CEPTEM lONoB



HALLIA TAAAKTKA

Hawa MNanakTuka — oaHa U3 MHOrMX NOAOOHbIX CUCTEM.
B BMAMMOM Yactu BceneHHown okono 100 MunnvapaoB KPYMHbIX ranakTuK.
OHUM OKpY>XeHbl HEOOMbLLINMU CAYTHUKAMM.

PasmMep ranaktukm okono 100 000 ceeToBbIX NET.
[o 6nvxaniuen KpynHou ranakTUKM oKoso 2.5 MUAIMOHOB CBETOBbLIX J1ET.
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Photograph " @ Angle-Anstralian "Observatary

Milky Way



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

CKOPOCTU 3BE3A B FAAAKTMKE

Thin disk: stars/gas
Thick disk: stars

Bulge: stars

[ 3
Halo: stars

Globular clusters

OAHAKO 3BE3ABI AUCKA ABUTAFOTCH APYT
OTHOCHTEABHO APYIa C HEOOABIITUIMHU CKOPOCTSAMHU:
ropsiaka 30 km/c.

Kpyrossie ckopoctu 3Be3A B ['anakruke
AOBOABHO BeAmku - >200 xkm/c.

DTO IMO3BOASET OITCHUTH

CKOPOCTD YOEraHHUS.

C ygeTom rano

OH2A OKA3bIBAETCH

~500 km/c,

U 3aBUCHT OT
pacCcTOSHUA OT LIEHTPA.
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http://astronomy.swin.edu.au/cms/astro/cosmos/T/Thick+Disk

PABUTALMOHHBIM MOTEHLMAA TAAAKTUKA

b=y + o+ &) Component Parameter Value
Dark Halo 8.5 kpe

1 220 km s~}
by = El@‘iln(r? +72) Bulge/Stellar-halo rc 2.7 kpe
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 1019 M,
—G M, 17.43 kpe
D, = = . 3.3 x 10° M,
\/(Rg + (an + /(22 + 02))2) 34.86 kpc

astro-ph/9603106




PABUTALMOHHBIM MOTEHLMAA TAAAKTUKA

P =dy+Pc+ dp

Bulge/Stellar—Halo

1. SOV
(I)H — EI’/ﬁ'hl(T? + ?"[2;) i -—— Dark Halo

——  Total

—GM),
.
V(B2 + (a2 2))2)

astro-ph/9603106
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CTPYKTYPA T AANAKTUKA U TEMHOE BELLIECTBO.

TPEXOCHOE TAAO

POPMA FTAAO 3ABUCHUT OT MNPOLLECCA POPMMUPOBAHUA TAATKTMKM.

TemHOoe BELLIECTBO NPUCYTCTBYET
MO BCEX YACTAX TAAQKTUKMA.
OAHOKO OCHOBHQOS MACCC
NPUXOAMTCS HA TAAO, T.K.
TEMHOE BELLLECTBO MNMAOXO
«ocTbiBAE™. A, T.0., MAOXO
DOPMMPYET KOMMNAKTHbIE

CTPYKTYPbI.




1608.08350

PACMPEAEAEHUE MOBEPXHOCTHOM MAOTHOCTM

=
<L

(Core)

%)
Q
L=
L,
c
-
®
=
O
=
)]

Decompstion: | ™.
Inner Bulgle

Direct mass:
~ Spere

L )\ Flat disk

Eui_ge

Directly calculated (from the rotational curve)
SMD of the Milky Way

by spherical (black thick line) and

flat-disk assumptions by log-log plot,
compared with the result

by deconvolution method (dashed lines).

The straight line represents the black hole
with mass 3.6x10° M,



J.H. Taylor, J.M. Cordes

OBAAKA BOAOPOAA U CIUPAAN

PaccrtoaHne COAHLLA OT LLIEHTPA [AAQKTMKM 8.2-8.5 KIK.
CKOPOCTb BPALLLEHMA HO COAHEYHOM paamyce 230-250 km/cC.

13-30 TOTrO, YTO Mbl HOXOAMMCS B AUCKE,
CTPYKTYPY FOACKTUKM TPYAHO MU3YHATb.

Ha AQHHBIM MOMEHT Y HOC HET TOYHbIX
AQHHbIX O CMMPCAbHbIX BETBSIX.

AdHHblIE CnyTHUKA GAIA AOAXHbI AQTb
OTBET O CTRYKTYPE [AAAKTUKM. | ciins rrest sy mao Cesa




MOAOAbBIE PACCEAHHBIE CKONAERUA 1 CHTPAAU

= 20Myr

1810.08819

Crepxy BHUM3: BHemnul pykas, pykas B [lepcee, MecTHbIl pykaB, pykaB Crpenen-Kuib, pykas ll{ur-1{entaBp, pykas Kopma.



