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KnaCCH(bHKaL[H;I HOpMaJIBHBIX 3B€3H

. CHeKTpBI 6OJIBIHI/IHCTBa 3BE3/1 BMHI/IpI/I‘IeCKI/I yz[anoc:b paCHOJIO)KI/ITB B BI/II[C
MOCJIEAOBATEILHOCTH, BIOJIb KOTOPOU JIMHUH OJJHUX XUMHUYECKUX
3JIEMEHTOB NIOCTEIIEHHO OCJIA0EBAOT, a APYIUX — yCUIUBAKOTCA. CXOIHbIE
MEXKIY COOOM CIIEKTPhI O00ObEAUHAIOTCS B CHEKMPAIbHblE Kaaccul. TOHKHE
pa3Iuyus MEXKy HUMU MO3BOJISIIOT BBIJEIUTh HoOKaaccsl. JlanbHeimme
WCCJIEAOBAHUS TTOKA3aJI, YTO 3BE€3/Ibl, IPUHAJICKAIINE PA3TAYHBIM
CIIEKTPAJIbHBIM KJIACCaM, OTIIMYAIOTCS CBOMMH TEMIIEPATYPAMHMU.

* B I'apBapjackoil KiiacCU()UKAIIUK CIIEKTPaIbHbIE TUIBI (KJIACCHI)
0003Ha4YeHbl OykBaMu jJaTuHCKoro aindasuta: O, B, A, F, G, Ku M.
[TockoIbKy B 310Xy pa3paOOTKH 3TOM KIIACCU(UKAIIMH CBSI3b MEXKIY BUIOM -
CIIEKTpa M TeMIIEpaTypoil He ObliIa €llle M3BECTHA, TO MOCJIC YCTAHOBICHUS * .
COOTBETCTBYIOIIEH 3aBUCUMOCTH MPHUIILIOCH H3MEHUTH MOPSI0K
CIIEKTPAJIbHBIX KJIACCOB, KOTOPBIN ITEPBOHAYAILHO COBITaAal C

andaBUTHBIM pacnoiokeHueM OyKB (MHeMOoHHYecKoe npaBuiio: O Be A
Fine Girl Kiss Me).

e BHYTpHU KaXXJ0T0 CHEKTPaJIbHOIO KJIacCa MOXKHO YCTAaHOBHUTH IIJIABHYIO
MOCJICA0BATEILHOCTD MOAKIACCOB, IEPEXOASAIINX U3 OJJHOTO B APYTOM.
Kax b1t knacc (kpome kitacca O) aenurcs Ha 10 mogknaccos,
o003Ha"YaeMbIX udpamu ot 0 710 9, KOTOPBIE CTABITCS MOCIE 0003HAYCHUS
CIIEKTpAJIbHOIO Kiacca, HanpuMmep, B8, A0, GS5. CnekrpanbHbii Kiace O
noaipasaengaercsa Ha noakiaccel ot O2 go 09,5.
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Puc. 193, Cnexrpnl 3Be3l pasiHIHBX CHEKTPANLHLIX KJACCOB.
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Kﬂaccm CBGTI/IMOCTH

poiiig adn Trpt . T S x4 ’BHHMaTeAbHoe HsyquHe AHAIpaMMBLL

o : VHOSBOAﬁeT BbIA,GAI/ITb Ha HEM PAA Apyrﬂx e
HOCAGAOBEIT@ABHOCTGI/I IIPaBAA, O67\21A2.IOH_II/IX
3HAYUTCABHO 6OAI>LH€I/I AI/ICH@pCI/Iﬁl/I geM .
rAaBH2SA, DTH lTOCAeAOBaTeAbHOCT-I/I.
HASBIBALOTCH KAACCaMMbCoemuMocit 1
0603Haqaf0'rc;1 PUMCKIME 1dppaMir oT I AO
VH HpOCTaBAeHHbIMH IIOCAC HaI/IMeHOBaHI/I}I
.CH€KTpaAbHOFO KAacca. TaKHM o6p330M

. TOAHAN KAaCCH@HKa,HHﬂ 3BE3A OKasbiBaeTed = * -

' 3aBUCHIIICI. OT AByX HapaMeTPOB OAI/IH 3. *
KOT'OprX XapaKTepH:syeT CH€KTp s
(teMITepaTypy), a Apyroit — CBETHMOCTE.

