CEPTem [1ONOB



HALLA TAAAKTKA

Hala MFanakTuka — oaHa U3 MHOMMX NOJOBHBIX CUCTEM.
B BMANMOM YacTu BceneHHon okono 100 MUnnvMapaoB KpyrnHbIX ranakTyuk.

OHW OKpY>XeHbl HEOOMbLLIMMMK CNYTHUKAMW.
Pa3smep ranaktmkm okono 100 000 ceeToBbLIX NeT.
[lo 6nvxanLien KpynHou ranakTuky OKoao 2.5 MUAIMOHOB CBETOBBIX JIET.

o B }"_MD,DDHL_' £ Years Sl ¢ " & .
I e -

A -

Andromeda

[Approx:.
position)

Triangulum

Muclens

¥ =

Photograph @ Angle-Anstralian ‘Observatory

Milky Way



http://astronomy.swin.edu.au/cms/astro/cosmos/T/Thick+Disk

CKOPOCTM 3BE3A B FAAAKTUKE

Thin disk: stars/gas Kpyrossie ckopoctu 3Be3A B 'anakTuxe

Thick disk: stars

DTO TIO3BOASET OICHUTH
CKOPOCTD yOEraHusl.
C ygerom rano

OHA OKAa3BIBACTCA

~500 km/c,

" 3aBUCHUT OT

Bulge: stars

pacCTosgHUA OT LEHTPA.
e
Halo: stars

Globular clusters

)
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OAHAKO 3BE3ABI AUCKA ABUTAFOTCH APYT
OTHOCHTEABHO APYIa C HEOOABIIIIMU CKOPOCTAMU:
opsiaka 30 km/c.

AOBOABHO BeAnKH - >200 xMm/c.

10 20 30 40 50 60 70 80 90
distance from center of Milky Way
(thousands of light-years)

100



http://astronomy.swin.edu.au/cms/astro/cosmos/T/Thick+Disk

TPABUTALIMOHHBIM MOTEHLIMAA TAAAKTUKM

b =d, + Do+ b Component Parameter Value
Dark Halo 8.5 kpc

1 220 kms~!
by = EVﬁIH(T? — rg) Bulge/Stellar-halo rC 2.7 kpc
3.0 x 109 M,

Central comp. . 0.42 kpc
. 1.6 x 10" M,
Disk 0.3 kpc
6.6 x 1019 M
5.81 kpc

—2.9 x 10" M,
—G M)y 17.43 kpc
D, = = . 3.3 x 10° M
\/(Rﬂ T (an + (22 + 12))?) 34.86 kpc

astro-ph/9603106
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CTPYKTYPA FTAAAKTUKN U TEMHOE BELLLECTBO.

TPEXOCHOE TAAO

POPMA FTAAO 3ABMCUT OT MPOLLECCA FOOPMMPOBAHMSA TAACKTUKM.

TemMHOoe BELLIECTBO NPUCYTCTBYET
MO BCEX YACTAX TOAQKTUKM.
OAHOKO OCHOBHOS MACCAO
MPUXOAMTCSH HO TAAO, T.K.
TEMHOE BELLLECTBO NMAOXO
«OCTbIBOE™. A, T.0., MAOXO
POPMUPYET KOMMAKTHbIE

CTPYKTYPbI.




PACTPEAEAEHME MOBEPXHOCTHOM NMAOTHOCTU

Directly calculated SMD of the Milky Way
by spherical (black thick line) and
flat-disk assumptions by log-log plot,
Direct mass: compared with the result
STwee Spere by deconvolution method (dashed lines).
. )\~ Flatdisk
o The straight line represents the black hole
Decompstion: with mass 3.6x10° M
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:i. Dark Halo

1608.08350



TPABUTALIMOHHBIM MOTEHLIMAA TAAAKTUKM

b = (I)H —|—‘ED(J'—|—‘I)D

1.
by = EVﬁIH(T? +72)

—GM),

" (B2 + (an [T )

astro-ph/9603106

Bulge/Stellar—Halo
-—— Dark Halo
——  Total




J.A. Taylor, J.M. Cordes

OBAAKA BOAOPOAA U CIINPAAU

PaccrtogHme COAHLLA OT LEHTPA FAAAKTHUKM 8.2-8.5 KIK.
CKOPOCTb BPALLLEHWA HO COAHEYHOM paamyce 230-250 km/cC.

N3-30 TOrO, YTO Mbl HOXOAMMCS B AUCKE,
CTPYKTYPY [ OAQKTUKM TRYAHO M3Yy4QdTb.

Ha AQHHbBII MOMEHT Y HAOC HET TOYHbIX
AQHHbIX O CAMPAAbHbIX BETBSX.

AdHHble cnyTHMKA GAIA AOAXHbI AQTb
OTBET O CTPYKTYPE NAAQKTUKM. | caraes s sy mar Cesa




MOAOABIE PACCEAHHBIE CKONAEHUA 1 CITUPAAU

1810.08819

Crepxy BHU3: BHemnul pykas, pykas B [lepcee, MecTtHbil pykas, pykaB Crpenen-Kunb, pykas ll{ur-1{enTaBp, pykas Kopma.




OBAAKA BOAOPOAA U MOAEKYAAPHBIE OBAAKA

O U=100 pc ecm~
‘\‘\i U=200 pc cm

1810.08819




CTPYKTYPA HALLEM TAAAKTMKI

.
.
g T -
¢ Perseus ..
N -~
% s, Local
- .
' Sagittarius
"
\ . ’
:
. ':\“ B R . . » ¥

w
e

M _}_01 il e i i a SR
AOAXKHO ObITb MOXxoxe HA M101;
KAk grand design CrmpaAu,
TAOK 1 MEAKME BETBU

1810.08819



hitp://cse.ssl.berkeley.edu

PYKABA N 3BESAOOBPA3IOBAHME

" Dust lane arises on’
* inner edge of spiral
~ arm where gas clouds

g

Young blue
stars are found

crowd together.

