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HEOBbIMHbIE KOMITAKTHbIE 3BE3/bl

N3mepeHna tTemnepatyp, Macc U paguycos
ONs NCTOYHUKOB B OBOWHbIX CUCTEMax
NO3BONWJIO HAAEXHO O0Ka3aThb CyLleCTBOBaHWE
MaCCUBHbIX KOMMAaKTHbIX OObEKTOB

C OTHOCUTENbHO BbICOKOU TemMnepaTypoul.

[1pn Macce nopsiaka conHeYHoum
OHW MMEKT Maccy nopsaaka 3eMHOWN.

[Ona o6bsacHeHna npnpodbl 3TUX O6LEKTOB
noHagoOumnacb KBaHTOBas MEXaHMUKa.
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(Roepke et al.)

B3PbIB SN IA

[10CTUrHYB KPUTUYECKOU MaccChl,
Oenbie Kaprmku B3pbiBalOTCS
(TepmogaaepHoe ropeHne yrnepoga n Kkucnopoaa).

OTO TEPMOSIAEPHbIN B3PbIB,
NOSIHOCTbIO pas3pyLualoLLni OOBLEKT.

HabntogeHns UMeHHO Taknx CBEPXHOBBLIX
NPUBENW K OTKPbITUIO TEMHOW 3HEPTUN.

OHM TaKkKe O4YeHb BaXKHbI A5
CNHTE3a MHOIMNX TAXErIbIX 3JIEMEHTOB.



_ - B3PbIB.CBEPXHOBOW TUMA IA

Thermonuclear Supernova
Explosion

model f1

B3pbIB nponcxoguT, ecnv B 6enom Kapnuke
HayMHaeTCsa HeyCToN4YMBOE TepPMOALEPHOE
ropeHue yrrnepoaa.

Macca 6enoro kapnvka MOXeT JOCTUYb
npenena unn B pesynsrate akkpeuuu,
UNW B pe3ynbTaTe CNUsHUS ABYX KaprnKoB.



CBEPXHOBAS IA B
-~ BJIU3KOV TAJIAKTUKE




> CBEPXHOBbIE

Kn3Hb maccnBHOM 3Be30bl 3aKaHYMBAETCH e’
KonoccarnbHbIM B3pPbIBOM — CBEPXHOBOMW.
Takxke B3pbIBaTbCA MOLYT Bernble Kapnuku,
€CIIN OHM CTal CJIMLLKOM THXErbIMU.

Ha kopoTkoe Bpem4 3BW8HOBI/ITCFI

sgpye uernoun ranakTukum!

!
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244 3ms

(Buras, Janka et al.)
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B3PblB CBEPXHOBOW

Pac4yeTbl B3pblBOB CBEPXHOBbLIX MOXHO
CMESO OTHECTU K YNCNY CaMbIX CNOXHbIX
3apad

* TEPpMOSiAEPHbIE peakumn

* MarHUTHbIE NONS

* rMapogMHamMuka

* HEUTPUHO

* 3PP EKTLI TEOPUN OTHOCHUT.
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‘\j/'l’l//ITAHfB CBEPXHOBOW 1987A

L

HabnioageHunsa Ha cnyTtHuke INTEGRAL
NO3BO/INAN OOHAPYXWUTb U3/Ty4YeHne oT
pacnaga TutaHa-44 B ocTaTke
cBepxHoBou 1987A.

PSR BO540-69

+ SHR 198TA

48-65 keV

PSR BO540-69

-
SHR 1987A

AMeHHO pacnap,
TUTaHa-44 oTBevaeT
3a CBeyeHue ocTaTka
N Ha onpenesneHHOM
3Tane 3BOJIOUNUN,

PSR BO540-69

' +  SNR188TA

82-89 keV




MPOIPECC B M3YHEHNI CBEPXHOBbIX
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Teopusa

* bonee MoLlHbIe

KOMIMbKOTEPDbI
NO3BOJIAT CHUTATb
B AeTaldx

* YyeT MHOrmx

adodpekToB cpasy

%

HabnopoeHus

* HabnogeHns HeUTPUHO
* HabnogeHnsa o4eHb

PaHHUX CTaaui BCMbILLIKM
cpasy B HECKONbKUX
[vanasoHax crnekTpa



‘\I:IAI(OHEL—I;—TO CBEPXHOBAA
v ~B3OPBAJIACb B KOMIMbKOTEPE!

-200 —100

YyeT acpdektToB OTO rno3Bonus
MNO/lYyYNTb B3PblB CBEPXHOBOW
B paMKaX HOBbIX IBYMEPHbIX pacyeToB.

Ho B TpexMepHbIX pacyeTax
He BCe TaK XOpOLLO.
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Isosurfaces:
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Colors:
Radial Velocity
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Isosurfaces:
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CTPAHHbIE KBAPKU U CBEPXHOBDIE

Isosurfaces:
Entropy/Nucleon
Colors:
Radial Velocity
1e9 cm/s
0.6
- 0.0

Isosurfaces:
Entropy/Nucleon
Colors:

Radial Velocity
le9 cm/s

SOV
Entroj

Colors:

Radial Velocity
le? cm/s

Isosurfaces:
Entropy/Nucleon

Colors:
Radial Velocity
1e9 cm/s

Isosurfaces:
Entropy/Nucleon

Colors:
Radial Velocity
le9 cm/s

le% cm/s

ABTOpPbI A06aBUM B pacyeThl
MPOLIECChI C y4acTUem
CTpaHHbIX KBapPKOB.

OTO NOMOTr0 B30opBaTh 3Be34y
c maccon 20 COSTHEYHbIX
B TpexmepHoMm (!) pacyerte.