0 WS [ N [ U—— —N— N — -
05 B0 B A0 A5 FO F5 GO0 05 KO KS MO M5
Crexmp COAHHe OTHOCHLueeCH K rAaBHOH ;

Puc, 195, Tlocaenosare pHOCTh 3BE3A PAIAHYNKX KJAACCOB CHETHMOCTH HA AHA-

rpause Tepumnpyura — Pecceaa. HOCAGAOBZ{T@ABHOCTI/I HOHaAaeT B V KAaCC

CBETHMOCTH U OOO3HAYCHIE €TO CIIekTpa
G2V. Dra kxaccuduKaHus 3Be3A HA3BIBAGTCS
MKK (Moprana, Kunana, Keabman).
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Radiative
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BHYTpPEHHSAR CTPYKTypa 38e3[ rmaBHOW nocnegoBaTenbHOCTU

3Be3na knacca O 3Be3na knacca G 3Be3na knacca M
(60 conH. macc) (1 conH. macca) (0.1 conH. macca)

nyqyncras 30Ha KOHBEKT. 30Ha AlepHOe ropeHue




B koHue I'T1 (50 mnH. ner)

MaccueHas 3Besga (5-10 M,,)
Ha rnasHOW NocnenosaTenbHOCTU

B Hauane I'M

° L, ~4-10% erg/s
M

- ~2-10" g

ConHue
(ans cpaBHeHUs paguyca)
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CDHBH%CKHG OCHOBBI BHyTpeHHero
P CTpOGHI/I}I BBGBI[ |

HeT Hquro Hpome geM, SBCSAa
(AA, 3A,A,I/IH1’TOH>

(DHSquCKoe COCTOHHI/IC CTaHI/IOHaprIX SBGSA
_OHPGACA}IGTCH YCAOBI/I}IMI/I rHAp()CTaTqucKoro

i (MﬂKPOCKOHI/I‘I@CKI/IC HapameprI ‘Macca,’

e paAI/IYC  M3MCHAIOTCS HA 6OAbHII/IX BpeMeHaX
2> AI/IH&MI/I‘KiCKOEO BpeMeHH) 2 TeHAOBoro
| '(3B€3AI>I HE BSPbIBa}OTCH HX CB€TI/IMOCTb |
MeHSeTCHA HAaBHO) PABHOBECHSA.
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FI/I,ZZ[pOCTaTI/IIIGCKOe paBHOBGCI/Ie

I[JI;I C’cpepﬂquKH CI/IMMeTpI/IIIHOFO cnyqaﬂ

..a 1 dP G.m(r) O ..‘ i . .._-. ,'.-~ .. Y . 4 ..n . .
'. %% ) e 5 ,.' ’ '.. WA : e - ... ’
HpHMBIM CJIGI[CTBI/ICM ypaBHeHH;I rI/Iz[pOCTaTquCKoro "

 paBHOBeCUS ABIACTCS méopema upuana, CB}IBI)IBaIOHlaSI
| TEIjIoByto (KMHETUYeCKyl0) U HOTeHLm-a}ILHon R
e (rpaBHTauI/IO'HHy}o) HEPTHIO: CTauHOHapHOH 3B63JII>I
., yMHOH(aH 00¢ 9acTy ypaBHEHUs FHAPOCTATHYECKOTO
A paBHOBGCI/IH HA 7' U HHTerpnpyﬂ HO. a’m no JACTSM, nonyth
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HOJII/ITpOHHa}I Mo,uenb

1+l HE S e

P K py = K p 7, ,<x~—.n<.>f<33aT¢Aﬁaﬂ—'HHN?K.CJ HQAHTpo_m)

dE P d V(aAHa6aTa) Hea C’AI/IHI/IHY Ma.CCbI ' V o= = d —
P o bl A R L I
g n Pt L ey
: 8 - .. YAcABHAH TEIIAOBAA SHEPIHA .
p(y ) |

_'__3@ 1)Q4 .Q Jgpdy jgdm..

. OTC}OAa MOIKHO, HaHpHMep, OIIGHI/ITB TeMHepaTypy B ueHI‘pe
é COAHHa "%, N ) ' | |

ITycTs Bes SBGSAa COCTOUT 13 I/IAGaABHOFO OAHOATOMHOTO rasa,
vy =5/3, Q (3/2)NKT. C yaerom MOAeKyAﬂpHoro BECa «
HOquHM T . 107 K Tquoe 3HaquHe = 14 106 K g

.



qaCTHBIG cnyqan HOJIHTpOHHLIX Moz[enen =

e f= 3/2 y= 5/3 (I/II{G&JIBHI)II/I OI[HO&TOMHBII/I ra3)

