]

MACCDbI T'AJIAKTUK

UHTepBan macc: 10— 102 Mc
MeToabl OLeHKN Macc
[Tpamon:

aHarnu3 KuHeMamuKu 2a3a (Kpueas spauwieHusi, oucriepcusi
ckopocmel)
wupuHa nuHuu HI + ggomomempuydeckul pasmep 2anakmuKku
aHarnu3 KuHeMamuku 38e30

aHariu3s ycrioeul 803HUKHOBEHUS cmpyKkmyp 8 oucke (barox,
criuparibHble eemau)

KOCBEHHbIN
(Tonbko anga 6apuoHHOM Macchl):

10 U3rly4eHuro 38e30 (ceemumocmb+ugem usu criekmp) u 2asa

- 11l AN



NMPOBJIEMA CKPbITOU UM TEMHOW
MACCbI BO3HUKIIA N3-3A CUJIbHOI'O
PACCOITTACOBAHNUA MNMPAMbIX U
KOCBEHHbIX OLEHOK MACCbI
FTAJTIAKTUK (M nx cucrem)



KpuBasa BpalleHna gng
TOHKOIo gucka:

o ~ exp(-R/R,)
o~1/R

O = const




JIBa (McTOpHUeCK) TTIaBHBIX apryMEHTA
B moJib3y cymiectBoBanus DM B
JTUCKOBBIX T'aJaKTHKaX:

@opma KpMBOU BpaLLleHUA CUNbHO OTIIMYaETCH
OT OXXUaaemMmou B Npeanosio)KeHUn NoCTOAHCTBA
oTHowleHns M/L Bgonb paguyca gmcka

OTHOLWEeHne maccbl K ceseTumoctn M/L
OKa3blBaeTCH CYLLECTBEHHO BblLLE, YEM
MOXHO OXXuaaTb Ansi HopMarbHOro 3Be3HOro
HaceneHusd, ecnm M oueHuBaTb MO AUHAMUKE
raflakTU4ecKoro Aucka



Bbicokue I\/I/LB
B npeagenax onTu4eckoro Ancka

PeKopACMEHbDI

JGC 3303, dlrr, |\/|/LB — 31, KapaudeHues n ap. 2004
UGC 128, Irr, M/L; = 34, Zavala et al. 2003

JGC 7170, Scd (?), M/L; =43, Coxetal, 1996

3 moaenen 3Be3gHOro HaceneHua ¢ pasnuyHbiM
codepXaHnem MosioabixX U CTapbiX 3BE30 OXUOaemble
OLEHKW COCTaBNAIOT:

M/L~ 1 — npeobrnagaeT cBeT MONoabliX 3Be3
M/L ~ 10 — TonbKO cTapblie 3Be3bl



Hackonbko HageXXHa
dooTomMeTpunyeckasa oLleHKa Mmacchl
3Be3QHOro HaceneHma?



[TPOBJIEMA

OLICHKHM MACChI 3BE3JHOI0 HACEJIICHHS IO
naHHBEIM (oToMeTpuu (IpKOCTL + IBET)

1. OrcHka 9yBCTBUTENIbHA K (DYHKIIMM MAacc 3BE3]] My MPEIKIIC BCETOy K
HIDKHEMY MPEAETY MACCy HU B OJHOM CIIy4ae XOPOIIO HE U3BECTHOMa

OrpaHHuYCHHE [0 TOYHOCTHE B JIyUIIeM ciiydae (akTop 2

2. OneHKa Macchl MOACIBHO 3aBHCHMAs Pa3INYHbIC MPHUHSITHIC
SBOJIIOIMOHHBIE TPEKH 3BE3/], METAJUINYHOCTH 3BE3/Iy Pa3aindyHas
UCTOpHUS 3BE31000pa30BaHusl IPUBOIAT K Pa3IMUYHBIM
ornomennsm M/L.



