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HEOBbIMHbIE KOMMAKTHbIE 3BE3bl

N3mepeHns temneparyp, Mmacc U paguycos
0151 UCTOMHUKOB B ABOMHbIX CUCTEMAX
NO3BOSINNO HAOEXHO A0Ka3aTb CYLLECTBOBAHME
MAaCCUBHbIX KOMNAaKTHbIX OOLEKTOB

C OTHOCUTENbHO BbICOKOW TemMneparypou.

[Mpn macce nopsiaka CorHEYHOMN
OHW UMEIOT Maccy nopsiaka 3eMHOMN.

[Ona obbsicHEHMA Npupoabl 3TUX 06LEKTOB
NnoHagobunacb KBaHTOBas MEXaHuKa.
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B3PbIB SN |A

[1OCTUTHYB KPUTUYECKOWN MacChl,
benble Kapnnku B3pbIBalOTCS.

OTO TEPMOSIAEPHbIN B3PbIB,
MNOMHOCTbIO paspyLUatoLLnNimM OOLEKT.

HabnioaeHnss UMEHHO Takmx CBEPXHOBbIX
NPUBEJIN K OTKPbITUKO TEMHON AHEPTNN.

OHM Takke OMEHb BaXKHbI A5

CNHTE3a MHOIMMX TAXesblX 3f1IEMEHTOB. )

(Roepke et al.)



_ - B3PbIB.CBEPXHOBOW TUMA IA

Thermonuclear Supernova
Explosion

model f1

(c) Friedrich Ropke, MPA, 2004

B3pbIB nponcxognT, ecnu B 6ernom Kapnumke
Ha4YMHAETCA HEeYCTONYNBOE TEPMOALEPHOE
ropeHue yrrnepoaa.

Macca 6enoro kaprmka MOXeT AOCTUYb
npegena unu B pesyrnbTare akkpeumu,
NN B pesynbtare CANSHNSA ABYX KapriMKOB.



CBEPXHOBAS 1A B
-~ BJI3KOW TAJIAKTUKE

nk. Cal
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CBEPXHOBbLIE

XK13Hb MaccuBHOW 3Be3Obl 3aKkaH4YMBaAETCS
KOroccanbHbIM B3PbIBOM — CBEPXHOBOW.
Takke B3pbIBaTbC MOLYT Genble KaprvKu,
€CI1 OHM CTary CAMLLIKOM TSXKEemNbIMM.

Ha kopoTkoe Bpem4 SBWaHOBVITCFI

sp4ye Luenon ranaktuku!

Ao



180.1ms

(Buras, Janka et al.)

B3PbIB CBEPXHOBOW

PacueTthbl B3pbiBOB CBEPXHOBbLIX MOXHO
CMENO OTHECTU K YNCSTY CaMbIX CNOXHbIX
3agau

* TEPMOSIAEPHbIE peakunm

* MarHMUTHbIE NOS4A

* rMapoavHamMuKka

* HEUTPUHO

* 3(pdeKTLI TEOPUN OTHOCHUT.




~ KPUBAS BJIECKA CBEPXHOBOW |
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~——TNTAH-B CBEPXHOBOW 1987A

L

HabnogeHna Ha cnyTHnke INTEGRAL
NO3BO/INNN OOHAPYXXUTb U3NTyYEHUE OT
pacnaga TutaHa-44 B ocTtaTke
cBepxHoBou 1987A.

PSR B0540-69

+ SNR 19ETA

48-65 keV

PSR BO540-69

-
SNR 1987A

MeHHO pacnapg
TUTaHa-44 oTBeYvaeT
3a CBeYeHue OCTaTKa
Ha onpeaeneHHoOM
3Tane 3BoIoUUN,

65-B2 keV

PSR B0540-69

F + SHR 1987A

Sl B RE LS, e g 14
\_/ vy o w s, m% s ¢ © Anglo-Australian Observatory/Davi

§2-99 keV

1211.2656



MPOIPECC B I/I3yLIEHl/Il/I CBEPXHOBbIX

* bonee MoLLUHbIE » HabnogeHna HeMTpuUHoO
KOMMbIOTEPbI * HabntogeHna o4eHb
NO3BOMAT CYUTATb PaHHUX CTagnn BCMbILLKA
B AeTanax Cpa3y B HECKOJSIbKUX

* YyeT MHOrux OunanasoHax crekrtpa

adodoekToB cpasy




‘\I:IAIXOHEI:I;—TO CBEPXHOBAA
v ~B3OPBAJIACb B KOMITbKOTEPE!

YyeT acppekToB OTO no3sonun
MNO/TYyYNTb B3PbIB CBEPXHOBOM
B paMKaX HOBbIX IBYMEPHbIX PAaCcHETOB.

Ho B TpexMepHbIX pacyeTax
HE BCe TaK XOpOLLO.
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CTPAHHbIE KBAPKU U CBEPXHOBBIE
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ABTOpbI A06aBUNM B pacyeThl
MPOLIECCHI C y4acTUEM
CTPaHHbIX KBApKOB.

OTO NOMOrNo B3opBaTb 3Be34Y
c maccon 20 ConHe4YHbIX
B TpexmepHoMm (!) pacuyerte.
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< HEUTPOHHbBIE 3BE3 bl -
3 JKCTPEMAJIbHbIE NCTOYHUKWU A

» CBEPXCUIbHbIE MarHUTHbIE Nons (borblue LWBUHIEPOBCKOrO)
» CunbHaga rpaBuTaums (pagunyc nopsaka 3-4 weapuLmniib40BCKUX)
» CBepxnsyioTHoe BeLecTBO (B LEeHTpe MNOTHOCTL Bbille A0epHON)
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[MPEACKASAHUE ...

HenTpoHHbIE 3Be3abl Oblnn Npenckasanbl B 30-€ T,

Nn.A. Nanpay: 3Besga-agpo

baane v LIBUKKN: HENTPOHHbIE 3BE€3bl M CBEPXHOBbLIE

NcTopusa npenckasaHums
XOpOLLO onncaHa B CTarbe

Akoenes n ap. 2013
http://ufn.ru/ru/articles/2013/3/f/




POXAOEHUE

KpaboBuaHas TyMaHHOCTb — MIIEPUOH.
BHYTpW HaxoouTcs oouH U3 caMblx
N3BECTHbIX pPaauonynbLCapoB.

