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beanle KAPAUKH

beavie kapauxu - xorneurnas cmadus 3630101l 360.110yuu 1n0c1e

ucHepnarus mepMoAEPHBLX UCIIOUIHUKOE Itepeul 36€30 cpedret u
Masnodl Maccst. Ony npedcmas.ia10m cobol 04eny naonIHbLe
2opAdUe 3663061 MAIbIX DasMepos U3 6bLpoIc0erH020 2a3a.

Hoeprwie peaxyuu 6nympu besozo xapauxa ne udym, a céederiue

npoucxooun: 3a cuem medserrozo ocmuetéarug. Macca besvrx

KapAUuKo6 He Modcern? npesviulaniv HeK0mopo2o 3Ha4eHus - 37720
max rasviéaemuitl npedes Yaropacexapa, pasrvr npumeprio 1,4

Maccor Coanya.
Cosriye 6 0y0ymem - 3mo beaviti Kapaux.
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AcrpoHOMHuUueckue peHOMEHHI C

y4acCTHEM O€ABIX KAPAUKOB

PenTreHoBckoe n3AydeHue 0€AbIX KAPAUKOB

Temnepamypa nosepxrocniu Mo100b1x benbX KAPAUKOE — UIOMPONHBIX A0ED 36¢30 10CAE
copoca 06o04ek, oyers 6vicoka — bosree 2X105 K, odrnaro docmanmouro beicmpo nadaem
3a CUEN HEUMPUINOZ0 0XAanc0eHus U usyernus ¢ nosepxriocmu. 1axue ouers mo100vze
benvre Kapauku Haba100armes 6 PermeeHosckom duanasote (Hanpumep, Habar0eHus

ben020 kapauxa HZ 43 cnymmnuxom ROSAT).

Temnepamypa nosepxrocmu naubosee eopauux beavex kapauxos — 7 X104 K, naubosee
x04100161x — ~5X 103 K (em. nanpumep 36e3da sarn Maariena).

Ocoberrocmsro usnyuernus 6eastx Kapaukos 6 peHnzeenosckom Ouanasome A6.A9mea mon
Darm, umo 0CHOBHBIM UCIHIOUHUKOM DeHIzeH06CK020 U3AYHeHUA 017 HUX A6AACNICA
Gomochepa, umo pexo omaudaens ux om «HOPMaabHBIXY 36€30: ) NOCACOHUX 6 PeHmzere
Us1yaen? Kopora, pasocpentasn 00 HeckOAbKUX MUANUOHOE KeAb6Ul, a meMmnepantypa
Dormocgepsl cAUUKOM HUSKA 017 UCHYCKAHUA PEHINLeHOBCKO20 U3/TYHeH A

B omcymemeue axxpeyuu ucmouruxom ceemumocnu benvix Kapaukos A6.49emeA 3andc
1ENN0601L IHEDLUU UOHOE 6 UX HEOPAX, NOINIOMY UX COCHIUMOCIHIL 3A6UCUIN 071 603DACHIA.
Koswuecmeernnyro meopuro ocmeisarnus beastx kapauxoé nocmpous 6 xorye 1940-x 20006

C. A. Kanaarn.




[Ipu sBOAIOLIIH 3BE3A PA3AMYHBEIX MACC B ABOMHBIX CHCTEMAX TEMIIBI 9BOAFOLINH KOMIIOHEHT
HEOAMHAKOBBI, IIPU 9TOM DOAEE MACCHUBHBIN KOMIIOHEHT MOKET IIPOIBOAIOLIMOHUPOBATH B OCABIH
KAPAHK, B TO BPEMA KaK MEHEE MACCHBHBII K 9TOMY BPEMEHH MOXKET OCTaBATHCA Ha TAABHOM
ITIOCAEAOBATEABHOCTH. B CBOIO 0O¥epeAb, IIpHu CXOAE B IIPOLIECCE 9BOAIOLINH MEHEE MACCHBHOTO
KOMIIOHEHTA C TAQBHOM IIOCAEAOBATEABHOCTH €TO IIEPEXOAE HA BETBb KPACHBIX THTAHTOB Pa3Mep
9BOAIOIIMOHUPYIOIIEH 3BE3ABI HAYMHAET PACTH AO TEX IIOP, ITOKA OHA HE 3AIIOAHAET CBOIO IIOAOCTB
Porra. [Tockoabky moaoctu Porrra koMIoHeHT ABOMHOM CHCTEMBI COIIPUKACAIOTCA B TOUKe Aarpamxa
L1, To Ha 9TOM CTAANH SBOAIOLINH MEHEE MACCHUBHOIO KOMIIOHEHTA 4ero uepes Touky L1 Haunnaercsa
IIEPETOK MATEPHUH C KPACHOTO I'MI'AHTA B IIOAOCTDh Porrra 6eA0ro KapAuKa U AAAPHEHIIIAS AKKPEITUA
OoraTol BOAOPOAOM MATEPHH Ha €rO IIOBEPXHOCTD,9TO IIPUBOAUT K PAAY ACTPOHOMHYECKUX
dperomeHOB:

Hecranmonapuas akkperus Ha O€ABIE KADAUKH B CAYYae, ECAU KOMIIAHBOHOM fABAAETCHA MACCHBHBIN
KPACHBIN KAPAHK, IPUBOAUT K BOSHUKHOBEHHUIO KAPAUKOBBIX HOBBIX (3BE3A THIa U Gem (UG)) i
HOBOITOAOOHBIX KATACTPOPUIECKHUX IIEPEMEHHEIX 3BE3A.

AKKperusa Ha OEABIE KAPAUKH, OOAAAAFOIIE CHABHBIM MATHUTHBIM IIOAEM, HAIIPABASICTCA B PANIOH
MATHUTHBIX IIOAIOCOB OEAOTO KAPAUKA, U [TUKAOTPOHHBIN MEXAHU3M HU3AVICHUA AKKPEIIUPYIOIICH
IIAQ3MBEL B OKOAOIIOAAPHBIX OOAACTAX MATHUTHOTO IIOASl KAPAHMKA BBISBIBACT CHABHYIO ITIOASPHU3ALIHIO
M3AYYEHUSA B BUAUMOI OOAACTH (IIOAAPBI U IIPOMEKYTOUHBIE TTOAAPBI).

AKKperusa Ha OeAbIe KAPAHUKI OOTaTOrO BOAOPOAOM BEIIIECTBA IIPUBOAUT K €TO HAKOIIACHHIO Ha
IIOBEPXHOCTH (COCTOAINEN IPEUMYITIECTBEHHO U3 TEANA) U PA30TPEBY AO TEMIIEPATYP PEAKIIIHI
CHUHTE3A ITEAUS, YTO, B CAydae PA3BUTHUA TEITAOBOU HEYCTOMYUBOCTU, IIPUBOAUT K B3PHIBY,
HAOAFOAQEMOMY KaK BCITBIIITKA HOBOM 3BE3ABL

AOCTaTOYHO AAUTEABHAS I HHTEHCUBHASA AKKPELIUA HA MACCHBHBIN OCABII KAPAUK IIPUBOAHT K
IIPEBBIIIIEHIIO €r0 MACCOH 1Ipeaeaa HaHApacekapa U IpaBUTAIIHIOHHOMY KOAAAIICY, HAOAFOAAEMOMY
KaK BCITBIIIIKA CBEPXHOBOI Trma la.




Axxperua (AaT. accrétio «IIpUpaIeHue, YBEAUIECHUE» OT dccréscere «<IIPUPACTATHY) —
IIPOIIECC ITAACHHA BEIECTBA HA KOCMIYECKOE TEAO M3 OKPY’KAIOIIIEro IIPOCTPAHCTBA.

Ha stom n300pakeHnn MOKa3aHbl CIIMPAABHEIE YAAPHBIE BOAHEL, BO3HUKAOIIHE IIPU TPEXMEPHOM
MOAECAIPOBAHUN AKKPEITMOHHOTO AMCKA - BEIIECTBA, TAAAFOITETrO IO CIUPAAN HA KOMITAKTHBIN EHTPAADBHBIN
OOBEKT, KOTOPBIA MOKET OBITH OEABIM KAPAUKOM, HEUTPOHHOM 3BE3AOI MAU YE€PHOM ABIPOI. Takue
AKKPEITMOHHBIE AUCKH ITUTAIOT 9HEPIUEH UCTOYHUKNA PEHTIEHOBCKOIO U3AYYEHHUA B HaIlIel ['aAakTuke.



