Mockosekuil rocypapcTBenHeili yuusepeuteT umenu M.B. SlomoHocosa

e

MEJIBHIAK AHHA MAPATOBHA //ﬁ&u

KITHEMATWKA BHEIITHIX IICEBJIO0XKOJIEI U
CIINPAJIBHAA CTPYKTVPA TAJIAKTHKU

Cneyuansrocts: 01.03.02 - acrpodhusuka u 38e3gHas aCTpPOHOMMUS

ABTOPE®EPAT
[OACCEPTaLUMM HA CONCKAHWe YUEHOMR cTeneHn
BOKTOPA hM3NKO-MATEMATUYECKUX HayK

Mocnsa - 2011



Pabora BLINONHEHa B oTAene U3ydeHUA TanakTUKM W nepemeHHsix 38e3p locy-
AAPCTBEHHOTO acTpoOHOMUYeckoro MHCTUTyTa um. N.K. LLitepnbepra npu Moc-
KOBCKOM rocygapcTaeHHom yHueepcuteTe um. M.B. flomonocosa.

Ocbuyuanshbie onnoHenTs:  [lokTop hU3UKO-MaTeMaTUUeCKUX HayK
npodheccop Kopyarun Bnagumup Neatosuu
(Hayuro-nccnegoBaTensCknit MHCTUTYT uanki
1OxHbif Penepanvhibih YHubepcuteT)

LokTop du3zuko-MaTeMaTUHECKNX HayK
Bobuines Bagnm Bagnmosuy

(Mnaenas actpoHomuyeckas obcepeatopus PAH
Mynkoeo)

DokTop ¢uziko-MaTeMaTUUECKuX HayK
Cunsyenko Onbra KacearosHa

(oTAen PusKKN IMUCCHOHHBIX 3B€3A U TaNAKTUK
[ocynapCTBEHHOO aCTPOHOMUHYECKOTDO UHCTUTYTa
wm. M.K. Wreprbepra

MLY um. M.B. Jlomonocosa)

Benyuian oprannsauus: Cankr-TieTepbyprexuli rocygapcreenHbii yHusepcutet
3awura coctoutest 07 anpens 2011 r. B 14 Hacos Ha 3acepakvu AMCCERTAUNQH-
noro Cosera Mockosckoro rocygapcTeeHHoro yHueepcnteta um. M.B.Jlomonocoea,
wucbp [501.001.86.
Agnpec: 119991, Mockea, Yrueepcuterckuii npocnexT, 13, FTAVLL MIV.
C puccepTauueil MoxXHO o3HakomuTbes B Bubnuoteke FocysapcreenHoro act-

poromuueckoro nhetutyta um. [1.K.LLtepubepra MY (Mockea, YHusepcuret-
ckiit npocnex, 13, FTAULL MFY).

AsTopedbepaT pasocnad “____" . ______ 2011 r.

YueHblit CeKpeTapb gUCCepTaUNOHHOro COBETa
BOKTOP HU3.-MaT. HAYK e oo =7_~C.0.Anexcees



AxTyanpHOCTE paborst

K koHuy 1990-x r. HakONWAOCL MHOMO AaHHLIX, YKa3blBAKOLWMX HA
npucytcTeune 6apa & [anaxtuke (Bauy n ap., 1993). MepBonavansho
paamep 6apa oLeHMBANCA Ha yposHe Ry, ~ 2-3 Kknk, HO Ha cero-
LHSLWHNIA BeHb OLEHKN ero NoNyAnHbl yBeAnuuaucs e Ry, = 3-5
KnKk. Hekotopble uccnefoBaTenu cYnTalT, HTO PAafUyC KOPOTauMu
bapa pacnonoxen Ha paccroatuax R = 3~4 knk (Wnramaiiep v Tep-
xapa, 1999; Xsbun u gp., 2006; u ccuinkn 8 3Tux pabotax), Torga
KaK Apyrue nosaratot, 4to lanakruka umeet bonee gaunkeIl bap ¢
Bonbwoit nonyecsio a = 4-5 knk (Beitnep u Censyg, 1999; Ben-
»amik 1 ap., 2005; Kabpepa-Jlasepc n ap., 2007; n cceinku B 3TUX
pabotax). Bonbuoe konuuecTBo RaHHbIX CBUAETENLETRYET, 4To Bonb-
was ocb bapa opueHTUpoBaHa B Hanpasnennn B, = 15-45° Tak, 4o
Banxaiiwnii kK ConHuy KoHel 6apa HaxoguTCA B NEPBOM KBagpaHTe
(Bauy, 1993; Beiinep u Censyg, 1999; Benxamun u ap., 2005; Wu-
rnmaitep, lepxapa, 2006; Kabpepa-Jlasepe n gp., 2007). Paznnuus &
OLjeHKe NO3ULMOHKOro yria Bapa (ranakToueHTputeckui yron mex-
Ay Bonbwoii ockio 6apa u Hanpaenennem Ha Contlie) MOryT ykazet-
BaTb Ha TO, 4TO BHyTpeHHss 4acTb bapa B AelicTBuTEenbHOCTH ABAS-
eTca TpexocHbiM Bangxem (Kabpepa-asepc u gp., 2007). C apyroii
CTOPOHBI, TaKas HEOMPeAENEHHOCTE MOXET BbITh YacTU4HO BbIZBaHA
Hawnm HeBAArONPUATHLIM NONOKEHNEM PAJOM C MNOCKOCTBIO AUC-
Ka, KOTOpoe 33prAHﬂeT wsyqeﬂme MHOTYX acfleKTOB rafakTUyeckoA
mopchonoruu,

Y10 KacaeTcs cnupanbHOro y3opa [anakTiky, To npegnaraemsie
MOZEN 1t CXeMbl Cofiep>KaT oT 2 40 6 cnupanbHbix pykasos (ob3opsi
Banne 2005, 2008 n nosbie pabotit: Xoy u ap., 2009; Peiig, MenTen,
MHKenr n ap., 2009; Edpemos, 2011). Takke paccMaTpusaeTcs BO3-
MOXHOCTb, YTO LBYXPYKaBH3s CrMpanbHasl CTPYKTYpa AOMUHUPYeT
B CTapOM 3BE3/HOM JQUCKE, 3 YepblpexpyKaBHblil cnupanbhbiil y3op —
B MONOAOM HACEAEHMU QNCKA, BKIIOYAIOLLEM a3 U MONOABIE 3Be34bI
(Apummen 2000; Jlenun u gp., 2001; Yeusen v gp., 2009). B ponos-




