29-09-2010 IF'AO

FanakTukKm:

OT POXXAEeHUA A0 HalUnX AHewn

H.A.CoTHuUKoBa



TTnaH

dun3nyeckne ocCHoBaHuUA AnNsl Teopun obpasoBaHus
ranakTuk

Mopnenu coopMmupoBaHusa 3Be3gHbIX AUCKOB

— aHanuTuyeckue
— nonyaHanutundyeckue (Semianalitical Models — SAMs)

— 4yucneHHsble (N-body + razoganHamuka)

MoaenbHble NONyNAUMN ranakTuk (CTpyKTypa u
KMHEMATUKA): CpaBHEHUEe C HabnaeHUAMHU

. [1o cux nop HepeLlueHHbIe NPooneMbl

Kak amHaMuka npeobpa3oBbiBaeT 3Be34Hble AUCKN Ha
OONbLIOU BPEMEHHOM LiKane



MoHonuTHeIU konnanc (ELS-cueHapun) (1)

EVIDENCE FROM THE MOTIONS OF OLD STARS
THAT THE GALAXY COLLAPSED

0. J. Eccen, D. LyNpEN-BELL,* AND A. R. SANDAGE
Mount Wilson and Palomar Observatories

Carnegie Institution of Washington, Califermim¥nstitute of Technology
Received Mav 1 @

ABSTRACT

The (U, V, W)-velocity vectors for 221 well-observed dwarf stars have been used to compute the
eccentricities and angular momenta of the galactic orbits in a model galaxy. It 1s shown that the ec-
centricity and the observed ultraviolet excess are strongly correlated. The stars with the largest excess
(i.e., lowest metal abundance) are invariably moving in highly elliptical orbits, whereas stars with little
or no excess move in nearly circular orbits. Correlations also exist between the ultraviolet excess and the
W-velocity. Finally, the excess and the angular momentum are correlated; stars with large ultraviolet
excesses have small angular momenta.

These correlations are discussed in terms of the dynamics of a collapsing galaxy. The data require that
the oldest stars were formed out of gas falling toward the galactic center in the radial direction and col-
lapsing from the halo onto the plane. The collapse was very ra ld and only a few times 10¥ years were re-
quired for the gas to attain cireular orbits in equilibrium (i , gravitational attraction balanced by
centrifugal acceleration). The scale of the collapse is tcntatwc]}r estimated to be at least 10 in the radial
direction and 25 in the Z-direction. The initial contraction must have begun near the time of formation of
the first stars, some 10% years ago,




MoHonuTHbeIU konnanc (ELS-cueHapui)

* OTOU paboTon ObINO CTUMYNUPOBAHO ObCYyXaeHNE
Bornpoca o6 obpasoBaHun ['anakTtuku n ee
noacucTeM, BKM4Yas 3ase3gHbIn AUCK

* N3yyanuck opbutbl 221 3Be30bI B
OKOJ1I0COJTHEYHOM OKPECTHOCTMU, A8 KOTOPbIX ObINn
onpenerieHbl NPOCTPaHCTBEHHbLIE CKOPOCTU

* bbin nepedopmynupoBaH Krnaccnyeckum
pe3ynbTaT lMapeHazo (1950) U Roman’a (195)5).
3Be3bl C DONbLUMMWU CKOPOCTAMM — 3TO
HU3KOMeTaln4Hble 3Be3abl



MoHonuTHbeIU konnanc (ELS-cueHapui)
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MoHonuTHbeIU konnanc (ELS-cueHapui)

BbICTPbIX KONNanc MOHOJIUTHOIO
npoTorariaktTu4eckoro razooro oobnaka > 1~10%yr
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helum, begins 1o collopse under the
influence of ity gravity

U3meHeHne macwutaboB:
B 10 pa3 B paguanbHOM HanpaBneHUn u

B 25 pa3 B BepTUKanbHOM HanpaBJieHUM



MoHonutHein konnanc (ELS-cueHapuu) - npobnemer

HekoTopble 3Be3abl rano n LLUC nmerot
KOHTpBpalleHne

Pa3bpoc Bo3pacTtoB LUC — HeckonbKo mnpAa.net

3Be30bl raro HU3KoMeTanrmmyHblie, HO BOBCE He
cocTodaT Tonbko 3 H n He



BHewHsa anusoauveckaa axkpeuus (2)
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COMPOSITIONS OF HALO CLUSTERS AND THE FORMATION
OF THE GALACTIC HALO

