS CTO-
XacTH4eCcKoro (hazoBoro oobema BrepBsie npenioxkeH C. HypuTauHOBBIM B pabo-
te [4]. ITycte M; = A(Ky,Kz) ¢ BepositHOcTRIO P 1 M = B(0) ¢ BeposTHOCTBIO 1-P,
rae A(Ky,k;) — matpuma nedopmarnun, a B(a) — maTpuiia BpameHus (0 — yroi co
CIIy9aiiHBIM pactpeaencHueM B uatepBaie [0,27], K; — mapamerp pacTsokeHus u
CKaTHUsl 10 OCHOBHBIM OCsiM, K, — ko3 duimenT negopmannu, KOTOpbIe MOTYT
IPUHUMATh TAaKXKe ciaydyaiHble 3HaueHus). OueBuaHo, AB # BA n yno0HO cuun-
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tath detA = detB = 1. Hamu u3yden craTtucTuueckuil 3PQeKT I pas3indHbIX
KOHKpeTHBIX MaTpull A u B. Hanpumep,

k, 0 0 0 cosa 0 0 —sina
Alkyky) = 2 Ble) =
( 1 Ej 0 {] k;l {] ! ( ] D D 1 D
0 0 0 kz—l sin 0 0 cosa
k, O 0 0 O 0 cos& 0 O0—sine 0 0
0 k, ? E g 0 0 1 0 0 0 0
o o ’ 0 _ 0 0 1 0 0 0
Alky, ky) 0 o Ffﬂfzk_ {1] o I B(a) sinek 0 O cose¢ 0 O
0 0 o = o 0 00 0 1 0
2
0 0 oo ¢ Kk 0O 00 0 0 1

O003HauMM COOCTBEHHBIE 3HaYeHHS MaTpullbl M, uepe3 Ay (I = 1,2...) u mycTh

A1 > hnp >...> Ay, TA€ P — Pa3MEPHOCTH (Pa30BOT0 NMPOCTPAHCTBA (VIS IUNIOCKUX B
00BIYHOM (DH3HUECKOM MPOCTpaHCTBe u=4, a s cheprueckux cucteM p=6). To-

raa 3HAYCHUA
1 Ani
Mai = n In ("_“ )
i+1i

OTPEIEISIIOT CKOPOCTh pacTskeHus (Ha3oBoro oobema Bo Bpemenu. [ ompene-
JICHHsI CTAaTUCTHYCCKMX XapaKTEPHCTHK Mpollecca HaM HYKHO MHOTOKpPATHO IIO-
BTOPSTH PacueT M, U YCPEAHITh M0 KOJIMYECTBY pealn3alidii M, Clie0BaTe/IbHO,
MBI CMO’KE€M BBIYHCITUTH Nni M €r0 JUcTiepcuio 6;(N)

q1/2
m 2z m .
i=1llni [ Li=1TIni

m

F (ﬂ! 'ﬂ‘,] =

YCPEAHsis M0 M JIJIs1 KaXA0ro N OTAENBHO IS ciaydaeB p =4 u 6.

Hcrnonb3ysi BBIMIETTPUBECHHBIN METOM, MbI UCCIEAOBAIA TIOBEACHUE MPOO-
HOTO (pa30BOTO 0OBEMA, M3MEHSISI KOJTUYECTBO OMPEIEICHHOTO THUIIA BO3ICUCTBUS,
a TaKKe M3YUYWJIM €r0 3aBUCUMOCTH OT pa3MepHOCTH (a30BOT0 MpOCTpaHCTBA. Bo
BCEX PACCMOTPEHHBIX HAMH CIIydasX OOHApY>KEHO CTATUCTUYECKOE BHITSTHBAHUE
o0bema B (pa30BOM MPOCTPAHCTBE U CTPEMJICHHE €T0 K HUTEOOpa3HOM CTPYKTYypE.
KoneuHblii pe3ysbTaT IpH BCEX 3HAUYCHUSIX P OAWH U TOT K€, HO POCT KOJIMYECTBA
OMPENICICHHOTO TUIA BO3JCHCTBUS BIUSET TOJIBKO HAa CKOPOCTh 3BoJronuu. [Ipe-
JIeJI 3HAYECHUM N B 3aBUCUMOCTH OT BEPOSITHOCTH THUIIA BO3JAECUCTBUNA U3MEHSETCA B
npegenax 100 < n < 1000 B 4-mepaom 1 60 < n < 600 B mecTUMEPHOM CIIyYae,
T.€. 9TU TpeAeIbl i1 JaHHOTO BUJA CIy4alHBIX MAaTPHUIl YKa3bIBAIOT HA KOHKPET-
HbIE XapaKTepHbIE BpeMeHa SBICHHUS (a30BOTO IepeMemmBaHus. Tak Kak Mbl
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MMEEM JIEJIO0 CO CTOXAaCTUYECKUM IPOLECCOM, MbI TaK¥K€ MPOBEIU MPOBEPKY LIEH-
TPaJIbHOM Ipe/IeIbHON TeopeMbl TeOpuH BeposiTHOCTeH [5]. Harm pacueTs! moka-
3bIBAIOT, YTO Jaucnepcus npousseneHuii R = M;M,...M, HE3aBUCHUMBIX MOJIOKHU-
TENBHBIX CIyJarHbIX MaTpuil M;, 1 = 1, 2,..., N, mpu OOJBIUX N TOTIHHSITCS 3a-
KOHY o, (n,n)~n%.

Takum 00pa3zoM, KOHEUHBIE PE3YIbTATHI, TOJTYYEHHBIE HA OCHOBE YMCIEHHBIX
DKCIEPUMEHTOB JUIS BYX THIIOB '€OMETPUH, IIOBTOPSAIOT APYT APYra, T.€. C yBe-
JUYEHUEM YHUCIIO BO3CHCTBHUM Ha BbIJIEICHHBIN (ha30BbIil 00BEM NEpBOHAYAIbHAS
AIUTUIICOUaNbHAsA (popMa MpeBpallaeTcss MOCTENEHHO B HUTEOOPa3HYIO0 CTPYKTY-
py. HeoOxonumoe BpeMmst AJisi S3BOJIIOIMH TaKOW CTPYKTYPBI 3aBUCUT OT pa3MepHO-
CTH (pa30BOr0 MPOCTPAHCTRA.
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CHEMICAL EVOLUTION OF THE ULTRAFAINT DWARF GALAXY BOOTES |

Pakhomov! Yu.V., Mashonkina® L.I., Sitnova! T.M., Jablonka?® P.
'INASAN, Moscow, Russia
EPFL, Observatoire de Sauverny, Switzerland

High-resolution (R=40,000) and high signal-to-noise ratio (10-30) spectra of five stars in the
Bodtes | UFD galaxy are obtained from the archive of the 8-m Subaru telescope. Stellar atmos-
phere parameters and non-LTE abundances of six chemical elements are determined: Na, Mg,
Ca, Ti, Fe, Ba, as well as LTE abundances of Ni. In the —3 < [Fe/H] <—2 metallicity range, a
slope of the [A/Fe]—[Fe/H] trend was found, suggesting the onset of iron production in Type la
supernovae.

Bodtes | — kapnukoBasi rajakTUKa C  YJIbTPAHU3KOM CBETUMOCTHIO
(My= —5.8™), oaun u3 cnytHukos Hamell ['anaktuxu, oTkpbita B 2006 roxy [1].
OHa pacnosiokeHa Ha pacCTOSTHUM 0KO0JI0 60 KK 1 uMeeT paauyc okoio 200 mnk.

Mertammunocth [Fe/H] 3Be3n ramaxktuku Bootes | Haxomures B guama3zoHe
or —3.5 mo —1.8 [2]. B nHame#t npenpiaymieit padore [3] omHOPOIHBIM 00pa3zomM
OBLIIO OTIPEICIICHO CONEePKAHUE PAZTUIHBIX DJIIEMEHTOB, U B TOM YHCJIC SJIEMEHTOB
OL-TIPOIIECCa, Y BOCBMH 3BE3]l 3TOW TralaKTUKH M TIOKa3aHo, 4To 3 3Be3nbl ¢ [Fe/H]
<—2.5 umerot u30bITOK [0/Fe] ~ 0.3, THIHMYHBIHA 1715 3Be3/1, CPOPMHUPOBABIINXCS B
smoxy pomuaupoBanust SNe |1, a 4 3Be3xbl ¢ [Fe/H]~ —2 moka3siBarOT TEHACHIINIO
K yMeHbIIeHHIO [o/Fe] 10 COTHEYHOTO 3HAUCHUS, YTO MOXKET CIYKUTh WHIUKATO-
poM Hayasia mpou3BojicTBa xene3a B SNe la. [{ns noarBepkaeHust 3Toil TUNoTe3bl
HeoOxoauMa 0OJbIast BbIOOpKa 3Be3/ B auanazone —2.5 < [Fe/H] <—2 u npume-
HEHHE OJIHOPOJHBIX METOJIOB 0OPa0OTKU HAOIIOACHUMN, ONIpe/IeiICHUs TapaMeTpOB
3BE3JIHBIX aTMOC(hep U COAEPKAHUST XUMUUYECKHUX JIEMEHTOB.

Tpu 3Be3abl ranaktuku Bootes | (009, 094 u 117) B nuana3oHe MeTaAITTUYHO-
creit —3<[Fe/H]<—2 Obuim BeIOpaHBI U3 pabOTHI [5] B OMOJHEHUE K IBYM paHee
uccien0BaHHBIM HaMu 3Be31aMm (121, 911) u3 pabot [3, 6], 1u1st KOTOPBIX B IaHHOMN
cTaThe ObUIM TOJIYYEHBI HOBBIE PE3YJIBTATHI MO COJEPIKAHUSM XUMHUYECKHUX JJIe-
MEHTOB Ha OCHOBE HOBBIX CIIEKTPOB M paHEe OMpEeICHHBIX mapameTpoB. Bce
3BE3/IbI SIBJISIOTCS KPACHBIMU TUTAHTAMH.

CrekTpsl 3Be3] B auanaszone oT 3974 A mo 6814 A Gpumu momydeHsl Ha
sammerute-criekrporpadpe HDS (paspemaromas cuna R=40 000), ycraHOBICHHOM Ha
8-M teneckore Subaru (SImoHMs) ¥ B3SITH HAMH M3 apXHWBa AaHHBIX HammoHams-
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Holt ActpoHomudeckoir O6cepBaropuu Anonuu (Proposal ID 009120, 010117).
Crniucok 3Be3n npencrasieH B Tabmuie 1. O6paboTka CIIEKTPOB BBINIOJIHAJIACH B
nporpamme MIDAS B cranmaptHoMm mnakere echelle. Tunmanoe oTHomeHue cur-
Hana Kk mymy S/N coctaBmiio okoso 25 mo neHTpy kaupa. JlydeBbsie ckopocTu ObI-
JIN OIGHEHbI 10 HEOGICHINPOBAHHBIM JTHHHAM B mporpamme BinMag'. Cpamu-
TEJIbHBIM aHAJIN3 U3MEPEHHBIX PKBUBAJICHTHBIX IIUPHH C JAHHBIMU U3 pabOThI [4]
HE BBISIBIJI CUCTEMATUYECKUX OTINYHI.

Tab6auna 1. Cniucok uccienyeMbix 383/ rajakTukyu BoOtes I, ux xapakTepucTHKy U na-
paMeTpsI 3BE3/IHBIX aTMocdep

3Besna | [Ipsmoe Boc- | CkiioHeHue My Troo lgg Vpo JlyueBas
XOXKJICHHE CKOPOCTh
(J2000.0) K KM/C KM/C

009 | 13:59:48.81 | +14:19:42.9 | 17.48 | 4500£70 |1.22+0.10 2.0+0.2 | 104.9+0.8
094 | 14:00:31.50 | +14:34:03.6 | 17.04 | 4570£70 |1.01+0.10 2.2+0.2 | 95.0+0.8
117 | 14:00:10.49 | +14:31:45.5 | 17.79 | 4700£70 |1.40+0.10 2.3+0.2 | 100.3+0.8
121 | 14:00:36.52 | +14:39:27.3 | 17.47 | 449070 ' 1.21+0.10| 2.0+0.2 | 105.7+0.8
911 | 14:00:01.07 | +14:36:51.5 | 17.52 | 4500£70 |1.24+0.10 2.0+0.2 | 102.3+0.8

D¢ dexTrBHBIE TEMIIEPATYPHI 3¢ 3BE3] OMpPENEIeHbl METOI0M KaTuOpPOBKU
o ¢poroMerpuieckuM unaekcam B-V, V-R, V-I, V-J, V-H, V-K, nony4derHbiM 1mo
naHHBIM KatanoroB SDSS (yepe3 TpaHcopmanuio 3BE3IHBIX BENWYHMH UQriZ) u
2MASS; yckopeHue cuibl TSXKECTH 1g g — 1Mo cTaHAapTHOMY COOTHOILIEHUIO MEX-
Iy 9TOW BenuuuHOM, Maccoi (mpemmnosiaraeM M=0.8Mgy,, 9T0 cnpaBemuBo miist
TUTAHTOB OOJIBIIIOTO BO3pAacTa), TEMIIEPATypOld M CBETUMOCTBHIO (M3BECTHBI MO-
nynb paccrogaus [M-m|=18.9" u nokpacuenune E(B—V)=0.02 u3 [1]); Muxpotyp-
OyJIeHTHasi CKOPOCTh — IO AMIUPUUECKON Popmysie u3 padoTel [3]. ITu mapamer-
pbl puBeAeHbl B Tabnuie 1. Coaepikanre XMMUYECKUX 3JIEMEHTOB ObLIO Orpeje-
JIEHO METOJIOM MOJENeH 3Be3/IHbIX aTMocdep ¢ nmomolnbio mporpammsel WIDTHO
10 U3MEepeHHBbIM dKBUBajeHTHBIM mpuHaM (Ca l, Til, Till, Fe I, Fe II) u ¢ mo-
MOIIIBI0 mporpamMMbl SynthV mo anmpoxcumariuu npodusiend CeKTpaabHbIX JIH-
auii (Nal, Mg I, Ball). lna Nal, Mg, Cal, Til, Till, Fel u Ball yuyrenst
HeJITP sddextrl, Beruncnenubsie ¢ nmomoibio nporpaMmmbl DETAIL. Ommubku B
COJIEp>KaHUM OIEHEHBI C Y4€TOM OIIMOOK M3MEPEHUs SKBUBAJICHTHBIX IIUPUH U
ommboK anmpokcumaruu auHuid. Ha Puc. 1 moka3zaHbl TpeHABI OTHOCHUTEIBHBIX
CoJIepKaHUl XMMUYECKHX JJIEMEHTOB B aTMocdepax HCCIeAyeMbIX 3Be3]l OT UX
MeTauIMYHOCTH. Ha prucyHke npeacTaBieHbl JaHHBIC JJI KJIACCUYECKUX chepou-
JAJbHBIX TAJTAKTUK W TalaKTUK YJIbTPAHU3KOM CBETHUMOCTH, a TAKXKE€ MMOKa3aHbI
CpeIHME 3HAUCHUS JJIs 3B€3] Tayio Hamel ["anakTukuy.

'http://www.astro.uu.se/~oleg/binmag.html
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Puc. 1: TpeHpl OTHOCUTENBHBIX COIEP)KAaHUNH XUMUYECKUX 3JIEMEHTOB OT METAJNTMYHOCTH
[Fe/H], mocTpoeHHbIE Ui TUTAHTOB Pa3IMYHBIX KIACCHYECKHX C(eponaabHBIX TalaKTHK
(KpacHBIM IIBET) M TAJIAKTUK yJIbTPAaHU3KOW CBETMMOCTH (CHHHH 1BeT). [IpephiBUCTON YepToi
MOKAa3aHO 3HAYEHHUE I 3B€3[ rajio Hawen ['anakTuku.

Wtak, ucnosb3yst OJHOPOHBIN HAOIIOJaTEeIbHbBIN CIIEKTPAIbHBIN MaTepUal U
MPUMEHSISI OJTHM METOJIbl €ro 00paOOTKH M OIpeJeiCHUs MapaMeTPOB 3BE3AHBIX
atMocdep, MbI TTOJTy4aeM pe3yJIbTaT BBICOKOM CTEMEHHU OJHOPOIHOCTH.

HHuTtepecyroniye Hac 3JE€MEHTHI O--Tipoliecca MPEeCTaBICHbl MarHueM, Kajlb-
ueM u TuTaHoM. M3 puc. 1 BugHO, uTO, AciicTBuTenbHO, ipu [Fe/H]<—3 mus pas-
JMYHBIX o-3J1eMeHTOB [o/Fe] 6in3Ko K 3HaUYeHUsIM TSt 3Be3/1 Hallel ["anakTuku, a
npu yBennueHuu metaumuHoct 10 [Fe/H] = —2 conepkanue [o/Fe] monuxkaer-
Csl 10 COJTHEYHOTO 3HaueHusd. [1o cpaBHeHHIO ¢ 00Jiee MACCUBHBIMHU KapJIMKOBBIMU
chepounansHbiMU TaslakTHKaMu BoOtes I moka3eiBaeT moxoxyro kaptuHy. C apy-
TUMHU TaJIaKTUKaMU YJIbTPAaHU3KOW CBETHUMOCTH CPaBHUBATh TPYAHO M3-3a MaJIOH
cratucTuku. B Hamel ["aaktuke 3TOT nepexoj conaeprxanus [o/Fe] k coBpemeH-
HOMY 3HAYEHHUIO pacnonoxeH okoyo 3HaueHus [Fe/H] = —1 u 00bryHO uHTEpHpE-
TUPYETCS KaK Hayajao MPOU3BOCTBA JKelie3a B CBEPXHOBBIX Tha la.

Takum 00pa3oM, HaIEKHO MOATBEPKIACHO Halnyue B raimaktuke BooOtes |
rpagueHTa [o/Fe] B mumanmaszone —3<[Fe/H]<— 2, 4t0 cBuIeTeNbCTBYET O
MOSIBJICHUMHM CBEPXHOBBIX THUIIA [a B CTOJIH Majioi 3BE€3IHOM CUCTEME KaK TaJIaKTHKa
Bootes I.
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HORSESHOE TRAJECTORIES OF SMALL BODIES IN THE SYSTEMS
OF “A STAR AND A PLANET”

Perov N.I.
V.V. Tereshkova Culture and Education Center, Yaroslavl, Russia

In the frame of the restricted circular three-body problem, stable trajectories of bodies with
negligible mass are localized in the “a star and a planet” system. The found orbits of these
small bodies are periodic. It is derived For the *““a star — a planet — a body with negligible
mass” system, horseshoe trajectories of small bodies are found to exist, with initial orbital radii
equal to the semi-major axis of the planet orbit, provided that the ratio of the star’s mass (m;) to
that of the planet (m;) is m1/m,>700.

B pa6otax [1, 2] paccMOTpeHBI MOAENIN IBUKECHUS THIJIEBBIX YACTHUIl OKOJIO
iaHeT COJIHEYHOM CUCTEMBI B paMKax MapHOM 3a/1a4u JBYX T€1 U OrPaHUYEHHOMN
KpYroBO#l miockoi 3agaun Tpex Ten « ColiHIe—TIaHeTa—Maloe TE€JI0 ¢ HUYTOXKHO
MaJoi Maccoii». B pabote [1], ¢ HCIONB30BaHUEM METOIOB YHUCIIEHHOTO HHTETPH-
pOBaHMS, YCTAaHOBJIEHBI CEMEWCTBA 3aMKHYTBHIX TPAEKTOPUH HEOTKPBITHIX MaJIbIX
TeJ BOJIU3M MIIAaHET-TUTAHTOB.

B nactosmei pabore, B paMKax OrpaHUYEHHON KPYroBOM 3aJadyul TpeX Tel
«3B€31a—TUUIaHETAa—TEN0 C HUYTOKHO MaJIOM Maccoi», CTaBUTCS 3aJaya JIOKaIn30-
BaTh B NMPOCTPAHCTBE—BPEMEHN COOTBETCTBYIOIIHNE KOJIBIIEBBIE CTPYKTYPhI, HANTH
00JIaCTH yHOPSIIOYEHHBIX «XOpeorpapuyecKux» JBUKECHUU MBUIEBBIX YaCTUI] U
YCTaHOBUTH HEOOXOJIMMBIE M JIOCTATOUYHBIE YCIOBHS CYIECTBOBAHUS MOIKOBOOO-
Pa3HBIX OPOUT MaJIBIX TEJI BOJIM3U OPOUT IUIAHET M SK30ILJIaHET.

JIns wccnenoBaHUsI NIBUKEHUS TBUICBOM YaCTUIIBI B CHCTEME «3BE3Ja—
IJIaHETa—TeNI0 ¢ MaJol Maccoi» Bocmosib3dyemcs auddepeHnuaabHBIMU YpaBHe-
HUSIMHM OTPaHUYCHHOM IJIOCKO¥ KpyroBo# 3amaauu Tpex Ten [2]:

(d3/dt?)==Gmy (X=X )/ ((X-X1)*+Y?)2=Gma(x=Xo)/(x=X2)*+y?) ¥2+2(dy/dt)- o+e?X, (1)
(dPy/dt?) =—Gmyy/(x—x1)*+y*) =Gmay/((x-Xo)*+y?) *=2(dx/dt)y wtw?y.  (2)

31ech My — Macca 3Be3/bl, M, — Macca IIAHETHI, X;=—M,/(My+Mm,) 1 X,=m;/(m+m,)
— MOJIOKEHUS 3BE3/Ibl U IUIAHETHI B PABHOMEPHO BPALIAIOIIEHCS C YIJIIOBOM CKOPO-
CTBIO (® CUCTEME KOOPAMHAT C HAYaJOM B IIEHTPE MAcC 3TUX TeJl, COOTBETCTBEHHO
(Y1=Y2=0), X 1 Y — KOOpAUHATHI MAJIOTO TeJia (YaCTHIIBI) B TOH JK€ CHCTEME OTCYe-

3\1/2
ta, G — rpaBuTanonHas nocrosHHasg. @ = (G(my+m,)/a”)™ — yriioBast cKOpocTh
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IJIaHETHI, & — OoJbIIas MOJIyOoCh OpOUTHI TUIAHETHI. B nanbHelieM Ucnoiab3yeTcs
CleAyIoIIas CUCTeEMa €IMHUL. 33 €IUHHUILY JJIMHBI IPUMEM &, 3a €AUHUIY MaCChl
IpUMeM Maccy 3Be3zbl (M;), TpaBUTaMoHHas ocTosiHHas G=1.

B BBIOpanHO# cucteme eauHUIl OpOUTANbHBIN MEPHUOJ TUIAHETHl PaBEH 27
(mpubnmxeHHo). [ HavyadbHBIX YCIOBHM — IMOJIOXKEHUN U CKOPOCTEH 4acTHIl —
Xo#0 (Xo=—X2), Y0=0, Vx0=0, Vy,=0 TpaexTopuu, KOJbLEBbIE CTPYKTYPHI U MOAKO-
BOOOpa3HbIe OPOUTHI MAJIBIX TEJ B pacCMaTpUBAEMOl MOJEIIBHON HeOecHOMeXa-
HUYECKOM cucteme mpesctaBieHbl Ha Puc.1-4. N —uucio Touek Ha rpadukax.

B paccMOTpeHHON MOJENM IBUKEHUS YaCTHULBI, IIPU €€ HAYaJIbHOW CKOpO-
ctH, paBHoil 0 B cucTeMe 3Be3a—TlIaHeTa, OOHApPYKEHbI XaOTUUECKUE HE3aMKHY-
Thle U 3aMKHYTBI€ TPACKTOPHHM U TOJKOBOOOpa3Hbie oOsacTu JaBrkeHus: (Puc.l-
4). Ilpu n3zmeHeHnn HayanbHbIX ycinoBuil Ha 0.01 eauHUIIBI AJTMHBI 00AaCTh JBU-
JKCHHS YacTHIlbI 3aMeTHO paciupsieTcss (Puc. 2 u 3).

Jns manHOM HEOECHOMEXaHWYECKOW MOJIENM JI0Ka3aHO CYIIECTBOBAHHUE TH-
NOTETUYECKUX TOHKHUX U Y3KUX KOJBLEBBIX CTPYKTYP Pa3IUYHBIX (POPM, KOTOpHIE
MOTYT OBITh JIOKQJIM30BAaHbI B PA3JIMYHBIX YaCTAX CHCTEMbI 3Be3na—iuiaHera (Puc.
3ud).

YcTaHOBNIEH KpUTEpUI CYyHIECTBOBAHMS MTOAKOBOOOPA3HBIX OPOUT MaJIbIX TEl
C HayaJbHBIMH OPOUTATLHBIMU PAUyCaMH, PAaBHBIMU OOJBIINM MOIYOCSM OPOUT
wianer. s 3Toro HeoOXOIMMO M JOCTaTOYHO, B JTAHHOW MOJENU JIBHXKEHUS,
9TOOBI OTHOILIEHHE MacChl IUIaHETHl (M) U Macchl 3Be31bl (M) YAOBIETBOPSLIIO
COOTHOIICHHIO My/My <1/700 (Puc.1, 2).