~—
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< HEUTPOHHbIE 3BE3 bl -
5 JKCTPEMAJIbHbBIE UCTOYHUKWA ~

» CBEpPXCUSIbHbIE MarHUTHbIE Nonsa (bonbLle LWBUHIEPOBCKOrO)
« CunbHas rpaButaums (pagunyc nopsaka 3-4 weapuLwmnib40OBCKUX)
« CBEpXNSIOTHOE BELWECTBO (B LEHTPE MITOTHOCTbL BhiLLE S0EPHON)

Beam of
radiation

MEUTRON S5TAR Cross-SecTion

Degenerafe
Electrans,

Mleutron
Superfluid

Density q/'ﬂ,

tm*  xin%

INMER CORE 1km
Pion [ondensate, Quarks

Mewfron
Drip

Atmosphere

Outer crust

Magnetic
axis

Inner crust

Onter core

HNeutron Superfhud

- > | Magnetic
The Inner Structure of Neutron Star NG field
INNER CRUST y o lines

radiation
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[MPEACKA3AHUE ...

HenTpoHHbIe 3Be3abl ObINKn Npeackasanbl B 30-e T,

N.0. Nanpay: 3Be3ga-agpo

baage v LIBUKKU: HENTPOHHbLIE 3BE3bl N CBEPXHOBbLIE

ictopusa npenckasaHus
XOpOLLO onncaHa B cTaTbe

Axoenes n gp. 2013
http://ufn.ru/ru/articles/2013/3/f/




POXAEHWUE

KpaboBuaHas TYMaHHOCTb — NIIEPUOH.
BHYTpM HaxoouTcsa oaMH U3 caMblX
N3BECTHbIX PaauonyrnbCapoB.

HenTpoHHbIe 3BE3abI POXAAIOTCS
B pe3yrnbraTte B3pbiBa a4pa
MaCcCUBHOM 3Be30bl B KOHLE ee
3BOMNOLUN.

OTO Ha3blBalOT CBEPXHOBOMW.

Ha mecTe B3pbiBa OCTaeTcs
KOMMNaKTHbIM O0OBEKT — Hanpumenp,
HEWUTPOHHaaA 3Be34a U T.H.
OCTaTOK B3pblBa CBEPXHOBOU —
pacLumparoLwanca TYMaHHOCTb.
BHYyTpU TYyMaHHOCTU MOXeET
CyLLecTBOBaTb MNEPUOH.

OTa YyacTb TYMaHHOCTM BMOHA
N3-3a HaKaykn aHeprum
HEUTPOHHOW 3Be340M

""\/ \_/ k\.}



CTAPbIN 300MAPK
HEMTPOHHbIX 3BE3/L

B 60-e rr. 6b1M OTKPLITbI NEPBblE PEHTIEHOBCKME UCTOYHUKM.

310 ObINM H3 B TeCHbIX ABOUHbLIX cuctemax, HO ...
.... X «He y3Hanmy....

Cenvac n3BeCcTHbl COTHMU
PEHTrEHOBCKUX OBOWHbIX

C HEUTPOHHbIMU 3BE3OaAMU

B HaLLen 1 Apyrnx ranaktukax.
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UHURU

CnyTHUK 3anyuweH 12 gekabps 1970 r.
3akoH4ymn paboty B mapte 1973 T.

[pyroe Ha3BaHue SAS-1
2-20 kaoB

[MepBbi NONHbLIN 0630p Heba.
339 NCTOYHMKA.
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3 AKKPELLMA B TECHbIX ABOUHbIX

AKKpeuuna — caMbli MOLLHbLIN
NCTOYHUK SHEPIN B MUPE
N3 Tex, YTO MOryT AaBaTb
BonbLUOW BbIXOL SHEPTUN.

[pn nageHun BellecTBa
Ha HEUTPOHHYIO 3Be3ay
Bblaensaetca Ao 10% ot mc?




TECHBIE IBOMHBIE CUCTEMbI

Okono %2 maccuBHbIX 3Be3/,
BXOOWUT B JBOWHbIE CUCTEMBI.

Cenyac B TECHbIX ABOMNHbIX
cucTemMax U3BeCTHbl MHOTMe
COTHM HEWTPOHHbIX 3BE3M.




OTKPbITUE !t

1967: [xocenuH benn. Paguonynbcapebi. . | o

CepeHaunmnyeckoe oTKpbITUE.
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MYJIbCAP B
KPABOBUAHOM TYMAHHOCTWU
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ANATPAMMA MEPUOJ, - MPOU3BOAHASA NMEPUOAA
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Mynbcapbl
MarHuTapel
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Mepnop, cek

Ha anarpamme npeacrtaBneHsbl
TONbKO NPsIMO HabnogaeMble
BEIMYUNHBI, KOTOPbIE NErKo U
O4Y€Hb TOYHO U3MEPSIOTCH.



B ~ 3.2 x 10* (PdP/dt)** C.

(.01

0.1
Paricd (a)

1




J MAIMTHAATHOE NOJIE N BPALLEHWE ®

St

XapaKkTepuctnyeckum
BO3pact.

[Mpeanonaragq, 4Yto
HayanbHbLIM Nepuoa
BpalleHns nynbcapa marl,
a NHOEKC TOPMOXEHUS

N paBeH 3 (KaK B
MarnTo-AunonbHOW
doopmyrne), Mbl MOXEM

NoJNTy4YnTb OLUEHKY }
BO3pacTa.

"@® )
B \
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HOBbIV 300MAPK HEMTPOHHbIX 3BE3Z,

B nocnegHue 15 net ctano AcHo,
YTO HEUTPOHHLIE 3BE34bl MOTYT
pOXOaTbCA OYEHb Pa3HbLIMMU,
COBCEM HEMOXOXXMMU Ha OBbIYHbIE
pagvonynbcapbl Tuna Kpaba.

0 KoMnakTHble pEHTrEeHOBCKME
NCTOYHUKN B OCTaTKax CBEPXHOBbIX

0 AHOMarbHble PEHTIEHOB. Nynbcapsbl

0 ICTOYHUKN MATKMX NOBTOPSAIOLLNXCS
raMmmMa-BCl/iECKOB

o BenukonenHasa cemepka

0 [aMmMa NCTOYHUKN

0 TpaH3MeHTHble PaAUOUCTOYHUKMN. ..




— MATHUTAPDI

'
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HenTpoHHbIe 3Be3abl, Ybsl aKTUBHOCTb
B OCHOBHOM CBsi3aHa C BblaeneHnem
9HEPrnm MarHUTHOrO NONS.

