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1nHaMUKa

e CkonneHuna ranaktmk Koma (Zwicky, 1933)
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Ob6pa3oBaHMe ranakTukK

e KomnbtotepHble cumynaumm Hohl, Miller,
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Fig. 3.3. The effects of artificially cooling a fraction of the particles in the
calculations of Miller, Prendergast and Quirk. The left panel shows the distri-
bution of cooled particles (the gas) and the right panel shows the distribution
of uncooled particles (the stars).

Space Telescope image. courtesy of NASA).
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CTabunbHOCTb ras1akTUK

* [naBHOEe BHMMaHMe Ha yctonumBocTb (Ostriker)

— [ano DM aonXHO AaBaTb OCHOBHOW BKAa4 B
NOoTeHUMaNbHYIO, HO HE KUHETUYECKYHO EHEePruto
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KpuBble BpaLlleHUA
CAUPANbHbIX FANAKTUK

N3mepeHune no 21-cm anHmm Bogopoaa (Bosma,
1978)

N3mepeHune No IMHNAM U3/TyYeHUs BoAOPOaa U
a3oTa (Rubin, Ford, Thonnard, 1980)

Macca gosKHa pacTu € paanycom Kak M(r) ocr
3aKkoH ®PpmumaHa(1970) ana HSB ranaktmk

J — I{}E_r"' f

Ho M/L = const



i3amepeHus

(van Albada, Sancisi, Begeman,
Broeils, 1980

20 F

=)
o
=
-
o
&
B
=
(=143
g =
S
W
¥
5
W

ttag et +
+1--rt++"++** * ettt

] 20

a radius/kpc radius/kpc

Fig. 5.4. The radial-light distribution and calculated rotation curves (solid curves)
for two spiral galaxies shown by van Albada and Sancisi (1986) assuming that
light traces mass. The points are the rotation curve observed in the 21-cm line of

neutral hydrogen. which extends far beyond the bright inner disks of these two
galaxies.







Mogenb JICDM

e [IpocTpaHcTBEHHO Myiockad BeceneHHad

e YpaBHeHud OTO crnipaBeasiMBbI Ha
KOCMOJIOrMYECKX MacLuTabax

® 3arofiHeHa TEMHOM SHEPIMEN N TEMHOW
MaTEPUEN, KOTOPAs AOJI’KHA ObITb XON04HOM
ans dopMynpoBaHng HabsrogaemMon CTRYKTYPH
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® [lekyngpHbIe CKOPOCTU

e CKOMMeHve ramnaktnk ¢ 00nbLIMM KPpaCHbIM
CMELLEeHVEM

® [VleCTHOEe CBEPXCKOMMEHME ranakTuK
e Cusp-core
® [Ipobriema becrepeMBIYKOBEIX ANCKOB

e [Ipobriema cTabniibHOCTM



[leKynAapHble CKOPOCTU

e [MpeackasaHme JICDM ana nekynapHbIX CKOPOCTEN
B Bullet Cluster (1E 0657-558), namepeHo c

nomoulbto apPpeKTa CloHseBa-3enba0BMYA
Upec.caleACDM == 200km /s Vpec ops = 3100k /s

1E0657-56

Chandra 0.5 Msec image




Galaxy cluster 1E0657-56
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Local Void

B Local Void coaeputca 3 ranakTmMkm BMecTo
20, cornacHo JICDM

[anakTnKM c agpom(cusp)
[ANaKTUKM cTeneHHoro npopuna p, X 1 °

Boiuncnenue gaet dInp /dlnr

HabntopgeHunsa

Cusp-core
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e bornbllye besbanmKeBbIE ANCKN KpaHE TPYAHO
BOCHPON3BECTN B CUMYASUMSAX (APY CAVNAHNN
ranakTuk). Tem HE MEHEE, OHM COCTaBIISAIOT OKOMIO
NOJIOBMHBI DOMbLUMX ranaktnk B MecTtHoMm
CBepPXCKOMIEHNN

e B LSB nx bbITb HE AOIKHO, T.K. HEAOCTaTO4YHO DM.
T = e




® baproHHoe cooTHOLlIEeHe Tanman-
Dullepa + cooTHOLIEHNE Dabep-
[1>xekcoHa

e [Ipegen PpnmaHa
® KpUTNYECKOE YCKOPEHME
e [IpaBuiio PeHLo



bapnoHHOe cooTHOLWEeHne
Tannn-dGuwepa

* JKCNepumMeHT

log My = alog V¢ — log 8
0 =4 B=Ca

a~ 10710 ms2 ~ cA/2

* Moaenb JICDM
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bapnoHHOe cooTHOLWEeHne
Tannn-dGuwepa
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Figure 5: Residuals (6logVy) from the baryonic Tully-Fisher relation as a function of a galary’s
characteristic baryonic surface density (L, = 0.75M;/ Rg [233]). Color differentiates between star
(dark blue) and gas (light blue) dominated galaries as in Fig. 3, but not all galaries there have
sufficient data (especially of R,) to plot here. Stellar masses have been estimated with stellar
population synthesis models [36]. More accurate data, with uncertainty on rotation velocity less
than 5%, are shoun as larger points; less accurate data are shown as smaller points. The rotation
velocity of galazies shows no dependence on the distribution of baryons as measured by ¥y or R,,.