[Tockonbky mist Conmnua u Beex miuaHeT CosiHeyHOU cucrteMe (TUTaHeT u
CITyTHUKOB IUJIaHET, 3a HUCKIoueHueM cucrteMm [lLryron—Xapon u 3emusi—JIyHa)
yYKa3aHHBIA KPUTEPUN BBIMOIHIETCS, TO BOJMU3M OPOUT BCEX IJIAHET JOJIKHBI CY-
IIECTBOBATh MaJjible Teja (MbIJIEBbIE YACTUIIBI), KOTOPBIE YKE OTKPBITHI, HAIIPUMED,
I 3eMJIH, a 3TO TpeOyeT MepecMOTpa ONPEIEIICHUS TOHATHS «TutaHeTay [3].
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Puc. 1. Cyxenune xaoTH4ecKoi 00JacTH NBMXKCHHS YACTHIIBI U €€ IMOJKOBOOOpa3Has 00-
aacts ipu My/my =690. t=2000 exunurn Bpemern. N=200000.

Puc .2. [lepexon yacThilbl Ha MOJKOBOOOpA3HYIO TPACKTOPHIO JBMXKEHHUs mpu Ml/m2
=700. t=2000 equau Bpemernu. N=200000.
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Puc. 3. Ilepuonuueckoe NBMXKEHUE YACTHUIIHI B TIOJKOBOOOPa3HOM 00acTu (mepuo] cooT-
BeTcTBYeT ~50 00opoTam ruianersr) mpu M1/m2 =1000. t=2000 exuunn Bpemenu (~330 obopo-
toB tianeTsr). N=200000.

Puc. 4. [lepuoanyeckoe JIBUKEHUE YACTHULIBI B Y3KOH 1MOAKOBOOOpa3HO 001acTH (1Iepros
coorBerctByeT ~800 obGoporam turanersl) mpu  M1/m2 =100000. t=8000 emunuIl BpeMeHH
(~1300 obopoTon maanetsr). N=400000.

253



YK 521.1 DOI: 10.31361/eaas.2018-1.059

OB DO®PEKTE KOJA3AU - JINIOBA
l'[epOBl'2 H.W., BaHoBa’ FO. 1.

1 . .
Kynemypro-npoceemumenwvckuti yenmp umenu B.B. Tepewrxosou, Apocnaénv, Poccus
Apocnasckuii cocyoapcmeeHtblil nedazocuyeckutl ynusepcumem, Apocnaeéns, Poccus

perov@yarplaneta.ru

ON THE KOZAI-LIDOV EFFECT
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In the frame of the restricted double averaged three body space problem, for the case of coinci-
dence of the perturbed body’s orbital plane and the equatorial plane of the oblate central body,
time-dependent quadratures for eccentricity and inclination depended on time are obtained in
the explicit form for the first time. These quadratures are used to estimate the comet migration
time. The process of transforming circular orbits of comets in the Oort’s Cloud into nearly par-
abolic comet orbits is considered.

Oddexr Komzan—JIumosa paccmorper B padotax [1, 2]. CyTts sddekra co-
CTOWT B TOM, YTO IPH Ha4aibHOM OoJiblioM HaksIoHE (1~90°) MI0CKOCTH KPYTroBOi
(e~0) opOUTHI MaJIOro TeNna €€ SKCICHTPUCUTET yBeanunBaeTcs(no €~1), a HaKJIoH
yMmeHbInaercs (10 ~39°) npu Hen3MeHHO# OOJBIIONH MoTyocH & OpOuTHI Tena. [Ipu
3TOM HEKOTOPBIC HHTETPAJIBI ABMKEHHUS OOBIYHO MPEICTABISIFOT B MHBOJIIOLIUH [2].
Hainem coorBeTcTByrOIIME KBaApaTypsl B SBHOM BUAe. B kauecTBe npumepa uc-
MOJIb3YEM HX JIJISl ONPEJEICHUsT BPEMEHU MHTpanuu KomeT u3 obmaka OopTa — ¢
OKOJIOKPYTOBBIX OPOUT Ha MOYTH MapabonyecKue OpOUThI, — C YYETOM COBMECT-
Horo BiusHus CoiHIla, 00JaJaroIIero CKaTueM, U MPUTSHKCHUS BHEITHETO Tella —
TJIAKTUYECKOTO sA/ipa. B mepBoM mpuONIMKEHUH BEKOBAsi ABOJIIOIUS OPOUTHI KO-
METhI OMMCHIBACTCS] B KEIUIEPOBBIX JIEMEHTAX, Yepe3 KOTOPHIE BBHIPAXKAECTCS BO3-
Mymamas QyHKIMA, OTHOCUTEIHBHO KOPOTKOIEPUOJUYECKHX MEePEMEHHBIX —
CpPEIHHUX aHOMAaJIMK KOMEThl U BO3MYIIAIOIIEH TOYKH, TP OTCYTCTBHHU COM3MEPH-
MOCTEH B COOTBETCTBYIOLIMX MEpUOJax HU3LIEro nopsaka. Takoe ocpenHeHue,
OCYIIIECTBIIIEMOC HEe3aBUCUMO (B MpHOImkeHnn Xumia a/a; <<l), maeT BbIpake-
HUE JUIsl BEKOBOHM yacTu Bo3Mmymatomiend ¢pynkuuu [1, 2]. Eciau skBatopuanbHas
miockocTh CoJiHIIa U opOuTaIbHAs TUIOCKOCTh fA/ipa ['ajakTuku coBmaaaioT (Ha-
kioHenue 1;=0), Tornaa [2]:
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c1=(1-6%)(cos(i))’, 1)

C, =(1_§#(%+cos(2i))+ Z(e2 —(sin(i))2)+ o
e? (sin(i))? (5cos(2w) — 3).
31ech
Lo 3 (a_of s 3mfa)
N R R (PR LT W (3)
de/dr=10e(1-e%)*"2 (sin(i))sin(2w). (5)
di/dt=-10e?(1-e%)3sin(i)cos(i)sin(2w). (6)

B cooTnomenusix (1)—(6) ucnosb30BaHbl ClIEAYIONIME 0003HAYEHUS. L U g —
MPOU3BEJCHUSI TPaBUTALMOHHOM MOCTOSTHHOM Ha Macchl ConHila u siapa ['anakTu-
KM (Macchl ["aJlakTUKY BHYTPH TajakTuueckoil opOuThl CoJiHIIa), COOTBETCTBEHHO;
Co0 — KOA(PUIIMEHT BTOPOM 30HAILHON FapMOHUKH T'PaBUTALIMOHHOTO 1oJjsi ColH-
ua [4]; ap — cpennuil skBatopualibHbIi pagnyc CosHia; t — HBIOTOHOBCKOE paB-
HOMEPHOE BpeMsi; T — MOAU(PUIIMPOBAHHOE BpeMs; a; — 0OJIblIasi MOJIyoCh KPyro-
BOI OpOMTHI siaipa ["aakTHKY; | ¥ € — HAKJIOH TUTIOCKOCTH OPOUTHI KOMETHI K DKBa-
TOpUATBHOHN TIOCKOCTH COJHIIA U AKCHEHTPUCUTET AILTUTITUIECKON OPOUTHI KO-
METBI, COOTBETCTBEHHO; (® — apTyMEHT HEPUTEIHsI KOMETBI. JTH AJIeMeHTHI (1, M)
OCKYJUPYIOLIEH OpOUTHI KOMEThI OTHOCATCS, B OOIIEM ciiydyae, K MJIOCKOCTH Op-
OUTHI BO3MYIIAIOIIETO TeJla U TOUYKE BECEHHETO PaBHOICHCTBUSI.

Jlnst paccmatprBaeMoli HeOECHOMEXaHNYECKOM 3a7auu Cy, C; M @ SBIISTFOTCS
MOCTOSIHHBIMU BEJIMYMHAMH OTHOCUTEIBHO BPEMEHHU (MHTErpajlaMd CUCTEMBI CO-
OTBETCTBYIOIIUX U depeHiinanbHbIX ypaBHeHui [2]). a — 6oJbinas moayoch op-
OUTBI KOMETHI.

3aBHUCHMMOCTD IKCLHEHTPHCHUTETA (€) OpOMTHI MAJIOTO TeJIa OT BpeMeHH (T)

W3 ypaBuenuii (1)—(5) HaxoauTcs, BIEpBbIE, B IBHOM BUJE 1-1 KBajgparypa:
T_I dw
Jo(w) (7)
O(W)=[8701W7—8/3yw5+wz(_2c2+4+4C1)_8].

[-8yCw'+8/3yW>-20c,w*+wW?(16+16¢,+2¢,)—12]. (8)
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B ypasuenusx (8) u (9) w=1/(1-e?)"?, npuuem nBiKeHne paccMaTpUBAEMOTO
Majioro Teya MPOMCXOAUT B UHTEPBAIC Wiin SWS Wiay, THE Wiin B Wiax — TOJIO0XKH-
TenbHbIE KOpHU ypaBHeHus (9), mpu 0<e<] u 1<w<oo.

0(w)=0. 9

[Ipy 3TOM Wpmax>Wmin, Wmax — OJMIKaMIIUA K Wpin TOJIOXKUTETBHBIA KOPEHb
ypaBHenus (9). Murterpan (8) MOXET MPUMEHSITHCS KakK ISl pOTAI[MOHHOTO, TaK U
JUTSL TUOPAIIMOHHOTO IBUYKEHU TIepUresiis OpOUTHI MaJIOro Teja.

3aBucuMocTh HakKJIOHA (1) MUIOCKOCTH OPOMTHI MAJIOTO0 Tejia OT BpeMe-
HHU (T)

W13 ypasuenwii (1)—(4), (6) onpenensercs, BepBbIie B IBHOM BHJIE, 2-5 KBa-
parypa:

T—CZI dq
T JE@ (10)

3nech

P(q)=[8yq"-8/3yq>+(4c,”*+(-2¢,+4)c,A)g” - 8¢,
[-8yq’+8/3yq°—20c,¥%q* +(16¢,°*+16¢,¥*+2¢,c,*?)q? - 12¢,°]. (11)

B cootnomennsx (10) m (11) gq=cos(i), 0<IqgI<l, Tounee, 38°<i<90°. (Ciy-
Jaii 1>90° HmKe He paccMaTpuBaeTcs). J[Ba mpeneabHBIX TOMYCTUMBIX 3HAYCHUS (]
(wmu 1) onpenensiroTcst u3 ypaBHeHus (12):

¥Y(q) =0. (12)

[Ipr 3TOM Omax>Umin, Omax — OMMDKANIIMN K Qmin MOJIOKUTEIBHBIA KOPEHb
ypaBHenus (12). Unrerpan (10) MoxeT MPpUMEHATHCS KaK JJIsl pOTAllMOHHOTO, TaK
U JJI9 TUOPAIIMOHHOTO ABUKEHUHN NIEpUreInsi OpOUTHI MAJIOTO Tea.

[IpumeM HayanbHOE 3HAYEHHE aprymMeHTa Nepurenuss opOUTHI KOMETHOTO
s]ipa paBHbIM Mj,=0°, a ero KOHEYHOE 3HAYEeHHE MYCTh OyJIeT paBHO Wfin=1/2. Ilo-
JIO’KUM, YTO B HayaJbHBbIH MOMEHT BPEMEHHM KOMETa JABUKETCS MO MOYTHU KPYro-
Bo opbuTte ¢ Gombioit monyockto a= 50000 a.e. [{ns qaHHOTO IMpoIecca MUTpa-
MM KOMETHOTO siipa u3 obmaka Oopra B rpaBuTtaniuoHHOM Tosie CoJIHIIa ydTeM
BO3MYIIIEHUS OT TajlakTrueckoro siapa u cxatus Conuna. s cuctemsr CosHile —
sapo [NamakTuku — KoMeTHOe sApo mpumem: p=Gmg, mS=2-1030 KT, a;=8.5 KIIK,
1=Gmg, mMg=2-10"mg, ag=696600 kM, Cx=—107°. OGO3HAUMM HUEPE3 Ein=Emin,
lin=Imax HAYAJIbHBIC 3HAYCHHSI DKCIICHTPHUCUTETA U HAKJIOHA OPOUTHI KOMETHI, a Je-
Pe3  Efin=Cmax, Hin=Imin — KOHCYHBIC 3HAYCHHS ITUX BEIWYMH (JIJIT MUHUMAIBHOTO
paccrosiHust koMethl oT ConHua); P. — Bpemsi MUTpaliii KOMETBHI.

N3 ypaBuenus (8) mnpu €p,=0.1 wu 1;;=89.98068554° wumeem
€in=0.99999990687, i1;;=0.68063329 pax =38.997415°, r,,;,=0.004656 a.e~a,. C;=—
1.1250061521-107", €,=1.9599997750. P, =7.1541 14007-108 TPOMMYECKUX JIET.
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N3 ypauenus (10), mpu Tex ke HaYaIbHBIX U KOHEUHBIX YCIOBUsIX — €j,=0.1
H ii,=89.98068554°, €;,=0.99999990687, i5i:=0.68063329 pax =38.997415°,
Min=0.004656 a.e~ay; ,— nmeem P; =7.154114007-10° TpONUYECKUX JIeT. B 3TOM
cirydae Omin=0.00033710085; (max=0.77774353387.

PaBenctBo Pi=P, ucnomns3zyercst s NpOBEPKHU MPABUIBHOCTU BBIYUCICHUN
BPEMEHU MUTPAllMd KOMETHI IO TMPUBEIEHHBIM Bbiie Gopmyrnam. Haiinennoe
BpEMsI MUTPAIIUU COOTBETCTBYeT 3 oboporaM CoJHIIA TIPH €T0 ABUKEHUU TI0 Ta-
JAKTOLIEHTPUUECKOH opouTe.

PaccmoTpenHasi HeOecHOMEXaHMYeCKass MOJIeNb OCHOBaHa Ha JIBaXKIbl OC-
pEeIHEHHOM 3amaye Xuijla C yYEeTOM B3aUMOJEUCTBUA KOMETHOTO sipa C CHKAThbIM
HEeHTpaJIbHBIM TeJIoM (COHIIEM) U BO3MYIIAIOITUM TeJIOM (siApoM ["amakTukm).

Jns cimyyasi coBmajieHusl PKBaTopuaibHOM TiockocTu CojHIla U ero opOu-
TaJIbHOW TUIOCKOCTH (WJIM OPOUTAIBLHOM TJIOCKOCTH TaJaKTUUECKOTO siipa), ompe-
nenenue nepuoza (2-P) uaMeHeHus: apryMeHTa Mepuresins KOMETHOM OpOUTHI CBO-
TUTCS K MPOCThIM KBajpatypam (7) u (10). DTu KBagparypsl B SBHOM BHUJIE TOY-
YEeHBI gnepsuvle. ECM N3BECTHBI HAYAJIbHBIE YCIOBUSI, TO SKCTPEMAJIbHbIE 3HAYCHUS
BEJTUYUHBI W (M DKCIIEHTPUCUTETA OPOUTHI KOMETHI €), a TaK)Ke BETMYUHBI ( (1 Ha-
KJIOHA TJIOCKOCTH OPOMTHI KOMETHI 1) ONMPENEISIIOTCS U3 alreOpandecKux ypaBHe-
auit (8) u (11), 4To MO3BOJAET YCTAHOBUTH 00JaCTH U3MCHEHHUS HapaMETPOB Op-
OWTHl KOMETHI U HAaWTW HayaJbHbIC 3HAYEHUS KEIJIEPOBCKUX SIEMEHTOB OPOUTHI
KOMETBI, TPUBOJISAIINX K COYTaPEHUIO KOMETHI C IIEHTPATIbHBIM TEJIOM UJTU K BBIXO-
JTy KOMETBI U3 c(ephl ACHUCTBUS ITOTO Tea.

B paccMoTpeHHON MoOJIeNd, ¢ YY€TOM YKa3aHHBIX BbIIIE HAYaJbHBIX JIAHHBIX,
MHTEpBaJ BPEMEHU MUIpaluy KOMEThl U3 obnaka Oopta 10 noBepxHocTu ConHua
paBeH 715:10° net, uto He npeBocxoaAuT Bo3pacta COJHEYHON CHCTEMBI (5-109
Jer).
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KHUHEMATHUKA ITPOTSKEHHOI'O BOJIOKHA B OBJIACTH S242
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YUTI®PAH, 2. Huorcnui Hoeszopoo, Poccus
*Physical Research Laboratory, India
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KINEMATICS OF ELONGATED FILAMENT IN THE S242 REGION

Pirogov’ L.E., Dewangan?® L., Ryabukhina® O.L.
'|JAPRAN, Nizhny Novgorod, Russia
*Physical Research Laboratory, Ahmedabad, India

An elongated gas-dust filament is associated with the massive star-forming region S242.
According to our **CO(1-0) observations, the length of the filament is more than 30 pc. There is
a velocity gradient in the south-north direction along the filament. The line widths of the
optically thin C**0(1-0) lines are much higher than the thermal ones. The velocity structure
function shows a power-law dependence on distance between two positions, ~L%*, in the 0.2-4
pc range that could be related to properties of turbulence in the region. Linear masses
calculated from the C*®0(1-0) data are higher than critical values for subregions near the edges
of the filament implying that these subregions are probably unbound gravitationally.

JlanHble, moxy4YeHHbIE TeneckonoM ['epiens, moka3an, YTO Ta30IbLIEBbIE
KOMIUIEKCHI COCTOSIT U3 BOJIOKOH PA3JIMYHBIX MAacIiTaboB, KOTOPBIE COJEPKaT B
ceOe CryCTKH | 3Be3p000pasytomniue sapa (Hampumep, [1]). Pois BosokoH B ¢op-
MUPOBaHUU SIIEP U B MPOIECCE 3BE37000pa30BaHusl B HACTOSIIEE BPeMsl aKTUBHO
UCCIIEyeTCs KaK C MOMOIIbI0 HAOF0IeHUH, Tak U TeopeTHyecku (Hampumep, [2]).
JUIs TIOCTpOCHUS aJCKBATHBIX MOJICICH BeChMa BaXKHBIMHU SIBIISTIOTCS JIAHHBIC O
KHHEMAaTUKE BOJIOKOH.

OO0nacth MaccHMBHOTO 3Be3nooOpazoBanusi S242 (Sh 2-242) naxoautcs Ha
paccrosiauu 2.1 kK [3] ¥ cBsA3aHA ¢ MPOTSHKESHHBIM MBIJICBBIM BOJIOKHOM IO JIaH-
HbIM Testeckona ['epmiens [4]. 3ona HIl (uctounuk — 3Be3na kiacca BOV) pacro-
J0)KeHa BOJIM3U FO’KHOM 4acTH BOJIOKHA. Kak B F0’KHOM, TaKk ¥ B CEBEPHOM 4acTsIX
BOJIOKHAa OOHApy»XeHbl CKOIUICHHUS BHYTPEHHUX MOJOJIBIX 3BE3IHBIX OOBEKTOB,
yKa3bIBasl Ha aKTUBHBIN Ipoliecc 3B€3/1000pa3oBanHus [4].

Jlns mosydeHus JaHHBIX O KHHeMaTuke oomactu S242 namu B 2018 roay Ha
20-m  Ttenmeckorie oOcepBatopun Omncana (IlIBerusi) ObUTM  TPOBEIEHBI
OIHOBpPeMeHHble Habmomenns B muHmsx —~CO(1-0), C*O(1-0) u CS(2-1).
HaGmonenuss oxsatbiBanu oOnacth pasmepom ~20'x50'. Ha Puc. 1 mnoxazana
KapTa MHTETPAIIbHON UHTEHCUBHOCTHU B JINHUU BCO(1-0), HanoxeHHas Ha KapTy,
NOJIy4YeHHYI0 Ha Teneckore [ epiens.
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0000
| ] Puc. 1. W3nydyenwe mnpuIm B 00MacTH
=00y | S242 (Sh 2-242) na 500 MKM [0 JaHHBIM Te-
: | Jseckoma ['epmiens (OTTEHKH 3€JIE€HOTO, MHUKO-
Bas spkocTh 511.6 MSIH/cp) m mHTErpanbHas
WHTEHCUBHOCTH B JIMHUU 13CO(l-O) Ha 2.7 MM
(OTTeHKH KpacHOTro, MuKoBoe 3HaueHue 59.7 K
Km/c). Pasmepbl amarpaMMm HampaBJICHHOCTH
: i na 500 MxMm u 2.7 MM paBHbl 37" u 35", coot-
05:00.0) | BercrBeHHo. lllar kapTupoBanus B 13CO(l-O)
: : pasen 20". JlnuMHA BOJOKHA 110 JAHHBIM
CO(1-0) cocrapmsier 6osee 30 mk. [llupuna
BOJIOKHA B LIEHTpajbHOM yacTh Ha 500 MKM u
: | B JIMHMAX 13CO(l-O) " ClSO(l-O) OJIU3KH U CO-
— i cTaBisiroT ~1 k. [1o ocsiM OTIIOKEHBI KOOPAH-
HaTse! 11 sroxu J2000.

Declina$on

300 sE000 A0 51000

Right ascension
TemmnepaTypsl IbLTH, PACCUMTAHHBIC 110 JAHHBIM Tejeckomna [ epiens, Texar
B auana3one ~12-20 K (wambosee Terias mblib HaxoguTcs BOIu3M 30HBI HII),
KHHETHYECKUE TEeMIIepaTyphl ra3a, BEPOSTHO, OJM3KU K HUM (ITUKOBBIC TEMIIEpa-
Typsl mmanit CO(1-0) He npesbiraior 25 K). [UpHHBI ONTHYECKH TOHKHX JIH-
auit C'°0(1-0) (= 1 km/c) MHOTO Gombiue TemoBbx (< 0.2 KM/C), 4TO yKa3bIBacT
Ha CYIIECTBEHHYIO POJIb TYpPOYJICHTHBIX ABUKEHUI B BOJIOKHE.
Ha Puc. 2a nokasan nyTh, BJ0JIb KOTOPOTO 1O JIAHHBIM 13CO(I—O) paccuuTa-
Ha Juarpamma no3uuus — Jiydaenasi ckopoctsb (Puc. 3). B nenTpanbHOi yacTu BO-
JIOKHA B CHEKTpe HaOJIoAaroTCs JBe Oyn3kue KoMmoHeHThl. Habmromaemslil rpa-
JUEHT CKOPOCTH OCHOBHOW KOMITOHEHTHI (CMHHE TOYKH), CBSI3aH, B OCHOBHOM, C
OTJINYUEM CKOpocTeil Ha KoHlax BojokHa (< 10 nmk u >30 nk), rae npoucxoauT
aKTHUBHOE 3B€3/1000pa30BaHue, U CKOPOCTEH B IEeHTpadbHOU "yacTu (~2 kM/c). Oc-
WU Ha JUarpaMMe MOTYT OBITh CBSI3aHBI C HAJTMYUEM OT/EIBHBIX CTYCTKOB.
KoMOuHanus rino6anpbHOTO TpaJleHTa CKOPOCTH M JIOKATBHBIX OCITMJUIAIMA Ha-
OJIIOIATUCh U paHee MPH MCCIIeI0BAaHUU BOJIOKOH (Hampumep, [5]).
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Puc. 2. Kapra unTerpaibHOi HTHTEHCUBHOCTH B JINHUU 13CO(1-0), MOBEPX KOTOPOM IMOKa-
3aH MYTh, BJIOJIb KOTOPOTO pacCUMTHIBAIACcCh AUarpaMma mno3umus-ckopocts (a). Kapra Bomok-
Ha, pa3JIeJICHHOrO Ha 00JIACTH, [Tl KOTOPBIX PACCUUTHIBATIMCH MACChI M JIMHEHHBIe Macchl (D).

FT T T T T T
4 F a
: Puc. 3. [lmarpamma mno3unus-—
“+  af 1 CKOPOCTB BJOJIb IIYTH, IIOKA3aHHOTO Ha Puc.
; . L 3 ! - 1 2a. [lnuna nytu (L) oTCUMThIBaJIach B Ha-
4 2 F Y j%.' ] mnpasiieHun c rora Ha cesep. CKOpOCTH JIH-
B [ ‘H- ] HU# 13CO(l-O) IIOJIY4YE€HBI C TIOMOILBIO BIIU-
1r 1 g, 7] ChIBaHMSI raycCHUaH B CIIEKTPBI, yCpPEIHEH-
. 1 Hble mo obnactsam 1'X1' Bmonp mytu. B 1ien-
0 ['] — 1I0 — Elﬂ — 3'9 "~ TpajbHOH YacTM BOJIOKHA HAGIIONAIOTCA
L, pe JIBE€ KOMIIOHEHTHI C OJIM3KHUMH CKOPOCTSMHU.