HEHNE K CNUPansiM AMCK MOXET BKAIOYaTL BHYTPEHHEE KOJbUQ UNu
NCEBAOKOABLO, OKpY>katowee bap, KOTOpPoe NPOSBASETCS B BUAE TaK-
Ha3bIBAEMOTO “TPEXKMAONAPCeKoBsoro' cnupansHoro pykasa ([elim u
Taaaeyw, 2008; Yeusen u gp., 2009). Kpome Toro, BbiAgBMHyTa runo-
Te3a O CyLeCTBOBaHWUM siAepHOro Koabla ¢ bosbluolt nonyockio 1.5
knk 8 Manaktuxe (Pogpures-Mepuanges u Kom, 2008). Paznudnbie
TUNBI KONel; SAepHble, BHYTPEHHUE U BHELLHWE — HacTo Habaogator-
csl B AUCKOBLIX ranakTukax, ocobeHHo B rasakTukax ¢ bapamu (byta
n Kom, 1996). Takum oBpazom, NpucyTCTEME BHELIHETO KONbURA B
lanakTuKe Takxe BosMoxHo (Kanwaiic, 1991).

Byra (1995) npoaenan orpomtoto paboty no KnaccudpukaLmy ra-
NaKTUYECKMX KONbLEBLIX CTPYKTYP. Ero KaTanor toxHbIX KOAbUEBLIX
ranakruk (Catalog of Southern Ringed Galaxies) cogepxut Bonee
2050 ranakTuk, uMerolmx Kakne-nubo feTann BHEWHUX Konel, N3
koTopbix 42% (860 06bekToB) KNACCUPULMPOBAHBE KaK KOSbLA UAN
nceBaoKoNbUa (pasoMKHyThe KoNbua) pe3oHaHCHoro Tuna. [anee
Mot Bygem NHTepecoOBaThCS TONBKO PE3OHAHCHLIMU KoabLamu, Moge-
JIMPOBaHNE NOKA3aN0, HTO BHEWHWE KOMbLa,/NCeBROKONbLA ObbItHO
nexat B6/u3N BHelHero nuxabnagosckoro pesoratca bapa (OLR),
TOrAR KaK BHYTPEHHIE KONBLA HAXOARATCS BONN3N BHYTPEHHErO peso-
HaHca 4/1, a apepHble Konbua — B6AU3N BHYTpEHHEro AMHAGNad0B-
ckoro pesoHatca (ILR) (Lsapy, 1981; Bepa v ap., 1994; Paytuaii-
Hen n Cano, 1999, 2000). Monoxenne pe3oHaHCOB B AMCKE ONpese-
JISIETCs OTHOLUEHNEM 3MULIMKANYECKOR 4acTOTh K U YFNOBON CKOpO-
CTH BBUXKEHUs! 3Be34 no opbute oTHocuTensHo Bapa Q(R) — Q. rae
Q)(R) - yrnoBas cKOPoCTb KPYrOBOro BPaLUEHUA HA AaHHOM PaccTo-
sHuK, a £ — yrnosas ckopocTb bapa. Ha paccrosuusx OLR u ILR,
a Taxxke B 0DnacTAX pe3oHaHcos Bonee BLICOKOrO MOpsiAKa AOMKHbL
BLINOMHATLES CNEAYIOWMUE YCNOBUS:

k(R)



k(R)

MR- =4/1 (4/1),
K(R)

- -4/1 (~4/1),
&R

(Kononynoc u T'pocbon, 1989; Burhu u Tpemeiin, 2008). Ovesmna-
HO, 4TO pesoHaHchl +4/1 HaxopaTcs Bauxne K paguycy KopoTaumu
(CR), wem nungbnagosckue pesonatcs: (£2/1).

BrewHue konbua 0BbiYHO HabMOAAKOTCA B ranakTUKax paHHUX
Tunos. Cpeamn ranakTuK ¢ ManbiM KPaCHLIM CMELLEHMEM 4acToTa Nno-
RBNEHUSA BHEWHUX Koney cocTasnseT 10% ot scex Tunos caupans-
HbIX ranakTuk. Ho ans paHHux TMNOB OHa yBenudueaercs fo 20%
(Byta n Kom, 1996). BuigensioTes 4Ba OCHOBHbLIX KN3CCa BHELIHUX
Kontel n ncesAokonel: konbua Ry (ncesgokonbua Rp), BEITAHYTbIE
nepnenaukynspio bapy, u Konsua Ry (ncespoxonsua Rj), sbits-
HyTble napannensHo bapy. B gononHeruu cyuiectsyeT CMElIaHHbIi
mopdonorudeckuli Tun Ry R, KOTopsii 4eMOHCTPUPYET 3neMeHTsl
oboux knaccos. Vcenegosanmne ByTol (1995) nokasano cnegyouiee
pacnpegenenne no OCHOBHLIM TUNam Brewnux konew: 18% (Ry),
37% (R}), menswwe 1% (Rz), 35% (R;) v 9% (RyR5). Konsua By
4acTo AEMOHCTPUpYIOT “smouku’ okono kowuos Bapa. CylecTsyer
TaKKe 60/1bLIOE KONUYECTBO KoNew,/NCesaoKonel, KOTOPEIE He MOTyT
BbiTh OTHECEHD! K NEpeHNCeHHbIM KAaCCaM U3-3a HEONpPeeNeHHOCTY
Ux MOPhONOrUHECKMX XaPaKTEPUCTHK MU HAKNOHA, MELIAIOWEro Ae-
TanbHol knaccudukaunn (Byta, 1995; Byra u Kpokep, 1991; Byta u
ap., 2007). Manas gons npasunbrbix koney, Ky moxet BbiTs Bbi38a-
Ha achdheKTaMU CENeKLMM — OHU ANLLEHB! 3aMeTHLIX ocoberHocTel,
Hanpumep, "aMoUek’, NO3TOMY MX TOYHAs KRaccubyKauus MOXeT
BbiTh 33TPYAHEHA HEONPEAENEHHOCTHIO B OPUEHTaLAN,

[Jns Hawero UCCRefoBaHNs BAXKHOE 3HAYEHWE MMEET NONOKeEHUe
OLR 6apa B Manaktuke. [Tnockas Kpusas BpallieHus 4aeT clegyowee
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COOTHOLUEHUE MeXAy paarycom kopoTaunu u paguycom OLR:

Rorr=(1+ %'E)RCR ¢y

Xovs yrnosas ckopocTs bapa onpeaensercs us Habniogernii nio-
X0, HO MONOXKEHUE €ro Paauyca KopoTauuu B npegenax Rog = 3.5-5
Knk cooTBetcTByeT nonoxednmo OLR B ananasone Rorg = 6-8.5
KNK 1 yrnosoii ckopoctu bapa €y = 42-60 km/c/knk. Takum obpa-
3o0M, OLR Hapa 8 Manaktuke gomxen nexats 8 okpectrocty Contua:
{Rorr — Rp| < 1.5 knk. Ha 370 Takxe yka3biBaloT MCCieoBaHus
Kannattca (1991), Uuramaliepa v Tepxapaa (1999), Beiinepa u Cen-
yaa (1999), Jenena (2000), Pykca (2001), Yakpabaptu (2007),
Mutvesa u gp. (2009), a Taxke lepxapaa (2010). Tloatomy nonbiTka
CBA3aTb CUCTEMATUYECKNE ABUKEHUS MONOLLIX 3Be30 B OKPECTHOCTY
ConHua ¢ NpUCyTCTBMEM BHEWHWX KOJEL ABNAETCH AKTYaJbHON

. 3adadei.

Bbiio NpennpuHATO MHOTO MONBITOK NOCTPONTL AUHAMUHECKYIO
MOgeNb crnpanbhoro ysopa lanaktuku. lepsas ygaduHas aHaautu-
yeckas Mogenb Bbina nonyyera Jluwom, LUy, n FOanem (1969). Otin
NPEANOKUIN ABYXPYKIBHYIO MOAENE CIKPANLHOrO Y30pa € YoM 3a-
KPYTKM CNYpasibHbIX PyKaBoB (yron Mexdy KacaTenbHOM K pykasy
KacaTeNbHON K OKPY)KHOCTH B AAaRHOM Touke) ¢ = 6° v yrnoBol cko-
POCTHIO BpaleHust cnnpansHoro yzopa (2, = 13.5 km/c/knk. 3ta
MOfieNt UMena MHOro HabnioaaTenbHbX NpUAMKeHwi, raasHOE w3
KOTOPBIX — 3TO 0BBACHEHME KUHEMaTUKK MonoabiXx 06bekTos B8 0b-
nactu Nepces (PoBepre, 1972; Beprow, Banna, 1974; Bpang, Bany,
1993; Menshuk, 2003; Cuthuk, 2003).

Pabotsl Pobeptea n ero konner (Pobepre, 1969, 1972; Pobeprc
v tOanb, 1970) OTKpEIBAOT 3MOXY YUCAEHHOrO MOASAMPOBAHUS ClIk-
panbHoil CTpyKTyps [anakTukn. VIX Mopenyu y4uTelBalOT BRusiHUe
YA3PHBIX BONH HAa ABMKEHWE ra3oBbix YacTut, Bonee nosguye pabo-
ot (PoBepTc n XocmaH, 1984; Pobeptc n Crioapr, 1987) noceswens
WCCNEfOBAHNIO [BUMEHUS MONEKYNSAPHBIX 063KOB B BO3MYLLEHHOM
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noteruvane lanaktukn. Oxu ybeguTensHo nokasanw, YTo Heynpyrue
CTONKHOBEHUS MeXay 0BnakaMu MpUBOAST K PE3KOMY YBEAUYEHUIO
WX KOHLEHTPaLM® B y3KOI MONOCE, pacrioNoKeHHOW BOAMZU MUHU-
MyMa NnoTeHUMana — fBReHNE, IKBUBANEHTHOE YAapHOMY (pOHTY B
raszosoit cpege.

Habnioaenus & 6amxHem nHdpakpaCHOM fUana3oHe BNepebIE npe-
AOCTaBUAN NPsAMbIe 4OKa3aTENbCTBA CyluecTsoBanus 6apa B [anax-
tuke. dkcnepument DIRBE (Diffuse Infrared Background Experiment),
npoBeaeHHbIR Ha cnytHuke COBE {Cosmic Background Explorer),
BaN HOBLI TONYOK NOCTPOSHWIO AUHAMUYecKUX Mmodeneii ManaxTu-
kn. [se pabotsl 3acnyxusaior ocoboro sHumanus. Wnrnmaliep u
Tepxapa (1999), a Takxe Belinep u Censya (1999) noctpounm auna-
MUYECKNe MOZenW ra3oBoll Cpedbl, ABMKYLLEHCS B rafaKTU4ECKoM
noTeHumane, so3myuieHHom Gapom. Obeum rpynnam yganoccs soc-
NPOM3BECTW TaK HasblBaeMble “NapannencrpaMmel’ Ha guarpammax
H0AroTa-CKOPOCTh B LieHTpanbholt obnactu Manaktuky 1] < 5°. Auna-
rpamMMbl AOJIFOTa-CKOPOCTb AEMOHCTPUPYIOT Pacnpegenenne cKopo-
cTeit rasa Vigg (Nydesble CKOPOCTH, WCMPaBAEHHBIE 33 ABUKEHNME
Contua Kk anekcy) BfoAb ranaxkTuyeckolh goarors) l, ycpegHerHoe
B HEKOTOPOM AManasoHe ranaktudeckux wupot b. B noaxoge asyx
FPYAN €CTh HEKOTOPLIE OTAWNUA: Pa3NUYHBIE CUAPORUHAMUHECKUE
KOAB! M Pa3/InYHbIE AHANMTUHECKNE BoIPAXKEHNS AN NoTeHumana ba-
pa. Beiinep n Censyg (1999) Hawnu, 4To Hawnydllee cornacue Mo-
aenbhbix n Habnogaembix (I, Vosg)-guarpamm Hl n CO 8 oBnactu
(~11 < I < 13°) cooTsercTByeT nosvuuoHHOMy yrny Gapa 6, =
35 £ 5°, spawarowemycs ¢ yracsolt ckopoctbio (1 = 42 km/c/knk.
Wx mopenb BKOWAET AOCTATOUHO AnutHbE Dap ¢ Bonbwol nony-
ocbio @ = 3.6 KMK, pagnyc KOpOTauuu KOTOPOro NIEUT Ha paccTo-
suun Reop = 4.6 knk. Wkramaitep v Tepxapa (1999) nokasanu, 4te
Hannydwee cornacve ¢ Habaoaaembimm (1, Vigg)-auarpammamu CO
B obnactu goarot |I| < 60° gawoT credylowme napaMeTpel MOARIU:
O = 60 km/c/knk, Rog = 3.5 £ 0.5 knk. Obe pabotbi okazann
Bonsluoe BansHNE Ha MOAEIMPOBaHME ancka [anakTuky.