LEONARD SEARLE AND ROBERT ZINN
Hale Observatories, Carnegie Institution of Washington, California Institute of Technology
Received 1978 March 2, accepted 1978 April 21

ABSTRACT

A new method of abundance determination, based upon reddening-independent characteristics
of low-resolution spectral scans, has been applied to 177 red giants in 19 globular clusters. Most
of these clusters have galactocentric distances exceeding 8 kpc. We find that there is no radial
abundance gradient in the cluster system of the outer halo. The distribution over abundance
for these outer clusters appears to be independent of galactocentric distance and is nearly identical
to that for halo subdwarfs in the solar neighborhood. This distribution is such that the density
declines exponentially with increasing metal abundance. The clusters of the outer halo show a
broad spread in the color distribution on the horizontal branch, and this property is uncorrelated
with metal abundance. In contrast, more tightly bound clusters, in the same range of abundance,
show very little dispersion in this property. These facts are all consistent with the hypothesis
that the loosely bound clusters of the outer halo have a broader range of age than the more
tightly bound clusters and originated in transient protogalactic fragments that continued to fall
into dynamical equilibrium with the Galaxy for some time after the collapse of its central regions
had been completed.

Subject headings: clusters: globular — galaxies: Milky Way — galaxies: structure —
stars: abundances — stars: late-type .




BHewHaa sanusoauveckas akkpeuums

* PacnpepgeneHue no nokasatenam MeTanmyHoOCTU
y BHeWHux LLIC o4eHb WnMpoKkoe n He 3aBUCUT OT

nonoxexnwma LLC

* JTO X€e KacaeTcs pacnpegeneHuns no uBetam ans
3Be3n [ B

MpoponmxutenoHasn (!) akkpeuus
npoTtoranakTnyeckux doparMmeHTOB,
3BOJTIOLMOHUPYIOLLUX HE3ABUCUMO OpYr OT

Apyra



BHewHaa sanusoauveckas akkpeuums




CueHapu uepapxmuveckoro ckyumsaHus (3)

CDM (vnn ACDM) moaenb chopMmupoBaHunaA

raJiakTuk -

nepapxmveckum cueHapun:

White & Rees, 1978
aKKpeLusi ra3a Ha nepapxmyecku
cnmBawwimecd TeMHble rario

Fall & Efstathiou, 1980

Lacey & Cole, 1993

— Yr110BOM MOMEHT — 3a c4erT tidal torques
— yAenbHbIN YrIOBON MOMEHT rasa paBeH yneanowly

yrnnoBomMy MOMEHTY rario

KpnBasi BpallleHUs JucKa — CpaBHEHME C HabnogeHnamm




CueHapuu nepapxmuveckoro CKy4YuBaHusa - OCHOBAHUS

CDM (vnn ACDM) moaenb chopMmupoBaHunaA
B pacwunpsatowenca BeceneHHon CTPYKTypbl pacTyT JIMHENHO

B conyTcTByloLLlEN cucTeMe KoopanHaT B ypaBHeHUn [lyaccoHa BMecTo P
[OIMKHO CTOsATL OP / P

HauanbHble Bo3aMyLieHus manbl Op / P << 1
OHM pacTyT Kak
Op/P=0 ~R(t) ~(1+2)

PocT 6apMOHHbIX BO3MYLLIEHNW BO3MOXEH TOSBLKO MNOCIe 3rnoxu
pekomounHauum, HaumHaa ¢ z ~1000

dakTop pocTta He bonbLlue, Yem 103

OTOro HeJOCTATOYHO, TakK Kak HavarnbHas amnnutyaa pnykryauum
HecKonbko eanHuL, Ha 10°

OaHHble COBE, WMAP -OT /T ~ 105



CueHapuu nepapxmuveckoro CKy4YuBaHusa - OCHOBAHUS

CDM (vnn ACDM) moaenb chopMmupoBaHunaA

PeweHue:

* HebapnoHHOE TEMHOE BELLECTBO, HE CBA3AHHOE C
N3Ny4YeHNeM, KOTOPOE MOXET BbIAENATb CTPYKTYpPbI 324050
0o pekombuHauum