OBAAKA BOAOPOAA YU MOAEKYAAPHBIE OBAAKA

O U=100 pc cm~
0 U=200 pc cm
g3

ETIAN /f_/270°

80°l|

1810.08819
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CTPYKTYPA HALLIEM FAAAKTIKI
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2110.04446

CBOWCTBA BAM3KMX PYKABOB

120

GMCs
® HMSFR masers
240°® HIl regions
® O-type stars .
Young OCs *
. "

T

Perseus Arm
Local Arm
Sag-Car Arm
Scu-Cen Arm
Norma Arm

A
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-

A5 e L |
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e v ) 1

-
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B Range
(deg)
(2)

Perseus
Local
Sagittarius-Carina 1
Sagittarius-Carina 2

Scutum-Centaurus
Norma

—28 — 28
—22 — 39

—57 — 17.5

17.5 — 48
—50 — 41
—38 — 18




TAAAKTUHECKM BAP
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40 20 0 —:20 - 40

B Stellar SurfaceyBensity
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Face-On Milky Way View

- Side-On Milk% aﬁ" = '

2012.10130



http://cse.ssl.berkeley.edu

PYKABA N 3BESAOOBPAZOBAHUE

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.

Hot O and B

« stars with
H Il regions

N3

—

OB
association \O .

N\

Slow motion of
spiral arm

Regions of
star formation

-

Fast motion of
interstellar gas and
dust - this material

1s compressed within

the spiral arm

http://frigg.physastro.mnsu.edu



BPALLIEHME CIIMPAAEN 14 3BE3A

BpaLLeHune CrnmpaAbHOTO Y30PA MNPOUCXOAMT
C OAHOW M TOM e YIAOBOM CKOPOCTHIO -J‘::T r':"‘:t

HA PA3HbLIX PACCTOAHUAX OT LLEHTPA. star formation
CKOPOCTb 3BE3A BbILLIE BOAM3M LLEHTPAABHOM YACTM.
CKOpPOCTM CPABHUBAKTCSH HO PAAMYCE KOPOTALIMM.
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MOAEKYAdPHblIE ODAQKQ
LO

B rO/\O KTM Ke . ‘ ¢ Hy column deisity [-Vo pc ) '\-_q|I ::-" r':::'tlj 1:. | I:' r.| I ':I I:: 1] E

0 - pattern speed

IE; F:‘I i rl:] | I:-:] _r r-.r.-.I
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MEX3BESAHAA CPEAA

————
i &7

[O3 eCTb HE TOABKO B TOAOKTUYECKOM
AMCKE, HO B APYIMX YACTIX €ro
NAOTHOCTb HE AOCTUIAET OOABbLLIMX
3HOYEHUM N HE HOYMHOETCSH
DOPMUPOBAHME HOBbIX 3BE3A.

MeX3Be3AHAsa cpeAd
KOHLLEHTPUPYETCH K MAOCKOCTH
[ QAQKTUKM.

XOPOLLO BUAEH BKAQA MbIAM

B MOTAOLLIEHME CBETA 3BE3A.




OTKPBLITUE MEX3BE3AHOW CPEABI

B Te4yeHune coTeH neT cynuTanocs,
YTO NPOCTPAHCTBO MeXAy 3Be34 COBCEM MYCTO.

B 1904 rogy WoraHH apTmMaH cMor nonyvnTb CREKTp,
KOTOPbI OOAHO3HAYHO roBopwusl,

YTO CBET 3BE3[bl YACTU4YHO NOIMOLLANcs «no Aoporey,

T.e.Mexay 3Be3jaMN.

NoraHH MapTtmaH

Subtracted —

A STIS absorption spectrum 5

- A beam of light coming to Earth from a distant quasar passes through %
numercus infervaning gas clouds in galaxias and in intergalactic space.
These deuds ol primeval hydregen subtract spedlic colors Irom the beam,
The resulting ‘sbsorption spectrum, recordad by Hubtle's Space Telescope
Imaging Spectragraph {STIS), is used 1o detemne the distances and
chemical compaosition of the invisiols clowds,

Cumulative
absorplion J
spectra ! &

B |

Final absbrpﬁon
spectrum
recorded by STIS

by cloud 1

Subtracted -
by cloud 2

Subtracted
by cloud 3




PA3bl MEXX3BE3AHOM CPEADI

Fractional | Scale height | Temperature Density
volume (pc) (K) (particles/icm?)

