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HEOBbI4YHbIE KOMMNAKTHbIE 3BE3/bl

N3mepeHna tTemnepatyp, Macc U paguycos
ONs NCTOYHUKOB B OBOWMHbLIX cUCTEMax
NO3BONWSIO HAAEXHO O0OKa3aThb CyLleCTBOBaHWe
MaCCUBHbIX KOMMAaKTHbIX OObEKTOB

C OTHOCUTENbHO BbICOKOU TemMnepaTypoul.

[1pn macce nopsiaka ConHeYHou
OHW UMEIOT pasMepbl NopsiaKka 3eMHOWN.

[Ona o6bsacHeHna npupodbl 3TUX O6LEKTOB
noHagodbumnacb KBaHTOBas MEXaHMKa.

Cwm. ctatbio [.I. Akoenesa B YOH (1994)
https://ufn.ru/ru/articles/1994/6/g/
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— HOBbIE 3BE3/1bl

e
S
TepmosagepHoe B3pbIBHOE ropeHue Boaopoaa
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(Roepke et al.)

B3PbIB SN |A

[10CTUrHYB KPpUTUYECKOU MaccChl,
Oenbie Kaprmku B3pbiBalOTCS
(TepmogaaepHoe ropeHne yrnepoaa n Kucnopoaa).

OTO TEPMOSIAEPHbIN B3PbIB,
NOSIHOCTbIO pas3pyLlatoLLni OOBLEKT.

HabnogeHna UMeHHO Takux CBEPXHOBbIX
NpuBenun K OTKPbITUIO TEMHON SHEPTUN.

OHM TakKe o4eHb BaXKHbI A11S
CNHTE3a MHOIMNX TAXEJbIX 3JIEMEHTOB.



B3PbIB CBEPXHOBOW TUNA IA

Thermonuclear Supernova
Explosion

model f1

B3pbiB nponcxoguT, ecnv B 6enom Kapnuke
HayMHaeTCsa HeyCToN4YMBOE TePMOALEPHOE
ropeHuve yrrnepoaa.

Macca 6enoro kapnvka MOXeT JO0CTUYb
npenena unn B pesynstate akkpeuuu,
UNW B pe3ynbTaTe CNUsiHUS ABYX KaprnKoB.



“CBEPXHOBAA IA B
B/IN3KOW TAJIAKTUKE




CBEPXHOBbDIE

Kn3Hb MaccnBHOM 3BE3Abl 3aKAHYMBAETCH e’
KonoccarnbHbIM B3pPbIBOM — CBEPXHOBOMW.
Takxke B3pblBaTbCA MOLYT 6enble Kapnuku,
€CINW OHU CTanu CMINLLKOM THXErbIMU.

Ha kopoTkoe Bpemst 3Bbua,/raHOBMTcs|

Apye Lenou ranaktuku!

~



244 3ms

(Buras, Janka et al.)

B3PbIB CBEPXHOBOW

Pac4yeTbl B3pblIBOB CBEPXHOBbLIX MOXHO
CMENO OTHECTU K YNCIY CaMbIX CINOXHbIX
3apad

* TEPMOSIAEPHbIE peakumn

* MarHUTHbIE NONS

* rMapognHamMuka

* HEUTPUHO

* 9P EKTLI TEOPUN OTHOCHUT.




KPUBAA BNNECKA CBEPXHOBOW @)

-
~/
B TeueHne coteH gHen nocne Kosnnarca
1-19 cBepxHoBad BMagHa B OCHOBHOM 3a CHeT
- d pacnaga pagnoakTUBHbIX 3JIEMEHTOB.
10°
v
—-17 T Ha panHux cTaamsix Takke MoryT BbITb
T &= [OonosriHuTesribHble NCTOYHUKN SHEPTUn.
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1211.2656

~—— TUTAH'B CBEPXHOBOW 1987A

HabnioageHunsa Ha cnyTtHuke INTEGRAL

S | NO3BOIN/IN OOHAPYXXUTb U3TydYeHne oT
m - pacrnaga TutaHa-44 B oCcTaTke
cBepxHoBou 1987A.

