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CopepxaH

WH2iTpoHHas 3e3na

* [lynbcapsl

* benble Kapnuku

* «HoBbIE» 3BE3Ob

* YepHble ablpbl

 [IBONHbIE 3BE3AbI

* BenbixuBawlilas
3Bes3na

» CBEPXHOBbLIE 3BE3bI
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-HeWTpoHHbIe 3B€3abI MmeraT OYeHb Manbin pasmep-—

10—20 kM B AvameTpe, I'IJ'IOTHOCT; BeLIJ,eCTBa =W PRSIBEIA PR
"npm6nm>KaeTcs'-l K MMOTHOCTA afOMHOrO 80pa 'f " e

(10*6—10%® kr/m3). Macchl GOSSLLMHCTBA U3BECTHBIX - :

HENTPOHHbIX 3BE34 6rmn3kn k 1,4 macchl Cogfua. e Toepaan oBonosxa_

~ 2 KM

(TeopeTnyeckm xe AonyCTUMBI HeﬁTpOHHbLe 3B&3abIC *
mMaccamy ot 0,1 40 NPUMEPHO 2,5 COMHEYHbIX Mac?;)
Camasi maccuBHas HeVITpOHHaﬂ 3Be3aa 13 OTKPbITLIX Vela
X-1 meeT maccy 1,88 conHeyHBIX Macc. Curbl TArOTEHNS B
HeATPOHHBIX 38€3aaX ypaBHOBeLI.I[/lBa}OTCﬂ',D,aBJ'IEHI/IeM Muakan cepesuna
BbIPOXXAEHHOro HeI/ITpOHHOFO rasa, MakcumanoHoe . + o s
3HaYEeHWe Macchl HEMTPOHHON 3Be3abI3anaétess s

P%%%ﬂMb@g@égﬁﬁMe%ﬁHm n3 HeIVIHOI'I/IX aCTp0HOMI/I‘-IeCKI/IX 0OBEKTOB, KOTOPLIE ObIfNN
TeopeTn4yeckn npeackasaHbl 4o OTKPbITUS Ha6mo,anen;||v|V| Eu.l,e B 1934 rogy B. Baage n @.

. LIBrikkM BbICKasanu npearnonoxeHue, YTo B pesynsraTte B3pbiBa CBEPXHOBOI o6pa3syeTcs
HEeNTPOHHas 3Be3aa. Ho nepsoe o6menpm3HaHHoe Ha6mo,u,eH|/|e HeI/ITp0HHOI/I 3Be3/bl COCTOSANOCH
- TONbKO B 1968, C OTKprTI/IeM nynbCcapos. . : g . -



HeuTpoHHaa 3Be3pa

1,5 maccel ConHuya
~ 20 KM B AnameTtpe

Teeppana odbonouka
~ 2 KM

Xunakana cepegmHa
CocToAuLas B OCHOBHOM U3
HENTPOHOB, a TakKXe 13
Apyrux Yacrtuy



HeMTpOHHbIe
3Be3abl

MarxuTHOe norne Ha NoBepXHOCTH Hel/ITpOHHbIX 38637 nocmraeT 3HAYEHUs
10'2—10%Tc. (ans CpaBHEHMs — y 3emnn OKpno-1 ['c), MMEHHO NpoLIecCh! B
MarHMToccbepax HeVITpOHHbIX 3Be3n OTBETCTBEHHbI 3a pa,u,momnyqume

nynbcapos
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I'Iyn bcap

Myn bcap — KOCMVI‘-leCKVIVI MCToqlb;Ia,umo-
ONTUYECKOrO, PEHTreHOBCKOro, raMma- VI3J'Iy‘-IeHVIVI
MPUXOAALLUX Ha 3eMJ'uo B BUAe nepuoamnieckn -
NOBTOPAOLLNXCA BCI'IJ'IeCKOB (MmMnNynbCOoB).

Mynbcap npeacTasnset coboi HEATPOHHY!0 3Besay.
~ OHa ucnyckaeT y3KoHanpaBneHHbIi NOTOK :

- papvonsnyyerus. B pe3yanaTe BpalleHns - ,
- HEWTPOHHOM 3Be34bl MOTOK nonagaeT B none 3peHs .
BHELLUHero Ha6monaTenf-| yeped paBHble npome>|<yT|<v|'
BPEMeHV — Tak 06pasyloTCs MMNYIbChI Mynbcapa:, .
CerofHs N3BECTHbI COTHM MyrbCapoB. anmvxlmme n3 .
HUX pPacronoXXeHbl Ha paCCTOQHmmﬁkono 100% ~are-y
ceeToBbIX NeToT ConHua. =~ . . . ®
" OTKpbITUE NyNbcapos BbIo CBA3AHO C HOBOI% BOJIHOW
MIPOB O BHE3EMHbIX LIVIBUNM3ALNAX, MOCKOILKY A0
9TOro He BbINN U3BECTHbI 3BE3AbI, M3nyquue KOTOprX

HOCWUNO Bbl ANCKPETHBLIN xapaKTep
Buge 5 ;
ToE ——




ﬂynbcapbl
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"V Vela 3TO KOJMbUO paBHO 0,1 CBeTOBOIO roaa.






Benble KépnMKM — NPO3BO! "oiv D 1w D st 3 3. 1l £, { P.:30bl C MACCOW, HE
npesbillatoLlen npegen Yangpaceke pa, MNWEHHbIE COOCTBEHHbLIX NCTOYHMKOB
TepMOS4EPHOU SHEPTUN.

