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3BE3bl

5.1. O0mue XapaKTepUCTHKH

3Be3/ibl — MacCHBHBbIE TJIa3MEHHBIE ITaphbl, HAXOASAIINECS B PaBHO-
BECHOM COCTOSTHUM; UCTOYHUKOM UX TETLIOBOM SHEPIUU SIBJIAIOTCA TPO-
HUCXOOAIINE B UX He}Ian NJIn HpOHCXOHI/IBIHPIe B HpOIIIJIOM TepMOHlIep'
Hble peaknuu. [o cBoeMy (GHM3MYECKOMY COCTOSHHIO 3BE3[bl MOXKHO
Pa3JenuTh Ha HOPMANbHbIE, COCTOSIIME U3 HEBHIPOXIEHHOTO BEIeCTBa
(umeanbHOTO Ta3a), B HEApax KOTOPHIX MAYT TEPMOsIEPHbIE PeaKlUH
CHHTE3a, U 6biposcientvie (bebie KapIuKy, HeHTPOHHbBIE 3BE3/IbI), paB-
HOBECHE KOTOprX HOMCP}KPIBaeTCﬂ AaBJICHUEM KBAaHTOBO-ME€XaHUYECKH
BBIPOXIEHHBIX PePMUOHOB (3JIEKTPOHOB B CJIy4ae GeJbiX KapJIMKOB WU
HeHTPOHOB B ciTyyae HeliTpoHHbIX 3Be3A). K ocobomy Knaccy ciemyer oT-
HEeCTH ‘leprIe lIprbI, KOTOpre B 06])1‘{HOM CMBbICJIE€ 3BE€3daMHU HE ABJIAIOT-
cs1. Besible KapauKy, HEUTPOHHBIE 3BE3bI M YEPHbIE JBIPBI OOBEAUHSIIOT
06IIMM Ha3BaHMEM «KOMITAKTHBIE OCTAaTKU», T. K. OHU SIBJISIOTCS] KOHe4-
HBIMM TIPOYKTaMMU 3BOJIIONUY OObIYHBIX 3Be3/1. I1oHOE YMC/IO 3BE3N U
UX OCTaTKOB B Hameit ['amaxkTuke ~ 1011

Haunem ¢ HopMasbHBIX 3Be3]1. I1o cBouM CBOHCTBaM OHU MOTYT CHJIb-
HO OTJINYaThCsI APYT OT APYTa, OMHAKO UX OCHOBHBIMU XapaKTE€PHCTHKA-
MU, OTIPENEISIIOIIUMU CTPOEHYE U 9BOJIIOLUIO, SIBJISIOTCS BCETO TPH: Ha-
yasipHast Macca M, xumu4deckuit cocraB (cozmepkaHue resvsi U 6oee Ts-
JKeJIbIX 3JIEMEHTOB 10 OTHOLIEHUIO K BOZIOPOAY) Y BO3pacT.

Maccs! 3Be3n sieskaT B npegenax ot ~ 0.08 go ~ 100M, npudeM
3Be3/Ibl C 6OIbLIElH Maccoit BerpevatoTes pexxe. HuskHuit npenen ceszan
C HEBO3MOXHOCTBIO IPOTEKAHUSI TEPMOSIIEPHOH peaKIUi CUHTE3a resns
IIPY MaJibIX 3Ha4eHUsIX MacChl, BEDXHUI — C onpeesIsioniel poJibio JaB-
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JIEHUs] U3JIy4eHHs] B O4eHb MAaCCHUBHBIX 3Be3/[aX U C Pa3BUTHEM ITyJIbCa-
LMOHHBIX HEYCTONYMBOCTEMN, KOTOPbIE MOTYT IIPUBECTH K COPOCY U36BIT-
Ka Maccbl. IIpu ocobeHHO 60IbIINX MaccaX CBETUMOCTD 3BE3/Ibl IPUGIHU-
’KaeTcs K 9AANHITOHOBCKOMY Tipeneny Lgqq ~ 1038(M/Myg) spr/c, cTa-
LMOHAPHBIX 3Be311 C 60Jiee BLICOKOM CBETUMOCTHIO HET (cM. pasaen 5.6).