Component State of hydrogen Primary chservational techniques

Molecular clouds = 1% 80 10-20 102108 molecular Radio and infrared molecular emission and absorption lines
Cold neutral medium {CHM) 1-5% 100-300 50-100 20-50 neutral atomic HI121 cm line absorption
Warm neutral medium (WNM) 20% 300-400 6000-10000 0.2-0.5 neutral atomic H 121 cm line emission

Warm ionized medium (WIM} | 20-50% 1000 8000 0.2-0.5 ionized Ha emission and pulsar dispersion

H Il regions <1% 70 8000 102-104 ionized Ha emission and pulsar dispersion

Coronal gas ionized

1000-3000 108107 10741072 ¥_ray emission: absorption lines of highly ioniz S e
Hot ionized medium (HIM) (metals also highly ionized) | * ray emission; absorption lines of highly ionized metals, primarily in the ultraviolet

arxiv:1803.022/77 MeX3Be3AHAS CpeAQ: OT MOAEKYA AO 3BE€3A000pPA30BAHMUS
arxiv:1412.5182 Pusn4eckue npoueccChbl B MEX3BE3AHOU Cpeae
arxiv:1206.4090 MeX3Be3AHOE NMOrAOLLEHNE U MEX3BEe3AHASA NOASPU3ALLUS
arxiv:1104.2949 Mex3Be3AHASA NblAb

arxiv:2004.06113 XXU3HEHHbIU LLUKA MOAEKYASIPHOIo o6AaKa



http://arxiv.org/abs/1803.02277
http://arxiv.org/abs/1412.5182
http://arxiv.org/abs/1206.4090
http://arxiv.org/abs/1104.2949
http://arxiv.org/abs/2004.06113

blackholes_stars.html

http://www.physicsoftheuniverse.com/topics

STAMbI OBPA3OBAHMS 3BE3AbI

[Paric cloud Yﬁ‘fﬁ@iﬁﬁdﬁa(caﬁ

OOpPA30BAHME 3BE3ABI HOYMHAETCH C
NOCTENEHHOIO CXXATUI MAOTHOrO OBACKA
MEX3BE3AHOTIO ra3a M MbIAU.

KAk MpaBMAO, 3BE3AbI OOPA3YIOTCH
CKOMAEHUAMM U TRYMNAMM.

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

B HOCTOSLLLEE BPEMS Mbl HODAIOAQEM
OOBbEKTbI HO BCEX CTAAMAX OOPA30BAHMS
3BE3A M MAQHETHbIX CUCTEM.



MACCA AXKUHCA

AA HOYOAQ TPABUTALLMOHHOTO CXATUS,
MPMBOAALLLETO K ODPA30BAHMUIO 3BE3AbI,
ODOAQKO ra3ad um MblAM AOAXKHO OblTb
AOCTATOYHO MAOTHbIM M XOAOAHbBIM.

AAS AOGHHOU TEMNEPATYPbI U MAOTHOCTU
CYLLLECTBYET KPUTMHECKAA MACCA —
Macca AXXMHCA.

Temperature K

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



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

HEMTPOHHBIE 3BE3AbLI B TAAAKTUKE

~150°  180°  150°

POQAMONMYABCAPLI
Perseus “ ® M MGCCMBHble
. .% ' o ﬂ PeHTreHoBCKMe
J’“"’“ il ABOMHbIE CUCTEMDI
KOHLLEHTPUPYIOTCS

K MAOCKOCTMH
[QOAQKTMKM U K
CMMPAABHBIM BETBIAM,
KAK M1 BCE MOAOAbIE
OObEKTDI.

.. o *‘ ]
s
‘o
s

e o
)

bf.-i
I .'l

\

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

Grimm et al.




AMH3OBUAHAOS

IDAAUMOTMYECKAS B3aMMOAENCTBYIOLLLME



MUP T AAAKTUK

AOAV AQBHO HODAIOAQAM (TYMAHHOCTY,
NPO KOTOPLIE HE BLIAO ICHO: A3 3TO MAMU HET.
HACTb 13 HMX OKA3AAACH OMOOMHbIMU
3BE3AHBIMM CUCTEMAMU — TAATKTUKOMM.

HO AOCTOBEPHO YCTAHOBUTb 3TO

YAQAOCbH TOABKO B 20-€ rr. 20 Beka.

CO%!,Hm The Glant Elliptical Galaxy Mesflu&? by ‘ .




BEAMKII CROP

1920 Great Debate

[UraHTCKkmne Bce TYMAHHOCTU
3BE3AHbIE HOXOAATCA
CUCTEMbI — BHYTOM HALLIEW
((3BE3AHbIE [ QAAQKTUKI
OCTPOBQOY

[ebep Keptmc Xapaoy LLenamn

HeTto4HOCTM BblAM
B APIryMEHTALLMM
00ENX CTOPOH,
OAHQOKO B LLEAOM
NPOB OKA3AACH
f[epbep KepTtnc.

OTBET AQAU
HAODAIOAEHUS.



PACKPbIAACH BE3AHA ...

SOABUH XOOOA

[ AQBHbIM PE3YALTAT ObIA MOAYYEH B 1922-23 T.
SABUMHOM XAOOAOM. C NMOMOLLLBIO HOBOTO
2.5-METPOBIO TEAECKOMNA €MY YAOAOCH
OOHAPYXUTb LEJOENADLI B HECKOABKMX
OAM3KMX TOAQKTUKOX, HOYMHAS € M31 —
TYMQHHOCTU AHAPOMEADI (MEPBLIE M3 HUX
OOHAPYXMA AYHKAH B 1922 r.). DT0 AQAO
BO3MO>XHOCTb OMNPEAEAUTb PACCTOIHME.