Copynght @ Addison Wesley

on outer edge
of spiral arm.

lonization nebulae arise
where newly forming
blue stars are ionizing
gas clouds.

.
Regions of
star formation

Hot O and B

« stars with
H Il regions

s

OB R
association h .

N

Fast motion of

interstellar gas and
Slow motion of dust - this material
spiral arm 1s compressed within

the spiral arm

http://frigg.physastro.mnsu.edu



BPALLIEHME CTIMPAAEM 4 3BE3A

BpaLLLeHME CMUPAABHOMO Y30PC NPOUCXOAMT

Dust lanes,

C OAHOM U TOM XE YTAOBOM CKOPOCTbIO qas. recent
HA PA3HbIX PACCTOAHUNAX OT LLEHTPA. 51;” formation

CKOPOCTb 3BE3A BblLLIE BOAM3U LLEHTPAABHOM YACTM.
CKOPOCTU CPABHUBAKOTCH HO PAAMYCE KOPOTALMM.
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MOAEKYASIPHbIE OBDACKA [
B I_O/\O KTM Ke e . H, column de?\sity (&5 pc'bc])

Corotation radius

ﬂp pattern speed

Spiral arm
.. tangencies

1810.08819



MEX3BESAHAA CPEAA

————
- s

[a3 eCTb HE TOABKO B TAAQKTUYECKOM
AMCKE, HO B APYIMX YOCTIX €ro
MNAOTHOCTb HE AOCTUIAET OOABLLIMX
3HAOYEHUM N HE HOYMHOETCSH
POPMUPOBAHME HOBbIX 3BE3A.

Mexx3Be3AHas cpead
KOHLLEHTPUPYETCA K MAOCKOCTM
[ QAQKTUKMN.

XOPOLLIO BUAEH BKAQA MbIAM

B MOTAOLLLEHME CBETA 3BE3A.




blackholes_stars.html

http://www.physicsoftheuniverse.com/topics

STATMbl OBPA3OBAHMUS 3BE3Ab

1@ dark cloud Y@.’fﬁmw collapse

OOpPa30BAHME 3BE3AbI HOYMHAETCH C
NOCTENEHHOIO CXATMUSA MAOTHOIO OBOAQKA
MEXK3BE3AHOIO ra3ad U MbIAM.

KAk MpaBMAO, 3BE3AbI ODPA3YIOTCH
CKOMAEHMAMM U TRYIMNAMM.

Becb npouecc 3aHMMAET OT
HECKOAbKMX MMAAMOHOB
AO HECKOABbKMX AECATKOB MUAAMOHOB AET.

B HOCTOdLLEE BPEMSI Mbl HODAIOAQEM
OOBEKTbI HO BCEX CTAAMAX OOPA30BAHMS
3BE3A M MAQHETHbLIX CUCTEM.



MACCA AXKUHCA

AAG HOYOAQ TPABUTALIMOHHOTO CXATKS,
MNPUBOASLLLETO K OBPA30BAHMUIO 3BE3AbI,
OOACKO ra3d U rbiAM AOAXHO ObITb
AOCTATOYHO MAOTHbBIM M XOAOAHbBIM.

AA AOQHHOM TEMNEPATYPI U MAOTHOCTU
CYLLLECTBYET KPUTMHECKAN MACCA —
MACCA AXKMHCA.

Temperature K

https://www.geol.umd.edu/~jmerck/geol212/lectures/26.html



Nnttp://www.naic.edu/alta/pulsar/

HEMTPOHHbIE 3BE3AbLI B TAAAKTUKE

—150°  180° 50°

PQAMOMYyAbCAPLI

M MOCCUBHbIE
PEHTTEHOBCKME
ABOWMHbIE CUCTEMBbI
KOHLLEHTPUPYIOTCH

K MAOCKOCTM
[QAAQKTMKM U K
CMMPOAABHBIM BETBIAM,
KOK M BCE MOAOAbIE
OObEKTHI.

L .. ( X

G
‘o
o

o s dn

bf.-.
] "
L]

—30° 0° 30°
Red: PSRCAT Pulsars |b| < 5° (1245) Blue: PALFA Pulsars (113)

10 18 WD)



AMH3OBUAHOS

IDAAMNOTHUYECKAS B3aMMOAENCTBYIOLLIME



MUP TAAAKTUK

AOAM AOBHO HODAIOAQAU (TYMOHHOCTMY,
NPO KOTOPbLIE HE BLIAO 9CHO: A3 3TO MAU HET.
HACTb 13 HMX OKA3AAACH OFPOMHbBIMM
3BE3AHBIMU CUCTEMAMM — TOAQKTUKAMM.

HO AOCTOBEPHO YCTAOHOBMTbL 3TO

YAQAOCH TOABKO B 20-e rT. 20 Beka.

Co%l;ﬁm The Giant Elliptical Galaxy Mesfle«b? by ‘ .
: i ghi atn .~ LFH




BEAMKIA CHOP

[MraHTckme
3BE€3AHbIE
CUCTEMbI —
((3BE3AHbIE
OCTPOBON

[ebep KepTtmc

1920 Great Debate

Bce TYMAHHOCTH
HOXOAATCA
BHYTOM HALLIEWN

[ QAQKTUMKM

4//

Xapaoy LLenamn

HeTto4yHOCTM BbIAM
B APIYMEHTALMM
00EMX CTOPOH,
OAHOKO B LLEAOM
MPAB OKA3AACH
fepbep Keptmc.

OTBET ACAU
HOOAIOAEHMUS.



PACKPBIAACH BE3AHA ...

