A C Pacroplyea 3

TAULL MTY, oTaen nayyeHns [anaKkTukm u
nepemMeHHbix 38e34
Duspax MIY, xadeppa 3KCNEPUMEHTANLHOW
ACTPOHOMMM

KuHeMmaTnueckue orpaHuvYeHUa Ha
CKpbLITYI0 Maccy B MecTtHou Npynne

I'aJ'IaKTMK
(Mockea, TAVILL MT'Y, 4-5 (hepana 2008 r.)
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I- MecTHasa [ pynna Bkato4YaeT noyTun 50
ranakTuK, OONbLUNHCTBO KOTOPbIX —

I Kap/INKW: SNIUNTUYECKNE W
HenpaBW/ibHble

« CamMble KpynHble n3 cnyTHNMKoB M31:
M33 («TpeyronbHUKy»), M32 n NGC205;

M3 CNYTHUKOB [ aN1aKTUKKU - bonbLlioe n
Manoe MarennaHosbl Obnaka.



I KnioyeBble BOMPOCHI:

. Bennka nn «nokanbHaa» CKpblTaa mMacca?
. Bennka nu ckpbiTas Mmacca Ha 60abLINX
PacCToAHMX — B [anakTuke n MectHou
[ pynne ranakTuk?

. KakoBa npupoaa CKpbITON MACChbl?
- bapnoHHas

- HebapunoHHas
— P77

. ObHapy)XeHne CKpbITOU MACChI



I Habnwgaemas OLeHKa NOKaNbHOW
I MACCOBOW MJOTHOCTU

. Habniopgaemana nokanbHasa 3Be34Has
I NNOTHOCTL: ~0.12 nk> =» (0.05-0.08) M, nk

. Bknapg rasa (aToMapHOro u
MOJIEKY/IAPHOIro ra3a He bonee ~ 50% oT

BKJ/1dda4d 3Be€3/

Pvis ~ 0.075-0.12 M, nk3

(OLeHKN pa3HbiX aBTOPOB)



I OAvHaMmunuyeckme oueHKn NoKaNbHOW
NAOTHOCTY B Aucke ManakTukm

I Bienayme et al.

(ASP Conf. Ser.
V.182, 1999) - no

NAHHBIM O
6NN3KUX A-
3Be34ax u3
HIPPARCOS: 3D-
nose CKopocTteu
M NPOCTPAHCTB.
pacrnpeneneHue

5000
h125
L "\ — p=0.076 Mg.pc -
4000 -~ p=010 Mype”
pD= 0.15 MD_‘D{;_-B
3000 F ... N
o'!u X
2
<~ 2000 -
1000 -

}

Oort’s limit: 0.076-0.10 My/nk?

Z (pc)
Figure 1. Calculated inverse density profiles under three different assumed val-
ues of the local mass density 0.076 Mgpc™ (best estimate), 0.10 Mgpc™ and
0.15 Mypc™® (from bottom to top).
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TOJILLUHbBI BEPTUKASIBHOTO © o
Ipacnpep.eneHml uedenng

N MONOAbIX PACCEAHHBIX  Figurwe L
ICKOI‘IHEHI/II7I OT BO3pacTa:

[Tonynepunop, BepTUK.
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(b)

120 0 50 100
T, Myr

1

50

200

Vertical dispersion of the Cepheid layer as a function of
age: standard models (a) and models with overshooting (b).

YpaBHeHUe [lyaccoHa

KonebaHun: 015
P,=37...52 Myr :
w’, = 4dnGM v, ‘E% -

Pipn ~ 0.06...0.12 Myni? < |

LDM: p<0.023M,nk?
(<25...35%) 0.06)

<—— Pols et al. 1998
without overshooting

Poidyn)

p'){ws} = UDQE

—= Pols et al. 1998

=0.102 + 0.010

with overshooting

DM




BbiBOA,:
!