: '—-2Q E_ 0 4§ g . 5 o8
3Be3na 06Jlaz[aeT ompuuameﬂbuau me S
dE/dT < O yCTONYHBOC TEIJIOBOE paB
e p=3,y= - 4/3 (peaﬂﬂsyeTc;I B 6€JII>IX Ke
"_-60JII>IJ11>IX ropﬂtmx 3Besz[ax)
PaBHOBGCHe BOBMO}KHO TOJIB@Q mmqgg{p% KM pl/s | |
; ?\;Ipe(z[[g?(e;;f/leM 3H8H€HI/II/I M&(%CBI, ; /R ——Ght / v /p 73 -

Pazmyc 313631[51 MOXKET 6LITBE3H(%“I§1% j
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Teopnﬂ 6€JII>IX KapJII/IKOB

. HJIOTHOCTB oqub BeJIHKa p ~ 105 109 r/CM BemecTBo 2

COCTOHT U3 ;Iz[ep 1 CBO6OI[HBIX :meKTpOHOB, KOTOpre
: HO,Z[III/IH}IIOTCSI CTaTHUETHKE. (DepMH I[HpaKa
"+ O6BeM (1)&30BOH STYCUKH (27‘[[{)
| chno 3neKTp0HOB B GI[I/IH - ’ . :
- . =Kprs l)p&LMQHmmg@Mngc(\/lfxz - 1)_
Ig)pF | 2|:13pF T .72' A g SR HE
2ﬂﬁ5)ﬂ\” , .
"x|]1 = mc PocpEocx ocp
BBez[eM HapaMeTp X =p/mc HpH X = 1 BJIGKTpOHI)I :

. HepeHHTI/IBHCTCKI/Ie Hp)f/l £>€ ’f}ecnﬁTMBH@Tc%ocx o p
e P=K Gt x<<1 .

p. =K, fr/@ﬁwﬁ[
P‘OCP 2.3 x.>>1 |

M - 1 44M T{aHApaceKaPOchH HpeAﬁA
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CqHTaeTcﬂ iyl 6€AbI€ KapAI/IKI/I 31O O6H9.)KI/IBLH€€CH HA\pO BBCSAH
| HaXOA,l’/'IBH_IeI/ICH AO c6poca Hapy}KHbIX ¢xoeB HA BGTBI/I i g
CBepermHTOB Koma 0601\0111{3 HAaH'eTapHOH TyMaHHOCTH nd
pacceercs, AAPO SBCSABI HaXO/.mBLHeHCH AO 3TOTO HA BETBH J s
“CBEPXI'UTraH| OBy OKaH{GTCH B BerHeM AEBOM YAy A,I/Ial‘paMMBI [P,
OCTBIBaﬂ OHO HCPCMCCTHTC}[ B BEPXHPIA yToA AUALPAMMBLAASL " *
X BeAbix KapAI/IKOB Aapo 6yA€T ropsEee, MaAeHbKoe 1 TOAyDOC € #
_ HU3KOH CBETUMOCTBIO - 9TO I XapaKTepH:syeT 3BE3AY KaK 6eAbm |
. KapAI/IK BcAbIe Kap AFIKIL COCTO}IT H3 2 yrAepoAa 51 KI/ICAOPOAa % .. 8. .
He60AbH.IHMH A,O69.BK21MI/I BOAOPOAB, W' LC AV, OA,HaKO V. MaCCI/IBHbIX ',
' CI/IAbHO HPOSBOAK)HI/IOHI/IPOBELBLHI/IX 3BE3A; HApO. MOKET COCT.O}ITB Hy
KHCAopoAa HCQFA UAY MATHUS. HACprIC peaKL[HH B 6erM -
| KapAHKe He I/IAYT Aast. 6€AbIX KAPAUKOB cymeCTByeT 3aBUCHMOCTD -

Macca paAHyc npnqu Jem 60Abme Macca, TeM MEHBIIIE paAHyc

R o» A N .



