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KpacHbIn ruraHT

C6pacbiBaHne BHELWHMX 0605104€eK
Benbin kapnuk



Ha 3Be3gHoM HeGe Hapsay CO 3Bes-
Kpmmgr oamu mmelotca  obnaka , cocTtosLme
i N3 yactuy, rasa um neinv ( Bogopoaa ).
' HekoTopble M3 HUX HACTOMNbKO
MAOTHBIE , YTO HAYMHAKT CXXUMATLCH
Hepran noa OevcTBUEM CWUM rPaBUTALMOHHOTO

IOEIpa

nputaxeHus. o mepe cxatua ras
O HarpeBaeTcAa W HadMHaeT u3nydarb
CBBPX“Ba NH(pakKpacHble nyyun . Ha aTon craguu
3Be3ga HasbiBaetcss MPOTO3BE3OOU

IIpoToseesga

S R

BHTpOHHaH

3Besga
TymanuocTs A

Koroga Temnepartypa B Heapax npoTo3Be3dbl AocTurHeT 10 MUIMMOHOB rpaay-
COB , HAYMHAETCA TepMosJepHas peakuus NpeBpalleHns Bogopoaa B renumn,

Npy 9TOM MNpoTOo3Be3[a NpeBpallaeTca B 06bl‘lHny 369301,
N3ny4aroLLyto CBET.

@ 3BE€3dbl cpegHero pasmepa, Takme kak CornHue, cBetatcsa B cpegHem 10
MunnunapaooB net. Cumtaercs, 4to ConHue BCe €Ll€ Ha Hen, Tak Kak OHO
HaxXoOUTCs B cepeanHe CBOEro XXU3HEHHOro LmMKna.
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Becb BOoopo4 B XxoOoe TepMOAOEepHOM peakuun rnpespallaeTcs B renuvu,
obpasyetca renuesbln crnion. Ecnn Temnepartypa B renueBomMm crioe meHbwe 100
MUNIMOHOB KenbBMHOB , OanbHeEWLWas TepMosdepHasa peakuus npespalieHund
agep renva B d4pa asoTta WU o yrrnepoga He MNpouCXoauT , TepMosadepHas
peakumMsa NpoucxXoouT He B LeHTpe 3Bes3fbl , a TOSIbKO B BOOOPOLHOM crioe
npuneratowemM K renMeBomy Cnorw , Npu 3TOM Temnepatypa BHYTPU 3Be3dbl
nocrteneHHo yeBenuymsaetcqa . Koroa temneparypa gocturaetr 100 munnuoHoB
KenbBMHOB HaYMHAETCA TepMosgepHas peakuma B rerineBomMm sgpe , npym aTom
AQpa renva npespalwlaroTca B g4pa yrnepoga , asota U Kucropoga.

CBeTMMOCTb U pasMepbl 3Be3[bl YBENMYMBAKOTCHA , 0OblMHAs 3Be3ja CTaHOBUTCHA
KpacHbIM ruraHTom wnwu cBepxruraHtom. OkonossesgHas obonoyka 3Besq
Macca KoTopbix He 0ornblie 1,2 maccel CornHua , NOCTENEHHO PacCLUMPSIETCA U B
KOHLIe KOHLIOB OTpbIBaeTcs OT s4pa, a 3Be3da npeBpallaetcs B benoro
Kapruka , KOTOpbI NOCTENEHHO OCTbIBAET U 3aTyXxaeT.

Ecnn macca 3Be3gbl npumMepHo BABoe Oonblue Macchl
ConHua, To Takue 3Be34bl B KOHLUE XW3HU CTaHOBATCH
HeyCTOMYMBbIMU U B3PbIBAIOTCA , CTAHOBATCH
CBEepXHOBbIMM 3Be3gamMu , a 3aTeM npeBpaLlaloTca B
HEeUTPOHHbIe 3Be34bl UNUN YEepPHYIO ObIpY.
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B KOHUEe cBOEeW XWU3HU
KPacCHbIA TUraHT
npespawaeTcsa B O6enbiu
Kapnuk. benbin_Kapnuk -
3TO CBepXnJsIoOTHOEe AApPO
KpacHOro ruraHra,
cocTosiliee M3 renus , asora
, Kucnopopga , yrnepoga wu
XKeneaa.