I . JIokanbHasA CKpbiTagd Macca, ckopee
BCEro, Mmajaa — Bkjajg He bonee 1/3



[Tlpumep: besaHCOHCKAA MO4eb
pacnpeaeneHua N1OTHOCTU B [[anakTuke

(A.Robin et al., 2002-2006)

if |Z| < X7, X; = 400 pc

ifa <ac,a. =500 pc

density law
Disc . po/dy X {exp(—(a/hg,)?) — exp(—(a/hz_)*)} if age <0.15 Gyr
;3::;535530” with sz, = 5000 pc, hz = 3000 pc (Wkansl Ancka)
po/dy X {exp(=(0.5% +a° /hy )'?) — exp(—(0.5° + a* /Iy )?)}  ifage >0.15 Gyr
with 1z, = 2530 pc hg = 1320 pc (Wkanel ancka)
Thick disc  po/dy X exp (—522) x (1 — ﬁ X z%)
po/dy x exp (- ]jj@) R exp(-2) if |z > x
with 2z = 2500 pc, i, = 800 pc (LIJKana ANCKa U WKasa BbICOT)
Spheroid  po/dy X (52) 7>+
Po/do X (R® )"***  CTeneHHoii 3aKoH; CxaTne ~0.76 ifa > a.
Bulge N x exp(—0.5 x 77) VX2 + 2 < R,
N x exp(—0.5 x 2) x exp(—0.5(~= ;’; e y2) V2 + 2 > R,
with 72 = \/[(L)z (;’0) 1?+ (Z—O)4 TpexoCHbI 3NAMNCOnA unm chepouns
ISM 0o X exp(——R@) X exp(—1)
with /i, = 45()() pc. 7. = 140 pc (WWkana ancka v wkana BbiCOT)
) : -
Dark halo 1.+(2 o With Re = 2697 pe and p. = 0.1079 Mloutn usoTepmuseckmi




Table 2. Local mass density p, of the stellar components, the dark
matter halo and the interstellar medium (ISM). W-velocity dispersion
o used for the dynamical self-consistency, and disc axis ratios € re-

sulting from this process. The white dwarf mass density is computed
H O p MU po B Ka M Oplen |’a.s;su111i115._r. a white dwarf mass of 0.6 M.
Ha napamMeTpbl,

Age Lo T €
HabnoaaeMbie B6an3u e
COI'IHLl.a (I'IO AAHHbIM Dis 0015 40x103 | 6 0.0140
6151 73.1a° | 8 0.0268
HIPPARCOS) 1 ¢ 62x103 | 10 0.0375
2-3 10 10 | 132 0.0551
35 58x103 | 15.8 0.0696
5 7 49%x103 | 174 0.0785
710 66x10° | 175 0.0791
WD 3.96 x 1073
T = 0.0430
Thick disc 11 134x10"’
[TonHaa nokanbHas L ElalE
¥ =0.0016
NMNOTHOCTb: Stellar halo 14 9.32 x 10~ 0.76
Psyn~0.076 M,/NK3
Dark matter halo 0.0099 1.
ISM 0.0210




« MHOIrMe cnnpanbHbie
ranakTukmy obnagaioT
«MNOCKUMWN» KPUBBIMU -
BpalleHuns,
NpPOCTUPAOLWNMNCA
0,0 PACCTOAHUM

350

nopaaka 30-50 KnkK. o o P =
e JTO CBUAETENIbCTBO B ™=/ 7 —

NoJb3y 3HaYUTENbHOU =/

«CKPbITOWU» MACChl Ha

nepupepnu 20|~
» Kak catum obcrour ;=T ——

AEeNo B Hawew o 7 R

[anakTuke? g




I [pocTan oueHka Macchl FanakTUKNU:

I CKOpOCTb BpalLeHunsa ancka — 220 km/c =>»

Macca B npegenax 10 krk~ 1.2-10" mnpa.
I COJIHCUHBIX

Bknag B 3Ty Maccy:
- ANCKaA ~ 80-90%
- TaJIO ~ 10-20%
« KakoBa Macca B npenenax 50-100 kriK? —
Hy)XHa Hage)XHas KpuBas BpaleHusa niu

AAaHHble O MAKCUMAJIbHbIX CKOPOCTAX 3Be3A.
Ecnn KpmnBas BpalLeHNA NJ10CKaA =» NMoJiHaA

Macca MoXeT AocTuub 1074 conHeuYHbIX.