[TPOBJIEMA
OLIEHKN MacChbl MO0 NU3MEPEHUAM
CKOPOCTEW BpaLleHUsa gncka

0 HeonpenoeneHHOCTb CaMOro NoOHATUA
«Macca ranaktukmy»

0 He-kpyroBbie OABMXeEHUA

0 HeobxogmMmMocTb OLIEHKM NapamMeTpoB
opueHTauum gmcka (ona ydeta agdodpekToB
npoeKuun)

0 3aBMCUMOCTU pe3ynbraTta OT XapakTtepa
pacnpeneneHns nNnoTHOCTU B ranakTuke



1 MACCA TEMHOIO BEWWECTBA =

OVNHAMUYHECKW OMNPEOEJIEHHAA
MACCA — MACCA 3BE3A4HOIO
HACEJNEHNA — MACCA T'A3A.

UToObI MOHATL, roe HaxoouTca TeMHas
Macca — B ANCKE UNnu rano — TpebyeTcs
oueHKa Maccbl OoTAeNIbHbIX KOMMOHEHT
raniakTUKW.




NMPEMMYLLECTBA, KOTOPbBIE OAET OLUEHKA
CKOPOCTEW CTAPOIO 3BE3[HOIO
HACEJIEHUA ONCKA

01 CBOOATCA K MWUHNMYMY BITUAHUNE
HEKPYIOBbIX CKOpOCTeVI, CBSI3aHHbIX, HaNpumep, c

riokasrnibHbIMy obnacTsamu 3Be30000pasoBaHUs, crvpanbHbIMU
BETBAMMU, NOIMNOLLEHNEM KapSIMKOBbLIX CMYTHUKOB, BHELUHUM
BO3OENCTBMEM Ha ranakTuky.

0 B cOBOKYMHOCTU C OLEHKOW anucnepcumn
CKOPOCTEN NO3BONSAET ANA OUEHKN MaccChl
OncKa BBECTU yCIoBMe ero
rpaBUTaLMOHHOW YCTONYNBOCTU



[MnoTe3a 006 yCTON4YNBOCTHU:

3Be34HbIN (3BE34HO-ra30BbIN) AUCK OOSMKEH ObITb
YCTOMNYMB K rpaBUTaLMOHHLIM BO3MYLLEHNSM B
NSIOCKOCTM AUCKA N K U3TMOHBIM BO3MYLLEHUAM B
nepneHauKyrnapHOM Hal'lpaBJ'IeHI/II/I

RIRaLMIeIE Ha, AMCNERCUIR CKORaCTEN
@Hﬁq@—lﬁwpanmanbmm nmcnepcmm CKOPOCTEWN
@qegﬂ,%@oé(— OUCMEePCUn Nno z — KoopamHare.

C,/C 2 0.4



MHOOPMALIN®A O ANCMEPCUN CKOPOCTEW 3BE3[
— KINKOY K OLUEHKE MACCbI ANCKA

OCHOBHBIE MEXaHHU3MEI YBCIIMYCHUA AUCIICPCUHA CKOpOCTeﬁ 3BE3/] B

AUCKaX I'aJIaKTHK:

Mexariizm

Ipumeunanue

BiaumopelictBHe 3Be3a ¢ GMC

ITouTH H30TpONHOE paccesiHHe. IPPeKRTHBHOCTD
BeJIHKA NPH 0oJbioM KomuyecTee GMC.

BzaumogelicTBHe 3B€3]] CO CIHHPAJIbHbIMH
BOJIHAMH NVIOTHOCTH

Poct gucnepcHH NpeHMYyHIeCTEeHHO B VIOCKOCTH
JHCKA. JPPeKTHEBHOCTb He H3IBeCTHA

B3aumogelHcTBHE 3B€3/] ¢ MAaCCHBHBIMH
00beKTAMH Ir'ajio H AKKPelHHA MeJIKHX
CIIYTHHROB

Poct JHcnepcHH B OCHOBHOM B HANIPABJICHH H,
nepneH HKYJIAP HOM NJIOCKOCTH JHCKA.
J¢PpPeRTHBHOCTH He H3IBeCTHA.

B3anmoaelcTBHe ¢ coceJHHMH
TaJJAKTHKAMH, CTHSIHHe

3¢} PeKTHBHOCTh CHIIbHO 3ABHCHT OT OKPY/KeHHS.