This is puzzling in the conventional context, where V2 = GM /r should lead to a strong systematic
residual [97].



bapnoHHOe cooTHOLWEeHne

Tannn-dGuwepa

OHo cnpaBeanmMBO M ANA raNaKTUK € bonbLLIMm
KPACHbIM CMELLLEHNEM
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Figure 1. Left: Evolution of the stellar-mass TFR between z~-0.6 (dashed line) and z=0 (solid
line). Distant rotating disks are shown as dots, perturbed rotators as squares, and galaxies
with complex kinematics as triangles. Middle: Same relation but using the kinematic tracer S,
which combines rotation velocity with veloeity dispersion (see Kassin et al. 2007). The solid and
dashed lines are the same that in the left panel. Right: Evolution of the baryonic TFR in the
CDFS sub-sample. The solid line is the local bTFR, while the dashed line is a fit to the distant
relation. See Puech et al. (2010) for details. The object encircled in red in the two leftest panels
correspond to a major merger modeled in detail by Peirani et al. (2009) using hydrodynamical
simulations (see text).
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CooTHoLeHUe Pabep-KeKCcoHa

o [na anaunTuueckux ranaktnuk o /(GM,) o ag
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[Mpepen PprumaHa

e Kputepun ctabunbHoCcTM aucKa X < X = ag/G

Y(R) = Yye F/Ra
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Kputnyeckoe yckopeHue

ap ~ 1071%m /s?
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3akoH Munarpoma(1983)

* Ha manbix ycKopeHUsax HbtoTOHOBCKaA AMHaMMKa
MmoandpuumnpyeTcs

ap = (1.21 +£0.14) - 10~ 10 2
F/m = g > Qg

+2) g =+/gnag, 9 X Qg

gnN
e 3) M(i)g:gN: g:v(—)gN:
a ()

pu(x) — 1for x> 1and pu(x) — x for r < 1.
v(y) = 1fory > 1and v(y) — y~ Y2 for y < 1.




3aKOHbI ra1aKT4yeckowu
AUHAMUKA

e 1)AcMmnNTOTHUYECKAA NIOCKOCTHOCTb KPUBbIX
BpalleHuA.
B npeaene manbix yCKOpEeHUM

V2 GMa 4 _ Y4
o _\/ r2 Oi‘/c (T) — Vf — U/OGM

r

e 2)CooTHoweHue Tannn-duwepa

Bonbliaa 4acTb AMCKOB HaXOAUTCA B PEXUME
cnaboro yckopeHus
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3aKOHbI ra1aKT4yeckowu
AUHAMUKA

e 3)CooTHoweHune ®abep-/KeKkcoHa

2
VpasHenune kuHca 40~ | 20+ o (r)
dr 7

__dlnp . (J§+O?b) .
&= Tnr and [ =1 207 =0
d(o?p)  py/GMgo s GMgo

—_ — — o —
dr r a2

e 4)Mpepen ®prumaHa

a x VM Bmecto a X M
ba/a = (1/2)0M/M Bmecto da/a = OM /M

YTO BegeT K MeHblleMy OTKAUKY Ha BO3MYLLeHne



3aKOHbI ra1aKT4yeckowu
AUHAMUKA

e 5)Kputnyeckoe yckopeHue

* [lepexon mexxay obnactamm 4OMUHUPOBAHUA
6bapunoHos n TM npouncxoamT, Koraa

VCQ/RNCLO

e 6)[MpaBuno PeHuoO



3aKOH Munarpoma Kak mogudumnkaumsa
Knaccnyeckon aguHamumkm: MOND
« 1)AQUAL

e 2)JQUMOND
e 3)MoauduumnposaHHaa UHepLUA
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AQUAL
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* MoaupuumpoBaHHaa MHepLUA
Alix(t)} a0l = =Voy
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Tectbl MOND B ranaktmkax
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Figure 29: The mass distribution of the Milky Way disk (left) inferred from fitting in MOND the
observed bumps and wiggles in the rotation curve of the Galaxy (right) [235]. The Newtonian
contributions of the stellar and gas disk are shown as dashed and dotted lines as per Fig. 13. The
resulting model is consistent with independent star count data [136] and compares favorably to
constraints on the rotation curve at radii beyond those included in the fit [{36]. The prominent
feature at R = 6 kpe corresponds to the Centaurus spiral arm.



Scaled Growth Rate
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CkonneHua ranakTuk

e EcTb Npobaembl, HAKNOH NPaBUIbHbIN, HO He
XBaTaeT maTepum
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Figure 38: The baryonic mass—X-ray temperature relation for rich clusters (gray triangles [341])
and groups of galaries (green triangles [9]). The data are reasonably consistent with the slope
(M o< T? ) predicted by MOND, but not with the normalization (line). This is the residual missing
baryon problem in MOND: there should be roughly twice as much mass (on average) as observed.



PelwwleHne?

e 1)HeBuammana marepus

e 2)MOH/-HenonHaaA napagurma

° 3)3ddPeKT A4oNoNHUTENbHbIX NOJIeN, KOTOPbIe He
yuTeHbl B ¢-ne Muarpoma, HoO KOTopble cneayroT
U3 KMaAaTEPUHCKUX» 06LLEeKOBaApPNAHTHbIX TEOPUN



Bbiroabr

e MOH/[ xopoluo paboTaeT Ha ranakTNYECKMNX

MacLuTabax
— [NnHamunka

— CtaburibHOCTb
— ObpasoBaHVe 1 B3aMOAENCTBME ranakTuk

e MOH/[ obriagaet npeackasaTesisHoOW CUon, Yero
HeT B JICDM

e [Ipo6riemMbl Ha MacluTabax CKOMMEHNS FranakTuk



Thank You for the
attention!
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