HOM cpezie (n;/ng ~ 10~7) ¥3-32 MOHU3ALMH KOCMUYECKUMH JIy4aMH
¥ raMMa-KBaHTaMH OT pacliafia paJfoaKTUBHbIX siaep. I1pu atoM BpeMms
auddysur MaTHUTHOTO TOJIS B SIAPAaX MOJIEKYJISIPHBIX 06JIaKOB COCTaB-
JIIET HECKOJIbKO MHJLIMOHOB JIET, YTO IO MOPSIAKY BEJIUYUHBI CPaBHU-
MO ¢ BpeMeHeM cBoGoxHoro naxenust. Ecin 06y1ako nmoanepsxuBaercs B
TUPOCTaTHYECKOM PaBHOBECHH (HAIpUMED, NpY TYPOYIEHTHOM ABUXKE-
HHHM Ta3a WK BPAIEHNH ), TO yMEHbIIEHHe MaTHUTHOTO ITOTOKA B 06.1a-
Ke U3-3a Apeiida HOHOB MOXET CTaTh BecbMa 3aMeTHbIM. Ha Muxpocko-
IMIYECKOM YPOBHE YMEHbIIIEHNE MOTOKa MarHUTHOTO MOJIsI CBSA3aHO C 3¢-
(hbeKTUBHBIM yCHUJIEHHEM AMCCHUIIALUY T0JIs1 M3-32 CTOJIKHOBEHUH HOHOB
C HeHTPaJIbHBIMY aTOMaMH, KOTOPbIE YMEHBIIAIOT TPOBOJMMOCTb KOCMH-
YECKOi1 MJIa3MBbl.

5.3. Craanu ¢popMHpPOBaHHUS 3BE3/IbI

KauecTBeHHO npociiennM, Kak IIPOUCXOAUT CKaTHe MOJIEKYISPHOTO
obJaka, pasMep KOTOPOrO yOBJIETBOPSIET KPUTEPHIO HEYCTOWYMBOCTH
JxuHca.

Paccmorpum cdepryeckoe 061aK0 HAEaNbHOrO rasa ¢ mMaccoit M.
Temnosas sHeprust obnaka Q ~ (M/u)RT, rpaBUTalIOHHAst SHEPrUs
U ~ —GM?/R. Cxkarvie Ha4HETCsl, €CJI TI0JIHAsl SHEPTHsl 00J1aKa CTaHeT
orpunarenbHoit, E = Q + U < 0, T. e. eciiu paauyc ob1aka yI0BIeTBO-
psieT HepaBEeHCTBY

) pGM _ 0.1(nx) (M .
R< =T ST (Mo) . 5.1)

3TOT paAuyc NPUMEPHO PaBeH I KUHCOBCKOI AJIMHE BOJHbBI IS TIJIOT-
HoCcTH p ~ M/R3 (cM. paszen 5.2.1). OTcioa cieayert, 4To IIpH TeMre-
patype Mex3Be3aHo# cpezsl Menbine 100 K pa3mep obaka cocrapisieT
COTHM aCTPOHOMMYECKUX €IUHUIL.

Konrpakuuonnas ¢asa. O61ako HauMHAET CXKUMATbhCS B LIKaJIe Bpe-
MeHH cBoboaHoro nanerus 1/+/Gp. Ilocko/iKy Xopolas mpo3pavyHoCThb
HeHTpaJIbHOTO BelecTBa J1s1 GOTOHOB NO3BOJISIET CXKATHIO MPOUCXOAUTD
NpPaKTUYECKU B U30TEPMUYECKOM pexxuMe (v = 1), TenjaoBoe AaBjaeHue
He MPeNATCTBYET CxkaTuio. B mpouecce cxarust 061ako GparMeHTHpYeT.
Moacrasnss paauyc u3 (5.1), HaxoauM BpeMsi CBOOOZHOTO CXKAaTHsl Kak
(byHKIIUIO TEMTIEPATYPBI:

