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HALLA AAAKTUKA

Hawa Manaktuka — oaHa 13 MHOTMX NoAobHbIX CUCTEM.
B BuaMMon yactu BceneHHon okono 100 MunnuapaoB KpYnHbIX ranakTuk.,
OHU OKPY>KEHbI HEGONBLLIMMWU CNYTHUKAMW.

Pa3smep ranaktukm okosio 100 000 ceeToBbIX NeET.
[1o 6nvxxaniien KpynHom ranakTukm okoso 2.5 MUNIMoOHOB CBETOBbLIX JIET.
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http://astronomy.swin.edu.au/cms/astro/cosmos/T/Thick+Disk

CKOPOCTM 3BE3A B TAAAKTUKE

Thin disk: stars/gas
Thick disk: stars

Bulge: stars

(3
Halo: stars

Globular clusters

OAHAKO 3BE3ABI AMICKA ABHTAIOTCH APYT
OTHOCHTEABHO APyra ¢ HEOOABIITUMU CKOPOCTSMU:
ropsiaka 30 km/c.

Kpyroseie ckopoctu 3Be3p B ['anaxrnxe
AOBOABHO BeAHKH - >200 xM/c.

BDTO IIO3BOASET OIICHUTD

CKOPOCTD YOETraHMH.

C ygerom rano

OH2 OKAa3bIBAETCA

~500 xkm/c,

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

J.A. Taylor, JJM. Coraes

OBAAKA BOAOPOAA U CHIUPAAU

N3-30 TOrO, 4YTO Mbl HOXOAMMCS B AUCKE,
CTPYKTYPY [QAQKTUKM TOYAHO M3Y4ATb.

Ha AQHHbBIM MOMEHT Y HOC HET TOYHbIX
AQHHbIX O CMMUPOAbHbIX BETBSX.

AAQHHblIE CnyTHMKA GAIA AOAXHbI AQTb
OTBET O CTPYKTYPE AAQKTUKMN.

2 GAIA'S FIRST SKY MAP
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http://cse.ssl.berkeley.edu

PYKABA M 3BESAOQOBPASOBAHRHUE

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

g

Young blue
stars are found

crowd together.

.. »

Copyright © Addison Wasley

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
b

op \ @

association \\O .
-

Regions of
star formation

Fast motion of -
interstellar gas and
dust - this material

1s compressed within

the spiral arm

Slow motion of
spiral arm

http://frigg.physastro.mnsu.edu



MEX3BESAHAA CPEAA

[Q3 €CTb HE TOABKO B TOAQKTMYECKOM
AMNCKE, HO B APYTMX YHOCTAX €ro
MNAOTHOCTb HE AOCTUIAET OOAbLLIMX
3HAYEHME M HE HOYMHOETCH
POPMMPOBAHUNE HOBbLIX 3BE3A.

MeXX3BEe3AHAs cpead
KOHLLEHTPUPYETCA K MAOCKOCTH
[[QAQKTUKM.

. XOPOLLIO BUAEH BKAGA MbIAM

B MOTAOLLLEHME CBETA 3BE3A.




http://www.physicsoftheuniverse.com/topics

blackholes_stars.html

STAMbLI OBPA3OBAHUS 3BE3AbI

T
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OBpPA30BAHUE 3BE3ALI HOYMHAETCH C
MNOCTEMEHHOTO CXATUA MAOTHOTO OOAQKA
MEX3BE3AHOTO rA3A M MbIAM.

KAK MPABUAO, 3BE3AbI OOPA3YIOTCH
CKOMAEHUAMM U TPYNMNAMM.

Becb npoLuecc 3aHUMMAET OT
HECKOAbKMX MMUAAMOHOB
AO HECKOABKMX ASCATKOB MMNAANOHOB AET.

B HOCTOdLLLEE BPEMA Mbl HODAIOAQEM
OObEKTbI HO BCEX CTAAMIX OOPA30BAHMS
3BE3A M MAQHETHbLIX CUCTEM.



MACCA AXKUHCA

AAG HOYOAQ TPABUTALLMOHHOIO CXATHS,
NPUBOAALLLETO K OBPA30BAHMUIO 3BE3AbI,
ODOAQKO ra3a 1 nNblAM AOAXKHO ObITb
AOCTATOYHO MAOTHBIM M XOAOAHbBIM.

