'3BOJIOLMS 3 3BE3[]

6.1. IBouoims 3Be3/] MOCJKE BHITOPaHUS BOAOPOJA

T'openue Bomopona — caMasi JJIUTeIbHAs CTaAMsI B )KU3HU HOPMaJIb-
HOII 3Be3/Ibl. DTO CBSA3AHO C HAYaJIbHBIM GOJBIIMM OOMINEM BOAOPOAA
(70% mo macce) u Gonpuioil KamopuitHocTsio (~ 0.007Mc?) mpespa-
ieHus: Boxopozna B renuit. Ha momio 210l peakuuu NPUXORUTCS OKO-
- 110 70% sHepruwy, BbIIENSIEMOil B IIETIOYKE IOCIEN0BATENbHBIX TEPMO-
sIIEPHBIX TIPeBpaleHN# BOXOPOJa B 3JIeMEeHT ¢ HauboJblueil sHeprueit
cBsi3u Ha HyKJIOH 38Fe (~ 8.6 MaB/nykion). DoToHHas cBeTUMOCTD
3Be3J Ha [VIaBHOI MOCTeR0BaTENbHOCTH, I7le TOPUT BOJOPOJ, KaK IpaBy-
JIO MEHbIIIe, YeM Ha TOCEAYIOLIMX CTAAUSX SBOJIONHUHU, a X HeHTpHH-
Hasi CBeTHMOCTb He3HauNTeNbHa, T. K. TEMIlepaTypa B IIEHTPe He IpPeBbl-
waeT ~ 4 - 107 K. [ToaToMy siiepHOE TOIIMBO PaCXOAYETCsl CPaBHUTEb-
HO MeJiTeHHO U 60ibinas yacTh 3Be3y B ['amakruke u Bo BeenenHoit siB-
JISIIOTCS 3B€3/laMU IJIaBHOH NoC/Ie[0BaTeIbHOCTH.

IToce oxoHYaHUS TOPeHHs BOAOPOAA B sApe 3Be3[a NepeMeliaeT-
cs1 BIIPaBO OT IVIaBHO} NOCIER0BaTeIbHOCTH Ha Auarpamme agdexTus-
Has TeMIlepatypa — cBeTUMocThb (auarpamma l'epmnnpysra—Peccena),
ee 3 deKTHBHAs TeMIepaTypa YMeHbIIAeTCsl, ¥ 3Be3/ia nonagaer B 00-
JIacTh KPacHbIX TMTaHTOB. PocT pamuyca 060/I0MKM CBSI3aH C KOHBEK-
THUBHBIM IIEDEHOCOM 3HEPTUHU OT CI0EBOTO BOZOPOAHOTO UCTOYHHKA, Pac-
T0JIAraioIerocsi HEMOCPEACTBEHHO BOJIM3Y TeIMeBOTO siipa. Y MeHblile-
HUe BBIIEJIEHUs] SHEPIUM MO0 Mepe HCTOLIeHHUs AOJU BOAOpOJa B sifipe

1 IT0 CBA3AlIO, B NCPBYIO OYEPCAb, C YBCJIMYCHUCM pajinycCa 3BC3/Lbl U U3MCIICIIMCM 11DO-
3payvylioCTH BCILECTBa 3BE3/(bl 110CJIC CE «CXO/Ma» C 1J1aBHOM 110CJACROBATEILIIOCTH.
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NPUBOIMT K €T0 TPaBUTAILIOHHOMY cxaTuio. M3-3a aToro Temmepary-
pa B siipe TIOCTENEHHO PACTET, ¥ Tpu 3HaveHusix T, ~ 2-3 - 107 K u
IIOTHOCTH p, ~ 103-10* r/cM® HaunHaeTcs TepMOsIEPHOE TOPEHHUE Te-
Jusi. B npupoze HeT yCTONYUBBIX 3JIEMEHTOB C aTOMHBIMM HOMEpaMH 5
u 8, HeBoaMoxHa peaknus ‘He +p —® ... + ..., a axpo 6epunus-8
HEYCTOIYMBO U nocse 06pa3oBaHusl pacrafaercs Ha 2 anbga-4acTHIbL:
‘He +*He —8Li —»%Be +e~ + 7,; 8Be — 2¢He.

