12.11. PeiMKTOBOE H3JIyY€HHE H 3MI0Xa PEKOMOHUHALUH

Urak, Ha pagualiuOHHO-TOMHHHPOBAHHON CTaHH B YCIOBHSIX IOJI-
HOTO TEPMOAWHAMUYECKOTO PABHOBECHS CIIEKTP U3Jy4eHUs: GBI CIeK-
tpoM AYT ¢ Temmneparypo#l, nafamomeii 06paTHO NPONOPLHUOHAILHO
Mmacurtabuomy daxropy: T ~ 1/a(t). Kak Tonbko Bpemst B3auMozeii-
CTBUs1 (GOTOHOB C BelecTBOM (B OCHOBHOM, 33 CYET TOMCOHOBCKOTO pac-
CesIHUSI Ha 9JIeKTPOHax) T = 1/(nyorc) ~ (1 + z)~3 crasno 6ombiue xa-
PaKTEpHOTO BpeMeHH pPacivpeHus a/a (TO eCTh JIHHA CBOOOLHOTO NPO-
Gera ¢oToHa HayaIa MPEBHILIATH Pa3Mep IPUYHHHO-CBA3aHHON 06IacTH
ct ~ (1 4 2)~%2), Gorons nepecram o6MeHMBaThCS SHEPTHE C MIa3-
MOH, OZIHAKO CIIEKTP U3JTy4eHUsI IPU ONHOPOAHOM pPacIIUPEHUH OCTAJICA
yepHoTeNbHbIM ¢ Temmneparypoit T'(z) = To(1 + 2), Tp ~ 2.73 K — co-
BPEMEHHOE 3HAY€HMEe TeMIepaTypbl PeJMKTOBOrO M3iIydeHus. Bcemen-
Hasl CTajla MPO3PavyHoil IJI U3JIyYeHUs NMPU NOHWKEHHU TeMIIepaTyphl
wra3mbl 10 T, ~ 3000 K. Ilpu Takoii TemMnepaType NpOUCXOXUT PEKOM-
GuHaimst CBOGOIHBIX SIEKTPOHOB C MPOTOHAMHU ¢ 0Opa30BaHMEM aTOMOB
Boztopoa (reuil peKOMOHHUPYET HECKOJIbKO PaHblie). Doxa PeKkoM-
OuHauuu TaxuM obpasoM Hactymaer npu 1 + 2. ~ 3000/3 ~ 1000, T. e.
¢opmanbHO Ha CTaguM JOMHUHAHTHOCTH BELIECTBA, KOTAA POJIb U3JIyde-
HUS B AMHAMHKE PacIIMPEHNs yxe npeHeOpexnMo Mana. Bpemst pacuiu-
PEHUs [0 AMOXH PeKOMOMHALIMH COCTaBiIseT t, ~ 3 - 105 jer.

3aBHCHUMOCTD POCTa TEMITEPATYPHI PEJIMKTOBOTO U3JIYyYeHHUs OT Kpac-
HOTO CMelIeH s Oblla HIKCIIEPHUMEHTAIBHO HOATBEPXKIEHA HAaOII0NeH s
MU JTMHUI CBEPXTOHKOM CTPYKTYPbI HEATPATLHOTO YIIEPOA B CIEKTPaX
JaJIeKUX KBa3apoB C 2 & 1.8, 1151 KOTOPBIX KBAHTHI PEJIMKTOBOTO (hOHA C
temnepatypoit To(1 + 2) ~ 7.5—8 K urpaiot poss Hakauky, obecrneunsas
3aCeJIEHHOCTb COOTBETCTBYIOIIMX YPOBHEH.

12.12. IPpdexr CionseBa—3eapaoBuya

ITocne snoxu pekombunauuu(z ~ 1000) penukroBsie HOTOHBI pac-
NPOCTPAHSIOTCS CHaYaIa CBOOOAHO Yepe3 HeHTPaJIbHYIO CPeLy, C KOTO-
poii oHu He B3aumoaeicTByoT. ITocie o6pasoBaHyist IEPBHIX 3BE3] U a-
JIAaKTHK (MIPEAINOJIOKUTENbHO, HaunHasi ¢ z ~ 10—15) B cpese BHOBD NO-
SIBJISIIOTCSI CBOOOJHbIE 3IEKTPOHBI M3-32 MOHU3AIMK aTOMOB BOAOPOAA
JKECTKUM H3JIyYeHHEM, U, KaK Mbl 00Cy>k 12,11 Brite B pasaeie 12.3, mex-
raJlakTU4ecKast Cpefia CTAHOBUTCSI BHOBb MTOYTH IOJTHOCTbIO HOHU30BaH-
HOM Ha KPacCHBIX cMelleHusx z < 6. Hanbosee BasxHbIi mpolecc B3auMo-
nedcTBUs POTOHOB C 3JIEKTPOHaMHM — KOMIITOHOBCKOe paccesiue. IIpu

R ST 0 R SR S ¢ B SRR T IR e

438 nasa 12. DnemeHTbl COBPEMEHHOU KOCMONOrUN