SOABUH XOOOA

[ AQBHbIM PE3YALTAT ObIA MOAYYEH B 1922-23 T,
SABUHOM XOOOAOM. C NOMOLLIBIO HOBOTO
2.5-METPOBIro TEAECKOMA EMY YAOAOCH
OOHAPYXUTb LLEADEMAbI B HECKOABKMX
OAM3KMX TAOAQKTUKOX, HOYMHAS € M31 —
TYMOHHOCTU AHAPOMEADI (MEPBbLIE M3 HMX
OOHAPY>XMA AYHKQOH B 1922 r.). DT0 AGAO
BO3MOXXHOCTb ONPEAEAUTL PACCTOIHME.

W
DPHCT 2nmK
B TOM Xe 1922 1. DPHCT 3NUK NPEAAOXMA
METOA OMPEAEAEHUI PACCTOAHUM, KOTOPbIM
MOKA3AA, 4TO M3 1 HOXOAMTCA 30 MPEAEAAMM
HaLUuen [AAQKTUKMA.







CHUMKHU XABBAA
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HUBBLE ULTRA DEEP FIELD

Co3Besaue lNeyb

Habnopenns 2003-2004

A e DEEP FIELD
e Endarus . (HUDF)
w: /
oy Fornax
f
4/ < . s ?” v L)

e s L ”
\ e .
S5 . @
¥ - +* ~
Phoenix

L
Tutary

Scuth Celestial Pole




KBA3APDI

KBQ3M3BE3AHBIE OOBLEKTHI

KBG3Apbl HOYOAM OTKPbIBATb KAK
PAANOUCTOYHMKM B KOHLLE S50-X IT.
Takxe nx YAOAOCb OOHAPYXMTb
B OMTUYECKOM AMAMA30HE, KAK
3BE3A0MOAODHbIE MCTOYHMKM
(cam TepMIKH NOSBUACA B 1964 1)

AOATOE BPEMS LLUAU AUCKYCCUU
O MPUPOAE DTUX (PAANO3IBE3AN.



PA3IAAKA

AVHUM B CMEKTPE CUABHO CABMHYTHI.

B cooTBETCTBME C PACLLUMPEHME BCEAEHHOM

3TO COOTBETCTBYET O4EHb OOABLLIOMY PACCTOAHMIO
(B cAaydae 3C273 — 2.4 MAPA CB. AET).

3HAYUT — BTO YPE3BLIMANMHO MOLLIHbIE MCTOYHMKM,
HO MPW 3TOM O4€Hb HEDOAbBLLIME MO PA3IMEPY

[0 111]

Blue

Rt i -
. — SE—— Red
1 ; g
1 HIE ¢ BE |

HS Hy HB
MapTuH LLUMUAT 3889 A 5016 A

© Copyright Califorania Mstitute of Teshaalogy . Al rights l'l" ved . Com pan SOfl/
Comemercial wie or madification of this material is predibited
spectrum




MINIARC SEC

[TPUPOAA KBA3APA

|

-10
MINIIARC SEC

-15

CBEPXMACCUBHbBIE YEPHbBIE AbIDbI
B LLEHTPOX FAAQKTUK, HO KOTOPbIE
TEYET MHOTO BELLLECTBA, OOPA3y4
QKKPELMOHHbIN AMCK.

[1oM DTOM BLIAEAIETCH DHEPTUS,

A TAKXKE C OIPOMHOM CKOPOCTbIO
B BUAE CTPYM BbIOPACHIBOETCS ra3.



Surrounding matter

HEPHDBIE AblPbl 4 X AKETbI

Mg, =107-10° M,
L(<~Lgq4q)~1042-10%4 apr/c
< HecKosnbko Mnk

»

) |

M8/, Bukunengus



HEM BAXHO OTKPBITUME KBASAPOB?

Bo-nepBbiX, KBA3APbI PA3ABUHYAM FOAHMLLEI HODAIOAQEMOTO MUPQA:
OHU ObIAM ACAbLLIE M3BECTHbIX TOFAQ FTAAQKTMUK.

BO-BTOPbIX, BO3HMKAQ HEODXOAMMOCTb OOBIACHSTh, KOK XK€ OHM PADOTALOT.

OTO AGAO AOPOTY KOHLLEMLMIM CBEPXMACCUBHBIX HEPHbIX AbIP.







HEMHOIO MCTOPUNA ...

NcTopusa HaunHaeTcsa B 60-e rr.,

Korga 6blnu naeHtTuduympoBaHsl kBasaps! (LUmuar 1963).
HemennexnHo Obina BbiCkasaHa runoresa

06 aKkKkpeunu BeLLEeCTBa CBEPXMACCUBHBLIMU YEPHBLIMU AblpaMMu.
(Connutep, 3enbgosuy, HoBukos, JlnHaeH-benn)
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0.4

ADec from Sgr A* (arcsec)
o o
o N

o
N

@
SgrA* f
/ ® 1996
® 1997
.,..‘ ® 199¢
e i o 3 5 1 4 4
0.2 0.0 -0.2

ARA from Sgr A* (arcsec)

Cnyyan Sgr A* yHuKaneH.

bnarogapsa npamMbiM U3MepPeHUaM
HECKOSIbKMX 3BE3OHbLIX OpbuUT

CcTano BO3MOXXHbIM TOMHO OnpeaennTb
Maccy LUeHTparnbHOro obbekra.

Kpome Toro, ecTb XXecTkuin npeagen
Ha pasmep LEeHTpanbHOro oobekTa,
YTO BaXXHO Ans

obcyxaeHust ansTepHaTuB.

3Be3ga SO-2 nmeet opbuTanbHbIN
nepuoa 15.2 net n 60nbLUY NONYyoCh
npumepHo 0.005 nk.



