BENbIE KAPIINKW,
CBEPXHOBBIE,
HEMTPOHHbIE

3BE3[b

CEPIEM MOMOB ‘

(TAULL MTY)



\/ HEOBbIMHbBIE KOMITAKTHbBIE 3BE31bl o)

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 MMEKT Maccy nopsaaka 3eMHOWN.

[Ona o6bsacHeHna npupodbl 3TUX O6LEKTOB
noHagoOumnacb KBaHTOBas MEXaHMUKa.

Cwm. ctatbio [.I. Akoenesa B YOH (1994)
https://ufn.ru/ru/articles/1994/6/g/ .

-/
)

> \/ \_/ k\J



J \ N/
| </
3AMNPET MNMAYJIU

o, /

& 1522522pl 152252252 1522522p3

B C N
[Ba bepmmoHa He MOryT UMETb ne2 T_ %_ e T_i' T_ T_ - 2 T_ T_T_

OOMHAaKOBbIE€ BOJTHOBbIE (DYHKLINK y ¥ ¥

(HEe MOryT HaxoaAUTbLCA B OHOM n=1 T_i n=1 T_i' n=1 T—‘-,
KBAHTOBOM COCTOSIHUM). ® °

1 2 3 4 5 6 7 8




</ HOBbIE 3BE3 /bl
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S
TepmosagepHoe B3pbIBHOE ropeHue Boaopoaa
AAVED DATA FOR V1500 CYG - WWW AAVSO.0ORG
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(Roepke et al.)

B3PbIB SN IA

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

OTO TEPMOSIAEPHbIN B3PbIB,
NOSIHOCTbIO pas3pyLlatoLLni OOBLEKT.

HabntogeHns UMeHHO Taknux CBEPXHOBbLIX
NPUBENW K OTKPbITUIO TEMHOW 3HEPIUN.

OHM TakKe o4eHb BaXKHbI A11S
CNHTE3a MHOIMNX TAXEJbIX 3JIEMEHTOB.



B3PbIB . CBEPXHOBOW TUIMA 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.



CBEPXHOBAS IA B
-~ BJIN3KOM TAJIAKTUKE




CBEPXHOBbIE

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.)

B3PblB CBEPXHOBOW

Pac4yeTbl B3pblIBOB CBEPXHOBbLIX MOXHO
CMESO OTHECTU K YMNCNY CaMbIX CINOXHbIX
3apad

* TEPMOSIAEPHbIE peakumn

* MarHUTHbIE NONS

* rMapognHamMuka

* HEUTPUHO

* 9P EKTLI TEOPUN OTHOCHUT.




~  KPUBAS BJIECKA CBEPXHOBOMW |
~
Nt
B TeueHne coTeH gHel nocne Konnarnca
1-19 CBEpXHOBasi BUAHa B OCHOBHOM 3a cYeT
. | pacnaga pagvoakTUBHbIX 3NEMEHTOB.
10° -
v
—-17 T Ha panHux cTaamsix Takke MoryT BbITb
T £ [OMNONMHUTENbHbIE NCTOYHMKN SHEPTUN.
i =
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©
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1211.2656

PSR BO540-69

PSR BO540-69

PSR BO540-69

+ SHR 198TA

48-65 keV

-
SHR 1987A

65-B2 keV

+ SHNR 108TA

82-89 keV

L

——TUNTAHB CBEPXHOBOW 1987A

AMeHHO pacnap,
TUTaHa-44 oTBeYvaeT
3a CBeYyeHue ocTaTKa
Ha onpeaeneHHoOM
3Tane 3BOJIOLUN.

HabnioageHunsa Ha cnyTtHuke INTEGRAL
NO3BO/INAN OOHAPYXWUTb U3/Ty4eHne OT
pacnaga TutaHa-44 B ocTaTke
cBepxHoBou 1987A.
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* bonee MoLlHbIE
KOMMbIOTEPbI
NO3BOMAT CUYMUTATb
B AeTansx
* YYeT MHOIMmx
adodpekToB cpasy

NMPOIPECC B M3SYHEHWNIN CBEPXHOBbBIX

8

HabnooeHus

» HabnogeHns HeUTPUHO
» HabnogeHusa o4eHb

PaHHUX CTaAn BCMbILLIKM
cpasy B HECKONbKUX
[vanasoHax crnekTpa
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_HAKOMELI-TO CBEPXHOBAS

_/ ~B3OPBAJTACb B KOMITbHOTEPE!
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YyeT acpdekToB OTO rno3Bonus
MNOlyYNTb B3PblB CBEPXHOBOM
B paMKaX HOBbIX IBYMEPHbIX pacyeToB.

Ho B TpexMepHbIX pacyeTax
He BCe TaK XOpOoLLO.




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 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
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.



d ~" MACCbI HEM'TPOHHbIX 3BE3/ U
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BEJTbIX KAPJINKOB o
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< HEUTPOHHbIE 3BE3 bl -
5 JKCTPEMAJIbHbIE UCTOYHUKWU

» 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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[MPEACKASAHWE ...