I‘paBuTauuom{aﬂ H H3rHOHAS
HeyCTOﬁ‘{ HBOCTH

IIponopUHOHABHBIH POCT AHCIEPCHH B
IUIOCKOCTH JHCKA H MepNeHJHK YIAPHO K Heli.
IIpekpainaercs Yepe3 HeCKObKO NePHOJ0B
BpallleHH A JHCKA.




Iucnepcusa ckopocTteun 3Be3n AUcKa + KpuBas
BpaweHusa (ucnpaBneHHas 3a

aCMMMETPUYHbIN Apend) AaeT BO3MOXHOCTb
OLUEHMTD :

-- JIOKAJ1bHYIO MJIOTHOCTb ANCKA .

, rae
C_— ducniepcusi ckopocmed,
K-aruyukru4eckas Yacmoma

-- MOJTHYO MaccCy 9KCMOHEHLManbHOro
ancka

L — paduarneHas wkana oucka



HACIIEHHBIE 3D-MOLEJIN

Ouck: N =20°10° - 100°10°, ra3 He y4TeH
[[ano n bangx (He aBonLUUOHUPYOLLME)

PagunanbHble WKanbl U OTHOCUTENbHas
Macca aucka n banaxa — ceoboaHble
napamMmeTpbl

HadanbHaga aucnepcusa cKoOpocTen — Ha
cyokputnyeckom yposHe (Q= 0.8 — 1.1)

LLIBapuULLnnbOoOBCKOe pacnpeneneHne no
CKOPOCTAM



HABJTFOOAEHWUA:

BTA, 6m reflector of Special Astrophysical Observatory, Russian Academy of
Sciences

Device:

SCORPIO, long slit regime, CCD 2048x2048.

Template: G8-K4 stellar spectra, 4800-5540AA.

Texp -2 -2.5 hours

Data processing:

Cross-correlation method,

adaptive (variable) binning.




3D- CTEKTPOCKOINA

- KOQOMUMEHT NpeJIOMIIeHUA
. LIIMpHHAa LWeJH

- IOPAOOK MHTepdepeHLUWM
- OJIMHA BOJHE
- YIOJI ageHMuA

n\=2dpucos6




Tpu komnoHeHTa ancnepcumn ckopocten: C, Co, C..

C . = (C_?cos?+C 2sin’i cos?a+C ?sin?i sin“a)'?
obs 4 0] r

Cr/Cq) = 2Q) / K (epicyclic approximation)

i
<




Galaxy |Mdisc |Method |Reference | Md/M, | Mdisc
(10° M) for from BTF
R=4L relationship
(extrapo | (Pizagno+04)
lation)
Mllky 44 N-body model | Khoperskov+03 |(0.33 66
Local marginal
Way stability
at R=Rsun
M31 72 Dynamic model | Widrow+ 03, 0.25 85
Geehan 05
Marginal Based on 0.7
M33 11 stability Hermann+ 05 6.1
7 Rotation curve estimates of PN 05
Corbelli 07 '
L. MC 4 N-body model | Khoperskov, 0.5 21
Marginal Zasov '
stability
SMC (i Dynamic model | Bekki, 0.16-0.2 1.3

Stanimirovich 08




[MPOBJIEMA C ANCKAMW
FANTAKTUK HU3KOWU APKOCTU
(LSB- ranakTtuk)

0 [NpnUHATO cunTaTh: TEMHaa Macca
OOMUWHUPYET NMOYTU OT CaMOro LieHTpa

0 Ona rmrantcknx LSB aT1o co3paet
npobnemy o6 bACHEHNS YacTo

BCTpeYaloLenca cnmpanbHON CTPYKTYpPbI, a
nHorga n 6apos.



MAXIMUM DISK AGAINST
SUBMAXIMUM DISK: WHO
WINS?

Let be disc radial scalelength.