W
SOPHCT 2MnmK
B TOM Xe 1922 1. SPHCT SMNUK MNPEAAOXKMA
METOA ONPEAEAEHUA PACCTOAHMM, KOTOPbIN
MOKA3dA, 4TO M31 HOXOAMTCA 34 MPEAEAAMM
HALLEW [AAQKTUKA.




CHUMKHN XABBAA
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KBA3APbI

KBA3M3BE3AHLIE OOBLEKTHI

KBG3apbl HOYOAM OTKPbIBATb KAK
PAANOUCTOYHMKM B KOHLLE S50-X IT.
Takke nx YAOAOCb OBOHAPYXMTb
B OMTUYECKOM AMAMA30HE, KAK
3BE3AOMNOAODOHBIE MCTOYHMKM
(cam TepMIUH MOSBUACA B 1964 T.)

AOATOE BpeMS LLUAKM AMCKYCCHMU
O MPUPOAE STUX KOAAMO3BE3AN.



PA3[AAKA

AUHW B CMIEKTPE CUABHO CABMHYTHI.

B COOTBETCTBME C PACLLMPEHME BCEAEHHOM

3TO COOTBETCTBYET O4EHb OOAbLLIOMY PACCTOSAHMIO
(B cAydoe 3C273 — 2.4 MAPA CB. AET).

3HAYUT — BTO YPE3BLIYAMHO MOLLLHbIE MCTOYHUKM,
HO MPWM 3TOM O4€Hb HEDOABLLIME MO PA3MEPY

[0 1]

Vo A T - 4 .
> \ VAN e ;
3 i b §
e aammans Red
: : : (
HEEIl: e ’
Il B
{ o § & :

HR
MapTUH LLUMUAT 5016 A

5

© Copyright Califernia Mstitute of Techaalogy . Al rights ;otwnc Com pansori/
Comemeraial wae or madification of this material is predibited
spectrum




MINIARC SEC

[TPUUPOAA KBA3SAPA

|

-10
MINIIARC SEC

-15

CBEPXMACCUBHbIE YEPHbIE AbIDbI
B LLEHTPOX FAAQKTUK, HO KOTOPbLIE
TEYET MHOTO BELLLeCTBA, OOPA3y4
OKKPELMOHHbIM AMCK.

[1oW1 DTOM BLIAEAFETCH SHEPING,

A TAKXXE C OTPOMHOM CKOPOCTHLIO
B BUAE CTPYM BbIOPACKIBAETCS ras.



Accretioh disk

: Black hole

Surrounding matter

HEPHDIE AbIPbl 4 X AXKETDI

L(<~Lgq4q)~10%2-10%" apr/c
< Heckonbko Mnk

. .
r

M8/, Bukunenus



HEM BAXKHO OTKPBITME KBASAPOB<

Bo-nepBbIX, KBA3APbI PA3ZABUHYAM FOAHMULLEI HODAIOAQEMOTO MUPA:
OHW ObIAM AQABLLIE U3BECTHbIX TOTAQ FTOAQKTHK.

BO-BTOPbIX, BO3HUKAQ HEOBXOAMMOCTb OOBICHSTH, KOK XK€ OHWM PADOTALOT.

OTO AGAO AOPOTY KOHLLEMLMM CBEPXMACCHUBHbIX YEPHbIX AbIP.




[1Y 3bIPI PEPMIA

Bo3pacTt ny3bipen o1 10 A0 100 MAH A€T.

AKTMBHOCTb Y€OHOM AbIObI
MAM BCMbILLIKO 3BE3A000PA30BAHMAS




1603.07245

[1Y3bIP B M3l

OBpPABOTKA AQHHbIX CIMYTHMKAO PEePMMU
AN TYMOHHOCTU AHAPOMEAbBI M €€ OKPECTHOCTEM
BbISBUAW CYLLLECTBOBAHME CTPYKTYPbI,
KOTOPAS O4EHb HANMOMUHAET [1y3bip PepMU
B HOLLIEW [OAQKTHKE.

BO3HUKHOBEHME TAOKOM CTRYKTYPbI MOXET
ObITb CB43QHO C MPOLUAOM AKTMBHOCTbHIO
LLEHTPAABHOM YEPHOW AbIPBbI.

B TYMQOQHHOCTM AHAPOMEABI OHA
B AECATKM A3 TIKEAEE,
YyeM B HALLEM [aAaKTHKE.

CBETUMOCTb MNy3blpen B M3
NPUMEPHO HA NOPFAOK BbILLIE,
4yeM Y [y3blipen Pepmm B HOLLIEMN [ OAQKTHKE.