B nocnegHee fecaTuneTve CTano OYEBMAHLIM, 4TO Ans obbsc-
HEHNs MOBEAEHWA rasa B UeHTpanbHoW obnacTu v Ha nepudepun
[anakTuky HEoBXOAMMO NPUCYTCTBUE B QUCKE KaK MUHNMYM OBy
Y30pOB Uny ABYX MOJ, BPALAOWWXCR € PA3HOW YrnoBoll CKOPOCTLIO.
Buictpo spawatotmiica 6ap (2 = 60~40 km/c/knK) u caazakHbIil
C HUM BHYTPEHHWA cnupanbHbii y3op Moran Obi 06BbACHUTL KNHe-
MaTiKy Monofbix 0BBEKTOB BO BHyTpeHHell 0baacTu, a MepnerHbil
cnupanshbiit ysop (f2sp = 10-25 km/c/KknK) — kunemaTuky mono-
AblX 3Be3 M rasa BHe conHeuroro kpyra (Menshuk, 2006). Buc-
cans, Unrnmaiiep v Tepxapg (2003), passusas mogens Whrnmaiiepa
u Tepxapaa (1999). gobasunu k 6apy mepneHHbIl cnupansHbid yaop
(€2 = 20 kM/c/KnK), HO CpaBHenue ¢ HabNIOREHUAMY ONATS Orpa-
HuuumM BryTpentell obnacroio Manaktuku 10 < |I| < 50°, wrhopn-
pys obnactb Mepces (I = 104-135°), pacnosoxeHHy1> BHe CONHeY-
HOro Kpyra,

Mpumenntb K ManakTuke ABYX-MOAHYIO MOZENL OKa3aN0Ch ropas-
RO cnoxHee, Yem oxuganock. C ofHol CTOPOHEI, CyLIECTBYET MHOMO
mopenet, rae nomumo bapa B gucke hopmupyetcs y3op, Bpaua-
rowuiics mepnentee, vem bap (Censyg u Cnapk, 1988; Maccer un
Tarrep, 1997; Paytunaiiner u Cano, 1999, 2000). C apyroii cTopomb,
papMyc KOpoTauuk MeaneHHoro ysopa nexut sryTpu OLR bapa u
MEJ/IEHHbIR Y30p HE AOMUHMPYET BHYTPN CBOErO Kpyra KOpOTaLuu.
Lpyrumu cnhosamu, MefneHHbI y30p BPalWaeTcs BCE e HefoCTa-
TouHe mepnenno (Q, == 30 km/c/knk, Mnasa 4), 4Tobbl obbACHUTE
KnHEMaTUKy Monoasix 3gesg B obnactu [epces.

OTMeTUM Apyroe BaXKHOE HaNpaBneHNe B UCCNeA0BaHIU CIMpPab-
Holl cTpykTypbl [anakTUKu ~ WaydeHue pacrpeseneHns UHAMKaTO-
POB CNMpanbHbIX PYKABOB NO FRNAKTUHECKOMY AUCKY. NKopKenmH u
Yopxenun (1976), onupasics Ha pacnpegenenue 100 H1l obnacred —
razoseix 0BNakos, NOHU3OBAHHLIX MONCALIMU FOPSYAMK 3BE34aMMU,
~ NPeANOXKUAN HeTbipexpyKaBHbIA CNUPaNbRetll y30p €O CPesHUM yr-
JIOM 32KPYTKM CUpanbHLIX pyKasos 12°. Uix Mogent sensieTes Hau-
Bonee nonyssipHoii u no ceit Aert (cMm. obzopel Banine, 2005, 2008).



Ona oxasanacb Takoll yga4Holi elie u NOTOMY, HTO XOpowo obnac-
HAET CyLIeCTBOBAHWE TaK Ha3blBaEMbIX TAHFEHLMANEHLIX Hanpasne
HUY, KOTOpPbIE COOTBETCTBYIOT MaKCMMYMaM B TENOBOM M3TyYeHu
paguno-koHTuHyyMma, amuceuu HE u CO v accoumupyiotea ¢ Hanpas-
NeHUSIMU, KaCaTeNbHBIMU K CUPANGHLIM PYKaBaM,

B ancceprauun nokazano, 4To Mogens [aNakTUKM ¢ BHELHMM
KonbLom knacca Ry R) nossonser 6e3 npueneteHisi Megaenbix cnin-
panbHuix MoA 0bBACHUTL OcTaTouHbIE CkopocTu B obnacTu Mepces,
a ABYXKOMNOHEHTHOE BHELIHEee KOMbLO BOCNPON3BOAUT MHOTME KpyT-~
HomacwTabHbie Mopdonorudeckue 0COBEHHOCTM CNUPaNLHOR CTPYK-
Typbl fanaktukm,

ITemn paGorsl

o VlccnenoBanue Mons NPOCTPAHCTBEHHBIX CKOPOCTEA MONOABIX
38e34. AHANU3 CUCTEMATUYECKUX ABUKEHU.

o MoctpoeHue AuHaMUuecKux Mogenell, BOCNPON3BOASIUNX Ha-
BntogaeMble OCTaTOUHbIE CKOPOCTU MOMOALIX 38E3f B OKPeCT-
#octit 3 knk ot Conua. Monyyenue uncpopMaummn o CTpykType
FanakTuky nyTem cpaBHenus HabaowgaeMbix 1 MOAENBHEIX CKO-
pocTei.

Hayunas noruszsa

o Brepsbie npeacTasnen KaTanor nyvessix ckopocTel u coberaen-
Hbix asnxkeHnid OB-accoyuaumit, uccnegosaHo nosie NPOCTpaH-
CTBEHHbIX CKOPOCTEl, BbIABNEHb! CUCTEMATUYECKNE ABUXKEHUR
OB 38e3p 8 okpectHoctu 3 knk ot ConHua,

e Briepeble UCCNEAOBAHA KMHEM3TUKA BHELUHWX KOJeL U mces-
pokoneu, [MpegnoxeHo obbACHEHWUE Pe30HAHCHON KMHEMATUKY,
WccneqoBan npouecc hoPMNPOBAHNS BHELIHMX KOJEL, B Cepui
Mogeneil ¢ pa3nuyHoit Maccoi bapa.