JIns KOJMMYECTBEHHOW OIICHKM TYpOYJCHTHOCTH B BOJIOKHE IO JaHHBIM
BCO(1-0) 6bita paccuntana crpykrypHas GyHkums ckopoctr (8V) [5,6] mmst oc-
HOBHOU KOoMITOHEHTHI (Puc. 4). [ muana3zoHa pacCTOSTHUA MEXTy ABYMS IIPOHU3-
BOJIbHBIMH TIO3UIMAME L~0.2—4 nk ¢yHKIUS MpecTaBIseT OO0 CTENEHHYIO 3a-
BUCHUMOCTh C HHAEKCOM, paBHbIM 0.47. J{ns cpaBHEHHUs, CTPYKTypHast (GYyHKIIHS
ckopoctu i obsaka Musca nmeer unaekce 0.58 g L > 1 ok [5]. Kak yka3biBa-
nock B pabore [6], crenennas 3aBucumocth OV~L' Moxer orpaxarsh cBoiicTBa
TypOYJICHTHOCTH B 00JIaKe aHAJIOTMYHO M3BECTHOM 3aBUCHUMOCTH JlapcoHa MEexXTy
HIMPUHAMY JIMHUH ¥ pa3Mepamu o0iacteil uanyuenus (Hanpumep, [7,8]).
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1 Puc. 4. CtpykrypHast QyHKIIHUS BTOPOTO MOPSIKA
1 (BV=N<(V(r)-V(r+L))>>), paccunraHHas mIs CKOpO-
| creit muamit ! CO(1-0) (ocHOBHasi KOMIIOHEHTA) IIO
« | Bcelt obmactu S242. Ilpu pacuere AMana3zoH paccTos-
| Hmt Mexay mpousBoNbHBIME ToO3uisaME (L) pa3ou-
| Bancs Ha moanuanaszonsl (~0.2 0K), A7 KOTOPBIX pac-

CUMUTBHIBAIUCH CPEIHUE 3HAUEHHUS KBaJpaTra pa3HOCTU
| cxopocreit. ina muanazona paccrosuuii L~0.2—-4 nk
1 CTPyKTypHas (PyHKIHs TIPEACTABISIET COOOW CTETEH-
HyIo 3aBucuMocts 8V=0.4-L%4".

1 1
1L 10
L. pe

Vcronb3ys HHTerpanbHble nHTeHCHBHOCTH muHuit C°O(1-0), MbI paccunTa-
JIM JTydeBbIe KOHIICHTPAIMU MOJICKYJISIPHOTO BOJIOPOJA, OIEHUIN OOIIyI0 Maccy
BosiokHa (~9600 Mg) 1 Maccel OoTaEeIbHBIX OOacteli BHyTpu BojokHa (Puc. 2b),
kotopbie coctaBuian ~960-3400 My. 3HaueHus1 TUHEHHONW Macchl (Macca Ha €Iu-
HUIY JUTMHBI) g HEX cocTaBisteT ~210-280 My/nk. Jlns Bcex oOmacteit kpome
HeHTpasibHOU (00acTh 2, Puc. 2b) 3Tu 3HaYCHUS MPEBBIIIAIOT KPUTUICCKHE, pac-
CUMTAaHHBIC C YY4ETOM AMCIEPCHN HETCIUIOBBIX IBIKeHHMI 1o manHsM CPO(1-0)
(~140-250 Mo/nik), 4T0 yKa3bIBa€T Ha BEPOSTHYIO IPABUTALIMOHHYIO HEYCTOWYH-
BOCTh 00JIACTEH Ha Kpasx BOJOKHA.

HaGmronenus BeimonHeHsl mpu nojyepxkke PODU (17-52-45020, 18-02-
00660). AHanu3 JaHHBIX BBIMOJIHEH 1pH noanepxkke PHO (17-12-01256).
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MNPOCTPAHCTBEHHO-KMHEMATUYECKHUE CBOMCTBA NOTOKA
IC 2391 11O JAHHBIM GAIA
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A SPACE-KINEMATIC PROPERTIES OF IC 2391 STAR STREAM
ACCORDING TO GAIA DATA

Postnikova E.S., Vereshchagin S.V., Chupina N.V.
INASAN, Moscow, Russia

The spatial shape and kinematic structure of the stellar stream associated with the open star
cluster IC 2391 are considered. Gaia DR2 astrometry data are used. Positions of the stars in the
disk and spatial velocities are determined. The approximation of the spatial shape of the flow
and the cluster is made, the places of their formation are determined. Their genetic connection
was confirmed.

Pacnonoxennoe Ha paccrosauu ~165 nk ot Comnia [1], paccesiHHOE 3BE3-
Hoe ckorierue 1C 2391 (MWSC 1529, [1]) yno6Ho mis uccnemoBanus. Ero Bu-
nuMble pasMepsl (B 1iBete V) coctaBisitoT 60'<60". [Ipubnn3uTensHo B OJJHOM Ha-
IPaBJIEHUU CO CKOIUIEHUEM JIBMXKYTCS 3BE3bI ogHOMMeHHoro mortoka IC 2391.
DTOT MOTOK HCCeaoBail DrreH [2], Ha3BaB €ro CBEpXCKOIUICHHEM. DTTEH BKIIIO-
YW1 B COCTaB MOTOKA KAaK CaMO CKOIUICHHE, TaK U HECKOJIBKO JIECATKOB 3BE3[ CO
CXOJIHBIMH BEKTOpaMH MMPOCTPAHCTBEHHOM ckopoctu. [lo3anee Montec [3] cocra-
BUJI CBOM CHHUCOK 3BE&3] moToka. O0a CrucKa 4aCTUYHO IMEpeceKaroTcs. 3BE3bI
MOTOKA 3aHMMAIOT TUTAHTCKYIO TJI0Maas HeOa, Oy 1yun pa30pocaHbl MPaKTUYECKU
o Bceil cesepHoit monycdepe. Jlanusie Gaia DR2 [4], ob6nanas GecnperieieHTHO
BBICOKOH TOYHOCTBIO, MO3BOJISIOT OOPATUTHCA K BOMPOCY O TOCTOBEPHOCTH CO-
BMECTHOTO TPOUCXOXKICHUS M BO3MOXXHOH MPOCTPAHCTBEHHO-KWHEMATHIECKON
CBSI3M 3BE3]] pACCMATPUBAEMBIX MTOTOKA U CKOTICHUSI.

B nmanHO#i paboTe MBI UCTIONB30BAIM CIIUCOK 3BE37] — WICHOB CKOTUICHHUS U3
[5] u civickm 3BE31 motoka u3 [2] u [3]. JlaHHbIe MOKHO HaWTH B oOJyiake [6]. An-
IPOKCUMALKsl MPOCTPAHCTBEHHOM ()OPMBbI paccMaTpUBAEMBIX T'PYIIIUPOBOK IIO-
3BOJIMJIA YTOUHUTDH HAMpaBJICHUE BBITIHYTOCTH NMOTOKA B Jucke. CrenaHa MomnbIT-
Ka OMpPEeNIUTh MECTa UX 00pa30BaHU.

Paccrosinus 10 3Be3x omnpeeneHsl mo napamiakcam (n) u3 Gaia DR2 [4] no
eauHou meromuke. s kaxaoro nsMepenus m MetogomMm Monrte-Kapio crenepu-
poBanbl N cily4aifHbIX BEJIMYUH B Juana3zoHe 7 + o,. [lomyuenHnoe pacnpenenenue
SIBJIIETCSI TAYCCOBBIM C MAKCUMYMOM B TOUYKE CO 3HAYEHUEM apTyMEHTa PaBHBIM Tt.
M cKyCcCTBEHHO CMOJETUPOBAHHbIE BEIUYMHBI MapajijlakCoOB MEPEBEICHbl B pac-
cTostHus o opmyne 1/x, Tie m 3aAaHO B ceKyHIax nyru. Pacnipeaenenue mosny-
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YEHHBIX PACCTOSHHUN HE SBJISIETCS HOPMaJIbHBIM. MeToIOM HaUMEHBIINX KBaJpa-
TOB OHO aNIPOKCHMHPOBAHO KPWUBOW, MpEACTABISIIONICH COOOW pacmpeneicHue
MakcBesuia. 3HaueHHsI apryMeHTa, JAloIINe MAKCUMYM 3TOW KPHUBOU (MAKCUMyM
IUIOTHOCTH BEPOSTHOCTH), B3AThI KaK Han0O0JIee BEPOSITHBIC 3HAUCHHUST PACCTOSHHUH,
Tabmuuer 1-3. [{nst 3Be3n, y kotopsix B Gala DR2 [4] He onpeneneHbl mapasuiak-
CBI, OTH 3HAYCHHUS B3ATHI U3 Apyrux uctounukoB (SIMBAD, [7]) u paccrosHus
orpeeeHbl 00bIuHBIM 00pazoM (1/7).

Ta6auua 1. [TepBas 3anKCh MO CIUCKY [5] ¢ BEIYUCIIEHHBIMU ITapaMeTPaMHu.

d b1 Mo Ms Vr X Y Z U \Y w
nk | mcx| mcxn /rox | mcx /ron | km/c | mk K K | KM/c | kM/c | KM/C

5318499822745556992 148.75 |6.63| —25.69 2353 |-2.60| 0.8 |-147.8|-17.1|24.21| 2.88 |-3.94
5515501485764236416| 136.62 | 7.23| -25.23 2447 | 7.87 |-12.3|-135.6 |-11.2|22.99|-5.53|-4.55
5318117325830884224, 153.69 |6.51| —23.66 2362 |9.00| 1.0 |-152.5|-18.8|24.05|-8.73|-4.46

Source id DR2

300
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=300
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X, Nk

Puc. 1. Anmpokcumariisi 3JUTMIICAMH [IPOCTPAHCTBEHHBIX (OPM MOTOKA (KpacHBIN IBET,
CIMCOK 3BE311 U3 [2]) U cKoIuIeHus (3eIEHBIN I[BET, CITUCOK 3BE31 U3 [5]), oTOpomieHs! Hanboee
yaanéHHble 3Be3/bl. [IpsIMOYToyibHAs TEIHOICHTPUYECKAs CHCTEMa KOOPAMHAT, 0Ch X HaIpas-
nena Ha nentp [Namaktuxu (I = 0°, b = 0°), ock Y — B HampaBiacHUH TajgakTHYECKOro BpameHus (|
=90° b = 0°), ocb Z — Ha ceBepHbIii momtoc ["amaktuxu (b = 90°).

dopmar ctpoku Tabmui 1-3: Homep 3Be3abl o Gaia DR2 (a Takxke Apyrum
karajoram, cM. [6]), pacctosiuue ot Comnuna (d), mapasiake 7, KOMIOHEHTHI cO0-
CTBEHHBIX JIBIXKCHHHU L, s, JTydeBas ckopocTh (V;), MpsIMOYTOJIbHbBIE TaaKTH9e-
ckue koopauHatsl X, Y, Z, KOMIIOHEHThI IPOCTPaHCTBEHHBIX ckopocter U, V, W.
OmunOKN BEeJIWYUH U CCHUIKM Ha MCTOYHHWKH JAaHBI B OPUTHHAIBLHOM cricke [6].
Jl1s mpumepa mpUBOAMM YacTh TUIOBOH 3anucu B Tabmuie 1.

Ha Puc.1 npencrasieno 2D-pacnpenenieHue 3BE3]1 pacCMaTPUBAEMBIX MTOTO-
Ka M CKOIUICHUS. DJUIMIICAMU allIPOKCUMHUPOBAHbI (POPMBI IPYNITUPOBOK. [[i1st mo-
CTPOCHHSI AJUTUTICOB UCIOB30Bajach MPOrpaMMa, pealn30BaHHass HAMH Ha SI3bIKE
nporpammupoBanusi PYTHON no anroputmy [8]. Kak BumHo Ha Puc.1, ckoruie-
HUE U MOTOK PACTSHYTHI O] YIIOM MpuOmm3uTensHo 45° otHocutensHo ocu OX.
DTO CBHIETEILCTBYET 00 MX BBITSHYTOCTH CKOpee BIIOJIb opOouThl [9], yem no Ha-
MPABJICHHUIO K raylakTudeckomy entpy [10].
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Puc. 2. CpaBHeHHE IPOCTPAHCTBEHHBIX CKOPOCTEH 3BE31 ckoruieHus u noroka. Oce U Ha-
IpaBlieHa K aHTULEHTPY [ anakTuku, och V — B HanpasiieHuu BpamieHus [ anaktuku, ocb W — k
ceBepHoMy mostocy ["anmakTrku. CKOpPOCTh qaHa B KM/C. 3eJIEHBIM I[BETOM TOKa3aHbI 3BE3/bI
CKOTUICHHSI U3 crucKa [5], kpacHbIM U (HOJIETOBBIM — 3BE3/bI MOTOKA U3 criucka [1], uépHbiM —
u3 crucka [2].
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Puc.3. Mecra 00pa3oBaHus 3Be3]] MOTOKA (KPAaCHBIM IIBETOM — IO CIUCKY [2], u€pHBIM —
o ciucky [3]) u ckomieHus (3e1EHBIM IIBETOM, MO CIUCKY [5]). TIpsMoyroibHas rajxakTomeH-
TpHUYECKasi CHCTEMa KOOPAUHAT, HAMpaBJICHUE OCei — cM. moanuck k Puc. 1.

Ha Puc. 2 noka3ansl koMrnoHeHtsl U, V, W poCTpaHCTBEHHBIX CKOPOCTEM
3BE311 ckorwieHus [5] u moToka mo cnuckam [2] u [3]. Kak BugHo u3 Puc. 2, ckopo-
CTH 3BE3] OMM3KHU. DTO O3HAYAET, YTO M CKOIUICHHE, U MOTOK JIBUKYTCA B OJTHOM
HaIlpaBJICHUMU.

Ha Puc.3 noxa3aHbl monoxeHust 3B€3/] MOTOKa B MOMEHT UX 00pa30oBaHUs U
MECTO POKJIEHUS CKOIUICHHUS, ONPEICTICHHbIE TyTeM MPOOHBIX pacyeTOB OpPOUT Ha
70 mutH. siet Hazaa. [y BBIUMCIEHHS OpPOUT KCIONb30Bajach mporpamma galpy
[11]. OTmeTrnM, YTO aHAJOTWYHBIC PACUETHI, BBINOJHCHHBIC IPYTUM METOOM,
umeroTcss B [12]. He yuuThIBAIUCH TPaBUTAIMOHHBIC B3aMMOJICUCTBUS MEXIY
3BE€3/laMU MOTOKA. J{JIsl CKOTUIEHHS] HE YUUTBIBAJIOCH JIEUCTBUE UPPETYISPHBIX CHUII
(zucmiepcusi MEKYJSPHBIX CKOPOCTEW 3BE3, KaK M3BECTHO, MPEACTABISIET COOOM
IPEHEOPEKUMO MAITYI0 BEJIMYHMHY 10 CPABHEHHUIO C MPOCTPAHCTBEHHOW CKOPO-
cThi0). Takke mpu pacdy€Tax HE YUUTHIBAJIOCH BIMSHUE CIUPAIbHBIX BeTBei. Ha
Puc. 3 BUaHO, 4TO MecTa pOXKIECHUA 3BE3] NOTOKA U CKOIJIEHUS HAXOJATCSA B OJI-
HOW 00J1aCTH TUCKA.
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WTak, OLlEHKH IO MPOCTPAHCTBEHHOMY PACIIOJIOAKEHUIO U KOMIIOHEHTaM po-
CTPAHCTBEHHOM CKOPOCTH (TOJY4YEeHHBIM 10 M3MepeHusM (Gaia) mo3BOJMIN B 1C-
JIOM TOJATBEPAUTH OOIIHOCTH MOJIOXKEHHS U JABMXKEHUS B IMPOCTPAHCTBE 3BE3] TO-
TOKa U cKomieHus. Kpome Toro, mosydyeHo JOMOJHUTEIBHOE CBUAETEIBCTBO MX
TeHETUYECKOM CBSI3U B MPOILIOM, BOBMOKHO, B MOMEHT UX 00pa30BaHUs B IUCKE.

B pabote ucnonb3oBanuck ganneie muccun Gaia EBponeiickoro xocmuue-
ckoro arentrctBa (ESA) (http://www.cosmos.esa.int/gaia), o6paborannoit Kon-
copuuymMoM  00paboTkn W aHanmm3a gaHHeix  Gaia (DPAC,  http:
/lwww.cosmaos.esa.int/web/gaia/dpac/consortium). ®unancupoBanue DPAC ObL10
NPEIOCTaBIIEHO HAIIMOHAIBHBIMHU YUPEKICHUSIMH, B YaCTHOCTU YUPEKICHUSIMHU,
y4acTBYIOIIUMHU B MHoroctopoHHem corjamenu no Gaia. Paborta BbImojHeHa
npu yactuaHoi nojaepxke PODOU (rpant 16-52-12027).
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UPDATED BASE OF METHANOL ENERGY LEVEL POPULATIONS

Salii S., Parfenov S., Sobolev A.
AO UrFU, Ekaterinburg, Russia

We present the new version of the database of populations of methanol energy levels for condi-
tions of star forming clouds. The database contains populations of energy levels that were cal-
culated for different physical parameters. The physical parameters vary in the following ranges:
log(niz2 [cm3]): from 3.0 to 9.0; Ty : from 10 to 600 K, log(Nchsz ow/AV [em ™ s]): from 7.7 to
14.0; 10g(Nchs on/Nn2 ): from —9.0 to —5.5; line widths have 3 values: 1, 3 and 5 km/s. The
level populations of the ground state and the first and second torsionally excited states of
CH3OH-A and CH3;OH-E with the energies < 1015.5 ecm™* and < 1020.2 em™* are calculated.
Radiative transfer calculations were performed in the large velocity gradient (LVG) approxima-
tion. Absorption and emission of the dust and line blending effects were taken into account. The
dust temperature was assumed to be equal to the gas kinetic temperature. The database of
methanol level populations permits fast estimates of the physical parameters of the objects using
data on the brightness temperatures of methanol lines.

Ananu3 (u3MUeCKUX YCIOBHII B 00JacTsAX 3Be31000pa3oBaHMs Mpe.-
CTaBJISIETCS] BAXKHBIM JIJI1 TOHUMAaHUS SBOJIFOIIMOHHOIO CTaTyca PacCMaTpPUBAEMbIX
00BEKTOB.

[Ipu3HaHHbIe Tpaccepbl (PU3NUECKUX YCIOBUN — JMHUM MOJIEKYJ, HaAOJIO-
naeMble B obstacTsax 3Be3noobpazoanus: CO, NHsz, CS, HCN u, B yactHOCTH, MO-
nexkynasl CH3OH (meraHom), TMHUKM KOTOPOM SIBJISIFOTCS OAHUM M3 HauOosiee WH-
(GhopMaTUBHBIX TPACCEPOB BCIIEJICTBUE CBOEH MHOTOYMCICHHOCTH M UyBCTBUTEIb-
HOCTH K BapuanusM (QU3HYECKUX YCJIOBHH. SBISISACH €1ab0 acMMMETPUYHBIM
BoTukoM, Mosiekyina CH3;OH umeer Goratelii CIeKTp B pajuodana3zoHe, 4To Io-
3BOJISIET HAOII0JIaTh HA0OP JIMHKUM B IpejesiaXx OJHOM 4acTOTHOM mmosiockl. Moute-
KyJla METaHOJia IIUPOKO PachpoCTpaHeHa B 00JIACTAX 3BE37000pa3oBaHUs, TO-
CKOJIbKY M3JIYYeHHE MOJIOJBIX 3BE3JHBIX OOBEKTOB, YJIapHBIC BOJIHBI, BOSHUKAIO-
e mMpu 00pa30BaHUM MAaCCUBHBIX 3BE3]l, CO3/IAI0T YCIOBUS I UCTIAPCHHS MaH-
TUW TIBUIEBBIX YaCTHIl, B KOTOPHIX (POPMUPYETCS METAHOJ, U 3HAYUTEIHLHO TOBBI-
IIAI0OT OTHOCHTEIBHOE COACP)KaHUE METaHOJIa B ra3oBoil (a3e, obOecrieunBas Jiv-
HUSIM METaHOJI1a UHTEHCUBHOCTD, JJOCTATOUHYIO JIJIs1 IETEKTUPOBAHUSI.

COOTBETCTBEHHO, MPU CPABHUTEIBHO HEOOJBIINX 3aTpaTax BpeMEeHHU HaOJIto-
JNE€HUN, MOXHO TMOJTYYUTh UH(POPMATUBHBIN HAOOp 3apEruCTPUPOBAHHBIX JIMHUM,
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0 KOTOPOMY 3aT€M BO3MOXHO IOJYYUTh OLIEHKH (PU3HUECKUX IMapaMeTpoB Ha-
OJIFO1aEMBIX 0OBEKTOB.

Jliisa oGneryeHus nmpouenypbl OLEHKH (PU3NYECKUX MapaMeTpoB OblIa co3/a-
Ha 0a3a HaceJIeHHOCTeW ypoBHeH sHepruii MeTtanona [1] (manee — 6a3a HaceIeHHO-
cteil). JlnarHoctuyeckue BO3MOKHOCTU 0a3bl HACEJIEHHOCTEH paHee 3 (HEKTUBHO
WCITOJIB30BAJIMCH JJISI OLIEHKN (PU3MYECKUX TTapaMeTPOB B 00JIACTIX 3B€31000pa3o-
BaHus (Hampumep, [2-4]).

3a Bpems, MpolIeAlIee MOcie CO3JAaHUs MEpPBOil Bepcuu 0a3bl HACEIEHHO-
CTeH, ObLIM CYIIECTBEHHO YTOYHEHBI CTOJKHOBUTENIbHbBIE KOADPUIIUEHTHI 1J11 MO-
JeKysbl MeTaHouna [5,6]. Takke BO3pOCIN BO3MOXKHOCTH HAONIOAATEIIbHBIX UHCT-
PYMEHTOB, IIO3BOJISISI HAOIIOAATh BCe OOJIbIIEe YKMCIIO JUHUN B pa3IMUHbIX AUana-
30Hax paguodactoT. BoctpeboBaHHOCTH 0a3bl HACEIIEHHOCTEN MHUIIMMPOBAJaA pa-
00Ty 1Mo ee OOHOBJICHUIO.

B o0HOBieHHOW MoOAenH, KaKk W B MPEAbIAYIIECH, HACENIEHHOCTH YpPOBHEH
PHEPTrUi METaHoJa paccuuTaHbl 1y Mojaenu mosekyisl CH3;OH, pa3zpaborannoit
JUTSL YCIIOBUHM, XapakTepHBIX sl oOmacTedt 3Be3mooOpaszoBanus, Cragg u np. [7].
Mosenbs MOJIEKyJIbI BKIIIOUAET SHEpreTHueckue ypoBHU A- u E- MeTaHomna kak oc-
HOBHOT'O COCTOSIHHSI, TaK M TMEPBOrO M BTOPOTO KPYTUIHHO-BO30YXKICHHBIX CO-
CTOSIHUI ¢ KBaHTOBBIMH unciamu J < 22, |K| < 9. DHeprum BepxHUX ypOBHEH J0C-
turaror 1015.5 em ™ u 1020.2 cm ™ , COOTBETCTBEHHO.

BnusHue nbutn, Haxondiencs B 00J1acTu, re NPOUCXOAUT pacueT nepeHoca
U3JTy4YEeHUs] U HACEJICHHOCTEN, YUYUTHIBAIOCH B BUJI€ MOMPABOK B 3HAUYECHHUSIX OITHU-
YEeCKOM TONIIUHBI U (YHKIIMU UCTOYHUKOB MEPEX0/ia, COrJIACHO OMUCAHHIO B pa-
oote [8], Tak e KaK U B Npeblaylel Bepcun 0a3sl.

Pacuer HaceneHHOCTEH YPOBHEW IHEPIUM METAHOJIA OCYIIECTBISJICSA B IIPHU-
OnmKeHUH O0MBIIOTO IpagueHTa ckopocTH. Ilpennonaranoch, 4To0 MOJIEKYISIPHOE
00J1aKo B paccMaTpUBa€MOM HampaBiIE€HUH OJAHOPOIHO MO IUIOTHOCTH, KHHETHYe-
CKOM TeMIeparype, OTHOCUTEIbHOMY COACPXKaHUI0 METAHOJIA, TUCIIEPCUH CKOPO-
CTe M OTHOIIEHHUIO MACChI ra3a K Macce MbUIM. TeMiieparypa IbLUIM CUMTAJIach
PAaBHOU KMHETUYECKOW TEMIIEpATYpE Tra3a.

Pacyer wHTEHCHMBHOCTEH Osena mpousBoamics merogom “all-or-nothing”,
IJIe CIUTACTCS, YTO MHTCHCUBHOCTH OJCHIUPYIOUINXCS JTMHUNA OJUHAKOBBI U PaB-
Hbl CYMMapHOI UHTEHCUBHOCTH OJeHAbI [9].

CronkHOBUTEIbHBIE KOA(DPUIIMEHTHI JUIsl MeTaHoda B3AThl U3 padot Rabli &
Flower [5,6]. Ilpu BhIUKMCIEHUN 3HAYEHUN CTOJIKHOBUTEIBHBIX KO3()(PUIMEHTOB
YUTEHBI CTOJIKHOBEHMsSI MOJIEKYJl METaHOJIa C aTOMAaMHM Tejusl U MOJIEKYyJIaMU BO-
nopona (mapa- u opTo-MoAUGUKAIMSIMEU), COTIACHO MOJIETH, OMIMCAaHHOU B paboTe
[10].