Benble kapnuku npeacTaBnanT cOO0M KOMMaKTHbIE 3BE3Abl C Maccamu,
cpaBHUMbIMU ¢ Maccoun CornHua, Ho ¢ paguycamu B ~100 1, COOTBETCTBEHHO,
CBETUMOCTSIMU B ~10 000 pa3 MEHbLUMMMN CONHEYHOW. [1IOTHOCTL BEnbIX KaprnKoB
cocTaBnsAeT nopsaka 10° r/cm?, 4To B MUNNMOHBI pas Bbille MITOTHOCTY 3BE3.
[TaBHOM nocnenosaTeanocm iHOCTW Oe bg,g_'y@ PNVKN cpCJaBJ;_ﬂroT

L\CIAL, P e
3—10% 3Be3,EI,HOI'O HaCeJ'IeHVIFI

e [1lponcxoxxaoeHme

* OTKpbITUE Benbix
KapJMKOB e

* [Tapagokc NAOTHOCTU v

CpaBHuTernbHble pasmepbl ConHue (cripasa) u
ABONHON cuctemsl IK Neraca KOMNOHEHT B - benbin
Kaprivk ¢ TemnepaTtypoun noBepxHocTu 35,500 K (ro
LEHTPY) 1 KOMMOHEHT A - 3Be31a CreKTparibHoro Tuna
A8 (cnesa)







Bacunun NpuropbeBuny
®eceHkoB (1 (13) AHBaps 1889,
Hosouepkacck — 12 mapTa
1972, MockBa) — COBETCKUM
aCTPOHOM, OAWNH U3
OCHOBOMOMNOXHNKOB
acTtpousunkm, akagemmk AH
CCCP (1935), akagemuk AH
KasCCP (1946)

LIV LILLIOAOLIAOM A IACT LIGAOLILHAOG LRI LIAOLLLIRANDIIIIALLIALGE

CAME6CLBEHHO6 BUNSHNG HS 3BOLIOIMNIO 3B63T" 9l
19KIY LIoL6by INICCPIUOLKHSE OKI3PIBILP
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Ppupgpux Bunbrenom beccens |
22 niona 1784 — 17 mapTa 1846)
— HEeMeUKun matemMaTuk un
acTpoHOM XIX Beka.
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BbIPDOXJEHHOro 9NEKTPOHHOro ra3a (bepmu-rasa).

AOJDKHbI KOJnarncunpoBaTthb.




- BopoBopoTbl rasa v nbinv B obnactu

~Hubble.

- «HoBbIe»

«HoBble 3B€3ab1», B acTPOHOMUYECKON nuTepaType 06bI4HO NpocTo «HoBbie» —
3BE30bl, CBETUMOCTb KOTOPbIX BHE3aMNHO yBenuinsaetcs B ~103-10° pas (B cpeaHeMm
yBernuyeHne cBeTMMOCTM B ~10%, Briecka ~ 12 3BE3HbIX BEMNYMH).

doopMUpOBaHNS HOBOW 3Be3Abl, CHATbIE
KOCMUYECKUM Terneckonom Hubble. 3Tta
KpacoTuLla ¢ HasBaHMeM LH 95 pacnonoXxeHa
B “BonbLiom MarennaHosom Obnake”, oHa
nokasbiBaeT HaM obnacTtu "HMU3Kon macchbl" -
MIlageH4Yeckne 3B8e3bl, a Tak )Xe HECKOSbKO UX
B6onee maccuBHbIX coceaen. N3obpaxeHne
nony4yeHo B Mmapte 2006 roga C NOMOLLbIO
Kamepbl “Hubble Advanced Camera” Teneckona
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MexaHn3m BCMbILLKU

Lnbl «HOBbIX» 38€3 L
HTepecHble DaKTbl, e Y .
npoyee s




«HOBbIe»
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Bce HoBble 3BE3bl ABMNATCA TECHLIMWU ABONHLIMU

cCUcTeMamm, COCTOSALLMMM U3 BENOro Kapnuka v 3Be3abl- e

KOMNaHbOHA, HaxoAALWEeNCcsa Ha rnaBHOU

nocrnegoBaTeribHOCTU, NMOO JOCTUrLLEN B Xo4e

9BOSIOLUNM CTaAuM KPaCHOro rmraHTa 1 3anosHMBLLEN

CBOto nonocTb Powa. B Takmux cucrtemax nponcxognt

nepeTekaHne BELLECTBa BHELLHMX CITIOEB 3BE3Mbl- ;

KOMMNaHboHa Ha 6enbiv Kapnuk Yepes OKPECTHOCTM TOYKU ’ ’ v
INTarpaHxa L1, nepeTekatoLLiee BewecTBo obpasyeT ‘r
BOKpYr 6enoro Kaprnuka akkpeLMOHHbIN ONCK, CKOPOCTb

aKkpeunmn Ha 6enbin Kapnnk NOCTOsIHHA U onpeaensieTcs

napamMmeTpamMu 3Be34bl-kOMMNaHbOHa U OTHOLLEHNEM MacC

3BE3-KOMMNOHEHTOB ABOWNHOW CUCTEMbI; COCTaB

nagatowero Ha 6enbin Kapnuk rasa TUNUYEH Ans

BHELLHMX CNOEB KPACHbIX MTMraHTOB M 3BE3[, rMaBHOW CneBa - maccuBHag TepstoLLas
nocregoBaTesnibHOCTU - 6oriee 90% BoAopoaa. ¥ BeLlecTBO 3Be34a

3aBUCUMOCTb aBIIEHUS BbIPOXAEHHOIO rasa ot CnpaBa - 3Be3fa crnekrpasibHoro
TemMneparypsbl: BCMbILKa HOBOW (peakuum CNO-LmMKna) knacca 6enbln kapnuk. [NoTok rasa
pa3BMBaETCS Ha rOPU3OHTaNIbHOM y4acTke YCTPEMISISIETCS K Denomy Kapnuky
3aBUCUMOCTb aBIIEHUS BbIPOXAEHHOIO rasa ot n obpasyeT akKpELMOHHbIN ONCK
TemMnepartypsbl: BCMbILWKa HOBOW (peakuum CNO-LmMKnia) BOKPYT HEro

PdsBNBACIUA Hd TOPVISUH TAJTBHOM YHdUITRE.



