" ®UBNYECKUE NEPEMEHHBIE,

HOBbIE U CBEPXHOBbDIE 3BE3 /bl



NepemMeHHbIe 3BE3Abl

lNMepnoanyeckue 3Be3abl Henepnognyeckue 3Be3abl

[BOUHbIE 3BE3abI Pusnyeckue nepeMeHHble 38e3abl
Ledenabl donronepuogunyeckune
(kopoTKonepuoanyeckue) 3Bé3abl




— 3TO 3BE€3Abl, ONecK KOTOpbIX NU3MEHAETCS, UHoraa C
npaBuUNbHON NepnoanvHocTbHo. [llepeMeHHbIX 3B€34 Ha Hebe AOBOJSIbLHO
MHoro. B HacTosilee Bpemsa nx nasectHo oonee 30 000. MHorue ns Hux
BMOJfIHE AOCTYMNHbI HAGMIOAEHMIO B Manble U cpegHero pasmepa
onTuyeckue Npubopbl — OGUHOKIb 3pUTESNbHYIO TPYOY UMK LWKOSMbHbIN
Teneckorn.

Mepuog,

AMNNUTYOa 1 nepuoa NepeMeHHon 38e3abl.



Ha3bIBalOTCA 3B€34bl, KOTOPbIe U3MEHSAIOT
CBOIO CBETUMOCTb B pe3ynbraTte (Pu3n4yecKkux npoueccoB, npoucxoasilimx B
camoun 3Be3fe. Takue 3B€34bl MOryT U HEe UMeTb NMOCTOAHHYIO KPpUBYHO Oriecka.
MepByro NnynbCcUpyOLLYO NepeMeHHY oTKpbin B 1596 roay dPubpuumnyc B
co3Be3aum Kuta. OH Ha3Ban ee Mupoun, 4To oO3Ha4YaeT «4yaecHas,
yAUBUTESIbHasA».
B makcumyme Mupa xopolio BugHa HeBOOpPY)XEHHbIM rf1a3om, eé BuauUMasn
3Bé3aHas BenvunHa 2", B nepuoa MUHUMyMa OHa yMeHbluaetca go 10™
U BUgHa Tonbko B Teneckon. CpeaHun nepuon nepemeHHoct Mupol Kuta
332 CyTOK.
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TeEMNepaTypkl
PaTYR Temnepatypa NoeepxHoCTH, K
2 000 @HUINKOH, 2003

[Monoca HecTabunbHOCTU Ha anarpamme [epuwnpyHra-Peccena.



B 1783 roay dayapa Nurott obHapyxun nameHeHus 6necka n Opna c
nepuogom 7,17 aHen. B 1784 roay [>xoH lNyapankK oTKpbIST NePeMeHHOCTb
3Be3abl O Lleden (nepuop 5,366 aHen). Bce nepemMeHHble 3BE€3Abl, B TOM
yucrie 3aTMEeHHO-NepeMeHHble, UMeloT crneunarnbHble 0003Ha4YeHuUs.
Bnepean Ha3BaHMUS COOTBETCTBYHOLLEro co3Be3ans CTaBATCA OYKBbI
natunHckoro ancgasuta R, S, T, ... unun npocto 6ykBy V (aHrn. variable

«nepemMeHHbINn») ¢ uncdppamu.

KpuBasi Gnecka
3Be3abl Henbra Lledoes.
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Ha3bIBalOTCA NyNbCcUpyowmue 38€3abl BbICOKOU CBETUMOCTM,
Ha3BaHHbIe TaK MO UMEHN OAHON U3 NepPBbIX OTKPbITbIX NepeMeHHbIX 3Bé3 —
0 Ledren. 3To XeénTble cBepXruraHTbl CneKkTpanbHbIX KnaccoB F n G, macca
KOTOpPbIX npeBocxoauT maccy ConHua B HECKOSbKO pa3s. B xoae asonouum
uecenabl npnodpeTaroT ocobyro cTpykTypy. Ha onpeagenéHHon rnyouHe
BO3HUKaeT CNON, KOTOPbIU aKKyMyrnupyeT 3Hepruro, NpuxoaaLlyro u3 sapa
3Be3abl, a 3aTeM otaaet eé. Lledhenabl nepuoanyeckn CXXmMmaroTcs,
Temnepartypa uedeuna pacrteT, yMeHbLUaeTcAa paguyc. 3atem nnowaab
NOBEpPXHOCTU pacTeT, €€ TeMmnepartypa YyMeHbLUaeTCH, YTO Bbi3bIBaeT obLee
U3MeHeHue bnecka.

epema, t
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Llechenabl urparot ocobyro ponb B actpoHomuun. B 1908 roay NeHpuetTta
IlnBuTT, u3yyaa uedenanl B Manom MarennaHoBom Obnake, 3ameTuna, 4to 4em
MeHblle Buanmas 3Bé3aHas BenmuuHa uedeunabl, Tem bonbLuie nepmopa,
U3MeHeHus eé bnecka.