48-65 keV

PSR BO540-69

-
SHR 1987A

AIMeHHO pacnaj
TUTaHa-44 oTBeYvaeT
3a CBeYyeHue ocTaTKa
Ha onpeaeneHHoOM
3Tane 3BOJIOLUN.

65-B2 keV

PSR BO540-69

' +  SNR188TA

82-89 keV



[NPOTPECC B I/BY‘-IEHI/H/I CBEPXHOBDbIX

d N

Teopus HabnioaeHus
* bonee MoLlHbIE » HabnogeHns HeUTPUHO
KOMMNbIOTEPbI » HabnogeHnsa ovYeHb
NO3BONMAT CYUTATb PaHHMX CTaaNN BCMNbILLKU
B Aetansx Cpa3sy B HECKOJTbKNX
* YYeT MHOIrunx OnanasoHax crekTpa

adodpekToB cpasy
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HAI -TO-CBEPXHOBAA B3OPBAJIACH B
> i ROMIBbHOTEPE!
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1504.07631

Isosurfaces:
Entropy/Nucleon
Colors:

Radial Velocity
1e9 cm/s

Isosurfaces:
Enfropy/Nucleon
Colors:

Radial Velocity

le9cm/s

Colors:
Radial Velocity
le9 cm/s

CTPAHHbIE KBAPKM N CBEPXHOBDIE

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

Isosurfaces:
Entropy/Nucleon
Colors:

Radial Velocity
le9 cm/s

SOV
Entro|

Colors:

Radial Velocity
le? cm/s

Isosurfaces:
Entropy/Nucleon
Colors:

Radial Velocity
1e9 cm/s

Isosurfaces:
Entropy/Nucleon
Colors:

Radial Velocity
le9 cm/s

sosurfaces:
Entropy/Nucleon
Colors:

Radiol Velocity
le9 cm/s

ABTOpPbI A06aBUIM B pacyeThl
MPOLIECChI C y4acTUem
CTpaHHbIX KBApPKOB.

OTO NOMOTI0 B30opBaTh 3BE34y
c maccon 20 COSTHEYHbIX
B TpexmepHoMm (!) pacyerte.



u\/
OQ

o0
2
© 1.5

2
s 1

0.5

e KapriuKu,

eThl 0

~  MACCbI HEMTPOHHbIX 3BE3 U
BENbIX KAPIMKOB
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< HEWUTPOHHDIE 3BE3/1bl —

J IKCTPEMAJIbHbIE UCTOYHUKRN

» CBEpPXCUSIbHbIE MarHUTHbIE Nonsa (bonbLle LWBUHIEPOBCKOrO)
« CunbHas rpaButaums (pagnyc nopsaka 3-4 weapuLwmnib40BCKUX)
« CBEpXNSIOTHOE BELWLECTBO (B LEHTPE MITOTHOCTDL BhiLLE S0EPHON)

NMEUTRON S5TAR C[ross-Section

Degenerafe
Electrans,

Mleutron
Superfluid

CORE 9km Neutrons, Proton Superfluid, Degenerate Electrons

INMER CORE 1km
Pion [ondensate, Quarks

Mewfron
Drip

OUTER CRUST 200m Latfice- Muclei Degenerafe Electrons

Atmosphere
Outer crust
Inner crust

Onter core

i‘

HNeutron Superfhud

The Inner Structure of Neutron Star
INNER CRUST
Beam of
radiation

Beam of
radiation

Magnetic
axis

Magnetic
field
lines
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MPEACKA3AHME ...

HenTpoHHbIe 3Be3abl ObINKM NpeackasaHbl B 30-e T,

N.0. Nanpgay: 3Be3ga-agpo

Baage n LIBUKKK: HENTPOHHbIE 3BE3Abl N CBEPXHOBbLIE Nanaay

ictopusa npenckasaHus
XOpOLLO onncaHa B ctaTbe

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




POXKAEHUE

KpaboBuaHas TYMaHHOCTb — NIIEPUOH.
BHYyTpn HaxoouTcsa oauH N3 caMblX
N3BECTHbIX PaauonyrnbCapoB.