(APOD A. Eckart & R. Genzel )
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BBE3AHA9I AVNHAMUKA BOKPYTI SGR A*

-

C BbICOKOW TOYHOCTbIO
Mbl 3HaEM OAUHAMUKY BHYTPU
LEeHTpanbHOM YrroBOW CEKYHAObI.

OueHka maccol Y ~4 10° M,

Bbino 66l 30POBO OTKPLITH
paguonynbcap okosnio Sgr A*

Stellar Velocities in the SgrA# Cluster, 2002/2003
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mailto:%20eckart%20at%20eckart.ph1.uni-koeln.de
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[1Y 3bIP PEPMI

Bo3pacT ny3bipen ot 10 Ao 100 MAH A€T.

AKTMBHOCTb YEOHOM AbIPbl
MAWM BCMbILLIKO 3BE3A000P0A30BAHMAS




HEPHAA ABIPA B TYMAHHOCT AHAPOMEADI

B TymanHocTH AHIpoMeEnbl,

KakK U B Hauieu I anakTuke,

€CTh CBEPXMACCUBHAsA YEPHAs JbIPa.
[Tpuuem, B M31 oHa pa3 B 50 Tskxenee

- ee macca ~100 MIJIJIHOHOB COJIHEUHBIX.

Tak ke, Kak U y Hac, "MOHCTp CIHUT':
CBETUMOCTbH COCTaBJISICT
MUJUIAAPIHBIE JTOJIU OT

MpEACIbHOM, T.H. DAAUHT TOHOBCKOM.

[IpaBna, y Hac Apipa BpeMsi OT BpEMEHU
"BCXpanbIBaeT" BO CHE:

MPOUCXOSAT BCIBIIIKH.

Tenepb U3MEHEHNSI aKTUBHOCTH JIBIPHI
OTKpbUIA 1 B M3 1.

HRC
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w
an
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pe
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HRC

HRC

before 2006

a @

HRC

since 2006

arXiv: 1011.1224



1603.07245

[1Y3bIP B M3

OB6paboTKA AQHHbIX CMYTHUKA PEPMM
AAS TYMOHHOCTU AHAPOMEADBI 1 €€ OKPECTHOCTEMN
BbIABMAM CYLLLECTBOBAHME CTPYKTYPbI,
KOTOPA4 O4€Hb HAMOMMHAET [1y3bipn PEPMU
B HALLIEW [QAQKTHKE.

BO3HUMKHOBEHME TAKOU CTPYKTYPbl MOXET
ObITb CBA3AQHO C MPOLLAOM AKTUBHOCTbIO
LLEHTPOABHOM YHEPHOM AbIPbI.

B TYMAHHOCTM AHAPOMEABLI OHA
B AECATKM PA3 THKEAEE,
YyeM B HaLLEM [aAQKTUKE.

CBETMMOCTb My3blpen B M3 1
NPUMEPHO HA MNOPIAOK BblILLIE,
4yeM Y [y3bipen Pepmm B HOLLEM [ QATKTUKE.



“Quasar | Seyfert 1"
Viewing at an angle to the jet

v “Radio Galaxy / Seyfert 2"
Viewing at 90° from the jet

Black Hole

Torus of Neutral

Gas and Dust
Radio Jet —



ONPEAEAERME MACC
CBEPXMACCUBHbBIX HEPHbBIX AbIP

COoOTHOLLEHNE MeXay Maccomn YepHOM Ablpbl U Maccon banoxa
N3mepeHune opbuT 3Be3 1 Mas3epHbIX NICTOHYHUKOB

KuHemartuka rasa

[Mpodounnb 3B€34HOM MSIOTHOCTU
PeBepbepalLmoHHOEe KapTupoBaHue

Blue
Shift

KoHe4uHO, Bcerga MOXHO JaTb BEPXHUM
npenen Ha Maccy, UCxoas 13 Toro, 4To
CBETUMOCTb HE NpeBoCXoauT
KPUTUYECKYI0 (304UHITOHOBCKYIO).

- Radial Velocity +

Radial Velocities near the Nucleus of M84




NGC 4258. Miyoshi et al. (1995)

MASEPbI

2 Kpce

Habntogasa asmxkeHne MmasepHbIX NCTOYHMUKOB
B ranaktnke NGC 4258, ctano BO3MOXXHbIM
namepuTb maccy BHyTpu 0.2 nk.

[Tony4yeHo 3Ha4vyeHne

35-40 munnuoHoB Mmacc CornHua.

OTO Hambonee TO4YHbIN MEeToA.




KUHEMATUKA TA3A

Ona M87 ckopoCTu rasa usmMepeHs.l
BHYTPU OQHOW MUIAIUCEKYHObLI YU
(5pc).

Macca 3 10° M,

s | OfHa 13 camblX TSHKEMbIX YEPHbIX AbIp
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veen Black Hole Mass

Mass of central bulge

Increasing




1211.7082

CUERAPUI OBPA3OBAHINA U
IBOAKOLMK MACCUBHDBIX SEPHBIX AbIP

Big Bang
. Direct Collapse ‘ Death of Massnve‘ &
Stars Q 1. [1pamon KOAAQMNC

[O30BbIX OOAQKOB.
s @ ® . e e ‘ 0 ® o

200 Myr

Obpa3oBaHME BoAee

halos MCOCCUBHbBIX YEPHbIX AbIP.
\ / Most halos are seeded but
seeds are ~ 100 solar masses
| Gyr Few halos ar:e seeded, but seeds ::I:’:cfgfn: 2 , Ll e p Hbl€ Abl pb| N3 3BE3A
S © NEePBOro NMOKOAEHMS.