* YKpYNHEHUe 3aTUX CTPYKTYpP NPOUCXOONT 3a cYeT
nepapxmvecknx CrmaHunm

* bapnoHHbIN ras “crniegyeT” 3a POPMUPYIOLLIMMUCS U
YKPYNHAKLWMMUCA rano, HarpeBasiCb 40 BUpUanbHbIX
TeMmnepartyp, a 3aTeM, OCTbiBasi, 0bpasyeT 3Be34Hble
NoACUCTEMBI



ACDM mopenu qpopMupoBaHUA ranakTUK

Moaenu dbopmMmmnpoBaHus ranakTuk (3Be3gHbIX
AUCKOB)

— daHalrintn4yeckme

— nonyaHanutuyeckme (SemiAnalitical
Models — SAMs)

— yucneHHble (N-body + razogmHamuka)



ACDM mopenu qpopMupoBaHUA ranakTUK

Kputnyeckune tecrbl:

MoAdesin AOJ1XKHbl BOCNpPpoOonN3BoAUTDb

prI'IHOMaCLIJTa6HyI-O CTPYKTYPY
beHKLI,I/II-O CBETUMOCTIW rasfiaktmk

cooTHoweHne Tannun-duwepa (CKOPOCTb
BpaLleHua V — ceeTuMocCThb L)

COOTHOLUeHUe pasmep R — cBeTuMoCTb L

MOPdOSIOrno U pacnpeneneHme 3se3gHoun
NIOTHOCTW

MCTOPUIO 3B€34000pa3oBaHmUs



YucneHHbie mogenu

ACDM + N-body + SPH
KoHcopuuym Virgo (1994):
http://www.virgo.dur.ac.uk

OCHOBHbI€ Y3nbl:

—Institute for Computational Cosmology (Durham, UK)

—Max Planck Institute for Astrophysics (Garching, Germany)


http://www.virgo.dur.ac.uk/

YucneHHbie mogenu

KoHcopuuym Virgo

OCHOBHbI€ NPOEKTbI:

The Millennium Simulation

Galaxy Simulations

First Objects

Dark Matter Halos (Bknrwoyaa Aquarius Project)
Intergalactic Medium

Semi-Analytical Galaxy Formation (SAMs)
Mock Catalogues (+ SAMs - 2dFGRS u SDSS)
GIF Project (N-body + SAMs)



YucneHHbze mogenu. The Millennium Simulation
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Galaxy merger trees. The Millennium Simulation

Table : mpagalaxies..delucia2006a
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YucneHHbie mogenu. OTaenbHbIE ranakTUKU
(ACDM + N-body + SPH)

— cosmologically motivated rano (N-body, Hanpumep, Tree method)
- ra3 (Hanpumep, SPH)

— dom3umkKa: rpaBsutaums, rmagpoanHamMuka, Harpes+oxnaxageHume,
ogHopoaHbin UV doH

- “onuncarenbHan” dunsunka: sBesgoobpasoBaHue, feedback,
oboraweHne XMMmM4eCcKUuMmn arnemMeHTamum

Okamoto et al, 2005 (Virgo)

3Be34bl



AHanNUuTUYeCcKkue moaenv

NMNonynauusa guckoBbiXx ranaktuk B ACDM kocmonorum
Mo, Mao, White, 1998

— [unckun dpopmmpyrotcs n3 6apnoHHOro BelecTsa (rasa) B
cdepnYeCKU-CUMMETPUYHBLIX TEMHBLIX rano ¢ NFW
npoPuIsaMn NNOTHOCTMU

Phalo (}) — Ps 5 X =T / Iy,

1( I+ -1")' NFW profiles may not be pretty....

j,‘Jhal() (}) — 47“-;03'}43.]1(-1”)
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AHanNUuTUYeCcKkue moaenv

NMonynauuna anckoBbix ranaktuk B ACDM kocmonorumn
Mo, Mao, White, 1998

B npouecce oxnaxageHus rasa (gona maccel m_d) obpasyeTtcs
9KCNOHEHUMarnbHbIM OANCK, KOTOPbIN HAXOAUTCA B paBHOBECUU
3a CYET LEHTPOOEXKHbIX CUM

[[a3 nMmeeT Takou e yaenbHbIW YrNoBON MOMEHT, YTO U TEMHOE
BELLIECTBO, N OH COXPaHSIETCHA B NpoLecce oxnaXXaeHus

e\ 2 |
./=AG”-M“’-< 4‘”) Ja=j4J

o

Baanmopgencreme mexay 6apruoHHbIM U TEMHbIM BELLLECTBOM
npuBOoAUT K aanabaTtmndeckomy nogxatuio rano (Blumenthal et
al, 1986)