300 —
1V (km/c)

 KpnBas BpalLeHUs
[QN1TaKTUKM NOoKa He

OYeHb HageXxHa =@
(NMOKa3aHbl BAPUAHTDI
pa3HbIX aBTOPOB)

* [lpn 3TOM B OKPECTHOCTAX 1
ConHua 3HaYMTeNnbHOU 1

CKpLITOW Macchl, besycnosHo, ;1 e S ...
HET 0 2 4 6 § 10 12 14 16
e € ECTb HAMEKW HA NJTIOCKYI0
o O-B Star/CO cloud complexes I | J KpMByI.O BpaLU,eHVlﬂ
% [y - < o 5 Mfﬁﬁﬁl
N TTT Bl (CnepyeT umeTb B BUAY, UTO
XOA KPVUBOW BpaweHua
e 3aBUCUT U OT WKaNbl PACCTOAHUA:
..., YeMOHa kopoue, TeM MeaneHHee
4 6 8R, 10 12 14 1 1

Distance from center of galaxy R(kpc)

Kpueas BpaweHus [anaktukm B obnactm R > 4 knk
nNo AaHHbIM O MONOAbIX 3BE€3AHLIX KOMNnekcax
M NnaHeTapHbIX TYMaHHOCTAX

POCT CKOPOCTU BPaLLEeHUA)



. Honma et al. (ArXiv:0709.0820v1) — VERA
HabnogeHnsa H,O ma3zepos B obnactu

3Be34,000pa3oBaHma Sharpless 269
n=189+8 nas, D 5.28+0.23 knk

CkopocTh

200

BpalleHusI

I'agdakTukn

Rotation Velocity (km/s)

He pacreTr?

100

Radius {kpc)



KnuHemartuueckm

800

Sakamoto, Chiba
& Beers (2002-2003):

11 xapNUKOBbLIX
ranakTuk,
137 W3C,

413 HB-3Be3a nonsa

TpeboBaHue V.. < Vier

700}

e orpaHuYeHua

Ha pacnpeaeneHmne Macchl B rano NanaxkTuku

(U3 YCNOBUW rPaBUTALLUOHHOW CBA3K)
AHanusupyiortca /IyYeBbie CKOPOCTH paneknx 06beKToB rano

0100 200 300 400 500 600 700 800
Vase (r)Ikm/s]  (mopens)




OCHOBHOM BKNAA, B OrpaHUYeHuns Ha
NOJIHYIO MaCCy CUCTeMbl AatoT Draco,

I Leo I, Pal 3
Hu)XHne oueHKM Macchl:

~5.5:10"" M, B npeaenax pacCToAHMUS
0,0 bMO (~50 k1K), npaKTNYeCKN He
3aBUCUT OT MOJ,e/N

~(1.8-2.5)-10"°> M, B Nnpeaenax
PACCTOAHUNA A0 Leo 1 (270 KrikK)

«vnepranaktuka» No . SUHaCTO ?



YnetpabuicTpule 3Be3ab =} E
: Bulge .
(HyperVelocity Stars) 3 — E
N :
9 = 10 — ]
N3BecTHO noka 7(?) HVS - .
(NPO3BONIOLMOHMUPOBABLLUNE B- 5 =
B HvEs T
3ge34bl) Obliee unMCio oueHnBaerca | .
103 ¥y F AL L NTERGIOIGE
. ~ v -5 6 —
[TfponcxoxpeHne: pacnag 4BOUHOU 1. E
B mone ueHTpasibHou SMBH 32 F E
= 0 —
o I 111 T e B 1 |
« ECnu TaK, TO UX HeNb3A UCNOJNIb30BATD _200 0 200 400 600
-1
ONA TeCTUPOBAHUA FANAKTUYECKOrOo Ve Lkm s71]
Fic. 4. Galactic rest-frame velocity histogram of the late
nOTeHuma’la B-type stars (upper panel). The best-fit Gaussian (thin line) has
> dispersion 108+5 km s~1. Our survey has identified a total of four
® HVSs that are 4-6o outliers from this distribution. The lower panel
Me)'(ranaKTMqQCKoe HaceneH"e * plots the residuals of the observations from the best-fit Gaussian,
normalized by the value of the Gaussian. In addition to the HVSs,
there is an interesting tail of high positive velocity objects 200 <
vpr < 400 km s— 1.
I { b q’ vRF d \ tere Catalog
deg deg mag km s kpe Moar
HWVS1 227.3 31.3 19.8 -+ TG0 110 160 SDSS JO90T4A5.04+0245071
HWVS2 176.0 47.1 18.8 +T7LT 19 32 UsS 7082
HWV=3 263.0 -40.9 16.2 s 61 100 HE 0437-5430%
HVS4 194.8 42.6 18.4 +563 75 130 SDSS J091301.0+ 3051204
HWS5 146.3 38.7 17.9 +6543 55 a0 SDSS J091759. 546722354
HWSG6 2431 50.6 19.1 +B0S Th 160 SDSS J110557.454+003439.5
HVSTY 263.8 57.9 17.7 +415 Bb 120 SDSS J113312.124+010824.9
REFERENCES. — (1) Brown et al. (2005a); (2) Hirsch et al. \&O05); (3) Edelmannp/et al. (2005); (4) Brown et al. (2006)
NoTE. — HWVS4 - HV ST are from this targeted HVS survew.