, CpaBHeHne CBOI/ICTB 6e.110r0 Kapnmca Y
8, Cnpnyc B c 3eMﬂeﬂ n COJIHug)M e




HepeHoc I/ISJIy‘IGHI/I}I B 3B63I[aX

. HepeHoc BHCpFI/II/I U3 HEIP BBCB,Z[BI K ee HOBCpXHOCTI/I MOXKET
OCYIIECTBIIATLCA PA3JIMYHBIMUA MEXAHU3MAMU: U3JTYUECHUEM,
3JIEKTPOHHOM TEIJIONPOBOAHOCTHIO, KOHBEKIIMEH. [l
HOPMAJIbHBIX 3BE€3]] B OOJIBIIMHCTBE CIy4aeB ATOT IEPEHOC
0O0YCJIOBJICH JTYYUCTOM TEIIOIPOBOAHOCTBIO.

o JlyumcThlii mepeHOC npeAcTaBiseT codoi nudPpy3noHHBIN
nporuecc. @OTOHbI MHOTOKPATHO PACCEUBAIOTCA,
MOIJIOIIAIOTCS U MEPEU3ITydaroTcs (3a C4eT TOMCOHOBCKOIO
paccestHusl U TOPMO3HOIO MEXaHU3Ma U3JTyUCHUS ).
Koapdunuent nudpdysuu pasen D = cl/3, rae [ — cpennss
JIJIMHA CBOOOIHOIO IIpodera (pOTOHOB, [ ~ l/K (K — -
«HEMPO3PaYHOCThY», K = 0/p). Bpems z[H(b(by?,HH t ~R?/D. nsa .
Comnnua Bpems auddy3un (GOTOHOB COCTABIISET OKOJIO
MUJTMOHA JIET.

 IIpu HEKOTOPHIX YCIOBUAX (TPaJUEHT TEMIEPATyPhI BBIIIIC
aaradaTHYECKOT0) paaualibHOE PaCIpeICIICHUE INIOTHOCTH
OKa3bIBACTCSl HEYCTOMYMBBIM U BOZHUKAET KOHBEKIIHS.
BHelHss1 KOHBEKTUBHAs 30Ha nMeeTcs Ha ColHIIE.



BnekrpoHHoe paccesinue

FlpOBCAUMOCTH
ShIPOKACHHBIMI
BNEKTPOHEMM




Ycronumneas
cpena

KOHBEKTUBHO-
HeycTonuymBeas cpega

TeMneparypbl

T

8—{ pacnpeneneHve

cony
XonodHsie

crou
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YpaBHeHH;I SBCBI[HOI/I CTpYI{TypBI

1 dP Gm(r)

2 e

: -’.p dr o Fgt

m(r) J‘ 47rpr

3 ﬁ—"“"4 3 KduL(r)
.'gd dac: Td147rr |
: ;'.dL(r)
dr

"Mrk?ﬁPHLr?O" Cooes T
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P P(p,TX YZ) |
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e=e(p,T.X,Y.Z)

2 X, Y, Z— BecoBble gonm .-
T4 '3NeMeHTOB: Bogopoaa, -
renvm U np
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COOTHOmeHHe Macca CB@TI/IMOCTB

| R I/I3 y'paBHeHHI/I OHI/ICBIB&IOI.HPIX CprKTypy

HopMaJILHLIX BBGBI[, MQYKHO HANTH CB}IBB MG)KI[Y
‘Maccou CBGTI/IMOCTBIO 3B63,m>1 ,)E[Im BBGBZ[ C MaCCOH
] HOp}II[Ka COJIHQ‘IHOI/I &

) XapaKTepHoe BpeM}I )I(I/IBHI/I BBGBI[BI Ha FJIaBHOI/I
T HOCJT@I[OB&TGJIBHOCTI/I Ry -

- M afi o8 o B .
(77 o acl)cbeKTHBHOCTB H}lepHHX peaKuHH (~0. 007) finy
'Mc Macca anpa 3se3bl). Maccustiple 3663051 .

; ,960]1;014140Hupy;0m 6bzcmpee
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9I[I[I/IHFTOHOBCKI/II/I Hpez[eﬂ
' CBeTI/IMO CTI/I
K 9T0T Hpez[en OHpGI[éH}IGTCH paBeHCTBOM

o CI/IJIBI CBETOBOTO I[aBJICHI/I}I Ha, 3HeKTp0H H’ -
_ CHIIB IPUTSDKEHNUS IPOTOHA 3BE310M.
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SImepHBIC HCTOYHUKH AHEPTUH 3BE31T

. T -,
s .. : R . S y ® - e -

. B . . ; . ~ ' X .