Benbin Kapauk cunbHo cxaTt. Paauyc ero coctaBnset npumepHo 5000 km, To
€CTb OH MO pa3Mepam NpPUMepHO paBeH Hawen 3emrne. [pu 3TOM NNOTHOCTb
ero cocTtasnsieT okono 4x10° r/cm>, To ecTb BECUT TaKoe BeLLecTBO B YeThbipe
MUNIIMOHA Oonblue, YemMm Boaa Ha 3emne. Temnepartypa Ha ero NoBepXHOCTU —
10000K. Benbin Kaprnuk o4eHb MeANeHHO OCTbIBaeT U OCTaeTcH
CylecTBOBaTb BMMOTb 40 CKOHYaHUA MUpa.




benbiu Kapnuk




B3pbie KpacHo20 2uzaHmMa




CeepxHosoU Ha3sbieaemcs 386e30a 8 MOMEHM 3a8epLUEHUs ceoel

380/10UUU 8*X00€ epasumayuoHHo20 Konnarica. Obpa3osaHuem

C8EPXHOBOU 3aKaH4Yugaemcs cyuecmeosaHue 38e30 ¢ Maccol 8bile -
8-10 cornHe4HbIX Macc. Ha mecme au2aHmMcKo20 83pbkiea C8EPXHOBOU
ocmaemcsi HelimpoHHas 339303 unu YépHas Obipa, a 80Kpye amux
06beKkmos Hekomopoe epems Habnodaromcesi ocmamku o6onoqu "
g83opeaswelicsl 36e30bI. -

B3pbiB cBepxHOBOW 3Be3bl B Hawlen [anakTuk
A0BOrbHO pegkoe. B cpegHem Takoe cnyqae

MCryCKaeT 3HEPruio B KOCMUYECKOe M}
3Ty CeKyHAy Kak Munnuapabl 38e3g






T — JKCTpemanbHbIe CUbl, BO3HUKaloLWne
LSS npu dopMMpPoBaHUN HEUTPOHHOW 3BE3abl,
TaK CXXMMAKT aTOMbl, YTO 3NEKTPOHbI,
BOAaBMeHHble B Aapa, 06bLeanHATCA C
TESPAZA 00ONONA  hpoToHaMu, 06pa3ysa HEMTPOHbLI. TakUM
obpa3om poxagaeTca 3Be3aa, NoUTU
NOJIHOCTbLIO cocToALLasA U3
HenTpoHoB. CBepxnsioTHaA aaepHas
nzaKan cepeauHa XXUAOKOCTb, €Cli1 ee NPUHECTU Ha

COCTOﬂLLl,aﬂ B OCHOBHOM M3

e LI 3emnto, B3opBanachb obl, NoA06HO
apnepHon 6ombe, HO B HEUTPOHHOM
3Be34e OHa ycTon4ymBa bnarogaps
OrPpoOMHOMY rpaBUTaLlMOHHOMY
aaBneHuno. OgHako BO BHELWHUX cnosx
HEUTPOHHOU 3Be34bl (KaK, BNpo4yeM, U
BCeX 3Be3/) AaBneHue n remneparypa
nagarT, obpa3ya TBepayo KOPKY
TOJILLMHOU OKONo Kunomertpa. Kak
nosfiararT, COCTOUT OHa B OCHOBHOM U3
agep xenesa.




HeumpoHHass 38e30a




[lynbcapbl — epauwlarouiuecs
HeUmpOHHbIe 38e30bl
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CornacHo HaluM HbIHEeLWHUM npeacTaBneHuam oo
I 3BONOLUU 3Be3[, Koraa 3se3fa ¢ Maccom,

7 . 'A u . npeBbiwaowen npumepHo 30 macc ConHua, rubHeT co

> ” 7+ _© BCNbIWKON CBEPXHOBOMN, BHELLUHAA ee 060noyka

pasneTtaeTcs, a BHyTPeHHUe Crion CTPeMUTENIbHO

- o0pyLIMBAIOTCA K LLEHTPY U 00pa3yoT YepHYIO AbIpy Ha

. ‘ . MecCTe u3pacxogoBaBLUIeM 3anachbl TONNMBa 3Be34bl.

e 5 a " T N3onmMpoBaHHY0 B MeX3Be34HOM NMPOCTPAHCTBE YEPHYIO

. 2 g e S ' [AbIpy TaKoOro NpoMUCXoXAeHNA BbIIBUTb NPaKTU4eCKN

: " HEeBO3MOXHO, NOCKOJIbKY OHa HAXOAMUTCS B pa3peXXeHHOM
BaKyyMe U HUKaK He NnposiBrsieT cebs B nnaHe
rpaBMTaLMOHHbIX B3ammoaenctemn. OgHako, ecnu Takas
Ablpa BXxoguna B cOCTaB ABOMHOW 3Be34HOWN CUCTEMbI
(nBe ropsiumnx 3Be3abl, 06paLaloLWMXCA N0 OpouTe BOKPYr
MX LleHTpa Macc), YepHas ablpa 6yaeT no-npexHemy
OKa3blBaTb rpaBUTaLMOHHOE BO34ENCTBUE Ha NapHYIO en