Kpome Toro, B 0OHOBIEHHOH 0a3e paciiMpeHbl AUana3oHbl IapaMeTpoB, CO-
KpalleHbl IIaru Mo mnapaMerpaM M J00aBjieHa Bapualus MO IIMPUHAM JIMHUN
(BMsieT Ha y4eT OJCHAUPYIOIIUXCS JTUHUI).
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B pamkax onmcaHHOW MOJIENM BBIYMCIICHBI HACEJIIEHHOCTH YHEPreTUYECKUX
YPOBHEW METAHOJa B y3JIaX 5-MEPHOW CETKH MapaMeETPOB:

o T, [K] ot 10 1o 600 c marom 10;

e lg(nfem®]) ot 3.0 10 9.00 ¢ marom 0.25;
o |g(Nchson/AV]em/c]) oT 7.5 1o 14.0 ¢ mrarom 0.1;
o |g(Nchzon/Nn2) oT —9.0 10 —5.5 ¢ marom 0.5;
o AV[cm/c] 100000, 300000, 500000.

Hcnonp3oBanne 0a3pl HACCICHHOCTEHM I MOJICKYJISIPHBIX 001aKOB Haxonasa-
IMMUXCA Ha PA3JIMYHBIX 9BOJIOLMHWOHHBIX CTAAUAX ITO3BOJIACT:

® OIICHUTH HA0Op MapaMeTpoB, 0OECIICUNBAIOIINI HAUITYUIIIEE COOTBETCTBUE MO-
JIENHbHBIX MHTEHCUBHOCTEH pacCMaTPUBAEMBIX JIMHUN HAOJII01aeMbIM 3HAYEHU-
SIM;

® TIOJIYYUTh HanOoOJiee BEPOATHBIC 3HAUYCHHS MapaMETPOB M OICHUTH BEPOSTHO-
CTH C KOTOPBIMHM OTJIEJbHBIC MapaMeTPhl PEaau3yIOTCsS B pacCMaTpPUBAaEMBIX
00J1aCTAX;

e JUIS 3aJJaHHOTO HAOOpa MmapaMeTPOB OLICHUTH IPKOCTHBIC TEMIIEPATYPhI TUHUH.

[IpencraBisiemblii BapuaHT 0a3bl HACEJIEHHOCTEH HE SIBISIETCS OKOHYATEIb-
HbIM. B nanbHelineM HEOOXOJUMO PEUINTh MPOOJIEMYy C OTCYTCTBHEM CXOIUMO-
CTU HACEJIEHHOCTEW NI psiAa COoYeTaHud napamMerpoB (MeHblle 1% or comen-
mmxcst mozenert). Kpome toro, mianupyercs mig tremneparyp <100 K cokpatuth
mar CeTku o remneparype 10 S K.

HccnenoBanust BHIMOMHSIUCH MpU noaepxke rpanta PH® 18-12-00193.
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BJMUSAHUE HEPA3PEIIEHHBIX JIBOMHBIX HA OLIEHKY
MACCBI PACCESAHHOI'O 3BE31HOI'O CKOIIVIEHUA

CeinesneB A.®@.", BOpOIlI/IHaO.I/I.l,,):[aHl/I.]IOBB.M.l, Kappapo Tk
1qu5y, 2. Examepunbype, Poccus
2Yﬂueepcumem Iaoyu, . Ilaoysa, Hmanus
anton.seleznev@urfu.ru

AN INFLUENCE OF UNRESOLVED BINARIES ON THE OPEN CLUSTER MASS
ESTIMATE

Seleznev A.F.}, BorodinaO.l.!, DanilovV.M.}, Carraro G.?
'UrFU, Ekaterinburg, Russia
Padova University, Padova, Italy

The presence of unresolved binaries has to be taken into account when estimating the open clus-
ter mass from star counts. We use the luminosity functions of the open cluster NGC2099, ob-
tained by means of star counts from 2MASS data, to evaluate a correction to the mass. The frac-
tion of binaries is considered as independent of stellar magnitude. We take into account differ-
ent assumptions about the component mass ratio distribution and discuss the increase of the
cluster mass estimate due to binaries.

Korma Macca ckoruieHus: OIeHUBaeTCs M0 (DYHKIIMM CBETHMOCTHU, TOTy4YEH-
HOM W3 3BE3JIHBIX MOJICYETOB, OIICHKA MAacChl 0€3 ydeTa HaIu4us Hepa3pelIeHHBIX
JIBOMHBIX CHUCTEM OYJIeT MEHBIIE peaqbHON MAcChl CKOIUICHUS. DTO OOBICHIETCS
TEM, YTO Macca JBOMHOM 3Be3Ibl OOJBIIE, YEM Macca OAUHOYHOM 3BE3/IbI TOM JKE
3BE€3/IHOM BeNMYMHbL. [IpuurHa B OUYECHb CHIIBHOM 3aBUCHUMOCTH CBETUMOCTHU 3BE3-
IIBI OT ee Maccel, L M * rme L — 0oJioMeTpruYecKasi CBETUMOCTh 3BE€3JIbl B COJI-
HEYHBIX enuHuIax, a M — ee macca B maccax Comuua [1]. Ecnu oguHouHas u
JIBOMHAS 3B€3/1a UMEIOT OJIMHAKOBYIO 3BE3/IHYIO BEJIUYMHY, TO U CBETUMOCTH UX
TOXXe onuHakoBbie: Li=L,+L, (uHIEKC S 0003HAYAET OMMHOYHYIO 3BE31TY, a UHICK-
cel | W 2 — rjaBHBII M BTOPUYHBIA KOMIIOHEHTHI JBOWHOW 3Be3abl). Torna,
M2 = M7 + M3. PaccmoTpum

(M; + M,)* = M{ + M3 + 4M, M3 + 6 M M3 + 4M3 M,
= M: +4M, M3 + 6MZMZ + 4M? M,
Tax Kak Bce cliaraeMblie MOJIOKUTENbHBL, TO (M; + M,)* > Miu M, + M, > M_.

Jlyst Toro 94TOOBI OMPEICTNTh, HACKOJIBKO HAJI0 YBEIMYHUTHh MACCY CKOILJICHUS
Y3-32 HAINYKS B HEM HEPA3PELICHHBIX JBOWHBIX CUCTEM, HAJO0 3HATH JOJIIO JBOW-
HBIX 3B€3]] B CKOIUJIECHHMM O W BHJ PACMpPECICHUS BEJIMYMHBI OTHOLICHUS Macc
KOMIIOHEHT JBOMHOM cucTeMbl = My/M;. MBI nipeanoiaraiy, 4To J0Jst IBOHHBIX
CHUCTEM HE 3aBUCHUT OT 3BE3JHOM BEJIMYMHBI U PACCMATPUBAJIM JUaNa30H 3HAYCHUN
a € [0.1;0.9]. Jna pacupeneneHus ( Mbl pacCMaTpUBAIN YETHIPE PAa3HBIX MOJE-
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mu. IlepBast — 3TO ciay4yaid paBHBIX MacC KOMIIOHEHT, BTOpas — INIOCKOE pacupee-
nenue. Tperest Mofenb — 310 ['ayccoBo pacmpenenenue ¢ moaon p, = 0.23 u

JIACIIEpCUEN 0, = 0.42 [2]. B xauecTBe ueTBEpTOM MOJEIM OBLIO B3SATO TOXE ['a-
YCCOBO pacmpenesieHue, HO ¢ MOJION, CIIBUHYTON B CTOPOHY 1, 4TOOBI y4ecTh pe-
3ynbrathl [3,4]: u, = 0.60u g, = 0.42.
MpbI BCHONIB30BaNM KBAJPATHUYHYHK) 3aBUCUMOCTh MacCa—CBETUMOCTh M3 pa-
ooTsI [5]:
logL = (—0.705+ 0.041)log M® + (4.655+ 0.042)logM — (0.025 + 0.010) (1)

Hanee, Mbl ucnoap3oBaiu ¢QyHkuuo cBetumoctd @(J) cxomieHusasNGC
2099, nonmydenHyro mo 3Be3aHbIM Tojcderam (Seleznev A.F., Kulesh M.V,
Nikiforova V.V., Borodina O.l. 2018, roTroBHTCs K Ie€YaTH) Ha OCHOBE KaTajora
2MASS [6], 9TOOBI OIIEHUTH KOJIMYECTBO 3BE3]l B PA3IMYHBIX WHTEPBAIAX 3BE3I-
HOU BenuuuHbl. OCh 3BE3[IHBIX BEJIMYMH pa30OMBajlaCh Ha MHTEPBAIbl AJ, B KaX-

AO0M U3 KOTOPBIX paCCUUTBIBAJIOCH YU CJIO 3BC3 XU YUCIIO0 I[BOﬁHBIX Cpcan HUX:

N=["oM)d,  Ny=all* o0 2)
OTH YHuCclia OKPYIJISUMCH IO 1ENbIX, MIMPUHA WHTEpBajia MOJ0MUpaliach Tak,
4TOOBI 3TU YKCIa ObUTH OOJibIlie HYJIs. I KaKa0ro MHTEpBaJia 3BE3IHOW BEJIH-
YHHBI B JAJIbHEHIIIEM HCIIOJIb30BAIOCHh CPEIHEE 3HAUCHHUE 3BE3/THOM BEJTMUNHBI J.
[To >TUM 3BE3THBIM BEIMYMHAM C TOMOINBIO TaOJIMIl U30XPOH [7] moyda-
JIMCh 3HAYEHUSI MACChl 3BE3/IbI B TPEANOJIOKEHUH, YTO BCE 3BE3/bI SBISIOTCS OJTU-
HOYHBIMH, MPHU 3TOM Hcnoiab3oBanuck napameTpel NGC 2099 u3 [8]: norapudm
Bo3pacrta logt = 8.5, m30kiTok 1nBeta E(B — V) = 0.3 BenMuYuHBI, MOIYJb pac-

crosaua (m — M), = 10.74 Benuuunsl. [locne 3Toro ¢ momomp0 (HOpMyIbI

(1)r1o 3Ha4YEHUIO MACChI ONPEEAIOCh 3HAUCHHE CBETUMOCTH.
JIJm KaXKoM IBOMHOM 3BE3/1bl 3aIUCHIBAIACH CUCTEMA YPABHEHUM:

L= Lj_ + Lg
logL; = —0.705(log Mijz +4.655log M4 — 0.025

logl, = —0.705(log szz + 4.655log M, — 0.025
q=M;/M,

(3)

3HaueHue ( IS KaXJA0M 3Be3/bl MOJIy4ajJoch U3 paclpeaeneHus ( ¢ moMo-
mpio Merona Monte-Kapno (Heiimana). Cucrema ypaBHenuit (3) mpeoOpa3oBbl-
BaJach K OJHOMY YPaBHEHHIO, KOTOPOE PEIIajoch METOJIOM IOCIeI0BaTeIbHbBIX
npubmkeHuit HprotoHa.

IIpouenypa nosropsnachk aias Bcex N, IBOMHBIX 3BE3J U3 MHTEPBAJa 3BE3]-
HOUW BENTMYMHBI, B pe3yJibTaTe MojIydajach Macca BCEX JBOMHBIX 3B€3]l B 3TOM HH-
tepBaie. [locie moBTopeHus Mpoueaypsl 1 BCeX HHTEPBAJIOB 3BE3JHON BEIHYH-
HBI MBI [T0JIy4aJIi TIOJIHYIO MacCy JBOWHBIX 3Be3]] cKoruleHus: M, . UroOsl onpexe-
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JUTHh MAacCy CKOIUIEHHUS, HaM HEOOXOJUMO OBIJIO OLICHUTh MacCy OJMHOYHBIX
3BE3/l, YUCJIO KOTOPBIX B KaKIOM MHTEpBaJle 3BE3AHON BEIMUYUHBI PABHO
N, = N — N,,. B pe3ynbrare Mbl NOIy4aJld MacCy CKOIUIEHUS C y4E€TOM JBOMHBIX
sesn M = M, + M..

Ha 3axirounTensHOM mH1are Mbpl CPaBHUBAIM MAacCy CKOIUIEHUS C y4€TOM
JBOMHBIX 3Be31 M M Maccy ckomieHus 06e3 yueTa ABOHbIX 3Be31 M, ;. [locnen-
HsS OIpENeNseTCs TaK XKe, Kak M_, HO IIpU 5TOM BCe 3BE€3/bl CKOILIEHUS paccMar-
puBarOTCsA Kak oauHouHble. OTHOmeHue M/M,, ; JaeT UCKOMBIH MONpPaBOYHbIH

KOG)(b(I)I/II_II/ICHT K MAaCCC CKOIIJICHUSA 3a CUCT y4C€Ta JIBOMHBIX CUCTEM.
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MonpaBo4HbIA Ko3hUUKMEHT K Macce CKOMMeHUs

0 01 02 03 04 05 06 07 08 09 1
a

Puc. 1. [TonpaBouHbiii K0O3(pGUIMEHT K Macce CKOIUICHHS B 3aBUCUMOCTH OT JIOJH
JBOMHBIX CUCTEM 0 IIPU PA3JIUYHBIX IPEINOJI0KEHUAX O PACIPEIEIIEHUN MACC KOMIIOHEHT
JIBOWHBIX cucTteM (. KpecTuku — citydail paBHBIX Macc, TOYKHM — IUIOCKOE paclpeiesieHUE,
OTKpBITbIE KPY)KKH — TayCCOBO paclpeleleHue ¢ MakcuMymoM npu (=0.23, OTKphITbIE
TPEYTOJIBHUKH — TayCCOBO pacrpeaesienne ¢ Makcumymom mipu =0.60.

Ha Puc. 1 moka3zana 3aBUCHMOCTb 3TOro Kod(¢uimeHTa OT 0 MpPU Pa3HbIX
IPENOJIOKEHUAX O PACIpeeICHUN BEIUUUHbI (. 3HaYCHHE OLUIMOKHU OMpeesis-
JIOCh UCXOJS M3 CIy4alHOIO XapakTepa BEJMYUHBI (, JJI 3TOr0 BCA MpoLEeaypa
noBTopssiack 30 pas, Mociie Yero pacCUYUTHIBAINCH CPEHEE 3HAUCHHE U JHCIEp-
CHS MOINPABOYHOT0 KO3 DUITEHTA.

B Tabnuue 1 npuBoasTcs pe3yabTaThl IMHEHHOM anlpOKCUMAIUK JIJIsl 3aBU-
CUMOCTH MOMPABOYHOTO KO3 PHUIMEHTA OT 0. DTH 3aBUCUMOCTH XOPOIIO aAMIMPOK-
CUMHUPYIOTCSl MPAMBIMU, YTO MOATBEPKIAETCS MaJbIMUA 3HAYEHUSIMU BEITUYMHbI
¥ 2. 3aBHCHMOCTH MONPABOYHBIX KOA(D(DHUIIHEHTOB OT 0 B CIIy4ae «PEATHCTUYHBIX)

pacrpeielieHuid BEIMUUHBI (] pacnoioKeHbl OJu3Ko Apyr K Apyry. U3 Tabmuus 1
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u Puc.1 BuaHO, 94TO ueM Onmke MOAa pacmupesesieHus ( K equHUIle, TeM OOJbIe
3HA4YEHHUE MTOMPABOYHOTO KO3 dulneHTa.

Hamm pe3ynbTaThl MOMOTYT OLIEHMBAThH MOJHYKO MacCy CKOIUICHUS, COJIEp-
JKAITeTO Hepa3pelieHHbIC TBOMHBIC CUCTEMBI, B IIIMPOKUX MPEeiiax 3HAYCHHM J10-
JIM TBOMHBIX CUCTEM W MPHU PA3TMYHBIX MPEANOTI0KEHUIX O PACIPEACIICHUN OT-
HOIIICHUSI MacC KOMIIOHEHT JIBOWHBIX CHCTEM.

Ta6auna 1. JIuneitnas annpokcumanus Y=A+Ba 3aBucumocTH nomnpaBoyHoro ko3dduimenra
K Macce CKOIUICHHsI OT O JBOWHBIX CUCTEM B CKOIUICHHH.

Pacnipenenenue q A B v

1 2 3 4
PaBHbIe Macchl KOMIIOHEHT 1.000+0.000 | 0.711+0.001 5.2:10°
ITnockoe pacripenenenue 1.000+0.002 0.441+0.003 5.7-10”
["ayccoBo pacnpenenenue ¢ pg=0.23 0.997+0.006 | 0.403+0.011 8.2-10™
I"ayccoBo pacnpenenenue ¢ [g=0.60 1.001+0.003 | 0.464+0.005 2.0-10™

PaboTa Op11a mpoBeneHa pu PUHAHCOBOM MOAEPKKE TOCYIAPCTBA B JIUIIC
MunucTtepcTBa HayKH U BbIcIIero oopazoBanusi Poccuiickoit @eneparun(0azoBas
yacTh roc. 3aganus, PK Noe AAAA-A17-117030310283-7), a Taxke mpu GprHAH-
coBoi nojiepxkke nocranoBiaenust Ne 211 IlpasurtenscrBa Poccutickoit @enepa-
uu, KoHTpakT Ne 02.A03.21.0006.
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XUMHUYECKHN COCTAB 3BE3/] C JEGUIIUTOM METAJLJIOB B
TAJIAKTHKE C YJIbTPAHU3KOM NOBEPXHOCTHOM SIPKOCTBIO
COMA BERENICES KAK UHINKATOP OTAEJIBHBIX 31IN30/10B
HYKJIEOCUHTE3A

CurtHoBa' T.M., MaimmoHknHa' JLA., TaTapHchB2 AM., Bo3zsikoBa’ 0O.B.,
Bypaak® MLA., ITaxomos' 0.B.
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CHEMICAL COMPOSITION OF METAL-POOR STARS
IN COMA BERENICES ULTRA-FAINT DWARF AS A PROXY
TO INDIVIDUAL CHEMICAL ENRICHMENT EVENTS

Sitnova® T.M., Mashonkina® L.1., Tatarnikov? A.M., Vozyakova® O.V.,
Burlak? M.A., Pakhomov' Yu.V.
! INASAN, Moscow, Russia
2 SAl MSU, Moscow, Russia

We present NLTE abundances and atmospheric parameters for three metal-poor stars in Coma
Berenices UFD, based on photometry from the 2.5-m telescope of the SAI MSU Caucasian ob-
servatory and spectra from the archive of the 10-m Keck telescope. Three stars show chemical
abundance patterns that differ from each other and from those observed in MW halo stars of
similar [Fe/H]. A spread of 0.65 dex in [Fe/H] is related rather to inhomogeneous mixing of
interstellar medium than to an increase in [Fe/H] due to prolonged star formation.

KapnukoBas rajlaktuka ¢ yabTpa-HU3KOM moBepXHOCTHOU sipkocThio (UFD)
Coma Berenices ¢ My = -3.7, a¢dextuBHbIM paguycoM ryp; = 70 nk [1] u 3BE31-
Hoit Maccoit 3700 Mgy, [2] — omHa W3 cambIX MalleHBKHX TajJakTHK MecCTHOM
rpynnel. M3 ananusza nuarpammbl 1BeT—3BE3Has BenuunHa Belokurov et al. [1]
YCTaHOBWJIM, YTO €€ 3BE€3/Ibl MPEACTABISIIOT OJIHOPOJHOE HACEJIIEHHE C BO3PACTOM
12 mapa. net u metaumaHocThio [Fe/H] = 2. [lo ciekTpaM BBICOKOTO pa3peliie-
HUS 11 TpEX sipuanimx 3BE31 ¢ V ~ 18 Frebel et al. [3] namwm (—2.88 < [Fe/H] <
—2.31) u 3aKIIOYNIH, 4TO TpeOyeTcss OOJbIIE JTaHHBIX, YTOOBI MMOHATH MPUYUHY
mupokoro nauama3oHa [Fe/H]: sBasieTcss mm 3TO ciiencTBHEM HEOIHOPOIHOTO Tie-
pEMEITMBaHUs BEIIECTBA MEXK3BE3MHON CPEIbl MIIM KE MOCTENEHHOTO pPOCTa Me-
TaJUIMYHOCTH TPU MPOJODKUTEIIEHOM 3Be371000pa3oBannu. Vargas et al. [4] yBe-
JUYWIIA CTaTUCTUKY, TIpOaHanu3upoBaB cojepkanue Mg, Ca, Si, Ti u Fe y 10
3BE3]1 Ha OCHOBE CIIEKTPOB CpPEIHEro pazpeunieHus. 3BE3Abl U3 [4] UMET —
3.38<[Fe/H]<-2.12 u moka3biBatoT pa3zHoe otHomeHue [o/Fe]: Huskoe ¢ [a/Fe] ~ 0
y nByx 3B€371 ¢ [Fe/H] > —2.4 u Boicokoe — oT 0.3 10 0.9 dex y 8 38é31 ¢ [Fe/H] < -
2.4. B [4] cnenan BBIBOA, uTO HHU3KOe oTHOolIeHue [o/Fe] y 3B&3m ¢ Oosbrieit
[Fe/H] cBsizano ¢ Hauanmom mpou3BojicTBa xene3a B SN la. CTout oTMETUTh, 4TO
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ujest 0 MPOAOHKUTENIBHOM 3B€3/1000pa30BaHUM MAJIOBEPOSITHA U HE COTJIACYETCS C
pe3ysibTaTaMu aHalii3a AuarpaMMbl LBeT-3BE3AHAad BennuuHa [1]. K Tomy xe, ru-
note3a Bkiana SN [a He 00BSCHAET YpE3BbIUANHO HU3KOE COJICPKAHUE HATPUS —
[Na/Fe] = —0.74 y 3Be3np1 ComaBer S-1 [3]. B [4] He Obut0 onpeieneHo coaepxa-
HUE HATPHS.

Hama paboTta BBIMOTHSAETCS B paMKax MPOEKTa MO MU3YYCHUI0 XUMUYECKOTO
COCTaBa 3BE3]l B KAPJIMKOBBIX Tr'aJIAKTUKAX HA OCHOBE €IMHOW METOJMKU OIpeJie-
JICHUS TTapaMeTPOB aTMoc(ep U cofepKaHnsd XUMUYECKHUX JIEMEHTOB, ONIMCAHHON
B [5], e HaMu ObUTH MCCIea0BaHbI 3BE3/bI ¢ Aeduiutom Metaios ([Fe/H] < -
1.5) B ceMu KapJMKOBBIX raJIakKTUKaX U rajo Mieunoro [lytu.

OddextnBHas TemnepaTtypa T,gg HOTydeHa 1o nokasarenasam usera V-, V-K,
V-J u cooTHOmEHUIO HUBET—1 4. POTOMETPHA NOTYUeHA HA 2.5-M Teneckomne KI'O
['AUII B HOUM cO CcTaOUJIBHOW AKCTHHKIIMEH, MOHUTOPHUHI KOTOPOW BEIET act-
poxnumatrdeckuit komruieke KI'O [6]. Habmoaenus B nosnocax BVRclc Beimon-
HeHbl 16 u 19.04.2017 ¢ ucnons3zoBanuem kamepsl NBI 4kxk4 mpowusBoacTsa
HNucturyra H. bopa. [IpeaBapurensuas 06paboTka KaJpoB 3aK/II0YaIach B BBIUU-
TaHUW TOJJIOKKH, KOPPEKIIMM HEIWHEHHOCTH W KOPPEKIUU TUIOCKOTO TIOJIS.
3Be3HBIC BEJIIMYMHBI MOJYYEHBI MAKETOM sextractor [7] ¢ y4éToM amepTypHBIX
nonpaBok. KoopanHatel 00bEKTOB OnpeneneHbl maketoM astrometry [8]. M3mepe-
HUS SKCTUHKIUU 1 (OTOMETPUYECKas MPUBsI3Ka BHITIOJHEHBI IO CTaHAapTaM JlaH-
noJIbTa [9], CHATHIM B T€ K€ HOUW. YpaBHEHHUS TpaHC(HOpMAIMU B CTaHIAPTHYIO
cUcTeMy ToJiydeHbl paHee no cranjgaptam Jlanmonwsta [10]. Jlanasie JHK doTto-
merpun noimydensl  18.02 w  27.04.2017 ¢ wucnoib3oBaHUEM — KaMepbl
ASTRONIRCAM [11] B pexxume MajibIX CMEIICHUN TEJIECKOMa MEXITy dKCIO3HU-
nusmMu. B kaxaom ¢unbtpe noaydeHo mo 30 kaapoB B HOUb C CYMMapHBIM Bpe-
MeHeM HakoruieHHs: okosio 900 c. Kanpel KOppEeKTUPOBAIUCh 3a HEIMHEHHOCTb,
TEMHOBOH TOK M IIocKoe mone. Poromerpus BoImodHIach B cucteme MKO, ¢
nocienyromieit peaykiuern B 2MASS B cooTBeTcTBUM ¢ ypaBHeHUsMH u3 [12].
OcHoBHBIM cTanmapToM Oblia 3Be3na GSPCP264-F u3 crivcka craHgapToOB ATOM
dboTomMeTpudecKkor cucTeMbl [12], K KOTOpOH NMPUBS3LIBAIMCH OTHOCHUTEIBHO SIP-
KM€ 3BE3/Ibl HA KAJPE C UCCIAEAYEMbIM OOBEKTOM, CIY>KUBIIIME OTIOPHBIMH 3BE3/1a-
MU TIpH POTOMETPUHU KaXI0ro u3 o0BeKTOB. Pe3ynbraThl mpuBeneHsl B Tabiu-
ne 1. Jlna xaxgoro ¢unpTpa ommOKa 3BE3HON BEIMYMHBI HE MPEBBIIIAET HE-
CKOJIBKHX COTBIX, a JUId KaKH0H U3 3BE31 T4, MOIYYEHHBIE IO PA3HBIM I[BETAM,
cornacytotcs B npeaenax 20 K. Ommobku katamora 2MASS cIuikoM BeTUKHU IS
Hamux o0bekToB. Hampumep, mius ComaBerS1 K = 16.013 + 0.286, yto gaér
omnoky 330 K mis T4 o ety V-K.