R b (O e A G AR O .Hpn TI/IHI/I‘IHI)IX TEMITEPATYPAX ‘CPEAHAS
Fer 3aHaCQB TeTIAOBOY SHEPIUL, - KHHeTHtIGCKaﬂ BH'epFI/IH YACTHULL B ueHTpe
MX XBATHAO OB Ha & 30 MAH. Aet.” |+ s 3Be3apt ~ -1 kaBiB To we BpeMf, AAL

N B i o HPCOAOAeHI/I}I KYAOHOBCKOI“O o

5% | OTTAAKHBAHUA ABYX 1TPOTOHOB
méobxoamma sueprus'~ 1 MaB. TTpn”
MAKCBEAAOBCKOM PACTIPEACACHIH AOAS"

' qacTHu C TAKOL 3HeereH € 000 10 430
‘B COAHIIC Bcero 1057 qaCTHH, TE R w i
-KAaCCHqCCKaﬁ BCpOHTHOCTb :
BsaHMQAeHCTBHg ABYX HPOTOHOB

; Hpe'He6pe‘>Kf4Mo"MaAa OAHAKO,
BEPOATHOCTE TAKOTQ BSaI/IMOACI/ICTBI/IH
3HaqHTeAbHo yBeAHqHBaeTCH C yucTOM

Puc. 199, 3asiucuMOCTh SHEPrHM fiepHnx § SaKOHOB KBAHTOBOLL MGXaHI/IKI/I 34 cYeT

peakuuil Or TEMNCPATYPK. N PR
e %, 1ymizeAbHOTO schcpekTa.
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Coulomb
Barrier
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Altractive ll

Nuclear

Potential [

Allractive
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}Iz{epHme peaKHI/II/I B- 3Be3z[ax

: ) OCHOBHbIe TI/IHBI }II[GPHBIX peaKHHH B BBGBI[aX - 9TO
" Tak Ha3bBAEMBII IPOTOH- HpOTOHHBH/I n yrﬂepo,‘qum
(CNO) I_[I/IKJIBI HepBBIH JIOMEHHPYRT IPH T <20 :
myH. K, BTOpOI/I 1pu 60JIgE BBHICOKHX TeMnepaTypax;'.

"« B oboux. CllydYasx B KOHCYHOM CUETE U3 4-X HpOTOHOB s
06pa3yeTc;1 OJIHO ;Iz[po reJiust. HpH >TOM. BBII[eJI}IeTC}I- &0
. DHeprHs - i
(4M - M; )02 =983 M3B

‘o MI/IHI/IMaJIbHa}I Macca 3B€3I[I>I HpI/I 1<0T0p014 5
BOBMO)KHBI s7iepHbIe peakiu, ~ 0. 1 COMHEYHOM. =

. 3 o * ? . : T * " ¢
. . . 5 . g
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}Iz[epHLIe peaKuHH B 3Be3z[ax
HpOTOH HpOTOHHBII/I III/IKJI

peFrp 51 D + efOi— o,
E + p —> He +6 - ’
Hﬁ+ He —> He+2p 4 "’106'
5 P
He +*He — 7Be +
7Be+e - L1+ 7 T
4 SEDUNR L IR . 130. C
L1+p _) 2 He : TSN T B:guamoa n[’)((f;lc?u 3;:){;);:11:3 s
I 1 » S T : 8 peakuun 6H' > 2D? 4 2H! —»
: “> 2He$ -» Het -+ 2H!:
BTopaﬁ HCHOHKa AaCT Ho6quHe HpOA,YKTbI H!—nporon, P—mapo Aefirepus,
.A | . SB‘ e : . 2 . H*u H —uao;g:a;nmr‘emm e’ —mno-
'Be +P _‘), ;¥ Te: | HOCA@AHI/II/I pacnaA AaﬁT H€I/ITpI/IHO g

SB—) "Be —|— e+ K Bbicogﬂx_aHepr_HH (8—9 M>sB)*



OCHOBHBIC TICHH PEAKITIH

. HpeBpameHnﬂ BOAOPOAa B’ :
reAHH. xapaKTeprIe AAH- .

‘'3BE3A C MACCAME, . .

' 6AI/ISKI/IMI/I K COAHeqHHM.
ABe peakfi, .
IIOKA3aHHBIC CACBA BHG;
OCHOBHOTO ITyTH OOBIYHO
He OTHOCATEA K PP-TIHKAY,

4 CYIHIECTBEHHBI TOABKO | '

- upu TO‘IHOM HoAcque ).

: ROAHq‘GCTBa R

: 'BbICOKoaHepreTHqCCKHx

; HeHTpHHo C*rOuKH -
3p€HI/IH SHepFOBBIACACHI/IH Z
CYITIECTBCHHBI TOABKO .

HCpBbIG ABC IICITOYKH. .