Manoe MarennaHoBo
Oo6bnako

Bonbwoe MarennaHoBo
Oo6bnako

NeHpueTTa
NMusurtT



Nockonbky Bce 3Bé3abl Manoro MarennaHoBoro Obnaka yganeHbl OT Hac
NPUMEpPHO Ha OAMHAKOBOE pacCcTosiHUe, TO BUAMMas 3Bé3gHas BerivimHa m
ueden oTpaxaeTt eé CBETUMOCTb L. A TaK KaKk CBepXrmraHTbl XOpoLUO
3aMeTHbl Ha 60oNbLWKNX PACCTOAHUAX, 3TY 3aBUCUMOCTb MOXHO UCMNOSb30BaThb
Ans onpeaerieHUA pacCcToAHUN A0 ranakTuk. Tak, kK 1999 rogy no namepeHuvsam
800 uedhemna B 18 ranakTukax obina yroyHeHa noctossHHaa Xabona, KoTopyto
Tenepb cuuTaroT paBHoun 70 km/c Ha 1 Mnk ¢ TouyHocTbiO 10%.
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3aBMCUMOCTb cpeaHero bnecka uedena B MarennaHosbix Obnakax ot nepuoga
NepeMeHHOCTN.



3Be34a, Y yBenMuuBarLwasa cBoU Greck B TbICAYM U MUITNTUOHDLI pa3 3a
HeCKOJIbKO YacoB, a 3aTeM TyCKHeloLas, npmxoasilas K cBoemy
nepBoHa4aribHOMy Onecky, Ha3blBaeTCs

HoBasi Bo3HMKaeT B TECHbIX ABOMHbLIX CUCTEMAX, B KOTOPbIX OAWH U3
KOMIMOHEHTOB ABOMHON CUCTEMbI — Oenbli KapfiMK UMM HEMTPOHHAaNA 3Be3aa.
Korga Ha noBepxHocTU 6enoro Kapnuka (Ha HeNTPOHHOM 3Be3ae)
HaKannmMBaeTCcsl KpUTMYeCcKasa Macca BelwecTtBa, NponcxoauT TepmMmosiaepHbIU
B3pbIB, CPbIBalOLWMKN CO 3Be3a4bl 000MI04YKY U YBENNYMBaAKOLWMUNA €€ CBETUMOCTDb
B TbICAYU pa3. ITOT B3PbIB MOXET NOBTOPATbLCA HEOQAHOKPATHO B BUAe
NOBTOPHOMN HOBOW. Kak noka3bIBalOT HabnaeHns, exxerogHo B Halleun
FanakTuke BCNbIXMBaeT OKOJI0O COTHM HOBbIX 3BE€3[.

TymaHHOCTb nocre B3pbiBa

HoBown B co3se3ann Jlebens

B 1992 rooy BuaHa Kak marneHbkoe
KpacHO€e MATHbLILWKO HEMHOIO BbilLe
cepenuHbl potorpadoumu.




3Bé3abl Tuna RR Jlupbl 6bICTPO MEHAIOT CBOM Oneck. Y 60NbLUMHCTBA U3 HUX
nepuoabl 3aknoyarTcs B npegenax 0,2-0,8 cytok, amnnutyabl bnecka
COCTaBNSAIOT B CpeiHEM OKOJO OAHOU 3BE3AHON BeNINYMHbI. ITO 3BE3AbI
cnekTpanbHbIX KrnaccoB A—-F. Takne nynbcupyrouime nepemMeHHbIe 4YacTo
BCTPEYaloTCA B LUAPOBbLIX 3BE3AHbLIX CKOoNnneHunax. Mx cBomncTBa, Kak n CBOMCTBA
uecena, UCNONbL3YHOT ANSA BbIYUCIIEHUA aCTPOHOMUYECKMX PACCTOAHUMN.