OObI4YHO NONA O4eHb BENUKMN.

OCHOBHbIMW KaHOWAATaMU B MarHnTapbl
ABITAKOTCA aHOMaJllbHbl€E PEHTIEHOBCKNE
nynbcapbl N NCTOYHUKU MATKNX
NOBTOPAOLLNXCA NAMMa-BCI1J1€CKOB.

MarHuTtHble nona 104-10%° ¢

PacxonyeTc;l SHEPIrna MarHMTHOINO NOoJis.

u-\/ u

NHoraa — nocteneHHo, nHorga — B BUAE BCbILLEK.




LLERTPAJIbHbIE KOMITAKTHBIE OB bEKTbI
B OCTATKAX CBEPXHOBbIX
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9 PACLULMNPEHUE OCTATKA
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s I ~~~~~~~ MocTpoeHbl Mogenu Ans
pacLlMpeHNs OCTaTKOB
B pa3HoOu cpeae.

1. CBoGOAHbIN pa3neT r~to
2. HarpebaHue Belle
3. TopmoxeHve
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K;,/ CMELWEHUE HENTPOHHOW 3BE3/bl

Ecnv MoXHO onpeaennTb MECTO B3pbIBa,

TO MOXHO: |
- UNW, 3Hasi BO3PACT, OnNpeaenunTb CKOpocTb,
- UMK, 3Hasl CKOPOCTb, ONpeaenuTb BC 1o



\/ NCTOYHUK SHEPTMN HEUTPOHHbIX 3BE3

X-Ray Beam

« BpaleHune
* AKKpeuus <,:*

magnetic axis

=

/.

/ Neutron Star
7

“™_— outer

\ acceleration
1 gap

¢ 3aTyxaHue TOKOB -
(MarHuTHoe norne) ‘
 Tennosas aHeprugd

ry =

‘radio beam

rotation axis

. inner
i acceleration
1 gap

open
' field lines :
; Closed !
field lines :light
rcylinder
T\\/\’

NEUTRON STAR ILLUSTRATION



i YEM BAXHbl
J \/
N
ol e - NHCTpyMeHTbI Ana oU3NKOB 1N acTPOPU3NKOB
10751 - pagvonyrbcapbl — TECTbl TEOPUM FpaBUTaLnn

- peructpaunsi rpaBUuTaLUOHHbLIX BOSTH
- TOYHOE BpeMH
» Teopua noeBegeHUs BeLWECTBa NPU BbICOKOM MIIOTHOCTU —
e KBAaHTOBasa XpoMoAuHaMuka
* [lpouecchbl B CUITbBHOM MarHUTHOM Morse

Over the Horizon

10-55 = // / / 2 -
A 4 Neutron Superfluid +

105014 [/ DarkEnergy Proton Superconductor i
10" 107 10° 10 B Neutron Vortex [

e=GM/rc?
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u ~_ OPUEHTALMSA CNYTHUKOB
' NO PEHTTEHOBCKUM MYJILCAPAM

_ Solar System Barycenter




BHYTPEHHEE CTPOEHUE

BHelwwHsAsa Kopa

BHyTpeHHsAsA

43x10"rcm? —p O6oratieHHble Kopa CBepxTeKkyuune
HeUTpoHamu sgpa HEUTPOHbI

20x10"rcem? —p
CBepxTeKyyue NpoToHbl

HewTpoHbI

OneKTPOHbI
1 MIOOHbI

1.28x 10" rcm —>




— MHOXECTBO BAPMAHTOB 1 CJIOEB

A NEUTRON STAR: SURFACE and INTERIOR

‘Swiss ‘Spaghetti’
A 5 e ~
CORE: « “ 1l 00 000 o oAl

Homogeneous i 1 o 0 o 0 90 o o
Matter & | ‘ Neutron
> i |1 YA & Superfluid

~——— ATMOSPHERE
ENVELOPE
CRUST
OUTER CORE
INNER CORE

S Polar cap

Cone of open
p.  magnetic
i field
lines

—“'
- ( - Neutron Superfluid .

Neutron Superfluid +

7¢ Neutron Vortex  Proton Superconductor

Neutron Vortex
Magnetic Flux Tube

B 3aBucumocTun oT mogenu

0ObEKTbI, KOTOPbIE Mbl HA3bIBAEM
HENTPOHHbLIMW 3BE34aMW,

MOryT MUMETb OYE€Hb Pa3HOe CTPOEHME

® Up Quark
@ Dovin Guaik Neutron Star Strange Quark Star
® Strange Quark




N/
-~ 3ATAAKA HEUTPOHHbIX 3BE34

~
~/ B HegpaX — O4eHb NJI0THOE BEeLWECTBO.
Mbl NfI0X0 NOHMMaEM, Kak BedeT cebs BeELLECTBO MNMpH Takou NMOTHOCTMN.
quark-hybrid traditional neutron star

star ¥
* OObIYHbIE HEUTPOHHbLIE

3Be3bl
* [IMOHHbIN KOHOEHCcAT
neutron star with .
pion condensate ~ * KQOHHbBIN KOHOEHcaT
» CTpaHHble 3Be3bl
* [MNepoHHbIe 3Be3bI

hyperon
sxar

= * [MbpuaHble 38e3abl
strange
quark CFL 106 g/em 3
matter 2SC 11 3
(u.d,s quarks) 10 " glem
1014 glem 3

-=__ Hydrogen/He
atmosphere

strange star
nucleon star
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ACTPOPUNSUNYECKUE
U3MEPEHUA

B ABoMHbIX, 0COBEHHO C paguonynbcapamu.
Macca I
B Oyaywem — 1 No NMH3NPOBaHMIO.