B ABOVIHOW cuUcTeMe ¢ YepHoii Ablpoin BELIECYBO «knBOW» 3Be3abI GyAeT HeM3GeXHO
«nepeTeKaTb» B HanpaBreHWN YepHo Abipbl. [Py NoAXoae K POKOBOM rpaHMuLIe,
3acacbiBaeMoe B BOPOHKY Y€PHOW AbIpbl BelLeCTBO 6yaeT Hen36exHO YNMOTHATLCS U
pa3orpeBaThCs B CUIY yYalleHUs CoyAapeHuii Mexay NornolaemMbIM1 AbIPO YacTuLamm,
noka He pa3orpeeTcs A0 3HEPrUil 3NyYeHUs BOMH B PEHTFEHOBCKOM Ananas3oHe .
ACTPOHOMbI MOTYT M3MEPUTL NEPUOANYHOCTb U3MEHEHUS UHTEHCUBHOCTH
PEHTFeHOBCKOro M3My4YeHUs TaKOro poAa v BbIYUCNUTL, CONOCTaBUB ee C APYrMMU
[AOCTYMNHbIMM AaHHBLIMU, TPUMEPHYIO Maccy 06beKTa, «nepeTArMBaoLLero» Ha cebs
maTepwuio. Ecnm Macca o6bekTa npeBblwaeT npegen YaHapacekapa (1,4 maccbl ConHua),
3TOT 0GBLEKT He MOXET ABMATHLCA 6eNnbIM KaPNIMKOM, B KOTOPOrO CYXXAEHO BbIPOAUTLCA
HalweMy cBeTUny. B 6onblUMHCTBE BbISIBNEHHbIX Cry4YaeB HabnoaeHUs Noao6HbIX
LBOVHbIX PEHTreHOBCKMUX 3Be3/ MaCCUBHbLIM 06LEKTOM SIBNSIeTCS HEMTPOHHaA 3Be3Aa.
OAHaKo HacYUTaHo yxe 6Gonee AecATKa criyyaeB, KOrAa eAMHCTBEHHbIM Pa3yMHbIM
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[locsiowieHUe 36e30bl_4YepHOU ObIpol
( KomMnbromepHasi_mModesib)




O6pa3oeaHue ceepxHO80OU
38e30bI
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3Be34bl NOYTU B TeYEHUe BCEU ee XXU3HU, Bogopon
npeBpallaeTca B renimn. lNocrne Toro Kak 3HaunTenbHas
yacTb Bogopoaa rnpeBpaTtuTcsd B renun, Temnepartypa B ee
LeHTpe Bo3pacTtaeT. [1pu yBennyeHnn temnepaTtypbl
npumepHo A0 200 mrH. K aaepHbIM ropro4MmM CTAaHOBUTCA
rerqium, KOTopbIin 3aTeM NpeBpaLlaeTcs B KUCIIOPOA U HEOH.
TeMmnepaTypbl B LleHTpe 3Be3A4bl NOCTENeHHO
yBenunumBaetcsa Ao ao 300 mnH. K. Ho paxe npu ctonb
BbICOKUX TeMnepaTtypax Kucropoa u HeoH BrnosiHe
YyCTOMYMBbI U HE BCTYNAaKOT B sigepHble peakumn. OgHako
yepes HeKOTOpoe BpemMs TeMrnepaTypa yaBanBaeTCs, Tenepb
OHa yXe paBHsieTcs 600 mnH. K. U Torga asgepHbIM TONJIMBOM
CTaHOBUTCA HEOH, KOTOPbIN B XO0A4e peakuun npesBpaliaeTcs
B MarHuum u KpemHuun. ObpasoBaHue MmarHus
CONpoBOXAaeTCcs BbIXOAOM CBOOOAHbLIX HENTPOHOB.
CB0OOOAHbIE HEUTPOHDI, BCTYMNasA B peakuuro ¢ 3TUMU
MeTannamm, co3aaloT aToMbl bonee TXKENbIX MeTarsoB -
BMNS1OTb A0 ypaHa - CaMOro TAXenoro U3 NpupoaHbIX
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0O BOIT NspdCXO40BdH BECb HEOH B ALPE. ALPO
Ha4YMHaET CXXMUMaTbCS, U CHOBA cXXaTue
CONPOBOXOAEeTCH POCTOM Temnepartypbl. Hactynaet
cnegyloLwmy atan, korga Kaxable ABa atoma
Kncrnopoaga, COeAUHAACH, MOpoXaakT aTOM KpeMHUSA U
aToM renusi. ATOMbl KPEMHUS, COEAUHASCH MOonapHo,
00pas3yoT aToMbl HUKESA, KOTOPLIE BCKOPE
npeBpaLlaloTCcAa B aToMbl Xenesa. B aaepHble peakuyun,
conpoBoXaatoLineca BO3HUKHOBEHNEM HOBbIX
XUMMNYECKNX 3NEMEHTOB, BCTYNaKT He TOJNbKO
HEUTPOHbI, HO TaKXXe NPOTOHbLI N aTOMbI renug.
[loaBNAOTCA TaKME ANIEMEHTDI, KakK cepa, alltoMUHUN,
Kanbuun, aproH, goocdop, xnop, kanuu. lpu
Temneparypax 2-5 mnpa. K poxxgarTca TUTaH,
BaHaaUN, XPOM, XKernes30, kKobanbsT, UMHK, u ap. Ho n3
BCEX 3TUX ANIEMEHTOB Hanboree npeacTaBneHo

