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CBepxTeKkyune HEHTPOHHBIE 3BE3 /bl

I1.C. lltepnun, A.I'. SAxoBies

1. OcThiBaHHe HEHTPOHHBIX 3BE3]T

H CBOIiCTBA CBEPXILIOTHOI'O BellleCTBA

B noxnaje ommcaHbl HEaBHHE PE3yJIbTAaThl 00paboTku
HaOmoneHui (BeimosHeHHbIX B 2000-2010 rr. opbutaibHoi
peHTreHoBckoil obcepBaropueit "Uamapa") Mouomoit
(Bo3pacT okoJio 330 JyieT) HEHTPOHHOW 3BE3/bI B OCTATKE
cBepxaoBoit Kaccronest A. Pe3ynbTaThl CBHIETENBLCTBYIOT,
YTO HEUTPOHHAS 3Be3[a UMEET YIJIePOJHYI0 aTMocdepy H
octaércs Topsiueii, HO 3aMETHO OCTBIBAET, Tak uTo 3a 10 jeT
HaOJIroIeHUH TeMIepaTypa HoBepXHOCTH ynana Ha 4 %. OTu
nepBble HAOIOIEHNS OCTBIBAHMS M30JIMPOBAHHON HEUTPOH-
HOW 3Be3bl B PEaIbHOM BPEMEHH TPYIHO OOBSCHUTH C
MOMOIIbIO TEOPUH OCTHIBAHUS HECBEPXTEKYUHX HEUTPOH-
HBIX 3BE3]I, HO OHU €CTECTBEHHBIM O00pa3oM OOBSICHSIOTCS,
€CJIM B CBEPXIUIOTHOM SApE 3BE3[bl MMEETCS CHUJIbHAS
CBEPXTEKYUeCTh NMPOTOHOB (C KPUTUUECKOW TeMIepaTypoit
seimIe 3 x 10° K) n yMepeHHas CBepXTeKy4ecTh HEHTPOHOB (C
MAaKCUMYMOM KPUTHYECKOM TemmepaTyphl ~ (5—9) x 108 K
mo siapy 3Be3nbl). Eciam 310 Tak, TO JaHHBIE HAOIOJNCHUS
MPEJICTaBISAIOT COOON CepbE3HOE CBUICTEIHLCTBO HAMYUS
CBEPXTEKYUECTH B sIAPAX HEUTPOHHBIX 3BE3I.

Tunuunbie Maccbl HEUTPOHHBIX 3BE3[ COCTABISIIOT M ~
~ 1,4 M., (M, — macca CoJlHIIa), a THIIHYHBIE PATUYCHl —
R ~ 10—14 xM. [loaTomy HEHTpOHHBIE 3BE3NBI SIBISIOTCS
OYeHb KOMIAKTHBIMH M COJIEPKAT CBEPXILJIOTHOE BEIIECTBO
(cm., HanipumMep, [1 — 3]). CpeaHsst IIOTHOCTH BELIECTBA 3BE3-
JIbI COCTaBJIIET HECKOJIBKO ), & TNIOTHOCTD B LIEHTPE 3BE3/IbI
MoxeT pesbiuath (10—15)p,, tie py = 2,8 x 10 rem=3 —
IJIOTHOCTh MATepUU B AaTOMHBIX simpax. BeiencTue BhIcO-
KO IJIOTHOCTH MPOCTPAHCTBO-BPEMST BOKPYT HEUTPOHHBIX
3BE37] 3aMETHO MCKPHBIISICTCS, TIOHATHS MacChl U paauyca
CTAHOBSTCS HEOJHO3HAYHBIMY (HAIIpUMeED, OapUOHHAs Mac-
ca OTJIM4aeTcs OT TpaBUTANMOHHOM [2]). 3mech u HUKe M
O3HAYaeT rPaBUTALMOHHYIO MaCCy, & R — OKPYXKHBIH pannyc
3Be3abl. [10 COBpeMEHHBIM NpeACTaBJICHUSIM, HEUTPOHHAS
3BE3/1a UMEET JOCTATOYHO TOHKYIO KOPY (TosuHon < 1 km
u Maccoii < 0,01 My) u obmmMpHOE, CoJepKallee CBepX-
IJIOTHYIO SIAEPHYIO MATEPUIO, PO, KOTOPOE MPOCTUPAETCS
OT 00JacTu ¢ IIOTHOCTBIO p ~ 0,5p, MO HEHTpa 3BE3[BL
Snpo 3Be3dbl 4YACTO TOMPA3NESIOT HAa BHEIIHEe SAPO
(p £ (2-3)py) u Oonee MIOTHOE BHYTpEHHEe siipo. Buemr-
Hee PO COCTOUT U3 IUIOTHO YHNAKOBAHHBIX HEWTPOHOB C
MPUMECHIO IPOTOHOB, 3JIEKTPOHOB U MIOOHOB, 4 BO BHYTPEH-
HEM sIIpe MOTYT MOSIBJISTHCS U APYTUE YACTHUIIBI, B YACTHOCTH
TUIIEPOHBI WJIM CBOOOAHBIE KBapku. Bee depmuonsl B siape
3Be30bl CHJIBHO BBIPOXIEHBI, THIUYHBIE dHeprum Pdepmu
COCTaBJISIFOT HECKOJIbKO coTeH MaB. CBoiicTBa CBEpXILIOT-
HOTO BEIIECTBA OMPEACIAIOTCS CUIILHBIM B3aUMO/ICHCTBUEM
HYKJIOHOB M JIpYTUX 4acTull (Hampumep, rurnepoHoB). Ha-
néxHAs TeOpHUsl CBEPXIUIOTHOTO BEIIECTBA OO CHX IIOp
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OTCYTCTBYET U3-3a TPYAHOCTEN OMUCAHUS CUJILHOTO B3aUMO-
JIEUCTBUS ¥ MHOTOYACTHYHBIX 3(PPEKTOB B BEILECTBE CBEP-
XbSIIEPHON TUIOTHOCTH; IKCIEPUMEHTAILHOE MCCIIeJOBAHNE
TaKOTO BEIECTBA B JJAOOPATOPUU 3aTPYTHUTEIHHO.

OmuH W3 BaXHBIX ACHEKTOB MPOOJIEMBI — CBEPXTEKY-
4eCThb CBEPXIJIOTHOI'O BEIECTBA (CM., HAarpumep, [2, 4, 5)).
Hyxsonbl, a Takxe TMIEpoHbl M KBapKd MOTYT o0paso-
BBIBATH KYIEPOBCKHE Mapbl U MEPEXOIUTb B CBEPXTEKyUee
COCTOSIHUE TIOJ JCUCTBUEM NPUTATHBATEIHLHON COCTABIISIIO-
el CHJIbHOTO B3aMMOJIEUCTBUsA. Bo BHYTpeHHeW Kope
HEHUTPOHHOM 3BE3/Ibl, IJI€ B BEILIECTBE MOSIBJISIFOTCS CBOOOI-
Hble HEHUTpOHBI [l], BOSMOXHO cCliapuBaHUE HEHTPOHOB B
CHHIJIETHOM cOCTOSIHMM. OIHAKO BOJM3HM T'PAHUIBI MEXITY
KOPOi1 M IAPOM MPHUTSDKEHUE MEX Ty HeHTPOHAMU B CHHTJIET-
HOM COCTOSIHHF CMEHSIETCSI OTTAJIKUBAHAEM W TaKasl CBEPX-
TEKy4ecTb wHcue3aeT. TeM He MeHee B3aMMOJCHCTBHE B
TPUILUIETHOM COCTOSTHHHM MOJXET OBbITh MPUTSITUBATEIbHBIM;
TOra B SIAPE 3BE31bl BOSHUKAET CBEPXTEKYYeCTh, O0YCIOB-
JICHHAs] TPUIUIETHBIM KYNEPOBCKUM CIIApUBAHUEM HEUTPO-
HOB. B siipe 3Be31bl BBHy OTHOCHTEJILHO MaJIOi KOHIIEHT-
panuu B HEM MIPOTOHOB MOXET BO3HUKHYTH CBEPXTEKYUeCTh
MPOTOHOB B CHHIJIETHOM COCTOSIHUM, KOTOpas (BCJIEICTBHE
3apsHKEHHOCTH IPOTOHOB) O3HAYAET U CBEPXIPOBOIUMOCTD.
Bo3moxHa CBEPXTEKY4YeCTb M OPYIHX 4acTUIl (THIEPOHOB,
KkBapkoB). IIpyu MIOTHOCTH p MHOTO BBIIIE p, MPHTSTHBA-
TeJIbHAsI COCTABJISIFOIIAST B3aMMOJICHCTBHSI MEX/1y JTIFOOBIMHU
YACTUI[AMM YMEHBIIIAETCS U CBEPXTEKYUECTh JIOJDKHA HCYe-
3aTh.