Paauyc ||]E> Y O0ANHOYHbIX OCTbIIVBalOLLI,I/IX H31

y bapcTepoB B ABOWHbIX, Y ABOWHbIX ¢ QPO.
KpacHoe ||]E> Mo HabnoaeHsM cnekTpanbHbIX MHWNA
cmeweHue (M/R)
TemnepaTtypa ||]E> OanHOYHbIE ocThiBaoLWwme H3 n

HEKOTOpble ABOWHbIE (MPOrpeB KOpPbI)

MoMEeHT MHepLuum |u[> Mo paavonynbcapam (B GyayLiem)

B cuctemax n3 aByx HEMTPOHHbIX 3BE3[,

paBuTaumMoHHas ]E>
ecrnn dyayT xopoLwune gaHHbIe Mo 3Be3aam.

n 6apuoHHaA Mmacchb

lNpepenbHoe BpaLl. ||]E> MunnucekyHaHble nyrnbcapsbl

J \J ()



OEPEKT MACC @)

BaprnoHHas macca 6onblue rpaBUTaunMOHHOMN.
[Mpn Konnance agpa YacTb ero Macchl
npeBpaLlaeTca B aHepruto: E=mc?

1 BbICBEUMBAETCH.

[Toxoxe Ha 3HEepPruo CBA3M aTOMHOIo siapa.

~

BLUMWCHA KOMMAaKTHbIN OObeKT
Hyl0 Maccy

OHEON

Al
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~ 3ABUCUMOCTb MACCA-PAANYC
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R [km]

IpeHe6pernu BpaLleHmem

e

| OCHOBHbI€e YepThbl

1 » MakcumanbHasa macca
] * Pa3Hble cemencTBa

(kBapKOBble N afpPOHHLIE)

1 « XecTkue n markme EoS
1 » Hebonbluas pasHuuya

Npy peanuCcTUYHbIX NapameTpax
« CMsAryeHve ypaBHEHUs COCTOSAHUSA
Mpo pocTe Macchl

Haengel, 2dunik
astro- 10549
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MACCA-PALMNYC ®)
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NBOWHbLIE MYJTIbCAPSHI )

ﬂ. 1
d EE' Z 2 F — constant .

3

Ago = — log (1 + cos 8),

HabntogeHnsa BOMHbIX pap,monynbca
NO3BONSAIOT ONPEAEnATh Macchl Hev
3Be3[ C 0YEeHb BbICOKOMN TOYHOC "
bnarogaps Ha6mo,u,eH|/| 0
Obuwem Teopvm o 10
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SAOEPXKA WATTUPO

AS=_2rlog(l_scos[zﬂ_(¢_¢0)]) ES REE i T 1 l 'T—T_TT_F—1 O A =
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OneKkTpoMarHMTHbIM BonHam TpebyeTca Gonblue BpeMeHH,
4yToObl 4OCTUYL HabNogaTens, ecnu NPOCTPaHCTBO
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NCKPUBIEHO.
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Companion mass (Mg)

Pulsar mass (Mg)

N3IMEPEHNA MACCHI O

HabntooeHne cpasy
HeCKOomnbKnx adpdekToB
NO3BOMNSET N3MEPUTL
Maccbl 0beunx 3Be3q C
O4YEeHb BbICOKOWN TOYHOCTbIO.
Nuorpa go 0.001 maccel ConHua.




<~ IBOWHOW PSR J0737-3039

A orbit
B orbit
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~ MACCA PSR J0737-3039

0 0.5 1 1.5 2
Mass A (Mg, )
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MOYEMY BAXHO UCKATb el
~“ MACCWBHbIE HEVITPOHHbIE 3BE3/IbI?
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ity Density

Uem 6ornbLue Macca — TEM CUSTbHEE CXaTo
5L 19093 3 |{ BellecTBO B Hegpax HENTPOHHOW 3Be3Abl.

GST —_—
Double NS Systems ——

Mass (solar)

MbI NNoXxo 3HaeMm, Kak BeaeTt
cebs BeLLeCcTBO Npu '
nnotHoctn B 10-20 Pas
Bbillle SiAepHOn.
CKOJ'IbKO BblOEPX
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Nucleunls Nucleons+Exotic Sltrange Qulark Matter
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“HEI/ITPOHHASI 3BE3A C MACCON
2. 01 MACChHI COJIHLIA it

PSR J0348+0432
39 mcek, 2.46 Yaca - opouTanbHbIn
KomnaHboH — 6enbin Kapnuk

. C‘

OueHka maccbl HEUTPOHHOW 3BE3abl:
1.97 — 2.05 macc ConHua (68.27%)
1.90 — 2.18 macc ConHua (99.73%)

CucTtema ngeansHa ansi NpoBepokK
Teopun rpaBnTaummn, T.K.
OYeHb KOMMNaKTHa.

Pulsar Mass (Mg)
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~ BYAYLWMWE PEHTTEHOBCKUE HABJIIOAEHUSA
e’
2 GF 1 — Bo3MOXHO, 4TO Ha Byayuimx
annapatax NICER n LOFT
2.4 - MOXXHO OyOeT O4YeHb TOYHO
N3MepsTb Cpasy U Maccy,
2.2 1 N paguyc xoTs 6bl Ans
) 2.0k | HeDomnbLIOro Ymncna 3se3n.
%* 1.8F - [laHHble OCHOBaHbI B NepBylo
@ oyepeab Ha aHanuae
= 1.6 - npodomna umnynbsca.
L4r 7 Hapno Ha6niogaTh 38e3abl ¢
Lok _ KOPOTKMMM Nepuoaal
4 HaKOMUTb OT
1.0 pOTOH

12

Radius (km)



o KBAPKOBbIE 3BE3 /bl

: B oTnnymne ot HEMTPOHHbLIX 3BE3[, 3.0 —— — 1
~/ KBApKOBbIE YOEPXNBAKTCA He rpaBUTaumen, £ U 1608 - 248
a agepHbIMU cunamm. HeT MMHMMaribHOM Macchl. 25 ¢ .