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

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

Biack Hole

Accretion Disk

-
-

*
Torus of Neutral
Gas and Dust "
Radio Jet — d

ol



POPMUPOBAHUE T AAAKTUK
- B

Mbl BUOUM, YTO Aarnekme ranakTukn TonbKo hopMUpYHOTCS.
OHM He NOXOXW Ha CUMMETPUYHbIE ranakTUKN BOKPYT Hac.



POPMUPOBAHME CKORAEHUA

& 3

Mbl BUOUM, YTO CKONIEHUS
BO3HUKAKOT NOCTENEHHO.

Ha 6onbLumx paccTossHUAX
CKOMNSIEHUS €LLle HE ycrnenu
cdopmmpoBaTbCA.




1101.3586

AAAEKOE NPOTOCKONAEHUE AAAKTUK
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COCTAB BCEAEHH

ey

TAXenbie
3M1EMEHTDI
0.03 %

HEeNTpPUHO
0.3%

3Be3fabl
0.5 %

cBoboaHbIN
BOAOPOA

U renum

4 %

TeMHas
Marepus
25 %

TeMHas
3Heprus
70 %

bonbLyto YacTb MaTepuu,
3anoriHSALEN BCENEHHYIO,
Mbl MOXXEM HabnwaaTb

NULLb KOCBEHHbIMWU METOOAMMW.

HewnssecTHble YacTuubl
HentpannHo? AKCUOHbLI?

HeunsBecTHble Nons unm Bakyym



KOTAA N 3ASEM EFO TPUAYMAAWS

Cama nges nosisunacs B 30-rr. 6narogapst pabotam ®puua LIBUKKAK.

Cm. Takxe padoty Oopta (1932 r.)
O BEPTUKAABHOM ABMXXEHMM 3BE3A
B AMCKE [ QAQKTUKM.

MoacyeT macchbl BUAMMOrO BELLEeCTBa
B CKOMJIEHUAX ranakTuK nokasbiBar,
YTO €ro HegoCcTaTo4YHO Afs TOro,

YTOObI raNakTUKN U ras He pa3rneTresince.

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

Distance from center of galaxy —>



NGC 3031

KPUBBIE BPALLLERWA FAAAKTIAK

NGC 4736

| l | |
20 30 40 r, KNk

Habmomaemas

———  uck Des Danxa
KpHBas BpallCHUS 0 10
Jduck + wveboubioi ba

J_T.HEIE + I{tTrHll,EH'I'pHPuHJ
DaK

+ 3akoun Kemnepa

plll:.. 5, "pHM{ij KPHBLIX BDAIIEHHA CIHHPANBHBIX TUJIAKTHE C :{BHRH—
HHEM CKOPOCTH BpAIlEHHSA B NpEIeiax onTH4eckux rpanui: NGC 157
[53], NGC 4736, NGC 3031 [54]. llTtpuxopas NHHHA — KEIUJIEPOBCKAS
KpuBas Bpatenus o< 1 //r.

Puc. 2. KpuBhie BpallieHHA B OTCYTCTBHE TAJI0.

g ; .*- =
—
W o NGC3I9%, Fy Iﬁl’lmc",.‘{m 13,2 kK — s — .
e = M3 Vy=270kmc ', Ry =80 1/r1/2
& UGC 2953, V=320 KMC_]+Rnp| 16,4 kK
o UGCAHTE6, Fy=230kmc ‘,R._,i,|=ﬁ KIIK

BecHon 2017 r. NOIBMAOCH HECKOABKO HOBbIX BAXKHbIX —_— MW, ¥ =252 kM !, Rop = 12
w  MNGC 7286, Fp=98 Mmc ',h‘.,pl 1.9 knK

NOUMEPOB TAAAKTUK, B KOTOPBIX BKAOA TEMHOIO BELLLECTBA . | .
MO AOHHbIM HODAKOAEHUM AOBOABHO MOA. 1 2 3

3acoB n Ap. (YPH 2017)



AMHINPOBAHUE 4 OLLEHKA MACCH

3acoB U Ap. (YPH 2017)

Puc. 16. (a) MWiunocTpanms Xxo/1a Jiyuei B rpaBHTAIMOHHOM JiHH3E. (0) U300pakeHne noYTH HACaIbHOTO KOJIbIla DWHINTEHHA HA TPABUTAIIMOHHOM JIMH3E
0038 + 4133 (Teneckon Xabb1a).

1o AMH3INPOBAHMIO MNP OBOAATCA OUEHKN MACChHI KOK AA4 CKOMAEHUM TAATKTUK, TOK U AAS OTAEAbHbIX TOAQKTMK.



MCTOPUA BCEAEHHOW

B Hauyane BceneHHas bbina ropsyen. B TedeHne coTeH Thicad fIeT
9TO ObININ MOHN30BaHHbIE BOAOPO U refni.