Benble kapnuku npeacTaensAloT cobowm

«BbIFrOpEBLUME» iAPa KPACHbIX MTMraHTOB, B XO4e
9BOSTIOLMM COPOCUBLLNX CBOKO 0BOSOYKY; NX
COCTaB 3aBUCUT OT MacChbl MICXOOHOMN 3BE3bil:

8 3BONIOLIMA MEHEE MACCUBHbIX 3BE3 BEOET K
rennesbiM 6enbiM Kapnukam, B pesynerare
SBOMOLNK 3BE3 C BonblLLEen Maccou, B aape
KOTOpPbIX LUfa TponHasa renvesasi peakums
obpaasytoTca yrrnepoaHble 6ernble kapnukn. B
nobom criyyae ans pasBuTUS BCbILLKN HOBOW
KIo4eBbIMU SIBAAKOTCS ABa hakTopa: KpanHe
HMU3KOe coaepaHne Boaopoaa u
BbIPOXXAEHHOE COCTOsIHME BellecTBa benoro

1" -

AKKpeLumsi Ha 6ernblin Kapnuk B
TECHOW ABOWNHOW CUCTEME.

(B NnpencTaBneHun XxyooXxHuka)
.



« HOBbIe»
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AKKpeLupyeMbili ra3 HakannmBaeTcs Ha NOBEePXHOCTM Geroro kapnuka, obpasysa oboralléHHbI BOOOpOAOM
CIOW, U3-3a KpanHe BbICOKOro YCKOpeHust cBOBOAHOrO naaeHust Ha nosepxHocTun 6enoro kapnuka (~108 cm/c?)
9TOT CMNOW HAaXOAUTCA B BbIPOXAEHHOM COCTOSHUMN U AOMONHUTENBHO Pa3orpeBaeTcsi NOTOKOM U3
aKKPELIMOHHOIo aucka, CKopocTb NaaeHus kotoporo coctasnseT ~1000 km/c. Mo mepe HakonneHus B
NMOBEPXHOCTHOM CIOe BoAopOoAa U NOBLILLEHUS TemnepaTypbl B 06oraliéHHOM BOAOPOAOM CIOe HavyMHaloT
natTn TepmosaepHble peakumm CNO-Uukna, aToMy cnoco6CTBYET M NMPOHUKHOBEHUE B BblPOXAEHHbIN
NMOBEPXHOCTHbIN CION yrnepoaa 13 HUXenexatlmx croés 6enoro Kaprvka. B HeBbIpoXAeHHbIX YCIOBUSX
9HeprosblaeneHe nayLmx B BELLECTBE TEPMOSAEPHbIX peakLuii, NPUBOASLLEE K NOBbLILIEHUIO TEMNepaTypsbl,
NPUBOOUT K POCTY AABMNEHUS U, COOTBETCTBEHHO, PaCLUMPEHNIO, MOHKEHWNIO MITOTHOCTU U CHXKEHWIO
CKOPOCTM AEPHbIX peakuuii (MponopLmMoHarnbHO NITOTHOCTY U TeMnepaType) - T.e. YCTaHOBMNEHUIO
caMOpPeErynMpYyHoLLLErocs rMapoCcTaTU4eCcKoro paBHOBECUS, Kak 3TO NPOUCXOAMUT B Heapax 3BE3, rmaBHo
nocnenoBaTenbHOCTU. OHaKo 0COBEHHOCTBIO HEPENATMBUCTCKOIO BbIPOXAEHHOTO rasa ABMAETCA KpanHe
cnabasi 3aBYCUMOCTb 4aBneHust oT Temnepatypbl: P ~ Kp° s, 33 Peaynktatom sBNSETCS B3pbIBONOA0GHOE
YCKOPEHME peakLnin TepMOSIAEPHOro CMHTE3a B GoraToii BOAOPOAOM 060NoYke, Temrnepatypa pesko
BO3pAacTaeT [0 CHATUSA BbIPOXAEHUS NPU AaHHOW NITOTHOCTU U dbopMUPYETCH yaapHas BomnHa,
cOpacbiBatoLLas BepXHUIA CroV BOOOPOAHON 060moYkmn 6enoro kapnvka B oKpy»katoLlee NpocTpaHCcTBO. Takoe
B3pbIBHOE HapacTaHNe CKOPOCTU TEPMOSAEPHbIX peakLmii B BbIPOXAEHHOM 3BE3HOM BeELLIECTBE ABMAETCA
[I0CTATOYHO TUMUYHBIM SABNEHUEM: CXOOHYH NPUPOAY UMEIOT refiMeBbIe BCrbILLKW KPaCHbIX FMraHToB U
yrnepoaHas AeToHaUus! B BbIPOXAEHHbIX SApax MacCUBHbIX 3BE3[ 1 MAaCCUBHbIX BenbIX KapnmnkoB npu
npeBbIlLeHUN Npeaena YaHapacekapa.

Bckope nocre BCnbilLKW HaYMHAETCA HOBbIV LMK akKpeLmn Ha Genbiii Kapnuk U HakomnmneHus BoAOPOAHOro
Crosl 1, Yepes HEKOTOPOE BPeMs, onpeaenseMoe TeMnamMu akkpeLmm n cBoMcTBaMu Genoro Kapnuka,
BCMbILLKa noBTopseTcs. MIHTepBan mexay BCbIKaMy COCTaBMNSAET OT AECATKOB NET Y NOBTOPHbLIX HOBbIX [0
TbICSY NET Y KNaccu4ecknx HoBbIX 3BE3A.




«HoBble»

__.Typa ,
O nKauna




«HoBble»
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[Mpn HabntogeHun 3a ceepxHoBou SN 1572 B co3Be3anun Kaccuonest acTpoHOM Tuxo
bpare, oTpa3un 310 B CBOMX 3anmcax Kak o Hogou 38e30e, AaB TEM CaMbIM
poXxaeHue TepMuHy Hoeas. B cBoux paboTtax oH yTBepKaan, YTo TakK Kak ABUXeHune
 ONN3KMX 0O BEKTOB AOMKHO ObITb 3aMETHO OTHOCUTENBHO HENOABWXHbLIX 3BE34, TO
HOBas OOMMKHa HaxXo4UTbCSH OYEHb Aaneko