IIyAbcapsbl




Dduzuka IIyAbCapa

ITyAbcap — 3T0 IPOCTO OIPOMHBIN HAMArHUYEHHBIN BOAYOK, KPYTAMIUMCA BOKPYT OCH, HE
COBIIAAAIOINEN C OChIO MarHATA. EcAM GBI Ha HETO HIYETO HE ITAAAAO M1 OH HUYETO HE HCITyCKaA, TO
€ro PAAMOU3AYUYEHHE UMEAO ObI YaCTOTY BPAILIEHNUA 1 MBI HIKOTAA OBI €r0 HE YCABIIIAAW Ha 3eMAe€.

Ho AeA0 B TOM, 9TO AQHHBIA BOAYOK HMEET KOAOCCAABHYIO MACCY U BBICOKYIO TEMIIEPATYPY
IIOBEPXHOCTH, AA ¥ BPAIIAFOIIEECA MATHUTHOE IIOAE€ CO3AAET OTPOMHOE 110 HAIIPAKEHHOCTH
3AEKTPUIECKOE ITOAE, CIIOCOOHOE PA3TOHATH IPOTOHBI U 3ACKTPOHBI IIOYTH AO CBETOBBIX CKOPOCTEM.
ITpuuem Bce 3TH 3apsA>KEHHbBIE YACTUIIBI, HOCAINIECA BOKPYT IMyABCAPA, 3a>KATHI B AOBYIIIKE U3 €TI0
KOAOCCAaABHOT'O MAarHUTHOTO 0AA. M TOABKO B mpeAeAax HEOOABIIIOTO TEAECHOTO YTAQ OKOAO
MAarHUTHOU OCH OHHM MOTYT BBIPBATHCA HA BOAIO (HEUTPOHHBIE 3BE3ABI 00AAAAFOT CAMBIMU
CHABHBIMM MarHUTHBIMH I10AAMU BO Bceaennoii, Aoocturarormumu 1010—1014 raycc, aaa cpaBHeHMA:
3eMHOe 110A€ cocTaBafAeT 1 raycc, coaneunoe — 10—50 raycc). IMeHHO 5TH IOTOKH 3apA>KEHHBIX
YACTUIl U ABAAFOTCA UCTOYHUKOM TOT'O PAAUOU3AYUEHUA, II0 KOTOPOMY B OBIAM OTKPBITHI ITyABCAPHI,
OKa3aBIINECA B AAAbBHEUIIIEM HEMTPOHHBIMH 3Be3AaMU. IlockoABKY MarHuTHAsA OCh HEUTPOHHOM
3BE€3ABI HE00A3ATEABHO COBIIAAAET C OCBIO €€ BPAIlleH!:A, TO IIPU BPAIE€HNH 3BE€3ABI IIOTOK
PAaAOBOAH PACIIPOCTPAHAETCA B KOCMOCE IIOAOOHO Aydy IPOOAE€CKOBOIO MasgiKa — AWIIb HA MHT

Ipope3ana OKPY>KAIOIIYIO MIAY.

PenTtrenoBckue n300pakeHus: MyAbcapa
KpaGoBuAHOII TYMAHHOCTH B aKTUBHOM
(caeBa) 1 0OBIYHOM (CIIPAaBA) COCTOAHUAX




bAmxanmmmm cocea

AaHHBIN IyABCAP HAXOAUTCA Ha paccTroaHuu Bcero 450
CBETOBBIX AET OT 3EMAU U ABAAECTCA ABOMMHOU CUCTEMOMU U3
HEUTPOHHOU 3BE3ABI U 0€AOr0 KapAWKA C IIEPHUOAOM
oOpamienusn 5,5 AHA. MATrkoe peHTI€HOBCKOE U3AyUE€HHE,
npuanmaemoe cnytHuUKoM ROSAT, ncnyckaror
PACKaA€HHBIE AO ABYX MHAAMOHOB I'PAAYyCOB IIOAAPHBIE
manku PSR J0437-4715. B nporitecce cBoero 0ObICTpOro
BpaleHus: (II€PHUOA ITOro ImyAbcapa paseH 5,75
MHMAAUCEKYHABI) OH IIOBOPAYHBAETCA K 3€MA€ TO OAHUM, TO
APYTHUM MATrHUTHBIM IIOAFOCOM, B P€3YyAbBTATE
WMHTEHCUBHOCTH IOTOKA raMMa-KBaHTOB MeHAeTca Ha 33%.
Apxuit 00bEKT PAAOM C MAACHBKHM IIyABCAPOM — 3TO
AAAEKAA TAAAKTUKA, KOTOPasA M0 KAKUM-TO IPUYHNHAM
AKTUBHO CBETUTCA B PEHTT€HOBCKOM YyYaCTKE CIIEKTpPA.