HenTpoHHbIe 3BE3abI POXAAIOTCS
B pe3yrnbraTte B3pbiBa f4pa
MaCcCUBHOM 3Be30bl B KOHLE ee
3BOMNOLUUN.

OTO Ha3blBalOT CBEPXHOBOW.

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

OTa YyacTb TYMaHHOCTW BMOHa
N3-3a HaKaykn aHeprum
HENTPOHHOW 3Be340M

"’\/ u k\.}



CTAPbI/ 300MAPK
HEMTPOHHbIX 3BE3

B 60-e rr. 6611 OTKPLITbI NEPBbIE PEHTIEHOBCKME UCTOYHUKM.

310 ObINM H3 B TeCHbIX ABOUHBLIX cuctemax, HO ...
.... UX «HEe y3Hanm»....

Cenvac n3BeCcTHbl COTHMU
PEHTrEHOBCKUX OBOUHbIX

C HEUTPOHHbIMU 3BE3OaAMU

B HaLLUen 1 Apyrnx ranakTtukax.



\/ PAKETHbIE SKCIMEPUMEHRHTDI
5 SCO X-1

ROSAT Januar 2003

it o B 5 Giacconi, Gursky et al.
1962 rop,

B 2002 r. P.[I>xnakkoHu
nony4yun HoberneBckyto
npemMuio No pusunke.
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UHURU

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

[pyroe Ha3BaHue SAS-1
2-20 kaoB

[MepBbI NONHbIN 0630p Heba.
339 NCTOYHMKA.

OTcYeTbl OTHOCUTENbLHO CpeaHero

|||||||||||||||

||||||||||||||

®asa umnynbca



AKKpeuunda — caMbli MOLLHbLIN

NCTOYHWK SHEPTN B MUPE =
U3 Tex, YTo MOryT AaBaTb O 9 %

BGONbLION BbIXO, 3HEPTUN. 2

[pn nageHwnn BellecTBa
Ha HEUTPOHHYIO 3BE3ay

Bblaensetcs o 10% ot n_392

\=— ~




TECHbIE IBONHbLIE CUCTEMDb

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

Cenyac B TECHbIX ABONHbIX 4

cuctemax U3BECTHbI MHOIMe
COTHU HEUTPOHHbIX 3BE3A. /\/\

OGS




OTKPbITUE 1l

1967:. [xocenuH benn. Paguonynbcapsl. ‘ | o

CepeHaunmnyeckoe oTKpbITHE.
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[MY/IbCAP B
RPABOBNAHOU TYMAHHOCTH
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.~ AUATPAMMA MEPUOS - NPOU3BOAHAA NEPUOAA

1e-08 T T 1] T T
7 . Mynbcapbl
1e-10 — B MarHurapsl
I Cemepka
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Mepnop, cek

Ha anarpamme npeacrtaBneHbl
TONbKO NPsIMO HabnogaeMble
BEITMYUNHBI, KOTOPbIE NErKOo U
O4Y€Hb TOYHO U3MEPSIOTCH.
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MATHUTHbIXA POTATOP

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

(.01

0.1
Paricd (a)

1

(\
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MAIHUTHOE NOJIE U BPALLEHWUE ~

XapakTepuctnyeckum
BO3pact.

[Mpeanonaragq, 4Yto
HayanbHbIX Nepuos,
BpalleHuns nynbcapa mart,
a NHOEKC TOPMOXEHNS

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

MNONMY4YnUTb OLIEHKY /
BO3pacTa.

o )
a2 \
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HOBbI/A 300NAPK HEUTPOHHbIX 3BE3/] O,

B nocneu,HmeﬁneT cTano SiICHO,
YTO HEUTPOHHbIE 3BE3bl MOTYyT
POXOAaTbCS OYEHb Pa3HbIMU,
COBCEM HEMnoxoXUMn Ha oOblYHbIE
pagvonynbcapbl Tuna Kpaba.