HoBble UMEKT XOPOLLKME LLAaHCbl ObITb UCMOSTIb30BaHHbLIMM B KA4YECTBE
cTaHOapTHbIX cBeM. [1yCTb, K NpuMepy, pacnpeaernieHne e€ abcontoTHOW 3BE34HON
BENMYNHbI BMoganbHO, C OCHOBHOM BEPLUMHON B —7,5 N MeHbLLEN B —8,8. Kpome
TOro, abcontoTHaga 3B€3agHast BefindmHa HoOBOW OCTaeTCs NPUoNMU3nTensLHO
oanHakoBom (—5,5) okono 15 gHen nocne B3pbiBa. OnpeaeneHne pacCcToAHUm
rafiakTUK U CKOMMEHNN ranakTuK npu NoOMOLLX HOBbIX JAl0T TaKyHo Xe TOYHOCTb, KaK




qépHaﬂ AblpPa — obnacTb B NpoCTpaHCTBE-BPEMEHU, rPaBUTALNOHHOE MPUTSHXKEHNE
KOTOPOW HACTONbKO BEMMKO, YTO MOKNHYTb €€ HE MOTYT AaXe 0ObeKTbI, ABMXKYLLNECS CO
CKOPOCTbIO CBETa.

[paHuLa 31O 0bnacTu Ha3biBaEeTCHA OPMU3OHTOM COBLITUI, a €€ paguyc (ecrnm oHa cdhepnvecku
CUMMETPUYHA) — epasumauUoHHbIM paduycom. B npocTteniiem cny4vae ccbepmqecm

CYMMETPNYHOW qepHom ,El,blpbl OH. paBeHIpanM%c%UJBapummnbna

Kapn LWUBapuwunba (Hem. Karl Schwarzsch/ld) (9 oKTAGpPSA
1873, ®paHkdypT-Ha-ManHe — 11 magqa 1916, NoTcaam) —
HEMELKNI aCTPOHOM 1 (PU3KK.

OpHa n3 ero paboT no Teopun OTHOCUTENBHOCTU coaepKana
nepBble TOYHbIE PELLEHNS MONEBbLIX YpaBHEHUI 0OLLEN
TEOPUN OTHOCUTENBHOCTU CO ChEPNYHECKON CUMMETPUEN —
TaK Ha3blBaeMoe BHYTpeHHe pelleHune LLsapuuiinsaa ans
HeBpaLlaloLerocd wapoobpasHoro Tena u3 ogHoOpPogHOWM
XWOKOCTU 1 BHeLWHee pelweHne LBapuwmnnega ons
CTaTUYEeCKOro NycToro NPOCTpaHCTBa BOKPYr chepnyeckm-
CUMMETPUYHOrO Tena (BTopoe cenvac UMeHYT 06bI4YHO
npocto peweHnem Leapuwuneaa). Pewenne Weapuwmnnega
ObI110 NEPBbIM peELLEHNEM YPABHEHUI DUHLLTENHA C
Knaccuyeckomn YEpHoM Ablpoi. Mo3TOMY HECKONMBbKO TEPMUHOB
" N3 (PU3KM YEPHBIX AbIP MOMYYNUSIN €r0 UMSI, HaNpUMep paanyc
LBapuwwnnbaa, LLBapuwmnnsgoBbl KOOpAMHATLI U Tak ganee.
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MaAaCC/BHOWM HeDHOWM Oblipon.

Galactic Plane
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Macca 4yepHbIX Ablp NOKa3bIBAET, YTO OHU SABMSAOTCS CXaTbIMU
L ocTaTkamu 3Bes, No KpanHen mepe, B 20 pa3 bonbLunx, Yem
" | ConHue. ABHble KaHAMAATbI B YePHbIE Ablpbl 0BHAPYXEHbI NoKa
Y nuLb Ha opbuTe BOKPYr HOpMaribHOM 3Be3bl. o Mepe Toro, kak
BELLECTBO U3 HOpManbHOW 3Be34bl NadaeT K YepHOW Ablpe, OHO

# BblJaeT 3aMEeTHOE PEHTIEHOBCKOE M3MyYeHne 40 TOro, Kak MCYE3HET
B YepHOW Ablpe, YTOObI HUKOrAA y>Ke He BO3BpaTUTLCS OTTyaAa.
Yncno aTux cTpallHbiX rpaBUTaLMOHHBIX MaroTOK B HALLIEM
MneyHom [MyTn oLieHNBaAETCSA B HECKOIbKO AECATKOB UIN COTEH
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Paano, nHdpakpacHble, ONTUYECKME N PEHTFEHOBCKME Ny4YMN NOKa3bIBaOT, YTO 3HAYUTENBHO
Bonblune YepHble Ablpbl, Ha3blBaOLLIMECS CYNepPMaCCUBHBIMU, CYLLIECTBYHOT B LIEHTPEe
OonbLUMHCTBA ranakTuK. TN YepHble Ablpbl MUMEKOT Maccy, Koneobntowmecs OT HECKOMbKUX
MWUIIIMOHOB A0 HecKonbknx Munnuapaos macc ConHua. CynepmaccuBHas YepHas Ablpa B
ueHTpe MneyHoro NMyTn nMeeT Maccy TONbKO OKOSO 3 MUMIIMOHOB COMNMHEYHbIX Macc.

T ey -5
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Kak cynepmaccuBHble YepHble Ablpbl GOpMUPYIOTCS, Noka He NOHATHO. MNMpeanonaratoT, YTo
OHW MOrnM chopMUPOBaTHLCH Yepes NPSMON konnanc obnaka BellecTBa B LLEHTPE ranakTuku,
NN Yepes CrIMsIHNE YepHbIX AbIp, NN NOCTENEHHbLIM NPUPOCTOM OKPY>KaoLLIErO ra3a 13
ranakTuKn, UNn KOMOMHaLMen BCEro NepevncrieHHoro Bbile. VIx npupocT Mor Obl 3aBUCETb
OT JOCTYMHOCTW OKPY>KaloLLIEro ra3a, UNmn OT COCeQHUX YEePHbIX Ablp, KOTOPbIE MO Obl
3axBaTbIBaTbCS NPW BpaLLIEHUW FranakTUKN.