CBeTUMOCTb,
Le

Ledenas

o
N

%l

3ee3nsl Tuna RR [vpe

KOH, 2003

OO0 PUIN

[n]

M=0,2(2-I1gT) — abcontoTHaa 3B€3aHas BennynHa uedenabl
lgr=0,2(m-M)+1 — paccTtoaHne o uedenabl



— 3TO 3pyNTUBHbLbIE (B3pbiBaloLWMecsl) nepeMeHHble 3Bé3abl.
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OctaTok HoBow 3Be3abl GK lNepces



BcnbIWKU CBEPXHOBbLIX — OOAUH U3 CaMbIX MOLHbIX KaTacTpoduyeckmx
npupoaHbIX npoueccoB. OrpoMmHoe BblAeneHne 3Heprum (Takoe KonmM4ecTBo
3Heprun CornHue BbipabaTbiBaeT 3a MUNnuapAbl fieT) COnpoBOXAaeT B3pbIB
cBepxHoBoN. CBepxHOBasi 3Be34a MOXET U3nyyaTtb 6onblue, Yem Bce 3B€34bl
ranakTMKu BMecTe B3fiTble.

CsepxHoBas 1987A B bonbwom MarennaHosom Obriake pacnosioXXeHa 1am,
roe Ha ctapbix potorpadmax Obinia nuwb 3B€3404Ka 12-1 BennunHel. Eé
BENUYMHA B Makcumyme gocturna 2,9™, 4to no3Boniasno fierko HabnaaTb
CBEPXHOBYO HEBOOPYXEHHbBIM Ma3omM.



Ha3bIBalOTCA 3B€3abl, BHE3arNHO B3pbiBalowWMeca U gocturarowme
B MakKCUMyMe abCOnTHOU 3BE3AHON BeNN4YuHbI oT —11™ go —21™.
CBeTMMOCTbL CBEpXHOBOM 3Be3Abl BO3pacTaeT B AECATKN MUSIJIMOHOB pas3, 4YTo
MOXeT NpeBbIlaTb CBETUMOCTb BCEW rarniakTUkKu.
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lNnoTtHoe aapo KonnancupyeT, yBreKasa 3a cobon B cBOOoOAHOE NageHue K UeHTpy
HapyXHble cnou 3Be3abl. Koraa aapo cUnbLHO yNrioTHAETCS, ero cxxaTtue
npekKpaiwaeTcs, U Ha BepxXHUe Crion obpyLuMBaeTcs BCTpeYyHas yaapHasi BOJIHa,

a TaKxXe BbINNEeCKNBaAETCA 3HEepPrusa orpoMHoOro Yymcrna HemTpmHo. B pesynbraTte
obonou4ka pasnetaeTtcs co ckopocTbio 10 000 kKm/c, OOHaXXafas HEUTPOHHYHO

3Be3ay nn60 YepHyro AbIpy. Mpu BenbiwKe cBepXHOBOM BbiaensieTcs aHeprusa 104

K.
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Mo xapakTepy cnekTpa B6/IM3M 3NOXU MaKCMMyMa pasnu4yaloT gBa Tuna
CBEpPXHOBBbIX. TUNa B6NMM3n MakcuMyma OTNM4YalTCA
HenpepbIBHbIM CMEKTPOM, B KOTOPOM He BUAHO HUKAKUX JINHUMNA.
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No3aHee NOABNAKOTCA B CNEKTPe JIMHUM NMOrnoweHus, CUINIbHO pacCLUMpPEHHbIe.
MNpu BCnbiwKe cBepxHoBOM | TNA OT 3Be3Abl OTPbIBaeTCA 060s5I04Ka C Maccou

nopsiaka 0,3-1 MConHua, KOTOpasi pacluUMpPAETCA B MeX3BEe€34Hoe NPOoCTPaHCTBO.

Cas A — TyMaHHOCTb Mocre B3pbiBa CBEPXHOBOM, ABMNAETCHA CUNTbHENLLNM
NCTOYHUKOM pagmounsfiyyeHud.



TUNa XxapakTepusyrTca
CNeKTpoMm, boraTtbiMm BOAOPOAHbLIMU
nuHuaMU. Ux cBeTMMOCTb MeHsIeTCH B
LUMPOKUX Npeaenax, a nocrie Makcumyma
nagaeTt bonee pe3ko, YeM y CBEPXHOBbIX

| TINa. 3ameyYyeHo, YTO B ANJIUNTUYECKUX
ranakTukKax, COCTOSILLNX U3 HEOONMbLUMX
KpaCHbIX 3Bé3[1, BCNbIXUBaKOT CBepXHoOBbLIe |
TUna. B cnupanbHbIX ranakTukax, rae B
pyKaBax MHOro MoJiofblX MaCCUBHbIX
CBEepPXrMraHToB CreKTpanbHbIX KnaccoB O n
B, BcnbixuBaroT cBepxHoBble |l Tuna.