AAS AOGHHOU TEMMEPATYPLI M MAOTHOCTU
CYLLLECTBYET KPUTMHECKAS MACCA —
MACCA AXKMHCA.
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Temperature K

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



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

HEMTPOHHbBIE 3BE3AbLI B TAAAKTUKE

—~150°  180° 50°

POAMOMYyAbCAPLI

1 MOCCMBHbIE
PEHTTEHOBCKME
ABOWUHbIE CUCTEMbI
KOHLLEHTPUPYIOTCS

K MAOCKOCTH
[QOAQKTUKM U K
CMUPOAABHBIM BETBIAM,
KOK M BCE MOAOAbIE
OOBbEKTHI.
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MUP [ AAAKTUK

AOAM ACBHO HODAIOAQAU (TY MAHHOCTMY,
NPO KOTOPbIE HE BBLIAO 9CHO: A3 3TO MAU HET.
HACTb U3 HUX OKA3AAACH OTPOMHbIAMM
3BE3AHbIMM CUCTEMAMM — TAACKTMKOMM,

HO AOCTOBEPHO YCTAHOBUTL 3TO

YAQAOCbH TOAbKO B 20-€ rr. 20 Beka.

Cogs!lc';l\m The Glant Elliptical Galaxy Mes.sle(n by ‘ .
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BEAKIW CFIOP

1920 Great Debate

[UraHTCkme Bce TYMAHHOCTU
3BE3AHbIE HOXOASATCH
CUCTEMBbI — BHYTOM HALLIEN
(3BE3AHbIE [ AAQKTMKM
OCTPOBO)

.

il

[ebep Keptnc XapAoy Llenamn

HeTo4HOCTH BbIAM
B APryMEHTALLUM
0BEMX CTOPOH,
OAHQOKO B LLEAOM
MPOB OKA3AACSH
[epbep Keptmc.

OT1BET AQAMU
HODAKOAEHMS.



PACKPBIAACH BESAHA ...

SOABMH XOOOA

[ AGBHbIM PE3YALTAT ObIA MOAYYEH B 1922-23T.
SABMHOM XOQOOAOM. C MOMOLLIBIO HOBOTO
2.5-METPOBIo TEAECKOMNA €MY YAOQAOCH
OOHAPYXMTb LLEAENADBI B HECKOABKMX
OAUN3KMX TAAQKTMKAX, HOYMHAS € M31 —
TYMOHHOCTM AHAPOMEADI (MEPBbIE M3 HMX
OOHAPYXMA AYHKQH B 1922 1.). 3TO AQAO
BO3MO>XXHOCTb OMNPEAEAUTE PACCTOIHME.

W
SOPHCT 2nmK
B TOM Xe 1922 . DPHCT SNUK MPEAAOXMA
METOA OMPEAEAEHMA PACCTOAHNM, KOTOPbIM
MOKQA3AA, 4TO M3 1 HOXOAMTCH 3A MPEAEAOMMU
HALLEW [AATKTUKM.




CHUMKWN XABBAA
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KBA3APDI

KBA3M3BE3AHBIE OOBLEKTI

KBQ3Qpbl HOYOAM OTKPbIBATbL KOK
PAAMOUCTOYHUKM B KOHLLE 50-X IT.
Takxke nx YAQAOCb OBHAPYXMTb

B OMTMYECKOM AMAMA30HE, KAK
3BE3A0MOAODOHbBIE MCTOYHMKM
(cam TepMmMH NOIBUACA B 1964 T.)

AOATOE BPEMI LLIA AMCKYCCUM
O MPUPOAE DTUX KPAAMO3IBE3AN.



PASIAAKA

AUHWU B CNEKTPE CUABHO CABUHYTHI.

B cooTtBeTCTBME C PACLUMPEHNE BCEAEHHOM

OTO COOTBETCTBYET O4EHb BOABLLOMY PACCTOAHMIO
(B cAaydae 3C273 — 2.4 MAPA CB. A€ET).

3HAYUT — BTO YPE3BLIMAMHO MOLLIHbIE MCTOYHMKM,
HO MPM 3TOM O4€Hb HEDOABLLIME MO PAIMEPY
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MINIARC SEC
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[IPUPOAA KBASAPA

-10
MINIARC SEC

-15

CBEPXMACCHKBHbBIE YEPHbIE AbIPb

B LLEHTPAX FAAQKTMK, HO KOTOPbIE

TEYET MHOTO BELLLECTBA, OOPA3Y4

OKKPELIMOHHbBIM AMNCK.

[1oM1 STOM BLIAEASIETCSH SHEPINY,

A TAKXKE C OrPOMHOM CKOPOCTbIO
B BUAE CTPYM BbIOPACHIBOETCH ra3.