SN N DR N W e



CBOWM BHYTPEHHUM CTPOEHUEM 3BE34a TENepPb HAaNOMUHaET
NYKOBULY, KaxObl CNOW KOTOPOW 3arnofHeH NpenMyLLeCTBEHHO
Kaknm-nmbo ogHnm anemeHTomM. C obpasoBaHMEM XKernesa
3Be3[a OKa3blBaeTCs HakaHyHe apamMaTu4ecKoro B3pbisa.
ApepHble peakuun, NpoTeKaroLLme B Xerne3HoM sape 38e3bl,
NPMBOASAT K NpeBpaLleHNO NPOTOHOB B HENTPOHLI. [1pn aTOM
MCNYCKaKTCHA NOTOKU HENTPUHO, YHOCSALLIME C cOBOU B
KOCMUYECKOE NMPOCTPaHCTBO 3HAYUTENbHOE KONMUYECTBO
9Heprum 3Be3abl. Ecnu Temnepatypa B aape 3Be34bl Benuka, To
9TU 3HEpPreTU4YecKne NoTepm MoryT UMeTb CEPbE3HbIE
nocneacTBus, Tak Kak OHU NPUBOOAT K CHMXKEHWUIO AaBNeHUsd
N3Ny4YeHnd, HeobxoamMmMoro anga nogaepxaHnusa yCToun4YnBoCTU
3Be3abl. M Kak cnencreue aT1oro, B A4EUCTBUE ONATL BCTYNaoT
rpaBUTaALMOHHbLIE CUMbI, MPU3BaHHbIE AOCTAaBUTb 3BE3E
Heobxognmyto aHepruto. Cunel rpaBuUTaLnmn BCe ObICTpee
CKUMaIOT 3BE3Y, BOCMOJTHASA QHEPINIO, YHECEHHYIO HENTPUHO.