Cnycts npumepHo 370 000 net nocne Havyana pacwupeHnd
BELLECTBO PEKOMOMHMPOBAIIO — CTario HENTPAsibHbIM.

HacTynunmn «TeMHble BpEMEHa .

[MlocTeneHHO Hayanu NOSABNATLCS nepBbi€e 3Be3ibl U KBa3apbl. Bo3Hukanu ranakTuku.
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PEAMKTOBOE U3AYHEHUE

[Mocne pabot ®pmnamaHa n oTKPbITUS pacLUMPEHNSA BCENEHHOW CTano ACHO,
4YTO B CBOEW MONOAOCTM BCeneHHasi nMmesna 6onbLyo NOTHOCTb.
Ho 6bina nv oHa npu 3ToM ropsven unm XonogHon??7?

I'IpanmbHaﬂ Mozenb bbina NOCTPOEHa Ha OCHOBE pacCyeTa CUHTE3a resjins.

_ UTobbl ycneTb co3aath renuim B paclumpstowlencs BeceneHHon, Hago,
@-@® — 3 ¢ photon 4YTOObLI OHa Oblfla HE TOSIbKO MIIOTHOW, HO U FOpPsAYeEn.
Deuterium OT 3TON ropsYen anoxm A0 HaWKX AHEW OOIMKHO

3 3 z @ ObIno OJOXUTb N3Jtyv4eHne, n3pdaaHo OCThIB.
+ — - 1 <

Deuterium  Deuterium Helium-3 .
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Scanned at the American

Institute of Physics

Deuterium Teilium Heltum 4
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HEOXKUAAHHOE OTKPBITUE

XoTd PENMMKTOBOE U3J1y4eHne ObINo Nnpencka3aHo, N ero criefbl ero rpucyTCcTBnA aaxxe ObIfN N3BECTHBI
(HO HE paCI'IO3HaHbI), 1 ObINK NNaHbl UCKaTb ero LeneHanpaBiieHHo,
CaMO OTKpPbITUE MNMPON3OLLII1I0O 4OCTAaTO4YHO cnyqa|7|Ho.

NMOMEXMU! LULYM B PAOUOI3DUPE!!!!

Ho, nocne oTKpbITUS, OCO3HAHWE TOro, YTo ObINO HangeHo
NPULLNO OYEHb BLICTPO, MOTOMY YTO TEOPETUKN YIKE XKOANMN.

3a cBoe oTKpbITUE lNeHanac n BuncoH B 1978 T.
nony4unnu Hobenesckyo NpeMuto no pusuke.

ApHo lleHsnac Po6epT BuncoH



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

NAOTHOCTb BCEAEHHOM

GEOMETRY OF THE UNIVERSE

CLOSED

HabniogeHnsa no3sonsaoT onpeaenntb
CPEeaHIo NSIOTHOCTb BCEMNEHHON.

[laHHble NO NEePBUYHOMY CUHTE3Y
3MNEMEHTOB NO3BONSAOT OTAENBHO
onpeaennTb NNOTHOCTb 6apUOHHOIO
BellecTBa.
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NEPBUYHBIM HYKAEOCUHTE3

Fraction of critical density

Time after Big Bang (s) e 0.02
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1072

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




HYKAEOCUHTES + PEAUKT = FIPOBAEMA AAA BAPOHOB

Motivation for non-baryonic dark matter HaHHble No coaepXaHuio ar1eMeHTOB
BMECTE C AaHHbIMW MO PENTUKTOBOMY U3My4YeHUIo

OfHO3HAa4YHO rOBOPAT O TOM, YTO OAaPUOHOB He XBaTaeT
ONs 00bACHEHUSA NNOTHOCTU BCeneHHoN!

Dodelson, Gates, Turner, Science 274 {(1996) £9

1 1
Dark Matter + Dark Energy
affect the expansion of the universe
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Andrew Fruchter at STScl

[PABUTALLMOHHOE AMH3MPOBARME
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bAaQroAQpa adopeKTy
rPABUTALLMOHHOTO AMH3MPOBAHMS
Mbl MOXEM (BUAETb HEBUAMMOEY
U U3MEPATb ETr0 Maccy!
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CKEAET BCEAEHHOMU

KpynHomaclutabHasa cTpykTypa popMUpyeTcs B OCHOBHOM TEMHbIM BELLECTBOM.
Ho Buaum Mbl ranakTukn, UxX CKOMNMNeHus, ropsadyumii ras — 1.€., 00blYHOE BELLECTBO.

Kak yBUOETb Cam CKemneT BCEeNIEHHON?




BOAOKHO TEMHOI O BELLIECTBA

CkonneHnua A222/223. z~0.2 Mexagy ckonsieHusamu 18 Mnk.
PacnpeneneHne maccbl BOCCTaHaBNMBaeTCA No SIMH3UPOBAHUIO.
Macchbl rasa He xBaTuUT Ans 0O6bACHEHUS MacChl BOSTOKHA.