C TOYKM 3pEeHHUs] MUKPOCKOIHMYECKON TEOPHH, HAJMYKe
CBEPXTEKYUECTH MPHUBOIUT K TOSIBJICHHUIO IEJM B CHEKTpPE
SHepruu vactuil BOsm3u ypoBHs ®Pepmu. [Ipu cuHTIIETHOM
CHapUBAHUU WIEJIb U30TPOMHA, & MPU TPUILIETHOM — HET.
[lenr BO3HMKAET NpU MAJCHUU TeMmIepaTypbl 7 HIKe
KpUTHYECKON TemmepaTypbl 7., a Jajee yBeJIMYUBAETCS U
nocturaetT Makcumyma npu 7' = 0. Jrobast cBepXTeKyuecTh
OTpeAeNIeTCS] TUIIOM CHAPUBAHUS YACTHUII U KPUTHUYECKOH
Teminepatypoit T¢(p), KOTOpas 3aBUCHT OT INIOTHOCTH p. Kak
OTMEYAJIOCh BBIIIE, B HYKJIOHHOM sJip€ 3Be3/Ibl OOBIYHO
paccMaTpUBAIOT CHHIJIETHYIO CBEPXTEKYYeCTb IPOTOHOB U
TPUIUIETHYIO CBEPXTEKYYeCTh HEHTPOHOB C KPUTHYECKUMU
temnepatypamu Iop(p) U Ten(p). PesymbTaTel pacuéros
KPUTHYECKHX TEMIIEPATYP OUYE€Hb CUIIBHO 3aBUCSIT OT MOJIe-
JIel B3aMMOJCHUCTBHS YACTHUI U METOJOB y4yéTa MHOTOYAcC-
TUYHBIX 3 (PekTOB. PacuéThl NpeacKkasbIBArOT, YTO Ten, Top S
<10 K (mpu memn <1 MbsB). Takas cBepXxTekydecTb
(bakTHUeCKN HE BIMSET HA YPaBHEHUE COCTOSIHUS BEILECTBA
W Ha MOJIeJIN HEUTPOHHBIX 3BE3M, HO CHJILHO BIUSET [6] HA
TEIUIOEMKOCTD, HEUTPUHHBIE TTPOIIECCHI, KWHETUUECKUE CBOM-
CTBa ¥ TUAPOJIUHAMUKY CBEPXILJIOTHOTO BEIIECTBA.

[Iprponaa cBepXIIOTHOTO BELIECTBA 10 CHX IOP COCTaB-
JISIET BaXKHYIO HEpEIIEHHYIO MpoOJieMy (QU3UKU U acTpodu-
3UKH. DTy mpoOiieMy pelaroT, CpaBHHUBASI HAOIIOIEHHS U
pe3yJIbTATHl TEOPUU HEWTPOHHBIX 3BE3N PA3HBIMHU CIIOCO-
Oamu (ommcaHHbIME, HanpuMmep, B [2]). Camblii MOIIHBIN
MPOTPECC TOCTUTHYT B UBMEPEHUU MAaCC HEUTPOHHBIX 3BE3/I-
paauoNyIbcapoB, BXOIAILIMX B TECHbIE TBOMHDLIC CUCTEMBI.
Henasuee nanéxHoe oOHapyxeHue [7] oueHb MAaCCHBHOTO
pamuomysbcapa J1614-2230 ¢ maccoit 1,97 £ 0,04 M, coe-
JIaJI0 HepeaJIbHbIMU (IIO3BOJIMJIO OTBEPTHYTH) BCE TEOPETH-
YeCKHe MOJCIN MSTKAX M YMEPEHHO XECTKUX ypaBHECHHI
COCTOSIHUSI CBEPXILJIOTHOT'O BEIIECTBA. DTU MOAEIIH IPeAcKa-
3BIBAIOT, YTO BELLECTBO HEUTPOHHBIX 3BE3]T SIBJISIETCS] CPaB-
HUTEJBHO JIETKO CXKIMAEMBIM, BCJIEJCTBHIE YeTO MaKCUMAJTb-
Hble MAacchl 3BE3]] OKA3BIBAFOTCS HIDKE MACChl PaIMOIyJIb-
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capa J1614-2230. PeanucTUYHBIMU OCTAJIUCH JIUIIb KECTKHE
YPaBHEHHSI COCTOSTHHSI, KOTOPBIE TIO3BOJISIFOT 3BE31aM HMETh
TaKyr0 Maccy. ODTH Ppe3yJbTaThl CBUACTEILCTBYIOT (CM.,
Hanpumep, [8]) B M0JIb3y HYKJIOHHBIX MOJEJEH CBEPXILIOT-
HOTO BEIEeCTBa, Jejiasi MEeHee BEpOSITHBIMH (HO HE TMOJI-
HOCTBIO MCKJIFOYAsl) MOJIENIM BELIECTBA, B KOTOPOM HPUCYT-
CTBYIOT U JpYIu€ CUJIbHOB3aMMOJICHCTBYIOIIME YaCTHUIIBI,
HaIpuMep THIEPOHBI WM KBapku. OJHO3HAYHOE peEIlIeHNe
Nnpo06JIeMbl NPUPOABl CBEPXIUIOTHOTO BeIIeCTBA — MEJIO
OyayIero.

Hwuxe oOcyxaaeTcst npyroit METO UCCIIEIOBAHUS CBEPX-
MJIOTHOTO BEILECTBA — C MOMOILBIO U3YYEHUS OCTLIBAHUS
HM30JIMPOBAHHBIX HEUTPOHHBIX 3BE3/1 (CM., Hanpumep, [9— 13]
U TIpUBEIEHHBIE TaM CChbUIKM). HelTpoHHBIE 3BE3IBI POXK-
JAI0TCs TOPSMUMHE (C BHYTpeHHeil TemnepaTypoii ~ 10! K)
BO BCIIBIIIIKAX CBEPXHOBBIX, HO IOTOM OCTBIBAIOT. YK€ IPH-
MEPHO 4Yepe3 MOJIMUHYTHI IOCJE POXAECHUS 3BE3[a CTaHO-
BHUTCSI MOJIHOCTBIO MPO3PAYHON MO HEUTPHUHO U OCTHIBAET
BCJIEJICTBHE MOIIHOTO HEUTPUHHOTO U3ITyUEHHS U3 TOPSYETO
sapa. [Tepsore 10— 200 et 3Be31a HEM30TEpMUYHA BHYTPH, a
3aTeM CTAHOBUTCSI M30TEPMHUYHOMN; OOJBINON Mepena TeM-
HepaTypbl COXPAHSETCS JIMIIb B TOHKOU TETJION30IMPYIOIIei
o6oouke B6M3K moBepxHocTH. Uepes 10°—10° neT 3Be3a
3aMEeTHO OXJIAXIAETCs, HBUTPUHHOE M3JIyUeHHe OCla0eBaeT
7 OCHOBHBIM MEXaHHU3MOM OXJIXKICHUS! CTAHOBUTCS TEILIO-
BOe U3JyueHHe (POTOHOB C MOBEPXHOCTH 3Be3.bl. Teopwus
naéT KpuBble ocThIBaHUS 1.° (1) — 3aBUCUMOCTH ek THB-
HOU TeMmepaTypbl MOBEPXHOCTU 3BE3/bI OT €€ BO3pacTa f;
HMHAEKC 0O YKa3bIBaeT Ha TEMIEpaTypy ¢ y4€TOM IpaBHUTa-
IMOHHOTO KPACHOTO CMEIIeHH (7151 yAaI€HHOro Habmona-
Tensi). OcCThIBaHWE 3aBHCHT OT CBOWCTB CBEPXILUIOTHOTO
BelecTBa B siape 3Be3Abl. CpaBHUBASI TEOPETHYECKHUE KPH-
Bble T7°(f) ¢ M3MEpPEHHBIMH TEMIIEpaTypaMH MOBEPXHOCTH
HEUTPOHHBIX 3BE3/1 M3BECTHOTO BO3PACTa, MOXHO H3y4aThb
CBOICTBA CBEPXIIJIOTHOTO BEILeCTBA. Pe3yIbTaThl ONMUCAHLI B
psine o630pos [10—13].

OCHOBHBIM PEryJIATOPOM OCTHIBAHMSI HEUTPOHHBIX 3BE3 ]
¢ BozpacToM ¢ < 10°—10° seT sBseTCa HeHTpUHHOE M3IY-
yeHue. JI1s onpenes€HHOCTU 3[1eCb U HIDKE OTPaHHMYMMCS
MOJEISIMA HEUTPOHHBIX 3BE3N C HYKJIOHHBIMU SIIPAMHU.
CcpUtkd Ha paboOThI IO OCTHIBAHUIO 3BE3] 0OJIEe CIIONKHOTO
SIZIGPHOTO COCTaBa MOXHO HAaWTH B 0030pax, yKa3aHHBIX
Bollie. OCHOBHbIE HEHTPUHHBIE MPOIECCH B 3BE3JAX C
HYKJIOHHBIMU s1IpaMHU NI€PEUUCIICHbI B TabIuIe, e 4yepe3 n
0003Ha4YeH HEUTPOH, p— NPOTOH, N — HYKJIOH (n uiu p), | —
3JIEKTPOH WJIM MIOOH, N — KBa3WHEUTPOH (AHHUTUIIUPYIO-
LU B KyTIEPOBCKYIO APy MPU HAJIMYUH CBEPXTeKyuecTn). B
TabJMIe MPUBEACHBI TaKXe IpyOble OLIEHKHM HEUTPUHHOU
cBeTUMOCTH L, 0OYCIOBJIGHHON 3TUMH IIpOIIecCaMy B HEl-
TPOHHOU 3Be3ae ¢ BHYTpeHHeW Temnepatypou 7; Ty =
= T/10% K. TlepBble TpH OIEHKH CIeJaHbl Oe3 yuéra
BIIUSTHUSI CBEPXTEKYUECTH, MTOCIETHSISI OICHKA TOJTydeHa IS
3BE3bI CO CBEPXTEKYYNMHU HEHTPOHAMH ITOCIIE HEUTPUHHOTO
BCILJIECKA, COMPOBOX/IAFOILETO TOSBJICHUE CBEPXTEKYYeCTH
(cm. pazmen 3).