99.76% 0,24%
ptp—=d+e'+y, |[pte’+tp —=d+v,
E ,<0,42 MaB E,=1,44 MaB

~19%
‘Be+e —="Li+v,
£ - 0,86 M3B (90%)
Y 0,36 M3aB (10%)

B—5Be* +e" +
+v,— *He + “‘He
E,<15Ma3B




}Iz[epHLIe peaKuHH B 3Be311axz
yrﬂepolebm (CNO) LMK '

-
-

VrAepoA 3aeCh BBICTYIIAET B
poAan KafaAﬂsaTOpa
"KOAH%CTBO SHEPTHN,
| -BIDIACA}IGMO.I/I B O6OI/IX I_[I/IKAB.X' i

D
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Binding energy per nucleon, MeV
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Evolution of the Sun
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~9 billion yrs ~1 billionyrs  ~100 million yrs ~10,000 yrs
Time spent as  Main sequence —=>| Red giant |—> Yellow giant —>|Planetary nebula|—White dwark
Sun’s age 4.5 billion yrs (now) 12.2 billion yrs  12.3 billion yrs  12.3305 billion yrs  12.3306 billion yrs
Star ejects outer
104 F - - ~ Core stor shrinks. Ejected gases . layers.
3 thin and form Planetary nebulo Red supergiant
) & 12.2 billion years
1o 41?/4, Helium in core ignites:
‘96‘00 Helium flash.
T 102k | N é',bllow’ﬁm : .
A | & Borming Burning hydrogen in
z \ heli 9 shell around core.
S . Core star cools. elivm in =3
s 10 '. core. 12 billion years
> Burning
'é 1F \ Sun now hydrogen in core.
= \ ilh
E No fuel | 4.5 billion years
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for burning, ’ Main sequence
slar cools. . [White dwarf
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CrpoeHmne cBepXxruraHra

H-ropeHue
He-ropeHue
C-ropeHue
O-ropeHue
Ne-ropeHue
Si-ropenue
Fe-agpo




. . '.. - . % n . . ". - . " . .

L]
=
- N

. . . M . . . . "
4 ) . - . 4 . - o : . - - b 4 .
- . v - “ o, 5 - . v »

. -

HAaHeTapHaﬂ TyMaHHOCTb HBAHGTC}I C6pOLH€HHbIMH BCpXHI/IMI/I
.-CAO}IMI/I CBCpXI“I/IFaHTa,. CBequHe o6ecnethaeTc;1 BOS6Y}KA€HI/I€M al
rasa YApra(i)I/IOACTOBHM I/ISAY‘IGHI/I@M HCHTpaABHOI/I 3BC3ABL. ‘e

5 TyMaHHOCTb QI AYHALL T OIITHYECKOM AMAIASOHE, T43 TwaHHOCTH -

) HarpeT AO-TCMH’CP&TYPH HopﬂAKa 10000 K S Bl L, S S

&> ® 750

. - : o : : .
e . . : T . . .

A % d A % :
L " . . . e . . . b4
- . B » e & v. e 3 - . B » e 1 LA AL S



A .

Helix Nebula «+ NGC 7293 « Las Campanas Observatory and HST

" Black & White: ). Bedke (CSC/STScl), Carnegie Institution of Washington

Color Inset: C.R. O'Dell (Rice Univ.), NASA
: L SRR W e

. .
- -
t
5 -
. = e
Helix Nebula - NG
' PRC96-13a - ST Scl OPO - April
V5 » -
. } ) .
aoa * )’ , »
« ® -’4,
: P . ‘.
X % X
+ " - .
s .
. . . s ¢
J - -
. . v N 5
& * - Helix Nebula Detail HST - WFPC2.
‘. oL . A R PRC96-13b - ST Scl OPO - April 15, 1996 - C.R. O’Dell (Rice Univ.), NASA .

3 - . .
a 1 “ ..




MaJIbI€ MaCChl

YMCPCHHBIC MACChI

MACCHUBHBIC 3BC€3/1bI

0.08M_ <M,<0.5M 0.5M_ <M,<8M 8M_ <M,<60-100M
sun sun sun sun sun sun
0.5M_ <M, <3M 3IM_. <M, <8M 8M_ <M, <10M M >10M
sun sun sun sun sun sun sun
TOpPEeHHE BOJIOpO/ia B siApe
0 AP BeIpok 1. He sapo HeBbIpoXxI. He siapo
reyiveBasi BCIBIIIKA
CIIOKOMHOE TOPEHUE Teus B AIpe
HEBBIPOXKI.
9 } .
) BbIpOXA. CO sap0 00 smise
ymepoaHasi J1eT. Topotie
yriepoaa
ropenue yriuepozaa B siape. C B Anpe.
CO B Fe