Some black holes are
ejected by gravitational

wave radiation.
Black holes grow

via accretion and
merging.

o

1]
~

S

w
o
(4]
~
S

Today virtually all >10'° solar mass
- - galaxies contain supermassive 5
black holes ~90% of ~10? solar mass
o Ss

~50% of ~10° s galaxies contain ~10* solar

galaxies contain >10° solar mass black holes
mass black holes - -

|
|
|
|
|
|



POPMUPOBAHUE T AAAKTK

. . p

-

Mbl BUOAUM, 4YTO Aanekue ranakTuky TonbKo (*)OpMI/IpyI-OTCFl.
OHM He NOXOXWN Ha CUMMETPUYHDbIE MaJ1aKTUKN BOKPYI HAcC.



POPMUPOBAHUE CKORAEHIA

- . .‘ 1

Mbl BUOAUM, YTO CKOMMEeHUs
BO3HUKAKT NOCTEMNEHHO.

Ha 6onbLmx paccTosHUsSIX
CKOMMEHUS ELLIE HE yCrenu
cdopmMmupoBaThbCS.
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COCTAB BCEAEHHOWM

TAXenbie
3M1€MEeHTDI
0.03 %

HEeNTpPUHO
0.3%

3Be3/bl
0.5 %

cBoboaHbIN
BOAOPOA

U renum

4 %

TeMHas
Marepus
25 %

TeMHas
3Heprus
70 %

bBonbLyto YacTb MaTepuu,
3anoJTHAOLLEN BCESTEHHYIO,
Mbl MOXXEM HabnogaTb

ML KOCBEHHbIMW METOOaMMW.

HeunsBecTHble YacTuLbl
HentpannHo? AKCUOHbLI?

HewnssecTHble Nons unn Bakyym



KOTAA N 3ASEM EIFO [TPUAYMAANS

Cama ngesa nosisunace B 30-rr. 6narogapst pabotram ®puua LIBuKkN.

Cm. Takke padoty Oopta (1932 r.)
O BEPTUKOABHOM ABUMXKXEHMM 3BE3A
B AMCKE [ QAQKTUKM.

[logcyeTt maccbl BUAMMOro BelllecTBa
B CKOIMJ1IEHUAX ralfiakTtuK rokasbiBarl,
YTO ero HeagoCTaTo4HO AJ1A TOrO,

YTOObI rANaKkTUKM U ra3 He pa3fieTerinco.

http://www.spacedaily.com
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http://www.philica.com/uploads/images/145/Image/image006.jpg



NGC 3031

KPUBbIE BPALLLERWA FAAAKTAK

L ]
NGC 4736

| 1 | 1

— ck De3 Dal a Habmomaemas
o o KPHBas BpPALLICHHS 0 10 20 30

40 r, Knk

Jduck + webonbinoi Ha
JIHCK + KOHUEHTPHDOB: Puc. 5. [IpuMepbl KPHBBRIX BPAIIEHHSA CIIHPAJIBHBIX FAUJIAKTHE ¢ yOBIRA-

DasuK HHEM CKOPOCTH BpAllISHHA B Npenenax onTHYeckux rpanui: NGC 157
[53], NGC4736, NGC3031 [54]. IlTpuxopas JHHHS — KEIJIEpPOBCKas

« 3axkon Kennepa
P KpHBas Bpamenus o< 1/\/r.

y « MNGC 398, Fy Il’i’lmc",.‘{m 13,2 knK T —. —_—
= =M3L ¥Fy=270kmc ', Ry =80/ 1/r1/2
o UGC 2953, Fp=320 HM{:'],Rn,.. 16,4 knk
2, o UGC6TE6, Fy=230kmc ‘,R._,i,.=ﬁ KIIK
BecHomn 2017 1. NOIBMAOCH HECKOABKO HOBbIX BOXKHbIX — MW, Vo 252 04c), Rop— 1200
MPENMMEPOB NOIAAKTUK, B KOTOPbIX BKAGA TEMHOIO BELLLECTBA | | |

MO AOHHbIM HODAKOAEHUMN AOBOABHO MAA. 1 2 3

3acoB n Ap. (YPH 2017)



ANMHINPOBAHME 4 OLLEEHKA MACCHI

3acoB 1 Ap. (YPH 2017)

Puc. 16. (a) MiunocTpanms Xo/1a Jiydei B rpaBHTAIMOHHOM JIMH3E. (0) U300pakeHne noYTH HACAJILHOIO KOJIbIIA DWHINTEHHA HA T'PABHTAIIMOHHOM JIMH3E
0038 + 4133 (Teneckon Xaboaa).

1o AVMH3NPOBAHMIO MPOBOAATCA OLLEHKM MACCbI KOK AA4 CKOMAEHUM TAAAKTUK, TOK M AAT OTAEAbHBIX TAACKTUK.



MCTOPUSA BCEAEHHOM

B Hauyane BceneHHas bbina ropsyen. B TeyeHne coteH Thicad et
9TO ObIfIN MOHM30BaHHbIE BOAOPO U refini.

Cnycta npumepHo 370 000 net nocrne Havyana paclmpeHus
BELLECTBO PEKOMOMHMPOBANO — CTaro HEUTPanbHbIM.

HacTtynunu « TeMHble BpeMeEHa».

[MocTeneHHO Ha4yanu NoSABNATLCS NnepBbie 3BE3bl N KBa3apbl. BosHukanu ranakTuku.