CrangapTHbIM (0a3UCHBIM) HEUTPUHHBIM MEXaHU3MOM
SIBJIIETCA MOJU(DUIMPOBAHHBIN ypKa-miporece (Ilernovka u3
JIBYX PeakIuii, IpeJCTaBIeHHBIX B Tabmume). 3a 10° jeT B
pe3yJbTaTe 3TOTO Ipoliecca 3Be3a OXJIaKIAETCs IO TeMITe-
paTyphl T.° ~ 6 X 10° K. Ectb u 60J1ee ci1abble HeHTpUHHbIE
IpOLECChl TOPMO3HOTO H3Jy4YEHHs] HEMTPUHHBIX Hap NpHU
CTOJIKHOBEHMSIX HYKJIOHOB; MX TpU THHA: nn, np, pp. Bo
BHYTPEHHEM SIAPE MACCUBHOW 3BE3/IbI C HYKJIOHHBIM SIAPOM
MPH HEKOTOPBIX YPABHEHHSIX COCTOSHHS BO3MOXEH U TO-
pa3ao OoJiee MONTHBIN psIMOM ypka-tiporiece [14] (memouka
W3 JBYX peakinuii B TaOJuIle), BEAYIIMHA K YCKOPEHHOMY
ocTeiBanmio (10 Temmepatypsl T° ~ 10° K 3a 10° ner).
Ecnu mpsimoit  ypka-mporiecc pasperéH, TO MAacCHUBHBIE
3BE3/BI OBICTPO CTAHOBSITCS] OUYEHD XOJIOTHBIMHU.

CBepXTeKy4yecTb HYKJIOHOB CHUIBHO BJIHMSIET HA HEUTPUH-
HOE U3JIyYeHUE U TEIIOEMKOCTD sIIpa 3BE3/bl, a TEM CAMBIM
U Ha UX OCThIBaHME (CM. paznes 3). BiusiHue cBepxTekyue-
CTU JaBHO YyYMTBIBAETCS MPU MHTEPHPETANUHN HAOII0AeHUN
OCTBIBAIOIINX HEHTPOHHBIX 3BE3/, HO MOCKOJBKY KPHUTHYE-
ckue TeMnepaTypsl Ten(p) 1 Top(p) DaKTHUICCKH HEM3BECTHEI,
HAOJIIOJICHUSI MOXXHO OOBSICHSITH MHOTHMH CIIOCO0AMU (CM.,
Hanpumep, [10, 13]).

2. HeiiTponnas 3Be31a B Kaccuonee A

WuTepec x ocThIBAHUIO HEUTPOHHBIX 3BE3/] 3aMETHO BO3POC B
2009—2010 rr. mocyie onyOJIUKOBAHHUS HOBBIX PE3YJIbTATOB
00paboOTKH PEHTIEHOBCKHUX HAOJIOMEHUN OCTBIBAFOIIEH
HEHUTPOHHOU 3Be3/bl B ocTaTke cBepxHOBOU Kaccmomes A.
DTOT OCTATOK SIBJISIETCS SPYAKIIMM PATUOUCTOYHUKOM B
lanmakTuke, ONTHYECKH CIA0BIM BCIIEACTBHE CUIILHOTO MEX-
3BE3QHOTO MOTJIONIEHNS. PaccTosiHIe 1O HETO OICHUBAETCS
Kak 3,1J_r8ﬁ nk [15], a Bo3pacTt ocraTka yBEpeHHO Ompee-
nsietes [16] kak 330 4 20 et 1o HAGJIIONEHUSM JTHHAMUKH
paznéra obosiouku. [Touckn KOMIAKTHOTO OOBeKTa (HEWT-
POHHOI#1 3Be3/1bI WU YEPHOI ABIPHI), 00pa30BABIIETOCS MPU
B3pbIBE CBEPXHOBOH, BEJUCh MaBHO. OIHAKO KoJuIamncap —
HEWTpOHHAS 3Be3a — OBLT OOHAPYXKEH B PEHTTEHOBCKUX
Jgyvyax [17] nuib nocsnie 3amycka opOUTaJIbHONW PEHTICHOB-
ckoit obcepsatopun "Uanapa". O6bekT HabrOIAJICS STOM
obcepBaTopueil MHOTO pa3 [18—20]. Habnromaemblii ciekTp
AMMmpPOKCUMUPOBAJICS MOIEJISIMU YEPHOTEJIBHOT O U3ITyUEHH S,
a Tak)Ke BOJAOPOIHBIX HIH XKeJIE3HBIX aTMOochep, HO KaxIbIit
pa3 mpu 3TOM MOJYYaJiCs MAaJbId paguyc H3JIydarolnei
o6acTtu (MeHee 5 KM). DTO MOX0XKe Ha U3JTyUCHUE TOPSUETO
MSITHA Ha MOBEPXHOCTH 3BE3[bl, OJHAKO H3JIyuyeHUE HE
MyJIbCUPYET, HECMOTpPSI HA TO YTO HEUTPOHHBIE 3BE3MBI
OOBIYHO OBICTPO BPAIIAIOTCS M M3IyUYEHHE IISITHA TOJDKHO
OBLIO OBI 3aMETHO MYJILCUPOBATD.

Cutyanus m3menuiachk B 2009 1., korma Xo n XeWHKe
onyOJMKOoBaIM pe3ysbTaThl [21] MHTEpIIpETAllud TOTO XKe
CIEKTPa M3JIyYeHHs Ha OCHOBE MOJENU YIJIePOJHON aTMO-
cepbl HeUTPOHHOI 3Be3/1bl. [10JTydeHHBIM painyc U3J1ydaro-
meit odmactu, R = 10— 18 kM, coryiacyercsi ¢ 0XUIaeMbIM
panurycoMm HEUTPOHHOM 3Be3/1bl. HalileHHOE 3HaUeHrE MaCChl
3Be3asl M = (1,5—2,4) M, Takxke momnagaet B OXKHUIAAEMBIN

Tabamna. HeliTpuHHBIE CBETUMOCTH L, 1J11 OCHOBHBIX PeaKIUii B HYKJIOHHOM sIpe HEUTPOHHOM 3B€3/1bl

CTOJIKHOBEHUS HYKJIOHOB

KynepoBsckoe ciapiuBaHue HEUTPOHOB nn — v

MexaHu3M Peaknun L,,apr ¢!
Ipsimoii ypka-nporiecce n — plvj, pl — nv ~10%T¢
MoaupunupoBaHHBIN ypKa-IPOIIECcC nN — pNlv;, pNI — nNy, ~ 10% T$

NN — NNwv

~ (10%°—-10°") T
< (108 -10%) 1
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Puc. 1. (a) Kpurnueckass temnepatypa 7T, TPHIUICTHOTO CIIAPHBAHMSI HEHTPOHOB B IBYX Mogeisix, I u II, kak (yHKIHS IUIOTHOCTH p B siApe
HEUTPOHHOM 3Be3/ibl. BepTuKkasbHble MYHKTUPHBIE MPSIMBIC NMOKA3bIBAIOT LEHTPAJIbHYIO IUIOTHOCTH 3BE31 ¢ Maccamu M = 1,0 Mo u M = 1,65 M.
(6) YMeHbleHne TeMIepaTtypbl HmoBepXxHocTH T° HedTpoHHOHM 3Be3nbl B Kaccuonee A ¢ TeueHueM BpeMeHW f. Touku ¢ ommbOkamMu — Ha-

s

OmronaTenpHble naHHble. KpuBasi N — TunuuHas KpuBasi OCThIBaHUSI HecBepxTeKyueil 3Be3nbl. JIunuu I u 11 — Teopernueckue KpuBble OCTHIBAHUS
3Be31bl ¢ M = 1,65 M, B siApe KOTOPO UMeeTCs CUIIbHASI CBEPXTEKYyUeCTh MPOTOHOB U CBEepXTeKy4ecTh HeliTpoHoB Tuma I u II. Ha BcTaBke moka3aHsl
xpuBble I 1 N B 6ostee Menkom Macmurabe, a Taxxke kpusast pSF 11s 3Be31bL, B siipe KOTOPOU IPOTOHBI CBEPXTEKYH, & HEHTPOHBI — HET.