® Bnepabie nocTpoetbl guHamuseckue mopenn Manaktuxn (mMoge-
N¥ C aHanMTUYecKMMI Bapami), KOTOpbIE BOCAPON3BOAST KUHE-
MaTHKy Monoabix 3834 B obnacrsix MNepcest u Crpensua, Iu
MORENU YROBRETEOPSIOT WupokoMy Habopy sabniopatenbhbix
orpaHnqenmii (nnockasi KpUBas BPaLUeHWs, AAUHA U OpheHTa-
yus bapa).

¢ Bnepsbie noctpoeHs! N-body mogenu Manaktuku, KoTopsie Boc-
NPOM3BOAAT KNHEMaTUKy MOnoabiX 3Be34 B obnactsx [Nepces,
Crpensuya v MectHoli cucteme, Vccnegosanbl brenust Mexay
Bap-mopoit ¥ camoli CUBHOW M3 MEANEHHLIX MOA B OKpecT-
Hoctn OLR Bapa. Viccnegosaa nepuoguyHocTs B konebanuax
NAOTHOCTM 11 CKOPOCTY Ha Nepucbepun ranakTu4eckmx AUCKoB.

» Briepeuie npeAcTaBaeHa cnupanbHo-konbLUesas mogens lanak-
TUKHA.

Hayunaa u npakTuyeckas 3HAYUMOCTL pPe3yJIbTATOB pa~
60THI

PesynbraThi faHHol paboTbl MoryT BeiTh ucnonsaoBaHbl gas:

~ NOCTpoeHnA AuHaMunueckux Mogenelt ManakTuky;

— WCCNefOBaHWA pacnpedeneHns raza B naockocTw lanakTuky, 8
TOM 4iCNe NPOLECCOB HAKOMNEHWA Ta3a B LEHTpasibHOM obna-
€T 1 UCTeYeHns rasa Ha nepudepuio;

— uccnefosanng cTpYKTYphl lanakTuki (anuHa n opuenTaums ba-
pa, MOpPONOTUs U KNHEMATUKa BHYTPEHHEFD 1 SLEPHOO KONb~
ua, OTOXXOeCTBREHNE CﬂMpaﬂbelX PYyKaBOB C CermMeHTamMy Ko-
neu);

— UCCNefOBaAHUA NOKANLHOW KMHEMATUKIN B CONHEYHOR OKPECTHO-
CTH, aHaNu33 NIOKANbHBIX PaBUTALUNOHHBIX BO3MYLLEHUHA, WC-
CnefoBaHus CoNHeuHoW opbuThs;
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~ NOCTPOEHMA AUHAMUYECKUX MoAenell Apyrux ranakTuk;

~ U3y4yeHus npouyeccos 3se3poobpasosatug.

OcHOBHBIE Pe3YAbTATDHI, BLIHOCHMbIE HA 3AIINTY

1. Cocrasnien KaTanor Aydesbix CKOPOCTeR n cobCTBEHHBIX ABM-
xennii OB-accoumaumii. Ha ocHoBe KaTasiora BLYUCHEHB! CU-
cTemaTuyeckue asxerns OB-accounaunii B nnockoctu Manak-
TUKU, cpegHe 3Ha4eHuns OCTaTOMRbIX CKOpOCTeﬁ B 3BE34HO-
rasosbix komnaekcax (Tabauya 1.3), napameTpet Kpusch Bpa-
UieHns, 8 TOM 4icae bonbwoe 3HaueHue yrnoeoll cKopocTu
Bpawierns Tanaktuku va paccrosHun Cosmvua §p = 31+ 1
kM/c kK. YcTaHOBRERO, 4TO KpUBas Bpatlenns [anakTukm Ag-
ASIETCS NPAKTUHECKN NNOCKOHA B okpecTHocTy 3 knk ot ConHua,
3 BCE Pe3yNbTaThl MaNo 3aBUCAT OT cnocoba pedyKuna AaHRBIX
co cnyTruka Hipparcos.

2. MNokazano, 4T0 Mogeny [anakTUKN ¢ BHELUHWM KOMBLOM Knac-
ca RyR; (mogean ¢ ananuTideckumy Gapamu) Bocnpousso-
AT ocTaTouHbe ckopocTih OB-accounaunii B 38e34H0-ra30BbIX
komnnekcax epces u Crpenbua: pasnniue MOSEALHLIX ¥ Ha-
Baopaembix ckopocTeli He npesbiwaetr AV = 3 km/c. Jano
obbscHere pesoHaHCHol KuHeMaTuku, Habnawogaemoit 8 npa-
BUAbHBIX KOABLAX ; PESOHAHC MEXEY 3NMUMKAMYECKAM 1 opbu-
TaAbHLIM QBUXKEHUEM CO3436T CUCTEMATU4ECKWE HEXPYrOBbie
OBUXKEHUSA, HANPaBAeHUe KOTOPLIX 3aBUCUT OT NOULMOBHOrO
yrNa To4KN OTHOCUTENBHO Bonbwoi ocu Bapa 1 oT kAacca BHetu-
Hero koNbua. BbifBneH! paznv4ng B KWHEMATUKE fPABUABHbBIX
KOMEL, U NCeBaoKonel.

3. VcTaHoBNEHO, 4TO CKOPOCTH Fasosbix Yactuy B N-body moge-
nAX, ycpeaHenHsle Ha Bonbliom uHTepsane spemenu (1 mapa
NeT), BOCAPOWU3BOAAT HANpaBAGHUSA OCTaTOMHbIX ckopocTell OB-
accounaumnii B 38e34H0-ra3oBbix Komnnekcax MNepces, Crpene-
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ua n MecTHoii cucTeme: cpefiiee pasnuuMe MOAENBHLIX W Ha-
Briopaemeix ckopocteii pasio AV = 3 km/c. MNokazaHo, uto
ABWKeHve rasosbix Yactuy B obnactt OLR 6apa onpegenserca
BueHmamn mexgy bap-mofoit u camolt CUNBHON U3 MeaneHHbIX
Mod. bueHus nposBasAloTCs B KOREDaHNAX NNOTHOCTU U CKOpO-
cTh.

. BbiBegeHo onTumanbHoe 3Havexne nosuumonHoro yraa Connya
oTHocuTenbHO Bonbioli ocy Gapa 0, = 45 &+ 5°, obecneunsa-
IOLIEFO HAMAYHLIEE COrnacie MoaenbhbIX 1 HabaloaaeMbIx cko-
pocteit. Mogenu ¢ ananntu4ecknmu bapamun v N-body mogenu
RatoT OAVHaKoBwIA pesyneTar.