[ lyabcap
Vela




HN300pakenne KpaboBHuAHOM TYMAaHHOCTH B YCAOBHBIX IIBETAaX (CHHUN —
PEHTT€HOBCKUIT, KPACHBIN — OIITUYECKUI AHAITa30H). B neHTpe TyMaHHOCTH —

IIyAbCap



Cxemarnueckoe n3oopaxeHue nyascapa. Cdepa B nenrpe uzodopakeHus —
HEUTPOHHAA 3B€3Ad, KPUBBIE AMHUH 0003HAYAIOT AWMHUY MATHUTHOI'O IIOASA

IIyAbCapa, TOAYyObI€ KOHYCBhI — IIOTOKH U3AyY€HHUA IIyAbCapa




OO0Onapy’keH NbIA€BOIM AMICK BOKPYT aHOMAaABHOI'O ITyABCapa
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C ITOMOIIIBXO I/IH(i)paKpaCHOI“ O TEAECKOIIA SpltZCi’ O6Hapy}K€H HYAI)CB.p, BOprT OTOpOT O Bp ITACTCA IIBIACBOM AMCK, COCTOAIITIM

13 OOAOMKOB ITOTHOIIICH 3BE3ABL. DTOT "KOCMHYECKHUA MycOp'', € TOUKN 3PEHHS ACTPOHOMOB, SBASCTCH HACAABHBIM
CTPOUTEABHBIM MaTEPHAAOM AASl POPMUPOBAHUSA MAAHET. AMCK AOCTATOYHO AAACKO OTCTOUT OT HEUTPOHHOI 3BE3ABL:
BHYTPEHHHUI PAARYC TPAHHIIBI ACKA COCTABAAET HECKOABKO paanycoB COAHIIA, TO €CTh OOACE MHAAHOHA KHAOMETPOB ( PaAHyC
CaMOI HEHTPOHHOI 3BE3ABI - AUIIb OKOAO 10 kM). Takme AUCKH €CTECTBEHHBIM OOPAa30M AOAKHBEI BOZHHKATD B IIPOIIECCE TAK
HasbBaeMOH "o6parHo akkpernn' (fallback) mocae B3pbIBa CBEpXHOBOM, KOrAa 9acTh BEIECTBA HE ITIOKUAACT 3BE3AY, 4 AU- 0O
BBIITAAAET OOPATHO HA HEUTPOHHYIO 3BE3AY, AHOO OCTAETCA BPAIIATHCA BOKPYT HEE B BUAEC AUCKA. AHOMAABHBIE PEHTICHOBCKHE
IIyABCAPEL CIUTAIOTCA KAHAHAQTAMUI B MATHUTAPHI - HEUTPOHHBIE 3BE3ABI C CHABHBIM MATHHUTHBIM ITOAEM, PACXOAYIOIINE SHEPTHIO
9TOro IOAA. TO eCTh OCHOBHBIE HAOAFOAATEABHBIE IIPOABACHUSA TAKUX ITYABCAPOB (PEHTTEHOBCKOE U3AYICHHE, BCIIBIIIIKI)
CBA3BIBAIOT C BHIACACHHEM SHEPIHU MATHHTHOTO IIOASl HEHTPOHHBIX 3Be€3A. OTKPBITHE CTOAD MAAOMACCHUBHOTO AMCKA BO MHOTOM
IIOAAEPIKUBACT 3Ty TUIIOTE3Y, TAK KAK OKOHYATEABHO 3aKPBIBAET OAHY H3 AABTEPHATUB - TEOPHUIO, B KOTOPOI POAb HCTOYHUKA
SHEPIUHU UIPAET MOIIIHBII AUCK BOKPYT HEUTPOHHOM 3BE3ABI.