WHTEPBAJT MACC HEUTPOHHBIX 3BE3A. s ycmemtHo# mHTEp-
MpeTaluu CIeKTpa HY)KHO MAarHUTHOE ToJie B atMmocdepe
3pe3apl B < 10! TI'c, xoTopoe He sBiIsSieTCS JOCTATOYHO
CIJIBHBIM JUISL TOTO, YTOOBI CO3/1aTh 3aMETHBIE MYJIbCAIIMU
W3JIyueHUus Bpalarolieiics 3se3asl. [1pu 3ToM Temmnepatypa
MOBEPXHOCTH OKasanach nopsiaka 1% ~ 1,5 x 10° K, uto
Xopoluo corjacyerca [22] co CTaHOAPTHBIM OCTBIBAHHEM
HECBEPXTEKyUYel HEHUTPOHHOW 3Be3Abl NPU HEUTPUHHOM
OXJIXKICHHH 32 CUET MOTU(DUIIMPOBAHHOTO ypKa-Iporecca.
DT0 camasi MOJIo1asi U30JUPOBAHHASI HEHTPOHHAS 3Be3/a C
HaOJIIOJAIOIIMMCSI TETTOBBIM U3NyueHHeM. K coxajeHuro,
eé¢ TemmepaTypa 7.° CIHIIKOM XODOIIO YKJIAIbIBAlIaCh B
CTAHJAPTHYIO TEOPHIO U T€M CaMbIM Jiejajia HaOJFOJeHUS
MaJIOMHTEPECHBIMH.

OnHako creayroiias pabora Xeitnke u Xo [23] oka3anach
CeHCAIMOHHON. ABTOpHI IepeobpadoTanu Te ke HabJroe-
HUS1, PACCOPTHPOBAB UX MO F'OIAM H OIIPEICIIUB TEMIIEPATYPY
T xak ¢pyHkmmro £. OKa3aiock, 4TO 3a AEBSITh JIET HaOJ 0 1e-
HUH Temnepatypa ynaia Ha 4 % (puc. 1), a MOTOK TEMIOBOTO
u3ydeHus: ymenbiuuics Ha 21 %. ITocneayroiue Habmroae-
Hus B HOsiOpe 2010 r. [24] moaTBepAuid 3TU Pe3yJbTAaThlI.
Ecimm 3T0 Tak, TO 3TO mepBble HAOIIONEHHS] OCTHIBAHUS
U30JIMPOBAHHON HEUTPOHHOM 3BE3/1bl B peaJibHOM BPEMEHHU,
MpUYEM C TOYKH 3PEHHS] TEOPUHM OCTBHIBAHUE MPOUCXOJUT
Heobbrvaiino "obIcTpo". VI06HO (HOpMAIbHO BBECTH TEMII
NaJeHUsl TEeMIEePaTypbl

S:_dlnTs 7 0

dint
KOTOPBIII B JaHHBIX HAOJIOJNEHUSX COCTABJSIET § A
~ 1,35+ 0,15 (3mecb ommbOKu maHbl Ha ypoBHe lo, a Ha
puc. 2 — Ha ypoBHe 20). Ecim Obl 3Be3da ocThIBaja IO
JIeCTBUEM HEUTPUHHOTO M3JIyUYEHUS B Pe3yIbTaTe peakiui
IPSMOTO WM MOIUPHUIIMPOBAHHOTO YpKa-TIpoIecca, TO MBI
umer Obl s ~ 0,1 (CM. IITPUXOBYIO JIMHHIO HA pHUC. 2) U
nazgenne 7.° 3a 10 yieT HaGroJeHMI OKa3anock Obl HE3aMeT-
HBIM. Pe3koe magenne T° BO3MOXHO y MOJIOJOW 3BE3/bI
(Bo3pactra 10—200 jer) mpu 3aBepIllICHUU BHYTPEHHEH Tel-
JoBOM pernakcaruu [25—-27], HO TemoBasi pellakcanus B
JTAHHOW HEHUTPOHHOW 3Be3/e MOJDKHA ObLTIa OBbI yXke 3aBep-

2,0

0 | | | |

100 200

Puc. 2. CrutomHasi KpuBasi — pe3yJbTaThl pacyéra HAKJIOHA KPUBOM
OCTBIBaHMS § JUISl HBUTPOHHOM 3Be3/1bl ¢ Maccoit M = 1,65 M, cuiibHOI
CBEPXTEKYYECTbIO IPOTOHOB U CBEPXTEKy4eCcThIO HeliTpoHnoB Tuma I (cMm.
puc. 1) B cpaBHEHMM C HAOJIFOJATEIbHBIMU JaHHBIMU (C OIIMOKOW HA
ypoBHe 20) A HelHTpoHHO# 3Be3bl B Kaccuonee A. IllTpuxoBast TUHUS
MoKa3bIBaeT s(f) 1uIst HeCBepXTeKyyei 3Be31bl (kpuBast N Ha puc. 1).

muThesd. MHBIMEI CJIOBAMH, HCﬁTpOHHaH 3BC3Ja ABJISCTCA
JOCTATOYHO HarpeToﬁ, HO 6LICTpO OCTBIBACT, YTO HEC OIIUCHI-
BaeTCst OOBIYHOM Teopneﬁ OCTBIBaAHUS HCCBEPXTEKYIUX 3BE3/I.

3. OcTpiBanne CBEPXTEKYYHX HEHTPOHHBIX 3BE3/
PesynbTaThl HAOIIOIeHUH HEHTPOHHOM 3Be3/1bI B Kaccuonee
A ecTecTBeHHBIM 00pa3zoM oObsicHstOTCS [24, 29] Teopueit
OCTBIBAHHUS CBEPXTEKYUMX HEHTPOHHBIX 3BE31. IlocTpoeHue
TEOpUM B OKOHYATEJIbHOM BHJIE ObLIO (DaKTHUUECKU 3aBep-
meHo B 2004 r. [28, 30].

MBI IPOUJLTFOCTPUPYEM PACUETHI OCTHIBAHUS, UCTIOJIB3Y ST
pe3yabTathl [24]. st pacu€ToB OBLIO BEIOpAHO ypaBHEHHE
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COCTOSIHUSI HYKJIOHHOM MaTepuu B sApe HEUTPOHHOU 3Be-
3/bI, TIpeasiokeHHoe Akmaiem, [Tanaxapunanne u PaBen-
xosutoM [31]. KoHkpeTHO ObLia UCMOJIb30BaHA TApaMeTpH-
3amus pe3yabTatoB [31], monydennas B [32] u o0o3HaueHHAS
kak APR 1 B [33]. MakcumasnpHasi mMacca YCTOHYMBOU
HEUTPOHHON 3BE31bl JJIs 3TOrO YPAaBHEHUSI COCTOSIHUS
Max = 1,929 M; MomHbIi npsiMoil ypKa-mpoLecc CTaHo-
BUTCSI pPa3pelIEHHBIM B 3BE3Jax Maccoit M > 1,829 M.
OcCHOBHAsI YacCThb PAcu€TOB ObLIA BBIMOJIHEHA IS 3BE3JIbI
maccoid M = 1,65 M. [I10THOCTDb B IIEHTPE TaKOW 3BE3bI
yKa3aHa BEPTHKAJbHOW NMYHKTHPHOW JIMHHMEH Ha puc. la.
Kpusass N Ha puc. 16 onuchiBaeT OCThIBAHUE 3TOW 3BE3JIbI
6e3 yuéTa cepxTekydecTn |. BuaHO, 4TO 9Ta KpHBAs HE NAET
HYXXHOT'O KpyTOT'0 HAKJIOHA KPUBOW OocThIBaHUs. Ha BcTaBke
PHUCYHKa, BBIIOJHEHHOW B OoJiee MeJIKOM Macmrabde, Xo-
pOILIO BUAEH XKEJIAEMBIH KPYTOW HakJIOH KpuBoil N, HO B
6osee panHioro anoxy (¢ < 100 yet). OH cBsizaH ¢ 3aBeplie-
HHEM BHYTPEHHEW TEIUIOBOM peslaKkcaluu 3Be31bl, KOTOPYIO
He yAaéTcsl MCHOJIb30BAThb M OOBSICHEHHs HAOIIOICHUIA,
MOCKOJIbKY TPYIHO "pacTsauyTh" IUIMTENBHOCTH Tmpolecca
peJakcanuu J0 HbIHEITHeH 31moxu ¢ ~ 330 nerT.