. Bnepssie npegnoxeHa cnupansHo-konblesas Mogens {anaktu-
KM, CROCOBbHas 0B BACHNTL MHOTUE KPYNHOMacLyTabHbie MOpto-
noruyeckue ocobeHHOCT CNUpanbHol CTPYKTYpbl TanakTuku.
Mogenb BKAOYAET ABa BHEWHUX KOMbLA, BbITAHYTHIX NepreH-
AVIKYASIPHO 1 napannensHo Bapy, BHYTpeHHee KOAbLO, BbITSHY-
Toe napannensho bapy, v asa Mankix parMeHTa CIMpanbHbIX
pykagos. MokazaHo, 4To Habnopaemslit pyxas Kuna-Crpensua
MOXET COCTOSTH U3 fBYX BOCXOASIUNX CETMEHTOB BHELIHUX KO-
ney Ry v Ry, KOTOPbie MPAKTUHECKN CTLIKYIOTCS APYr C Apy-
rom 8bau3u obnact Kunsa. YCTaHOBAEHO, YTO PacCTOSHUA [0
BONBLIMHCTBA FMIaHTCKUX KOMNNEKCOB 3B€38006pa3oBanns co-
FNaCYIOTCS 8 NpeAenax olwmboK ¢ 3aganHolt Moaenslo.

. NMposegen Pypoe aHanus pacnpegenenns OB-accolunaumit, ume-
IOLMX OAUHAKOBEIE KNHEMATHUYECKME XapaKTepPUCTUKK, NO Cnn-
pantHbiM rapMonnkam, OBHapyxeHo npucyTcTeue nugwpyto-
WEro KOMNOHeHTa B cnupanstoll crpykType Manaktuku, Moxa-
33HO, YTO 3TOT pe3ynbTaT cornacyetcs ¢ nonoxenvem Conxya
BbNM3N HuCxOAAWEro cermenTa konbua Ra, KOTOpbIA MOXHO
NPecTaBuTs B BuAe hparMeHTa NMAUPYIOLWEH cnvpann,
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CrpyKTypa u 06beM guccepranuu

AuccepTaums cocTonT U3 BBEAEHUSR, NATU FNAB, 3aKAKHEHUS U CNKC-
Ka nuTepatypbl. OHa u3noxeHa Ha 164 cTpanuuax, sknodaer 16
Tabaunu, v 45 pucyrkos. Cnucok nutepaTypsl coneput 231 Haume-
HOBZHUE.

Cognep:xanue paBoThl

Bo BBegeHuyn gaetcs obwas xapakrepuctuka pabotsl, obocHosbIBa-
eTCA ee aKTyanbHoCThb, hopMyNnpyIOTCa Uenu, oBoCHOBLIBaETCR Ha-
Y4Has HOBWSHa paboThbl, a Takke ee Hay4HAs 3HAYUMOCTb, W chop-
MYNUPYIOTCS BBIHOCUMBIE Ha 33LUNTY MONOKEHNS.

Mepsast rnaBa MoCBALEHA KaTanory Jly4eBbiX cKopocTell u cob-
CTBEHHLIX ABmxennii OB-accoumnaumii, BeigeneHtbix Bnaxa u Xam-
dpuc (1989) Ha ocHose doTomeTpuueckux AarHbix. CpasHuBatoTCH
coBeTBeHHbIE ABUNEHUS, BLIBEAEHHLIE AN CTAPOR U HOBOW peayKLMH
katanora Hipparcos. Mel onpegensem napamMeTpb! KpBOH BpaLeHus
B okpecTHocTH 3 knk oT ConHua v BEIYNCASIEM OCTaTO4HbIE CKOPOCTH
B NATM OBNACTAX UHTEHCUBHOTC 38e34000pa30BaHUA, KOTOPLIE NpaK-
TUYECKN COBNAAAIOT CO 3BE3RHO-ra30BbIMK KOMMIEKCAMK, BbAENEH~
HoiMu EdbpemosbiM 1 CntHux (1988). Ananus nyHesbix ckopocTed U
coberBenHbIx Asmkennii OB-accouvaumii, nokasan, 4To Kpusas spa-
LyeHnst TanakTUKY sIBNSETCS NPAKTUMECKN NAOCKON B OKpeCTHOCTU 3
knk oT ConHua n cooTseTcTByeT BoNbWOMY 3HAYEHIUIO YTNOBON CKO-
pocTu BpaleHus Ha pacctostnu Conuua, Qg = 31 £ 1 km/c/knk.
Mbl 8blYnennAN napameTpul KpUBOl BpalWeHUs, KOMNOHEHTEI ABUXKE-
Hus Contua U Ko3DMULMENT WKANbI pacCTORHUA k AN pasnuyHbIX
3xadeHnlt ranakroueHTpuseckoro paccroanus Connua By = 7.1-9.0
knK. 3navenna Qp, ug, vo W k npakTudeckn He 3aucsiT ot euifopa
Ry. Napametpet Qf u §)f 3aMeTHO MeHSIOTCA C U3MeHeRneM Ry, Ho
npu 3T0M 3HadYenme noctosHoli Qopra A = —0.5Rp(Y, octaercs
NPaKTU4ECKU Ha ogHom yposHe A = 17.3-17.9 km/c/knk. Mokasza-
HO, 4TO WKana paccTosHuii Braxa u Xamdppuc Tpebyer cokpalyeHus

17



Ha 10~-20%. Bce pesynbratol Mano 33BucaAT oT cnocofa pesykuum
AaHHbIx co cnyTHuka Hipparcos (Menbhuk u Qambuc, 2009).