Xumuyeckuil cocras 3Be3n (IJaBHBIM 00pa3oM, cozepKaHHE Me-
TaJIJI0B) ONpeAiesisieT KO3P UUMEHT NOIJIOEHUS BEMECTBA 3BE3/Ibl, YTO
CKa3bIBAETCsT Ha BCeX ee TMapaMeTrpax (paauyce, HEHTPaJbHON Temmepa-
Type ¥ CKOPOCTH NpPOTeKaHUs saepHbIX peakuuii). [To ceoeMy xumcocra-
BY 3Be3/Ibl A€JIATCA Ha 1Ba Gostb1uux Kinacca (Hacenenus). K nacenenuio I
muna OTHOCATCS 3Be3/1bl GeHbIE TSKEIBIMU 3/IEMEeHTaMu (ColepsKaHue
3JIEMEHTOB TsIKeJIee TeIUs He MPEBbIIIaeT HECKOJIbKUX JECSThIX H0Jei
MIPOILIEHTa 110 Macce). ITO CTapble MaJIOMAaCCUBHbBIE 3Be3/IbI (KaK KpacHbIe
KapJIMKH, TaK ¥ KPacHble TUTaHTBhI ), PaCHOJIOKEeHHbIE B chepryYecKoii co-
CTaBJIslIOlIel Hallell U JPYTUX CNIUPAJIbHBIX TaJaKTUK, HalpUMeEp, BXO-
[SIIMe B COCTaB CTapbix wapoebvix ckonaenul. K nacenenuro I muna ot-
HOCSIT 3BE€3/(bI C XMM. COCTaBOM, OJIM3KUM K COJTHEYHOMY (Ha JOJIIO 3Jjie-
MEHTOB TsIXKeJiee Tejivsi MPUXOAUTCS 0KOJIO 2% 10 Macce). DTO 3BE3Mbl
[VICKOBOI COCTaBJIAIONIE] Hallleil  APYTUX CNHUPAJbHBIX TAJAKTHK, Ha-
IpUMep, 3Be3/Ibl, BXOASIIINE B COCTAaB MOJIOABIX PACCESHHBIX CKONEHUL.
T'a3, u3 KOTOPOro 06pa3yioTcst 3B€3/1bl HaceaeHus 11, yacTUYHO ABJAET-
Cs1 IPOLYKTOM 3BOJIIOLMHY 3Be31 HacesieHus | 1 moaromy Hambosee 060-
ralleH TSOKeJIbIMU XUMUYEeCKUMY 3JIeMEeHTaM|, BOSHUKIINMU TIPH s1ep-
HOU 3BOJIIOIINY 3BE3J NPEeAbLAYIINX MOKOJEHUH U B Ipe/IIecTBYOINX
BecnbinKax cBepxHoBeix. Hame CosHie npuHagiexuT Kk HaceaeHuo 1
tuna. CyiecTBOBaHUE 3Be3/], COCTOSIIUX LEJIUKOM U3 IIEPBHUYHOTO Be-
HIECTBa, He IPOLIEAIIEro sAepHOil nepepaborku (Hacenenue III), siB-
JIsieTcsl IpeAMeTOM Hay4yHoro noucka. IIoka u3BeCTHO JIMIIL HECKOIBKO
3Be3/1 HeBOJIbIION MacChl, HAXOASIIMXCS B TaJIo Halel [aakThKu, KoTo-
pbl€e MPaKTUYECKH JIUIIEHbI TSXKEJIbIX 37IEMEHTOB.

XuMuyeckuil cocraB 3Be3/ onpezensieTcs no ux crekrpaM. Crnekrp
BBIXOZSIIIETO U3JIyYeHUsT U3 aTMOCGhEPHI 3Be3/bl 3aBUCHUT OT (pHU3UYECKO-
rO COCTOSIHUS IIJIa3Mbl U €€ XHMHYECKOro cocrtaBa (4epe3 koadduim-
€HTBI U3J1y4eHust u noryomenus). ITo cBouM criekTpasbHBIM CBOiCTBaM
3BE3/Ibl MOAPA3/AEISIOTCS Ha CIIEKTPajIbHbIE KJIacchl, 0603HayaeMbie OyK-
Bamu O, B, A, F, G, K, M, L (ocHOBHbIe crieKTpajIibHbIE KJIACChI) B TOPSIA-
Ke yObiBaHUs 3¢ (HEKTUBHOI TeMIepaTypsl (TOYHEE, TEMIIEPATYPb, COOT-
BETCTBYIOIIEN JaHHOMY HOHM3aLUOHHOMY COCTOSTHUIO BEIIECTBa B 06J1a-
¢ty GOpPMUPOBaHMSI CHIEKTPaJIbHBIX JMHMUIT) oT ~ 30000 K 10 ~ 2000 K.
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CneKTpanbHbIil Knacc

Puc. 5.1. ilnuarpamma l'epumnpyHra—Peccena st 38€32 B OKPECTHOCTH 25 IK OT
Connua. IToapo6Hee cM. TEKCT.