Surrounding matter

HEPHDBIE AbIPbl Y X AKETDI

L(<~Lgqq)~104%-10%7 3pr/c
< Heckonbko Mnk

»
.

M8/, Bukunenus



HEM BAXKHO OTKPBITUME KBASAPOB?

Bo-nepBbIX, KBA3APbI PA3ABUHYAM FOAHMLLbI HODAIOACEMOTO MUPJ:
OHM ObIAM ACAbLLIE M3BECTHbIX TOFTAQ FTOAQKTHK.

BO-BTOPbIX, BO3HMKAQ HEODXOAMMOCTb OOBACHITh, KOK XXE€ OHW PABOTAIOT.

OTO AGAO AOPOTY KOHLLEMLLMIM CBEPXMACCMUBHBIX YEPHbIX AbIP.
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HEMHOIO UMCTOPWUIA ...

NcTopusa HadmHaetca B 60-e IT.,,

Korga oblnu ngeHTuuunpoBaHsl kBasapsl (LUmuaTt 1963).
HemenneHHo 6bina BbickasaHa rmnoresa

00 akKkpeunun BeLlecTBa CBEPXMACCUBHbIMW YEPHbLIMU OblpaMW.
(Connutep, 3enbagosuy, HoBuKoB, JlnHaeH-benn)
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Cnyyan Sgr A* yHuKaneH.

Bnarogaps npsiMbIM U3MEPEHUAM
HECKOSbKUX 3BE3AHbIX OpbuT

cTano BO3MOXHbIM TOMHO ONpeaenuTb
Maccy LeHTpanbHoro obbekra.

Kpome Toro, ectb XXeCTKui npeaern
Ha pasMep LUEeHTpanbHOro oobLEKTA,
YTO BaXXHO a4

obcyXOeHna arnbTepHaTuB.

3Be3ga SO-2 nmeet opbutarnbHbIn
nepuog 15.2 net n 60nbLIYHO NOYyOCh
npumepHo 0.005 nk.



(APOD A. Eckart & R. Genzel )

BBEBAHA&I ANHAMUKA BOKPYI SGR A*
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C BbICOKOW TOYHOCTbIO
Mbl 3HaeM AUHAMUKY BHYTPU
LEHTPaNbLHOW YrroBOM CEKYHAbI.

OueHka maccel Y/ (2-4) 10°M,

Bbiro 661 300pPOBO OTKPbLITh
paguonynbcap okorno Sgr A*

ities in the SgrAs Cluster, 2002/2003



mailto: eckart at eckart.ph1.uni-koeln.de
mailto: genzel at mpe.mpg.de

[1Y 3bIPA PEPMMA

Bo3pacTt ny3bipen o1 10 A0 100 MAH AET.

AKTMBHOCTb YEPHOM AbIPbI
MAM BCIbILLIKO 3BE3A00DPA30BAHMAS




HEPHAA AbIPA B TYMAHHOCTU AHAPOMEADI

B TymanHocTtu AHIpoMebl,

KakK 1 B Haieu [ ajakTuke,

€CTh CBEPXMACCHUBHAs YEpHasl JbIpa.
ITpuuem, B M31 oHa pa3 B 50 Tsxxenee

- ee macca 100-200 MHUJIITHOHOB COJTHEUYHBIX.

Tak ke, Kak ¥ y Hac, "MOHCTp CIUT':
CBETUMOCTbH COCTaBJISICT
MUWJUIHAPIHBIE TOJIU OT

NpEeaeIbHOM, T.H. DIJIMHI TOHOBCKOM.

IIpaBna, y Hac apIipa BpeMsi OT BpEMEHU
"BCXpamnbIBaeT'" BO CHE:

IIPOUCXOAAT BCIIBILLIKH.

Tenepp U3MEHEHNS] AKTUBHOCTH JbIPbI
OTKpbUIH 1 B M3 1.
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arXiv: 1011.1224



1603.07245

[1Y3bIPA B M3

OBpabOTKA AQHHbIX CMYTHUKA PEPMM
AAT TYMOHHOCTU AHAPOMEADI M €€ OKPECTHOCTEM
BbIABMAM CYLLLECTBOBAHME CTPYKTY b,
KOTOPAS O4€Hb HAMOMUMHAET [1y3bIpK PEPMU
B HOLLIEM [ QAQKTUKE.

BO3HMKHOBEHME TAOKOM CTRYKTYPbl MOXET
ObITb CBA3AHO C MPOLLAOM OKTMBHOCTbIO
LLEHTPOABHOM YEPHOMU AbIPbI.