YepHas
Abipa
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OanH BaXkKHbIW acneKT, KOTopbI Obln 06HapYy>XeH HECKOSbKO JIET Ha3ad, COCTOUT B TOM, YTO

Macca LieHTpanbHON CynepMacCUBHOM YePHOW Ablpbl ranakTuku NpUbnmnanTesisHO COOTHOCUTCS

C Maccou LieHTpanbHoM YacTtu ranaktmku. Hanpumep, MneyHbin [yTb, B KOTOPOM LEHTP

[[@anakTUKN NMEET CpaBHUTESNBHO HEDBONbLLOE SAPO, UMEET U MEHBLLIYIO CYyNEPMaCCUBHYHO

YepHYyo ObIpy, YeM B ApYrnx ranaktukax. Jltobas ycnelwuHasa Teopus obpasoBaHns

CyrnepMacCuBHbIX YepHbIX Ablp AOSHKHA NPUHATL BO BHAMAHWE OTHOLLEHWE Ablpa/aapo
raslakTUKW.

PesynbraThl ¢ «MaHgpa» u pyrnx peHTreHOBCKMX Terneckonos, U Teneckona Xa66n nossonunu
pacCcMOTPETb BO3MOXHOCTb, KOTOpasi BCce npeanoriaraeT CyLweCcTBOBaHWE 4PYroro Tuna YepHou
ObIpbl. OTW YepHble Oblpbl, YoM MacCbl MO BbITb B palioHE HECKOSTbKO COT (40 ThbICAYM)
COSMHEYHbIX Macc, Ha3BaHbl NPOMEXYTOUYHbIMU YepPHbIMU AblpamMu. OHM MOrnn BbITb OCcTaTkamu
Yypes3Bbl4anHO OrPOMHLIX 3B€34, COOPMNPOBaAHHbLIX B HAaYare apontouun BeceneHHon. nn oHn
dopmmpoBanuck bbl Yepes BLICTPOE CINAHME MHOMMX MEHbLUMX YePHbIX bl B LEHTpax

NSIOTHBIX 3BE34HbIX PN (LWapoBbix ckornneHnn). OHn MoryT ObITb HEODBIKHOBEHHO MOLLHBIMU
3Be30HbIMM YEPHBIMI OblpamMu. MNoATBEPXAEHNSA 3TOMY HET, HO BCE YKa3bIBaeT Ha 3T0. : T
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I1IBOHas
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[1BONHLIE 3BE3MbI, KOTOPbIE BO3MOXHO YBUAETb Pa3fdenbHO (UN, Kak roBOPSAT, KOTOPbIE MOryT
OblTb paspeweHkl), HasblBalOTCAd BUAMMbIMU ABOMHbLIMWU WM BU3yanbHO-ABOWHbLIMMU,
OOHAKO KOMMOHEHTbl OONbLUMHCTBA [ABOMHbIX CUCTEM CIMLWIKOM Onu3km gpyr K apyry wu
Haxo4aATCs Ha CAULIKOM 60MbLOM pacCTOsIHUKM, YTOBblI X MOXHO ObINo pasnuunTb gaxe B
camble MOLUHble Teneckonbl. OgHAKo gaxe B 3TOM Crlydae UX OBOMCTBEHHOCTb MOXET ObITb
obOHapyXeHa MO HeKOoTOpbIM APYrMM npusHakam — kKonebaHuam 6necka, Bbi3blBaEMbIM
nepuoanyeckMMn 3aTMEHUAMM OOHOW 3Be3dbl OPYrol (3aTMeHHble nepeMeHHble), WU
nepuoanyecKMM CMeLLEHNAM CeKTpanbHbIX NTIMHUIA (CNeKTpanbHO-ABOMHbIE). B criydae, ecnu
NBOMHAA 3Be3ga obnagaeT AOoCTaToOdMHO OonblUMM  COOCTBEHHbIM  ABUMXXEHMEM, MOXHO
HabnogaTb OTKITOHEHUE TPAEKTOPUU OABUMXKEHUS MO HEGECHOM chepe OT NPsAMON €€ rnaBHOro

NHorpa ObiBaeT, YTo OBe PM3NYECKN HUKAK He CBs3aHHble Mexay cobon 3Besgbl criydanHo
NPOEeUMpyoTCA Ha OYeHb Onuskue Opyr K Apyry ToukM HebecHon copepbl. Takve 3BE3Ab
Ha3blBalOTCS ONTUYECKU-OABOUHbLIMM — B MPOTUBOMNOMOXHOCTb «UCTUHHBLIMY», (PU3UYECKMU-
OBOUHbIM.

[1BoVHble 3BE€34bl, KOMMOHEHTbI KOTOPbIX akTUBHO B3aUMOLEWCTBYIOT Mexgy cobow,






[1IBonHas
38e34a

CyLuecTByIOT pasHble OBOWHbIE 3BE3Abl: ObIBAOT ABE MOXOXME 3Be3dbl B nape, a bbiBaloT
pasHble (KaKk NpaBuno, 3TO KPacCHbIN ruraHT n 6ensi Kapnuk). Ho, BHe 3aBUCUMOCTU OT UX
TMNa, 3TN 3BE34bl Hanboree XopoLUo NoaAatnTCs U3YHEHUIO: ANS HAX, B OTIINYME OT 0ObIYHbIX
3BE3/], aHaNn3npys ux B3anMogencTBne, MOXXHO BbISICHUTb MOYTU BCe NapaMeTpbl, BKIHOYas
mMaccy, popmMy opbUT 1 gaxke NPUMEPHO BbISICHUTbL XapaKTePUCTUKN BIIM3KOPACHONOXEHHbIX K
HUM 3B€34. Kak npaBuno, 3T 3BE3abl MMEKT HECKOSIbKO BbITAHYTYHO (bopMy Bcneacteme
B3aMMHOro NpuUTsKeHus. NprumepHO NonoBMHa BCeX 3BE3A Halen [anakTukm npuHagnexunT K
OBOWHBLIM CMCTEMaM, Tak YTO ABOWHbLIE 3BE3Abl, Bpawjatowmecd no opbmutam ogHa BOKPYr
OpYyron, sBrneHne BecbMa pacrnpocTpaHeHHoe.

