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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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» CBEpPXCUSIbHbIE MarHUTHbIE Nonsa (bonbLle LWBUHIEPOBCKOrO)
« CunbHas rpaButaums (pagunyc nopsaka 3-4 weapuLwmnib40OBCKUX)
« CBEpXNSIOTHOE BELWECTBO (B LEHTPE MITOTHOCTbL BhiLLE S0EPHON)
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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.
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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.
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CepeHaunmnyeckoe oTKpbITUE.
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MYJIbCAP B
KPABOBUAHOM TYMAHHOCTWU
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ANATPAMMA MEPUOJ, - MPOU3BOAHASA NMEPUOAA
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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.
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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.
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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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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
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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 [
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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
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CRUST
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- ( - 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




-~ 3ATAAKA HEUTPOHHbIX 3BE34

~
~/ B HegpaX — O4eHb NJI0THOE BEeLWECTBO.
Mbl NNOXO NOHMMAaEM, KakK BeOeT cebs BeELLECTBO MNMpH TakoW NIIOTHOCTMN.
quark-hybrid traditional neutron star

star

* OObIYHbIE HEUTPOHHbLIE
3B8e3bl
* [IMOHHbIN KOHOEHCcAT
neutron star with .
pion condensate  * KAQOHHbIN KOHOEHcAT
» CTpaHHble 3Be3bl
* [MNepoHHbIe 3Be3bI

hyperon
sxar

= * [MbpunaHble 3Be3abl
:tl::?I? f CFL 106 g/em 3
matter 2SC 10" gom @ Kak e ycmpoeHo
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g it gt 8ewecmeso npu OYeHb

8bICOKOU MIomHocmu U
-=__ Hydrogen/He )

atmosphere «HU3KOL7» _u_l aYe
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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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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

-/




MACCA-PALMNYC ®)

2.9

;

Illllllllllllll

\

Il\llllllllll

Radius kml
R.,=R(1-2GM/Rc?)1/2 O



N — 4
NBOWHbLIE MYJTIbCAPSHI )

ﬂ. 1
d EE' Z 2 F — constant .

3

Ago = — log (1 + cos 8),

HabntogeHnsa BOMHbIX pap,monynbca
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OneKkTpoMarHMTHbIM BonHam TpebyeTca Gonblue BpeMeHH,
4yToObl 4OCTUYL HabNogaTens, ecnu NPOCTPaHCTBO
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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
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~ MACCA PSR J0737-3039
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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

4‘

Nucleunls Nucleons+Exotic Sltrange Qulark Matter
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Radius (km)
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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)




7

</
~ 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 ]
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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.
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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
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TU'III] L} L] L LAY UEE B LI | L)

100 000
Bo3spacT, roas!
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@

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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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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~ KUHEMATUYECKMI BO3PACT

Ecnn mbl 3Haewm,

roe o0beKTbl pOaUIUCH,

TO NO X COBPEMEHHOMY MONOXEHNIO
N CKOPOCTAM

MO>XHO ONnpeaenuTb BO3PacT.
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