Maximum disk :
The disk is as massive as it is allowed by the rotation curve;

the main mass within R =2.2 is contributed by the stellar disk

X

Submaximum disk:

Dark halo gives significant input into the gravitational potential even at
R=2.2



To connect the velocity dispersion
with the local density of a disc,
either one may

0 a)to assume that stability parameter Q. is
known (Zasov1985, Bottema1993),

or

0 b) to assume that a vertical scalelength of a disc
Is known (Bottema, 1993, 1997)

or
1 c)to apply N-body models to galaxies where

either disc flattness or velocity dispersion are
known (Zasov, 1985, Zasov et al., 2002)



NUMERICAL 3D-MODELS

of marginally stable discs

0 TREEcode method
0 Disc: N=2:10°-10°, no gas
0 A wide range of radial scalelengths and

relative masses of three components (disc, bulge,
quasi-isothermal halo

0 Iterational step-by-step approximation to the
threshold of stability

Assumptions:
0 Adisc is presented by a single component

0 A quasistable state is reached for the time
significantly shorter than the age of a disc.



NUMERICAL 3D-MODELS

0 Disc: N=2:10°-10°, no gas
0 A wide range of radial scalelengths and
relative masses of components

0 Iterational step-by-step approximation to the
threshold of stability

Assumptions:

0 The disc reaches the state of a quasistable
equilibrium for the time significantly shorter than its
age.

0 Optical brightness of a disc follows the mass
distribution



nmoo

a) cuuMTaTb U3BECTHbIM NapamMeTp YCTOUYUBOCTU
Q (Zasov1985, Bottema1993),

nmoo

b) cuntatb nsBectHou TonwmHy Ancka (Bottema,
1993, 1997)

nmoo

c) ucnonb3oBaTtb YncrneHHble (N-body) mogenu
ranakTukK, QUCKU KOTOPbIX HaXxoasaTcs BONU3u
nopora ycronunmBoctu (Zasov, 1985, Zasov et
al., 2002, Zasov et al 2005)



Analytical local criteria of threshold values
of radial velocity dispersion C .

0 Toomre’ criterion

Q. =1, Q.= Cr/(3.36T1G0o/K)

0 Modified Toomre’ criterion

Q. = 2Q/K

0 Morozov’ criterion

Q.= 2Q/k)(1+F,, (Cr, Q, K, do/dr, dC /dr, dQ/dr))
0 Polyachenko-Polyacheko-Strel' nikov criterion
Q. = F(dInQ/dlInr)



AHAJIUTUYECKUE nokanbHBIC KPUTEPUU YCTOMUYHBOCTH
(moporoBrie 3HAUCHUS paaHalbHON JUCICPCUN CKOPOCTEH 3BE3.

C):

Let Q = Cr/ (C') TOOMRE
where (C )., ure = 3-36mGo/k is the marginal radial
dispersion for rigid rotating thin disk.

0 “Classical” Toomre criterium
Q, =1,

0 Modified Toomre’ criterion
Q.I. = 20/

0 Morozov’ criterion

Q.rd EI(erS)ZIK)ﬁ +F . (Cr, Q, «, do/dr, dC /dr,

0 Polyachenko-Polyacheko-Strel’'nikov criterion
Q. = F (dinQ/dinr)



Let
o C,—observed velocity dispersion (LOSVD)

1 C... -line-of sight velocity dispersion, expected

for marginally stable disc.
In general case, three alternatives are possible.

1. Cobs > Cmin

A disk is overheated by some processes such as merging
or interactions

2. Cobs < Cmin

Either disc is unstable or its mass, and hence, Cmin, is
overestimated.

3. Cobs = Cmin

Quiet evolution, without major merging or strong
gravitational perturbations



The example:

1 NGC 4150 — So/a galaxy with a very small
disc and practically no bulge

Disc scalelength ~ 0.7 kpc

Total mass of the disc is 5.3 *10°M__



MODEL PARAMETERS

Galaxy Mdisc IVlhalo disc+bulge ZO ZO/ R25
10"®Mo | within R=2L kpc

NGC 39 0.91 2.8 0.12
1167

NGC 8.7 0.65 0.80 | 0.07
2273

NGC 0.53 0.56 0.78 | 0.17
4150

NGC 4.54 0.66 1.30 | 0.15

6340