opl EXO 1745 - 248

T ]
Il e

Quark Star Neutron Star

O, el e e
e,
T

Surface:
Hydrogen/Helium plasma
lron nuclei

1.5}

MM,

411820 -

Outer Crust:
lons 1.0
Electron gas '

1 E 1207 .4 - 5209 —— B = 80 MeV/fm’
- B =75 MeVifm’

----- B = 90 MeV/fm"

Inner Crust:
Heavy ions 0.5k
Relativistic electron gas
Superfluid neutrons

Outer Core:
Neutrons, protons
Electrons, muons

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

Boson (x, K) condensates
Deconfined (u,d,s) quarks / color-
superconducting quark matter
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CTPAHHOE BEWECTBO U CTPAIEJIBKWU @)

KBapkoBO€e BeLleCTBO — «CaMOLOCTaTOYHOY.

[na ero ycton4nBOCTU HE HY)XXHa rpaButaums.
T.e., MOryT cyLLleCcTBOBaTb KaK CTpaHHble 3Be3/bl,
Tak u ManeHbKne KOMOYKU, KanenbKu.

CTpanenbkn MoryT BCTpedaTbCs
B KOCMUYECKMX fyYax.

970 ByayT YacTuubl C

BGonbLon Maccon, HO C 3apsaoMm
OTHOCUTENBbHO HEBONbLUUM.




~——
CTPAHHAA KBAPKOBAA SINMUAEMUA

Ecnun B Hegpax KOMMaKTHbIX OObEKTOB
eCTb KBapKOBOE BeLLEeCTBO, TO Mnocrie
CNUsIHU OHO OyaeT BbibpacbiBaTLCS.
[anee, cTpanenbku MoryT nonagartb
B OpYyrne HeUTPOHHbIE 3BE3bl,
npesBpaLlas nx B KBApKOBbIE. ..

AMS Ha MKC
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- OCTbIBAHUE HEMTPOHHbIX 3BE3/,

9

Temnepartypa, K

L

TU'III] L} L] L LAY UEE B LI | L)

100 000
Bo3spacT, roas!

N—
@

Poxgaacb 04eHb ropayummu,
HENTPOHHbIE 3Be3bl OCTbIBAIOT
CO BpeMeHeM B Hayane 3a cyet
N3Ny4YeHns HeUTPUHO, a 3aTeM —
3a CYET U3My4YeHUss POTOHOB
C NMOBPEXHOCTW. 2
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Effective chiral model of Relativistic mea®ield mbdel L)

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

. DOTOHbI C MOBEPXHOCTH




OCHOBHbIE HEMTPUHHbBIE NPOLIECCHI

ik Model Process Qf, erg cm™> 571
™
§ Nucleon matter n — per pe — nv 10%6 — 3 x 10%7
: . Pion condensate N — Nez Ne— Nv 1023 — 1026
" Kaon condensate B — Bev Be — By 1023 — 10%
Quark matter d— uev wue — dv 1023 — 10%4

- . 3 1
Process Q., erg cm™" 8

Modified Urca nlN — pNer pNe — nNv 1020 — 3 x 10
Bremsstrahlung NN — NNvp 1019 — 1020

Qtast = QiTy

Qslow — QSTS? s
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KPUBBLIE OCTbIBAHUA @
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% TEMMNEPATYPA U BO3PACT
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B HekoTOpOM MHTEepBare BO3pacToB
n3mepeHne Temneparypsbl
MOXET AaTb BO3MOXHOCTb
OLUEHUTb BO3pacT 3Be3Apbl.
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PSE 06858+14

PEH 10535—352
REX J1B5E6—37a4
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i + Calvera - HEemnb3s OLEHUTb, €CNn Y
6.5 - ’ = J1046  _ HEeWTPOHHOW 3Be3Mbl eCTb

[OMNOMHUTENbHbIN NOAOrPEB.

Takon eCTb Yy MarHMTapos. ,
OH CBfi3aH C 3aTyxaHuem
ANEeKTPUYECKNX TOKOB,
TEeKyLLMX B KOpe 3TUX
HEeATPOHHbIX 3B€
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~ KUHEMATUYECKMI BO3PACT

Ecnn mbl 3Haewm,

roe o0beKTbl pOaUIUCH,

TO NO X COBPEMEHHOMY MONOXEHNIO
N CKOPOCTAM

MO>XHO ONnpeaenuTb BO3PacT.




CKOPOCTH

Number
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J ~  OBUXEHUE NYNbCAPOB
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Motion of BO950+08
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/ ”\ velocity
" Proper

[Mynbcapbl MEOT BonbLUNE CKOPOCTMN.
OTO N3mMepsT NO NX COBCTBEHHOMY OBUXKEHMIO.

Radial
velocity

Space |
velocity |

d . . Transverse

motion



~  CKOPOCTWU HEMTPOHHBIX
3BE3Z] B TYMAHHOCTSAX )

Takke MOXHO N3MepPSATb
CKOPOCTWN HENTPOHHbLIX 3BE3[,
No CBOMCTBaAM TYMaHHOCTM,
No CMELLEHUNIO

OT LeHTpa ocTaTka

N NO PEHTTEHOBCKNUM
HabnOEeHNAM.

guitar/

o
-
®

=
(7))

l
~~
)
©
Q
(D)
(e
S
O

‘1




N~
| (
\_Q/ TPAEKTOPUM U MECTA POXAEHUS
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MYJIbCAPbI B TAJIAKTUKE ®)

Pulsar
1 g Sun
Galactic centre
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2 = 0.5 - Mynbcapbl poXXaatTcsa B AUCKE.
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o MYNbCAPbI U3 AUCKA

[N ouEeHKN KNHEMaTUYECKOro
BO3pacTa 4YacTo ygobHo cumnTaTb,
YTO Nynbcap pPoauscs

B NNOCKOCTU [[anakTUKW.