HeutpoHHbIE 3BE3ABI
HelTpoHHaA 3Be3aa

1,5 maccel ConHua
~ 20 Km B gpnameTpe

TBepaana o6onouKa
~ 2 KM

XXungkaa cepegmnHa
COCTOSILLLaﬂ B OCHOBHOM W13
HeﬁTPOHOB, a Tak>xe U3
APYrux 4acrtuy,



Heznmponnuvie 36e306t — 363061 pasmepom 15-20 xm u niaomnocmsio nopaoka Muisiuapoos monm Ha
Kybuueckuti canmumemp. Oru cocmoam us HetlmPoOH08 — HEUMPAILHBLX UACUY, 6X00AUWUX 6 COCMAE A0DA.
ITo mepe mozo xkax macca scenesrozo adpa éospacmaem, oHO cxcumaemca éce cuavree u cuavree. Cuaa
npumasicenun 6 A0Pe cmarnoBUMCA HACMOALKO 6OABULOU, UIMO NPOUCXO0UM KOAAANC — AOPO 100 Oeticneuem
RPUMANCEHUA 30 CHUMAHHBIE CEKYHOBL KAMACPOPUUECKU cHCUMAEMICA 00 PAIMEPOB HECKOABKUX MNbICAY
KUAOMEMPOB, €20 NAOMHOCHI 8 PE3)AbMAme 00CINUIAEIN LULAHMCKUX 6EAUUUH.
B meuenue neckonvkux cexyno cxcamusn 60.avut0e iceiesrnoe A0Po 3630t npespansaenica 6 HeUMpPoOHmnoe:
IeKMPOHsI, NPUOGPeman 6oavuiue cCKOPOCMU, CMaAIKUBAIOMCA ¢ NPOMOHAMY A0eP IHceqe3a ¢ 0bpasoséarnuem
neumpornos. Buewsrue caou 36e30v1, cocmoamue us 60.1ee Ae2KUX INEMEHIO6, HAUUHAIOM NAOAIN HA
netimpornnoe a0po. Bewgecmeo npu smom paszonsemca 00 ckopocmu, 6.1uU3K0U K cKopocmu céema, u,
YO0aPUEULUCH O ROBEPXHOCY C6EPXNA0MHO020 A0Pa, omcKkarueaem om wezo. IToeepxrocms 36e30v2 nauunaem
pacmu, ee memnepamypa oocmuzaem 5000-10000 K. Hs-3a pacutupernus 060.10uKu naommuocms 36e30bt CUAbHO
YMEHBULACINCA, INAK UINO HEUMPOHBL CHOKOUHO NOKUOAIOM 6HYmMpPeHHUe 00.aacmu 36€30%t.
3amem ckopocms pacuiuperun 060.10uKY 366306t )6EAUUUEACNCA 00 MBICAY KM 6 CEKYHOY, HO memnepamypa
NOBEPXHOCIU HE YMEHBULACINCA, 3aIM0 NPONOPYUOHAILHO Pacmem c6emumocms. depes HeckoabKo Uacoe ona
YIHCe MAK 66AUKA, UMO 6eULECINBO 36€30b1 naasumca. B maxcumyme ona docmuzaem neckoavkux muaiuapoos
ceemumocmeun Coanya. Heoorcudarnroe noséaerue maxou aprov 36e30ut u ecms Aé.aerue céepxroeou. B
meuenue nepevix cma OHel C6eMuUMOCHs 36€30bt )0vi6aem. 3amem oHa PAcnaoaemcs Ha OmoeAbHbIe C2)CIMKU.
ITo npoutecmeuu reckorvkux comer aem pacusuparouansca 060.104Ka c6ePXHOBOU CINAHOBUMCA NPOSPAUHOU
014 usayuenua aopa. Aopo meneps npedcmas.naem coboi 6vicmpo epamparonyroca HeMPoOHHYIO 36€30Y.
Hedimponnuvie 36e306t ouery 6vecmpo epamparomea (00umn 060pom 3a epems nopaoka 00HoU ceKyHovt) u

00.1A0a10M MOUSHEUMMUMY MAZHUIMHBIMU NOAAMU (8 MUAIUAPOB pa3 60avute, uem na Coanye).