AHanNUuTUYeCcKkue moaenv

NMNonynauusa guckoBbiXx ranaktuk B ACDM kocmonorum
JdononHumenbHo (Opyaue asmopsbl)

— 3Be34bl 00pa3yoTcAa B ra30BOM AUCKE NMPU AOCTUXKEHUU
NOPOroBOro 3Ha4eHUs NOBEPXHOCTHOW NIIOTHOCTHU

— Feedback adpdekThbl

— OnucaHne bangxa — Yyepes caMmoperynmpyemole
MexaHu3Mmbl, obecrnednBatolne yCTon4MBOCTb ANUCKA



AHanNUuTUYeCcKkue moaenv

YTto Ha BbIXxoge?
Ha YpPpoOoBHE nonynaumMn ANCKOBbLIX rallakTuk

p(A) O —
f(Lr)
f (MQ'UO) > R, (bYHKLUA CBETUMOCTH;
+ 1 > MacLlUTabHble
f (C) ( ) COOTHOLUEHUS
_ V2.2 \Um
mdq, Jd —




Yto aarotr ACDM mopenu?

. KpynHomaclwiTabHoe pacnpeneneHue ranakTtuk
Ha pa3fIUYHbIX Z

. XapakTepucTuku nonynauum ranakTtuk Ha
AaHHYO anoXxy (z); Hanpumep, f(L),
MacLITaOHble COOTHOLUEHUSA

. CTpyKTYypa M KMHeMaTuKa

- p(R,2),h,z 0

— V. rot

. Bo3pacTta, xum. cocTtaB, UCTOpPUSA
3Be34000pa3oBaHuA

. OKpyxeHue (CNyTHUKMN)



KpynHomacwrabHoe pacnpeaeneHue ranaktuk

Springel et al, 2005 —
“Millenium Simulation”

OBONOLNSA Kydny4eckon
obnactu pasmepom 700 Mnk
oT z=127 po z=0

~107 0 yactuu!




KpynHomacwrabHoe pacnpeaeneHue ranaktuk

Springel, Frenk &
White 2006



TTpobnemsr cueHapusa uepapxmyeckoro CKy4YmsaHus

— [lpepnckasbiBaeT HanM4me cusps B LieHTpe ranakTtuk. [Mo-
BMOMMOMY, 3Ta 0COOEHHOCTb OTCYTCTBYET B KapJIMKOBbIX
Irr, B KOTOpPbIX, OHAKO, TEMHOE BELleCTBO AOMUHUPYET

— [lpenckasbiBaeT DOMbLUOE YNCIIO ManeHbKUX rano
(CryTHUKOB) BOKPYr DONbLUMX ranakTuk (He HabnogaeTcs)

—  Hu3kum yrnoBon MOMeHT ODapuOHOB, a
cregoBaTeNibHO CIINLLKOM MarieHbKue
pa3Mepbl AUCKOB



BrIcokaa KOHLUeHTpauua TemHOro BeliecTBa B LieHTpe

(cusps)

PacnpeneneHne TeMHON MaTepun UOAEHTUYHO
pacnpegeneHuto rasa Hi

Cnabasa 3aBucmmocTb oTHoweHusa DM/HI ratio ot Tnna
ranakTukm (B paHHMX bonbLue)
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Boicokas koHuUeHTpaumua TemHOro BseliecTsa B LeHTpe
(cusps)
AHanuna Ha + HI kpuBbIx BpalleHUS

PacnpepgeneHne nnoTHOCTU — C AAPOM B LIEHTPE (de Blok et al,

2003; Swaters et al, 2003; Gentile et al, 2004, 2005, Shankar et al,
2006; Spano et al, 2008)

p~re

Pacuetbl: a~1-1.5, HabnwoaeHuna a ~0-0.5

NFW Density Profile Pseudo-isothermal Density Profile

-
Lol
-
(o)

scale radius | core radius |

—
—

Log Density

P
=
N
o
Q
o
O
o
-

1 5 : 1 :
Log Radius Log Radius




CnUWIKOM MHOTO Menkux cTpykTyp (npobnema
CNYTHUKOB)

ACDM pacueTbl npeackasbiBatoT B 100 pa3 bonblue

HeOONbLUNX rano BOKPYr ranakTuk Tuna Hawewn anakTuku,
yem 3TO HabngaeTcs

NMpoekT Aquarius

N =800 000 N =1 500 000




CnUWIKOM MHOTO Menkux cTpykTyp (npobnema
CNYTHUKOB)