Kak n npexae cxaTtme 38e34bl CONMPOBOXOAETCH POCTOM
TemMnepaTypbl, KOTOpas B KOHLEe KOHLIOB OOCTUraeT 4-5 mrnpa.
K. Tenepb cobbiTnsi pa3BnBaroTCsl HECKOMbKO UHaYe. Agpo,
COCTOSALLEE U3 3NeMeHTOB rpynnbl Xenesa, NnoaBepraeTcs
CepbEe3HbIM UBMEHEHUAM: 3NNIEMEHTbLI 3TOWN rPYMMbl yXKe He
BCTYyNaloT B peaKkuun ¢ obpasoBaHMEM Donee TAXKEMbIX
9N1IEMEHTOB, a pacnagaloTcs C NpeBpaLleHNEM B renun,
ncryckas npu aTomM KosioccanbHbIM NOTOK HEUTPOHOB.
bonbLliaga YyacTb 3TUX HEUTPOHOB 3aXBaTbIBAETCS BELLECTBOM
BHELLUHNX CMNOEB 3BE34bl M Y4aCTBYET B CO34aHUUN TAXKEbIX
9fieMeHTOB. Ha aToM 3Tane 3Be3na OOCTUraeT KpUTUYeCKoro
coctosaHuA. Korga co3gaBarnncb TAXErble XUMMUYECKUe
9IfIEMEHTbI, QHEPIUS BbICBODOXAanachb B pesyristate CrnsHUS
nerkux sgep. Tem camblM OrpoOMHbIE €€ KONn4ecTBa 3Be3aa
Bblaenssna Ha NpoTs>KeHUU COTEH MUSIIMOHOB NeT. Tenepb Xxe
KOHEeYHble NPOoAYKTbl SAEPHbIX peakunun BHOBb pacnagatoTcs,
obpasy4a renuin: 3e3ga okasblBaeTCs BbIHY>XOEHHOM
BOCMOJSIHUTb YTPaAYEeHHY0 paHee 3HEPruto
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— KpaCHbIU ceepxau2aHm co3ee30usi OpuoHa. OOHa u3
KpyrnHeuwux cpedu ussecmHbIx acmpoHomam 38e30. Ecnu ee
nomecmumsb emecmo CoJsiHya, mo rnpu MUHUMasIbHOM pa3MepeE
OHa 3anoJsiHuna 61 opbumy Mapca, a npu MaKkcumasibHOM -
docmuezana 61 opb6umsl Knumepa. O6bem bemernbeelize
noymu e 160 MsiH. pa3 6osibwe cosiHe4Ho20. M oHa OOHa u3
caMbIX SIPKUX — ee ceaemumMocmb 8 14 000 pa3 6osibwe
COJIHeYHoU. Bo3pacm ee — ece20, Mo KOCMUYeCKUM MepKaM,
OKO0J10 10 MUsI/TUOHOB J1em.M eom amom pacKasieHHbIU
2U2aHMCKUU KOCMUY4YeCcKUulU «4epHOObINIb» y)Xxe Haxooumcs Ha
2paHu e3pbiea. KpacHblIll 2u2aHmM yxe Ha4daJi aecoHuU3uposams U
YMeHblWambCsl 8 pa3Mepax. 3a epemMsi HabsirooeHusi ¢ 1993 no
2009 200 duamemp 38e30bl yMeHbWUJICS Ha 15 %, a celvyac OHa
npocmo c)xumaemcsi Ha a2s1a3ax.

AcTtpoHomMmbl HACA o6eLaloT, 4TO Npu YyAOBULLHOM B3pbIiBe
SAPKOCTb 3Be34bl YBENIMYNTCA B ThicsA4M pa3. Ho n3-3a ganbHerao
paccTosAHUA - 430 CBETOBLIX JIeT OT Hac — KaTacTpoda HUKaK He
3aTPOHEeT Hawy nsiaHeTy. A UTOroM B3pbiBa CTaHeT
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Kak bygeT BbIrmsageTb 9T0 pegyaniiee cobbitne ¢ 3emnun? BHesanHo B
Hebe BCNbIXHET O4YeHb sipkasi 3Be3aa.. [poanutcs nogobHoe KocMuyeckoe
LLIOY OKOMO LUECTWN HeAernb, YTo O3HavaeT bonee nonytopa MecsiLeB
«Benblx HoYeny B onpederieHHbIX ydacTkax nnaHeTbl, ocTanbHble noan
Hacnagatcs ABYMSI-TPEMS1 AOMONMHUTENbHBIMU YacaMn CBETOBOIO OHS U
BOCXUTUTESbHBIM 3pEenuLLEM B30pBaBLUENCH 3BE3bl HOYbIO.

Uepes aBe—Tpu Hegenu nocrne B3pbiBa 3Be34a HAYHET yracaTtb, a Yepes
HEeCKONbKO JIET — OKOHYaTeNbHO NPEBPAaTUTCS A8 3eMHOro Habnwgarens
B TYMaHHOCTb Tuna KpaboBuaHon.

Hy a BOSiHbI 3apsiXeHHbIX YacTul, Nocne B3pbiBa 4onayT A0 3eMnu vYepes
HECKOJSIbKO CTOSTIETUN, N XNTenn 3emnun nony4vat HebornbLuyto (Ha 4-5
NOPSIAKOB MEHbLUE NeTanbHOM) 403y NOHN3UPYOLWEro nany4venus. Ho
BONMHOBATLCA HE CTOUT B NOOOM cryyae - Kak 3asiBNs0T yYeHble, Yyrpo3bl
anga 3emnu n ee XXutenem Het, a eom nodobHoe cobbimue camo no
cebe YHUKaJIbHO - nocsie0Hee caudemesibcmeo HabsrodeHuUs1 83pbIea

ceepxHoeoll Ha 3emne damupoeaHo 1054 2000M.
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