CsepxHoBsble |l Tnna.

OCHOBHBIE 3NEMEeHTLI

" 5000 SMIMKON" 2003]

HaunHatrcA’ ,:
xonnanc sippa




LleHTp TymaHHOCTM Nama, ocTaBLuenCH Nocre B3pbiBa CBEPXHOBOM,
HaxoauTca B co3Be3auun lNapycos.




CBepxHoBasa 1987A yepe3 4 roga nocne BCMbILWKMW.
Konbuo cBeTswerocsa rasa B 1991 roay aocturno 1,37 ceetoBoro roga B
nonepevyHuke.



OctaTtok CBepxHoBOoM 1987 roaa 4yepe3 AoBeHaaUaTb NET NOcsie BCMNbILKMU.



lNMocne BCNbIWKN CBEPXHOBOU MAaCCMBHOU 3Be34bl ee 000riovKa pa3neTtaeTcs.



CamMbI¥ 3HAMEeHUTbIN OCTaTOK CBEpPXHOBOM B Haweu Manaktuke —

. 3TO OCTaATOK BCMbILWKU CBEPXHOBOM
C eé nccnepoBaHmem CBA3aHbl KpynHeULIMe BeXu B UICTOPUUN aCTPOHOMUM.
KpaboBuagHasa TYMaHHOCTb Oblna nepBbiIM NICTOYHMKOM KOCMMUYECKOro
pagunounsnydeHus, B 1949 roay otoXaecTBMEeHHbIM C raniakTU4eCKUM OO BHLEeKTOM.




C Hen e cBA3aHO NepBOe OTOXAECTBNIEHUEe PEHTFeHOBCKOro U3ry4eHus
KocMmuyeckoro npoucxoxaeHua B 1963 rogy. B 1953 roay B KpaboBuaHon
TYMaHHOCTU OTKPbISIM CUHXPOTPOHHOE nsny4vyeHue. B 1968 roay sgechb e Obin
oTKpbIT nynbcap NP 0531 — 3HameHuTbIN nynbcap B KpaboBUAHOU TYMaHHOCTM.




Ha mecTe B3pbiBa cBepxXHOBOM 3Be3aAbl B KpaboBnaHOM TYMaHHOCTHU
oOpa3oBanacb HEMTPOHHaA 3Be3aa.

HenTpoHHas 3Be3ga fierko nomecTtunack Obl BHYTpY MOCKOBCKOM KOSbLIEBOM
aBTogoporn nnu Hito-Nopka.



BHewHen 060M104KON HEUTPOHHOM 3BE3abl ABJIAETCSA KOpa, COCToALaNA U3
sapep xenesa npu Temnepatype 10°-10° K. Becb ocTtanbHoM 06bLEM, 3a
UCKITIOYeHneM HebonbLon obnacTu B LeHTpe, 3aHMMaeT «kHEeMTPOHHasA
XnakKoctb». B LeHTpe npeanonaraeTcs HanM4Yne He6ONbLLIOro rMNEePOHHOro
aapa. HentpoHbl nogunHsaTca npuHuuny MNMaynu. NMpu Takux NNOTHOCTAX
«HEeNTPOHHAaA XXUAKOCTb» CTAHOBUTCA BbIPOXAEHHON U OCTaHaBNMBaeT
AanbHeunwee cXXatne HeMTPOHHOM 3Be3bl.

2 000 @HIUKOH, 2003

CnunyeyHbln KOPOBOK C BELLLECTBOM HENTPOHHOW 3BE34bl BECUI Bbl HA 3eMine OKOoMo
OECATN MUNNMapL4OB TOHH.



B 60-x rogax XX Beka coBepLUEHHO Clly4YauHo, Npu HabnaeHnn c
pagnoTeneckonom, KOTopbiv ObIf NpeaHasHa4vyeH Ansa uyvyeHmst MepuaHum
KOCMUYECKUX paanoncTouHunkos, [xocnuH benn, QHTOHN Xbonw “
apyruve cotpyaHukn Kembpupxckoro yHuBepcuteta Benmkobputanun
OOHapyXunu cepuu nepmoanYeCKUX UMNyrnbLCOB.