[MpnHagnNeXXHoCTb K OBOWMHOWM CUCTEME O4YeHb CUMbHO BIIMAET Ha BCH XWU3Hb 3Be3bl,

OCODEHHO Korga HanapHuWKM Haxogdatcs 6nuM3ko apyr Kk gpyry. [loToku BelwlecTtBa,

YCTPEMIIAOWMECS, OT OAHOMN WUBOAAT K ApaMaTUYeCKUM BChbILLKaM,

.

e
N3o6paxeHune lNepemeHHon 3Be3abl Mupbl -
(omukpoHa Knta), caenaHHOe KOCMUYECKUM

. Terneckonom nm. Xabbna B ynsrpadroneTtoBom

AuanasoHe. Ha ootorpadpumn BugeH

aKKpPEeLUMOHHbLIN "XBOCT", HanpaBfieHHbIN OT
OCHOBHOIO KOMMOHEHTA - KpaCHOro rmraHTa K



BcnbixuBaowiaa .

BcnbixuBalwume 3B€3a0bl unu 3eé3abl Tuna UV Knta — nepemeHHble 3B€30bl, pe3Ko u
Hernepuoanyeckn yeenmimnsarLLne CBOK CBETUMMOCTb B HECKOSbLKO pa3 BO BCEM guanasoHe OT
pagnoBOSIH OO PEHTIEHOBCKOIo U3Nny4YyeHust.

BcnbixnBatoLume 3B€3Mbl 3TO TYCKIIble KpacHble Kaprnkuy, MHorga OTMeYatoTCs BCMbILLKA Ha
KOPUYHEBbIX Kapnukax. 9TO camMbli MHOIOYMCIEHHbIN KNacc NepeMeHHbIX 3B€34, HO 1U3-3a
TYCKJTOCTU UX N3BECTHO HE O4EHb MHOIO — BCE U3BECTHbIE BCMNbIXMBaKOLLNE 3BE3bl HAXOOATCSA
Ha paccTosiHMK He Bornee 60 cBeToBbIX NeT. MHorne 6nuxanwmne Kk ConHuy 38€34bl, B TOM
yucne, Npokcmma LleHTtaspa, DX Paka n Bonbd 359 npuHagnexart K 3ToMy Knaccy.

BcnbIWKn MOryT ANUTBHCS OT MUHYT 0 HECKOSTbKMX YacoB, CpeaHUN UHTepBan Mexay
BCNbILWKaMN — OT 1 Yaca 40 AECATKOB CyTOK. Hayano BCNbILWKY NponcxoanT ropasao boictpee,
4YyeM yracaHue, 3Be3fa MOXET YBENMYMTb CBOKM Brieck BABOE BCErO 3a HECKOSIbKO cekyHA. Bo
BpeMS BCMbILLKM PE3KO MEHSAETCS CNEKTP 3BE3Abl, B CUHEN W yNbTpadmnonetToBon obnacTsx
NOSABIISIETCS HEMPEPLIBHbLIN CNEKTP U3ITYyYEHUS.

[MpenononaraeTcs, YTO COMHEYHbIE BCIbILLKA UMEKOT MPUMEPHO TY XKe NMpupoay, XOTS U ropasao
cnabee. lNpryém BCnbiwkn Ha ConHue cnabee He TONbLKO N0 OTHOCUTENBHOW BEMNYNHE
(ConHue 3HaunTernbHO sipYe KpacHbIX KapSiMKoB, MOKasbiBaoLWMX BCNbILWKK TUna UV Kuta), HO 1
Mo KONNYeCTBY BbICBOOOXAaeMON BO BPEMS BCTIbILLKN SHEPTUN.







CBepxHoBas

CBerHéBble 3BE3Abl — 3BE&3/bl, 3aKaH4YNBaIOLLIME CBOIO 3BOMIOLIMIO B KAaTaCTPOPUYECKOM
B3PbIBHOM MpoLiecce.

TepMMHOM «CBEpPXHOBbIE» ObINM Ha3BaHbl 3BE&30bl, KOTOPble BCMbIXMBanNM ropasgo (Ha
MOPAAKN) CumbHee Tak HasblBaeMbIX «HOBbLIX 3BE&3O». Ha camom gene, HM Te, HU Apyrue
pr3nyeckn HOBbIMU He ABMAKTCH, BCErAa BCMbIXMBAOT YXKe CyLlecTByolimMe 3BE3abl. Ho B
HECKOIbKMX UCTOPUYECKMX CryYasx BCMbIXMBanu Te 3BE3MAbl, KOTOpble paHee Obinn Ha Hebe
MpPaKTUYECKN UK NMOMHOCTLIO HE BUAHbI, YTO U co3aaBano apdeKT NosaBneHs HoOBOW 3Be3apbl.

g.
e dusnka CBeDXHOBbIX 3Be3.

» MecTo cBepXHOBbLIX BO BceneHHou
« HabnoaeHne cBepXHOBLIX 3BE3/




CBepxHoBas

3bedLd
Mo coBpemeHHbIM npenlT, BQPXWBB[QWI kmm‘palao,qm CO BpPEMeHeM K
oboralleHno cocTaBa BHYTPEHHUX obnacTtein 3Be3dbl TSKENLIMU aneMmeHTamun. B npouecce
TEPMOSIAEPHOrO CUHTE3a M O6pasoBaHMS TSKEMbIX SNEMEHTOB 3Be3da CXMMaeTcs, a
Temnepatypa B €€ LUeHTpe pacTer. (IPpdeKkT oTpuuaTternibHoMm TeNNOEMKOCTHU
rpaBUTMPYIOLLIErO HEBLIPOXOEHHOMO BewwecTBa.) Ecrnn macca 3Be3fgbl 4OCTaTOMHO BENKUKA, TO
npouecc TePMOSIAEPHOro CMHTE3a AOXOAUT A0 NOrM4yeckoro 3aseplleHnsa ¢ obpasoBaHMEM

anep Kernesa n HUKens, a cxatue npofdomnkaertcs. [Npn aTom TepmosiAepHble peakumm byayT
NpoOoMmKaTbCA TONbKO B HEKOTOPOM Crlo€e 3Be3[bl BOKPYT LIEHTpanbHOro sapa — Tam, rae eLé