B Cosmic Dark Ages Reionization & - IGM Mostly lonized =
£ y z > 15-30? z<B«157? 2=0-6, t>1Gyr T e
£ £ t<100-270 Myr < 1 Gyr. PN ‘ £y e S, R
5 g- y Rare Sources Form ﬂ: y o “ % ' "7,‘ & X '*? u;
r Q lonized Bubbles N i - 5 N =Y
m o_ -~ - _\__ . 2 . St o . S5 >.
O e ¥ . g ‘& L N Ly A2 & >0
e o . X - "SModem GalaxiesForm .+ | 80
S L _ - . Tonized Bubbles~ . < o~ » g L B
' -§ First Stars #Overlap & : = T s % ™
R =" ? : : U . i 5 ) ¢ _ : L. o]
‘ B 8 (Z 15‘30) o . ~1 '.t’ Al - - s i - 1 't.,w "\‘
g E = Neutral IGM = 9 B ~._’ St S My Ve LAY . ¥ O ~
[ S P First Galaxies ’ i , N . a g i e S,
) | S— . . * . o, T b T - o
j o (Z~10'307) '{ B "%Dense, Neutl'.a‘ P‘déke;s . SBA 1
i ’;_ P - e : J -» % A‘:'_ -~ -~ a0



PEAMKTOBOE U3AYHERME

[Tocne pabot ®puamaHa n oTKPbITUA PpacLUMPEHUST BCENIEHHOM CTano ACHO,
YTO B CBOEN MONOAOCTU BCENEHHAs nmena 0onbLuyo nNioTHOCTb.
Ho Obinia nin oHa npu 3TOM ropsven nim XonogHon???

MNpaBunbHas Moaenb Obina NocTPoeHa Ha OCHOBE pacyeTa CUHTe3a renus.

_ UTobbl yCneTb co3aath renun B paclumnpsiowenca BeceneHHon, Hago,
Q-9 — 3 ¢ photon 4YTOBObLI OHa Oblfla HE TOJSbKO MITOTHOW, HO N TOPAYeEn.
Deuterium OT aTon rops4en arnoxm 4o Hamx AHEN OOIMHKHO

8 3 : @ OblNno AOXUTb U3rny4dyeHumne, n3paaHoO OCThIB.
+ — - 1 d

Deuterium  Deuterium Helium-3 N

38— & o

Deuterium  Deuterium Tritium

6 Jo— dp o

Deuwterium Helium-3 Helmm

S Jo— db.o

Deauterium Teilium Heliurn-4

Scanned at the American
Institute of Physics

Paned Anbdep [eoprun [amoB



HEOXNAAHHOE OTKPBITUE

XoT4 PENMMKTOBOE U3J1y4eHne ObINo NnpencKkas3aHo, 1 €ero csiefbl €ro rnpucyTcTBnA gaxe ObINN U3BECTHbI

(HO HE paCI'IO3HaHbI), 1 ObINW NNaHbl UCKaTb ero veneHanpasJl€eHHO,
CaMO OTKpPbITUE NPON3OLLII1I0 4OCTATO4YHO CﬂyanIHO.

NMOMEXU! LULYM B PAONOSDUPE!!!!

Ho, nocne oTKpbITUS, 0CO3HaHWE TOro, YTO ObINO HaAEHo
MPULLIO OY€eHb ObICTPO, MOTOMY YTO TEOPETUKU YXKE XKOanu.

3a cBoe oTkpbITUE lNeH3nac n BurncoH B 1978 .
nony4unu Hobenesckyto NpemMuo No pusnke.

.

ApHo [leH3nac

PobepT BurncoH



http://www.universetoday.com/120157/what-shape-is-the-universe/

NAOTHOCTb BCEAEHHOWM

GEOMETRY OF THE UNIVERSE

CLOSED

HabntogeHnsa no3BonsoT onpeaenitb
CPEHIOI MSIOTHOCTb BCENeHHOWN.

[aHHble NO NePBUYHOMY CUHTE3Y
3NEMEHTOB NO3BOSAT OTAENbHO
onpeaennTb NNOTHOCTb BapMOHHOrO
BellecTsa.

€. <] .=l 0..>l

Total Total W Total

LOWER CRITICAL HIGHER
DENSITY DENSITY DENSITY

www.learner.org



NEPBUYHbBIM HYKAEOCUHTE3

Fraction of critical density

Time after Big Bang (s) i 0.02
102 10°

1
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“He Mass fraction
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https://ned.ipac.caltech.edu/level5/Sept03/Trodden/Trodden4 5.html




HYKAEOCUHIES + PEAUKT = FIPOBAEMA AAA BAPOHOB

Motivation for non-baryonic dark matter [aHHbie Mo CoAepXaHNio SMEeMEHTOB
BMECTE C JaHHbIMU MO PENTMKTOBOMY U3MYYEHMIO

OAHO3HAa4YHO FOBOPAT O TOM, YTO BAapUOHOB HE XBaTaeT
Ang o0bACHEHUSA NNOTHOCTU BCeneHHou!

Dodelson, Gates, Turner, Science 274 (1996) 69

I 1

Dark Matter + Dark Energy
affect the expansion of the universe

Qm Q X Open
0.3 0.7 Open (low density) =
(accelerating)

[Non-baryonic dark matter gap} I

3

0.3 0.0
1.0 0.0
5.0 0.0

IIIIIIII

Y

Closed o
(high density)
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H,/100 km s~! Mpec—t Now 10
XIth Rencontres de Blois 99 Billions of Years

www.physicsoftheuniverse.com
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Andrew Fruchter at STScl

[PABUTALMNOHHOE AMIH3MPOBAHWE
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bAaaroAapa adodoekty
[PABUTALLUOHHOIO AMH3MPOBAHMS
Mbl MOXEM (BUAETb HEBUAMMOEN
U M3MEPATb EI0 Maccy!
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CKEAET BCEAEHHOM

KpynHomaclwiTabHas cTpykTypa popMupyeTcs B OCHOBHOM TEMHbIM BELLIECTBOM.
Ho Buaum Mbl ranakTukn, UX CKOMMEHUs, ropsyunii ras — 1.e., 00bI4HOE BELLECTBO.

Kak yBnageTbs cam CKeriet BCerieHHOn?