.
£ Ll
i

T.0., 3Has coBpeMeHHoe Mno.
HEUTPOHHOW 3Be3apbl, |

N MECTO POXOEHUS
onpeaenuTb '
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YWEAWWE BE3 LUYMA

HST/ACS HST/ACS HST/WFC3 "
- 2005-11:12 . 2006-01:02 2013-02;07
. NGC3021-#1 NGC3021-#1 NGC3021-#1
' . . : Y 3Be3na
-y LS | f8 s " Jcyesna
o '_':’“ ‘ 7 w‘“ﬂ- * 6e3 B3pbiBa
g ‘y . .'-N ‘y G d ' g - * B cBepxHOBOW.
B e * ‘ s P’ : . 'ﬁ'- o
2 2" E

ABTOPbI UCKanNu 1 HaLUM cryyaun, Korga MaccuBHas 3Be3ga ncyesna, a HUKakou
CBEPXHOBOM HE ObIN10 BUAHO. OHM UCMOSb3YIT apXmMBHble JaHHble XabbnoBCKOro
Tereckona ans noucka nc4esHysLimnx (6e3 B3pbiBa) MaccuBHbIX 3Be34. iccnenosaHo 15
ranaktuk. BelgeneHo Heckonbko KaHanaaToB. [eTanbHblM aHanmMa nokasan, Yto ogHo
coDObITNE OEUCTBUTENBHO OYEHD MOXOXE Ha MCHE3HOBEHWE XENTOro ceBepxruraHTa (Macca
okono 25-30 macc ConHua) 6e3 B3pbiBa. OTO NPMMEPHO TO, YTO U OXMOAroCh, T.e., NYCTb U
Ha OY€Hb HMU3KOW CTaTUCTUKE, HO NOATBEPXKAAET UAer O "TUXOM Kosifance" HEKOTOPbIX
MacCUBHbIX 3BE3. XOTH B CTaTbe NPUBEAEH NULLb OAUH XOPOLUUIA KaHAWAAT, A0Ns Taknx
cobbITMI MOXKET ObITb 4OBOMBbHO OOMbLLOMN.
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4YTO TAKOE HEPHAA [ blIPA?

s pusuka

OOnagaet onpeaereHHbIMA
BHYTPEHHUMHU CBOMCTBaMHU

OOBeKT, 001MaJaroIINii TOPU30HTOM.

s actpoHoma

OOmagaet onpeaereHHbIMA
BHEIIHUMU MPOSIBJICHUSIMU

KoMnakTHoe (pa3Mep ropru30oHTA)
MAaCCHBHOE TeJI0, HE TIPOSBIISIONICE
IPU3HAKOB HAJIUYHUS OBEPXHOCTH,

U Yb1 HEeIpa HEAOCTYIIHBI JJ1s HAOIIOICHUH.

et \/ - u {
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3 6CHOBHbIE TWUTbl HEPHbBIX AbIP: o
~  ABA PEAJIbHbIX U ABA TUNOTETUYECKUX

\

3Be3aHbIEe MaCChl CBepxMaccuBHBIC

{lepeninbre IpoMe:KyTOUHBIE

o
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YEPHbIE AbIPbl B IBOUHbLIX CUCTEMAX

Cuctema Jlebeaob X-1 6bina
BblAeneHa Kak kaHguaart

B OBOWHYIO C YepHOUN OblIpou
B Hadane 70-x rr.

«YepHagqa gbipa B UcToyHuKe Jlebegb X-1 —
9TO camMas KoHcepBaTuUBHas rmnoresa»
(3. Cannutep)
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K\AH.D,VILI,ATbI B YEPHbIE [ blPbl @)

"t
Nt
Black Hole Binaries in the Milky Way Moyemy cumTaem mx kaHaMaaTamm?
T e B e * HET Nynbcauumn

star © Sun Mercury
gfsciget;glcll - z 4 * 0OCODEHHOCTU N3ny4vyeHund
black hole « TAXKENbIE!
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Log Intensity (cts/s-cm2 )

PEHTTEHOBCKWUE HOBbIE
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ManomaccuBHbIE
PEHTICHOBCKHUE JIBOMHBIE
C YEPHBIMHU JILIPAMM.

Jly4diimne KaHaIuIaThl.

B MuHUMyM€ MOXKHO
YBUJICTh BTOPUYHBIA
KOMITOHEHT, YTO
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I/I,BOMHHE CUACTEMBbI C AbIPAMW U BE3

~ Y KaHOupaToB B YepHble OblPpbl HET 6apCTeprIX BCMbILLEK, XOTS, ecnun bbl He BbINo rOPU3OHTA, TO
OHW JOSMKHbI 6bINn Obl 6bITh B pAaae noteHunarbHbIX anbTepPHAaTUBHDBIX MoaEeNeWn.
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CAMAS IOCTOBEPHAS U/ - SGR A*

C BbICOKOW TOYHOCTLHO
Mbl 3HAEM ONHAMUKY BHYTPU
LeHTparibHOM YrrioBOM CEeKyHAbI.

OueHka maccol Y[ ~4 10° M,

Bb1r10 Obl 300POBO OTKPbLITh
paguonynbcap okorno Sgr A*

Stellar Velocities in the SgrAs+ Cluster, 2002,/2003

, DEC
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... N OHA CTAHOBUTCA BCE BOJIEE
AJOCTOBEPHOW

19895.50

HabntogeHuns npoaomkarTtcs,
N pacTeT YMCo 3Be3[,
C U3BECTHbIMUK OpbUTaMM.