DIpia 800K BERISICTERIE ED TEPMOREBSBIOEDTAHIIBO COPOCa ODOITOYKN CBEPXHOBOW C DOMBLLION
CKopocTbio. BakHoe 3Hade . S b yOapHOW BOJSIHbI 3Hepruen

BbIXOOALWMX U3 LEHTparbHO " \9HN3M B3pblBa OTHOCUTCA K
cBepxHoBbIM |l TMna (SN II). NUpoBaHMe, ygapHasa BOJIHA
OTCKOKa He npuBOOUT K B 31MBAE€TCA Ha pacCTOAHUMU
npumepHo 100-200 KM OT U _ HannMyna MarHUTHOro nosng
NO3BONSAET YNCIEHHO CMOoAe e & NTOPOTALMOHHbIN MEXaHU3M
B3pblBa CBEPXHOBbLIX C K eTcd, 4to obpasoBaHMeEM
CBEpXHOBOW |l TUNa 3aKkaHyun ' OHayarbHas Macca KOTopbIX
npesbiwaetT 8—10 macc Cor : "POHHAsA 3Be34a WUnun YepHas

Oblpa, a BOKPYr 3Tux obbe j bpelvm CYLLECTBYIOT OCTaTKU
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[BOWHbIX cMcTEMax, B oTin4me ot SN Il, NpeaLlecTBEHHUKaMN KOTOPbIX SBNAKOTCA OAMHOYHbIE
3Be3bl.
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CBepxHoBas
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[Ana obo3Ha4YeHnss CBEPXHOBbLIX aCTPOHOMbI MCMNOMb3YKT CreayloLyo CUCTEMY: CHadana
3anucboiBatoTcad OykBbl SN (OT naTUMHCKOro SuperNova), 3aTeM rof OTKPbITUA, a 3aTem
naTuHckumun bykBamum — MopsaKOBbIN HOMEP CBepxXHoBOM B rogy. Hanpumep, SN 1997cj
0003HayaeT cBEPXHOBYO 3BE3/1Y, OTKPbITYHO 26 * 3 (c) + 10 (j) = 88-01 nNo cyeTy B 1997 roay.

K n
A¥H 13 BUAIOB CBEBPXHOBLIX TUNA /a — PO3YNLTAT BHOIANHOM SABPHOM ATOHALMM 3883k BepXHOBLI® AiPYroro poaa 06pPasyloTCs NPH CXATIM 3883/ C MAcCamu 6onee 8 Macc ConHua.
4 OHM OTHOCSITCA K TUNaM /b, Ic unu Il B or
> Bonee

maccusnan
3 AByx 38630
ConeuHOro Tuna,
cuopnaB caoe
TONNMEO, Npespa-
WaAeTCA B 6eNbIA
KapnuK

Bensiit kapnuk

3seapa-cocepxa

Maccnenas 3sesna
B KOHU® XHIHU UMBST
enoucTyIo CTpYKTYPY. Copyright © B MVPE HAYKW

BenuiA KapauK
3axpaTkiBaeT 5
ras, TepRoMbIA } - (01630 HO YHACTEYGT B ANOPHOM

S . -, CHNTO30, N03TOMY B AP0 HO BLIAGNROTCH
GNUXBOTCA K KDH- . : (’ Tenno. [a30800 AABGHUB NAAEET, W NOXE-
TiecKoR Macce K 190 BHILUD BOUIGCTEO YCTPOMARGTCH BHHI

: J ; [

«Mnaus» Hoynpasnfemsix
ARGPHbIX POKYWH B03TO-

PAGTCH B TYPOYNIGHTHOM AP0 00
Kxapnuka e vheyiy Ao =
CXHWMEOTCA W Npespalya-
TInamR yCTPOMNABTCA HapY XY, ©TCA B HOHTPOHKYIO 3BOIAY.
NIPOGPALLAs YOO H KUCNOPOR & HHKENK Mapaiouee BIECTEO OT.- Holiponnan
CKAKMBAOT OT HOHTPOHHOR 3se3na
38030s! W CO3NAGT YAAPHY IO J
i S Yaapran

sonHa

~ 37

Tonuit HORTPHHO BLIPWBABTCH Ha

HOBOPOX/JGHHOR HOATPOHHOR

3803[J6), HOPABHOMGPHO NOATANKMBAR

wa /RBPHYIO BONN
Yrnepop/Kuenopon PYXY YABPHY g

YAapHas sonwa
3a HECKONKO

COKYHJL KapNUK
NONHOCTLI0 Paspy-
waeTcs. 3aToM oule
HECKONLKO Hele.
PauoaKTHBHb
HHKeNL PACTAAARTCH,
BLi3bIBER CBRUGHHS
OCTaTKOB 3863381

Harperuiil HORTPUHO
ra308kIf Ny3Lipe

Ypapwas sonka

NPOHOCKTCA 10 380300, Xonoawsi raa
TIpOpBIE B MORRNUPO- PRIPLIBAR 00 HA YACTH NPOPBIBABTCH BHYTP.
BBHUM CBOPXHOBbX

no3BoNMN Uceneno-

BTk TYPOYOHTHOCTE.

10 Mk, K

JIBHTHY10, NY3LIpuaTy o

RBYKOHUA £2204GCO0 B3DHIBA. FAOCH IOKEAAHA BHYTPOHHOCTS 3803

40pe3 5,5+ |1 o Hauana 83puisa. [IEHXYIIMICA BBODX KDYHLI
GIyXUT NPUANHOR G-

nyasinuno Qe 2010 sonvy o pecoromie 300 .