; \ + : +. : X 01:38:30 01:38:00 01:37:30 01:37:00
I Hiaet : : R.A. (J2000)

1207.0809



1702.08485

«MOCTHY MEXAY TAAAKTUKAMMA
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PEe3yAbTAT MOAYYEH HE AAS KOKOM-TO
KOHKPETHOM NAPbI TAAGKTMK, A B PE3YALTATE
CAOXEHMA AQHHbBIX MO MHOTMM MAPAM.

PacnpeaeAeHNE MACCHI ONMPEAEAEHO
MO CAQDOMY AMH3MPOBAHMIO.

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




CTAHAAPTHAA MOAEAb DAEMEHTAPHbBIX HACTALL

ELEMENTARY
PARTICLES

Force Carriers

1 O 00

Three Generations of Matter

YacTuubl TEMHOIO BeLECTBa AOIMKHbI ObITb ApPYyrumMmu,
T.€. 3TO He MoryT ObITb YacTuubl CTaHgapTHOW MogEeNu.

OGcyxaarTcs caMble pasHble BapuaHThbl.

Kakue-To U3 kaHaMaaToB MOXHO OOHAPYXNUTb
B NTabopaTOpHbIX SKCNEPUMEHTAX NN
aCTPOHOMUYECKUX HABMOAEHUNAX.

A KaKue-TO Hafonro OCTaHyTCsi HeYNOBUMbIMN.



NOUCK TEMHOW MATEPKM

1) YacTmubl TEMHOro BewecTBa NbiTaloTCcs NonMaTb B NOA3EMHbLIX labopaTtopusix.
EcTb ocHOBaHUs gymaTtb, YTO B bOnuxaunlume rogsl 3To byaet caenaHo.
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Fatter-Antimatter Annihilation

2) Takke MOXHO MCKaTb = e N '

raMma-nyym [@anakTuka \

OT aHHUTUNALUK YacTul, 3) Mownck aHTUYacTuL, | - PoH OT ganekux ranakTuk

TEMHOro BellecTBa OT aHHUTMNALUN UK | S idew
pacnaga yacTuu & '

Takve nccrnegoBaHus TEMHOIO BeLLeCTBa. &

aKTMBHO BeAyTCH C NMOMOLLIbO (cMm. YOH 2017 N1)

obcepBaTopun nmeHn depmu brnnskue ranaktuku

N HAa3EMHbIX raMMa-TeJr1eCKOrnoB.

The APM Galaxy w:vey

Maddox et al

Tak ke Oblna Hagexaa HanTu Yto-To Ha LHC



1704.03910

AHHUTUAAUMOHHbLI CUFHAA

ARk OT LeHTPa

HaLLEW [ AAQKTUKA
MOKA HE BMAHO.
CUIHOA ECTb,

HO ero NPMxXOAMTCS
OOBACHATL ARYIMAMM
NPOUYMHOMM.

[TOSBMANCH COODLLLEHMS
00 N30ObITOYHOM CUTHOAE
OT UeHTpa M31.

HO OoHM TaKXE ObIAM 3ATEM
OObICHEHDI

©e3 NprBAEYEHMS
rMMNoTe3bl

TEMHOTO BELLLECTBA.
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(TEMHBIE) PAKTbl 1 HAAEXADI

TemMHas maTtepus nposaBnsieTcs cebs
bnarogaps cBoewn rpaBuTaLnn:

- B CKOMJ1EHUAX ranakTuk

- B OTAENbHbIX ranakTukax

- B IMH3NPOBaHU

- B POCTE CTPYKTYpbI

- B MNOSTHOW MMIOTHOCTU BCENIEHHOW

Mbl Hageemcs yBUOETD:

1.

2.

[Mpsamoe B3anmogencrTeme

B TabopaTopHbIX 3KCMEPUMEHTAX;
Pe3ynbraTbl aHHUTMNSLNN

- Habnogas raMmma-usnyyeHue

- HAbNgasa aHTU4YacTuLbI.
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[MocTeneHHo CbOpMI/IpyeTCFI ranakTtuka, raeé caMbiMm MaCCUBHbIM 3ITEMEHTOM

SIBNSIETCS rano TEMHOW MaTepun.
Kak e pacnpegeneHo BeLeCcTBO B 3TOM rano?

-



ILLUSTRIS

. The lustris Simulation
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log(M.)
=10

lca(M. )

log(M.)
=10

Log(l.ﬂw pce)

HoBoe 4ncrieHHoe
MoZenMpoBaHue
doopmupoBaHu4g
ranakTuk u
KpyrnHomMacLutabHom

CTPYKTYpbI

1405.3749



1405.3749

log{M.)
=11.5

KPYTTHBIE  AAAKTUKI

2
log(M_ pc™)

[MpAMO MOXKHO M3y4arthb,
Kak obpasytoTcs
ranakTuku pasHoro Buaa
N cpaBHMBATb C AaHHbIMU
HabnaEeHUN.