""\/ \_/ k\.}

HenTpoHHbIe 3Be34bl POXaOAOTCS
B pesyribTare B3pbiBa d4pa
MaCCUBHOW 3Be3bl B KOHLIE ee
SBOMIOLIUN.

OTO Ha3bIBaAlOT CBEPXHOBOW.

Ha mecTe B3pblBa oCcTaercs
KOMMAKTHbIN OOBLEKT — Hanpumenp,
HENTPOHHAaA 3Be34a U T.H.
OCTaTOK B3pbliBa CBEPXHOBON —
pacwmpsoLlasca TYMaHHOCTb.
BHYTp® TYMa@aHHOCTMN MOXET
CyLLLeCTBOBaTb MIEPUOH.

OTa YyacTb TYMaHHOCTWU BUAHA
N3-3a HaKadyku sHeprum
HENTPOHHOW 3BE340U



CTAPbIN 300MAPK
HEWTPOHHbIX 3BE3/,

B 60-e rr. 6b111 OTKPbIThI NEPBbLIE PEHTFEHOBCKNE UCTOYHUKM.

310 ObINM H3 B TecHbIX ABOWHbLIX cnctemax, HO ...
... X «HE Y3HaNn»....

Cenyac n3BeCTHbl COTHU
PEHTIEHOBCKNX OBOMHbIX

C HENTPOHHbLIMW 3BE34aMN

B HaLLen N OpYyrux ranakTukax.



\/ PAKETHbIE SKCIMEPUMEHTbI
3 SCO X-1

ROSAT Januar 2003 itk &) Giacconi, Gursky et al.
' SRR | | 1962 roa

B 2002 r. P[P>XxnakkoHu
nony4unn Hobenesckyto
NpemMuto No pusuke.




UHURU

CnyTHuK 3anyweH 12 aekabps 1970 r.
3akoH4unn paboty B mapte 1973 .

[pyroe Ha3BaHue SAS-1

2-20 k3B

[MepBbIn NonHbIn 0630p Heba.

339 ncTovHuKa.
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R AKKPELLMA B TECHbIX ABOUHbLIX

AKKpeumns — caMbli MOLLHbIN
NCTOYHUK SHEpPrnm B Mnpe
N3 Tex, YTO MOryT AaBaTb
OOMbLLION BbIXOO SHEPTUMN.

[Mpn nageHnn BellecTBa
Ha HENTPOHHYIO 3BE3aY
Bblaenserca Ao 10% ot mc?




TECHBIE IBONHBIE CUCTEMBI

Okono %2 maccuBHbIX 3BE3N
BXOOUT B JBOWHbIE CUCTEMBI.

Cenyac B TECHbIX ABOUHbIX
cucTemax U3BeCTHbl MHOrme
COTHU HEUTPOHHbIX 3BE3[.




OTKPbITUE 1!

1967:. [xocenuH benn. Paguonynbcapsi. | | & %

CepeHannmyeckoe OTKPbITUE.
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MYJIbCAP B
KPABOBUHOM TYMAHHOCTY
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ANATPAMMA MNEPUOZA - NPOU3BOAHASA MEPUOA
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Ha guarpamme npencraeneHbl
TOMNbLKO NPSIMO Habnwgaemble
BEMNYUMHBI, KOTOPbIE NErko u
O4YEHb TOMHO U3MEPSAIOTCS.
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J MAIMTHUTHOE MNMOJIE N BPALLEHWE o

St

XapaktepucTtmyeckum
BO3pacT.

[Mpegnonaras, 4To
HadYanbHbIN Nepmog,
BpaLleHuna nynbcapa mar,
a MHOEKC TOPMOXKEHUS

N paBeH 3 (Kak B
MarnTo-4nNoNbHON
doopmyre), Mbl MOXEM

MONy4YnUTb OLEHKY /
BO3pacTa.

"@® )
B \




N/ v/
HOBbI 300MAPK HEMTPOHHbIX 3BE3Z,

B nocneagHune 15 net crtano AcHo,
YTO HEUTPOHHbIE 3BE3bl MOTYT
pOXOaTbCs O4EHb Pa3HbIMU,
COBCEM HEMOXOXNUMU Ha ODbIYHbIE
paguonyrnbcapbl Tuna Kpaba.

0 KomnakTHble peHTreHOBCKue
NCTOMHUKM B OCTaTKax CBEPXHOBbIX

0 AHOMarnbHblE PEHTIEHOB. MyNbCapbl

0 VICTOYHUKM MATKUX MOBTOPSAIOLLIUXCH
raMMa-BCS1ECKOB

o BenukonenHasa cemepka

0 [aMma NCTOYHUKK

0 TpaH3NEHTHbIE PaANOUCTOYHUKMN. ..




— MAIHUTAPDI

'
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HenTpoHHble 3Be3bl, Ybsl aKTUBHOCTb
B OCHOBHOM CB$i3aHa C BblerneHmnem
SHEPrnMM MarHMTHOrO MNorsi.

OObIYHO NONSA O4EHb BEUKMU.

OCHOBHbIMW KaHOnaaTamu B MarHnTapbl
ABNAKOTCA aHOMalibHbl€e PEHTIEHOBCKUE
nynbcapbl N NCTOYHUKN MATKNX
NOBTOPALLUNXCA NAMMa-BCIJ1ECKOB.

MarHutHele nonga 1014101 ¢

Pacxo,u,yemﬂ AHEPrmna MmarHMTHOro nos4.
Horaa — nocTteneHHo, nHoraa — B BUAE BCbILLEK.

u-\/ u




LLERTPAJIbHbIE KOMMNAKTHbIE OBbEKTDI
B OCTATKAX CBEPXHOBbIX
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o PACLLULUPEHUE OCTATKA
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I ~~~~~~~ N MocTpoeHbl mogenu Ans
paCLUMPEHNS OCTaTKOB
B pa3HOW cpeae.