' 6TPOro NPONBNXOHUA | Hedr > O4BH CNAGO BIBMMOREACTEYIOLLNG HACTHUS,
i BPOKTA U NopABNGHNA YCTPGmiinn | apy <Y B TAKOM KONHYECTB® U C TAKOA IHOPIUBR, 4TO
Copyright © B mriPE HAYKI CTBGUNAIUpYIOLLIAX . Haunwawr | yrne-

MOXBHHIMOB 38031161

*\.poR, KMCNC. lnounun WXan6ao wa FNY6OKMX CNOBE (ranTyGoH, GHPI-
"2644) C NEXBLIUMN BbILLI FONUEM (3616HbH) U BOROPOAOM (KpaCHSI)




[1popbIB B MOgeNnpoBaHnm
NO3BOSNIT UCCreaoBaTb Typ-
OyneHTHOCTb. 30€eCb
NoKasaHo, YTo npounsonaeT
4yepes 0,6 c nocrne
BocrnnameHeHusi. PpoHT
S4E€PHOro ropeHnsa nMeeT
TypOyneHTHYo, Ny3blpyaTyto
CTPYKTYpPY (rony-6omn).
TypOyneHTHOCTb CNYXUT
NPUYNHOWN DbICTPOrO
NPOaABUXEHUA PpOoHTa U
noaasneHns 3se3abl.

OAWH U3 BUAOB CBEPXHOBLIX TUNAa /a — pesynbsTart BHe3anHoh AAepHon AeToHauuy 3seaas!

< bBonee

! MmaccueHan
W3 fByX 38038 3eeapa-cocenka
CONHBYHOro THNA,
ncyepnas ceoe
TONNKEBO, Npespa-
WABTCA B 6aNbiid
Kapnuk

~, Bensiid kapnux
/.. saxsaruLiBaer
ras, TepReMeli
COCeAXON, M NPM-
GNUXBETCA K KPU-
THYECKOH mMacce

Bensiil xapnuk

3 «Mnama» HeynpasnaeMbIX
' ANepHLIX peaxyui soaro-
paeTcs B TypOy/IOHTHOM AApe
Kapnuxa

ry /| Mnamn ycTpeMnseTc Hapyxy,
“ npeepawjas yrnepos 1 KUCNOPOA & HUKeNs

DPOHT roPeHUs
renui

— Hukens
Yrnepog/Knucnopop

fiapo
[ 3a HeCcKONLKO
~ CeKYHA Kapnuk
NONKOCTLIO PAspy-
waeTcs. 3atem awle

HECKONLKO HeleNb
paguoaKTHBHLIA
HWKeNb pacnagaerTcs,
Bbi3bIBAR CBOUSHHE

OCTaTKos 38e3fsl
Mpopsie B MOABNUPO-

(MT NPUYHUHON Gbl-
|BTPOrO NPOABIKEHUR
> '(DPOHTA U NORABNEHNA
Copyright @ B MUPE HAYKV CTABUNNIUPY IOLLMX
BXBHWIMOB 2803/1bI



CBepxHOBbIE ApYroro poga 06pasyioTCs Npu CXATUM 38834 C Maccamu 6onee 8 macc ConHua.
OHM OTHOCSTCA K TUNaM /b, Ic unu II, B 38BUCUMOCTH OT HAB6NIAAEMbIX OCO6EHHOCTER

-i MaccueHan 3sesga
B KOHLI® XH3HU UMEeT

CNOUCTYIO CTPYKTYpY Copyright © B MUPE HAYKWU

Xenezo He y4acTeyeT 8 AfePHOM

CHHT@38, NO3TOMY B AfIPe HE BLIeNATCA
Tenno. Ma30800 AABNeHWe NAQEsT, W NexXa-
Wee Bbille BELWeCTBO YCTPeMNARTCH BHW3

“) Bacexyxgy aapo
' CXMMESTCR M Nnpespalya-

BTCA B HOHTPOHHYI0 3Be3AY.

Mapaouwee BewecTso or- HeditpoHHas
CKAKUBAOT OT HOHTPOHHOM ageana
3803016l ¥ CO3AAOT YAAPHYIO

el YnapHas
BONHa

HeATPHHO BLIPLIBABTCA U3
HOBOPOXBHHON HORTPOHHOR
3B03[bl, HOPABHOMEPHO NOATANKWBAR

HapyXy YAAPHYIO BONHY

YpapHas sonxa

HarpeTuiid HORTPUHO
ra3oBsbIA Ny3asips

[~ VpapuassonWa
) NPOHOCUTCA NO 3BE3NE
pa3pLIBas 8e Ha YacTi

XonopHslit raa
NPOPLIBABTCRA BHYTPb

CoBPOMEHHLI@ MOABNYU CNOCOGHLI ABTANLHO NPOCNBANTE XAOTHYECKUS
ABWXEHUA B NPOYEcce BapsiBa. 306Ck NOKA3aHa BHY TPOHHOCTL 3803AbI
yepes 5,6 4 nocne Havana 83psisa, [BnXyWHECcA BBEpX KPyNHLIe
Ny3sipy NOAAESPKUBAIOT YAAPHYIO BONHY A0 PACCTOAHURA 300 MNH. KM.
HeATPUHO, BOOGWWE-TO OYSHb CNAGO BIAWMOREACTRYIOLME YACTHL LI,
YCTPEMNAIOTCA HAPY XY B TAKOM KONIMYECTEO U C TAKOW SHEPrued, uTo
HAYUHAKT UIPATE MABHYIO PONnb. TYPSYNEHTHOCTE NEPEeMeLLMBABT yrne-
PO, KUCNOPOA, KPEMHUA K XENe30 U3 rNy6OKUX CNoee (ranyGol, Gupio-
J0BLIA) C NEXALWWUMK BhILLE reNUem (3aneHs¥) U BOJOPOAOM (KpacHsi)

[Toka3zaHa BHYTPEHHOCTb
3Be3abl Yepes 5,5 4 nocne
Ha4ana B3pbiBa. [BuxXyLimecs
BBEPX KPYMHbIE NY3bIpU
noaaepXMBatoT YOAapHYHo
BOJSTHY 4O paccTosiHMA 300
MIH. KM. TypOyneHTHOCTb
nepemMeLllnBaeT yriepoa, K1c-
nopoa, KPEMHUN U XXeneso 13
rnyboknx cnoes (ronybown,
OMPHO30BLIN) C NEXaLLMK
BblLLE renmem (3eneHbin).
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