0 KoMnakTHble pEHTrEHOBCKME
NCTOYHUKN B OCTaTKax CBEPXHOBbIX

0 AHOMarbHble PEHTIEHOB. Nynbcapsbl

0 ICTOYHUKN MATKMX NOBTOPSAIOLLNXCSA
raMmmMa-BCIieCKOB

o BenukonenHasa cemepka

0 [aMMa NCTOYHUKN

0 TpaH3MeHTHble PagUOUCTOYHUKM. ..




— MATHUTAPDI

—

S—

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

OObIYHO NONA OYEeHb BEMUKN.

OCHOBHbIMW KaHOMWAATaMU B MarHnTapbl
ABITAKOTCA aHOMaJllbHbl€ PEHTIEHOBCKNE
nynbCapbl N NCTOYHUKU MATKNX
NOBTOPALLNXCA rAMMa-BCI1J1€CKOB.

MarHuTtHble nona 104-10%° ¢

PacxonyeTc;l SHEPIrnd MarHMTHOINO MNOJiA.

NHoraa — nocteneHHo, nHorga — B BUAE BCrbILLEK.




| UEHTPAJ/IBHbIE KOMMNAKTHbBIE OBbEKTbI B
OCTATKAX CBEPXHOBbIX
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I ~~~~~~~~ [MocTpoeHbl Mmogenu ans
h pacLUMpeHnsa oCcTaTKoB
B pa3HoOu cpeae.

1. CBobogHbIn pasner
2. HarpebaHue Be
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3 CMELLEHME HEMTPOHHOM 3BE3abl
o

Ecnu moxHo onpenennTtb MeCTo B3pblBa,
TO MOXHO.
- U, 3Had BO3pacT, onpeanesintb CKOpo
- Wn, 3Had CKOPOCTb, ONnpenesinTb B
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NCTOYHWUK SHEPTMN HEMTPOHHbIX 3BE3A
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° Bpau_leHl/le @/\1 X-Ray Beam

« AKKpeuus =5 \ \ e o

e 3aTyxaHune TOKOB D ’ *"}adiobeam \
(MarHuTHoe norse) rotation axs /

 TennoBaga aHeprus / B

— outer )
acceleration

gap
inner
acceleration
gap

‘A open
field lines

Closed
field lines : light
cylinder
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ol .| B NHCTpyMeHTbI Ana on3nKOB 1 acTPOPU3NKOB
10751 - paguonynbcapbl — TECTbl TEOPUUN rpaBuTaumm

- peructpaumnsi rpaBUTaLUOHHbLIX BOSTH
- TOYHOE BpeM4
» Teopua noBegeHUs BeLWECTBA NPU BbICOKOM MIIOTHOCTU —
e KBAaHTOBasA XpoMoAuHaMuka
* [lpouecchbl B CUITIbBHOM MarHUTHOM Morse

AL preein

iy

Over the Horizon

1 0-55 | //

- A Neéutron Superfluid +
ol ) DARENSE Proton Superconductorii
10" 107 10° 10° Neutron Vortex 1 —

e=GM/rc?



[ ' 4
_  OPUEHTALMA CNYTHUKOB
MO PEHTTEHOBCKUM NYNbCAPAM &

" Solar System Barycenter Pulsar




BHYTPEHHEE CTPOEHUE

BHelwwHsAsa Kopa

BHyTpeHHsSA

43x10"rcm? —p O6oratieHHble Kopa CBepxTeKkyuune
HenTpoHamu aapa HEUTPOHbI

20x10"rcem? —p
CBepxTeKyyue NpoToHbl

HewTpoHbI

OneKTPOHbI
1 MIOOHbI

1.28x 10" rcm —>

C\(



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

_, MHOMECTBO BAPUAHTOB U CJ/IOEB

B 3aBucumocTun oT mogenu

0ObEKTbI, KOTOPbIE Mbl HA3bIBAEM
HENTPOHHbLIMW 3BE34aMN,

MOryT UMETb OYEHb Pa3HOe CTPOEHME

® Up Quark
@ Down Guark Neutron Star Strange Quark Star
® Strange Quark




" 3AFAQKA HEMTPOHHbIX 3BE3/

~
4 B HeJpaX — O4eHb MNJ1I0THOE BELWECTBO.
Mbl NNOXO NOHMMAaEM, Kak BeOeT cebs BeELLECTBO MNMpPH TakoW NIIOTHOCTMN.
quark-hybrid traditional neutron star