B TYMAHHOCTU AHAPOMEABLI OHA
B AECATKM PA3 TPKEAEE,
YyeM B HALLEM [aOATKTHKE.

CBETMMOCTb My3blpen B M3 1
NOUMMEPHO HA NOPAAOK BbILLIE,
4yeM Y ly3bipen Pepmm B HAOLLIEM [AAQKTUKE.



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

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

Black Hole

Accretion Disk

-
-

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

o)




OINPEAEAEHUE MACC
CBEPXMACCUBHbBIX HEPHbBIX AbIP

CoOTHOLLEHME MexXay Maccon YepHOW Oblpbl U Maccon tangxa
N3mepeHune opbut 3Be34 N MasepHbIX NCTOMHMUKOB

KuHemaTunka rasa

[Mpodonrnb 3BE3QHON MIOTHOCTU
PeBepbepalMoHHOe KapTupoBaHme

Blue
Shift

KoHeuHOo, Bcerga MOXHO AaTb BEPXHUN
npegen Ha Maccy, ucxogsd na Toro, YTo
CBETUMOCTb He NpeBoCXoauT
KPUTUYECKYIO (344NHITOHOBCKYIO).

- Radial Velocity +

Radial Velocities near the Nucleus of M84




MAS3EPbHI

Habntonas aBmxkeHmne MmasepHbIX NCTOMHUKOB
B ranaktuke NGC 4258, ctano BO3MOXHbIM
n3mMepuTb maccy BHyTpu 0.2 K.

[Tony4yeHo 3Ha4vyeHmne

35-40 munnuoHoB macc ConHua.

ITO Hanbonee ToYHbIN METOA.
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KMHEMATUKA TA3A

Hna M87 ckopocTu rasa nsmepeHsl
BHYTPU OQHOWN MUITIIMCEKYHObI OYTU
(5pc).

Macca 3 10° M,,

e, | OpnHa 13 camblX TSHKENbIX YEPHbIX Ablp
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thick disk

halo

bulge

. thin disk
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_AMU

PKeM

npoLeHTa

veen Black Hole Mass

Mass of central bulge

Increasing




1211.7082

CUEHAPHI OBPASOBARHKA U
IBOAKOLIMKN MACCHKBHBIX SEPHBIX AbIP

Big Bang

Direct Collapse
200 Myr ‘ ‘

halos

\ Halos grow

| Gyr Few halos are seeded, but seeds
are ~10* solar masses

Black holes grow
via accretion and

merging.

~50% of ~10% s
galaxies contain >10° solar
mass black holes

|
|
|
|
|
|

500 Myr e . Track the growth of
black holes and

via merging.

Today virtually all >10'? solar mass
- - galaxies contain supermassive
13.6 Gyr black holes
o Ss

Death of Massnv& *
@) Stars ° 1. [MpgMmom KOAAQMNC

‘ I FQ30BbIX OOAQKOB.

Obpa3oBaHMe Boaee
‘ MOCCMBHbIX YEPHbIX AbIP.
Most halos are seeded but
/ seeds are ~100 solar masses
2. HepHble AblPbl 13 3BE3A
MePBOINo NOKOAEHMA.

Some black holes are
ejected by gravitational
wave radiation.

~90% of ~10° solar mass
galaxies contain ~10* solar

- mass black holes -
. £



POPMUPOBAHUE T AAAKTIAK

$ S : »

™

Mbl BUOUM, YTO Aanekune ranakTukm Tonbko OPMUPYIOTCS.
OHU HEe NOXOXM Ha CUMMETPUYHbIE ranakTUKKU BOKPYr Hac.



POPMUPOBAHME CKORAEHIM

2 ey

Mbl BUOUM, YTO CKOMIEeHUS
BO3HMKAaKOT NOCTENEHHO.

Ha 6onbLunx paccTostHUsX
CKOMSIEHUS eLle He ycnenu
cchopmupoBaTbCs.
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AVEVA

EKOE MNPOTOCKOFAEHUE  AAAKTUK
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POPMUPOBAHUE CTPYKTYPbI
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COCTAB BCEAEHHOU

TAXenbie
3MEeMEeHTbI
0.03 %

HEeNTpPUHO
0.3%

3Be3fibl
0.5%

csoboaHbIN
BOAOPOA

U renum

4 %

TeMHas
Marepus
25 %

TeMHas
3Heprus
70 %

BonbLyto Yyacte marepum,
3anosTHAOLLEN BCEMNEHHYIO,
Mbl MOXXEM Habntoaarb

NULLb KOCBEHHBLIMW METOOAaMM.