*Probable HVS.




I » PeanbHoCTb XXI| Beka:

. N3mMepeHune cobcTBEHHBIX
ABWXEHUWU U NPOCTPAHCTBEHHbIX
cKkopocTen 6IN3KMUX raiakTuk B
MectHOM pynne



I Kallivayalil et al. (2006-2007),
I Besla et al. (2007)

« AnHamuka LMC, SMC n MarennaHoBa
I NOTOKA MO COOBCTBEHHbIM ABUXEHUAM U
JTy4YeBbIM CKOPOCTAM

. HabnwpeHus: HST Advanced Camera for
Surveys

. [MpuBA3Ka: K KBa3apam B NONAX FANAKTUK
(21 — B LMC, 6 — B SMC)

» Pa3HoOCTb 3nox: 2 roaa (!)
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—1.94

0.43 +

- 0.09 mas yr ',
0.06 mas yr .

=

VIMC = 378 £ 18 km S_l?
VLMC, rad = 89 + 4 km S_lg
ULMC, tan — 367 == 18 km S_l




py (mas/yr)

Fow

/ 'Lf\fr

= —1.16 £ 0.18 mas yr ',

—1.17 £ 0.18 mas yr '

USMC = 302 £ 52 km S_l,

- USMC. rad = 23 + 7 km S_l,

USMC, tan — 301 £ 52 km S_l




vime = 378 + 18 km s !,

VIMC, rad = 89 &= 4 km s !

ULMC, tan — 367 = 18 km 8_1
-

I e Vian > 220 KM/C, Vgpp > 0 = LMC 1 SMC HepaBHO

NPOLWIN Yepes NepuLeHTPbl ralakTU4eCcKkunx
opouT

o Viany 6/1M3Ka KO Il KocMUuyeckon ckopoctn MW (?)

« OTHOCUTeNnbHaa ckopocTb 105+42 KM/c Ban3kKa Ko
Il kKocMnyeckon ckopoctu LMC

vspme = 302 +52 km s

USMC.rad = 23 £ 7 km s~ ',

USMC. tan — 301 52 km S_1




. Cnepcreue: nonHaa Macca [anakTuku
I (oo pacctoaHuu nopagka 100-200
KMK) A,0/1)KHA ObITb CpaBHMMA C

(1-2)-10'2 M,



O6pa3syioT an MarennaHoebl Obnaxa
rpaBUTALLUOHHO-CBA3AHHYIO CUCTEMY?

300 [T T T 800 T
250 | 200 F
200 | 100 F
o N
& 150} g of
= i N -
100 [ ~100
50 [- -200F
ﬂ_ _3{]0El||||||||||||||||||||||||||||||||||||||||||||||||||||||||||'
-8 -6 —4 -2 0 -300 -200 -100 0 100 200 300
time (Gyr) Y (kpc)

« OpaHa n3 cBa3aHHbIX opbuT O6N1aKOB B U3OTEPMNYECKOM

noteHumane FanakTUKN C y4€TOM AUHAMUYECKOrO TPEHMS
(9 Gyr)

. Ho: B npeaenax ownbok 4 HAMHOIro 6osbLLe HeCBA3aHHbIX
peLleHnmn



an dJibHblI€ YC/IOBUA [paBuTaLWOHHAA

YCTONYNBOCTD: CBA3AHHOCTb Ha
UHTEpPBa/laX BpeMeHHU

2 """"""""""""""""""""""""""" | YepHblii: AT <1 Gyr
ok i SeneHsii: AT~-1-5Gyr
T SMC i Kpachwivi: AT > 5 Gyr
g o 2 | |
E 5
I | T : —
2 IR o
: w  OF )
=3 b o :
-4 -3 -2 -1 0 1 g& :
Mwsuc (mas/yr) ~
Juazpammot g —1 g
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—2F




Ckopoctu L/SMC

n MarennaHoBa
MoToka

L/SMC He CBA3aHbI C
MarennaHoBbiM (Fra30BbiM)
NOTOKOM

>

-400 —

200 -

400

|
s i |
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s A0 |
| \

— P03 HI data —
— GN96 Iso

-- GN96 Fid

— K1 (ug pn) Iso

== K1 (ug uf) Fid -
= LMC today .
(262.2 +3.4 km/s)
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I Proper Motions in the Andromeda Subgroup

Andreas Brunthaler!, Mark J. Reid?, Heino Falcke®?, Christian Henkel! and
Karl M. Menten?