... AO CAMbBIX
AO OKPAER::

Is-project.org/med

llustri

/Iwww

http




http://www.illustris-project.org/media/

POPMUPOBAHWE I AAAKTIAK

.

irregular

ellipticals

e

disk galaxies

[[anakTukm, MNOJ1Iyd4EHHbIE B pe3yribrarte
YNCJIEHHOIO MOAdeNnnMpoBaHUA,
HEOTNMYUMbI OT HabNgaeMblIX.

I/Iccnep,y;l «KOMIMbOTEPHbIE NAJIaKTUKN»,
MOXXHO NnpocriegnTb aBoJ1roLUno
Habngaembix ranakTuk
oripegeneHHbIX TUMOB.



1412.2748

MECTHASA [PYTITTA TAAAKTUK

PewleHbl Bce
OCHOBHbIE Npobnembl,
CBsA3aHHblE

CO cBOMCTBaMU
MecTHou rpynnbil.



B3AAMMOAENCTBYIOLLIME TAAAKTUKIA

0.00

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

CAUAHME ABYX HEPHbBIX AbIP

Inspiral Merger Ring-

B TeyeHre MHOTHX JIET HECKOIBKO TPYIII
YYEHBIX 3aHUMAJINCh pacueTaMu Gpopm
OKUJAEMBIX CUTHAJIIOB OT CIUSTHUMN
HEUTPOHHBIX 3BE3]] U YEPHBIX JIBIP.

J1J11 HEUTPOHHBIX 3BE3/1 3TO CIOXKHO, T.K.
MBI HEZIOCTATOYHO TOYHO 3HaeM EOS.
J{ns wepHbIX Apip — notomy uto OTO
IJI0XO0 MOAIAETCA MPSIMBIM YACJICHHBIM
pacyeTram.

!
i
|

<.

Numerical relativity

|§F Reconstructed (template)
—eeeee

Tem HEe MeHee, yIaoCh JOCTAaTOYHO XOPOIIIO
paccuuTarbh GOPMbI CUTHAJIOB, YTO
KPUTHUYHO JIJISI PaCIO3HAHUSI Cla0bIX
BCIJIECKOB Ha (DOHE IITyMOB.

— Black hole separation
=== Black hole relative velocity

O NWHN
Separation (Rs)



KOCMMUYECKIMIA TIPOEKT ELISA

A3HayanbHO cMeTa NpoekTa cocTtasndana 2.5 munnmapaa gonnapos.
/ NASA cHana cBoe (oHaHCUpOBaHME.
ESA ogobpeHa 3asiBka Ha 3anyck ynpoweHHoro BapuaHta B 2032-34 .
NASA BepHynach B MPOEKT.
YcnewHo otpaboTtan npoToTun.

B otnnume ot LIGO n VIRGO, KOTOpbIU ULLYT CUrHanb! OT
CINMUSIHUN KOMNAaKTHbIX OOBbEKTOB 3Be3aHbIX Macc, eLISA
OydeT nckatb CIIMAHUA CBEPXMACCUBHbBIX YEPHbLIX ObIP.




1509.07320

[PABUTALLMOHRHHBIE BOAHDI
OT CBEPXMACCUBHbBIX HEPHbBIX AbIP

[paBuUTaALMOHHbIE BOJTHbLI OT CBEPXMACCUBHbIX YEPHbIX ObIP
MLLYT C MOMOLLIbIO HabnoaeHns paguonynbcapos.
Pabotaert Tpu He3aBMCUMbIE TPYNMbI.

M
© D. Champion (i astrononty)




NANOGRAV: 12.5 AET HABAKO AEHMI

CUTHAOA HE NMOXOX HA OXXMAOQEMbIM OT OOHA
[OABUTALLMOHHbBIX BOAH OT CAMBAIOLLLMXCS
CBEPXMACCMUBHbIX YEPHbIX AbIP.
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STASTA

Briepsble PTA 309BA9ET O KOKOM-AMOO CUTHAAE. - - E T *
[ToABAQ, YTO 3TO 30 CUTHAA — HEMOHATHO. S %T e I ‘ ‘

[TOSBUAOCDH Y>KE AOBOABHO MHOTO NMYOAMKALMM,

| = = HD
MbITAOLLLMXCS MPOUHTEPMPETUPOBATL CUTHAA. =2 1 NG12 Monopole

CUrHOA HE CBS30H C OLLIMOKOMM YHOCOB MAM 45 90 135
C HEAOCTATOYHO TOYHO YYUTbIBAEMbIMM ¢ (deg)
NAPAMETPAMM ABMXKEHMS COAHEYHOM CUCTEMBI.

2009.04496