Keck!UGLA Galaciic

Center Group Mt \ /




SGR A*

Cnyyan Sgr A* yHUKaneH.

bnarogapsa npaAMbIM N3MepPeEHNSIM
HECKONbKMNX 3BE3OHbIX OpOUT

cTano BO3MOXHbIM TOYHO ONpPeaenuTb
Maccy LeHTparbHOro obbekra.

o
N

Kpome Toro, ectb XXecTKun npeaen
Ha pa3Mep LeHTparnbHOro oobekTa,
YTO BaXXHO ONS

oOcyXaeHust ansTepHaTuB.
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—~ HABNOAEHNA HA CNYTHUKE INTEGRAL

e

(PeBHMBLEB 1 Op.)

Cenvyac «Hala» YepHas ablpa « MOMYUTY,
HO paHblLUe 3TO ObINO HE TaKk.

CuuTtaetcs, 4yto npumepHo 350 net Hasan

Cenyac xecTkoe nanyyeHue ot Sgr A*
ngobpanocbk Ao Sgr B2, koTopbln BUAEH
3a cyeT donyopecueHUnn.

OGnacTb ranakTM4eckoro LeHTpa
perynspHo HabnwgaeTca Ha
cnyTHuKe Integral.

V\J ()

Sgr A* Haxoguncs B «BbICOKOM» COCTOAHUMN.

<
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PEHTITEHOBCKWE BCI1blLLKW
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__“KAK YBUZETb OZIMHOYHYIO YEPHYIO AbIPY?

'

1. AKKpeuus
2. MukponuHanpoBaHue
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MWUKPOJIMH3NPOBAHWE

CKOpO CTb, MaCCa, paCCTOAHHUC
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OAWUHOYHbIE YEPHbIE AblPbl
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B LLEHTPAX TAJIAKTUK....




HEMHOIO UCTOPUMN ...

NcTtopusa HaunHaeTcsa B 60-e .,

Korga 6binu naeHtTnduumpoBaHbl kBasapsl (Lmnat 1963).
HemenneHHo 6bina BbiCkazaHa rmnoresa

00 aKKkpeLumn BeLLeCTBaA CBEPXMACCUBHbLIMU YEPHBIMU AblpaMu.
(Connutep, 3enbgosud, Hosukos, JInHaeH-benn)
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[Mo paHHbIM YaHapb! n
Kocmunyeckoro teneckona
yoanocb 0OHapyXuTb
CBEPXMAaCCUBHYIO
YyepHyo abipy B M31

T M~ 10° Mgy
X~ 10%° apr/c




HYEPHAA bIPA B
TYMAHHOCTU AHAPOMEZbI v,

B TymanHocTtr AHIpOMEHI,

KaK 1 B Hameu I anakTuke,

€CTh CBEPXMACCHBHAs YepHas JbIpa.

[Ipuuem, B M31 ona munumywm pa3 B 10 Tsoxenee
- ee Macca nopsaka 100 MUIITHOHOB COJTHEYHBIX.

Tak xe, Kak 1 y Hac, "MOHCTp COUT':
CBETUMOCTb COCTAaBIISIET
MUJUIAAPIHBIC 10U OT

MPEACIbHOM, T.H. DNJUHT TOHOBCKOM.

before 2006 C since 2006

arXiv: 1011.1224

[IpaBaa, y Hac apipa BpeMs OT BpEMEHHU
"BCXpanbIBaeT" BO CHE:

MPOUCXOIAT BCIBIIIKHY.

Tenepb U3BMEHEHNST AaKTUBHOCTH JIBIPBI
OTKpbUIA U B M3 1.

(
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v ONMPEAENNEHUE MACC
R CBEPXMACCWUBHbIX YEPHbIX AblP —

CoOTHOLLEHNE MeXOY Maccon YepHOW Oblpbl U Maccon banmxa
3mepeHune opbut 3Be3 N MasepHbIX MICTOYHNKOB

KuHemaTtunka rasa

[Mpodhunb 3BE34HOMN NIOTHOCTU
PeBepbepalMOHHOE KapTUpoBaHue

KoHeyHo, Bcerga MOXHO AaTb BEPXHUM
npegern Ha maccy, ncxoas 13 Toro, 4YTo
CBETMMOCTb HE NPEeBOCXOaUT
KPUTUYECKYIO (304UHITOHOBCKYHO).

- Radial Velocity +

Radial Velocities near the Nucleus of M84




MA3EPDI

Habniogas aBumkeHne masepHbIX UICTOYHUKOB
B ranaktnke NGC 4258, ctano BO3MOXXHbIM
n3mepuTb maccy BHyTpu 0.2 nK.

[Tony4eHo 3Ha4yeHne

35-40 munnuoHoB macc ConHua.

JTO Hanbonee ToYHbIN METOA.
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—~_ CLUEHAPUU OBPA3OBAHUA U

2BONIOUNN MACCUBHBIX HEPHbBIX AbIP —

Big Bang
Death of Massiv‘

Stars ’
Track the growth of ‘ ‘
S @ . . black holes and
halos
' @ Most halos are seeded but
seeds are ~100 solar masses

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

. Direct Collapse ‘

200 Myr

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 N
13.6 Gyr - black holes ~ 2 o I solattiiss
~50% of ~10% so s galaxies contain ~10* solar

l--‘-.---*—-—--‘-.---Q—.--(—.—--é—

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




KPYIMHOMACLWLTABHAA CTPYKTYPA

£=28.62

(Kravtsov et al.)

CeroaHsi ctTaHOapTHOW
MOAErnbo

ABNAETCHA T.H.
uepapxu4yeckas.

YncneHHoe
MOAenMpoBaHme
SBOSOUMU
KpynHomMmacLutabHoum
CTPYKTYPbl U OTAENbHbIX
«CTPOUTENbLHbLIX DITOKOB»
OOCTUINO BbICOKOIO
YPOBHS.



KPYIMHOMACLUTABHAA CTPYKTYPA




POCT CKOIJIEHUA TAJTAKTUK

B npouecce pocTta CTPYKTYpPbl MPOUCXOAAT

Kaxxabi 13 GITOKOB MOXXET MMETb BHYTPU
YEepPHYI0 ObIpy.