OzHOMY M TOMY e CIEKTPAJIbHOMY KJIaCCy MOTYT COOTBETCTBOBAThb
3B€3/Ibl PA3HBIX PNy COB. ¥ JOOHBIM rpadM4eCKUM NIPECTaBIEHHEM CO-
CTOSIHUS 3Be3/Ibl OKa3asjach BBelleHHasi B Havase XX Beka AuarpaMma
I[BET—CBETUMOCTb (MJIM CBETUMOCTb—3¢(deKTUBHAs TeMIlepaTypa), Ha-
3biBaeMasi duazpammoti [epyunpynea—Peccena (TP) (Hertzsprung—Rus-
sell) (cm. puc. 5.1). Ha aToit inarpamme Hanbosiee 0TYETIIMBO POCTIEKH-
BAeTCs 21a8Has nocredosamenvrocms (V), BbLAESIOTCS BETBY TUTaHTOB
(IL, III) u cBepxrurantos (Ia, Ib), a Takxe BerBb CybKapiaukos (VI) u
Genbix kapaukoB (VII). 3Be3ns! riaBHoOl mocieqoBaTebHOCTH Haubo-
Jlee MHOTOYHCIIEHHDIE, T. K. 3TO 3Be3/Ibl, B HEAPaX KOTOPbIX UET TEPMO-
siEPHOE TOpeHKe BOJOPOAa. ITO caMasi IPOAOJIKUTENbHAS CTaAUs 9BO-
sonuu 3Be3nsl. [locrenyonue 3BOIONMOHHBIE CTAAUHU BILIOTh 0 06-
pa3soBaHUsI KOMIAKTHOTO OCTaTKa IO AJIUTENbHOCTH COCTABJIAIOT OKOJIO
10% BpeMeHU >KU3HU 3BE3/IbI HA TJIaBHOM MOC/IE€0BATETbHOCTH.

Bo3spacr 3Be3x orieHUBaeTCs1 TEOPETHYECKH, Yalile BCETO IO MOJIO-
XeHUIo Ha auarpamme [P, MocKosbKY OHO MeHsIETCsl B T€YeHHE XKU3HU
3Be3zibl. B Haweil ['aslakTuKe, KaK M B [pyTUX rajlakTUKaX, HabJIi01a0Tcs
3Be3Zbl CAMBIX Pa3JIMYHBIX BO3PACTOB — OT HAXOJAIIUXCS €Ile Ha CTaIUK
00pa3oBaHus 0 CTapbix 3Be3] ¢ Bo3pacTtoM 10—-13 miupa, siet. Bospact
CTapbIX 3Be3[I M3-3a UX MeJIEHHOI 3BOJIONNHU OLEHUBAETCs C 6OJIBIIONM
omwnbKoit (Heckonbko Mipa. Jier). Bospact CosHua cyuTaercsi paBHbIM
NPUMEPHO 5 MJIPA. JIeT.

Macca, XuMHYecKHii cocTas ¥ BO3PACT ONpeJeJIAIOT MOJI0XKeHHe 3Be3-
aul Ha auarpamme I'P, a, cienoBaTesbHO, M Takye XapaKTEPUCTUKH 3BE3[]
Kak a¢dexruBHas remnepatypa Tery u pasmep R. Ilocnennuii onenu-
Baercs gubo no 3akoHy Credana—Bonbumana (L = 47rR203T:f » THe
L — Gosomerpudeckast CBETUMOCTb 3B€3/bl), MO0 HA OCHOBaHUH TIPS-
MBIX MHTEP(EpOMETPHYECKUX U3MEPEHU YIJIOBBIX pa3MepoB (TOJIBbKO
s 6;1m3kux 3Be3n). iHTepBas 3HayeHmit paaMepoB 3Be3/1 paHTaCTHYE-
CKU BeJIMK — OT BesinyuHbI nopsinka 10-20 kM 11 HEHTPOHHBIX 3BE3/
JI0 pa3MepOB, COTNIOCTaBUMBIX ¢ pa3MepamH Beeit CosiHeuHOl MiaHeTHOH
CHCTEMBI /IJIs1 KPaCHBIX CBEPXTUTAHTOB.