Haunbonee BaxHBIM OKa3bIBAETCS BJIUSHUE CBEPXTEKYyUe-
CTU Ha HEUTpUHHBIE NMPOIECCH B siApe 3Be3/bl. Beenacraue
TOT'0 YTO HEUTPUHHOE M3JIyUYCHHE TEHEPUPYETCS B PEAKIIUSIX C
y4aCTHEM CHJIBHO BBIPOXKICHHBIX HYKJIOHOB, OCHOBHOM
BKJIaJ] B M3JIyYCHUE BHOCSAT HYKJIOHBI C 3HEPTHsIMU BOJIM3U
ypoBHsl Pepmu. CBEpXTEKyUeCTh HYKJIOHOB ONPEIEIEHHOTO
copTa MOAABJISIET BCE PEAKIMU C UX Y4aCTUEM M3-32 BO3HU-
KHOBEHHMSI LIIeJIU B clieKTpe sHepruu. [Ipu nageHnu remmepa-
Typbl T HUXe T, HEUTPUHHBIE MPOLECCHl PE3KO, IKCIIOHEH-
[UATTFHO, TOJIABJISIFOTCS (CM., HAIIpuMep, [5]).

CBepXxTeKyyecTb HPHUBOJUT, KPOME MOJABIIEHHUSI CTaH-
JIAPTHBIX HEATPUHHBIX MPOIIECCOB, K MOSBIICHUIO CIICA(pUYe-
CKOTO MEXaHU3Ma IreHepanuy HeUTPUHHBIX TTap IPU KyTIEepOB-
CKOM crnapuBaHuu HYKJIOHOB [34]. Ilpomecc reHepanuu
HEUTPUHHBIX TAp MOXHO pPacCMATPUBATH KaK AHHHTHLIIS-
MO KBa3WYACTUI[ B KYNEPOBCKYIO IMapy C HU3JIy4YECHHEM
HEUTpUHHOM napsl (cM. Tabisuiy). [Iponecc kuHeMaTHYeCKU
paspelaeTcst BCJIECICTBUE HCKAXKEHHSI CHEKTpa SHEPruu
HYKJIOHOB I1leJibto pu najaenun 1T Huwxke T.. Ero momuocts
CHavalla Pe3KO BO3PACTAET, NOCTHTaeT MaKCUMyma NpHU
T =~ 0,8 T,, a 3aTeM 3KCIHOHEHIIHAJILHO YObIBACT MPHU MTOHMIKE-
i T (OTSATH XKe BCIISICTBUE HAJMYUS IIEIN). DTO PEIKuiA
OpUMep HEUTPUHHOIO IIpoLecca, MOLIHOCTb KOTOPOro
MOXeT Bo3pacTaTh ¢ ymenbluenuem 7. [Ipouecc noasepxeH
BJIMSIHUEO MHOTOYACTUYHBIX (KOJUIEKTUBHBIX) 3PPEKTOB, YTO
BIEpBbIe ObLIO oOTMeueHO JlemHcoHoM [35] m mo3mHee
HCCIIeIOBAJIOCH B psifie pabot (cm., Hampumep, [36—41] u
MPUBEIEHHBIE TaM CCBUIKH, a Takke oOCyXIeHrne B 0030pe
[12]). Vuér xomnekTuBHBIX 3(PPekTOB CiOXKEeH (MOJEIBHO
3aBUCHM), PE3YJIbTAThI JOCTATOYHO IPOTUBOPEUYMBBI.

B nykimoHHOM siape HEUTPOHHOU 3BE3ABI BO3MOXKHO
HEUTPpUHHOE W3JIyYeHHe IPU CHHIJIETHOM KYIEPOBCKOM
CMAPUBAHUU MPOTOHOB M TPUILICTHOM CIIAPUBAHUU HEHTPO-
HOB (cM. paszgen 1). OmHako M3JIyyeHHWE NMPH CHHIJIETHOM
CIapUBAaHUU TNPOTOHOB CHJILHO TIOJABJIEHO BCJICACTBHE
MAaJIOCTU COOTBETCTBYIOIINX KOHCTAHT PEAKIMH (CM., HAIIPH-
Mep, [6]). Bosiee Toro, oHO MOXeT OBITH TOMOJHHUTEIBLHO
MIO/TaBJIEHO MHOT04aCTUYHBIME 3 hekTaMu. DTH ke KOJUIeK-

! Ha pucyuke 16 xpuBast N , B oTyinure oT KpuBoil N Ha BCTaBKe, 4yThb
MIPUIOAHATA, IS TOTO YTOOBI OHA NONAja B PUCYHOK M OBLT BHUJIEH e
HEJOCTATOYHO CUJIbHBII HAKJIOH.

TUBHBIE 3(D(EKTHI MOTYT CHJIBHO MOJABIISATH HEHTPUHHOE
H3IIy9CHHE TPH CHHIJIETHOM KYIIEPOBCKOM CHAPHUBAHUM
HEUTPOHOB BO BHYTpPEHHEH KOpe HEUTPOHHOU 3BE3/IBI.
OmHako Takoe M3JIyYeHHue, JTaxe HEeMOMdaBICHHOE, SBIISETCS
UHTETPaIbHO CIA0BIM BBHTy MAJIOTO 00bEMA KOPBI U CJIA00
BJIMSIET Ha OCTBIBAHUE 3Be3[bl. BTOpOI mpomecc TaHHOTO
TUNA B siApe 3BE3[bl — H3JIyYCHHE IPU TPUIUICTHOM KY-
MEPOBCKOM CIIAPHBAHUU HEMTPOHOB — OKA3bIBACTCS AOCTA-
TOYHO CHJIBHBIM; OH MOJXET MOJABJISATHCS KOJUICKTUBHBIMU
spdexTamMu, HO TOpa3no ciabee, YeM MPH CHHIJIETHOM
crnapuBaHud (CM., Hampumep, [41]). DToT TIponecc u OymeT
MPEJCTABISITL MHTEpeC B AajbHeliieM. Ero nHedTpunHas
CBETUMOCTh OIPEICIISICTCS HHTErPHPOBAHUEM MOIIHOCTH
U3JIYYCHUS 10 OOJIACTH TPHIUIETHOU CBEPXTEKYYECTH HEHT-
pOHOB B simpe 3Be3Abl (cMm., Hampumep, [30]). [Tocreguss
3amaérest mpouiaeM KPUTHUYECKOH TeMiepaTypbl Tg,(p) u
TeKyIleil TemMmepaTypodl siipa; 00JIACTh PACIIUPSIETCS O
Mepe octeiBanusi. MakcumyM T¢n(p) ompenessieT MOMEHT
BKJIIOYCHHS JAHHOTO HeUTpuHHOTO wu3iaydeHus. Iupuna
npoduist Ten(p) oOmpenessieT MOLIHOCTh BCIUIECKA 3TOTO
M3JIyYCHUS TIOCIIE €r0 BKJIFOUYEHUS M MOCIIEAYIOMUI YPOBEHD
ero MOIIHOCTH. Pacu€Thl MOKa3bIBAIOT, YTO MOCJIE BCILIECKA
HEHTPHUHHAS CBETUMOCTD 32 CYET KYIIEPOBCKOTO CIIaPUBAHUS
HeUTpoHOB MOXeT B 30— 100 pa3 mpeBBICUTH CBETUMOCTD,
00yCIIOBJICHHYIO MOIU(DHUIMPOBAHHBIM yPKA-IIPOLECCOM B
HecBepxTekyuell 3Be3ze. [locnenHee MOXET 3aMETHO YCKO-
PATH OCTBIBAaHHWE MO CPABHEHHWIO CO CTAHIAPTHBIM, YTO U
OTPaXXEHO B TAOJIHIIE.

WNrtak, CHHIJICTHAs NPOTOHHAS CBEPXTEKYYeCTh JIUIIb
MOJIABIISICT HEWTPHHHYIO CBETUMOCTB SIpa 3BE3/bI, TOIIA
KaK TPHUIUIETHAS HEHATPOHHAS CBEPXTEKYYECTh MOXKET e
YCUJIMBATD.