[Nocne cnnaHna YepHas ablpa MeasieHHO ABUraeTcs
K LEHTPY HOBOW CTPYKTYPHbI.

(DOpMI/IpOBaHI/Ie KPYMNHbIX rajilakTuk 3aKaH4nBaeTCA
Ha z~2, Nocre 3Toro NMPOUCXOONT TOJIbKO
nornoweHune HeGOoNbLLINX CMNYTHNKOB.

MHOIo4YnNCIrieHHble CITMAHUA «KCTPOUTESIbHbIX O©roKoBY.



EANHAA MOZLEJ1b

‘5&' |

“Blazar”
\V»:--»mg down the jet r B pamkax eauHon mogenu
' q 4 CBOWCTBA PasnmnyHbIX

>

& “Quasar | Seyfert 1" aKTUBHbIX ranakTuk
/'v'x&:w ng at an angle to the jet )‘; OGbﬂCHﬂl‘OTCﬂ CBOMCTBaAMMU TOpa
Lg BOKPYr YepHOW Ablpbl
N ero opueHTaumen.

“Radio Galaxy / Seyfert 27

Viewing at 20° from the jet
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CBEPXMACCUBHbIMW HEPHBIMWA AbIPAMU —
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http://www.astro.ru.nl/~falcke/bh/
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HekoTopble getann MoXHO HanuTu B e-npuHTe astro-ph/9912263
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EVENT HORIZON TELESCOPE
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~ B SGR A* HET NOBEPXHOCTW? )

v
-
N
HabniogaeTtca Tonbko

n3rtydeHune Ot rNnoTokKa,
HO HE OT NOBEPXHOCTH.

R \g /(5‘ Haunbonee nerko aTto 2
. 00BbACHAETCA Hanuynem e
. rop13oHTa. il

99.6% sHeprum TOIKHO BB,




GCW150914 13-50 NO
MOCKOBCKOMY BPEMEHW

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

OdomumansHoe obbsiBneHne 11 doespana 2016 roga.
3a 16 gHen coBMeCTHbIX HabnogeHn aByx AETEKTOPOB
HaZeXXHO ObHapy>XeHO O4HO COObITUN — CINUsIHUE HBWMGW Ablp B >400 MnK oT Hag.
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-~ CJIMAHUE OBYX YEPHbIX AbIP

_ T - ; T B TeyeHne MHOMMX NeT HECKOMLKO rpymm
"/ i Heger g y4YeHbIX 3aHMMarnucb pacyeTamn opm

OXXMOaeMbIX CUrHanoB OT CIUAHUN

Q Q 0 . HENTPOHHbIX 3B€3[, U YepHbIX ObIP.

[1Ns HENTPOHHbIX 3BE3M 3TO CMOXHO, T.K.

®)

o 10T | i Mbl HEOCTATOYHO TOYHO 3Haem EoS.
3 105 & [nsa yepHbIx gablp — notomy 4to OTO
" E T:' 0.0 L }\,\M. NNoxo noaaaeTcs NPSAMbIM YUCNEHHbIM
N = | pacyeTam.
7y ,
[ — Numerical relativity Tem He MEHeEe, yaalloCb AOCTAaTO4YHO XO[

B Reconstructed (template)

paccynTatb POpMbl CUTHANOB, Y1 o
KPUTUYHO ANA PaCro3HaHNA Ce
BCMNIIECKOB Ha POHE LLYMO

|| =— Black hole separation
=== Black hole relative velocity

Separation (Rs)

0.35
Time (s)
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“MAPAMETPbI MAPbI YEPHbIX Z1bIP

[1o yacToTe n bopme cmrHana MOXXHO 4OCTAaTOYHO TOYHO ONpPenennTb MHOMMe napamMmeTpbl.
Beicokas macca ogHO3Ha4YHO roBOPUT O TOM, YTO 3TO HE MOTYT BbITb HEMTPOHHLIE 3BE3bI.
OTHoweHune curHan/wym = 24

[locTOBEPHOCTb AeTekTUpoBaHus >5.1 curma.

)

("\
(ﬁ

Primary black hole mass 361 ,M
Secondary black hole mass 29 /M,

- Final black hole mass 621 M,
Final black hole spin 0.671
Luminosity distance 41018 Mpc
Source redshift z 0.09150

ysRevLett.116.061102




www.ligo.caltech.edu

CBETUMOCTb W
JHEPIOBbIAEJTEHUE

[MpmepHO Tpy Macckl ConHua nepeLuno B 3HEPIM0 rpaBUTaLMOHHbBIX BOJH.
MakcmanbHas cBeTMMOCTb gocTturna 3.6x10°° apr/c, T.e. 1022 cBeTmocTen ConHua.
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il MOLWHOCTb

et 100 000 000 000 000 000 000 000 ceetmocTen CornHua.

Yucno Bonoc Ha ronose 100 000

Yucno nogen Ha 3emne 10 000 000 000

Yucno 3Be3q B anaktuke 100 000 000 000

Yucno ranaktuk B Buanmoun 4Yactm scerneHHon 100 000 000 000
Yucno 3Be3n Bo BceneHHon 100 000 000 000 000 000 000 000
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ANCKW BOKPYT HYEPHbIX AbIP:
B3rNA4 CO CTOPOHDI

a=0.998M

> 4

11E+4

[1nckn «n3 DECKOHEYHOCTMUY.
CneBa: HeBpalwjatowaaca Y/,
CnpaBa: BpallaloLasacs.

http://web.pd.astro.it/calvani/
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[aHHble XMM-Newton

To, YTO NNHNA TAHETCS
BMNIOTb 4O 3HEpPrum
MeHee 4 k3B, roBoput
O TOM, YTO Ablpa
BbICTpO BpallaeTcs ‘
(Torga Ouck MoeT
noaxoauTb 6rnxe
FOPU3OHTY).

el

2x10~% 4x10™* e6x10~* 8x107*

Line flux Fy (keV cm™® 57! kev™?)

0

Energy (keV)