1. CBoGoaHbIii pasner r~to/”
2. HarpebaHue Belue
3. TopmoxeHue
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\o/ CMELLEHUE HENTPOHHOW 3BE3/bl

Y

Ecnv MOXHO onpeaennTb MECTO B3pbIBa,

TO MOXHO: |
- UNK, 3Hasa BO3PAacT, onpeaennTb CKOPoCTb,
- UMK, 3Has CKOPOCTb, ONPeAenunTh BO B
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\/ MCTOYHUK SHEPTUN HEUTPOHHbIX 3BE3/,
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HYEM BAXHbI

* NHCTpyMeHTbI 4na oM3nKoB N acTPOPU3INKOB
- paguonyrbcapbl — TECTbl TEOPUKN FPaBUTaLmn
- perncTpaunsi rpaBUTauMoOHHbIX BOSH
- TOYHOE BpeMs
» Teopusi noBeaeHUs BeLwlecTBa NPu BbICOKOW MIIOTHOCTU —
KBAaHTOBaA XpOMOAWHaMMKa
* [1pouecchbl B CUNMbHOM MarHUTHOM Mone

Neutron Superfluid +
Proton Superconductor s
Neutron Vortex




u " OPUEHTALMSA CMYTHUKOB
’ MO PEHTTEHOBCKMM MYJIbCAPAM o

_ Solar System Barycenter




BHYTPEHHEE CTPOEHWUE

BHelwuHsAsA Kopa

BHyTpeHHsSA

43x10"rcm® —p O6orauyeHHble Kopa CeepxTekyyue
HenTpoHamu sigpa HEeUTPOHbI

2.0x10"rcm? —p
CBepxTeKyyne nNpoToHbl

HeWTpoHbI

ONeKTpOHbI
1 MIOOHbI

1.28x 10" rcm —>




—" MHOXECTBO BAPMAHTOB 1 CJ1OEB

A NEUTRON STAR: SURFACE and INTERIOR
. ‘Sliss : ‘gltti" é =

CORE: 000 o ofGadE

Homogeneous v . i o 0 000 o o
Matter 8 | , Neutron
> g ‘ YA A Superfluid

s——— ATMOSPHERE
ENVELOPE
CRUST
OUTER CORE
INNER CORE

Polar cap

Cone of open
. magnetic
field
lines

[ - Neutron Superfluid .

ki Neutron Superfluid +
7¢ Neutron Vortex  Proton Superconductor

Neutron Vortex
Magnetic Flux Tube

B 3aBucuMOCTN OT moaenu

OObEKTbI, KOTOPbIE Mbl HA3bIBaeEM
HEUTPOHHbLIMU 3BE34aMW,

MOryT UMETb OYeHb pa3HOe CTPOeHne

® Up Quark
@ Dovin Ok Neutron Star Strange Quark Star
. Strange Quark




N/
<~ 3ATAOKA HEUTPOHHbIX 3BE34

~
~/ B Heapax — OvYeHb MNJ10THOE BELWECTBO.
Mb! nnoxo NMOHNUMaEeM, KakK BegeT cebs BeELeCTBO MNpu Takomn MIOTHOCTM.
quark-hybrid traditional neutron star

star '
* OObIYHbIE HENTPOHHbIE

3Be3bl
* [IMOHHbIN KOHOEHcaT
neutron star with J
pion condensate ~ * KQOHHbBIW KOHOEHcaT
» CTpaHHble 3Be30bl
* [MNepoHHbIe 3BE3abI

hyperon
star

= * [MOpuAHbIE 3Be3abI
strange
quark CFL 106 g/em 3
matter 2SC 11 3
(u.d,s quarks) 10 glem
1014 gom 3

~=__ Hydrogen/He
atmosphere

strange star

nucleon star




YACTULUDLI BHYTPU
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ACTPOOUSNUHECKUE
N3MEPEHUA

Macca II]E> B OBOMHbIX, 0COBEHHO C pagunonynbcapamu.
B Oyaywiem — 1 No NMH3UPOBAaHMUIO.
Paauyc ||]:> Y O0OMHOYHbIX OCTbIF8POLI.I,VIX H3L
y BbapcTepoB B ABOWHLIX, Y ABOMHbIX ¢ QPO.
KpacHoe ||]E> Mo HabroaeHAM cnekTpanbHbIX VMHNIA
cmeuweHne (M/R)
Temnepartypa II]E> OOouHoYHbIE ocThiBaoLWwme H3 u

HEKOTOpble ABOMHbIE (MPOrpeB Kopbl)

MomeHT nHepuum II]E> o paguonynbcapam (B BygyLuem)

B cuctemax 13 oByx HENTPOHHbLIX 3Be3[,

paBuUTaumMoHHan :>
ecrnn OyayT xopowme OaHHble Mo 3Be3aM.

n 6apMoOHHasA Macchb

lNpepensHoe BpaLy. ||]E> MunnucekyHaHble Nynbcapbl

J \J ()



OEOEKT MACC @)

bapunoHHas macca 6onblie rpaBUTaLMOHHOMN.
[Mpn Konnance aapa vacTb ero Macchl
npeBpaLlaeTcs B 3Heprm: E=mc?

A BbiCBEUYMBaETCS.

[Toxoke Ha 3Hepruto cBs3n aToMHOro sapa.

~

BLUMNCA KOMNAKTHbIA OOBbEKT
Hyl0 mMaccy

Al
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~ 3ABUCUMOCTb MACCA-PAANYC o

g | OCHOBHbIE YepThbl

1 « MakcumanbHasa macca
] * Pa3Hble cemencrtea

N G2 (KBapKOBbIE U afpPOHHbIE)
\ | * XecTkne n msrkue EoS
Gl5 " . 1 = Hebonblasa pasHuua
2 l .| Mpw peanucTUyHbIX NapameTpax

» CMAryeHue YpaBHEHNA COCTOAHUA

GO MPO PoCTe Macchl
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Haen&el, 2Zdunik
astro- 10549
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NBOWHbLIE MYJIbCAPSI
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Ag, = — IGET@ log (1 + cos 8),

HabntogeHns ABOMHbIX pa,u,vlonynbcap
MNO3BONSAT ONpeaensTb Macchl He
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Excess delay (us)

PSR 1855+09 (Taylor, Nobel lecture) (
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Orbital phase




Companion mass (Mg)

Pulsar mass (Mg)

N3IMEPEHNA MACCHI O

HabntiogeHne cpasy
HeCKOmNbKUX apdeKkToB
NO3BOMNSIET U3MEPUTL
Maccbl 0benx 3Be3n C
OYE€Hb BbICOKOM TOYHOCTbLHO.
NHorpa go 0.001 maccel ConHua.