HeunsBecTHble YacTuLbl
HentpannHo? AKCUOHbLI?

HensBecTHble nons nnu BakKyyM



KOTAA U 3AHEM EIO [TPUAYMAAN

Cama nges nosasunace B 30-rr. Grnarogaps paboram dpuua LIBUKKK.

Cm. Takke paboty Ooprta (1932r.)
O BEPTUKOABHOM ABMIKEHMM 3BE3A
B AUCKE [ QAQKTMKM.

MogcyeT Macchl BUAMMOrO BeLlecTBa
B CKOMIEHMdAX ranakTuk nokasbisan,
YTO €ro HegoCTaTo4YHO Ang Toro,

YTOObI ranakTUK1 U ra3 He pa3neTesincob.

http://www.spacedaily.com



BPALLLEHWE TAAAKTUK
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NGC 3031

KPUBBIE BPALLLEHIAA FAAAKTAK

-
NGC 4736

| | | l
30 40 r, Kk

Habmomaemasn

ck Des banka
Au lae KPHBas BpAlLICHHU) 0 10 20

JOuck + ueboubiunoi ba

Huck + KouueHrpupoe
DanK

- 3akon Kennepa

plll:, 5, "l_'IHM{:EpI-ﬂ ll'l:ll-lFIth RpEIII[EHHH C[IHp}UthHI TANMAKTHE C yﬁhll’l{-l—
HHEM CKOPOCTH BpAalleHMa B npenenax onTudeckux rpanumi: NGC 157
[53], NGC 4736, NGC 3031 [54]. lllTpuxoBas JIHHHA — KeIUIEPOBCKAs
KpuBas Bpawenus o< 1 /+/r.

Puc. 2. KpuBbie BpanieHns B OTCYTCTBHE FaJlo.

g ) .*- =
—
W o NGC 3198, Fy Iﬁl’lmc",.‘{m 13,2 kmx — -
e = M3 ¥p=270kmc ', Ry =80 1/r1/2
& LGC 2953, V=320 I{MG_]+R.L-.,.| 16,4 knk
o UGCeTE6, Fy=230kMmc ‘,R._,i,.=ﬁ|{1uc

BecHom 2017 r. NOIBMAOCH HECKOABKO HOBbIX BOXHbIX — MW, ¥y =252kM ¢, Rope = 12 k1K
x NGCT286, Vo =98 kmc ', Ry — 3.9 knx

NOUMEPOB TAAAKTUK, B KOTOPbLIX BKAOA TEMHOTO BELLLECTBA | | .
MO AOHHbIM HODAKOAEHMM AOBOABHO MOA. 1 2 3

3acoB n Ap. (YPH 2017)



ANMH3INPOBAHUE 4 OLLEEHKA MACCHI

3acoB U Ap. (YPH 2017)

Puc. 16. (a) MWuniocTpanus Xo/1a jyueii B rpaBHTAIMOHHOM JiH3e. (0) M300pakenne nouTH HacaJibHOroO KOJIbIa DHHINTEHHA HA TPABUTAIIMOHHOM JIMH3E
0038 + 4133 (reneckon Xabba).

1o AVMH3INPOBAHUIO TMPOBOAATCA OLLEHKM MACCHI KOK AA{ CKOMAEHMM TAOAQKTUK, TAK U AAS OTAEAbHbIX TAAQKTUK.



MCTOPUSA BCEAEHHON

B Havane BceneHHaqa bbina ropsaden. B Te4eHne CoTeH Thicad JIET
9TO ObINI NOHN30BaHHbIE BOOOPOS, U renui.

Cnycta npumepHo 370 000 neT nocrne Havyana paclumpeHund
BELLECTBO PEKOMOMHMPOBANo — CTano HeUTParbHbIM.
Hactynunun «TeMHble BpeMeHay.

[NocTeneHHO Ha4Yanu NoABNATLCH nepsBble 3BE3bl N KBa3apbl. Bo3HuKanu ranakTuku.
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PEAMKTOBOE M3AYHEHUE

[Mocne pabor ®puamaHa u OTKPbITUS pacLUMPEHUA BCENEHHOM CTano ACHO,
4YTO B CBOEN MOMOOOCTUN BCereHHasa nMmerna 6onbLuyto NroTHOCTb.
Ho Obina v oHa npu 3ToM ropsiven Ui XornoqHomn???

I'IpanmbHaﬂ mMoaenb bbina NOCTpOEHa Ha OCHOBE pacyeTa CUMHTE3a rering.