B O, Ne, Si, Fe, Ni..
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I'Ipm ,EI,OCTaTOHHO 60J'IbLLIOVI NNOTHOCTU. ﬂﬂpa naBneHme

- 3MEKTPOHHOIo BblpO)K,EI,eHHOI'O rasa CTaHOBUTCS
HeCI'IOCO6HI:>IM ‘POTUBOCTOATL naaneMLuelvry C)KaTl/I}O l/I
CBO60,£I,I—IbIe BIIEKTPOHbI COG,EI,VIHFII-OTCFI C [IPOTOHaMM, -

_ o6pa3y9-| Hel/ITpOHbI n mcnycxaﬂ HeI/ITpI/IHO Hel/ITpl/IHO
KOTOpre McnycKaTCs npﬂmo n3 sapa, cnoco6CTBy+0T '
~AanbHeNLei noTepe M aHepriu M elle bonee 6bICTpOMy
Lkonnancy. AQpo KoRnancypyeT cTonb CTREMUTENbHY (3a *

- Bpemsi.nopsigka CeKyH,EI,bI) YTO HapyHble Crion 3Be3bl
-~ OTCTatoT*oT. Hero. Korua s'-mpo yMeHbLIJI/ITCFI oo pa3|v|epa
_oKkono 10 km, Hel/ITpOHHbII/I ras craHeT BbipO)K,El,eHHbIM n -

" Pe3Ko. OCTaHOBVI'-I' fanbHeiuiee c>|<aT|/|e HanpaBneHHaﬂ
Hapyxy- ynapHaﬂ BOITHA'yBI1eHeT OCTaBLLWWICFI MaTepmarn
0605104k 33 COBO, CXUMAR U HarpeBa;—l ero, KoHeuHBIM - -
pe3yJ:|bTaT0M 6yneT cbopmmpoaaHme Hel/ITpOHHOl/I 3Be3,£l,bl .
unu L4epch| Ablpbl B ﬂnpe M NONHbIK pa3pb||3 ocrtaTka

3B€3,£Lbl i~ BblCBo6o>|<,u,eH1/|eM aHeprvu/l I"IOpFI,EI,Ka 1053 apr B o

Hel/ITpI/IHO " 1051 3prB Kl/IHeTI/NeCKOI/I 7l CBeTOBOVI C-)Hepl'l/ll/l.'- ‘
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MapameTp | TMN Il TN
AMNnNuTyaga Bu3yarnbHoro trnecka >03m >03m
va
AbcontoTHas BenuynHa B _16M  —1gm _16. _18m
Makcumyme bnecka M
OHeprus BCbIWKK (3pr) 10°0 10°0-10°
Macca 3Be3abl-

~1.5 ~10
npeawecTtBeHHuKa (macc CoiHiia)
CbpoLwleHHas macca (macc
CorHiia) ~0.5 ~1
CKopocTb BblIbpoca (km/c) 15000-20000 ~6000

Jlokanunsauusa

BcnbixvBaloT B ranakTmkax

BCEX TUMOB

BcnbixmuBaroT TONBKO B
cnuparbHbIX ranakTukax

(Sb, Sc)

[TpMepbl OCTATKOB

Tuxo (1572), Kennepa
(1604), Kpab, 1006 r. H.3.

Cas A(?)
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Puc. 210, lMoaokenue pasauunbX TPy OYJABCHPYIOWHX MEPeMEHHBIX Ha Aua-
rpamve lepnmnpysra — Peccena.




COOTHomeHHe Hepﬂoz[ CB@TI/IMOCTB

‘ HpH OHpCI[GJIGHHBIX YCJIOBUAX B 3BE€3JI€ PA3BUBAIOTCS
. aBTOKOJIEOATENBHBIE IPOLIECCHI, TPUBOIAIIUE K
IePUOANYECCKOMY U3MEHEHUIO €€ CBETUMOCTH.
MexaHn3M OCHOBAH HA U3BMEHEHUU COCTOSHUSA
MOHM3ALIMU T'eIUs U, COOTBETCTBEHHO, -
- ko3 purmenta HenpozpadyHocTu (C.A. JKeBakuH).