VYckopenue cuiibl TskecTd (1g ) BBIYMCIEHO HA OCHOBE COOTHOUIEHUSI MEX-
ay 1g g, My, 6onomerpuueckoii nonpaskoii, pacctostaueM (d = 44 knk [1]), Ty 1

Maccoi, npuHsaTor paBHOM 0.8 Mgy, s 3B&3m S1, S2 u S3 MBI mony4yusau
T,p/lg 9/[Fe/H] = 4900/2.0/-2.08, 4875/1.95/-2.73 n 4785/1.70/-2.46. Jlna stux
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ke 3B€371 B [3] monyuenst 4700/1.3/-2.31, 4600/1.4/-2.88 u 4600/1.0/-2.53, coot-
BETCTBEHHO, HA ocHOBe JITP ananuza nunuii Fe I u Fe I1.

Crnektpbl Beicokoro paspemerus (R = 34000) B3sTel U3 apXuBa TEJIECKOIA
Keck. Onpeneneno conepxanue Na, Mg, Ca, Ti, Fe, Ni, Sr u Ba ¢ yu€rom oTk0-
HeHuii ot JITP. PesynbpraTel miis Tpéx 3BE37 nokaszaHsl Ha Puc. 1 BmecTe ¢ conep-
xaHueMm Ui 3Be3nbl rajgo HD 122563, xortopas umeer OnM3KHe MapaMmeTphbl
(4600/1.3/-2.6), u pesynbraTtamu pacuéToB Hykiaeocuntesa B SN II u3 [13]. Pac-
npeaeneHuss s TpEX 3Be3] OTIMYAIOTCS KaK APYr OT Apyra, Tak U OT 3BE3]IbI
cpaBHEHHMs. 3Be3na S| BbIACISIETCS aHOMAJIbHO HU3KUM COAEPKAHUEM HATpUd U
oTcyTcTBUEeM u30bITKa [0/Fe]. S2 u S3, HanpoTUB, MOKa3bIBAIOT BHICOKUE U30BITKU
[o/Fe], nanpumep, [Mg/Fe] = 0.8 y S2, npu Tom, uto y 3B€31 ¢ —3.5 < [Fe/H] < -2
B pa3HbIX rajaktukax tunuyHoe otHouienue [Ca,Mg,Ti/Fe] = 0.3. Bce Tpu 3Be3-
JIbl TIOKA3bIBAIOT HU3KOE cojiepkanue Sr m Ba. Y 3BE3x rano Mueunoro Ilytu
aHOMAaJIMU cocTaBa, B TOM uuciie u [o/Fe], Bctpeuarorcs, B ocHoBHOM, Tipu [Fe/H]
<-4 U OOBICHSIOTCS €IUHUYHBIMH 3MH30/IaMH HYKJICOCUHTE3a U HEOIHOPOJIHO-
CThIO mepememuBanus cpeabl [13]. Mbl nonsITaIUCh aIPOKCUMHUPOBAThH MOJIY-
YEeHHOE cojiepkanue 37eMeHTOB OT Na 70 Ni ¢ MOMOIIBI0 pacy€TOB HYKICOCUHTE-
3a MpU B3pHIBAX MACCUBHBIX 3BE3]] MEPBOTO MOKOJICHUS W3 padoThl [13]. AHO-
MaJIbHbI XUMCOCTaB 3Be3/bl S1 B 1IKane coAep:KaHusl 3JIEMEHTOB OTHOCUTEIBHO
martHus, rae [EI/Mg] = 1g(Ne/Nmg)star — 19(Ne/Nmg)sun, XOpOIIo BOCIpOU3BOIUT
Mozenb ¢ Migit = 80 Mgyn, Eexpl = 10 B 1 frix = 0.1. Ognako uToOb! Bocmipon3secTu
pacnpenenenue S1 B abcomotHoi mikane [EI/H], HeoOxoaumMo He MEHBIIE YEThI-
pé€x Takux B3pbIBOB. [losiyueHHOE conepskaHue sl 3BE31 S2 U S3 HEBO3MOXKHO
OTHUCaTh KaKUM-JIM00 OJHUM M3 UMEIoIUXCcs B pacuérax [13] mporeccom. OnHako
Oosbiie U30BITKUA [0/Fe] CBUIETENBCTBYIOT B TOJIB3Y TOTO, YTO OBLIO BCETO He-
CKOJIbKO COOBITHH, KOTOpPbIE BHEC/IM BKJIaJl B 00OTAIlIEHUE 3TUX 3BE3] TSHKEIBIMU
AJIEMEHTaMH.

Tadauua 1. 3BE31HBIC BEIMUNHBI B Pa3HbIX QUIBTPAX, MOTYYECHHBIC HA 2.5-M TeIecKome
KI'O T'AUIIL.
3Be3na B V | R J H K
ComaBer S1 18.920 18.164 17.678 17.197 16.514 15.996 15.955
ComaBer S2 18.375 17.572 17.058 16.552 16.407 15.885 15.834
ComaBer S3 18.854 18.099 17.608 17.115 15.818 15.272 15.213

PeBu3usi mapamMeTpoB U XMMHUUYECKOTO COCTaBa, OCHOBaHHAs HA HOBBIX Ha-
OJIOICHUSIX M aKKypaTHOW METOJWKE pacuéra CIEKTPAIbHBIX JTUHUH, MPUBETA K
NEPEeOCMBICTICHUIO ncTopuu (hopMupoBaHus 3BE371 B ranaktuke Coma Berenices.
[Tonyuennsie st TpEX 3BE31 pacnpeAesieHUus: COAepKaHUd XUMUYECKUX SJIEMEH-
TOB OTJIMYAIOTCS KaK OT TUMUYHOTO i 3BE31 MueuyHoro [lytu Onuskoit metai-
JUYHOCTH, TaK U JIPYT OT Apyra, CBUIAETENBbCTBYSI 00 OTIEIbHBIX 3MU30/1aX HYK-
JeocuHTe3a. J[ocTaTouHO MIMPOKWNA Juarna3oH METaJUIMYHOCTU, HAOJII0JaeMblii B
ranaktuke Coma Berenices, ckopee BCero cBsizaH ¢ HEPAaBHOMEPHBIM TT€pEMEIIIN-
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BaHUEM MC}KBBé?)I[HOFO BCIICCTBA, 4 HC C 3BOJIIOIMMOHHBIM IIPUPOCTOM METAJLINY-
HOCTH B pPE3YJIbTATC ITPOAOIZKUTCIBLHOI'O 3BCBI[OO6p330BaHI/I}I.

0.5 : ' '
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Puc.1. TlonyuenHnoe nist TpE€X 3BE3/] OTHOLIEHUE COAEPIKAHMS 3JEMEHTOB OTHOCUTEIHHO

Mar"usi B 3aBUCUMOCTH OT THOPSAKOBOTO HOMEpa 3JIEMEHTa MOKa3aHO BMECTE C JAHHBIMHU JUIS
3Be31bl Tanno HD 122563 u pesynbraTtamu pacu€ros [13] cunrtesa anementoB B SN 11

PaboTa BpITIOTHEHA C MCTIOIL30BaHUEM O0OPYIOBAHUS, MPUOOPETEHHOTO 32

cuer cpencts IIporpamMmel pa3Butusi MOCKOBCKOTO YHUBEpCHTETa. ABTOpHI Oia-
ronapusl apxuBy Teneckona Keck (C168Hr) u 6aze mannbix http://starfit.org/. Pa-
0ota BhInosnHeHa npu noaaepxkke [Iporpammer [pesunnuyma PAH I1-28.
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PARAMETERS OF INTERSTELLAR MEDIUM AND KINEMATICS OF STAR
FORMING REGIONS IN THE GALAXIES NGC 628, NGC 2976, NGC 3351

Smirnova’ K.I., Wiebe? D.S.
! Ural Federal University, Yekaterinburg, Russia
2 Institute of Astronomy of the Russian Academy of Sciences, Moscow, Russia

The most important element in the evolution of the interstellar medium is the star formation. In
this work, we relate the local indicators of SF in the infrared and optical range (emission in
photometric bands of 8 and 24 um, emission in the Ho. line) to the kinematics of the star forming
regions (SFRs) determined from the emission in the CO line for SFRs in three galaxies: NGC
628, NGC 2976 and NGC 3351. For these galaxies, archival observational data are available in
the Ha. line. A correlation between the Ha flux and the parameters characterizing the radiation
intensity is revealed. We estimate the velocity scatter in the SFRs relying upon the CO line. In
particular, we were able to confirm the Larson's relation between the spatial scale and velocity
dispersion that can be traced up to hundreds of parsecs.

3Be3/1000pa30BaHUE ABJISIETCS OJJHUM W3 BOXXHEUIIUX U M3y4aeMbIX IpPOLEC-
COB B acTpOo(u3MKe, MOCKOJIbKY OHO B 3HAYUTEIBHON CTENEHU OMPEIEISIeT 3BO-
JIOLUUI0 Kak Mex3Be3aHon cpeasl (M3C), Tak u ranakTuk B 1esoM. [Ipsmele or-
peneneHus Temma 3Be3a000pa3zoBaHusi (30) METOIOM 3BE3/IHBIX IOJICYETOB BO3-
MO>KHBI TOJIBKO B HaIlei ['amakTuke u OKalmx K Hel cucteMax. B ocTanbHBIX
CIIy4yasiX MPUXOJUTCS MOJIb30BaThCA KOCBEHHBIMU MHIUKATOPAMHM, MO3BOJISIFOIIU-
MU OLIEHMBATh MTHOBEHHBIN TeMil 30 Kak B IEJbIX TalaKTUKaX, TaK U B OTJIEIIb-
HeIX obnactax 30. Mnaukaropsr 30 mMpHCYTCTBYIOT B Pa3IMYHBIX JIHANa30HAX.
Jloniroe Bpemsi UCTOJIb30BAIUCH, IIABHBIM 00pa30M, ONTUYECKUN U yIbTpaduoie-
TOBBIA Auamna3oHbl [1], HO WX HAaAEKHOCTH CHJIBHO 3aBHUCHT OT KOJHYECTBA I10-
IJIONIAIOUIEH MBUIM B UCCIEAYEMOM 00JIacTH MM rajakTUKe, IO3TOMY celyac Tak
K€ aKTHBHO MCIOJIB3YIOTCA HHAuKaTopsl B K-auamnasone [2—4].

B pabote [5] mMbI aknienTHpoBaan BHEMaHue Ha MK-maHHBIX U HCCaeI0BaIM
ob6nactu 30 ¢ TOUKM 3peHHUs 3HaYeHUM MOTOKOB Ha 8 1 24 MkM. B manHoit pabote
MBI JOMOJIHAEM HUCCIEAYEMbIC JTaHHBIE €Ill€ OAHUM HMHIUKATOpoM 30 — IUHUEH
Ha. {15t 5TOM 11e11 MBI UCTIOJIB30BAIM TPU TAIAKTHKU PA3HBIX MOP(OIOTUUECKUX
tumnoB: NGC 628, NGC 2976 u NGC 3351. B nux BoigeneHo nopsiaka 100 o6mac-
terr 30. Paccmotpens! crienytonue nuama3onsl: UK (8 Mkm u 24 mxMm — 0030p
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SINGS; 70, 100 u 160 mxm — KINGFISH) u pagno (muHus 21 cM — 0030p
THINGS, nunus CO — HERACLES). Jlannbie B muHun Ho ObUTHM mosTydeHbI Ha
2.3-m teneckone BOK obGcepBatopum Steward. st onpeneneHust mapameTpoB
noJisg u3nydeHus B paccMarpuBaeMblx O30 ucnonb3oBaHa mojens JpeiiHa u JIn
[6]. C ee momoripro olleHeHbI MUHUMAJIbHAsI HHTEHCUBHOCTD OIS M3ITydeHUsT Upin
M MaccoBasi JI0Jsl Y MbUIM, OCBEIICHHOW 00Jie€ MHTEHCUBHBIM W3IyuyeHuem. J{is
omnpenesieHus: pazdopoca ckopocTeil B paccMarpuBaeMbix O30 ucnonb3oBaHa Jd-
Hus CO.

N3nydenue B muanu Ho xopoino koppenupyeTt kak ¢ smuccuent B imHun CO,
TaK W C U3JIy4YCHUEM Ha JITMHE BOJHBI 8 MKkM. B padoTte [5] MbI roBopmi, uTO 1M0-
TokH B TMHUU CO 1 Ha 8§ MKM XOPOIIIO KOPPEIUPYIOT MEXKTY COOOH M 3TO MOMKET
OBITH CBSI3aHO C TEM, YTO MIPH MOBBIIIEHHOW UHTEHCUBHOCTH WU3JIYYEHUS TPOUCXO-
AT OJTHOBPEMEHHOE pa3pylICHUE TMOIUIUKINUYECKUX apOMAaTHUYECKUX YTJIEBOIO-
ponoB (ITAY), oTBeuaromux 3a uzinydeHue Ha 8 MM, Tak U Mosiekyn CO. 3aech
K€ MBI MOXEM CKa3aTh, YTO MHOTO MOHU30BAHHOTO BEIIECTBA HAOIIOJAETCS B 00-
JaCTAX, B KOTOpPhIX MHOTO U [TAY, 1 MonekymnsipHOro rasa.

Ha Puc. 2 Mbl BuauM Koppensiuio notoka B JuHuM CO U MUHHUMAaJIbHOIO
II0JIS1 U3JIYYEHUs], TTOTYUYEHHOro U3 Moaenu [perina u JIn. MoxHO crenars BbIBOJ,
YTO OCHOBHOM BKJIaJlI B MOHU3AIMOHHOE M3JIyYEeHUE BHOCUT UMEHHO 0O0IIee M3Iy-
YEHUE 3BE3 .

Boruucnus pazodpoc ckopocteit B obnactsax O30, Mbl Takke CMOTIH TOJ-
TBEPAUTH, YTO COOTHOIIEHUE JlapcoHa MeXay NUCIEPCHEN CKOPOCTEM M pa3me-
pom obnactu 30 mpocnexuBaeTcsa 10 pa3MePOB B COTHU TIK.
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Puc. 1. Koppensus noroka B 1uHNM Ho ¢ moTokoM Ha 8 MkM (a) 1 moTokoM B inauu CO
(b). 3eneupiMu pombamu o6o3HaueHa ramaktuka NGC 3351, cunumu kBagpatamu — NGC 2976
U KOPAJUIOBBIMU TepeBepHYTHIMHU TpeyroapHuKkamMu —NGC 628. B npaBoM HMXHEM yriy Hpu-
BeJleH Kod(PuImeHT panroBoit koppemsinuu CnupMmena.
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Puc. 2. Koppensius notoka B 1uHUM Ho ¢ MUHUMaNBHBIM 11071eM u3imydeHust Upmin. 3eme-
HbIMU pomOamu o6o3nayeHa rajmaktiuka NGC 3351, cunumu kBagparamu — NGC 2976 u xopai-
JIOBBIMH TIepeBepHYThIMU TpeyroiabHukamMu — NGC 628. B nmpaBoM HIKHEM yTrily IPHUBEACH KO-
3¢ GUIMEHT paHroBoi Koppessiiuu CrimpMeHa.
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IMPACT OF THE SMALL-SCALE SPATIAL DISTRIBUTION OF DUST PARTICLES
ON THE CHEMICAL EVOLUTION OF DIFFUSE INTERSTELLAR MEDIUM

Sokolova? V.A., Vasyunin'? A.1., Ostrovskii* A.B., Parfenov* S.Yu.
'UrFU, Yekaterinburg, Russia
2Ventspils University College, VIRAC, Ventspils, Latvia,

We analyze the effect of gas-dust clumps, possibly formed in the interstellar medium due to in-
stability, on the chemical evolution of diffuse interstellar medium. We model the diffuse medium
with common physical properties (n = 100 cm™, T=100 K, A,=1). In the model with clumps, the
conversion timescale of atomic hydrogen into molecular hydrogen is an order of magnitude
smaller than in standard model. Furthermore, the *““clumpy”” model shows higher abundances of
some molecules than the standard model, and there are no molecules with abundances showing
worse agreement with observational data in the clumpy model than in the standard model.

HccnenoBanre aTtoMapHBIX W MOJICKYJSIPHBIX AUGGY3HBIX OOJaKOB TIPEI-
CTaBJsieT OONBIIONW MHTEPEC, MOCKOJIbKY MX (PU3UYECKOE W XUMHUYECKOE COCTOS-
HUE ONpeIesaeT HauadbHbIE YCIOBUS, MPU KOTOPHIX HAYMHAETCS MPOIIECC 3BE3/10-
oOpazoBanus [1]. CoBpeMmeHHbIe 3HaHUS O (PU3MUECKUX M XMMHUYECKUX IPOIIeC-
cax, mpoucxoamux B 1ud@y3HbIX 00J1akax, BeChMa HEOAHO3HAYHBI, XOTS B II€-
JIOM CUWTAETCS, YTO JUIsl TAKOM CpPelbl XapaKTepHbI OTHOCUTEIHHO BBICOKUE TEM-
nepatypsl (30-100 K), nuzkue motnoctu (60-100 CM_S), a TaKXe Ccpena SBIISIETCA
MPOHUIIAEMOMN JIJIs1 MEK3BE3ITHOTO U3TYyUEHHUS: SIKCTUHKIIUS HE MPEBBIIIAET MOPSI/I-
ka 1™,

OpHOM U3 BaXHBIX TPOOJIeM B U3ydeHUHU AU y3HON Cpelibl SABIsSETCs 3a/1a4ya
dbopMUpOBaHUS MOJEKYJSIPHOTO BOJ0pOJa (TO €CTh (GOPMUPOBAHUS MOJIEKYJISP-
HBIX 00JIaKOB) U OOBSICHEHHUS €ro HaOI0JaeMbIX KOHIIEHTpaluid B cpeae. Ha6mro-
JICHUsI TIOKa3bIBAIOT, 4YTO B AU(PQy3HBIX OOJlakaX MPUCYTCTBYET Psi MOJICKYII,
0oOMITHST KOTOPBIX MPEBBIMIAIOT MPECKa3aHHBIE MOJICIbHBIC 3HAYCHUS, U MX Ha-
Omomaemple 0OMITMsL OoJiee XapaKTEPHBI IS XOJIOJHOW TUIOTHOU cpesbl. M3BecT-
Hble (PU3UKO-XUMHUYECKHE MOJIeTN TU(Py3HBIX 00JTaKOB CTAIKUBAIOTCS C 3aTPY/I-
HEHUSMH TIPU OOBSICHEHUH HAOJII0JaeMbIX KOHIIEHTPAIM MOJIEKYJI, a TAaK)Ke CKO-
poctu kouBepcuu H B H, (Hanipumep, [2]).
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B pabote [3] Obuia mpeaiokeHa TeopeThuyeckasi MOJEINb, MPeanoaranas
cyliecTBoBaHue B qu(y3HOI cpeae 0coboro BUa HEM3BECTHOM paHee HEeYCTOM-
YUBOCTHU (MOHHAs SKpaHUPOBKa, uiu “ion shadowing force”), mpuBossieii k He-
OJIHOPOJHOMY Ha MajblX MPOCTPAHCTBEHHBIX MaciiTabax (Mensine 30 a.e.) pac-
npeeleHuIO ThUIH TIo 00beMy o0sakoB. Ha Puc. 1 npeacraBieHo cxematuieckoe
U300paxkeHNe KJIaMIIOB B Cpe/Ie.
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Puc. 1. HeonHopoaHasi CTpyKTypa MEK3BE3/THOM CPEIbl, COJIEprKaIllasi MaJIble TI0 pa3Mepy
ra3o-mpuieBbie oOnaka (Kiamiibl). 37ech L — cpeaHee paccTOSHUE MEXAy KiaMiaMmu, I —
CpEeIHUI XapaKTEPHBIN panycC KiaMIia.

Hamu paccmatpuBarotcst gusnueckue cBoiicTBa nu@Qy3HON cpelbl, BKIIO-
qarolie B ce0s “KiamIibl’ — MaJIeHbKHE XOJIOAHBIE ra30-TbljeBble 00J1aka, Mpei-
MOJIOKUTENBHO C(HOPMUPOBAHHBIE C MOMOIIbIO YKAa3aHHOW paHee HEeyCTOMYMBO-
CTH, TUIOTHOCTH CPEJIbl B KOTOPHIX BBIIIE OKPYKAIOIICH M TeMIepaTypa ra3a paBHa
TEeMIIepaType MbUIM, a TaKXKe MPOBOAUTCS aHAINW3 BO3MOXKHOTO BIUSHUS TaKHX
00J1aKOB Ha XUMHYECKYIO ABOIIOLHIO TU()PYy3HON MEK3BE3THOM CpPEIbI.

B pamkax pemraemoit 3aaun Mbl POBEN MOJienrpoBanue Auddy3Hol cpe-
JIbI C XapaKTEPHBIMU )11 Hee (PU3MUECKUMU XapaKTepUCTUKaMU: MIOTHOCTH — 100
cM >, Temnepatypa — 100 K, A,=1 [4]. TTapaMeTpsI KIIaMITOB, HCIIOIb3yeMbIe HAMH
IPY MOJICITMPOBAHUH, OBLITN MTOTYYEHBI, HCXOS U3 TIOCTOSSHHOTO OTHOIIICHHUSI T10JI-
HOro odbeMma, 3anumaeMoro kiammamu (V.), kK 00beMy auddysnoit cpenbr V/V =
10°°.

B mopenu, Britoyaroiei B ce0si ra30-MbUIeBbI€ CI'YCTKH, OJIMHOYHBIA KIIaMIl
MOKET OBbITh HEMPO3pAuHbIM IS U3dydeHus B Y@ M ONTUYECKOM Juara3oHax
(Puc. 2a), Ho ipu 3TOM ocTaeTcs npo3paunbiM 11t UK-uznydenus. I1o mepe yBe-
JUYCHHS KJIAMITOB MTPO3PAYHOCTh CPEIBl B HOBOM MOJICIIH B IICJIOM YBEITUYHBACTCS
U MOXET OBITh BBIIIE, YEM B CPelie C paBHOMEPHBIM pacmpeseneHuem noumm (Puc.

26).
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Puc 2. (a) Cpennee 3HaueHME MOTJIOMICHUS U3IYYEHUS ISl OTACIBHOIO KilaMIia AS u (6)
CpelHee 3HAUYCHHE TOTJIOMICHUS M3Iy4eHHUs sl BCeH cpebl ¢ KiammnamMu Ay B 3aBUCHMOCTH OT
TUMIUYHOTO pajinyca MbIeBOTo Kiamma R. (B a.e.) B Mmonenu nuddy3Hoi cpeapl ¢ KiiaMmaMu Jist
pa3IMYHBIX 3HaYECHUH IJIOTHOCTHU Ta3a B quddy3HOI cpene, Ny (3Ha4YeHUs INIOTHOCTH B JIETEHE
JTaHEL B CM_S).

B noBoi#i mogenu ¢ knamnamu H, oOpa3yercs Ha mopsaok ObIcTpee U JOCTH-
raeT MakKCUMAaJbHOTO COJAEpPKaHUs paHbllle, YeM B cTaHAapTHOU monenu (Puc. 3).
Takum oOpa3zom, MOJIETb C KJIAMITAMU JIy4YIlle COTJacyeTcsl C MPEANOI0KEHUEM O
ObIcTpOM 10 BpeMeHU (1—2 MIIH. JIET) HBOIOIMOHHOM Iepexojie oT nuddy3Horo
00J1aka K MOJIEKYJIIPHOMY B CTallMOHAPHOM COCTOSIHHH [5].
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Puc 3. V3MeHeHne BenMu4rMH OOMIIMI aTOMapHOTO M MOJIEKYJSIPHOTO BOJIOPOJa OT BpeMe-
HU JUIs ycpeaHeHHo monenu nuddy3Hoi cpeasl 0e3 kiaammoB (cieBa) U ¢ kiaammnamu, Re = 1
8
AU (cmpasa). Bpems sBomonuu: ot 0 1o 10° ner.

Time, years

B uenom, oTHOcuTenbHbIE OOWJIMS MOJIEKYJT B HOBOM MOJEIH HaMHOTO
OombIIIe, YeM B MOJIeTH O3 KIIAMIIOB: JJIT HEKOTOPBIX MOJEKYJ (Hampumep, Ha+ u
HF) pa3znuua moxer npessliate 3—4 nopsjaka no sennyuHe. [Ipu 3ToM B HOBOM
MOJIEJIM HET MOJIEKYJI, YbH OOMJIMS CTalIM XYK€ COrJacOBBIBAThCS C JAHHBIMH Ha-
OJIFOZICHUM 110 CPABHEHUIO CO CTAHIaPTHON MOJICIBIO.