<~ NBOWMHOW PSR J0737-3039

A orbit
B orbit
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~ MACCA PSR J0737-3039

Hanbonee To4YHble 3Ha4YeHUs.

OTO O4YEeHb TeCcHasa CUCTeMa,
roe HabnwgaeTcs aBa paguonynbcapa.

1.5

Mess B (Mg,,)

tro-ph/0609417

r

Mass A (Mg,)




MOYEMY BAXHO UCKATb el
~ MACCUBHBbIE HEI/ITPOHHbIE 3BE3/bI?

T
80.22 —~
I|
\/ \
892 \
N "
g 80.18
I I I ’
8
\.
]
I \
|

Probability Density

Uem Oonblue macca — TEM CUSTbHEE CXKaTo
BELLLIECTBO B HeApax HEMTPOHHOM 3BE3bI.

GST
Double NS Systems

Mass (solar)

MbI N1OX0 3HaAeM, Kak BeaeT
cebsa BeLEeCcTBO Npu '
nnotHoct B 10-20 pas
BblLLIE ﬂ,u,epHom
CKOnbKo BblAEpPX

4‘

Nuclennls Nuclenq5+Ex otic S;trange l}ulark I"-I'IattnarI

7 8 9 10 11 12 13 14 15
Radius (km)

0.0
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“HEI/ITPOHHASI 3BE3JA C MACCOMN
h2. 01 MACCHI COJTHLIA N

PSR J0348+0432
39 mcek, 2.46 yaca - opbuTanbHbIN
KoMnaHboH — 6enbin Kapnnk

] ["

OueHka maccbl HEMTPOHHOW 3BE3AbI.
1.97 — 2.05 macc ConHua (68.27%)
1.90 — 2.18 macc ConHua (99.73%)

CucTtema ngeanbHa ansi npoBepokK
Teopumn rpaBuTauunmn, T.K.
OYeHb KOMMaKTHa.

Pulsar Mass (Mg)
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~ bYAYWMWE PEHTTEHOBCKME HABJIOAEHNA

o/
2.6
2#4
2.9
" 2.0
=
o 1.8
=
= 1.6

1.4

1.0

L2

Radius (km)

12

Bo3aMOXHO, 4TO Ha OyayLumnx
annaparax NICER n LOFT
MOXXHO OydeT O4eHb TOYHO
N3MEPATb Cpasy 1 Maccy,

N paguyc xots bbl ang
HebonbLUIOro Ymucrna 3sess.

[laHHble OCHOBaHbI B NepBYyO
ovyepenb Ha aHanuse
npodpunnsg nmnynbca.

Hapo Habnoaatb 3Be3abl ¢
KOPOTKUMMU Nepuoaa
HaKOMUTb OT |




© KBAPKOBbIE 3BE3 bl

: B otnnumne ot HEMTPOHHbLIX 3BE3[, 3.0 —— S
~/ KBapKOBbIE YOEPXUBAKOTCS HE rpaBuUTauUmnen, £ U 1606 . 248
a aaepHbIMU cunamn. HeT MMHMManbHOM Macchil. 25| 4

20l EXO 1745 - 248

=

.
e

AR,

o

Quark Star

Surface:
Hydrogen/Helium plasma
lron nuclei

Neutron Star
* 1.5k

MM,

4 U 1820 - 30
Outer Crust:
lons 1.0
Electron gas '

1E 12074 - 5209 —— B = 60 MeV/fm’

—--=- B = 75 MeVifm’

Inner Crust:
Heavy ions 0.5
Relativistic electron gas
Superfluid neutrons

B = 90 MaV/fm®

0.0

OQuter Core:
Neutrons, protons
Electrong, muons

Superconducting protons
Electrons, muons
Hyperons (X. A, =)
Deltas (A)

Boson (x, K) condensates
Deconfined (u,d,s) quarks / color-
superconducting quark matter




-/
CTPAHHOE BEWWLECTBO U CTPATIEJIbKWU @)

KBapkoBoe BeLLeCTBO — «CaMOg0CTaro4qHOy.
[Ana ero yCToM4MBOCTU HE HY)KHa rpaBmnTauus.
T.e., MOryT CyLLEeCTBOBaTb KaK CTpaHHble 3Be3bl,
Tak n ManeHbKne KOMOYKN, KanesbKu.,

CTpanenbku MoryT BCTpe4varbCs
B KOCMWUYECKNX JTyyax.

9T0 ByayT YacTuubl C

OonbLIOM Maccon, HO C 3apsiAoM
OTHOCUTENbHO HEDOSMbLLNM.
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CTPAHHAA KBAPKOBAA SINMUAEMUA

Ecnu B Hegpax kKoMNakTHbIX OOLEKTOB
€CTb KBapKOBOE BELLECTBO, TO Mnocne
CNUSHUI OHO ByaeT BblOpackIBaTbLCS.
[anee, cTpanenbku MoOryT rnornagartb
B Apyrme HeMTPOHHbIE 3Be3bl,
npesBpaLlasi X B KBApKOBbIE. ..

AMS Ha MKC
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~ OCTbIBAHVE HEMTPOHHbIX 3BE34,

9

Poxgaacb 04eHb ropsavynmm,
HENTPOHHbIE 3Be3bl OCTbIBAOT
CO BpeMeHeM B Hayane 3a CYyeTt
N3Ny4YyeHUd HeUTPUHO, a 3aTtem —
3a CYET M3Ny4YeHns POToOHOB
C NOBPEXHOCTMW. -

L] L TTTIIII LB Ll I ol enan g L

iy

Temnepartypa, K
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9
9, YACTNUBI BHYTPWU
10° pr—==spmm—p—r— 100 ¢ CyLLecTByET MHOXECTBO
gk T n . Mozene BHYTPEHHEro
j | i CTPOEHNSI KOMMNAKTHLIX 3BE3[.
- 2 Kaxkoon 13 HMX cooTBETCTBYET
9 10" b COBS1 3aB1CHMOCTb COAEPXKaHI
: E o F PasHbIX YacTuL, C rnyou
P A
L ar
g
o 2
& 10 E
5r
2 r A
10-3 { j 1N

6

Effective chiral model of Relativistic mea®field mbdel ,\_)

Hanauske et al. (2000) TM1 of Sugahara & Toki (1971)
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TEMJIONOTEPU