. VLBI HabntogeHna H,O mazepos B M 33 u
IC 10
» TO4yHOCTb PM: ~ 3-6 pas/year

. M5, > 6.6-101 M, — 1.2 -10%2 M,

I ArXiv: 0708.1704v1

TpebyeTca Ana rpaBUTALLUOHHOM
CBA3AHHOCTMU (3aBUCUMOCTUN OT MOAeNNn)



Dark Matter
«Family Tree»




I YTO ULLLYT aCTPOHOMBI?

I - He BoaBascb B COBpeMeHHble
KoHUenunn HebapmnoHHoun (ACDM —

I Cold Dark Matter, WIMP — Wealky
Interacting Massive Particles) n

6bapnoHHon (MACHO — Massive
Compact Halo Objects) TeMHOW
MaTEePUN, MOKAXKEM KNacCnyeckume
NYTU MOUCKA «TEMHbIX» OOBHEKTOB B
COBPEMEHHbIX aCTPOHOMUYECKUX
HAbNAeHNAX



Bknapn pa3HbIX KNACCOB CBETUMOCTU B 3Be3AHble NOACUYETbI:
npv noacuetax Ana v>25™ kputuuna moaens ®(M) ana M

10000 g I I I | =
- 1=907, b=45° -

i __-_._'_._r =

1000 |- Ana ymepeHHbIX WNPOT i
100 —
----- WD 2

10 E

0.1

001 L2 : ' ' '
5 10 15 20 25 30

A

Fig.11. Star count predictions (stars per magnitude and per square degree) in the I band at / = 90° and » = 45° and contributions of the
different luminosity classes. All: solid line, class II: long dashed. class III: short dashed. class IV: dotted, class V- dashed-dotted upper curve,
white dwarfs: dashed-dotted lower curve. The giants domunate at I” < 11, main sequence stars at [ = 14 in this dwrection. The rise of the wlute
dwarf curve at " = 27 is due to the dark halo white dwarf population normalized here to 2% of the dark halo.



Luminosity function

Luminosity function

Luminosity function

Cnabuiv koHel,
(MYHKLWW CBETUMOCTN:

0.02 r

0.01

0.04 +
0.03
0.02 -

0.01

0.04
0.03
0.02 r

0.01

me = 0.15M,;,
O Jahreiss et al., 1997

- O Reid et al., 2002
m Zheng et al., 2001

CBexue pe3ynbTaTbl NPoOeKTa

CFHT Legacy Survey
(M.Schultheis, A.Robin et al., 2006)

Luminosity function in the V band in number of stars per pc?
per magnitude for different break points in mass. The top panel indi-
cates m, = (.15 Mg, the middle panel m, = .20 M, and the lower
panel m, = .25 My, Open squares are from Jahreiss et al.'s (1997)
determination from the revised Catalogue of Nearby Stars, open cir-
cles are from Reid et al. (2002) determination using the PMSU survey
combined with Hipparcos data, filled squares are from Zheng et al.’s
(2001) determination from the HST. The lines show model luminosity
functions assuming different slopes for the IMF: & = 1.5 is the stan-
dard Galaxy model (dashed line), & = 2 (thin line), o = 3 (thick line),
and a=4 dotted line) (see text).

M, — mass break (U3/10M, KpacHas yepTa)
Ina IMF Buga dn/dm ~ m <:
a«=1.5panam<0.5m,(cTaHgapTHas
MoAEeNb):

a=4pnam<m=0.15m,
a=3panam<m=0.20 m, |
a=2pnam<m=0.25m,
N36biTOK 3B€3A MANOW MACCh!
Bknapn B pewenve npobnembl DM?