Bo sTopoli rnaBe npeAcTaBneHa NONLITKA UHTEPNPETUPOBATL CH-
CTeMaTnYecKNe ABMKEHUA MONOALIX 3Be3f B PamMKax Mopenu cnu-
pasibHoro ysopa. Miccnegyerca neprognyeckas CTpyKTypa noas ocTa-
TouHbix ckopocteit OB-accounauuit. Mol onpegensiem gnuny son-
Hbl A NEPROANYECKUX W3MEHEHUA CKOPOCTM BHOMb FaflaKTUYeckoro
PaANyC-BEKTOPa, KOTOPas B NepBOM MpubAMXEHNN paBHa paccTos-
KO MeXAY pyxaBamu. ViMento 3nadenwe A, a He yron 3akpyTku
PYKaBOB, HENOCPEACTBEHHO ONPEAENSIETCA M3 aHaNU3a KUHEMATHKK
38e3 B okpecTHocTU 3 knk ot Coanua. Jns ssiuvcnenus yrna 3a-
KpYTKW HeobxoguMma AononHuTensHas MHAGOPMaUMs O Yucne Chu-
panbHbIX pyKasoB. [ns QByXpyKaBHOW M HETbIPEXPYKABHON MOAENM
CNMPanbLHOTO Y30pa NoJlyderHoe 3Hadenune A = 23+0.2 knk cooTser-
CTBYET YrAy 3aKPYyTKN CMUPaNbHLIX PYKABOB COOTBETCTBEHHO { = 5°
ni = 10° (MensHuk u ap., 2001). CosnageHue nonoKeHni MUHN-
MYMOB B KOAEDaHUSX pasanantHOrO U a3UMYTabHOMO KOMMOHEHTOB
CKOPOCTU YKA3biBAET Ha NPUCYTCTBME YAAPHOR BONHbI B Aucke [a-
nakrukn (Menbhuk, 2003). [se ocobenHocTv cnpanbholi cTpykTy-
pot FanakTuky - npucytcTave yaapHolt BOAHLI ¥ TYro3akpyueHHbIR
CNUPanGHLIA Y30p - 33CTABASIOT HAC OTKa3aTbCs OT KOHUENLMM KBa-
3KUCTALMOHPHOrO CUPanBLHOTo Y30pa.

Mbi nonbiTanuch onpefenuTL oHepraHus rnobanbHoro cnupant-
HOro y30pa, WCChefys pacnpeaeneHiue obbexToB, LeMOHCTpupYo-
LLUX OANHAKOBLIE HANPABACHUS PaSNaNLHOTO KOMMOHEHTA OCTaTON-
Hoii ckopocTn. Obnactu Mepces, flebegs n Kuns c cucrematnue-
CKMMM HEKPYFOBLIMU ABWXEHUAMM, HANPaBNEHHbIMU K UeHTpy [a-
NaKTUKI, MOTAN Bbl NPUHaANeXaTh OfHOMY U TOMY K€, BO3MOX-
HO KNOYKOBAaTOMY, CriupajbHOMYy pykasy. Pypbe aHanus pacnpege-
NeHUS MoNoAbiX OBBEKTOB € OAMHAKOBHIMU KUHEMBTUHECKUMM Xa-
PAKTEPUCTUKEMU 10 SOFapnIMUUECKMM CIAPaRAM BLISBUA NPUCYT-
CTBYUE INAVPYIOLLErO KOMNOHEHTA B CMIMPanbHOiA CTPYKType [anakTy-

KW, 4TO CBMZETENLCTBYET O CYLeCTBOBANIMN KONBLEBON CTPYKTYpLI B
Heii (Menbhuk, 2005).
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Tperbs rnaga nocesuUieHa MOAENAM C aHaauTuyeckumu Bapamu,
B KOTOPbIX F330BbIE ANCKU OPMUPYIOT BHEWHWE KONbLA NOA BAU-
sHueM ppatyatouterocs 6apa, NoTeHMan KOTOPOro 3ajaH aHanuTH-
4eckuM BbipakeHveM. [10ka3aHo, YTO KMHEMATUKa BHEWHKUX Koney,
U NCeBaOKONEL ONPEAENAETCs ABYMSA NPOLECCAMU: PE3OHAHCHON Ha-
CTpoiikoli N BeITeKaHWeM ra3a. Pe3oHaHCHAs KMHEMATVKa OTHETNNBO
HabNogaeTCA 8 NPaBUNBHLIX KOALLAX, TOFAa KaK KUHEMATHKa BbiTe-
KalowWero rasa nposenser cebs B ncesgokonbuax. Pezonawe mexay
ANMUUNKANYECKUM 1”1 OpszaanblM ABNXKEHNEM B CuCTEME OTCHETa,
Bpatljatolleitcs co ckopocTsio Bapa, MPUBORUT K HACTPOWKE MMUKMK-
ANYECKNX [ABUKEHUH YacTUL| B COOTBETCTBUM C BpalueHuem Bapa.
370 perynupoBaHue CO30aeT CUCTEMATUYECKNE HEKPYFOBbIE ABUXKe-
HUS, HaNPaBNEHUEe KOTOPLIX 33BUCUT OT NOBULBOHHOMO YINa TOYKA
oTHocuTenbHo Bonslwol ocn bapa U OT KHacca BHELHEro KOAbLA.
Mogenu anakTuku c ncespoxonbuom knacca RyF5 xopoiuo Boc-
NPON3BOAAT paanaibHbIe N a3UMYTaNbHLIE KOMITOHEHTbl OCTATOYHbBIX
ckopocTeit OB-accoyuauuit 8 obnactsix [Tepces u Crpenbua: paznu-
Yne ModenbHbLIX U HabntofaeMbIX CKOpocTelt He npesbiiuaeT 3 kM/c.
KunemaTtuka OB-accoumnaunii 8 obnactu lMepces ykasuisaer Ha npu-
cyTcTBue konbua Ry B [anakTuke, Torga kak ckopoctu B obnactu
Crpenbua CBMAETENLCTBYIOT O CYLUECTBOBAHWN konbua Ry. Asumy-
TanbHble ckopocTy B obnactu Crpenbua TouHO onpedensoT nosmum-
oHrilt yron ConHua oTHocuTensHo bonbiuoii ocn bapa 6y, = 45+ 5°
(Menbhnk n Paytnaiinen, 2009).