BOAOKHO TEMHOT O BELLIECTBA

CkonneHnga A222/223. z~0.2 Mexay ckonneHusamm 18 Mnk.
PacnpeneneHne maccbl BOCCTaHaBnMBaeTCA No FIMH3MPOBaHUIO.
Macchbl rasa He xBaTuUT Ans O6bACHEHUS MacChl BOSTOKHA.

s ‘ - * - « % $ o .
{ + *. ; ' 01:38:30 01:38:00 01:37:30 01:37:00
g il e ' 5 R.A. (J2000)

1207.0809



1702.08485

«MOCTH MEXAY TAAAKTUKAMMA

1.5

1.0

0.5

= 0.0

-0.5

-1.0

=1.5

-2.0
—2.0

=1.5

-1.0

=0.5

0.0

T

0.5

1.0

1.5

2.0

Pe3yAbTAT MOAYYEH HE AAL KOKOM-TO
KOHKPETHOM NAPbI TAAQKTUK, A B PE3YALTATE
CAOXEHMA AQHHbIX MO MHOTMM MAPRAM.

PacrnpeaAeAEHME MACCHI ONMPEAEAEHO
MO CAABOMY AMH3NPOBAHMIO.

(1.6 £ 0.3) x 10¥¥ M, for a stacked filament region 7.1 A~ Mpc long and 2.5 h~! Mpc




CTAHAAPTHAA MOAEAb SAEMEHTAPHBIX HACTALL

ELEMENTARY
PARTICLES

no W muon neutring

WL neutrino % tau neutrino
@8},—~_~0} % - —. T
:
o] P . £
e 4
ad Qe
C=—_ml.E| 5 m .

Force Carriers

I O 0

Three Generations of Matter

YacTuLbl TEMHOFO BellecTBa AOMKHbI ObITh Apyrumu,
T.e. 3TO He MOryT ObITb YacTuLbl CTaHgapTHOM Moaenu.

ObcyxaalTcs caMble pasHble BapuaHThl.

Kakne-1o n3 kanamaaTtoB MOXKHO ODHapPYKUTb
B TabopaTopHbIX SKCNEPUMEHTaX UNu
aCTPOHOMUYECKUX HabogeHUsX.

A Kakue-TO Hagosro OCTaHyTCs HEYNOBUMbIMM.



NONCK TEMHOW MATEPUA

1) YacTuubl TEMHOrO BellecTBa NbITaloTCH NonMaTh B NMOA3EMHbIX TlabopaTtopusix.
EcTb oCHOBaHUSA AyMaTh, YTO B bnvkaniume rofbl 310 OyaeT caenaHo.

*

.

-~ S R
° - x %’ oy
Matter-Antimatter Annihilation e -.‘.V_" S B
2) Takke MOXHO MUCKaTb . o '
raMma-nyym [[@anakTuka \
OT aHHUIUNALUK YacTuLy 3) Mowuck aHTU4acTuL, | - ®OH OT Janekux ranakTuk
TEMHOro BellectBa OT aHHUTMNALUN UK | R S dew
pacnaga yacTuL & - '
Takune nccnegoBaHus TEeMHOrO BellecTBa. '
aKTMBHO BeOyTCHA C NOMOLLbIO (cM. YOH 2017 N1)
obcepBaTopum nmexHn Pepmu Brninskmne ranaktuku

N Ha3EMHbIX raMMa-TeJ1eCKOIOB.

<¥7';.
The APM Galaxy Survey

Tak ke 6blna Hagexga HauTh 4YTo-To Ha LHC



1704.03%210

AHHUTUAALMOHHBIM CUTHAA

Data, 0.1 - 1.1 GeV

Ot LueHTPa

HaLLen FAAQKTUKM
MOKA HE BUAHO.
CUITHOA ECTb,

HO ero NPUXOAMTCH
OOBACHATb ARYIMAM
NPUYIMHAMMN.

[TOIBUAUCH COODLLLEHMUS
00 M3ObITOYHOM CUTHOAE
OT LUeHTpa M31.
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(TEMHBIE) PAKTHI M HAAEXABL - .- * - ' W -

TemHas matepua nposiBnsieTcs cebs

bnarogaps cBoen rpaBuTaLnn:
- B CKOMMEHMSX ranakTuk
- B OTAENbHbIX ranakTnkax
- B JINH3NPOBaHNU e T T w 4§ N
- B POCTE CTPYKTYPbI NS RSt i e _ E
- B MOMHOW MAOTHOCTU BCEMEHHOM " o = =0 o . , B ’

Mbl Hageemcs yBUOETh:

1. llpaAmoe B3anmopencTemne

A2 B TabopaTopHbIX 3KCMNEPUMEHTAX,;
. ~ 2. Pesynbratbl aHHUrMNAUUM

- Habntogas ramma-usnyvyeHue

- HAbngaa aHTUu4YacTULbI.




e 4N W S1)
1 '.~.‘ . ' '. 3 ‘ \ . .
& _ :
Ky N -
O.. ." ." . . ’ » ...
- ..0 .A " ’ .
. B . &
., » =Y -_ % e
‘Y . o~ a -
. ) 2 S -
- _;A. '.. L ‘
)Q - > ’
-l .
4
» ..
" ".n.: - ' -4
e .
.
B g
k. .
b. f. -
'? - .- " ’
S _—
: 4 "
- - .' »
i oo i .

[MlocTeneHHO CbOpMI/IpyeTCS:l ranaktTuka, rae caMmbiM MaCCUBHbIM 3N1IEMEHTOM

SIBMAETCA rano TEMHOMN MaTepun.
Kak >xe pacnpeneneHo BeLlecTBO B 3TOM rano?
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KAACCUHECKAA TEOPIAA

ap ‘[} — ‘[jr[} + ,ﬁ ."j: vV = {-_‘}"1_!