HccnenoBanre BBIMOIHEHO TIpU (PpuHAHCOBOU mozjepkke PODU B pamkax
Hay4yHoro npoekTta Nel8-32-00645.
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TEMIIEPATYPHAS KAJINBPOBKA MOKA3ATEJIEH IIBETA J-K u
H-K @OTOMETPUYECKOHN CUCTEMbI KAMEPBI ASTRONIRCAM
JJIA MOZIEJIEA 3BE3/I KYPYLA

Tarapaukos A.M., Bosommna A.C.
AU MT'Y, 2. Mockea, Poccus
andrew@sai.msu.ru

Terr — NIR J-K AND H-KCOLOR INDICES CALIBRATION FOR KURUCZ MODEL
PHOTOSPHERES IN THE ASTRONIRCAM PHOTOMETRIC SYSTEM

Tatarnikov A.M., Voloshina A.S.
SAIl MSU, Moscow, Russia

We present temperature versus color calibrations for Kurucz model photospheres in the
ASTRONIRCAM photometric system. The dependences of the J-K and H-K color indices on
[Fe/H] and log g are provided.

s onpenenenust 3PQGEKTUBHBIX TEMIIEpaTyp 3Be3]] AOCTATOYHO LIMPOKO
npuMeHsiercss Meton uH@pakpacHeix morokoB (infrared flux method, IRTF),
npeioxkeHHpld B [1-3]. OqHako 3TOT METOJ HE OYCHb XOPOIIO IMOJXOIUT JIJIS
MaccoBbIX 0030poB. B mocnenneM ciaydyae yqoOHee MOJIb30BAThCA MOKA3aTENIIMU
nBera. Ha ToyHOCTH ompeseneHus: TeMnepaTypbl B 3TOM Ciiydae, TOMUMO OOBIU-
HBIX HAOIIOJATENbHBIX (PAKTOPOB, BIUSET y4eT (MM HEy4YeT) XMMHYECKOTO CO-
CTaBa M CBETUMOCTH 3Be3[l. J{1sl mpoBeneHus mof00HBIX U APYruX paboT (Hampu-
Mep, TIPY aHaTN3e XUMUYIECKOTO COCTaBa 3Be3/1) MPUMEHSIIOTCS KaTMOPOBKU 3aBU-
CUMOCTH ToKazareser npera (Hanpumep, B-V mwim V-K) ot Teg ¢ yueTom xumude-
ckoro coctasa u Ig g (cm. Harpumep kanuOpoBky B [4] mist F-K 3Be3n).

3HaYUTEIHLHOE pa3inuue HEHTPAIBHBIX JUIMH BOJH QuibTpoB V u K B paboTte
[4] mano BO3MOXKHOCTH TOJYYHTh XOPOIIYHK) 3aBHCHMOCTH TOKAa3aTes I[BETa OT
TEMITepaTypbl ¥ CHU3UTH TPEOOBAaHUS K TOYHOCTH (POTOMETPUUCCKUX JTAHHBIX —
ommubka B mokazatesie +0.1 mag maet nmorpemHocTs TeMiepatypsl 10 200 K. Ox-
HAKO CHJIbHAsI 3aBUCHUMOCTHh HCITOJIb3yeMBIX MMOKa3aTeseil 1BeTa OT 3aKOHAa M Be-
JUYUHBI MEXK3BE3THOTO TMOKPACHEHHUS W HUCIIOJIb30BAaHUE JaHHBIX (DOTOMETPUH,
MOJIYYCHHBIX HA Pa3HBIX MHCTPYMEHTAaX B PAa3HOE BPEMsI, MOXKET JOMOJHUTEIIbHO
CHUBUTH TOYHOCTb OTIPEIICTICHUS | cfy.

B nameit pabote MBI ucciaemyeM 3aBUCUMOCTh TToKaszatenei meera J-K n H-
K dotomerpuueckoii cuctemsl HoBori MK-kamepsr ASTRONIRCAM ot Bennum-
HbI Tef U UYBCTBUTEIIBHOCTh 3THX IOKa3aTesield K KJIAcCy CBETMMOCTH U MeETall-
JMYHOCTH 3BE3/I.

Kawmepa-crekrporpad ASTRONIRCAM (The ASTROnomical NearInfraRed
CAMera) ycranosiena B goxyce Hecmura 2.5-M teneckona obceppatopun KI'O
AV MTI'Y. IIpu pabote B poTOMETpUUECKOM peXUME Kamepa MO3BOJISIET MO-
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Jy4aTh CHUMKHU HeOa yIJIOBBIM pazMepoM 4.6' B pa3iMuHbIX (GUIBTPAX, B TOM YHC-
ae B puibTpax JHK dhoromerpuueckoit cucremsl MKO. O6111as KOHCTpYKITUS Ka-
MephI, ONTHYECKasl cxeMma, rmapamerpsl jgerekropa (Hawaii-2RG), cxembl peruct-
paluu W 1BETOBBIE YPaBHEHUS, CBA3BIBAIOIINE WHCTPYMEHTAIBHYIO U CTaHIApPT-
HYI0 OTOMETPUICCKUE CHCTEMBI, OITUCAHBI B [5].

[TrTrryrrrryprrrryprrrryrrrrp T T r T T T T T T

J-K

vl e v v v b b b e b aa g

4000 6000 8000 10000 12000 14000 16000 18000 20000
Teff, K

Puc. 1. 3aBucumocts nokasarens 1seta J-K ot remnepatypst mist [Fe/H]=0.0.

[TokazaTenu 1BeTa BBIYUCISUTNCH MYTEM CBEPTKH KPHUBBIX pacHpeeiIcHUs
sneprun  mojeneii  Kypyma [6] ¢ kpuBbIMM mpomyckaHus — (HIBTPOB
ASTRONIRCAM [7]. KpuBast 4yBCTBUTEIBHOCTH ACTEKTOPA B MPELiIax MOJIOCHI
NPOMYCKaHUsl (PUIBTPA CUATAIACH «ILIOCKOM» (YTO BIOJHE 0OOCHOBAHO, TaK Kak
UCIOJIb3yeMble (QUIBTPHI JOCTaTOUHO y3kue — AAA<1/6). Jlns mepeBoaa B 3Be3/-
HbIC BEJIMYMHBI HCITOJIb30BajIach KaauOpoBKa [8].

Ha Puc. 1 noka3ana 3aBucuMocTh nokasatens 1sera J-K ot temneparypsi
JUTS COJTHEUHOW METAJUTMYHOCTH M JBYyX 3HadeHuit Ig g=2.5 u Ig g=4.5. Xopomio
BUJTHO, YTO TOKa3aTesb J-K MOHO MCIIOJIB30BATh IS OTNPEICTICHUSI TEMIIEpaTy-
pol mumnb 17 3Be37 ¢ 1o < 8000 K. Ist Gosee ropsiumx atMocep 3aBHCHMOCTD
J-K ot TemmiepaTypsl cranoBUTCs Oosiee ciaboit. [Ipu 3TOM A XOJIOMHBIX 3BE3]T
¢ Tesr < 4200 K 3T0T MOKa3aTens I[BeTa MO3BOJIAET OICHUTH U 1g §. B nmamazone
temneparyp 4200 K — 8000 K weonpeneneHHocTh B |g § HECKOJIBKO MOHWXAET
TOYHOCTH ONpeAeiieHus Tq. Jnsa muanasona lg g=2.5-4.5 usmeHeHune Temmnepary-
pBI I PUKCUPOBAHHOTO TOKa3artens 1BeTa coctasiser ~200 K.
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Puc. 2. 3aBucumocts mokasarens 1seta J-K ot metamumunoctu [Fe/H] ams aByx 3Have-
nuit lgg=2.5ulgg=4.5.

3aBUCHMOCTh TMOKazarens 1BeTa J-K OT MeTajuimuyHOCTH [Jisi XOJIOJHBIX
3Be31 Ipu JABYX 3HavueHusx |g g = 2.5 u g g = 4.5 noka3zana Ha puc. 2. BugHo, 4to
s mozeiert atmocdep ¢ Ig g = 4.5 u T < 5000 K 3Ta 3aBUCHMOCTD CYIIIECTBEH-
Hasl ¥ €€ HaJ0 YUUTHIBATh IIPHU ONPEACICHUU Ter. [T 3BE3]T ¢ HU3KUM 3HAUCHUEM
lg g 3aBucumocTs J-K ot [Fe/H] Gosiee tutockass u sl TOCTaTOYHO IAPOKOTO
nuana3ona 3HaueHui [Fe/H] ee moxxHO He yumrthiBaTh. OJHAKO IS XOJIOIHBIX
3Be3n u s [Fe/H]>0 neyder BiausiHus Ki1acca CBETUMOCTH CHHKAET TOUHOCTb.

Jnama3on m3aMeHeHus mokasarens nsera H-K MeHbie nuama3zona m3MeHe-
Hus nokazarens J-K — npu u3menenunu temmepatypsl ¢ 3500 go 5000 K nmokasa-
tenb H-K mensercs nump Ha 0.2 ¥ HaYyWHAET TEPATh UYBCTBUTEIBHOCTb K | gff
pasbiie, yueMm J-K (cMm. puc. 3). [1o 3Toit mpudyrHe OH XYK€ MOAXOAUT IS OTpe/ie-
JICHHSI TEMITEPATyPHI.
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Puc. 3. 3aBucumocts nokasarens 1seta H-K ot remneparypsr s [Fe/H]=0.0 u Ig g=2.5.

PaboTa BrImOIHEHA C UCIOJIHL30BAHUEM O60py,Z[OBaHI/I}I, HpI/IO6p€TeHHOI‘O 3a

cuet cpeactB [Iporpammel pa3Butusi MOCKOBCKOTO YHUBEPCUTETA.
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OIIPEJIEJIEHUE IIBETOBBIX YPABHEHUI TPAHC®OPMAIIUH
3BE3/IHbIX BEJIMYUH U3 ®POTOMETPUYECKOU CUCTEMBI 2MASS
B CUCTEMY MKO UK-KAMEPBI ASTRONIRCAM

Tarapaukos A.M., TarapuukoB A.A.
AU MT'Y, 2. Mockea, Poccus
andrew@sai.msu.ru

THE ASTRONIRCAM MKO PHOTOMETRIC SYSTEM: CALIBRATION FROM
2MASS

Tatarnikov A.M., Tatarnikov A.A.
SAIl MSU, Moscow, Russia

We present transformation coefficients to convert JHK magnitudes and colors between the Two
Micron All-Sky Survey (2MASS) photometric system and the MKO system used in the infrared
camera ASTRONIRCAM of 2.5-m telescope (Caucasus Mountain Observatory, SAl MSU). Stars
in fields around primary standards of the MKO system that have 2MASS magnitudes are used.

HNK-kamepa ASTRONIRCAM, ycranoBnenHnas Ha 2.5-m Tteneckone KI'O
AW, B ¢doTOMETpUYECKOM peKHUME pabOThl IMO3BOJIET MOJy4aTh MPSMbIE
cHuMKU Heba B ¢uibtpax J, H, K cranmaptHOoil (hoTOMETpHUECKON CHCTEMBbI
MKO [1]. Bo3M0XXHOCTb MOTy4€HHs TOUHBIX (DOTOMETPUUECKHUX JAHHBIX 3aBUCHT,
B TOM YHCJIE, OT HAJIUYUS B TOJIE 3pEHUS CTAaHAAPTHBIX 3Be3/. UMCIIO TaKUX 3BE3[
B cucteme MKO HeBenuko (B pojiM MEPBUYHBIX CTaHIAPTOB BBICTYHAIOT OKOJIO
100 3Be3x [2]), 1 OHM HE TMOMANAIOT B MOJE 3peHUsT Kamepbl (4.6") mpu 0OBIYHBIX
HaOmoaeHusx. [Ipu »ToM Ha M300paKeHUU MPUCYTCTBYIOT 3BE3JIbI, OJIECK KOTO-
pbIX ObLT onpenesnieH B xoae 003opa 2MASS u kotopbie MOru Obl OBITh UCIIONb-
30BaHbI B KaYECTBE 3B€3/1 cpaBHEHUs. 111 TpaHCcopMaIuy 3B€3HBIX BEIMIUH U3
cuctembl 2MASS B MKO wncnonb3yroT 1IBETOBBIC YpaBHEHUS U3 paboThI [2]. DTH
ypaBHEHHUs OBLIIN OMPEIEICHBI 0 TPYIIIE MEPBUYHBIX CTAHIAPTOB.

[lens Hamieit pabOTHl — UCCIEOBAaHUE BO3MOXKHOCTH MOBBIIICHUS TOYHOCTH
¥ HAJISKHOCTH TpaHCPOPMAIIUN MEXTy CHCTEMAaMHU ITyTeM YBEITUYCHHS KOJINYECT-
Ba 3BE€3/I, UCTIOJB3YIOMINXCS JJIs TIOCTPOCHUS I[BETOBBIX YPAaBHEHUM, M OTpE/IeIie-
HUE HOBBIX KOA(DPUIIMEHTOB ypaBHEHM, CBs3bIBaromux cucteMbl 2MASS u
MKO.

B paGote [2] st onpesnenenusi ypaBHEHHM, CBSI3BIBAIOIIMX pa3Hbie (HOTO-
merpuueckue cucreMbl ¢ MKO, Obu10 ucnosnb3oBaHo 84 3Be3/bl. YPaBHEHHS 3a-
nairotcsi B Buae Amag=B*c.i.+A, rae 4mag — pa3HOCTh 3BE3IHBIX BEIUYHH B
IBYX (POTOMETPHUECKUX CUCTEMaXx, C.I. — ToKa3zarenb 1BeTa, a A u B — koaddu-
IIUCHTBHI.

Hcnonp3oBanue i onpenenaeHus: KodQGUIMEeHTOB TpaHCPOPMAIIH 3BE3 —
NEPBUYHBIX CTAaHIAAPTOB, KaK 3TO ObUIO CAENAaHO B [2], HIMEET OYEBHUHBIE Mpe-
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MMYIIECTBA: UX 3BE3[IHbIE BEJIMYMHBI U3BECTHBI C BHICOKOH TOYHOCTHIO, OHU IPO-
BEpPEHbI Ha OTCYTCTBUE MEPEMEHHOCTH, UX OJECK HaXOAUTCS B yIOOHOM IJisi Ha-
ONIOIeHUI TManazoHe, YTO MO3BOJIAET MPOBOAUTH (DOTOMETPHUIO C JTOCTATOUYHOM
TOYHOCTHIO. OJTHAKO €CTh W PSAJl HEJAOCTATKOB: MaJlo€ YHUCIO 3BE€3]l, JTOCTYITHBIX
JUIsL TOYHOU (POTOMETPHUU B CPEAHHX IIHUPOTaX, HEOOIBILION JUana3oH U3MEHEHUs
nokasatens nsera (~2"), 4TO CHMIKAET JOCTOBEPHOCTH ONPEEICHHS LIBETOBOM
MOTIPaBKH.

B Hameit paboTe MCMONB3YIOTCS CHUMKH OJIMKaWIIMX OKPECTHOCTEH (Iua-
MeTpoM ~5') mepBUYHBIX cTaHaapToB cucteMbl MKO, monydeHHble ¢ KaMepoi
ASTRONIRCAM na 2.5-m Teneckone KI'O I"AUIII. HabmroaeHnust mpoBOIUINCH
B OCHOBHOM [IJIsl OIIPEJIETICHUSI YPAaBHEHUHN CBSI3M MHCTPYMEHTAJIbHOU (hoTOMETpHU-
YeCcKOM cucTteMbl co ctannapTHoit cuctemMoit MKO B ¢oToMerpuuecku sicHbIe HO-
yu B 20162017 1. u aysg PoToMeTprUUECKUX MPUBSI30K OTACIbHBIX BTOPUYHBIX
CTaHJIapTOB B XOJIe PEryJsipHbIX HaOmoaeHuil ¢ kamepoit B 2018 r. Bee kaapol
nojaydeHsl B pexkume dithering (masnble CMeIeHHs IICHTpa IMOJIs 3PCHUS MEXKTY
OT/ICJIbHBIMU KaJIpaMH) CO BpEMEHEM HakoruieHus: 6—30 cek.

Hcrnonp3oBacs cienyonui anroputM 00padoTKH KaJpoB:

1) mepBuUYHasE PEeayKIMs AaHHBIX (KOPPEKIUS JAHHBIX IUIOXHX IHUKCENIOB,
KOPPEKIIUS 32 HETUHEHHOCTh U YUET IUIOCKOTO TOJIS»);

2) OTOX/IECTBJICHUE 3BE€3]l B MOJI€ 3PEHUSI KAXKIOro Kajpa C MOMOIIbIO Mpo-
rpaMmMmel astrometry.net [3];

3) hboTomeTpus Bcex 3Be3] Ha Kajpe ¢ moMonibio nakera photutils [4], uacr-
pyMEHTaJbpHas cucTeMa KaMepbl OueHb OJHM3Ka K CTaHAapTHOW (cM. pasgen 8 B
[1]), penykmus u3 Hee B cuctemy MKO mpoBoautcs o ypaBHeHusiM u3 [1].

4) 3anpoc naHHbIX Katamora 2MASS s 3Be3n moiist (Moayis Vizier [5]);

5) nmpoBeneHne Kpocc-UACHTH(PUKAIIMA U3MEPEHHBIX 3BE3]] M 3BE3J] U3 Kara-
aora 2MASS ¢ nomoripio Moyt WCS makera astropy [6].

Jlnsa onpeneneHust KO3P(GUIUEHTOB CBSA3H 3BE3/IHBIX BEJIWYUH (HOTOMETpHUUE-
CKUX CHUCTEM HCHOJIBb30BaJIMCh 3BE3/bl, Y KOTOPBIX OJECK JIEKUT B nuanazoHe 10—
15 mag, ommbka onpeneneHus: cpeanero onecka He npesbimaer 0.03 mag u ot-
CYTCTBYET nepeaepxkka. Takum oOpa3om, NMpU UCHOJIb30BaHUM HaOmoneHuit 30
NEPBUYHBIX CTAaHAAPTOB JJIA omnpeneneHus: KodhPuimeHToB cBsizu poromerpuue-
CKHUX CHCTEM MCIOJIb30BalIoCh okoyio 150 3Be3n. [anbHeilliee pacuiupeHue Cru-
cka Habmonaembix B KI'O nepBUYHBIX CTaHIAPTOB MO3BOJIUT €LIE YBEITUYUTH 3TO
YHCIIO.

Ha Puc. 1 npeacraBnenbl 3aBUCUMOCTH Pa3HOCTEH 3BE3HBIX BETUYHUH (POTO-
metpuueckux cucreM 2MASS u MKO ot nokasareneit usera. B Tabmure 1 npu-
BEJICHBI COOTBETCTBYIOIINE KOI(PPHUIIMEHTHI YPaBHEHH CBSA3H 3THUX JABYX CHCTEM.
3naueHus k03()PUIMEHTOB B Mpenesaax OMMOOK COBMANalOT C JaHHBIMU U3 pado-
Tol [2]. BugHO, 9TO HYNIB-yHKT cucTeM B ¢mibTpax JK coBmamaeT A0CTaTOYHO
xoportio, a B puiabtpe H on cMemen Ha ~0.03 mag. OTHOCUTEIHLHO OOJBIINE KO-
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b ULIEHTH MPU MOKa3aTeNsAX 1BeTa TPeOYIOT 00s3aTeIbHOTO Yy4YeTa LBETOBBIX

NOMPABOK MpU TpaHCHOPMALIMK U3 OJTHON CUCTEMBI B JIPYTYIO.
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Puc. 1. 3aBucuMOCTh pa3HOCTH 3BE3HBIX BeMUYHMH (poTomMeTprueckux cucreM 2MASS u

MKO ot nmoxa3zaresns isera.

Ta6auna 1. Kosxpdurments ypasuenus penykiuu Amag=A+B*c.i.

4Amag A O B o C.I.
Jomass—Imko 0.002 0.007 0.068 0.007 (J-K)mko
Komass—Kvko | 0.005 0.007 0.036 0.008 (J-K)mko
Homass—Hmko | 0.027 0.006 -0.033 0.010 (H-K)mko

N3menenne kpurepust touHoctu Gotomerpun ¢ 0.03 mo 0.05 mpu orbope
3Be3]], UCMOJIb30BAaHHBIX JJI ONpEaeICHUs KOI(PPHUIMEHTOB, YBEIUYUBACT KOJIH-
yecTBO 3Be37 10 ~200-250, HO HE MEHSIET BETUYHHBI CaMHUX KO3 PUIIUEHTOB.

Taxum 00pa3oM, UCHIOIB30BAHKE MIPH OTIPENIETICHUN YpaBHEHUH CBSA3U POTO-
METPUYECKUX CHUCTEM JIOTOJIHUTENbHBIX K MEPBUYHBIM CTAHAAPTaM 3BE3] HA Kaj-
pe BBITTISANT OMpaBAaHHBIM. 110 OTHOCHTENBHO HEOOMBIION BHIOOPKE TIIOIIAI0K
(Bokpyr 30 mepBHUYHBIX CTaHJAPTOB) MOJYYE€HbI 3HAYEHUS KOA(D(DUIIMEHTOB ypaB-
HEHHIA C TOYHOCTBIO BBIIIIE, YEM I10 ITOJTHOM BBIOOpKE (84 00bekTa) B padoTe [2].
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PaboTa BbINONIHEHA ¢ UCMOJIL30BAHUEM O0OPYIOBaHUsSA, MPUOOPETEHHOTO 32
cuet cpenctB [Iporpammel pa3Butusi MOCKOBCKOTO YHUBEPCUTETA.
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40 JJET HABJIIOJEHUI CUMBUOTHYECKON HOBOM PU VUl
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40-YEAR-LONG MONITORING OF THE SYMBIOTIC NOVA PU Vul
AT THE CRIMEAN ASTRONOMICAL STATION

Tatarnikova® A.A., Kolotilov! E.A., Metlova! N.V., Tarasova® T.N.,
Tatarnikov! A.M., Shenavrin! V.1.
1 SAI MSU, Moscow, Russia
2 CrAO of RAS, Nauchny, Russia

We analyze results of optical and IR photometry and spectrophotometry of the symbiotic nova
PU Vul obtained at the SAI Crimean Station the Crimean Astrophysical Observatory. Different
stages of the strong outburst (1977) as well as different types of variability of this binary are
discussed. We suggest that the hot component of PU Vul has not been on the cooling curve yet.

CumbuoTtnueckue 38e31b1 (C3) mpeacTaBissroT coO0i Ki1acc JOITONEPHOIN-
YECKUX B3aUMOJECUCTBYIOIIMUX JBOMHBIX. ['OpsSuMii KOMIOHEHT B OOJBIIMHCTBE
CUCTEM SIBJISIETCS] TOPSYUM CYOKApJIMKOM, OJTHAKO BCTPEUYAIOTCSI U CUCTEMBI C HEM-
TPOHHOM 3Be310M. BropumunbsiM kxommnoneHtoM B C3 Bcerma siBIsieTCS 3Be3a-
rUradT (Jaiie BCero — KpacHBIM WM OpaHKeBhIi). Bes cucrema morpyxkeHa B
IPOTSHKCHHYIO M HEOJHOPOJIHYIO TyMaHHOCTh. CumOunoTnueckas 3pe3ga PU Vul
BXOJIUT B COCTaB HEOOJBIION MOATPYIIBI CUMOMOTHYECKUX HOBBIX, JTEMOHCTPH-
pYIOIIMX 32 BCIO HMCTOPUIO HAOJIONEHUM TOJBKO OJIHY, KpalHE MEeIJIEHHYIO
BCIIBIILIKY. JTa MOATrpYMIa BKIIOYAeT B ce0sl Bcero § (MOXKeET ObITh 9) 0OBEKTOB.
PU Vul otHOCHTCS K cCaMbIM U3y4eHHBIM 00BEKTaM, TaK KaK BCIIBIIIKA MPOU30IILIA
CPaBHUTEIHHO HENIABHO, B PE3y/bTaTe YEro CUCTeMa HaOJII0Jalach B IIUPOKOM
CHEKTPaJIbHOM JUaIa3oHe C MOMOIIBI0 KaK HA3eMHBIX TEJIECKOIIOB, TaK U KOCMU-
YECKUX MUCCHUH.

Bcembimka cumorotuueckoit Hopoii PU Vul 6b11a oTkpeiTa B amperne 1979 r.
[1]. OnHako, coriaacHO BOCCTaHOBJICHHON MCTOPUYECKON KPUBOM, MOJAbEM Ojecka
Hayvayics eme B Hossope 1977 1. [2]. C anpens 1978 r. o anpens 1979 r. Hadimro-
JaJICcs IEPHOJ] MOHOTOHHOIO BO3pacTaHus Oiecka co ckopocthio 0."0085/cyr. Ha
HayaJIbHBIX 3Talax pPa3BUTHs BCIBIIMIKKM CUCTeMa Oblja M3BECTHA IOJ UMEHEM
«o0wvekT KyBaHo—XoHma» (B 4ecThb ABYX HaOJrogaTeNei, MepBbIMU OOHAPYKHUB-
IUX BCIBIIKY) Wik Kak HoBast JIucuuku 1979. IloznHee cuctema moiyyusiia Ha-
3BaHUE, COOTBETCTBYIoIIee OOIIeMy KaTajaory nepeMeHHbIX 3Be3q. HaOmronenus
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PU Vul na teneckonax Kpeimckoii cranmuu ["TAWII Havaauch BCKOpe MOCie OT-
KpBITHUSL — B TOM k€ 1979 1.
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Puc. 1. Kpussie 6aecka PU Vul (1977-2018 rr.).