Mon. Not. R. Astron. Soc. 347, 556-568 (2004)

Haloes around edge-on disc galaxies in the Sloan Digital Sky Survey

- -. * * I * - T = I p . - - p z_"
Stefano Zibetti,” ™ Simon D. M. White' and Jon Brinkmann
J.-’Lfr:';_r—Pfr:mc‘k—fn.i.f:'.f.-r.ffm' Astrophysik, Karl-Schwarzschild-Str. 1, D-85748 Garching bei Miinchen, Germany
EA;MLH"M’ Point Observatory, PO Box 59, Sunspoi, NM 88349, USA

« ~1100 ANCKOBbIX
FJ1aKTUK, BUOANMBIX C
pebpa (SDSS — g,r,i,z)

« KpacHoe HaceneHue!

« PagunanbHbin npodunb
-3
~r




Dark Guolaries and Lost Baryons
Proceedings IA U Symposium No. 244, 2007 (c) 2007 International Astronomical Union
XXX, eds. DOI: 00.0000,/X000000000000000X

Red halos of galaxies — Reservoirs of
baryonic dark matter?

E. Zﬁlckrism}nl‘g-‘g, N. Bergvall®, C. Flynn',
G. Ostlin?, G. Micheva? and B. Caldwell®

2. A bottom-heavy stellar initial mass function? ), Finland

Zackrisson. Bergvall, Ostlin et al. (2006) analyzed the colours of these new detections » Sweden
and found that the halos of both BCGs and edge-on disks could be explained by a stellar Sweden
population with a very bottom-heavy IMF (dN/dM o M~ with « =~ 4.50, where
a = 2.35 1‘0pl‘f*~;f*11’r~\ the Salpeter slope). For an IMF slope as extreme as this, only stars
with masses 0.1 < M (U ]) Smntlﬂ)utf auhstantmlh to 1']1( mtf grated nptu al /near-

IR light. Tl]

I

[MonbITKA 0BBACHUT KpacHble rano HaceNeHneM C
601bLWNM HAK/TOHOM (PYHKLMK Macc (> 4) B 0b6n1acTu
Ma/IOMACCUBHbIX 3Be3n. [MoTeHUManbHO 6onbLion
BK/1AZ, B MOJIHY MAacCCy, yMeHbLaWnn ponb
LENCTBUTENBbHO «CKPbLITOM» MacChl. M/L > 40

make them
redshift Uni
comes from
been deriveq
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G. CHABRIER, L. SEGRETAIN, AND D. MERA
Centre de Recherche Astrophysique de Lyon (UMR CNRS 5574), Ecole Normale Supérieure, 69364 Lyon Cedex 07, France
Received 1996 April 22; accepted 1996 June 17

ABSTRACT

We examine the recent results of the MACHO collaboration toward the Large Magellanic Cloud in terms of
a halo brown dwarf or white dwarf population. The possibility that most of the microlensing events are due to
brown dwarfs is totally excluded by large-scale kinematic properties. The white dwarf scenario is examined in
detail in the context of the most recent white dwart cooling theory which explicitly takes into account the extra
energy source that derives from the carbon-oxygen differentiation at crystallization and the subsequent Debye
cooling. We show that the observational constraints arising from the luminosity function of high-velocity white
dwarfs in the solar neighborhood and from the recent Hubble Space Telescope deep field counts are consistent
with a white dwart contribution to the halo missing mass as large as 50%, provided there is (1) an initial mass
function strongly peaked around ~1.7 My, and (2) a halo age older than ~18 Gyr.

. HST-Deep Field Survey: Bknag ctapbix
benbix KapnmkoB ~50% oT TpebyeMoro
MoaeniMm 6apUOHHON CKPbITOWU MACChl!

. EuwLe pe3epB: KOpMYHEBbBIE KAPSIUKMN C

M < 0.08 M,, BH, NS, nnaHeThl, ...



I Danforth & Shull, ApJ V.624, P.555-560, 2005
“The Low-z Intergalactic Medium. O VI barion
I census”

(FUSE). HabnwaeHna akTUBHbIX a4ep
raNakTUK.