. POTOHLI C MOBEPXHOCTH




OCHOBHbIE HEUTPUHHBIE MPOLECCHI

i Model Process Qs. erg cm 3 g1
™M
§ Nucleon matter n — per pe — nv 10%6 — 3 x 107
; . Pion condensate N — Newz Ne— Nv 1023 — 1026
" Kaon condensate B — Bev Be — Bv 1023 — 10
Quark matter d— uev wue — dv 10% 45

- . 3 1
Process Q., erg cm™" 8

Modified Urca  nN — pNer pNe — nNv 1020 — 3 x 102!
Bremsstrahlung NN — NNvp 1019 — 1020

Qslow — QSTS, Qfast — QfT96
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> KPVBBIE OCTbIBAHMS

36 i 1 Ll 1 1 I 1 1 Ll ] I 1 1 1 1 I 1 1 1 ] I Ll Ll 1 L] I 1 1 1 ] I I Ll Ll 1 i TeopeTquCKMe KpMBbIe
i HeobxoaMMO COMOCTaBMATb
C AaHHbIMW HAbNOOEHUN.

i "% Light elements
35 ~».._envelopes

~Heavy elements
envelopes




»
C E

5.3

EX 1082243
1E 1207-52

RY JO0024+88

Veala

PSR 0858+14

FEH 10435—52
EX J1B36-3734

B HekoTopoM MHTepBarne BO3pacToB
N3MepeHne Temneparypsbl
MOXET AaTb BO3MOXHOCTb
OLIEHUTb BO3pacT 3Be3/bl.




HAI'PEB

?.0 L I I I L] ] 1 I L ] | I L ] L] I L] 1 L} I L] 1 n
i ) . magnetar - BoapacT no temneparype
I | a CCO . Henb3s OLUeHUTb, ecnu 'y
i —— NI HEeTPOHHOW 3Be3abl €CTb
. OOMOMNMHUTENbHbI NOOOrPEB.
|

Takon eCTb Yy MarHuTapos.
OH cBA3aH C 3aTyxaHMeM
9NEeKTPUYECKNX TOKOB,
TEKYLMX B KOpe 3TUX
HEeATPOHHbIX 3B€3M.

A
L L 1 I L | 1 I L 1 1 I 1 1 L I 1 1 L &

1 2 3 4 5
log ¢ (years)




KWHEMATUYECKUW BO3PACT

Ecnu mbl 3HaeMm, rge oobekThl poaunnncob,
TO NO NX COBPEMEHHOMY TMOJTOXKEHUKO U
CKOPOCTAM MOXHO onpeaesintb BoO3pacT.
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CKOPOCTWU

A
L
60 K
57 h
54 R
51 K = Binary
3 K = AXP

45 H = High Energy

Number of bins

Number

0.0 400.0 800.0 1200.0 16000 20000 2400.0 28000 32000 3600.0 4000.0

YTRANS

)
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ABUWXEHWUE MYJIbCAPOB

Motion of BO950408

[ p, = 29.48 = 007 /

! I T
09 + Q.08

o0,
xo= 382 + 007 |03

FZ2000.395
{2000.137

41999.858

41999373

+1938.874

1908331 8 1998.337

[Mynbcapbl UMeloT BonbLUMe CKOPOCTM.
OTO U3MEPSIOT MO UX CODCTBEHHOMY [ABWKEHMIO.

Radial

u \ velocity

" Proper

motion

=~ Transverse
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CKOPOCTU HEUTPOHHBbIX
3BE3 B TYMAHHOCTAX

L

—/

Takke MOXHO U3MePSATb
CKOPOCTU HENTPOHHbIX 3BE3/
No CBOMCTBaAM TYMaHHOCTH,
MO CMELLLEHMIO

OT LIeHTpa ocTaTtka

N NO PEHTreHOBCKNUM
HabNOEeHUAM.
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Galactic latitude [*]

0.005 001 0015 0.02 0.025 0.03 ! ] 0045
normalized SN rate [&7 2deg?/10 Myr]

salactic latitude [deq]
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TPAEKTOPUUN N MECTA POXAEHUA

PSR J1116-4122

]
on

HIP 13962

PSR J0826+2637

PSR J0953+0735

PSR J0742-2822

NP RX J0720-3125 |

! PSR J0630-2834%®

140 150

160 170 180
Galactic longitude [*]

190

200

280 260 240 220
Galactic longitude [deg]
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[MYJIbCAPbI B TAJIAKTUKE

] Pulsar [Mynbcapbl poXXaakTca B AUCKE.
- = S
/ — Galactic centre 5 R = A B OVCKE OHN KOHLIEHTPUPYIOTCS

K CnnparibHbIM BETBAM.

("\

mental/birthproperties




W NYNbCAPLI U3 LUCKA

[1NnSa OLEHKN KNHEMAaTNYEeCKoro
BO3pacTa 4YacTo yaobHo cymnTaTh,
4YTO Nynbcap poausics

B MMOCKOCTWN [@anakTuku.

]
i

T.0., 3Hass COBPEMEHHOE MO,
HEeMTPOHHOW 3BE3/bl,

N MECTO POXAEHMS
OMPEAEnnTH ¢

-




YWEALWWE BE3 LUYMA

HST/ACS HST/ACS HST/WFC3 ;
- 2005-11:12 .~ 2006-01:02 2013-02:07
— NGC3021-#1 NGC3021-#1 NGC3021-#1
. . . -
™ .: p 4 -_! ' *—t {. ".-p' & |
) " ¥ " J‘ "?' S ,'
-8 Gk | | ; ' .’y ' "

1507.05823

. q."‘_ & n *:..‘ . ! .,*'ﬂ
2" E \

ABTOpPbI UCKanu 1 HaLWM Criyyan, Korga MaccmBHasi 3Be3ga ucyesna, a HUKakou
CBEPXHOBOM HE ObINO BUAHO. OHM NCNOMb3YIOT apXuBHble AaHHble XabbrnoBCKOro
Teneckona And nouncka nc4esHysLwmnx (6e3 B3pbiBa) MacCUBHbIX 3Be3d. MccnegosaHo 15
ranaktTuk. BelgeneHo Heckonbko KaHaMaaroB. [leTtanbHbi aHanus3 nokasars, YTo 0gHO
CcobbITMEe OENCTBUTENBLHO OYEHDL MOXOXE HA MCHE3HOBEHME XKENTOro ceepxruraHTa (macca
okoso 25-30 macc CornHua) 6e3 B3pbiBa. OTO NMPUMEPHO TO, YTO U OXKMAANOCh, T.e., NyCTb U
Ha OYEeHb HU3KOW CTaTUCTUKE, HO NoATBEPXAAET uaek o "TUXOM Korarice" HEKOTOPbIX
MacCUBHbIX 3Be3[. XOTS B CTaTbe NpuBedeH NuLLb OOAWUH XOPOLUUIA KaHauaart, 40N Takux
COObITUN MOXET ObITb JOBONBHO OOMbBLLOW.

i~

N7

3Be3na
ncuyesna

6e3 B3pbiBa
CBEPXHOBOMW.