UTobbl yCneTb co3gartb renun B paclumpsitowienca BeceneHHon, Haao,

@ -@® — 8 ¢ photon 4YTODObI OHA Oblfla HE TOMbKO MNOTHOW, HO N rOpsAYen.
Deuterium OT aTon ropsi4en anoxu Ao HalKX AHEW OOMKHO
ObINO OOXNTL U3NYyYeHne, N3pPSIAHO OCThbIB.

3 + 8 — & t e . .
Deuterium  Deuterium Helium-3 .

$ 8§ - H-o ¥
Deuterium  Deuterium Tritium Q =/

$ H— dh.o 4

Deumerium Helium-3 Helium.4

3*&—~d§a+o \

Scanned at the American
Institute of Physics

Deuterium Trilium Heliurm-4

Panbd Anbdoep [eoprun 'amoB



HEOXUAAHROE OTKPBITUE

Xot4 PEJIMKTOBOE U3J1yHeHune ObINo npeackasaHo, 1 ero Criedbl ero rnpucyTcTtBnA gaxe ObINN N3BECTHBI

(HO He pacno3HaHbl), 1 BbINK NNaHbl UCKaTb €ro LiereHanpaeneHHo,
CaMO OTKPbITME NPOU3OLLIIO A0CTAaTO4HO Cry4YaliHo.

NMOMEXU! LLYM B PAOUOI3DUPE!!!!

Ho, nocne oTKpbITUS, 0CO3HaHMUE TOoro, YTo ObifIo HaNngeHo
MPULLIIO OYEeHb ObICTPO, NMOTOMY UYTO TEOPETUKM YXKE XKaanu.

3a cBoe oTKpbITUe lNeH3nac n BurncoH B 1978 1.
nony4nnun HobeneBckyo NPEMUIO MO PUIMKE.

ApHo [leH3nac

PobepTt BuncoH



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

NAOTHOCTb BCEAEHHOWM

GEOMETRY OF THE UNIVERSE

CLOSED

HabntogeHns no3BonsaoT onpeaennTb
CPEOHI00 NSIOTHOCTb BCESTEHHOW.

[aHHble NO NepPBUYHOMY CUHTE3Y
3IEMEHTOB MO3BOMAT OTAENbHO
onpenennTb NNOTHOCTb BapUOHHOro
BelllecTBa.

€. <l Q.= Q. ..>l

Total Total_ Total

LOWER CRITICAL HIGHER
DENSITY DENSITY DENSITY

www.learner.org



NEPBUYHBLIM HYKAEOCKHTES

Fraction of critical density

Time after Big Bang (s) B 0.02
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https://ned.ipac.caltech.edu/level5/Sept03/Trodden/Troddend 5.html




HYKAEOCUHTES + PEAUKT = FIPOBAEMA AAA BAPUOHOB

Motivation for non-baryonic dark matter HaHHble Nno conepXaHunio 3NeMeHToB
BMECTE C AaHHbIMU MO PEMUKTOBOMY U3MYyYEHUIO

OOQHO3Ha4YHO rOBOPAT O TOM, YTO BaPMUOHOB HEe XBaTaeT
A5 0ObACHEHUSA MIMOTHOCTU BCerneHHou!

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

I I

Dark Matter + Dark Energy
affect the expansion of the universe

Qm Q J Open
0.3 0.7 Open (low density) 3
(accelerating)

[Non-baryonic dark matter gapJ I
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www.physicsoftheuniverse.com
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Andrew Fruchter at STScl

[PABUTALMORHHOE AMH3MPOBAHWE
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bAaaroaapsa adodoekrty
[PABUTALLMOHHOTO AMH3UPOBAHMA
Mbl MOXXEM (BUMAETb HEBUAMMOE))
1 MIMEPATb €0 MACCY!
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CKEAET BCEAEHHOM

KpynHomacwtabHasa cTpykTypa dopMUpyeTcs B OCHOBHOM TEMHbIM BELLLECTBOM.

Ho BMaMm Mbl ranakTuUKu, UX CKOMIEHUS, ropsyni ra3 — T.e., 00bIYHOE BELLECTRO.

Kak yBMOETb CaM CKerneT BCENEHHON?
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BOAOKHO TEMHOTI O BELLIECTBA

CkonneHua A222/223. z~0.2 Mexay ckonneHnamun 18 Mnk.
PacnpeneneHne maccbl BOCCTaHaBNMBAETCHA NO JIMH3NPOBAHUIO.
Macchl rasa He xBaTtuT 411 OObACHEHUSA MacChl BOSTOKHA.