—— +V-pv =0,
ot

1
-Viv + E?;ﬂ + Vg =0,

'\_‘ P — 417G P = 0. quﬁqj -l-TTf_rhl.{' = {l

oui = oiexp(ik - ) @5, (t) = 5g; explict) wog+k-V

2 (A A0 i 9 - ik
Vs = (OP/0P)s wV + kvidg + X ( L"l ) S+ ko=
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o
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2 272 o J - - |
0 vek® +4mGpo =0 'p—‘[ = opexplik - r)exp(=|w]|t),
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+1 ;:zD (411G po) "'[l— (TI) } exp(ik - r = |w]t)
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Coles and Lucchin (2002)



PAYKTYALNM MAOTHOCTA B MbIAEBOM BCEAEHHOMU

- o a 1 o , i
op + 'jl—lhp + {—?{_r “V)op + p(V-ov) =0,
[ 4

~ a . a - 1 _ . .
SV +—0U + —(r-V)dv = ——Vdp - Vo,
a a p

@ %?Tf'_? Y }-'2, "FE{SQTJ —4mGop =0,
p=prpS),
§ = const.,;
D + j—ID +ipk -V =0,
{

k

op

. ] } -
v+ldviiwikl + i—( - ) S +ikd = 0,

a TP pANds Jp
k*® + 4TGD = 0,

> =0.

Y =0 and V parallel to k

= - I'.I = ) 7 — N
0 + E—Ib +(vgke —4mmGp)o
A

Coles and Lucchin (2002)



Coles and Lucchin (2002)

[TBIAEBAA TTAOCKAA BCEAEHHAS

1/2 F =1, Vv 1/2
)- _ (ukgﬂ}m) ao

. 3m a



Coles and Lucchin (2002)
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PAANMALNOHHO-AOMUHUPOBAHHAA BCEAEHHAA

v n ) Py
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ILLUSTRIS
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KPYTHBIE T AAAKTAKI
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[TpAMO MOXHO n3y4vaTb,

Kak obpasyroTcs

og(M) ranakTuKy pasHoro smaa

e | N CpaBHMBATb C AaHHbIMU
' HaOnaeHUIA.
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http://www.illustris-project.org/media/

POPMUMPOBAHUE T AAAKTUK
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irregular

ellipticals
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disk galaxies

[anakTukn, NnoJltydeHHble B pe3yJibrarte
YNCJIEHHOIO MoaennpoBaHnUA,
HEOTNUYUMbI OT HabnNgaeMbIX.

ccneoya «KOMNbIOTEPHLIE ranakTUkmny,
MOXHO NPOCeanTb 3BOSOLUIO
HabngaeMblX ranakTuk
onpeneneHHbIX TUMOB.



1412.2748

MECTHASA ITPYTITTA TAAAKTUK

PeweHbl Bce
OCHOBHblE NpOobnemsl,
CBsi3aHHble

CO CBOMCTBaMu
MecTHomM rpynneol.



B3AAMMOAEUCTBYIOLLIME TAAAKTUKI

0.00

(Hibbard, Barnes)
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http://joumnals.aps.org/prl/pdf/10.1103/PhysRevLett.116.061102

CAUAHME ABY X HEPHbBIX AbIP

Inspiral Merger Ring-

B TeueHrne MHOTUX JIET HECKOIBKO TPYIII
YYEHBIX 3aHUMAJIUCh pacueTamu Gopm
OXKHUIAEMbBIX CUTHAJIOB OT CIUSIHUM
HEUTPOHHBIX 3BE3J] U YEPHBIX JbIP.

J1J11 HEUTPOHHBIX 3BE3/] 3TO CI0XKHO, T.K.
MBI HEIOCTATOYHO TOYHO 3HaeMm EO0S.
st uepHbIX abIp — noromy uro OTO
IIJI0XO0 TOAIAETCS MPSIMBIM YMCIICHHBIM

— pacyeTam.
Numerical relativity

[ BN Reconstructed (template)
——

Tem He MeHee, yIalloCh TOCTAaTOYHO XOPOUIO
paccuuTarb (HOPMbI CUTHAJIOB, YTO
KPUTUYHO JJIs1 PACIIO3HAHUS CIIA0bIX
BCILIECKOB Ha ()OHE IIIYMOB.

— Black hole separation
=== Black hole relative velocity

OHNWHMN
Separation (Rs)



KOCMUYECKII TTPOEKT ELISA

A3HavanbHO cMeTa npoekTa cocTaBnana 2.5 munnmapaa 4osnapos.
NASA cHsna cBoe (puHaHcuUpoBaHuUeE.

ESA ogobpeHa 3asBKka Ha 3anyck ynpoLleHHOro sapuanTa B 2032-34 r.
NASA BepHynachb B MPOEKT.

YcnewHo otpaboTtan npoToTun.

& 5 .
‘x__'« e

B otnnume ot LIGO n VIRGO, KOTOpPbIN NLLYT CUrHarnbl oT
CIMUAHUN KOMNAaKTHbIX 0ObEKTOB 3Be3aHbIX Macc, eLISA
OygeT uckatb CrMsHUS CBEPXMACCUBHbBIX YEPHLIX AbIP.




1509.07320

[PABUTALIMOHHBIE BOAHDbI
OT CBEPXMACCUBHbBIX HEPHbBIX AbIP

[paBUTALMOHHbIE BOSHbLI OT CBEPXMACCUBHbIX YEPHbIX AbIP
LLLYT C MOMOLLbI0 HabnogeHns pagmonynbcapos.
PabotaeT Tpu He3aBUCUMbIe Fpynnbi.

OpagHa n3 Hux npeactasunia B 2015 roagy
Ba)KHble BEPXHWE Npeaenbsl Ha curHarn.

Ewe YYTb-4YyTb U U1 TaKUEe BOJTHbI OTKPOKOT, UM NMPUAOETCA
MEHATb MOAEJIN 3BOJNMIOUNN raliakTuk N X A4ep.

M
O 0. Champion (i astrononmy)