B yerseproit rnase aHanmsmpytotea N-body moagenn, B kotopbix
6apbl hopMUpYIOTCst MO AEHCTBUEM rPaBUTaLMOHHON HeycToliumBo-
crit. [anakTuyeckui# OMCK B HALWIKUX MOAENAX BKNKOYAET fABE NOACH-
CTEMbI: 3BE3/HA5 NOACUCTEMA MOLENNPOBANOCL C NOMOLWLIO 8 MuUA-
JMOHOB MPAaBUTUPYIOWMX YacTUl, a ra3osas — ¢ nomoubto 40 Thicay
HErpaBUTUPYIOLUX HaCTUL, KOTOPLIE MOFYT HEYNpyro CTaiKusaThCs
ApYr ¢ Apyrom. [TokasaHo, YTO MofenbHbtll 38e3aHbIA gucK BricTpo
cpopMupyet bap, HadasbHas yrnoBas CKOPOCTb KOTOPOro AOCTAaTOHHO
genuka. OHa BbICTPO yMeHbILAeTCA Ha HA4YaNbHOW CTagun U BbIXO-
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AWT Ha nnato, yaepkusas a2 50 km/c/KnK B TEHYEHUN HECKOL-
KAX MUARKAPACE NeT. HToBbl yMeHbWUTL BAUSIHNE MEAAEHHBIX MOA
U CNyHaliHbIX BO3MYWEHUA, Mbl YCPEAHAEM MIHOBEHHLIE CKOPOCTH
ras’oBblX 4acTVL, PaCNONOKEHHbLIX BHYTPY MPaHuL, 3BE3QHO-Ta30BbIX
KOMMNEKCOB, K CPaBHUBAEM UX CPeAHWe ckopocTy ¢ Habniogaembi-
MU ckopocTamMu. Mbl TakKe W3yvaeM nepuoANHHOCTL B Kosebanu-
SX CKOPOCTEMW, 3aBWCHMOCTb CREAHMUX CKOPOCTE OT MO3MLUOHHOrO
yrna ConHua v 3B0IOLMOHHbIE aCnekTbl kuneMaTuku, Paccmorpen-
nan N-body mogpens Bocnpouwasogur kunematnky OB accoumauuii
g cbnactsix Mepces u Crpenbua u B Mecthoid cucteme, CkopocTu
ra3oBbIX YacTUU, YCpesHeHHbie Ha Boabiuom nHTepsane epemern (1
MAZ. NeT), BOCNPON3BOAST HAMPaBACHME PAJNAABHOO ¥ a3UMYTa/lb-
HOTO KOMROHEHTOB OCTaTOYHbIX CKOpPOCTeid B8 3Tux obnacTax. Cpes-
Hee pasnnyne MOLeNbHbIX ¥ Ha6mop,aeMb|x CKOpOCTeﬁ COCTaBAasAeT
AV = 3.3 km/c. Yenex N-body mogeneii 8 MecThoii cucteme sepo-
STHO BbI3BaH YYETOM rpaBnTayum OT 38e34HOMO Kosbla Ky, KoTopas
UrHOpMpPOBaNach B MOgensx ¢ aHanutuueckumu Gapamu (Payruaii-
HeH u Menbhmk, 2010).

B pacemoTtpentbix N-body mogenax OLR 6apa pacnonoxen s6nu-
au ConHua u Bcerga BHe conHeyworo kpyra (Rorg = 8.1 knk npu
Ry = 7.5 knk). B yenom, sTo cornacyetcs ¢ pesynsTaTamu ucciedo-
BaHWI KMHEMaATUKKM 3Be3q B Mano# okpectHocTu Conwua, r < 250
nk ([enen, 2000; Pykc, 2001; Munyer u gp., 2009), xoTst B 91X
paborax OLR Bapa Bcerga 0Ka3piBacTCR NEXAWNM BHYTPYA CONHEY-
toro kpyra. OnTuManbHoe 3HadeHue nosuumrontoro yrna Contuya 6,
obecneyneaoliero HaunyHulee COrnace MoAenbHuiX U Habawpae-
MbIx CkopocTell, cocTasnset 8, = 45 4 5°. Hawu mopenu opmu-
PYIOT AOCTAaTOuHO AAMHHBLIA Bap (Rper & 4.0 kK), HO €70 AnnHa u
OpPMEHTaUMA COFNACYIOTCs C PesyabTaTaMu UCCnefoBaHmii pacnpege-
nenva kpacuix rurantos {K-M (1) & nentpaniioli obnacty Fanax-
THKN, OCHOBAHKbIX Ha HaDMOAEHNSIX B CPESHEM U BAKHEM UHdpa-
kpacHom gnanasonax (Bewxamun u pp., 2005; Kabpepa-Jlasepe n
ap., 2007).
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aTas rnaea nocesuieHa Mopdonorun cnmpanbHoro ysopa fanak-
Tukv. Mbl cpaBHMBaeM pacnpepeneHne 4acTui, B MOAEAbHBIX Aunc-
Kax ¢ Habnrogaemoli canpansHoli cTpykTypoit. Mogens Tanakraku ¢
konbluom Ry R, MoxeT obbACHUTL HEKOTOPbiE KpynHOMacTabHble
Mopdbonornieckne ocobEHHOCTM CRUPanbHOA CTPYKTYPLI [anakTtu-
ku. Pykas Kiuns-Crpenbya BROAHE MOXET COCTOATH M3 ABYX BOCXO-
AAWNX CErMeHTOoB BHEWHNX koney Ry n Ry, koTopbie npakTUH4ecku
CTHIKYIOTCS 4pyr ¢ ApyroM Bbauamn obnactu Kuns. Pykasa [lepces
u HOxHoro Kpecta MOXXHO HaCTU4HO OTOXAGCTBUTL C HACXOASUN-
MU cermeHTamy kosibua Ry, Mogens fBYXKOMNIOHEHTHOrO BHELLHEro
KONbLIA TaKKe MOXeT ODBACHWUTDL CyWECTBOBAHUE HEKOTOPLIX TaH-
reHUuanbHbIX HanpasneHuit. Miccnepyetes CnupanbHO-KObUEBAS MO~
genb TanakTuky, BxAOYAOWAs 4B3 BHELHUX KOALLA, BHYTpeHHee
KOMBLO W ABa MansiX parMenTa CRUpanbHbiX PYKaBOB, COEQUHAIO~
WX BRYTPEHHEE U BHewHee Konbua. [1oKasaHo, YTO paccTosHus [0
BONBIUNHCTBA MUraHTCKIUX KOMIEKCOS 38e34000pasoBanns Katano-
ra Pycceitn (Pycceiin, 2003; Pyccelin u gp., 2007) cornacyiorea B
npegenax owunbox ¢ 3a4aHHOA MOAENLIO.

B 3axntoueninn KpaTko M3N0XKeHb! OCHOBHLIE PE3YAbTaTh! AUCCEP-
Tauuu,

PaGora ¢ coasropamMu

B pabotax c (TeprTn PayTuaiivesoM MHe NpUHAANEXUT pagHasi foNs
Y4aCTWA B MNOCTAHOBKE 33434K, BU3Yannu3aLyi v MHTEpNPETaLMM MO-
Aenelt u Hanucanmu crateid. Mogennposatie NONHOCTLIO BLINONHEHD
M. Paytvaiinenom. B pabote ¢ gpyrumu coaBTopamy mHe ApUHaL-
NEXWUT PaBHas JoNns yqacTus B paboTe Hag cTaTbAMU.
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