ACDM pacuyeTbl NnpeackasbiBaloT B A4eCATKU pa3 borbLue
HeOOSbLUMX rasio BOKPYr ranakTuk Turna Hawen [anakTuku,
yem 3TO HabngaeTcs
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— scoMd | MecTHas Npynna

R <200 h?' knk

]

1000

T F_Hllllll bl
100

100

I IIIIII|
10

dN{>V__)/dV (Mpc/h)3
Ll

2
=

[
lellllll

— Klypin et al, 1999




CNUWIKOM MHOTO Mesnkux cTpykTyp (npobnema
cnyTHukoB) (Joel Primack)

ACDM pacueTbl npeackasbiBatoT B 100 pa3 bonblue
HeOOSbLUMX rasio BOKPYr ranakTuk Turna Hawen [anakTuku,
yem 3TO HabngaeTcs

KoHen 2004
|Name Year Discovered
MC 1519
MC 1519
culptor 1937
ornax 1938 .
eo Il 1950 | Mlﬂk*f "‘--;@15
eo | 1950 LT
rsa Minor 1954 R
LAC - ;
raco 1954 e
arina 1977 | osme
extans 1990 |
agittarius 1994 .-
P lptr
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CNUWIKOM MHOTO Mesnkux cTpykTyp (npobnema
cnyTHukoB) (Joel Primack)

Name Year Discovered
LMC 1519
SMC 1519

Sculptor 1937
Fornax 1938

Leo Il 1950
Leo ] 1950
Ursa Minor 1954

Draco 1954
Carina 1977

Sextans 1990
Sagittarius 1994
Ursa Major | 2005
Willman1l 2005
Ursa Major 1l 2006
Bootes 2006
Canes Venatici | 2006
Canes Venatici 1l 2006
Coma 2006
Segue | 2006
Leo IV 2006
Hercules 2006
LeoT 2007
Bootes 11 2007

LMC e |

il Fomm

Hayano 2008
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CNUWIKOM MHOTO Mesnkux cTpykTyp (npobnema
cnyTHukoB) (Joel Primack)

Fornax

Will | L~103 Ler Faint|

~80 pc = Small

Compilation by Beth Willman.



Cumulative number (N > v,)

CnUWIKOM MHOTO Menkux cTpykTyp (npobnema
CNYTHUKOB)

“Ipobnema cnyTHUKOB” ¢ AMHAMMNYECKOU TOUYKU 3PEHUS —
He npobnema - ? (Simon & Geha, 2007)
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MaccUBHbIX rano Stoehr et al,
2002;
Kravtsov et al. 2004
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TTpobnema yrnosoro momeHra

Bornee cepbe3Hble Npobnemsbl (BbiTEeKaowme 3
camMou KOoHUenumm nepapxm4yeckoro
CKyuuBaHuUs)

— ManeHbKne ranaktukm (ManeHbKue rano)
bonee cTtapble OOBLEKTHI

— bonblwue ranakTukum c
“ynopsaaoyYyeHHbIMU’ ANCKaMU AOJKHbI

MMEeTb CNOKOMHYHO UCTOPUIO CITUSHUMN,
HO TeMHble rasno 6e3 HegasHero 60NbLIOro MepXuHra
NMeKT ManeHbkne 3HadeHna A (D’Onghia & Burkert,
2004)
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Kputuuyeckue tecTtsr

BocnpousseaeHue
—  (OYHKUUN CBETUMOCTU ranaktuk
— COOTHOLUeHnda pasmep R — cBeTUMOCTb L

— COOTHoweHusa Tannu-duwepa (CKoOPoCTb
BpaweHns V — ceetumocTb L)



UcTtopua cnuaHuM vs KOHeuHbIe CBOMUCTBAG AUCKA.
MakcumanbHbIe CKOpOCTU

Navarro & Steinmetz,
2000

observational data F¥d gy
sCDM:e,=0, ¢,=0.0: '

I'Ip|/| 'D'aHHOVI 26 | sCDM:e. =0.2, c.=
CBeTnMMOCTHU L o ACDM:e =0.0, ¢,
[INCKU
BpallakTCA
CITMLWWIKOM

BbICTPO
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log V,




Uctopua cnuaHuu vs KoHeuHble CBOUCTBA AUCKA

PeweHne npobnembl “yrnmoBoro MomeHTa” (MU HYJb-
NyHKTa COOTHOLEeHus T-D)