4. CBepxTeKky4ecTb HeliTpoHHOI 3Be3/1bI B Kaccnonee A
Teopus nomkHA OOBSICHUTH JBA BHEIIHE MPOTUBOPEUMBBIX
HaOIIOMATEIBbHBIX (hakTa (CM. pa3zaen 2): BBICOKYIO TeMIlepa-
Typy 3Be31bl (T3° ~ 1,5 x 10° K) 1 GBICTpBIil TeMII €8 OCTHI-
Banus (s~ 1,3). [Ipu TakoM TemIie OCTHIBAHHUsS 3Be3[a
JoJDKHA Obl1a ObI OBITH 3aMeTHO XoJiofHee. EcrecTBeHHOE
00bsiCHEHHE HAOJIOJCHUN JIETKO TMOJIyuuTh [24, 29], eciu
MPEITOJIOKUTh HAJTMYUE CUITbHOM CHHTJIETHOM CBEpXTEKyYe-
CTH IPOTOHOB M YMEPEHHO CUJILHOW TPHILJIETHON CBEPXTEKY-
YeCTH HEUTPOHOB B siApe 3Be3Abl. Teopus OCTHIBAHUS
no3BoJsieT mopobpath Takue npodmtn Ten(p) u Tep(p) B
sApe 3Be3/bl, KOTOPbIE JatoT HabogaeMele 1.° 1 S.
CornacHo pacu€tam, mpouib KPUTUYECKON TemIiepa-
Typbl Ten(p) MOJDKEH HMMETb (GOpPMY IIMPOKOrO MHUKA C
MakcuMyMoM T3 (p) ~ (5—9) x 10% K. Takoii Mmakcumym
rapaHTUPYET, YTO CBEPXTEKYIECTh HEUTPOHOB B SIAPE 3BE3IbI
BO3HHUKJIA JIMIIb HECKOJIBKO AECSTKOB JIET Ha3al, HEUTPHH-
HOE U3JIy4eHHEe NPU KYNEPOBCKOM CHAPUBAHUU HEHTPOHOB
BKJIFOUMJIOCH B TIOJIHYIO CHITY, HO HE YCIIEJIO CHUIBHO OXJIAAUTh
3Be3ay. s mpuMepa Ha puc. la mpuBeaeHb! 1Ba GeHOMEHO-
sorudeckux npodus Ty, (p) (kpussie I u I1); ux BausiHue HA
OCThIBaHUE 00BsICHsIeTCsT HIKe. [Ipoduim B3sSThI U3 paboThI
[24], rne kpuBas I 0603HaueHa Kak (a), a kpuBas [I — xak (c).
st ycnemrHoro oOBbsSCHEHUsI HAOJFOJICHUM HYXHA U
CBEPXTEKYUeCTh MPOTOHOB, KOTOpasi JOJDKHA OBITh CHJIb-
HOM, ¢ KpUTHYEeCKO# TemmepaTypoit Tep(p) 2 3 X 10° K mo
aapy 3Be3/bl. KonkpeTnas 3aBUCUMOCTD T, OT IJIOTHOCTH
IIPU 3TOM HecyllecTBeHHa. Takasi CBepXTEKyuecTh BO3HUKAET
Ha paHHMX CTaJIusX OCThIBaHuUs (¢ < 1 rof) U mogaBisieT Bce
OCHOBHBIE HEUTPUHHBIE MPOLECCHI C YYACTHEM MPOTOHOB!
ypKa-mporecchl (MOIU(PUINPOBAHHBIC UJIH TaXe MPSMbIE) U
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TOPMO3HOE U3JIyUeHUE HEUTPUHHBIX AP IPU CTOJKHOBEHHSIX
MPOTOHOB C HYKJIOHaMH. HenonaBiieHHBIM (0 TOSIBIICHUS
CBEPXTEKYUECTH HEHTPOHOB) OCTAETCS JIMIIb CPABHUTEIBHO
cJ1a0bIi MPOTIece TeHepalui HeUTPUHHBIX Tap MPU HEUTPOH-
HEHUTPOHHBIX CTOJKHOBEHUsIX. HeHTpHHHASI CBETUMOCTH
3B€31bl O BO3HUKHOBEHHUSI HEUTPOHHOU CBEPXTEKYYeCTHU
oKa3bIBaeTcs ci1aboH, T.e. 3Be3ga ocTaércesi 3aMeTHO OoJiee
ropsYeid, YeM MPH CTAHAAPTHOM OCTBIBAHHU MO ISHCTBUEM
MoauGUIMPOBAHHOTO ypKa-miporecca. COOTBETCTBYIOIIAS
kpuBas octeiBaHUs (KpuBasi pSF) nzobpaxeHa Ha BcTaBke
puc. 16. Toapko B 3TOM ciydae NOCJIEAYIOIIUI BCILJIECK
HEUTPUHHOTO W3JIyYeHUs] NPHU KYNEPOBCKOM CHAPHUBAHHUU
HEUTPOHOB JAET BHICOKUI HAOJIFOIAEMBIil TEMIT OCThIBAHUS.
Kak BumHO U3 puc. 1, pe3yJbTaThl 00eUX MOJEIeH CBepXTe-
KydecTn HeWTpoHOB, | u 11, my1s1 3Be3 161 Maccot M = 1,65 M,
COTJIACYIOTCS C HAOJIFOIEHUSIMI HEUTPOHHOM 3Be3/1bl B Kac-
cuoniee A, mpuuéM Mogenb | AaéT HECKOJbKO Jiyulee
corJiacue.

Bonee Toro, coriacHo [24], npu 10001 Macce 3Be3/1bl B
uaTepBase ot 1,3 M, mo 1,9 M, MoxHO mogo0paTh Takou
npoduib Tey(p) B simpe 3BE3/bl, KOTOPBIA OOBSCHSET Ha-
6monenus. [lpu M 2 1,5M,, st npodunu T, (p) cnabo
OTJIMYAIOTCSI APYT OT APYra, a IpU MEHbIINX M MaKCUMYMBbI
TS HyXHO JIeJIaTh HECKOJIBKO 00JIee BBHICOKMMU I CMELATh
B 00JACTh MEHbIIUX p. Pe3ynbTaTbl pacyéToB YyBCTBH-
TeJIbHBI [24] ¥ K TIJI0XO0 U3YYEHHOMY BJIMSIHUFO MHOTOYACTHY-
HBIX 9pPEKTOB HA MOIIHOCTh HEUTPUHHOTO M3JIYUCHHUS TIPU
KYNEPOBCKOM CIIAPUBAHUU HEUTPOHOB (CM. BBIIIIE).

BaxxHbIM IpeacKa3aHueM TEOPHUH SIBJISETCS] HETPUBHAIIb-
HOE MOBE/ICHUE TEMITa OCThIBaHUS — (akTopa s (CM. puc. 2).
ITocne Toro xak 3Be3da JOCTHUIJIA COCTOSHWS BHYTpPEHHEH
TEIJIOBOU peslakcaluy, Teopust 1a€T CTaHAAPTHOE 3HAUCHHE
s ~ 0,1. OnHako mocse BO3HUKHOBEHUS] HEUTPOHHOM CBEPX-
TEKY4YeCTH § BO3PACTAET B HECKOJIBKO AECATKOB pa3, TOCTH-
raeT MakCUMyMa, a 3aTeM, Yepe3 HECKOJBbKO JECSTKOB JIET,
BHOBB YOBIBAE€T JI0 CBOETO CTAHAAPTHOTO 3HauYeHHs s ~ 0,1.
3aMeTHOE MPEBBIIICHHE § HAl CTAHAAPTHBIM 3HAYCHUEM —
CBHU/JIETEILCTBO BCILIECKA HEUTPUHHOTO U3JIyYEHUS B 3BE3JIC
— JUIMTCS COBCEM HEHOJITO U yKa3bIBaeT Ha ocolyro a3y B
JKU3HU 3Be3/1bl. MOXKHO OKAa3aTh, YTO AETAILHOE H3MEPEHHE
s(t) MO3BOIMIIO OBI ONMPEIEIUTh BAKHECUIIMN MapaMeTp —

(yHKIMIO HEUTPUHHOTO OXJIAKIEHUS (OTHOLIIEHHE HEUTPHUH-
HOW CBETUMOCTH K TEIIOEMKOCTH 3BE3]IbI) B 3TOT MEPHO/I.
Taxoe ompeneneHne MOTJIO Obl JaTh OYEHb MOJIE3HYIO
rHPOPMAIIMIO O BHYTPEHHEM CTPOCHUM HEUTPOHHOUN 3Be-
3B, IPEXJIE BCETO O MPOGIIIE KPUTHIECKOW TEMIEPATYPhI
HeliTpoHOB Ty, (p). HblHenHue HaGroeHUsT HEHTPOHHOM
3Be3bl B Kaccnonee A kak pa3 mpuXoAsTCs Ha 3TOT 0COOBIN
MEPUO, HO BEJIMYMHA § U3MepPeHa ¢ OOJIBIIMMH OIIMOKAMU.
SlcHO, YTO OOHAPYXHUTH HEUTPOHHYIO 3BE3/Iy B TAKOM CO-
cTostHUE — Ooublias ynava. Ecim nmpemiaraemoe oObsiCHe-
HHE MPAaBUJIBHO, TO (AKTOP § TOJDKEH 3aMETHO YMEHbBIIIATHCS
Ha MacmTabax B HECKOJBKO AECATKOB JIET, YTO JIETKO MOXKET
OBITH IPOBEPEHO B OyAyIIMX HAOJIFOICHUSIX.

5. Kaccuones A

U Ipyrue OCThIBAIOIIHE HETPOHHBIE 3BE3/IbI

[Tosie3Ho IPOaHAIN3UPOBATH MOJYYEHHbIE PE3YILTATHI BME-
CTe ¢ JAaHHBIMH O JIPYTUX OCTHIBAIOIINX HEUTPOHHBIX 3BE34aX
[24]. PazymHO TIpeATIOI0KUTh, YTO CBOMCTBA CBEPXILJIOTHOTO
BelecTBa (MpeXxAe BCErO YpaBHEHUE COCTOSIHHS) BO BCEX
HEUTPOHHBIX 3BE3/1aX OAMHAKOBBI, a 3BE3/IbI MOTYT pa3JIH-
4aThCsl Maccoil (LIEHTPaJbHON IMJIOTHOCTBHIO), XapaKTEPOM
BpAIlCHUS], MAarHUTHBIM II0JIEM, XUMHYECKUM COCTaBOM
MMOBEPXHOCTHBIX CJIOEB W T.n. B 3ToM ciydae mpoduiu
Ten(p) m Tep(p) OMMHAKOBEI JUTA BCeX 3BE3M (XOTSA M Mpo-
CTHUPAIOTCS 10 Pa3HBIX IIEHTPAJIbHBIX INIOTHOCTEH).