.~




B marmreit I'anakTrxe, 1O IPEATOAOKEHUAM ACTPOHOMOB, HAXOAUTCA OKOAO MHAAUAPAA
HEUTPOHHBIX 3BE3A, KOTOPBIE IIPH HE3HAYUTEABHBIX padMepax (1-5 kmaomeTpoB) 00AaAaroOT
sgagnTeAbHOU Maccon (0,01 — 2 coareuHBIX Macc), OTPOMHOM CKOPOCTBIO BPAITIEHUA BOKPYT

CBOEH ocH U CUABHBIM MarHUTHBIM IToAeM (1011-1012 I'c). AcrporoMam yaaaoch
OOHapyKUTh B Harred ['arakTuke rmoka ToApko 700 HEHTPOHHBIX 3BE3A (IIYABCAPOB),
Y3KOHAIIPABACHHOE PAAHOU3AYIEHHE KOTOPHIX ITOMAAAET HEITOCPEACTBEHHO Ha 3EMATO.
OcraAbHBIE CTAPBIE U HOTACIIINE HEHTPOHHBIE 3BE3ABI 3aPUKCHPOBATH OUYEHDb CAOKHO, TaK
KaK OHHU IIOYTH HE U3AYIAFOT IACKTPOMATHUTHBIX BOAH B OIITHYECKOM AHAIIA30HE, 4
«IOTYXIIIUX» HEMTPOHHBIX 3BE€3A OTCYTCTBYET U PAAHOU3AYICHHE.

[ 1Mo




Globular Cluster Vi4
Location of white dwarf
companion to pulsar B1620-26

HST

NOAO
Hubble Space Telescope *« WFPC2

NASA and H. Richer (University of British Columbia)
STScl-PRCO2-19b




IToacuenue: B rurantckom maposom 3Be3AHOM ckoriaeHur M4, Ha paccrosanu 5600
CBETOBBIX AET OT 3EMAU, HAMAEHA IIAAHETA B ABOMHOM CHUCTEME, COCTOSAIIEN 13 DEAOTO
KapAUKA I HEUTPOHHOMU 3BE3ABL. DEABINT KApANK XOPOIIIO BUACH Ha CHUMKE
KOCMHYECKOTO TEAECKOIIa M. Xa00Aa, 2 HEUTPOHHASA 3BE3A4, OOHAPYKEHHAS 11O
PAAHOH3AYIEHHUIO, IIPEACTABAAECT COOOI IyAbcap. Panee ObIAO H3BECTHO, UTO B
ABOMHOH CHCTEME U3 IYAbCAPa M OEAOTO KAPAUKA IIPUCYTCTBYET TPETHE TEAO.
AeTaAbHBIN aHAAM3 AAHHBIX KOCMIYECKOIO TEAECKOIIA M. X200Aa ITOKA3AA, UTO ITO
AGACTBUTEABHO ITAAHETA, MACCA KOTOPOH B 2,5 pa3a 6oabire Maccsl FOmmrepa. Bospacr
ITAQHETHI B TAKOM ABOMHOIT CHCTEME AOAKEH OBITH ITOPAAKA 13 MuaamapAoB AeT. [1o
CPaBHEHUIO C HAIIIEH COAHEYHOU CHUCTEMON (IPHUMEPHBIA BO3PacT 4,5 MHAAHAPAA ACT)
U ITAAHETAMH, OTKPBITBIMH § OAMZKAHIIIIX 3BE€3A, HOBAsf IIAAHETA ABAAECTCSA CAMON
CTapOI, IIOYTH TaKOU K€ APEBHEH, Kak cama Beceaennasa. OTKpHITHE IIAAHETH B CUCTEME
C HEMTPOHHOMU 3BE3AOI U OEABIM KAPAHKOM YKA3BIBAET HA TO, 9TO (DOPMUPOBAHHE
IIAAHET BO BceAeHHON IIPOUCXOANAO HA BCEM HPOTAKEHUH €€ CYIIIeCTBOBaHUA. BHOBD
OTKPHITAA IIAQHETA, IO-BUAUMOMY, AUIIb OAHA U3 MHOTHX B I'YCTOHACEACHHBIX
OKPECTHOCTAX ITAPOBBIX 3BE3AHBIX CKOIIACHHII.