star

* OObIYHbIE HEUTPOHHbLIE
3Be3bl
* [IMOHHbIN KOHOEHCcAT
neutron star with o
pion condensate  * KQOHHbIW KOHOEHcaT
» CTpaHHble 3Be3bl
* [MNepoHHbIe 3Be3bI

hyperon
sxar

= » [MbpunaHble 3Be3abl
:tl::?I? f CFL 106 g/em 3
matter 2SC 10" gom @ Kak xe ycmpoeHo
d, k:
g ol y® 8eLecmeo rpu O4YEHb
8bICOKOU MI0MHocmu L

-=__ Hydrogen/He ~
atmosphere «CHU3KOU» memMrieg

strange star

nucleon star
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ACTPOPU3SNYECKHUE NSMEPEHUA

Macca IHE> B ABOIHbIX, 0COBEHHO C paguonyrnbcapamMu.
B GyayLueM — 1 Nno NMH3NPOBaHMIO.
Paauyc ||]E> Y 0OQNHOYHbIX OCTbIIVBalOLLI,I/IX H31
y bapcTepoB B ABOWHbIX, Y ABOWHbIX ¢ QPO.
KpacHoe ||]E> Mo HabnogeHnsaM cneKkTpanbHbIX TNHNIA
cmeweHue (M/R)
TemnepaTtypa ||]E> OanHoYHbIE ocTbiBaoLwwme H3 n

HEKOTOpble ABOWHbIE (MPOrpeB KOpPbI)

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

B cuctemax n3 aByx HEMTPOHHbLIX 3BE3[,

paBuTaumMoHHas ]E>
ecnun dyayT xopolune JaHHbIe Mo 3Be3aam.

n 6apuoHHaA Mmacchb

lNpepaenbHoe Bpall. ||]E> MunnucekyHaHble nynbcapsbl

J \J ()



OEDEKT MACC ®)

BapnoHHas macca 6onblue rpaBUTaUnMOHHOMN.
[Tpn Konnance agpa YacTb ero Macchl
npeBpaLlaeTca B aHepruto: E=mc?

1 BbICBEUMBAETCH.

[Toxoxe Ha 3HEepPruo CBA3M aTOMHOIo sigpa.

~

NMNca KOMNaKkTHbIN O0BbEeKT




“ 3ABMCMMOCTb MACCA-PAINYC

gy | OCHOBHbIe YepThl

1 » MakcumanbHasa macca
] * Pa3Hble cemencTBa

82 (KBapKOBblE 1 aPOHHbBIE)
 XXecTkne n mdarkue EoS
Gl5 ' 1 = Hebonbluasa pasHuua

i 5 .| NPV peanncTnyHbIX NnapameTpax
» CMsAryeHvne ypaBHEHUS COCTOAHUS
.8 5 npopocre maccs

8 10 12 14 +Q
R [km]

Hebpernu BpalleHnem

Haensel, Zdunik é)
astro-ph/0610549 _



MACCA-PAONYC )

Radius kml

R, =R(1-2GM/Rc2)1/2 S
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dAge  « Gm; v
= = z_hczi"i + 5,3 — constant .
M
Ao = _2Gc3 2 log (1 + cos ),

HabntoaeHna 4BOMHbLIX pagnonyibCapok
NO3BOMSAOT ONpPeaensiTb Macchl HE
3Be3[ C OMEHb BbICOKOW TOYHOC
bnarogapsi HabNOAEHWUIO [
Obuiem Teopnn OTHC

rpaBVITaUMOHHbIe BOJIHbI
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Companion mass (Mg)

Pulsar mass (Mg)

M3IMEPEHUA MACCHI @)

HabnogeHne cpasy

HeCKOonbKnx adpdoeKkToB
NO3BOMSET N3MEPUTL

Maccbl 00eunx 3Be3q C

O4YeHb BbICOKOWN TOYHOCTbIO.
Nuorpa go 0.001 maccel ConHua.
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MACCA PSR JO737-3039
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Mass A (Mg, )
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Hanbonee ToYyHble 3HA4YEHUS.