KauecTBeHHas KapTHHA BOJIOLMH 3B€3/1 NOCJIe IIaBHOM mocaeno-
BaTeabHocTH. [Tociie BhiropaHusi BOAOPO/Ja 3Be3/ja OTXOAUT OT IJIaBHOI
MIOCJIEZIOBATEIBHOCTH B CTOPOHY KpacHbIX rMraHToB. [Ipu atoM pagmyc
¢doTocheps! 3Be3abl OBICTPO YBEMMYNBAETCS, 3 GEKTHBHAS TEMIIEPATY-
panazgaet. VIcTOYHUK 9HEPTUM KPaCHBIX TUTAHTOB — FOpPEeHHE BOAOPOA B
cJ10e, OKpyXkatoieM reaueBoe sapo. Ha Gosiee Mo3aHMX CTaAUsIX 3BOJIIO-
IIUY B sIPe 3BE3/bI IPOUCXOAUT FrOPEHUE TeJIHs U eT0 IIpeBpalleHye B yT-
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JIepoll, KUCJIOPOZ, a B HanboJsiee MaCCUBHBIX 3Be3/1ax — U B GoJiee Tsixe-
JIble 3JIEMEHTHI, BIIOTh JO 3JIEMEHTOB I'PYIINHI Jkesle3a. TepMosaepHble
PeaKIy ropeHus KaxAOro CjleLyIoLIero 3jeMeHTa IPOUCXOISAT BO BCe
Bo3pacraoieM Temrie. /11 3Be3/ ¢ HavanbHO#M Maccoit M < 8 — 10M
9BOJIIOLINS 3aKAHYKMBAETCS 3HAYUTENbHOIA ITOTepeif Macchl M 06pa3oBaHu-
eM GeJIoro KapJivka IocJie MeIIEHHOTO HCTeYeH sl 000I0YKY B OKpyKa-
fouryio cpeny. CoporreHHast 0607104Ka KPaCHOTO TMT'aHTa 4acTo Habuio-
JlaeTcst B BUJE MIAHEMAPHOU MyManHocmu BOKPYT IOPsT4ero BLIPOXKIEH-
HOTO 511pa, BIIOCJIEAACTBUH OCThIBAIOLIETO X 06pa3yoiero 6eblii KapiuK.
Bosnee MaccuBHBIe 3Be3/Ibl B3PBIBAIOTCSI KAk CBEPXHOBBIE, 0OBIYHO HAXO-
ISICb Ha CTaAMU KPacHOTO CBepXTuranra. B 3aBUCMMOCTH OT XUMHYECKO-
TO COCTaBa BCIIBbIIIKA CBEPXHOBOH MOXET ITPOU30MTH U Ha CTaUHU TOJIy-
60ro CBEpXTUTaHTA, KaK B CIydae co cBepxHoBoit 1987a B Bosbuiom Ma-
restaHoBoM Obtake. B pesysbrare BCIblLeK CBEPXHOBBIX 06pa3yoTCst
CBEPXIJIOTHBIE HEHTPOHHbIE 3BE3/IbI MJIM YepHbIe AbIpbl. Macca HeliTpoH-
HOi1 3Be3/IbI He IpeBblilaeT 3 M.

Bosee moapo6HO 3BOMONHMS 3BE3/T Pa3HbIX MacC PacCMaTpUBAeTCs B
riase 6.

5.2. O6pasoBanue 3Be3]
5.2.1. I'paBuTalOHHAsA HEYCTOWYHBOCTD

3Be3/bl 06pa3yIOTCsI B pe3yJbTaTe IPaBUTAIMOHHOM (I>KMHCOBCKOM)
HeyC'roﬁqv'[Bocm B XOJIOAHBIX IUIOTHBIX MOJIEKYJIAPHBIX obsakax. Pac-
CMOTDHUM 3Ty HeycToiyuBoCTh moapobHee. [I0CKONBKY M CHIIBI rpaBHU-
TalUH, U CHJIbI YIIPYTOCTH Ta30BOTO AABJIEHHs PAcTyT C yBeJUYEeHUEM
IJIOTHOCTH BEILIECTBa, HO IO Pa3HbIM 3aKOHaM, B CJydae 06JIaKOB /J0-
CTaTOYHO GOJIBLION MacChl U HU3KON TEMIEPATYPbI MOXKET MPOSIBUTh-
cA TPaBUTAlMOHHAs HEYCTOWYMBOCTD, NPUBOASIIASA K COKaTHIO obJaKa.
IIpoaHasn3npoBaB JIMHEAPU30BAaHHYIO CUCTEMY ypaBHEHMil ra3ofuHa-
MUKH JJIsI HIeaIbHOTO ra3a, ONMUCHIBAIONIYIO POCT MaJIbIX BO3MYIEHUH
Buna p(t) = Aexp{i(wt + sr)} B ra3oBoii cpesie C y4eToM CUJ IPaBHU-
tanuy, Jxxunc (1902) Brnepsrie mokasaj, YTO U3HA4YaIbHO OTHOPOAHAS
Cpefia C IJIOTHOCTBIO pp HEYCTONYMBA 0 OTHOIIEHUIO K MaJIbIM JIMHEH-
HbIM BO3MYIIEHUSM IUIOTHOCTH C XapaKTEPHbIM MacLITaboM, IPeBBILIa-
0IKUM A = ¢5/+/m/Gpo. 3nech cs = \/dP/dp = \/YRT/uGpo — cko-
POCTh 3ByKa B Cpefie C MOJIEKYJIIPHBIM BECOM (i, TeMniepaTypoii 1" 1 roka-
3aTesieM afuabarsi . B Macmtabax MEHbLIMX JXKMHCOBCKOM J/IMHBI BOJI-
HbI \ 7 BO3MYILEHUsI IIPEACTABJISIOT COO0i 0ObIYHbIE aKyCTHYECKHE KOJIe-
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