Juist ananuza 6p1m BeIOpaHbl [24] Mo1es1M 3BE3 /] C TEM Ke
cambIM ypaBHeHueM coctosinus APR 1. Beum paccuntanbl
KpUBBbIE OCTBIBAHUSI 3BE3N PA3HBIX MacC C Pa3IMYHBIMU
Ten(p) W Tep(p), M Pe3yIBTATHI COTIOCTABIIEHBI C HAOJFOIC-
HUSIMH BCEX OCTBHIBAIOIINX HEHTPOHHBIX 3BE3M, y KOTOPBIX
omnpezeseHsl (onenensl) 77° u t. HabmronaTenbHble JaHHBIE
00 3TuX 3BE3/1aX B3ATHI U3 UCTOYHUKOB, YKa3aHHBIX B [24].
PesynbpTaThl 111 CHJIBHOM CBEPXTEKYYeCTH HPOTOHOB U
cBepxTekyuecTu HedTponoB Tuma | unu Il mpencrasiens! Ha
puc. 3. 3amTpuxoBaHbl Te 0071acTH 1.°, KOTOPBIE 3aII0JTHEHBI
KPHUBBIMHU OCTBHIBAHUSI HEMTPOHHBIX 3BE3] pa3HbIX Macc (OT
1 My no 1,929 M,). Bepxuue kpuBble Ha puc. 3a, 6 oTBeHaroT
3Be3siec M = 1 M; B Ha1Iel Moen Takasi 3B€3/4a OCThIBAET
HauboJiee MeJIeHHO. HWKHSISE KpuBasi OTBeyaeT camMou
MaccuBHOM 3Be3ae M = 1,929 M, octhiBaroiieit HauboJee
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100 102 104 10 10°
1, 7O

102 104 109
t, TO0

Puc. 3. HabnromatenbHble JaHHBIE 00 OCTHIBAIONINX HEHTPOHHBIX 3BE3/1aX B CPABHEHUH C TEOPETHYECKUME KPHBLIMH OCTBIBAHHS HEHTPOHHBIX 3BE3
Pa3sHBIX MacC ¢ CHIIBHOH CBEPXTEKYUeCThIO IPOTOHOB M CBEPXTEKYUeCThIO0 HEUTPOoHOB Tuma I (a) mmm 11 (6). 3amTpuxoBaHHbIe 00JIACTU 3aIIOJIHEHBI
KPMBBIMH OCTBIBaHUS 3BE3]] C Pa3HBIMH MaccaMH, oT M = M, (BepxHHUe KpuBLIe) 10 M ~ 2 M, (HmkHHUe KpuBbIe). [ mpuMepa Takxe Imoka3zaHa
KpHBast OCTBIBaHMUS 3Be31bl ¢ M = 1,65 M. CBepxTekydecThb I MOXeT 0OBSICHUTE HAOJIIOJEHHsI BCeX 3BE3L, a cBepXTekydecThb 11 — Her.
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ObIcTpO. J1J1s1 MPOCTOTHI CUUTACTCS, YTO MOIIHBIA MPSIMOU
ypKa-Impolecc U3JIydyeHUs] HEHTPUHO B MACCHBHBIX 3BE3/1aX
(dbopManbHO pa3pe€d, HO MOJHOCTBIO TMOAABIIEH CHIIBHON
CBEPXTEKYUeCThIO MPOTOHOB. Ecim ObI 3TO OBLIO HE TaK, TO
caMble MacCUBHbBIC HEHTPOHHBIC 3BE3/IbI OCTHIBAIN OBl OYCHD
OBICTPO M 3aIITPUXOBAHHBIC 00JIACTH HA PUC. 3 OMYCKAJIUCh
Obl B o0Ojacth Oojiee Hu3KkuX Temmepatyp [24]. Kpome
KPUBBIX OCTBIBaHUS 3BE30 ¢ M =1M, u M =1,929 M,
MBI M300pa3WId U MPOMEXYTOUHBIE KPHBBIE ISl 3BE3N C
M=1,65M;.

Kax Buano u3 puc. 1, B Mmonenu II HeTpoHHBIE 3BE3 b
BCEX MAcC MPOXOJSAT CTAANIO HEUTPHUHHOTO BCILIECKA TPHU
BO3HUMKHOBEHHU CBEPXTEKY4eCTH HEHTpoHOB. OpmHako u3
puc. 36 BUAHO, UTO TAKUE MOJIENIA CBEPXTEKYUECTH MPOTHBO-
pevaT HAOTFOJCHUSIM. DTH MO/IEJIN XOPOIIH TSl OO bSICHEHHS
HAOJIIOJICHAN CaMbIX XOJIOJHBIX (11 CBOETO BO3pAcTa)
3BE37, Hamoxobue myJsbcapa B co3Be3nuu IlapycoB (mmyJib-
capa Vela). OHaKO € MX TOMOIIBIO HEBO3MOXKHO OOBSICHUTh
JTaHHbIe HAOJIIOJCHUN HauboJiee HAPETHIX 3BE3JI CPEIHErO
BO3pacTa, HanpuMmep 1ysibcap 0656+ 14 nocse HeHTPUHHOTO
BCILTECKa OBLT OBl HAMHOTO XOJIOHEE, YeM HyxHo. Habro-
JIeHUS BCEX 3BE3/1 MOXKHO OOBSCHUTD JIMIIB KOJIOKOJI000pa3-
HbIM mpodmtemM T¢,(p), CABUHYTBIM BO BHYTPEHHEE SIPO
HEUTpOHHOU 3Be3nbl, Tuna npoduis I (puc. 3a). Toraa B
3BE3JaX MAJIOW MACChI CBEPXTEKYUeCTh HEUTPOHOB HE BO3HU-
KaeT BOBCE MJIA BO3ZHHUKAET CIIMIIKOM TO3HO, HE OKa3bIBas
BJIMSIHASIT HAa OCTbIBaHME. B 0Gojiee MaccuBHBIX 3BE3nax
CBEPXTEKYUeCTh HEUTPOHOB BO3HUKAET PAHBIIE U IPUBOIUT
K 3aMeTHOMY oxJaxaennto. Cxoxuit mpoduib T, (p) ObLI
npennoxer panee [30] A1t 0OBbSICHEHUS! UMEBIIHMXCS TOTA
HaOJrOAeHUi. Y IUBATEILHO, YTO OH OOBICHSAET U HAOJIIOfI€e-
HUs HelTpoHHOU 3Be3/bl B Kaccuonee A. Ananus nHaburoze-
HHI BCeX 3BE3/1 MOKa3bIBaeT, 4TO Mpod b Tg,(p) orpaHnieH
nocraTouHo cuibHO [30], HeliTpoHHas 3Be3aa B Kaccuomnee A
JIOJDKHA UMETh He CIIHMIIIKOM Maiyro maccy, M 2 1,4 My, n
MAacchl OCTAJIbHBIX OCTBIBAIOIINX HEHTPOHHBIX 3BE3 BBI-
CTpoOeHBI IO pawkupy. Tak, mysibcap B co3Be3auu [lapycos
JIOJIKEH ObITh MAaCCUBHBIM, a 1yJjibcap 0656414 — masiomac-
cuBHbIM. ClileyeT MOJUYEePKHYTh, YTO JaHHAsl 3aBUCUMOCTb
Ten(p) He coryacyercsi ¢ pe3yjabTaTaMH MHOTHX MHKPO-
CKOIMYECKUX Pacu€TOB (KOTOPBIE YKA3BIBAIOT, YTO TPUILIET-
HOE CIIApHUBAHKE IPOUCXOIUT MPH O0JIee HU3KOM IJIOTHOCTH),
HO W HE HCKJIFoUaeTcss Takumu pacuétamu (cM. [30, 42] u
IpUBEAEHHBIE TaM CChUIKM). UTOOBI N30€KaTh CTOJIb HECTAH-
JapTHOU 3aBucuMOCTH Ty (p), MOXKHO MPEANOIOKHUTE, 9TO
npoduib T, (p) sBIsICTCS IMPOKUM (D0JIee TPUBBIYHBIM) K
OXBaTBIBAET BHEIIHEE SIAPO 3BE3[bl, OJHAKO MOIIHOCTH
HEUTPUHHOTO HU3JIyYCHUS TPU KYNEPOBCKOM CIIAPUBAHUU
HEATPOHOB MPH HU3KHUX IUIOTHOCTSAX CHJIBLHO MOJaBJICHA
(HanpumMep, KoJUIeKTUBHBIME 3¢ dexTamu). Toraa npoduin
HEUTPUHHOTO JHEPrOBBIIEJICHHUS B SiApe OyIeT MpHUMEpPHO
TaKMM JXe, KaK IpH cBepXTeKyuecTH .