YTO TAKOE YEPHAA [ObIPA?

s pusuka

OO6nagaer onpeaeaeHHbIMU
BHYTPCHHUMH CBOMCTBAMHU

OO0beKT, 00MaAaroIUi TOPU3OHTOM.

st actpoHoma

OOnagaeTr onpeaeaeHHbIMU
BHCIITHUMH IIPOSIBJICHUSIMH

KoMnakTHOE (pa3Mep ropu3oHTa)
MAaCCHBHOE TEJ0, HE MPOSBIISIOLICE
PU3HAKOB HAJIMYMSI IOBEPXHOCTH,

Y YbU HEJpa HEAOCTYIHBI J1J1 HAOMIOIECHUM.



N

3 6CHOBHbIE TWUT1bl HEPHbIX AbIP: @
~  ABA PEAJIbHbIX U BA TUMNOTETUYECKUX

3Be3HbIe MACChI CBepxMacCuBHbIEC

lepsuynnie [TpoMesKyTOUHBIE

o
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YEPHBIE AbIPbl B IBOUHbIX CUCTEMAX

Cucrtema Jlebegb X-1 6bbina
BblaerieHa Kak kaHguaar

B ABONHYIO C YepHOMN OblpOoU
B Ha4vane 70-X IT.

«YepHaqa gbipa B UctodHuke Jlebeob X-1 —
9TO camMad KoHCcepBaTuBHasa runoresar
(3. Cannutep)

7



K\AH,D,VID,ATI:I B YEPHbIE [ blPbl @)

~
et
Black Hole Binaries in the Milky Way MoyeMy cunTaem ux kaHamaarammn?
FompameE - T * HET Nynbcauun

star O Sun Mercury
qeeretion ; 5 * OCOBEHHOCTN U3MYyYEHUS
black hole » TAXKESIbIE!

GRS 1915+105

XTE J1118+480 XTE J1859+226 s ()
.- - SAX T1819.3-2525
GRS 1009—45 GRS 1124-683

we .

- e
1< 200 o5 5—25
L J Tl
AQ0620-00 GRO J0422432 L X
417 1543-47

& @ ¥ @
GX 339-4 3 XTE J1550-564




L/ “  PEHTFEHOBCKME HOBBIE

9

9

Log Intensity (cts/s-cm2 )

P

|

X-ray Nova
GS 2000 + 25

IT03BOJIsA T

MaisiomaccruBHBIE
PEHTICHOBCKHUE JIBOMHBIE
C YEPHBIMU JIbIPAMHM.

Jlydiuve KaHIuaaThl.
B MUHUMyME MOXHO

YBUICTh BTOPHYHBIA
KOMITOHEHT, 94TO

)
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OCTb B CMNOKOUHOM
COCTOSAHUU
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JIBOMHbIE CUCTEMbI C AbIPAMW U BE3

- Y KkaHOugaToB B YepHbl€ Oblpbl HET 6apCTepr|x BCMbILLEK, XOTH, ecnun 6bl He BbINo rOPNU30HTA, TO
OHW OOMKHbI BbINM Obl ObITL B pAage norteHuunarbHbIX alilbTEPHATUBHbLIX Moaenemn.
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CAMAS NJOCTOBEPHAS U/, - SGR A*

(APOD

C BbICOKOM TOYHOCTHIO
Mbl 3HaeM ANHAMUKY BHYTPU
LeHTpanbHOW YrrioBON CeKyHAbl.

OueHka maccbl Y ~4 109 M,

Bbifio 66l 300POBO OTKPbLITH

paguonynbcap okono Sgr A*
Stellar Velocities in the SgrA+ Cluster, 2002,/2003



mailto:%20eckart%20at%20eckart.ph1.uni-koeln.de
mailto:%20genzel%20at%20mpe.mpg.de

... N OHA CTAHOBUTCA BCE BOJIEE
OJOCTOBEPHOW

1895.50 & HabntogeHnsa npogomKkatoTes,
W pacTeT YNCo 3Be3
C U3BECTHbIMW OpOMTaMMN.

KecklUCLA Gelaclic
Centar Group
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SGR A*

Cniyyan Sgr A* yHuKaneH.

brnarogapst npsasMbIM U3MEPEHUSIM
HECKOMMbKUX 3BE3AHbIX OpOUT

CTano BO3MOXHbIM TOMHO onpenennTb
Maccy LeHTparnbHOro obbekra.

Kpome Toro, ectb XXecTkuu npeaern
Ha pasMep LeHTpanbHOro o0bLEKTA,
YTO BaXKHO AnNd

obcyXOeHna anbTepHaTuB.

® 1996
& ~
a 1932 3se3ga SO-2 nmeet opbuTanbHbIN

nepuog 15.2 net n 60nbLIYHO NOYyOCh

npumepHo 0.005 nk.

0.2 0.0 -0.2
ARA from Sgr A* (arcsec)

e~ N’ _\,}\



HABJIIOAEHUNA HA CIYTHUKE INTEGRAL -

Cenyvac «Hawa» YepHas ablpa « MOMYUTY,
HO paHblLe 3TO ObINO HE TaKk.

Cuntaetcs, 4to npumepHo 350 net Ha3ag
Sgr A* Haxogunca B «BbICOKOM» COCTOSAHUMN.
Cenyac XecTkoe nanydeHume ot Sgr A*
nobpanocb Ao Sgr B2, KoTopbin BUAEH

3a cyeT dornyopecueHLUnH.

(PeBHuBLEB 1 Op.)