MNMpoaonmxutenbHOCTbL UMNYNbLCOB Obina 0,3 cekyHAbl Ha YactoTte 81,5 MIu,
KOTOpPble NOBTOPANUCHL Yepe3 yaAMBUTENbHO NOCTOAHHOE BpeMs, Yyepe3
1,3373011 cekyHAbI.

kS

MwunnucekyHaHein nynecap PSR J1959+2048 B Buanmom gmnanasoHe.
mnynbcbl npepbiBatoTca Ha 50 MUHYT Kaxable 9 Yacos,
YTO YKa3blBa€eT Ha TO, YTO Myrfbcap 3aTMEeBaETCs CBOEW 3BE340MN-KOMMAaHLOHOM.



JT0 ObINO COBEpPLUEHHO HEMOXOXE Ha
OObIYHYIO XaOTUYECKYH KapTUHY ClyYalHbIX ‘ ,

|
PeuTreHoBsckue nynscapsi 8 MMO
|

HeperynsapHbIX mepuaHun. Mosasunockb gaxe

»
.~

npeAanofioXxXeHue o0 BHe3eMHOU UMBUNnN3aLum,
nocbinawwen Ha 3eMno CBOU CUrHanbI. {
NMoaTomy Ans 3TUX CUrHanoB BBeSU
o6o03Ha4yeHne LGM (cokpawieHue ot
aHrnuuckoro little green men «ManeHbkue
3erieHble YerIOBeYKN»).

MpeanpMHUManncb cepbe3Hble NMOMNbITKU
pacno3HaTb Kakon-nnbo Koa B NpMHNMaeMbIX
MMnyJribcax. ATO OKa3anocb HEBO3MOXHbIM, |
XOTSl, KaK paccKa3bIBaloT, K aeny 6binm 00 ot 0t 005

npuBrieYeHbl caMble KBanupuumpoBaHHble

[Mynbcapbl B MarensnaHoBbIX

cneunanumcTbl No LIJVI(*)pOBaHbHOﬁ TeXHUKe. Ob6nakax



Yepe3s nonropga oGHapyXunu ewie Tpu NnogoOHbIX NyNbCUPYHOLNX
pagnoncto4yHuka. Ctano o4eBUAHbIM, YTO MCTOYHUKU U3NTYyYEHUS ABNAIOTCA
€CTeCTBEHHbIMUN Heb6eCHbIMM TenaMmn. OHM NONy4Ynnu Ha3BaHue

3a OTKpbITUE U UHTEepNpeTaunio paguonusny4yeHns nynbcapoB IHTOHU XbIOULLY
Obina npucyxpeHa HobeneBckas npemusa no ¢pusuke.

SNeKTPOMarHUTHbIN
nyvJ (paguroBonHbl,
BUAUMBIA CBET K /
N PEHTTEHOBCKWG
nyym

Hep Ocs
elTPOoHHaS BpalLeHNS
3Beana

CuHnosbie NHuM
MarH1THoOro nons

2000 SHIWFOH R0




Pe3ynbraToM MmoLHOro B3pbiBa cBepxHoBou B 1994 roay B ranaktukax NGC
5194 (B ueHTpe) n NGC 5195 (BBepxy) sBnsaeTcs Hann4me peHTreHOBCKOro
UCTOYHUKA. DTa Napa ranakTuk n3aesectHa nog nmeHem M51 unmn BopoBopor.

[[anakTuka Bogosopor.



B peHTreHOBCKOM M300paxeHuu ranaktnkm BoaoBopoT BUAHbI HECKOSNbLKO
APKUX PEHTTeHOBCKUX UCTOYHUKOB, Cpeau KOTOPbIX YBEeNMUYEeHO n3obpaxeHue
BCMbILWKU cBepxXHOBOM 3Be3abl SN 19941,

PeHTreHoBCKOE n3ny4vyeHne Ha mecTte Benbliwkn SN 1994



B3pbIB CBEpPXHOBOM 3Be34bl — KaTacTpoduueckoe 3aBepLUeHNEe 3BONOLUN
3Be34bl OoNbLIOW MacChbl.

CBepxHoBas 3Be3aa 1994 roga, BCnbIXHYBLUAA HA Kpato cnuparnbHOW ranakTUKu.



OcTaToK BcnbiwKn cBepxHoBou B Manom MarennaHoBom Ob6nake.



OGnacTu BCNbIWKN CBerHOBOVI CTaHOBATCA UCTOYHUKaAMU PEHTIeHOBCKOIo
N3ny4veHwusl.

PeHTreHoBCKOE N3rny4yeHne ocTaTka BCMbILLKM CBEPXHOBOMN.
CHMMOK KOCMNYECKON peHTreHoBCKon obcepBaTopumn HaHgpa.