6. 3akmoueHue

MBI onucany HeTaBHUE pe3ysbTaThl X0 u XehHke [21, 23] mo
o6paboTke 10-1eTHUX HAOJFOJICHUI PEHTIEHOBCKOW o0cep-
Batopueii "Uanapa" MoJIOHON OCTBHIBAIOILECH HEHTPOHHOU
3Be3/Ibl B OcTaTke cBepxHOBOW Kaccuomess A. Pe3ynbraThl
YKa3bIBAIOT Ha HEOOBIYAHHO OBICTpoOE (IO MEpKaM TEOPHUH)
OCTBIBAaHUE ITOCTATOYHO HATPETOW 3BE3JbI, KOTOPOE HE
OTMCHIBAETCS TEOPUEH OCTHIBAHUS HECBEPXTCKYYMX HEUT-
POHHBIX 3BE31. MBI OKA3ajIH, YTO TAKOE OCThIBAHUE JIETKO
OOBSICHUTD, €CJIM B SIIPE 3BE3/Ibl UMECTCS CHJIbHAS CUHTJIET-
Hasl CBEPXTEKYUECTh IPOTOHOB (ITOAABJISIIONIAS] HEHTPUHHOE

W3JIyYeHUE U 3aMeUISIOIIAsi OCThIBAHKE Cpa3y MOCIIe POXK/Ie-
HUS 3BE3bl) 1 YMEPEHHO CHJIbHASI TPHUILICTHASI CBEPXTEKY-
4eCTb HEUTPOHOB (BO3HMKINAS HECKOJIbKO ACCATUJICTUU
Ha3a/J U BbI3BABIIAS MOIIHBIA BCIIJIECK HEUTPUHHOTO U3JIY-
YEHUS JIJI YyCKOPEHUs OCThIBAHUS B HaIIly 3110oxy). Eciu Takoe
00BSICHEHUE TMPABWJIBHO, TO 3TO CEPbE3HOE CBUICTEIHCTBO
HAJIMYMSI CBEPXTEKYUECTH B sIAPAX HEUTPOHHBIX 3BE3 ], MOJTY-
YeHHOE 10 HAOIOAEHUSIM OCTHIBAHUSI HEHTPOHHOW 3BE3/bI.
Panee 0CHOBHBIM NPOSIBIEHUEM CBEPXTEKYYECTH CUHTAJIHCH
HaOJI0/TaeMble COOM MEPUOA0B BpallleHHs! (TJIMTYH) IyJIbCca-
poB (cM., HapuMep, [2, TJ1. 1] 1 MpuBeIEHHBIE TaM CCBLIIKH).

Vka3zaHHbIN BCIJIECK HEUTPUHHOTO U3JIyYEHUS MPU BO3-
HUKHOBEHUU HEUTPOHHOU CBEPXTEKYUYECTHU B sIIpE HEUTPOH-
HO#l 3Be3gnl B Kaccmomee A [MOMDKEH COMPOBOXAATHCS
OBICTPHIM YMEHbBILICHUEM BEJIMYMHBI §(7), YTO JIETKO MpPOBe-
puThH B OyIymux HaOJIFOAEHUSIX HAa MacIITabax OKOJIO IECATH
set. ITomuepkHEM, YTO TMpemIOKEHHOE OOBSICHEHHE aHO
HE3aBUCMMO B ABYX pabotax [24, 29], xoTopwle paziu-
YAlOTCS JIMIIb HE3HAYUTEJIbHBIMHU NIETAJIIMH, U OHO OCHO-
BaHO Ha TEOPHUH, KOTOpPAasi B CBOIO OYepeqb Takxke ObLia
Mpe/JIOKeHa He3aBUCUMO B ABYX pabortax [28, 30] Tex xe
TPYIIL.

Bbu1o naHO M ABa anbTEpHATUBHBIX OOBSCHEHUS (PEeHO-
MeHa HeHTpOoHHO# 3Be3/1bl B Kaccuomnee A. B nepBom u3 HUX
[43] mpeanoJiokeHo, YTO MOJIOJasi HEUTPOHHAS 3Be3Ja po-
UIach OBICTPO BpAINAOIIEHCs, a €€ NMeHTpaJIbHAs TUIOT-
HOCTH ObLTa OUeHb OJIM3KON K KPUTUUYECKOW TNIOTHOCTH, TIPU
KOTOPOW CTAHOBUTCS Pa3pelEHHBIM MPSIMON ypKa-TpoLece
(HemoaBJICHHBIM CBepXTeKydyecThlo). Jlajee, IO MHEHUIO
aBTOpOB [43], 3Be3/1a TOPMO3UTCS MYyJIbCAPHBIM MEXaHU3-
MOM, HEHTPATbHAS IJIOTHOCTb MOBBIIAETCS U BKJIFOYAETCS
MIPSIMOM YPKa-IIPOIIECC, BBI3BIBAFOIINI MOIITHOE HEHTPUHHOE
n3ayueHue u HaOyrogaemoe ObICTpoe ocThIBaHME. Takoe
00DbsICHEHUE B IPUHIIUIIE BO3MOKHO, HO peaIn3aliyst OlUCaH-
HOT'O CLEHApHSl MaJOBepOsTHA. ABTOpBI APYroro oObsCHe-
Husi [44] UCTIONB3YIOT HECTAHAAPTHYIO MOJENb TEIJIOBOU
U30JSUU HEUTPOHHOU 3BE3/1bl, KOTOPAS MO3BOJISIET PACTSI-
HYTb CTAMIO TEIUIOBOW pEJIAKCAIIMH 3BE3/Ibl 1O HACTOSIIEH
snoxu. Pe3koe HaOrogaeMoe yMEHBIIIEHHE TeMIepaTypbl
MOBEPXHOCTH aBTOPHI [44] OOBACHAIOT OKOHYAHHEM TEILIO-
Bol penakcanuu. Mcnonb3oBaHHass IMH MOJIENb TEIJIOBOU
M30JIAIUN  SIBJISIETCST HEOOOCHOBAHHON W TMPOTHUBOPEUUT
HaJI&KHBIM OOIIETPUHSATBHIM MOJEISIM (CM., HaIpuMmep,
[45—47)).

Bo3Bpaiasce x Halei nCXOJHOM HHTEPIPETAINY, 3aMe-
THM, YTO OHA IO3BOJISET OOBSCHUTHL HAOJIOAECHUSI OCTHI-
BaHUS BCEX W3OJHMPOBAHHBIX HEUTPOHHBIX 3BE3[ €IUHOU
MOJEJIbIO CBEPXTEKYYeCTH HYKJIOHOB B siApe 3Be3abl. bosee
TOTO, CXOast MOJIeJTb ObLTa TIpeIjI0keHa HaMHOT o panee [30]
JUIsE OOBSICHEHHS] HAOJIFO/IGHUN OCTBIBAOIIMX HEUTPOHHBIX
3B€311. HoBble naHHbIe 0 HEWTpOHHOI 3Be3e B Kaccuonee A
YIUBUTEJIBLHBIM 00pa3oM MOATBEPXKIAIOT CTaphble pe3yJib-
TaThl. CKENTUKH MOTYT HE BEPUTH B CYTh MPEIJIOKECHHON
WHTEpIpeTaluy, HO MOTYT TPaKTOBaTh €€ Kak yKa3aHHe,
KakoW TOJKHA ObITh HEUTPUHHASI CBETUMOCTb HEUTPOHHBIX
3BE311, 4TOOBI OOBSICHUTH HabsroJeHus. B mrobom ciyuae,
Mpe/VIOKEHHAsT UHTEepIpeTanus HAaOJIFOICHUI HEUTPOHHOU
3Be3nbl B Kaccuomee A SIBJIsSETCS TpPEIBAPUTEIBHOW U
HYXJAeTCs B MOATBEPKACHIH. BO-TIepBBIX, Mpeacka3aHHBIN
HEUTPUHHBIN BCILJIECK — PEAKOE COOBITUE; YAUBUTEILHO, YTO
yAaJj0ch HAOIFOIATh €ro NposiBieHus. Bo-BTophix, 061acTh
TPUILUIETHOTO CHApUBAHUS HEHTPOHOB B SIAPE 3BE3IbI B
JIYUIIeH TEOPETUYECKOW MOMICNIM CJIMIIKOM TJIYOOKO CJIIBH-
HyTa B SAPO 3BE3[bI, BONMPEKH Pe3yabTaTaM OOJIBIIMHCTBA
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MUKPOCKOMUYECKUX pacuéToB. B-Tperbux, BciaeacTBue cra-
PEHUS PEHTIEHOBCKHUX AETEKTOPOB obcepBaTopuu "Yanapa"
BO3MOJXHBI OIIMOKK B UX KaJIUOpOBKe U 00pabOTKe pe3yJib-
taTtoB HabOmroneHuit [48]. OmHako MHTEpeC K HEUTPOHHOMH
3Be3ne B Kaccuomee A BBICOK M MOXHO HAJIEAThCS, YTO
cUTyanusi ¢ HaOIIOJCHUSIMU U TEOPETHYECKON MHTEepIpeTa-
LUEH TPOSICHUTCS B HEAAJIEKOM Oy 1yIIeM.
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