O6nacTtb ranakTM4yeckoro LeHTpa -
perynsipHo HabnroaaeTcs Ha

cnyTHukKe Integral. \4
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9 PEHTI'EHOBCKVIE BCIbIWKW SGR A*

& Sgr A* [EeMOHCTPUPYET PEHTIEHOBCKNE BCMbILLKM.

ECLUIR U R R A | ) A
BChbILUKY NPOVUCXOAST NPUMEPHO s DR :‘Jﬁé—ﬁ} z
pa3 B AeHb. [pn aTOM NOTOK =L L I |
BO3pacTaeT B HECKOMbKO pas, e o_:_ ' *}}I E
a VHoraa 1 cUnbHee. o [Pttty “1”‘%*"""‘1«’*"'“""'4"} P

0 2000 6000 B000 10000 umm 14000
OuyeHb ApKas BCrbILLKa s ‘i '”"?4:_‘: #iﬂ" 2
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OHa anunack 2700 cexkyHa,. 2 ﬁjﬁi , 2_51,, o fr :
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10500 11000 11500 12000 12500
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KAK YBUAETb OANHOYHYIO YEP
AblPY?

1. Akkpeums
2. MnkponuHanpoBaHue
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CKOpOCTI), Macca, paCCTOSHHUC

MWUKPOJIMH3UPOBAHWUE
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; MUKPOJIMH3NPOBAHVE U OAUHOYHBIE
o LlEPHbIE AblPbl

' 2 CobbiTie OGLE-1999-BUL-32
* ! .
é i|.| il !l.!i J, T = ¥
= .q_!, !:-i.; Al _g%{i :lii'é';'_;E gr - OyeHb AnuHHoe cobeliTne: 641 fHei.
ko I ' ELT - OueHka maccbl n1H3bl >4 M,

Difference flux

1000
JD 2450000




[MPOEKT MACHO ®)
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B LUEHTPAX F'AJIAKTUK....




HEMHOI'O UCTOPUMN ...

NcTopusa HaunHaetcsa B 60-e rr.,,
korga 6binn naeHTudnumpoBaHbl kBasapbl (LUmuaTt 1963).
HemeaneHHo 6bina BbiCcKasaHa rmnoresa

00 aKkKkpeumn BELWECTBA CBEPXMACCUBHLIMWN YEPHLIMU AblpaMW.
(Connutep, 3enbgosud, Hosukos, JInHaeH-benn)
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[Mo gaHHbIM YaHapbl U
Kocmuyeckoro Teneckona v
yaanocb ObHapyXuTb
CBEPXMaCCUBHYHO
YyepHyo abipy B M31

T M~(1-2) 10° Mgy
- Lx~ 10%spric




YEPHAA ObIPA B TYMAHHOCTW
AHAPOME/ZDI

B Tymannoctu AHapomensl,

KaK M B Halieu I ajakTuke,

€CTh CBEpXMACCHBHAsI YepHasl JbIpa.
[Ipuuem, B M31 oHa pa3 B 50 Tsxenee
- ee Macca 100-200 MUIMOHOB COJIHEYHBIX

Tak e, Kak 1 y Hac, 'MOHCTp CIUT'
CBETUMOCTbH COCTABJISICT

MUJUTAAPIHBIE IO OT before 2006
MPEACIILHOM, T.H. DIJIMHTTOHOBCKOM.

[IpaBna, y Hac apipa BpeMsi OT BpEMEHU
"BCxpamnbIBacT" BO CHE:

MPOUCXOMSIT BCIBIIIKH.

Tenepb U3MEHEHUSI aKTUBHOCTH JIBIPHI
OTKpbLIM 1 B M3 1.

since 20086
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OMNMPEAEJNTEHUE MACC
CBEPXMACCUBHbBIX HEPHbIX AblP

CoOTHOLLEHNE MEXOY Maccon YepHOU Aablpbl U Maccon tangxa
N3mepeHune opbut 3Be3g U MasepHbIX UCTOMHUKOB

KuHematunka rasa

[Mpodunnb 3Be34HON MNOTHOCTU

PeBepbepalnoHHoe KapTupoBaHue

KoHe4vHo, Bcerga MOXHO gaTb BEPXHUN
npegen Ha maccy, UCxoasa U3 Toro, YTo
CBETUMOCTb He NPEeBOCXoAUT
KPUTUYECKYIO (SA4NHITOHOBCKYHO).




MASEPDI

Habniogasa aBmxeHne ma3epHbIX MICTOYHUKOB
B ranaktnke NGC 4258, ctano BO3MOXHbIM
namepuTb maccy BHyTpu 0.2 nK.

[Tony4yeHo 3Ha4YyeHne

35-40 mmnnnunoHoB macc ConHua.

ITO Hanbonee ToYHbIN METOA.
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—~_ CLUEHAPUU OBPA3OBAHUA U

2BOJTIIOUMUN MACCUBHbBIX YEPHbBIX AbIP

Big Bang
. Direct Collapse . Death of Masswa

‘ Stars ‘

Track the growth of ‘ '
black holes and
halos

Most halos are seeded but
seeds are ~100 solar masses

200 Myr

500 Myr e . ‘

| Gyr Few halos are seeded, but seeds\

are ~10* solar masses

. Some black holes are
ejected by gravitational

wave radiation.
Black holes grow

3 Gyr via accretion and
merging.

6 Gyr
Today virtually all >10' solar mass - -
- . galaxies contain supermassive 5
13.6 Gyr - black holes ~90% of ~1 (" solar mass
~50% of ~10” so s galaxies contain ~10* solar

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




KPYIMHOMACLWUTABHAA CTPYKTYPA

£=28.62

(Kravtsov et al.)

CerogHsa ctaHOapTHOW
MoZernbio

SBMNSAETCH T.H.
uepapxu4yeckas.

UncneHHoe
MoaenMpoBaHne
aBonunmn
KpynHOMacLITabHOW
CTPYKTYpPbI N OTAENbHbIX
«CTPOUTENbHbIX BNOKOB»
OOCTUINO BbICOKOrO
YPOBHS.



KPYIMHOMACLUTABHAA CTPYKTYPA




POCT CKOIJTIEHUA TAJTAKTUK

B npouecce pocTta CTpyKTypbl NPOUCXOAAT
MHOFOYUCIIEHHbIE CITUAHUA « CTPOUTENBbHbIX OrTOKOBY.
Kaxxabln n3 6riokoB MOXET MMETb BHYTPU

YEepHYo AbIpY.