OTO O4YEeHb TECHAA CUCTEMA,
roe HabnogaeTca ABa paguonynbcapa.
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o MOYEMY BAKHO UCKATb
MACCMUBHBIE HEATPOHHBIE 3BE3/1bI2
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Uem OonblLUe Macca — TEM CUITbHEE CXKaTo
BELLEeCTBO B Heapax HENTPOHHOW 3Be3Apbl.

MbI NNoxo 3HaeMm, Kak BeaeTt
cebs1 BeLeCTBO nNpu

nnotHoctn B 10-20 pa3s
BblLLIE AOEPHON.
CKONbKO BbIOEf




\_/ ~ HEMTPOHHAA 3BE3[A C MACCOA
e 2.01 MACCbI CO/THLA

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

OueHka maccbl HEUTPOHHOW 3BE3abl:
1.97 — 2.05 macc ConHua (68.27%)
e R M e NN W 1.90 — 2.18 macc ConHua (99.73%)

Cuctema ngeansHa gnsa npoBepokK
Teopuin rpasuTaummn, T.K.
O4YeHb KOMMaKTHa.

Pulsar Mass (Mg)
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BYAYLIWE PEHTTEHOBCKUE HABIOAEHUA

Radius (km)

Bo3MoXHO, 4TO Ha OyayLLmnX
annapatax NICER u LOFT
MOXHO ByOeT O4eHb TOYHO
N3MepPATb cpasdy U Maccy,

N paguyc xotsa obl angd
HebonNbLLIOro Yymncna 3sean.

[laHHble OCHOBaHbI B NepBYyO
oyepenb Ha aHanuse
npodpunsa umnynbca.

Hapo Habnoaath 3Be3L
KOPOTKUMW NEPUOL
HaKoOMUTb C
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o KBAPKOBbIE 3BE3/1bl
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. B oTnnymne ot HENMTPOHHLIX 3BE3[, 3.0 —— T
= KBApKOBbIE YOEPXXNBAKTCA He rpaBUTaumen, £ U 1608 - 248
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Quark Star Neutron Star
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ROODRS
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Surface:
Hydrogen/Helium plasma
lron nuclei

1.5}

MM,

411820 -

Outer Crust:
lons 1.0k
Electron gas '

—— B = 80 MeV/fm’
- B =75 MeVifm’
----- B = 90 MeV/fm"

Inner Crust; 1E 1207.4 - 5209

Heavy ions 0.5k
Relativistic electron gas
Superfluid neutrons

Quter 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 BELLECTBO U CTPANMEJ/IbKH "/
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KBapkoBOe BeLleCTBO — «CaMOLOCTaTO4YHOY.

[na ero ycTon4nBOCTU HE HY)XXHa rpaButaums.
T.e., MOryT cyLLleCcTBOBaTb KakK CTpaHHble 3Be3/bl,
Tak u ManeHbKne KOMOYKU, KanenbKu.

et

CTpanenbkn MoryT BCTpedaTbCs
B KOCMUYECKMX fyYax.

970 ByayT YacTuubl C

BGonbLon Maccon, HO C 3apsiaoM
OTHOCUTENBHO HEBOMBLLNM.




CTPAHHAA KBAPKOBAA 3MNMUAEMWUA

Ecnun B Hegpax KOMMaKTHbIX OObEKTOB
eCTb KBApKOBOE BeLLeCcTBO, TO Mnocrie
CNUsIHU OHO OyaeT BbibpacbiBaTbCS.
[anee, cTpanenbku MoryT nonagartb
B OpYyrne HeUTPOHHbIE 3Be3bl,
npesBpaLlas nx B KBApKOBbIE. ..