HaubGosnee BaxkHasi peakiusi rOpeHUs TeJIUsI B 3B€3aX — TaK Ha3biBa-
emsiit 3a-npouecc: 3*He—12C. Jueprust cymmbI Tpex anbha-yacTUIl Ha
7.28 M5B npesbliaeT sHepruro Nokost sigpa yriaepona-12. IToaromy uro-
6bl peaxuust 11 3¢ HEKTUBHO, HYXKEH «[MOAXOAAUIMNI> SHEPreTUIECKU
ypoBeHb szpa yraepona-12. Takoit yposens (c aneprueit 7.656 MaB) y
sanpa 12C umeercs?, nostomy 3a-peakius B 3Be31aX UAET C JOCTATOYHOM
ckopocTbio. CHauasa Be anbdha-4acTuibl 06pas3yoT KOPOTKOKUBYIIEE
anpo 8Be: ‘He+*He®Be. Bpems xusuu 8 Be okono 10~16 ¢, o ecTn Be-
POSITHOCTH NPUCOENUHEHHSI ellle OHOH ambda-vyacTuip! ¢ 06pasoBaHu-
eM Bo36y>kIeHHOTO sinpa yriaepoaa-12: 8Be+4Hes12(*) C. Bosbyxaenue
sipa CHUMaeTCs POosk/AeHreM napbl, a He hoToHOM (bOTOHHbI epexon
C 9TOTO YPOBHs 3ampelleH npasunamu otéopa), 12C* —12C+et 4 ™.
3amerum, uto obpasyromeecs sapo 2C* ¢ HaubosbIueit BEPOSTHOCTHIO
cpasy e «pa3BaiuBaercsi» Ha sitpa Be u He u, B koHeuHOM cueTe, Ha 3
aJb(a-vaCTHUIIbl, ¥ TOJIBKO MPUMEPHO B OXHOM ciydae u3 2500 mpoucxo-
IUT TIepeX0oX Ha OCHOBHOIT YDPOBEHb C BbiejieHHeM sHepruu 7.65 MaB,
yHOCHMOM Tapoit ete™.

YnenbHOe BblejieHUe SHEPTUH IIPH TOPEHUM Tejus IPHUMEPHO Ha
HOPSIIOK MeHbllle, YeM NPH TOPEHHM BoAopoAa. Bpemst sxu3Hu u yuc-
JIO 3B€3J Ha 3TOH CTagMM IBOJIONUU 3HAYUTESbHO MEHBIIE, YeM 3BE3]
IJ1aBHOI mocseoBareibHOCTH. OTHAKO, TOCKOJIBKY B PEAKIMH YYacTBY-
10T TPH YaCTHIIbl, 9HEPTOBbIAETIEHNE B PacyeTe Ha OJHY YaCTHUIY IPO-
HNOPLMOHAIBHO KBaJPaTy KOHIEHTPALMU U CTAHOBUTCS 3HAYUTEIbHBIM
TOJIBKO B IUTOTHBIX SIZPax 3Be3J, COLIEIINX C IJIaBHOH NOCIef0BaTeNb-
HocTU. Bilarofapst BbICOKOiT CBETHMOCTH Ha CTa[ysIX KPaCHOTO I'MTaHTa
WJIYM CBEDXTHIAHTa, KOTAA B sApe 3Be3/bl UJET NpeBpalieHue Teus B yTI-
JIEPOJ, TaKue 3Be3/Ibl XOPOLIO U3yYeHBI.

Peakiyisi, mpyt KOTOPOii BO3MOXHO COTMKEHME siiep Teusi 1O Paiu-
yca JefCTBUSI SIMEPHBIX CUJI, Takxke Kak u peakuus 4'H —4He, moxer

2970t yposeb sixpa 12C 611 npedckasan @. Xoitnom s obbaClElMs CHIITC3a DJle-
MCHTOB B 3BE3/1aX M N03/iHee OblJ1 IKCIICPUMEHTaILHO o6napyxci B. MayJsicpoM.
iy R R
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HPOXOIUTD TOJBKO 3a CYET KBAHTOBOTO TYHHEJIBHOTO a(bdexTa u Tpebyer
O4YeHb BBICOKUX TEMIIEPATYP.