[Mocne cnusaHnsA YepHasa ablpa MeAsIEHHO ABUraeTcs
K LLlEHTPY HOBOW CTPYKTYPHbI.

(DOpMVIpOBaHI/Ie KPYMNHbIX rajriakTuk 3aKkaH4nBa€eTCA
Ha z~2, nocne 3Toro NPoOnCxXoanT TOJTbKO
nornowieHne HebonbLInX CMYyTHUKOB.




EANHAA MOZAEJIb
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- “Blazar"

\V ewing down the jet

>

'\ / “Quasar | Seyfert 1"
Viewng at an angle to the jet "
._ =l

‘Radio Galaxy / Seyfert 2"

Viewing at 0° from the jet

B pamkax eguHon mogenu
CBOMCTBA pa3sfN4YHbIX aKTUBHbIX ranakTuk

0ObACHAIOTCA CcBOMCTBaMU Topa
BOKPYI YEPHOW Ablpbl U €f0 OpUEHTALIMEN. I\
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[MPUJTUBHOE PA3PYLLUEHWUE 3BE3 /]
CBEPXMACCMBHbIMVl YEPHbIMU AbIPAMU
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L/ TAMMA-BCTIbILIKA SW 1644+57

9
Y

Sw1644+57/é>\ 108

blazar . ]

TDF W ~T T p :i :g B S bib. g : :
o 10-10 pFoFo VY S

- ” i:: il qE ”:- : ; .. ]

. g i i TR F ]

AGN

e
=& :-‘: ....
shocked, ~circularized '

accretion disk

R
1 I: 1"1r-'|.l--|. -I.-. T I N - 1-.| |
«10%  4x10% @6x10% Bx10°%
bound, Time since trigger
unshocked




U“ A N — 4
T OrPAHUYEHUA HA PASMEP SGR A* &

@) Ncnonb3ya VLBI, yoanocb NonyymT O4eHb XXeCTKOe OorpaHunveHune
Ha pasmMmep UcTodHMKa Sgr A*: 1 a.e.
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http://www.astro.ru.nl/~falcke/bh/

«TEHb» YEPHOW AbIPbl

Size of Black Hole Shadow

Hekotopble aetanu MOXXHO HanTu B e-npuHTe astro-ph/9912263
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EVENT HORIZON TELESCOPE

u . rf;" 2
http?/ /eventhb;iﬁntelescopeﬁq
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GW150914 13-50 NO
MOCKOBCKOMY BPEMEHW

LIGO Livingston Data LIGO Hanford Data
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http://www.ligo.org

OdmunansHoe obbsaenenne 11 pespansa 2016 roga.
3a 16 OHeN COBMECTHbLIX HabMaeHUN OBYX OETEKTOPOB
HageXHOo 0bHapyXeHO 04HO CODLITUM — CNINSAHME ,qsy»(qep@)( abip B >400 Mnk ot Hag.



< CJIMAHUE ABYX YEPHbIX AbIP
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0.1103/PhysRevlett.116.061102
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B TeueHne MHOrmx fneT HECKOMbKO rpymnm
y4YeHbIX 3aHMManucb pacyeTamm opm
OXMUAAEMbIX CUTHANOB OT CINUSIHWN
HEUTPOHHbIX 3BE3/ U YEePHbIX AbIp.

[1Ns1 HENTPOHHbIX 3BE€3[ 3TO CMNOXHO, T.K.
Mbl HEQOCTATO4YHO TOYHO 3HAeEM EOS.
[ns dyepHbix abip — notomy 4to OTO
NS10X0 noggaeTcs NPAMbIM YNCITIEHHbBIM
pacyeTam.

(4

Tem He meHee, yaanocb [oCTaTo
paccymTatb PopMbl cUrHal
KPUTUYHO AN Pacro:
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“NMAPAMETPbI NAPbI YEPHbIX .blP

Mo yacToTe n bopme curHana MOXHO AOCTaTodHO TOYHO onpenenuTb MHOrme napameTpbl.
Beicokasg macca 0gHO3Ha4YHO rOBOPUT O TOM, YTO 3TO HE MOTYT BblTb HEMTPOHHLIE 3BE3AbI.
OTHoweHne curHan/wym = 24

[locToBEpHOCTb AeTeKkTnpoBaHus >5.1 curma.
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Primary black hole mass 3617M
Secondary black hole mass 29 M,

" Final black hole mass 6214M,

SRevLett.116.061102

Final black hole spin 0.6719:03
Luminosity distance 410119 Mpc
Source redshift z ﬂﬂgw:m




CBETUMOCTDb W
JHEPIOBbIAEJTEHUE

[MpumepHOo Tpy macckl ConHua nepeLusio B 3HEPImo rpaBUTALMOHHbLIX BOJH.
MakcumanbHasa cBeTuMocTb gocTturna 3.6x10%6 apr/c, 1.e. 1023 cBetumocTen ConHua.

www.ligo.caltech.edu
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b MOLWHOCTDb

Nt 100 000 000 000 000 000 000 000 ceetumocTen ConHua.

Yucno Bonoc Ha rorose 100 000

Yucno nopgen Ha 3emne 10 000 000 000

Yucno 3Be3n B [anaktuke 100 000 000 000

Yucno ranaktuk B Bngumon vact scenenHHon 100 000 000 000
Yucno 3se3n Bo BcenenHHomn 100 000 000 000 000 000 000 000
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AUNCKWU BOKPYT YEPHbIX AbIP:
B3rNA4 CO CTOPOHbI

a=0.998M

.

[NCKN «n3 BECKOHEYHOCTUNY .
CneBa: HeBpawatowasaca Y/,
CnipaBa: BpaLlatouascs.

http://web.pd.astro.it/calvani/



ANCKU U3 <UHTEPCTEJUJ1APA»

1502.03808
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_~ NPABUNbHbLIK AUCK U NTUHUA XENE3A
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. - . , . - [aHHble XMM-Newton

To, YTO NNHUSA TAHETCS
BMMOTb 40 SHEPrnu
MeHee 4 kaB, roBoput
O TOM, 4YTO Ablpa
ObICTPO BpaLlaeTcs e
(Torga OMCK MOXeT
noaxoanTk Grivxe
FOPU3OHTY).
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