: - . ! : %N ¢ .
+ + ’ +_ i . 01:38:30 01:38:00 01:37:30 01:37:00
g i[a TR R - A R.A. (J2000)

1207.0809



1702.08485

«(MOCTH MEXAY CKONAEHUAMM

PEe3yAbTAT MOAYYEH HE AAL KOKOM-TO
KOHKPETHOM MAPbl FTAAQKTMK, A B PE3YALTATE
CAOXEHMA AQHHbIX MO MHOTUM MAPAM.

PacrnpeAeAeHe MACChHI ONPEAEAEHO
MO CAODOMY AMH3UPOBAHMIO.

=15

.0
-20 -15 ~1.0 -05 0.0 oS 1.0 1.5 2.0

I

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




CTAHAAPTHAA MOAEAb SAEMEHTAPHbBIX SACTALL

ELEMENTARY
PARTICLES

Force Carriers

1 I IO

Three Generations of Matter

YacTulbl TEMHOMO BeLlleCcTBa AOMKHbI ObITb APYruMmu,
T.6. 3TO He MOryT ObiTb YacTuLbl CTaHgapTHOW Moaenu.

Ob6cyxgarTcsa caMble pasHblie BapUaHThI.

Kakue-1o 13 kaHanaaToB MOXXHO OBHapYKUTb
B nabopaTopHbIX 3KCMNEPUMEHTaX UNK
aCTPOHOMUYECKMUX HabMnogEeHUsAX.

A KaKkue-To HaJonro ocTaHyTCsA HeyNnoBUMbIMN.



NONCK TEMHOM MATEPUA

1) YacTuubl TEMHOrO BELLIECTBA MNbITAOTCHA NOMMaTh B NMOA3EMHbIX NTabopaTtopusix.
EcTb ocHOBaHMs oymaTh, YTO B Grninxkaniune rofabl 9To Oyaer caenaHo.

* * .

Fatter-Antimatter Annihilation

2) Takke MOXHO 1ckarb . o e .
ramMmma-ny4mu [anakTuka \
OT aHHUTUNALUMM YacTuLl 3) Mouck aHTUYacTULL | 3
TEMHOro BellecTea OT aHHUTMNALUM UNK

pacnaga yacTtull & - '
Takvne nccrnegosaHus TEMHOro BELLEeCTBa. . ¥
aKTMBHO BEOYTCH C MOMOLLbHO (cM. YOH 2017 N1)
obcepearopun uMeHu depmu Brnnskme ranaktukm

N Ha3EMHbIX rAaMMa-TEJ1ECKOIOB.

3P
The APM Galaxy Survey
Maddox et al

Tak »ke Oblnia Hagexaa HauTu YyTto-To Ha LHC



1704.039210

AHHUTUAALLMOHHBI CUFHAA

Data, 0.1 - 1.1 GeV

Data, 6.5 - 1176.0 GeV

OT UeHTPA

HaLLEN [AAQKTUKM
MoKA HE BUAHO.
CUTHOA ECTb,

HO €ro NPMXOAMTCS
OOBLACHATE ARYTUMM
NPUIUMHOMM.

[TO9BUAMNCH COODLLLEHMS
00 M3ObITOYHOM CUTHAAE
OT LeHTpa MJ3T.
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(TEMHBIE) PAKTHI M HAABXKABL | - .- * "~ ' ~

TemMHas matepus NposiBNseETcs cebds

bnarogapsi cBOen rpaBuUTaLmn:
- B CKOMMNEHUSAX ranakTuk
B OTAENbHbIX ranakTukax
B IMH3MPOBaHUN
B POCTE CTPYKTYpbl
B NOJTHOW NMMOTHOCTU BCENTEHHOW

Mbl Hageemcs yBUOETh:
1. lpsamoe B3anmogencTeune

B NTabopaTtopHbIX 3KCNEPUMEHTAX;
2. Pesynbratbl aHHUrMNAUMm

- Habnogasa ramma-usnyvyeHue

- Habnogaa aHTU4YacTUUbI.
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CTPYKTYPA TAAAKTUKU U TEMHOE BELLIECTBO.

TPEXOCHOE F'AAO

POPMA TAAO 3ABUCUT OT MPOLLECCA ADOPMMPOBAHMSI TAAQKTUKM.