Pa3pelwieHne YUCNEHHbIX PacyYeTOB — Moka CIULIKOM
“ToNcTble” PPOHTbLI yAApHbIX BOSIH, KOTOpPble OepXaT ras B
obnactn  Temnepartyp, rae  CIuvwKkomM 9 EKTUBHO
oxnaxgeHue

bonee akkypatHbin “peuent’ feedback’a - he
ToNbko SN, HO N obpasoBaHue Y[l n ydeTt “BnpbliCKMBAHUS”
aHeprum ot AAl

bonee akkypaTtHoe onucaHuve B3aMMoOAeUCTBUSA

MeXay rano n 6apuoHamMm — obnavyHasa CTpykTypa rasa
+ NOCTOSIHHAA aKKpeLusi XONoAHOro rasa



TTpobnema yrnosoro momeHrta

Paclmpenue rano El-Zant et al, 2001
IdnHamuyeckoe TpeHue
OOMeH yrnoBbIM MOMEHTOM

B3anmopaencTBue rano c ra3oBbiMuU hparmMeHTaMm

KapnukoBble ranaktukun: 10° — 10° M, (pa3mep o6naka)

Bonblune ranakTuku: 10° — 10" M., (pa3mep obnaka)



TTpobnema yrnosoro momeHra

Elmegreen (cepua pabdor)

AHanuns3 mopdorsornu ranakTnk Ha donbLunx z (0o 5)
UDF, GEMS, GOODS fields__:

- s F
PparmMeHTUPOBaHHOCTb

7 9
Macca pparmeHToB 10" —10° M_,
C6opKa ralakKtTukm uaeTt MmearsieHHee, 4YeM rnpum MepxumHre yxe rotoBbiX
ANCKOB BHYTPU UX rano



JKCNOHeHUuanbHbIe AUCKU

Governato et al, 2007
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JKCNOHeHUuanbHbIe AUCKU

Elmegreen et al, 2005

UDF clump cluster
galaxies
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JKCNOHeHUuanbHbIe AUCKU

Bournaud et al, 2008
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BriBoabr

ACDM cueHapuu cpopmMmmnpoBaHusa ranakTuk ny4iwie opyrmx
cxXeM OO BbACHAET 60NbLY COBOKYNHOCTb
HabnaaTenbHbIX AAHHbIX:

— KpynHoMacLTabHYIO CTPYKTYpPY

— PYHKLNIO CBETUMOCTHU

— MacwTabHble COOTHOLWEHNA (YHKUMOHASTbHbIE 3aBUCUMOCTM)
— KpMBbl€ BpalLleHNs BO BHELWHMX 00NnacTaAX 3Be3AHbIX AUCKOB
— hopMUpOBaHME CNYTHUKOB BOKPYT APKUX ranakTuk

HepelweHHble npobnemMbl Ha ranakTM4yecKux macwTtaodax:

— CNNLLKOM MaCCUBHbIEe TEMHbIE rano ¢ LeHTparibHbIM CUSpP’OM
— [peackasbiBaeTcs CAULWKOM DOMbLUOE YMCO MarioMacCUBHbLIX rano

— Mpobnema yrnoBoro MomMmeHTa
SA0-2009



BriBoabr

PeweHue: akkypaTHaa domsmnka 6apmMoHHOro BELLECTBA,
OCOOEeHHO ra3sa

[[a3 He obsA3aTenbHO BUpUanm3oBaH (MOXeT ObliTb XONO4HbIM)
MoxkeT HaxoanTCs B AaneKnx BHELWHMX 0DacTaX ranakTuku
ObnayvHaga cTpykTypa (MaccmBHble 0briaka)
[TpooomkaroLadaca (Mnu No3gHANA) akkpeuuns

OuHaMunyeckoe TpeHne, MeHblUe NOTepu YrinoBOoro MOMeHTa,
60nbLlwKMe no pasmepy AUCKKU, BIIUSIHUE Ha Gap v rano

PaspyweHune cnyTHUKOB

Feedback, Bkntovyaga AAl, ¢ UMKNMYEeCKUM BbIMETAHUEM
oonbLien YacTu rasa

MeHbLe noTepu yrrnoBoro MoMeHTa, 60nbLune no pasmepy
AWUCKW, paclumMpeHue rano

SAO-2009
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