* st neden s CymecTBYET CBA3b MEXKTY TIEPUOIOM U

* CBETUMOCTBIO. DTO MO3BOJISIET JOCTATOYHO HAIEHKHO
OLICHMUBATh PACCTOSTHUA J0 3TUX 3BE3/I, UTO JACIACT UX
«MasikaMu BceneHHony.
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HeHTpOHHLIe 31363;[51 A
HpH 6OAbH_II/IX HAOTHOCT}IX 13-32 BprOH{A,eHI/IH o yeﬁ,tsrym; s
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Hp06HeMa COHHG‘IHBIX HeHTpHHO H
HGI/ITpI/IHHa}I aCTpOHOMI/I}I s

K KoanGCTBo HCI/ITpI/IHO H3ﬂyt1aeMoe

28 C()JIHI_IGM 33 CeKyHIY, OIPEALTIACTCS TOHBKO g
" cBetumocTri0 ConHIa, T.K. Hpn BBII[GJICHI/II/I';_.-. s

e 26 7 MaB poKIaeTCA 2 HGI/ITpI/IHO
s L BBIHOJIHCHHBIG K: HaCT();{meMy BpeMeHI/I

=l I/IBMCpeHI/I}I JTAfOT BeﬂHthy HOTOKa

s HEUTPHHO OT COJIHIIa 3aMeTHo MEHBIIIE
- omnz[aeMon | ' |



O6nacTtu 4yBCTBUTENBHOCTU Pa3nNU4YHbIX TUNOB AETEKTOPOB
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- Bakcanckas HeHTpHHHAsS 00CepBaTOPHS - -

| HO:A.SGMfIQ;}I iz{'aﬁopéwbpm TaAAMI-.
. repMaHHeBC)ro HeHTpHHHoro
| * TEAECKOIa (ITH”D DDA
A@TCKTI/IPOBZIHI/I}I COAHC‘IHI)IX |
| HeHTpHHo C MI/H_HCHBIO u3 60
TOHH MeTaZ\AquCKoro FaAAI/I}I
paCHOAO}KCHHOFO Ha paCCTOHHHH 0%
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Combined
result

Solar Neutrino Units [SNU]
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HGI/ITpI/IHHa}I 06cepBaT0pH;1 B Caz[6epn

" .
.

2o HeHTpHHHa;I o6cepBaT0pH;1 B Caz[6epn (OHTapHO KaHazLa) (Sudbury
- Neutrino Observatory: (SNO)) ObLiia HOCTPOCHA B [IAXTE HA NIyOUHE: °
2070 METPOB. 1000 TorH CBCpX‘II/ICTOI/I TSOKEIOH BOJIBI (D, O) 3aJIUTO B .
. aKpUJIOBBIN cocyz{ AUaMeTpoM. 12 MeTpoB. qepeHKOBCKOG U3ITYYECHUE *
“peructpupyercs 9600 (bOToyMHe);KHTen;IMH JleTexTop morpysKeH B
" CBEPXUHCTYIO 00bIYHYI0 BOY, KOTOpast HAXONUTCS B 60qK006pa3H0H 5
MOJIOCTH UaMeTpoM 22 MeTpa u BbICOTON 34 METpa, BHIKOTIAHHOH B'
ckaie. 3a CYTKH JICTEKTOP perHCTppreT OKOJIO 10 HCI/ITpI/IHHBII/I
COOBITHI: - $: e '

. HeHTpHHHLIe HO‘TOKI/I "6QpHBIX HGI/ITpI/IHO I[CTCKTI/IpOBaJII/ICI: G 5 '
+ ... TIOMOIIBIO PEaKINH (TIepBast PeaKiis. (CC) TPOTEKaroIIas € YHACTHEM **
. 3ApAKCHHBIX TOKOB, YyBCTBUTCIBHA TOJIBKO K DIICKTPOHHBIM HEMTPUHO; -
.. Bropas (NC), npoTexaromas ¢ YIaCTHEM HEUTPAIIbHBIX TOKOB
- ~qyBCTBHUTEIBHAKO BCEM HEHUTPUHO; ynpyroe pagcesHue (ES) =

: tlyBCTBHTeJIBHo KO BceM apOMaTaM HCI/ITpI/IHO HO K MIOOHHBIM o Tay B
MEHBIIEH CTeTeHHN): - '

CC: v,+d = p+p+e —1.442MeV
NC: vo+d = p+n+vy—2224MeV

B AN =S . + ¢ — vy + e

- W ..
- 4
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(http:/ /www.sidc.be, Mar 1, 2013)
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PekopaHbii 19-i UMKN CONHEYHON
HanstoHa (uuknel N2 5u 6; 1784 - 1810 1)
AxTrBHOCTE ConHua B Tekywem, 24-m,

aktusHocTn (1954 — 1964 rr)
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umkne (2009 —-2012rr)
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