Snpo 12C HemeaneHHO BCTYTa€T B PEAKIIMIO C SPAMHU TeJTUSL:
‘He +2C —160 + 7.16 M3B. (6.1)

Ee ckOpOCTb CUJIbHO 3aBUCHT OT TeMIIEPaTypbl, KOTOpas ONpenenseTcs
Maccoii 3Be3/Ibl, TOITOMY OKOHYATENbHBIN Pe3y/IbTaT TOPEHHs TeUs B
3Be3filax — 06pasoBaHUE YIJIEPOAHO-KUCIOPOAHOTO MM YHCTO KHCIO-
POZHOTO siapa.

Ha nocneayomux cTaausx 3800 MACCUBHBIX 3Be3/] B IEHTpPAJIb-
HBIX 06J1aCTsIX 3B€3/{bI NPY BBICOKMX TEMIIEPATypaX MPOUCXOAAT PeaK-
UM HETIOCPEACTBEHHOTO CUSHUS TSXKEJbIX Sep. DHEProBbIIeIeHHE B
peaxuusix ropenus 2C, 160, 20Ne,2¢Mg, ?8Si cpaBHUMO ¢ 3HEpProBbIIE-
JIeHHeM B 3a-peaKiivy, OQHAKO MPU BbICOKUX TemnepaTypax ~ 10° K sce
6onee BasKHBIM CTAHOBUTCSI YHOC SHEPIMM HEHTPUHHBIM U3JIydeHHEM.
BpeMsi skU3HU 3BE3[bl Ha ITUX CTAAUSX HAMHOTO MEHbIIE, YeM BPEMS T0-
peHus resiusi. BeposiTHOCTb 06HAPYKEHUS TaKUX 3BE31 MaJia, U B HACTO-
simee Bpemsi roperue 2C ¢ o6pazoBanueM Gosiee TSAKEMbIX 3JIEMEHTOB
BCTPEYaeTcs TOJbKO B SAPaX PEAKUX MacCUBHBIX 3Be3N Tuna Bosbda—
Paite xiacca WO.

6.2. BeipoxkaeHue Bemecrsa

I'a3 MoxeT paccMaTpuBaThCs Kak HAealbHbIN TOKa 9HEPTUsl B3aMO-
ZefiCTBUSI MEXAY €ro YaCTUIIaMK NPeHeOPeXUMO MaJla 110 CPaBHEHHUIO C
TenyoBoi sHeprueil. [IpubaMKeHne UaEaTbHOTO OXHOATOMHOTO Ta3a o
cpexnHeit aHeprueit Ha ogHy yactuny E = 3/2kT npekpacHO ONUCHIBaeT
noseneHue 1a3mbl B neHTpe CosHua u 6osiee MacCCUBHBIX 3BE311 IJIaB-
HOI II0CJIe1OBATENbHOCTH.

C noBbllleHNEM NJIOTHOCTU CPEXHME DACCTOSTHUSI MEXAY YacTHIla-
MH yMeHbIIaoTcs, 6l ~ p~'/3, u Koraa OHM CTAaHYT CONOCTAaBUMEI C
ne-BpoitneBckoit AauHOI BOMHBL, A = h/p (p — MMITYJIbC YaCTHIT), HAY-
HYT CKa3bIBaThCsl UX KBAHTOBO-MeXaHHYeCKUe CBoiicTBa. BakHeiiee u3
3TUX CBOMCTB CBA3AHO C T. H. 8biPONCOCHUEM Ta3a U3 YACTHI] C TIOJTYIIEIBIM
CIIMHOM, U3-32 KOTOPOTO PaiuKaIbHbIM 06pa3oM MEHSIOTCs TePMOAMHA-
MHYeCKUe CBOICTBA BellecTBa.

B nmpuMeHenuH K yacTUIaM ¢ MOJYIEIbIM CIUHOM — (hepMuoHaM (e,
n, p) zeitcrByet npunnun Ilaynu (B. ITaymu, 1925): vactuusl ugeHTHY-
R RMAC G & Vuv R I SRRt ey BRI S R R e Y
6.2. BuipoxxaeHue sewecTea