. Bknag WHIM (Warm-Hot Intergalactic
Medium) B nosHYyt0 6apMOHHY10
NNOTHOCTb ~10%

I . Far Ultraviolet Spectroscopic Explorer



I [TpoekTbl 2010-2020:

. Fnybokune 3Be3aHbIe 0630pbl (A0 21-28M):

I . GAIA
« SNAP (SuperNovae as Acceleration Probe)

. Mouck cnabbix 3Be34HbIX KAHAWAATOB B
«CKPbITbie» 00BbEKTbl KaK MOOOYHbIN
pe3ynbTaT NpoeKTa



I . MOND = MOdified Newtonian Dynamics

. Beer, Wilhelm; von Madler, Johann Heinrich
(1837) — nepBbIMX NCNON1L30BANIN TEPMUH
I ‘MOND’
« ANlbTepHaTUBA KOHLLeNunn
HebapnoHHou TeMHou MaTepumn (ACDM)

. [lepBble naen o (ManbiX) OTKJIOHEHUAX
OT 3aKOoHa R2 6b1nn npeanoxeHsbl Ans
0O6BbACHEHNS aHOMAa/IbHOIO CMeLLEeHUS
nepurenna Mepkypusa, T.e. Kak
anbTepHaTuea OTO.



| _ oy !
a=GM 3akoH Xonna (1894)

248 HblokoMm: 6=1.612:-10-7
I (1895)
(1 )
3axon Knepo (1745)
Ia.=(3|\/|\r2 f(r)) f(r) ~r4

_Challis J. (1859)
Apyrve aBTopL: &\ ihrie F. (1870)

Hicks W. (1880)

MOND: 6onblie OTKNOHeHUA OoT 3aKkoHa HblOTOHaA



dpuy, LLBUKKKN (AUHAMWKA CKONNEHWUW raslakTUK)

Motl Milgrom — aBTOp
- napaaurmsl MOND (1983)
>24oo, 23 x 23

Jacob Bekenstein —
pa3paboTka dusnyeckmnx

ocHoB MOND

>4100, 30 x 30 e '
Robert Sanders — Stacy McGaugh —
reopys PR, PR, PR...

~2900, 32 x 32 >3600, 33 x 33




I . ABTOpP coBpeMeHHOU napagaurmoel MOND:
Mordehai Milgrom (Weizmann Inst., Israel) —
Apd V.270, P.365, 1983

- OCHOBHAaA naes: 3aKkoH HbloTOHA ANA CUbI

I ~R2 pencrTeyeT Npu YCKOPEHUSAX,

NpeBbILLALWLNX

L a >>a,~1.2-10-8 cm/c?

. lIpumep: yckopenue 1linmyTona ot Mepkypus
Oosblie @, = MPOBEpPKa OTK/NOHEHUU oT 3H
B CONHeYHOU cMcTeMe HeEBO3MOXKHA

. (YckopeHune ConHua B Nanaktuke ~2:108
cm/c?) ]



I . [locTynmnpyeTtcd, UTO YyCKOpeHune oT
I npobHon yactmubl maccort M Ha

PACCTOAHUN F paBHO

I a’Jag ~ MGr—>

npun ay << a,
. UK a4 = aya, (ay — 3aKkoH HbloToHa), #
a~ R7—- vu3soTepMuyeckuii noTeHuyman

« Anonoretbl MOND cTpoAT HOBbIE
dbunsnyeckne Teopun



I Takune pa3Hble TeOpUn TAroTeHuA:

I AQUAL — HennHeunHbIn JlarpaHxumnaH

9 2
I(-'_'U = ‘ V {I) ‘ ‘3
L=— [_ F( .) :ﬂfﬂ
I / (& (l {]2 U P o

RAQUAL — pensatusuctckoe obobuweHmne AQUAL

N - _ 29 /c?
PCG - Phase Coupled Gravity Ja3 — € ap
TeVeS — Tensor-Vector Scalar Theory
BSTV — Bi-Scalar Tensor-Vector Theory
STVG — Scalar-Tensor-Vector Gravity (Moffat, 2006)
MOG — Modified Gravity et al. ...



I. NMpUHLUNDBIL: Teopus BLIBOANTCA U3 JEUCTBUA
o PendatnBuncrckad MHBAPUAHTHOCTD

o [1lpUHUMN 3KBUBA/IEHTHOCTH

I. '1IPUYNHHOCTD

« HeoTpunuaTtenbHOCTb NJIOTHOCTU 3HEPTrUK

I. OTKNOHEeHMA OT HbIOTOHOBCKOW TEOPUN TATOTEHUS

o ACTpopeHOMeHONOorus:
- BHeranaktmnyeckme macwitabbl
- 'paBAnMH3UpOBaHUeE
- ConHeyHas cuctema
- J1BOMHbIe nynbCcapsl
- Kocmonorus




MOND Page of Stacy
McGaugh:

“...A compelling physical basis for MOND is
still lacking”

“...As yet, no one has succeeded in writing
down a theory which encompasses both
MOND and General Relativity”