TemMHOe BELLIECTBO MPUCYTCTBYET
MO BCEX YACTIAX TAAQKTUKM.
OAHOKO OCHOBHQOS MACCA
MNPUXOAMTCA HA TAAO, T.K.
TEMHOE BELLLECTBO NMAOXO
«oCTblIBOEM™. U, T.0., MAOXO
ADOPMUPYET KOMMAKTHbIE

CTPYKTYPb!.
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[MocTeneHHo CbOpMVIpyeTCFI ranakTtmka, rge camMmblM MaCCUBHbIM 3J11IEMEHTOM

SIBNSIETCS rafrio TEMHON MaTtepun.
Kak >xe pacnpeneneHo BeLEeCTBO B 3TOM rano?
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ILLUSTRIS

The llluslns Sxmulatlon
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HoBoe 4yncnenHoe
MoaenmpoBaHmne
doopmMupoBaHus
ranakTuk n
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log(M.)
=11.5

KPYTTHbIE TAAAKTAKIA

2
log(M, pc™)

[MpSAMO MOXHO N3y4aTb,
Kak obpasytoTcs
ranakTUKM pasHoro BMaa
N CpaBHMBAaTb C AaHHbIMU
HabnaeHNN.



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

POPMINPOBAHUE TAAAKTIAK

.

»

u}

irregular

ellipticals

~IL.

disk galaxies

|

[[@anakTukn, Nnorny4eHHble B pe3yrnbrare
HYUCJIEHHOIo MoaesinpoBaHuA,
HEOTNNYNUMbI OT HabMOAAEMbIX.

Nccnenys «KoOMMNbOTEPHbLIE ranakTUKny,
MOXHO NPOCIEANTL 3BOMKOLMIO
HabngaeMbIX ranakTuk
onpeneneHHbIX TUMOoB.



1412.2748

ks
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MECTHASA TPYTITTA FAAAKTAK

PelleHbl Bce
OCHOBHble NPOBremsl,
CBA3aHHblE

CO CBOMCTBaMu
MecTHOM rpynnebl.



B3AUMOAENCTBYIOLLIME TAAAKTUKIA

0.00

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

CAUAHNE ABYX HEPHbBIX AbIP

Inspiral Merger Ring-

B TeueHnre MHOTHX JIET HECKOIBKO TPYIII
YUEHBIX 3aHUMAJIUCh pacyeTaMu Gopm
OKUJIAEMbIX CUTHAJIOB OT CIUSIHUM
HEUTPOHHBIX 3BE3]] U YUEPHBIX IBIP.

JI711 HEUTPOHHBIX 3BE3/ 3TO CI0XKHO, T.K.
MBI HEJIOCTaTOYHO TOYHO 3HaeM EOS.
Jnst uepHbIX Apip — notomy uro OTO
JI0XO MOJAAETCS MPSIMBIM YHCIICHHBIM
pacueram.

Numerical relativity

{ B Reconstructed (template)

Tem He MeHee, yIaJI0Ch JOCTATOYHO XOPOIIIO
paccuuTarh (POPMBI CUTHAJIOB, UTO
KPUTHYHO ISl PACIIO3HAHUS CIIa0BIX
BCILIECKOB Ha (DOHE IITyMOB.

— Black hole separation
=== Black hole relative velocity

O N WS
Separation (Rs)



KOCMUYECKIMI MPOEKT ELISA

Ai3HawanbHO CMEeTa NpoeKkTa cocTtaensana 2.5 munnuapga 4onsiapos.
NASA cHana ceBoe puHaHcUpoBaHMe.

ESA ogobpeHa 3asiBKa Ha 3arnyck ynpoLleHHoro BapmaHTta B 2032-34 .
NASA BepHynacb B MpPOEKT.

YcnewHo orpaboran nporoTun.

B otnnyne ot LIGO n VIRGO, KOTOpbIN ULLYT CUrHarnbl OT
CIMAHNN KOMNAKTHbIX OObEKTOB 3BEe34HbIX Macc, eLISA
OyoeT nckarb CrnMsHUS CBEPXMACCUBHbIX YEPHbIX AbIP.




1509.07320

[PABUTALMOHHBIE BOAHBI
OT CBEPXMACCUBHbBIX HEPHbBIX AblP

[paBUTALNOHHLIE BOMHbLI OT CBEPXMACCUMBHbIX YEPHbIX ObIp
MLLYT C MOMOLLbKO HabnaeHnsa pagmonynbcapos.
Pabotaer Tpu He3aBUCHUMbIE FPynnbl.

OgHa n3 Hux npegctasuna B 2015 rogy
Ba)KHblE€ BEPXHWE Npeaenbl Ha curHan.

Ewe HYYTb-4YyTb N UM TaKUe BOJTHblI OTKPOKOT, WITU NPpNOETCA
MEHATb MOoAdeErNun 3BONMUNN raraktnk n nx Aaep.
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