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/




POXAEHUE

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\.}



CTAPbIN 300MMAPK
HEMTPOHHbIX 3BE3/

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

310 ObINM H3 B TeCHbIX ABOUHBLIX cuctemax, HO ...
.... UX «He y3Hanmy....

Cenvac n3BeCcTHbl COTHMU
PEHTrEHOBCKUX OBOUHbIX

C HEUTPOHHbIMU 3BE3OaAMU

B HaLLUen 1 Apyrnx ranakTtukax.



\/ PAKETHbIE DKCIMMEPUMEHTbI
3 SCO X-1

ROSAT Januar 2003 fetilieith. Giacconi, Gursky et al.
STk | 1962 roa

=
"
e |
)

B 2002 r. P.[I>xnakkoHu
nony4yun HoberneBckyto
npemMuio No pusunke.
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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 NONHbIN 0630p Heba.
339 NCTOYHMKA.

OTcYeTbl OTHOCUTENbLHO CpeaHero

|||||||||||

|||||||||||

T T —

®asa umnynbca
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g AKKPELLMA B TECHbIX ABOUHbIX

AKKpeuunda — caMbli MOLLHbLIN
NCTOYHUK SHEPTUN B MUPE
N3 Tex, YTO MOryT AaBaTb
BGONbLION BbIXO, 3HEPTUN.

[pn nageHwnn BellecTBa
Ha HEUTPOHHYIO 3BE3ay
Bblaengaetca Ao 10% ot mc?




TECHBIE IBOVIHBIE CUCTEMBI

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

Cenyac B TECHbIX ABONHbIX
cucTemax U3BeCTHbl MHOTMe
COTHM HEWTPOHHbIX 3BE3M.




OTKPbITUE !t

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

CepeHaunmnyeckoe oTKpbITHE.
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MYJIbCAP B
KPABOBUAHOM TYMAHHOCTWU
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ONATPAMMA MEPUOA - MPOU3BOAHASA NEPUOAA

1e-08 T

Sl

Mynbcapbl
MarHuTapel
CemMepka
RRATs
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MpousBoaoHan nepvoaa
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Mepnop, cek

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



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

(.01

0.1
Paricd (a)

1
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‘,/J MAITHUATHOE MNOJIE N BPALLEHWUE <)

St

XapakTepuctnyeckum
BO3pact.

[Mpeanonaragq, 4Yto
HayanbHbLIM Nepuoa
BpalleHns nynscapa mar,
a NHOEKC TOPMOXEHNS

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

NoNTyvynTb OLUEHKY }
BO3pacTa.

o )
a2 \




N N
HOBbIV 300MAPK HEMTPOHHbIX 3BE34

B nocneaHue 15 net ctano AcHo,
YTO HENTPOHHLIE 3BE34bl MOTYT
poOXOaTbCA OYEHb Pa3HbLIMMU,
COBCEM HEMOXOXXMMU Ha OBbIYHbIE
paguonynbcapsbl Tuna Kpaba.

0 KoMnakTHble pEHTrEHOBCKME
NCTOYHUKN B OCTaTKax CBEPXHOBbIX

0 AHOMarbHble PEHTIEHOB. Nynbcapsbl

0 ICTOYHUKN MATKMX NOBTOPSAIOLLNXCSA
raMmmMa-BCIieCKOB

o BennkonenHas cemepka

0 [aMMa NCTOYHUKN

0 TpaH3MeHTHble PagUOUCTOYHUKM. ..

uu Q



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

OObI4YHO NONA OMEHb BENUKMN.

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 BCHbILLEK.




LLERTPAJIbHbIE KOMITAKTHBIE OB bEKTbI
B OCTATKAX CBEPXHOBbIX
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» BpalieHne

* AKKpeuus

e 3aTyxaHune TOKOB
(MarHuTHoe norse)

« Tennosas aHeprugd

* =

open
' field lines

rotation axis

NEUTRON STAR ILLUSTRATION

magnetic axis

>

Closed
field lines :light

N

NWCTOYHUK SHEPTUUN HEUMTPOHHbIX 3BE3/),

X-Ray Beam

\

/.

Neutron Star

‘radio beam

~outer
acceleration

‘ gap
©inner
i acceleration
1 gap

rcylinder



¥ YEM BAXHbl
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o
ol .| B NHCTpyMeHTbI Ana (oU3NKOB 1 aCTPOPU3NKOB
10751 - paguonyrbcapbl — TECTbl TEOPUM FpaBUTaLnn

- 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?
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u " OPWEHTALIMS CMYTHUKOB
MO PEHTTEHOBCKWM MYJIbCAPAM

9

_ 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 W 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 3BE34aMN,

MOryT UMETb OYEHb Pa3HOe CTPOEHME

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




N/
<~ 3ATAAKA HEUTPOHHbIX 3BE3/4

~
4 B HegpaXxX — O4eHb NJI0THOE BEeLWECTBO.
Mbl NNOXO NOHMMAaEM, Kak BeOeT cebs BeELLECTBO MNMpPH TakoW NIIOTHOCTMN.
quark-hybrid traditional neutron star

star y
* OObIYHbIE HEUTPOHHbLIE

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

hyperon
sxar

= * [MbpuaHble 3Be3abl
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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ACTPOPUNSUYECKUE
U3MEPEHUA

B ABonHbIX, 0COBEHHO C paguonynbcapamu.
Macca I
B Oyayuwem — v No NMH3NPOBaHMIO.