AMS Ha MKC
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OCTbIBAHUE HEUTPOHHbIX 3BE3/ &
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Poxgaacb 04eHb ropayummu,
HENTPOHHbLIE 3Be3bl OCTbIBAIOT
CO BpPeMeHeM B Hayane 3a cyet
N3Ny4YeHns HeEUTPUHO, a 3aTemM —
3a CYeT N3rnyyeHns PoToHOB
C NOBPEXHOCTW.

TeMmnepatypa, K

10 000 100 000
Bo3pacT, roas!
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Effective chiral model of Relativistic mea®field mbdel f;)

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

. ®OTOHbI C MOBEPXHOCTH
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OCHOBHbIE HEMTPUHHBIE NPOLLECCHI

- Model Process Qf, erg cm™> 571

g Nucleon matter n — pev pe — nv 10%6 — 3 x 10%7

Pion condensate N — Nez Ne — Nv 102 —10%
Kaon condensate B — Bev Be — By 10% — 10%
Quark matter d— uev wue — dv 1023 — 10%4

. -3 .—1
Process Qs, erg cm™" s

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

Qslow = QsTga Qfast — QfT96
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TeopeTnyeckne Kpusblie

HeobxoaMmMo COMnocTaBnATb
C AaHHbIMU HabnNoOEeHUN.

_ Light elements
.. _envelopes

Heavy elements
envelopes
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B HekoTOpOM MHTEpBare BO3pacToB
n3mepeHne Temneparypsbl
MOXET AaTb BO3MOXHOCTb
OLUEHUTb BO3pacT 3Be3Apbl.
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6.5 —-. ’ = JI046 | HeWTpOHHOW 3BE3AbI ECTb

[AOMNOMHUTENbHbIN NOAOrPEB.

Takon eCTb Yy MarHMTapos.
OH cBSA3aH C 3aTyxaHnem
SNEKTPUYECKUX TOKOB,
TEKYLLINX B KOpe 3T
HEUTPOHHbIX
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logt (years)




o KUHEMATUYECKMIM BO3PACT

o

Ecnn mbl 3Haewm,

roe o0ObeKTbl poaUIUCH,

TO MO X COBPEMEHHOMY MONOXEHUIO
N CKOPOCTAM

MO>XHO ONpeaenuTb BO3pPacT.
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AOBUWAREHWUE MYNIbCAPOB

Motion of B0O950+08
u T T T T T T T T T T

 _mnn e
g, = —2.00 £ 008

[Mynbcapbl MMEeOT OonbLLME CKOPOCTH.

g, = 29.46 £ 0.07 /

r =382 s 007 (2908 1 OTO N3MEPSIOT MO NX COBCTBEHHOMY OBMXEHMUIO.

S 20 + il
?; .:-E‘EIDD..E-EIEJ | R d_ I
k=t - ddid
5 ol [0 ) __ velocity
5 e — Object;;. Space
S .E. . | -

b _20 _ 11999 373 _ Ve|OCIty

| | d . - Transverse
N | LTHLT velocity

1998.331 8 1998.337 Proper

Sun %i : g motion
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CKOPOCTU HEUTPOHHBbIX
3BE3 B TYMAHHOCTAX

/

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

OT UeHTpa ocTaTka

N NO PEHTTEHOBCKUM
HabNOEHNAM.




TPAEKTOPUN U MECTA PORAEHUA &)
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NYNIbCAPbI B TAJIAKTUKE @)
.] i [ Puzzrlacﬁc cenfre - i ; i

Mynbcapbl poXxaarTcs B AUCKE.
A B [IUCKE OHM KOHLEHTPUPYIOTCS
K CnMpanbHbIM BETBSAM.




9 [MYNbCAPbI N3 OUCKA

[ oueHKN KNHEMaTUYECKOro
BO3pacTa 4YacTo ygobHo cumnTaTh,
4YTO Nynbcap poauscs

B NNOCKOCTU [[anakTUKN.

T.0., 3Has COBPEMEHHOE
HENTPOHHOW 3BEe3/L

n MEeCTO poxae
onpegenv