Llenb manHO# paboOTHI — paccka3aTh 00 ucropun ucciaenosanus PU Vul, sso-
JIOLUU 3TOM CUCTEMBI Ha JJIMTEIbHOM MHTEPBAJIC BPEMEHU U IIPUBECTH PE3yJIbTa-
ThI HOBBIX (JOTOMETPUYECKUX U CIIEKTPAIbHBIX HAOIOICHUN.

B nepBoe BpeMst mociie BCIBIIIKK CHCTeMa MPUBJIEKIIa K ce0e OO0IbII0oe BHU-
manue actpoHoMoB. K 2000 r. 6ubauorpadus pador mo PU Vul HacuuteiBaiia 60-
aee 150 myonukaruii (mogpobuee cM. [3]). [ToToMm mHTEpeC K cUCTEME OKUAAEMO
ynai. B 2000-2018 rr. Obu10 ommy0aukoBaHO Beero 36 crateil (BKiItodas 0030pHbIe
paboThI U KaTaJoru), I7ie X0Th Kak-To ynomuHanack PU Vul, mpuuem tonbko 14
paboT onMpaIrMCh Ha HOBBHIE JTaHHBIC HAOMIOACHUHN, B OCTAIIbHBIX CTAThSIX MPOBO-
JTUJICS] aHAJIM3 CTapbIX HaOMoAeHnH, osrydeHHbIX 10 2000 r. Mexay Tem, ¢ TOUKH
3pEHUs pacdeTa TEOPETUYECKHX MOJIENIeH BCIBIINIEK CUMOMOTUYECKHX HOBBIX,
BOKHBIM SIBJISICTCS TMOJYYEHUE MMEHHO JOJTOCPOYHOTO TPEKa TopsSYero KOMIIO-
HeHTa Ha quarpamme ['epummpynra—Paccena.

Ha Puc. 1 noka3zansl kpusie 0necka B ¢punstpax U, V, J, H, K, L, Haunnas
OT CTaJIUU TOJAbEMa K MaKCUMyMy OJieCKa JI0 HACTOSIIeTo BpeMeHUu. Ha KpuBBIX
0JiecKa XOpOIIO BBIACISIOTCS TPU TUIIA IEPEMEHHOCTH.
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[lepBblii — 3TO 3aTMEHUS TOPSYETO KOMIIOHEHTA M YaCTH TYMaHHOCTH XOJIOI-
HbIM KOMIIOHEHTOM. B mporiecce 3BOIONMHU BCIBIIIKK NPO(HIIb 3aTMEHUS TTIOME-
HsIcs KapauHanbHO. OT pe3koro u riay6okoro 3atMmenus 1980 r. (korma 3atme-
BaJICSl BCIIBIXHYBIIIHMI TOPSYNIl KOMIIOHEHT, HAXOIUBIIUNUCS B CTAJIUU CBEPXTHTaH-
Ta) CMCTEMa Tepenuia K MIaBHBIM CUHYCOUTAIbHBIM KOJIeOaHUsIM OJIeCKa, CBSI3aH-
HBIM C YaCTHYHBIM 3aTMEHHEM MPOTHKEHHON TyMaHHOCTH (CHCTEMa MOCIe KOPOT-
KoM mepexoHoi ¢azbl 1988 r. HaxoauTCs B HEOYIAPHOIM CTaANK BCIBIIIKH, KOTJa
U3ITy4eHHE TOPSYEr0 KOMITOHEHTA MPAKTUYECKU HE 3aMETHO B ONTHYECKOM U
ompkHeM YD auamna3oHax).
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Puc. 2. Cnexrp PU Vul 21.06.2018 .

BTopoii TuIl NEPEMEHHOCTH CBSI3aH C MEJJICHHOW 3BOJIIOIMEN BCIIbIIKA 1977
r. To, 9TO 3BOMIOIMS TPOJOJKAETCS, XOPOIIO 3aMETHO Ha KPHBOW Oiiecka B
dbunsTpe U. Bumno, uto B 2018 1. (3a 2 roga 10 ciaeayromero MUHIMyMa) 0J1eck
cuctembl B OnmxHeM Y® nuamasoHe yxke Huxe, yeM B muHumyme 2007 r., TO
€CTh aMIUIUTyAa OYyIyIIero, Y4eTBEPTOr0 MUHUMYMa COCTABHUT IO KpalHEW Mepe
1.1 (mpotus 0™.8 B TpETHEM MUHUMYME).

B ¢unprpe V, moMuMo mepBhIX ABYX THUIIOB MEPEMEHHOCTH, XOPOIIO 3aMeT-
HbI KosieOaHus OJieCKa, CBSI3aHHBIE C MYJIbCALUSIMHU XOJOJIHOTO KOMIIOHEHTA CHC-
TeMbl ¢ TiepuoaoM 217.7 cyrok (cm. [4]). DTOT ke THI EPEMEHHOCTH B HACTOSI-
i MoMeHT gomuHupyeT Ha MK kpuBbix Onecka, rae, HaunHas ¢ 2000 r., uzmy-
YEHUE TOPSYEro KOMIOHEHTa U TYMaHHOCTH HE JIa€T CKOJb-HUOYAb 3HAYUMOTO
BKJIaJla B CyMMapHBI MTOTOK.

Hamu HEOTHOKpPATHO MPOBOJUIIUCH MOMBITKHA MOMCKA OBICTPON MEpEeMEHHO-
ctu 6itecka y PU VUl Ha BpeMeHHBIX MaciiTabax IeCITKH MUHYT — Yachl. Bece oHM
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IPUBEIN K OTPULIATEIBLHOMY pe3yJbTaTy. MOXKHO ¢ YBEpEHHOCTBIO YTBEpPKIATh,
4YTO CUCTEMa He 001alaeT MoJA0OHBIM TUIIOM NMEPEMEHHOCTH Ha HEOYJSIpHOM cTa-
uH (IOUCKH TIPOBOAMIIUCH MPH Pa3IMUHBIX opOuTanbHbIX (azax B utone 2010 r.,
asrycre 2012 r., aBrycre 2016 r. u aBrycre 2018 r.).

CrnektpanbHas sBosonust cuctembl B 1979-2001 rr. cooTBeTCTBOBaNIA TEO-
pPETHYECKHUM pacueTaM BCIBIIIKA CUMOMOTHYECKON HOBOM JJIsi TOpsiuero cyokap-
nuka (cM. [5]). Ot craguu A-F cBepxruranrta (anuBieiics mouru 10 yet) yepes
KOPOTKYIO mepexoanyto (a3y cucrema mepenuia K HeOymsipHoU ctaguu. OnTrde-
CKUW CHEKTP CHUCTEMbI MOMEHSJICS OT XapaKTEPHOIO JIJIsi CBEPXIMIaHTa SIPKOTO
KOHTHHYyMa ¢ JuHusmu nornomenus H, Call, Sill u ap. meramios uepes crekTp
C IHUPOKUMH 3MHUCCHOHHBIMHU JIMHUAMH, XapakTepHbIMU it 3Be3n tuna WR k
TUNUYHOMY criekTpy C3, rie mpucyTCTBYET M3Iy4YeHHE ONTHYECKH TOHKOH TYy-
MAHHOCTH M Y€TKO BUAHBI MOJEKYJSIPHBIE MOJOCHl XOJOJAHOIO KOMIIOHEHTa (CM.
Puc. 2). B npouecce pazputusi HEOyJIIPHON CTaIMK BCIBIIIKM B CIEKTPE HAUYWHA-
IOT TOSIBJIATHCA U YCUIIMBATHCS SMUCCUOHHBIC JIMHUM MOHOB CO BCE OOJBIIUMU U
OonpIMMU TIOTeHIMAlaMu noHu3aruu. Tak B 2006 r. Obuta 3aperucTpupoBaHa
nuEns Pamanosckoro paccesans OV, 6830 A [6]. Dto cBunerenscTBYeT 06 yBe-
JMYCHUU TEMIIEPaTyphl Topsidero kommnoHeHta. OIeHKa Temreparypsl (caesaH-
Has 1o MeToxy 3aHcrpa misa muaun Hell, 4686 A) u cBeTMMocTH rops/dero Kom-
noHeHTa B 2014 r. CBUAETENBCTBYET O TOM, YTO, HEB3UpAsk HA JOCTATOYHO OOJIb-
10€ MaJeHUEe CBETUMOCTH, TOpsYMil KOMIIOHEHT TIOKa HE Iepele Ha TeopeTuyie-
CKH PAaCCYUTAHHYIO CTAJIMIO OCThIBaHHS [7].

TatapaukoBa A. A. BelpaxkaeT 0JIaroJJapHOCTh 3a (PMHAHCOBYIO MOIJECPKKY
Poccuiickomy Hayunomy @onpay, rpant 17-12-01241 (moctaHoBKa 3agaud, aHa-
713 GOTOMETPUUYECKUX U CIIEKTPATBbHBIX JTAHHBIX).
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STUDY OF THE 35-DAY CYCLE OF THE BINARY X-RAY SYSTEM
OF HER X-1=HZ HER BASED ON THE BROADBAND PHOTOMETRIC
LONG-TERM OBSERVATIONS
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The X-ray binary Her X-1 = HZ Her consists of an accreting neutron star and ordinary optical
donor star. The 35-day X-ray variability of this system is known since its discovery in 1972 by
the UHURU satellite. It was shown previously that this period was caused by forced precession
of the warped accretion disk tilted to the orbital plane. In this work we revealed that during the
precession cycle variations of the following parameters take place: a) intensity (power) of the
stream of matter flowing out of the optical star; b) X-ray luminosity of the neutron star; c) opti-
cal flux of the accretion disk; d) X-ray irradiation pattern on the donor star; e) tilt of the inner
and outer edge of the accretion disk. Behavior of the variability can be explained by free preces-
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sion of the neutron star with a period close to the forced one of the accretion disk. The mecha-
nism of synchronization of these periods is discussed. .

HZ Her = Her X-1 — 1o peHTreHoBCKas JIBOWHAsI CHUCTEMa MPOMEXYTOUHOU
Macchbl. OHa cocTouT U3 3Be31pl Maccor 1.8-2.0 macc ConHua U pEHTI€HOBCKOTO
nynscapa maccort 1.0—1.5 macc Conuna. OpOuTanbHbBIN MEPHOJ] CUCTEMBI COCTaB-
aset 1.7 cyrt., nepuon nynbcapa 1.24 cex. B cucteme umeeT MECTO MHTEHCUBHOE
NEPETEKAaHNE BEIIECTBA YEPE3 BHYTPEHHIO TOUKY JlarpaH:ka ¢ ONTHYECKOU 3BE3-
Ibl Ha HEUTPOHHYIO 3Be3[ly C 00pa3oBaHUE AKKPELUHMOHHOIO JIMCKAa BOKPYT IO-
CIEOHEN.

Pentrenosckuii mynscap Her X-1 Obu1 otkpeIT ciytHukom UHURU B 1972
r. [1]. [IpakTuecku cpa3zy oH ObLT OTOXKIECTBIEH ¢ onThueckoi 3Be3a0i HZ Her
[2]. OnTrueckuii OGJECK CHUCTEMBI MEHSUICSI C TEM K€ OpOUTAIBHBIM TMEPUOIOM,
YTO U pEeHTreHOBCcKoe n3nydeHue ot Her X-1. [IpuunHa 3TOM NEpEMEHHOCTH IIPO-
CTa: 4YacTb ONTUYECKOM 3Be37bl, OOpPAlIEHHOW K PEHTI€HOBCKOMY HMCTOYHUKY
CUJIBHO IIPOTpeTa PEHTT€HOBCKUM H3iydeHueM. IHTepecHO OTMETUTh, YTO B 3M0-
Xy 10 PEHTI€HOBCKMX HaOmrofeHuil nepemenHas 3Be3na HZ Her Obina m3BecTHa
KaK upperyisipHas nepemeHHas. B crexnsunoit 6ubnmmorexke AUII MI'Y xpa-
HSATCS MHOTOUYHMCIIEHHBIE (oTormactuHku ¢ HZ Her, Ha OCHOBaHMM KOTOPBIX U
OBLIIM TIOJTyYEHBI PEe3yJbTaThI [2].

PentrenoBckas kpuBas 0iecka Her X-1 moaynupoBana ¢ mepuojom 35 mHE.
BonbmmucTBO 35-1HeBHBIX MUKIOB aiarcs 20.0, 20.5 wnmm 21.0 opbutansHbxX [3].
[Iepnoa cOCTOUT U3 «TIIABHOI'O BKJIFOUEHUSD) CO CPEAHEU ITPOAOJLKUTEIBHOCTBIO 7
JHEN U «KOPOTKOrO BKJIFOUECHHS» MEHBIIEH WHTEHCUBHOCTHU JJIUTEIIBHOCTBIO S
nHeu, cMm. Puc. 1. ['maBHOE M KOPOTKOE BKIIFOUEHUE Pa3/IeJICHbl MHTEPBAIAMU BpE-
MEHU 10 4 AHs, BO BpEMsI KOTOPBIX PEHTI€HOBCKOE U3IyYEHUE HCUE3aeT. DTU U3-
MEHEHHS PEHTI€HOBCKOTO MOTOKA U CHEKTpajbHble HAOIIOJEHUS HA CIyTHHUKE
RXTE sgcHO yka3pIBalOT Ha 3aTMEHUSI PEHTTEHOBCKOTO MCTOYHHUKA MPELIECCUPYIO-
UM aKKPELHOHHBIM JTHCKOM.

Onna u3 HabOI0MaeMbIX 0COOEHHOCTEH 35-IHEBHOTO LUKJIA COCTOUT B TOM,
YTO MOMEHT PEHTI€HOBCKOT'O OTKPBITHS Yallle BCETO MPOUCXOIUT Ha OpOUTAIIb-
HbIX Qazax ~ 0.2 wim ~ 0.7. DTO BbI3BaHO NPUJIMBHON HyTallMel BHEIIHUX YacTel
JIMCKA Ha yJIBOGHHOM OpOUTAIIBbHOW YacTOTe, TaK KaK Ha 3TUX (a3ax yros MExmy
HaIpaBJeHUEM Ha HaAOJIIOAATeNs U MJIOCKOCThIO BHEIIHUX YacTel JUCKA MU3MEHS-
eTcst HanOoJee ObICTpO [4-6].

35-aueBHbI 1Mk B Her X-1 0OBIYHO MHTEPHPETHPYETCS KaK MPOSIBICHUE
IPELECCUOHHOIO JBMKEHUS AKKPELMOHHOIO JUCKAa BOKPYT HEUTPOHHOM 3BE3/bI B
HaIpaBJICHUH, IPOTUBOIOJIOKHOM OopOuTAIIbHOMY [7—-8]. BCKOpe mociie OTKphITHS
PEHTTEHOBCKOTO MyJibcapa ObLIa MpeioKeHa CBOOOIHAs MPELECCHsl HEHTPOHHON
3B€3bl KaK BO3MOXHOE OOBsICHEHHE HaOIrogaeMon 35-IHEBHOW MOIYJSIIUU
pentreHoBckoro noroka [9]. Ilo3xe, mo pesynpratam HaOIIOJEHUI Ha CITyTHUKE
EXOSAT, »Bomtonust npoduiieii peHTTeHOBCKUX HMMITYJIbCOB ObLTa MHTEPIPETH-
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pOBaHa Kak pe3yjbTaT CBOOOJHOM Mpeleccuu HeuTpoHHOM 3Be3nnl B Her X-1
[10].
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Puc. 1. Habmomaembie peHTreHOBCKHE KpuBble Omecka Her X-1, 35-nHeBHBIN mepu-
on. [lanusie cnytHruka RXTE/ASM. BepTukanbHble JIMHUM OTMEYAIOT MOMEHTHI 3aTMEHUI
3BE3/I0M-TOHOPOM. A: MOMEHT BKJIIOUEHHUs BOMM3U opoutanmbHoi (aser 0.7; B: MoMmeHT
BKJIFOUEHUS BOTM3U opOuTansHoi dassl 0.2.

[locne Hayana aktuBHOro ucciaeaoBanus Her X-1 crano sicHO, 4TO HAKIIOH-
HBIN aKKPELIMOHHBIA JUCK B IBOMHOM CUCTEME JOJKEH UMETh U30THYTYIO (hopMy.
B xoxe perporpaaHoi IMpeneccuy BHENITHUE YaCTH TAKOrO ITHUCKA OTKPBIBAIOT IS
HaOMroAaTeNs EHTPAIbHBIA PEHTI€HOBCKUN MCTOYHUK («PEHTT€HOBCKOE OTKPBI-
THE»), U BHYTPEHHUE YaCTU JMCKA 3aKPBIBAIOT €r0 B KOHIIE IVIABHOTO BKIHOYEHUS
[6]. PenTrenoBckast kpuBasi OJiecka MEXIy 3aTMEHUSIMU aCCUMETPUYHA B PE3yJib-
TaTe PACCESHUsI PEHTIEHOBCKOTO U3JIyUYE€HUS B FOpSYEN pa3peKEHHONW KOPOHE HaJl
IUCKOM. B camMoM nerne, «BKJIIOYEHHE» PEHTTCHOBCKOIO MCTOYHUKA B Hadale
IJIABHOT'O OTKPBITHSI CONPOBOXKIAETCSI 3HAYNUTEIBHBIMM YMEHBIIEHHEM IIOTOKA B
MSITKOM 4aCTH PEHTT€HOBCKOTO CIEKTPA, YTO O0YCIOBIEHO CHIIbHBIM IOTJIOICHU-
eM. Ha crtagum yMeHbIIEHU PEHTIEHOBCKOIO MOTOKA CYIIECTBEHHBIX N3MEHEHUMN
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CIEKTpa HE MPOUCXOAMUT. ITO CBSI3aHO C paccesHreM (POTOHOB Ha CBOOOIHBIX
3JIEKTPOHAX TOPSUYCH KOPOHBI BOJIM3M BHYTPEHHETO Kpas aucka [11-14].

‘ I,—1I4
1 :
, O = ) 7 Cos o
Prot =% =124

%J‘ rotation axis
I3, precession axis

Y .

_’/’f North magnetic
pole path

Puc. 2. Cxema cBOOOIHOM Mperieccu HEUTPOHHOU 3BE3IbI.

N3menenue ¢GopMbl pEHTIEHOBCKUX HMMITYJbCOB C 35-IHEBHBIM IEPUOIOM
XOPOIIO YCTAHOBJICHO MO HAOJIIOACHHUIM Ha HECKOJIbKUX cryTHuKax [10], [15-17].
[Ipodgunu UMIyIbCOB B MOMEHT TJIaBHOTO BKJIFOUEHHUS M KOPOTKOTO BKJIIOYEHUS
CYIIECTBEHHO OTJIMYAIOTCs. TOJIbKO MpeLeccupyronuii AUCK HE B COCTOSIHUU 00b-
SICHUTh ATH u3MeHeHus. B pabote [18] nabmomaembie Ha criyTHuke RXTE/PCA
U3MEHEHUsl MpoQuiiell PEHTT€HOBCKUX HMITYJILCOB OBUTM OOBSCHEHBI B paMKax
MOJIEJIM, KOTOpas BKJIIOYAaeT CBOOOJHYIO MpPEIEeCCHI0 HEHTPOHHOW 3BE3lbl U
CJIOKHYIO CTPYKTYPY MarHMTHOTO TOJISI Ha TMOBEPXHOCTU HEUTPOHHOM 3BE3[IBI.
Brno6aBok Kk KAaHOHMYECKMM MarHUTHBIM TIOJIFOCaM (AUMOIBHOE T0JI€) BOKPYT HUX
JIOJDKHBI TIPUCYTCTBOBATH SIPKHME W3JIyYarolne 00JIaCTH B BUJI€ HECKOJBKUX YT,
PACIONOKEHHBIX MPUOIUZUTENIBHO MO OKPY>KHOCTH. J[JIsT TOro 4TOOBI Takue Ayru
CYILECTBOBAJIM, MAarHUTHOE T10JI€ HEUTPOHHOM 3B€3/1bl IOXKHO CHIIBHO OTJIMYaTh-
sl OT qumoJIst BOm3u nmoBepxuoctu [ 19-20].

B panHoil paGoTe ObUIO MPOBEAECHO MOJAEIMPOBAHUE ONTUYECKUX KPHUBBIX
o0x1ecka HZ Her ¢ ncnons3oBaHueM MOJEIIH, BKITFOYAIOIICH:

1. HaKJIOHHBIN, U30THYTHIN, TPEUECCUPYIOIINNA AKKPEIIMOHHBIN JIUCK;
2. TIpeLecCUPYIOLIYI0 HEUTPOHHYIO 3BE3Y.

Bua ontudeckux KpuBBIX OJiecKa OYEHb CHIJIBHO 3aBUCHUT OT (DOPMBI pEHTIe-
HOBCKOW TE€HU Ha ONTUYECKOM 3BE3/Ie U OT KaPTUHBI O0TyUEHUSI ONTHYECKOM 3BE3-
JIbl HEUTPOHHOM 3BE3/10M.

PeHTreHoBCKyl0 TeHb (POPMUPYET aKKpEeUHOHHBIM auck. s e€ pacuera
JUCK pa30MBaeTCsl HA KOHEYHOE YMCIIO KOJIEL MO PaJNyCy M BBIYUCISIETCS Tellec-
HBIA yros Mexay | u i + 1 koabiioM i Beex I. Tak kak AUCK M30THYT, | ki + 1
KOJIbIIa B OOIIIEM ClTydae HE COBMAAAIOT U MEXKy HUMH €CTb KOHEUHBIN TEJIECHbIN

301



yroJi, COOTBETCTBYIOLIHU I-My 3JIEMEHTY PEHTICHOBCKOU TeHu. [loyHas TeHb 3TO
CyMMma BCeX 2JIEMEHTOB T€HH, cM. Puc. 3.

Orbital plane Z

/

Obsenver

Alcs
IV OTT

=20

Puc. 3. TIpoekuusi peHTT€HOBCKOM TeHH Ha HeOecHyro cdepy Iis HabmogaTens B
HEUTPOHHOU 3Be3ze. J[Be CMHUE KpUBBIC MOKA3bIBAIOT TEHB, OOYCIOBICHHYIO KOHEYHOU
TOJILIMHOW BHEUIHETO Kpasl JUCKA.

["'eomeTprueckue napaMeTpbl JUCKa 3aal0TCs YIJIOM HAKJIOHA U YIJIOM IIO-
BopoTa ((ha30BbIil yroJ IUCKa) BHEITHETO Kpas AUCKA U BHYTPEHHETO Kpas JHCKa.
VYT0a HakJIoHa OTCUUTBIBAETCA OT OPOUTAIBHOM MJIOCKOCTH JI0 MJIOCKOCTH JIUCKA.
VYros moBopoTa OTCUUTHIBAETCS BOKPYT HOpPMaIM K OpPOMUTANbHON IJIOCKOCTH B
HaIpPaBJICHUH, COBIAJAIONIEM C OpPOMTAIBHBIM JIBUKEHHEM, OH NMPHUHAT PaBHBIM
HYJIFO B MOMEHT MaKCHUMaJIbHOTO PACKpBITHsI BHEIIHEro Kpas AUCKA IO OTHOILE-
HUIO K HaOmoaaremo. HakioH U moBOpoT I-ro KoJjiblla MEHSETCSl TMHEHHO 1Mo pa-
JMYCY OT BHEIIHETO K BHYTPEHHEMY Kparo JMcKa. Pa3HOCTh MeXy yriaMu MOBO-
pOTa BHYTPEHHETO M BHEIIHETO Kpas Ha3bIBa€TCs 3aKpPYTKOM JHMCKa. 3aKpyTKa U
Pa3HOCTh HAKJIOHOB ONPENEISIIOT pa3Mep TeHU. Eciu rmepBoe U BTOPOE paBHO HY-
J10, 3TO COOTBETCTBYET IUIOCKOMY JMCKY M TE€Hb B 3TOM CiIy4ae OMNpeaeisieTcs
TOJIBKO TOJIIMHOW BHEITHETO Kpast TUCKa.