Paauyc ||]E> Y 0OQNHOYHbIX OCTbIIVBalOLLI,I/IX H31

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

HEKOTOpble ABOWHbIE (MPOrpeB KOpPbI)

MomMeHT nHepuum |u[> Mo pagnonynbcapam (B OyayLiem)

B cuctemax n3 aByx HEMTPOHHbLIX 3BE3[,

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

n 6apuoHHaA Mmacchb

lNpepaenbHoe Bpall. ||]E> MunnucekyHaHble nynbcapsbl

J \J )



OAEPEKT MACC O

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




N
-~ 3ABUCUMOCTb MACCA-PAONYC

gy | OCHOBHbIe YepThl

1 » MakcumanbHasa macca
] * Pa3Hble cemencTBa

| G2 (KBApKOBbIE W afpPOHHbIE)
\ | « ecTkne v msirkme EoS
Gl5 " 1 » Hebonbluas pasHuua
2 l .| MpW peanucTUYHbIX NapameTpax

« CMArYeHne ypaBHEHUA COCTOAHMUSA
MpPo pocTe Macchl

GO
pi e TR s e o
R [km]

DeHebpernn BpaLleHnem

Haengel, 2dunik
astros 10549



MACCA-PALNYC )

Radius kmz

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 4BOMHbIX pagnonyibCapoE
NO3BOMSAOT ONpPeaensiTb MaccChbl HEUT

3Be3[ C OMEHb BbICOKOMN TOYHO
bnarogapst HabnOEHMIO P
Obem Teopumn OTHOC

rpaBVITaUMOHHbIe BOJIHbI

T=tobs-t0+AC_D/f2+AR®(a’8’“a’“5’ﬂ)
+AE®—As@(a,8)
_AR (x,e,Pb, To,a),é),i,b )_AE('}’)_As(r,S)
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X SAAEPXKA WAINPO
e
°) AS=—2rlog(l—scos[21r(¢—¢0)]) CT T T [ T T[T [ rrrrrr
20 |- —
OneKkTpoMarHMTHbIM BonHam TpebyeTtca Gonblue BpeMeHN, 8 .
4yToObl 4OCTUYL HabNogaTens, ecnu NPOCTPaHCTBO i )
NCKPUBIEHO. i

i
SR Y
T

- | | | [ J | | I i N B |
0 .2 4 .6 8 1
Orbital phase

|
PSR 1855+09 (Taylor, Nobel lecture) (

T
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Companion mass (Mg)

Pulsar mass (Mg)

N3IMEPEHNA MACCHI @

HabntogeHne cpasy

HeCKOonbKnx adpdoeKkToB
NO3BOMSET N3MEPUTL

Maccbl 00eunx 3Be3q C

O4YeHb BbICOKOWN TOYHOCTbIO.
Nuorpa go 0.001 maccel ConHua.




<~ IBOWHOW PSR J0737-3039

A orbit
B orbit

/
I
~ line of sight to Earth
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()] ascending node
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YHuKanbHaa cuctema,
line of sight to Earth__ oTKkpbiTas B 2003 .
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orbital separation at conjunction == B ) | ' .
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“HEI/ITPOHHASI 3BE3JA C MACCOW
~2.01 MACCbI COJTHLIA i

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

. ["

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

Cuctema ngeansHa onsi npoBepokK
Teopun rpaBnTaummn, T.K.
OYeHb KOMMNaKTHa.

Pulsar Mass (Mg)
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_  bYAYWMWE PEHTTEHOBCKWUE HABJIOAEHNA

2 GF 1 — Bo3MOXHO, 4TO Ha Byayuimx
annapartax MOXXHO OyaeT OYeHb
2.4 ~ NOYHO N3MEPSTL CPa3dy MU Maccy,
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o KBAPKOBbIE 3BE3 /bl

‘ B oTnnymne ot HENMTPOHHLIX 3BE3[, 3.0 —— — 1
~/ KBApKOBbIE YOEPXXNBAKTCA He rpaBUTaumen, £ U 1608 - 248
a agepHbIMU cunamm. HeT MMHMMaribHOM mMacchl. 25 ¢ .

opl EXO 1745 - 248
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Quark Star Neutron Star
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Surface:
Hydrogen/Helium plasma
lron nuclei
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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 BELLECTBO U CTPAIIEJIbKA @)

-~

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.
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CTPAHHAA KBAPKOBAA INMWAEMUAA

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