Jlnst pacdeta peHTT€HOBCKOTO OOJyY€HHUs 32 OCHOBY B35iTa MO/JIEIb HEUTPOH-
HOM 3Be3nbl U3 [18]. Dta Monens MoauduIMpoBaHa Tak, YTOObI CEBEPHBINA Mar-
HUTHBIN MOJIOC B X0Ji€ CBOOOIHOM MPELeCCHH HE BBIXOJWI 3a MPEAeIibl MUPOTHI
56°. Ecnu ocb MArHATHOTO JUIIOJS COCTABISAET Yros 56° ¢ OChIO BpaIlIEHMS, TO
MarHUTHBI MOMEHT, JACUCTBYIOIIUN Ha BHYTPEHHHUU IMCK, paBeH Hyito [21-23].
CeBepHeEe U HOKHEE 3TOTO yIJIa MarHUTHBI MOMEHT OTJIMYEH OT HYJS U MUMEET
pa3HbIC 3HAKU U HY)KHO OKMJaTh U3MEHEHHUE 3HAKA 3aKPYTKHU JAUCKA IIPU MEPEXOJIE
MarHUTHOT'O AUIOJISA Yyepe3 3TOT yroy. OTHaKO MOJIEIb ¢ MEHSIOUIEH 3HAK 3aKpYT-
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KOM OMuChIBaja ONTHYECKUE HAOIIOJEHUS rOpa3ao XyKe, 4eM MOJIEIb C TTOCTOSIH-
HOM 3aKkpyTKo#l. [lo3TOMY MBI 3a/1a71 Yron MEXAY OCBhIO MPELECCUU U OChIO Bpa-
LIEHUS] HEUTPOHHOM 3Be311bl 80°, a yrosl MEX1y CEBEPHbIM MAarHUTHBIM IOJIOCOM
u ockro npeneccuu 20°. B 3Tom ciyyae nuarna3oH yrioB MEXAY JHUIOJIEM H OChIO
BpamieHus: 60°-100° 1 MarHUTHBI MOMEHT HE MEHSET 3HAaK B XOJI€ CBOOOJIHOM
npeueccuu. Ha ¢aze 0.25 oT riaaBHOTo BKIIOYEHHS] MATHUTHBINA TUTIOJNIb COCTABIISA-
€T MaKCUMAaJIbHBIN yron ¢ ochio Bpamenus 100°. Ha ¢a3e KopoTKOro BKIIFOUCHUS
0.75 yron munumares, 60°.

[ToBOPOT HEUTPOHHOM 3BE3Abl B KAPTUHHOM IUIOCKOCTH HE BIIMSET HA IPO-
(GuiIb PEeHTTeHOBCKUX HMMIYJIbCOB, HO Ha ONTUYECKHUE KpPHUBBIC OJieCKa BIHSET
OYEHb CWJIbHO. [103TOMYy MO ONTUYECKUM KpPUBBIM OJIECKA MOXHO ONpPENETUTh
OPUEHTAIIMIO OCH BpalllcHUs HEUTPOHHOW 3BE37bl OTHOCUTEIIBHO OpPOMTAIBHOMN
MJIOCKOCTH. YTOJI MEXK]Iy OCbIO BpallleHUsI HEUTPOHHOM 3BE3/bl U HOPMAJIBIO K Op-
OUTAJIbHOM TUIOCKOCTU B MPOEKIMU HAa KapTUHHYIO TUIOCKOCTh HA HalIedl MOJEeH
Ha3zbIBaeTcsa yriioM K. [lo pesynbraram onTumMu3anuu MOJEIN Ha BCEX MPEIECCHU-
OHHBIX (pazax OBIJIO HAWIEHO, YTO K = 5° M PEHTreHOBCKas (aza, COOTBETCTBYIO-
nasi yAaJIeHUI0 CEBEPHOIO0 MAarHUTHOTO IOJ0Ca OT ocH BpauieHus Ha 100° paBHa
0.25 (na peHTreHoBCKOI npeneccuoHHoi daze 0.25 ¢a3za nperieccun HEUTPOHHOM
3Be3/bl paBHa 0, Ha peHTreHoBckoi daze 0.75 ¢aza npeneccun HEUTPOHHOM 3BE3-
nbl paBHa (.5).

HakioH, mOBOpOT MCKa, PEHTT€HOBCKAsi CBETUMOCTh U BKJIaJ B ONTUYECKUN
MOTOK OT JIMCKAa ONTUMU3UPOBAIMCH MO KPUBBIM OJiecKa Ha KaKJI0W MpPerieCCUOH-
HOI (aze, cM. puc 3. 3akpyTka Oblja NPUHATA PaBHOW MOCTOSHHOMY 3HAYEHUIO —
60°. 3HaK MMUHYC O3HAYaeT, YTO BHYTPEHHUM IUCK OMEPEKAET BHEIIHUHN IO Mpe-
LECCHOHHOMY JBHKEHHUIO.

Ha puc. 5-8 npuBezaens! best-fit 3HaueHUsT EpEUUCTIEHHBIX B MPEIbIAYIIEM
a03aiie mapaMmeTpoB mMojenu. Ha puc. 8 moka3aHbl TeopeTUueCcKue KpuBbie Ojiecka
s 3akpyTok —50, —60, —70° u Habmogaembie notoku ot HZ Her.

MonenupoBanue HE TPOM3BOAMIOCH Ha opOuTanbHbIX (azax 0.0-0.13 u
0.87-1.0. Ha stux (azax mpoucxoauT 3aTMEHHE AMCKA ONTHYECKOU 3Be3710i. Pac-
npeJieleHue SIPKOCTHU M0 JUCKY AOCTATOYHO CiokHOE. OHO OyZeT BOCCTAHOBJIEHO
B CJICAYIONIUX paboTax.

OOpamiaer Ha ce0s BHUMaHHE OCOOEHHOCTh B BUJE «3y0a» Ha MEPBBIX MATH
nperecCHoHHbBIX (hazax (KpacHble ToukH Ha Puc. 4). Ha atux dazax mbl Buaum pe-
3yJbTaT B3aUMOJCHCTBUS HECTAMOHAPHBIX CTPYH C MOBEPXHOCTBHIO AKKPELHMOH-
HOT'O JIUCKA. DTU CTPYH SIBISAIOTCS CYIIECTBEHHOM YaCThI0 HEJIMHEHMHOIO JUHAMU-
YECKOr0 MEXaHU3Ma, KOTOPbIA CHHXPOHU3HPYET BBIHYXICHHYIO MPELECCHIO aK-
KPEIIMOHHOTO AUCKA CO CBOOOHOM Mpereccrueil HEMTPOHHOU 3BE3/IbI.
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Puc. 4. CunaTeTndeckue KpuBbie OJiecka, HAJIOKEHHBIC Ha HaOrogaemMbie TOUKU. [Ipe-
nieccuonnblit 35-d nepuon pasaenén Ha 20 ¢a3 mo 0.05 P. 3enéupie Touku — HanboJIee Ha-
NEKHBIC, cepble— MEHee HaAEGKHBIC; KPACHBIE COOTBETCTBYIOT ACWCTBHUIO CTPYH Ha IHMCK
(spxoe maTHO). Ha kxaxmoit (aze n300pakeHbl TPU CHHTETUYECKHE KpPUBBIC, COOTBETCT-
BYIOIIIME DPa3HBIM 3akpyTkam: sxenrtas —o0°, cunsis —60°, kopuunenas —70.
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Puc. 7. PeHTreHOBCKas CBETUMOCTE B
3aBUCUMOCTH OT MPEIECCHOHHON (a3bl.

Puc. 8. Briiag nucka B HaOIrO1a€MBIA
MTOTOK IT0 OTHOIICHUIO K HEOOTyIEHHON
CTOPOHE 3BE3/bI-I0HOPA.

Ha npenieccuonnbix ¢azax Bomu3u (.25 onTrueckue KpuBbie Oiiecka UMEIOT
BTOpUYHBIH MUHUMYM. OH 00yCIIOBJICH MPOXOXKIECHUEM JMCKA U HauOoJee IMIHUPO-
KOW 4aCTH TEHH IO OOJYYEHHOM YacTU ONTHUYECKON 3BE3/Ibl BOJIMU3U OpOUTATHLHOMN
da3w1 0.5. Ha npenieccuonnsix ¢gazax Bom3u 0.75 BTOpUUHBIH MUHUMYM OTCYTCT-
BYET, TaK KaK JIUCK MIPOELUPYETCS Ha COOCTBEHHYIO TEHb Ha ONTHYECKOH 3BE3/IE.

PaGora Beimonnena npu noanepxkke rpanta PHO® 14-02-00146 (cozmanue
mporpaMMbl CHHTE3a KpUBBIX Ojecka Discostar m monaenupoBaHHE) W TpaHTa
POOU 18-502-12025 (mpoBeneHre HaOOACHU 1 00paObOTKA JTaHHBIX )08k M Jac-
TUYHO 3a CYET CPEACTB CYOCHINH, BBIJICIICHHON B paMKaX TOCYAapCTBEHHOW TOJI-
nepxku Kazanckoro (IIpuBomkckoro) dhenepaibHOT0 YHUBEPCUTETA.
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INTEGRATED-LIGHT SPECTRA OF STAR CLUSTERS

Sharina® M.E., Shimansky?® V.V.
'Special Astrophysical Observatory, Russian Academy of Sciences,
N. Arkhyz, KCh R, 369167, Russia
?Kazan Federal University, Kremlevskaya 18, Kazan 420008, Russia

Integrated-light spectra contain important information about fundamental properties of stellar
populations of star clusters, such as chemical composition, age, and helium content. Such spec-
tra are the most optimal and often the only method of detailed study of star clusters in other
galaxies for which it is not possible to obtain deep color-magnitude diagrams or high-
resolution spectra of individual stars because of the remoteness of these objects. This paper
summarizes our and published results of analyzing medium-resolution integrated-light spectra
of globular clusters in our and other galaxies. The emphasis will be on the possibility of detect-
ing multiple stellar populations in an object, while having only integrated-light spectra at our
disposal.

Meton MoAenupoBaHusl CIIEKTPOB YMEPEHHOIO PAa3pPEUIEHUsI HHTETPAIBHOTO
m3nydenns (FMHM < 5 A) mapoBbIX cKOIIeHHMI U pe3yabTaThl MOETUPOBAHUS
CIIEKTPOB BHETAJIAKTUYECKUX U ['aJaKTMYECKUX CKOIUIEHUM H3JIOKEHBI B CTaThAX
[1-4]. CunTeTnyeckne CHEKTPbl MHTETPAITBHOTO HM3IyYEHUS CKOIICHHU BBIYHMC-

JISIFOTCSL B COOTBETCTBUU C TapameTpamu Bxomsmux B HuX 3Be3d (Teff, 19(Q),
[M/H]) ¢ ucnoyib30BaHUEM IUIOCKO-TIAPATUICTBHBIX THAPOCTATHYECKUX MOJENeH
aTMocdep mHTepronupoBanueM mojeneit [5]. [lapameTpsl 3Be3nm 3amar0Tcst TpH
BBIOOpE M30XPOHBI 3BE3JHOU 3BOJIIOLMK [6]. BhluncieHne CUHTETUYECKUX CIEK-
TPOB UCIIOJIB3YET CIIUCKU MOJIEKYJIIPHBIX M aTOMapHbBIX JTUHUH [7, 5]. Beruucien-
HBIE CIIEKTPBI 3B€3]1 CYMMHPYIOTCS coryiacHo ¢pyHkunu macc Chabrier [8].
Bo3spact (T) u cpeanee ynensHoe conepxanue renus (Y) 1 CKOIJIEHUS OTl-
penensieTcsi CpaBHEHUEM HaOJI0JaeMbIX U MOJIETbHBIX npoduieil barbMmepoBckux
JNMHUHA (crieKTpasibHbli ananazon 3900-5500 A). BausiHue 9TuX JBYX HapaMeTpoB
Ha TUIyOMHY U (OpMY KPBUIHEB Pa3IUYHBIX balbMEpOBCKHX JTUHUN HE SKBUBA-
JICHTHO, YTO J1a€T BO3MOKHOCTh OTpenielisiTh | u Y omHOBpeMeHHOo. Temmeparypsl
3B€3]l TOYKH MOBOPOTA TJIABHOM IOCJIENOBATEILHOCTH CTAHOBATCS BBIIIE TPHU
yMeHbIIIeHUU Bo3pacTta. [Ipu 3ToM rioyOuHa TUHUI BOJOPOJA B AIpax U KPBUIbIX
pacteT. YBemuueHue Y MPUBOIUT K YBEIHMUYCHUIO CBETUMOCTH TOPSYHX 3BE3]l TO-
PU3OHTAJIBLHOM BETBH W YBEIWUYCHHUIO TIYyOWHBI IIEHTPAIbHBIX YacTed JWHUN

307


mailto:sme@sao.ru
mailto:Slava.Shimansky@kpfu.ru

banbMepoBckoii cepun. ['opsiure 3Be3/1bl TOPU3OHTAIBHONW BETBU BHOCST BKJIAJ B
OCHOBHOM B roJiyOyt0 4acTh crnekrpa. [103TOMy MHTEHCHBHOCTH Pa3HbIX BOJO-
POJHBIX JIMHUH MEHSIOTCS T0-pasHoMy (Puc.1).
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Puc. 1. CpaBaenue 6anbmepoBckux quHuid B ciektpe NGC 5286 u3 pabotsl [11] ¢ cuHTe-
TUYCCKMMHU CIHCKTPAMH HWHTCTPAILHOTO H3ITYUCHUS. Hcronb30Banbl COACPIKaHUA BJICMCHTOB
NGC 5286 u uzoxpons [6] paznoro Bo3pacta u Y ¢ Metammmunoctsio Z = 0.0004: Ig(T) = 10.15,
Y =0.30, Ig(T) = 10.15, Y =0.26, Ig(T) = 10.05, Y = 0.30, u Ig(T) = 10.10, Y = 0.30.

CpaBHeHHE HalIMX Pe3yJIbTaTOB C UMEIOLUIUMUCS CPETHUMHU JIUTEPATYPHBIMU
3HauYeHUSIMU U3 ctater [9], [10] mma KpacHbIX TMTaHTOB CKOIUICHUN MOKAa3bIBACT,
4T0 pa3zopoc 3HaueHuit [ X/Feloy,— [X/Fe]i ans kaxkaoro u3 3JeMEHTOB COOTBETCT-
BYeT OXHMJAeMOMY I@pU JAHHBIX OLIMOKaX U3MEpPEHUs]  CoJep KaHUil:
o([Mg/Fe])=0.15 dex, 0 ([Ca/Fe]) =0.14 dex, O([Ti/Fe])=0.15 dex,
O([Cr/Fe])=0.19 dex, 0 ([C/Fe])=0.18 dex, 0 ([N/Fe])=0.24 dex, 0 ([O/Fe])~0.25
dex. Cucrematuueckue otkiaonenus 3naunMbl 11t C u N (A ([C/Fe])~0.38 dex, A
([N/Fe])=-0.57 dex) u MoryT ObITb OOBSICHEHBI TEM, YTO Mbl U3MEPSEM COJIepIKa-
HUS JIJI BCEX 3BE37] CKOILJICHUS, B TO BPEMs KakK B JIUTEPATYPE COACPIKAHUS U3ME-
PAIOTCS ISl OTACIBHBIX SPKHX 3BE37, KaK MPABHIIO, KPACHBIX TUTAHTOB C 0O0JIb-
IMMU WHIUBUAYaJIbHBIMH aHOMAJIUSAMU conepkanuii. Merammmanocts [Fe/H]
usMepsiercs co ciydaiiibiM O([Fe/H])~0.11 dex u cucrtematuueckum A([Fe/H])~—
0.18 dex otknonenussmMu. Ha Puc. 1 moka3aHsl pe3ysbTaThl HAIUX U3MEPEHUN CO-
Jep>kaHuii 351eMeHTOB B HU3koMmeTamnuHblX ([Fe/H]<-1.3 dex; cm. Puc. la,b) u
BoicokoMmeTanubbix ([Fe/H]>-1 dex; cM. Puc. 1c) ckortenusx. CrekTpsl ra-
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JAKTUYECKUX CKOIUICHWM B3SIThI U3 paboThI [11], a Takke MOJydeHbI NMPU HAOJIO-
neHusix Ha 1.93-M Teneckone B oocepBaropuu Bepxuero IIposanca [1,3,4]. Crek-
TPBI MIAPOBBIX CKOIUICHUN B OKpecTHOCTH ranaktuku M31: SD9-GC7 (oTkpsiTOro
B padote [12]), MGC1, Bol 298, KKs3-GC1, ESO269-66-GC1, Mayall-ll, — no-
nayudenbl Ha Teneckorne bTA [1]. CrekTpbl MIapoBBIX CKOIJICHUH B IIEHTpax cde-
pPOMIATFHBIX KApPJIMKOBBIX rajakTuk: n3oaupoBanHon KKs3 (oTkpsiToro B pabote
[13]) u ESO269-66 BOmu3u SO ramaktuku NGC5128, — nomydenst Ha 10-M Tee-
ckorie SALT B FOAP [2].
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Puc. 1. Copepxanusi XUMUYECKUX DJIEMEHTOB B miecTH BHeramaktudeckux (SD9-GC7,
MGC1, Bol 298, KKs3-GC1, ES0269-66-GC1, Mayall-II) u miecTHaamaTH raJaKTHYSCKHUX II1a-
POBBIX CKOIUICHUSX, ONPEICICHHBIC MO CIEKTpaM yMEPEHHOTo paspeuieHus: B paborax [1-4].
Ha nmanensx a, b moka3ansl Hu3koMetamudabie 00bekThl ([Fe/H]<-1.3 dex). Ha manenu ¢ mo-
ka3zaHbl 00beKThI ¢ [Fe/H]>-1 dex.

OborameHue reaueM 3Be3]] B IIaPOBBIX CKOIJICHUSX KOPPETUPYET C HATNIH-
€M MPOTSHKEHHBIX ToJyObIX ropu3oHTanbHbIX BeTBell (EHB) u Na—O u Al-Mg aH-
tukoppensiuusiMu [14]. TloBellieHHOE CpeaHee COoAEpKaHUE TeNusl, HaWJECHHOE
HaMU JIJIs1 PSZia BHETAJTAKTUUECKHUX MAPOBBIX CKOTUICHUN CBUACTEIIBCTBYET O MPH-
CYTCTBUH B HUX MHO)KECTBEHHBIX 3BE3/THBIX HACCIICHHM.

PaGora Brimonnena npu noaaepxke rpanta POOU 18-02-00167. BBIII 61na-
rogaput rpant PO®U 16-02-01145.
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ON POSSIBILITY OF DETECTION OF EMISSION FROM NANODIAMONDS
IN VICINITY OF STELLAR OBJECTS: LABORATORY SPECTROSCOPY
AND OBSERVATIONAL DATA
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Based on extensive laboratory characterization of presolar nanodiamonds extracted from mete-
orites, we have proposed a novel approach to detect nanodiamonds at astrophysical objects us-
ing the 7370 A emission band arising from lattice defects. Details of laboratory spectroscopic
studies and preliminary results of observations are presented.

Since 1987, it is known that some types of meteorites contain nanodiamonds
(ND). Isotopic composition of implanted noble gases indicates that some
nanodiamonds should be related to supernovae explosions [1]. These
nanodiamonds are characterized by log-normal size distribution from ~1 to 10 nm
with median size around 2.6 nm, precluding analysis of individual grains. Accord-
ing to theoretical modeling and laboratory experiments, NDs are fairly stable at
sizes less than few nanometers. In laboratory, NDs were synthesized by very dif-
ferent ways.

Attempts to observe nanodiamond features in astrophysical spectra are rather
numerous, but very few of them can be (relatively) unambiguously assigned to di-
amonds. Most of these attempts use IR spectroscopy. As shown in [2, 3], the only
real possibility of detection of nanodiamonds in IR is based on eventual observa-
tions of hot hydrogenated grains. Indeed, in [4, 5], observation of characteristic C-
H features at 3.43 and 3.53 microns in emission spectra of several Herbig Ae/Be
stars were reported. Perfect match of these bands to peculiar configuration of C-H
bonds on surfaces of hot (800-1000K) “large” nanodiamonds (about 50 nm)
makes the assignment of the observed bands to heated nanodiamonds plausible.
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Spatially resolved studies [6, 7] showed that the diamond-related emission origi-
nated from the inner region (<15 AU) of the circumstellar dust disk, whereas PAH
emission extended towards the outer region. Note that the “diamond” bands are
observed in less than 4% of the studied Herbig stars [8].

Another approach to detect nanodiamonds is based on emission lines (photo-
luminescence, PL) from defects in diamond structure. The PL from nanodiamonds
is usually broad and is due to surface graphitic (sp2) carbon, making the spectrum
similar to G9—KO objects and is not very characteristic. Note that, in some cases,
this broad-band PL may be absent [9]. However, diamonds may contain point de-
fects, giving rise to strong emission lines under, e.g., UV excitation. Extended Red
Emission was ascribed to the photoluminescence of nitrogen-vacancy (NV) com-
plexes in nanodiamond particles with sizes approx. 100 nm or larger [10]. Howev-
er, a real stellar source emits quasi-continuum spectrum, and in this case, several
charge states of the NV defects will be observed. The overlap of these contribu-
tions will make the band too broad to account for the astronomical observations
(see Fig. 2 of [10]). Note that the NV defects are not observed in real
nanodiamonds extracted from meteorites [2].

Importantly, spectroscopic properties of nanodiamonds are strongly size-
dependent, and up to now no reliable astrophysical observations of features re-
sembling spectra of nanodiamonds similar to those from meteorites are known.

Recently, wereported observation of an important point defect, the silicon-
vacancy complex (SiV), in real nanodiamonds from meteorites [2,3]. Subsequent
studies demonstrated that the SiV luminescence was confined to the smallest dia-
mond grains with sizes below 2 nm [11]. This defect is not related to SiC grains.
The SiV defect is observable in absorption and in emission as a well-defined band
at 7370 A with FWHM ~15-20 A (Fig. 1). Strong temperature dependence of the
SiV luminescence permits observation only of particles with temperatures below
~450K (the colder, the better). We suggest that observation of the SiV defect lu-
minescence may assist in search for astrophysical sources of nanodiamonds with
grain sizes comparable to those observed in meteorites. Absorption spectroscopy
of this defect may complement IR observations of C-H bands pronounced in IR
emission spectra of hot particles (>800-1000 K).

Combined analysis of information about structure and chemical impurities
suggests that the growth process of (at least) rather abundant nitrogen-containing
grains should be very fast [2]. The CVD-like (Chemical VVapour Deposition) pro-
cess, possibly triggered by a shock wave(s), currently looks the most plausible
one. Analysis of important details of nanodiamond synthesis in laboratory shows
that finding astrophysical environment suitable for very fast growth of impurity-
rich nanodiamond grains is not trivial, since it must combine relatively high densi-
ty of ions (to allow condensation), rather peculiar pressure-temperature conditions
(to prevent conversion to sp2-carbons) and moderate UV-flux (to prevent sublima-
tion).
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Fig.1. Laboratory spectrum of real meteoritic nanodiamonds. Left: broad spectral range,
right: the SiV emission band at 7370A.

Colliding winds from binary WR stars may be a promising site for rapid for-
mation of nanodiamonds: dust condenses during motion along the front created by
colliding stellar winds from the components. Moreover, a fraction of
nanodiamonds with SN-related isotopically-anomalous xenon also fits into this
scenario. In order to be implanted into nm-sized nanodiamonds, the relative speed
of Xe ions should not exceed 100-200 km/sec. Such conditions could take place
during interaction of the expanding shell of supernova explosion of a WR compo-
nent in a binary system with the outflowing dust. Obviously, the binary WR stars
are not the only promising candidates. One of significant problems in the search
for the SiV emission is the absence of any reliable estimate of the signal strength,
since neither nanodiamond concentration nor quantum efficiency of the SiV emis-
sion at excitation with a given stellar spectrum are known.

An observational program aiming to detect the emission line of the SiV de-
fects from nanodiamonds around binary dust-generating Wolf-Rayet (WR104,
125, 140, 140a, 141), Herbig Ae/Be, and several carbon (HD 110914, HD 108105,
AX Cyg) stars was initiated. Selected objects are promising sites for
nanodiamonds formation due to reasons given above; the SiV luminescence band
can be efficiently excited by broad band UV (and less efficiently by visible) radia-
tion from the star. The observational strategy consisted of observation of the star
itself and subsequent observation of the star’s vicinity at distances up to 16 arcsec.
Contribution of the star itself was used for proper correction of background, tellu-
ric lines, and eventual contribution of C(IV), which is close in position to the re-
quired wavelength 7370 A. Spectral observations of WR137 and WR140 were
carried out at the 6 m Russian telescope (BTA) at the Special Astrophysical Ob-
servatory (SAO) (18/19 June, 2016) using upgraded Nasmyth focus Main stellar
spectrograph-polarimeter MSS (R15000, the 7000-8000 A spectral range). The
MSS is a moderate-beam classic spectrograph equipped with a circular polariza-
tion analyser combined with a 7-layer image slicer [12, 13 and
http://www.sao.ru/hg/lizm/mss/en/]. Primary data reductions were made using
MIDAS software packages, for details see [14]. Spectroscopic observations of
other targets were performed with the 2.1 m telescope at the San Pedro Martir Ob-
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servatory on June 19-23, 2017. We used the Boller & Chivens spectrograph with
the 13.5 um Spectral 2 CCD (2048 x 2048 pixels) and the 1200 I/mm grating
providing a dispersion of 0.60 A/pixel and covering the 6775-7965 A range. The
5" long slit, 200 um in width was, positioned on the surroundings of each WR star.
A typical exposure was 1800s, and a HeNeAr lamp was obtained after each sci-
ence exposure for wavelength calibration.

Unfortunately, evaluation of the data does not reveal any significant features
at the required wavelength range. The strategy of observations should be modified
and extensive search in available archives for high signal/noise ratio spectra is cur-

rently underway.
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