L \3/2 . puN\3/2 M
tr~ (—) GM ~ 6-10"(ner) ( = — 5.2
1= \%7 (srer) ( Mg . (52)
DRSS A R S T B R R T g, 0 ) el g SO R B e gl
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IToka ras uMeer HU3KYIO IUIOTHOCTD U 9JIEKTPOHENTpaJsieH (T. €. He SIBJIsI-
€TCs1 TJIa3MOi ), OH NTPO3padeH ISl H3JIyYEHHUsI, U POXKAAIOIIeCsT POTOHBI
uuskux sHepruii (UK usnydenne) cBoGOLHO BbIXOAST U3 00/1aKa, YHOCS
4acThb BbigessieMoit aHepruu. [1o Mepe pocra II0THOCTH BpeMsi CBOOOA-
HOTO MaJEeHUsI YMEHDBLUIAETCS, HO POCT TIOTHOCTH BEIET K POCTY HENPO-
3pavyHOCTH (B OCHOBHOM M3-3a noriouenust MK-horonos nblibio 1 Mo-
JIEKyJIaMu), IO3TOMY HU30TEPMHYECKOE CKaTHE MOCTENEHHO CMEHSETCSI
Ha aguabaTuyeckoe (7Y — 5/3), 1 061aKO IPUXOAUT B PAaBHOBECHOE CO-
CTOsIHME, YCTOWYUBOE K pparMeHTanuu. TeMneparypa NpoTo3Be3/Ibl pac-
TET, ¥ €€ BEIECTBO CTAHOBUTCSI HOHN30BaHHBIM.

Hec105xHO OLEHUTD paanyc, K0 KOTOPOTO MOXET CXAThCsI 061aK0 ¢
IAHHOI Maccoif, NpeXkaie YeM OHO CTaHET MOHM30BaHHBIM, U3 YCIOBUS
3aTpatbl BbIJE/IEMON IPaBUTAIIOHHON 3HEPTUU Ha AMCCOLMAIUIO MO-
JIEKYJl 1 MoHM3auumo BeuiectBa. IlycTs BemecTBo M3HayaJbHO COCTOUT
U3 MoJieKyJisipHoro Bogopozaa. Ha aucconmanuio ognoit Monexynst Ha
sarpaunBaercs 7 - 10712 apr (~ 4 3B), Ha MOHM3ANHUIO KAXOTO aTOMa
Bozopoza Tpebyercs eme 22 - 10712 spr (13.6 3B). Otcrona crexyer, uto
IIs1 TIpeBpaIleHus 1 r BemecTsa B IIa3My HY>KHO 3aTPaTHThb SHEPTHIO
g ~ 1.5 - 10'3 apr. [IpucyTcTBHUE TeNs NOBBILIAET STy OUEHKY NMOYTH B
2 pa3a 13-3a 3aTpaT Ha HMOHU3ALHUIO aTOMOB resnsi. MoXHO c4uTaTh, YTO
cXaTue HAaYMHAETCS U3 COCTOSIHUS C HyJIEBOH NTOTEHIMAJIbHON dHEPryei.
Torza sHeprusi, BBIENUBIIASICS IPU CKATUH OJHOPOJHOTO Iapa Macchl
M no panuyca R, cocrasur AE, ~ (3/5)GM?/R ~ gM, 6Tkyna Haxo-
UM PafiNyC <«HENPO3PaYHOii» MPOTO3BE3/bL

GM (M)
R~ — ~80Rp | — ).
q © Mo

3aMeTuM, YTO B NPOLECCax AUCCOLMALUN ¥ HOHU3AMN SHEPrUs 3aTpa-
YMBAETCSI HA Pa3pbIB MOJIEKYJISIPHBIX CBSI3€H WJIM OTPBIB 3JIEKTPOHOB OT
atomoB (asosniit nepexon I poaa). Cenosaresnbho, npu aguabatuye-
CKOM CXaTHH POCT TEMIIEPATYPHI IPY MPOYUX PABHBIX YCIOBUAX Oyner
MeEHbIIe. DTO 03HAYAET, YTO NOKA3aTe b afinabaTsl rasa v 6yaeT MeHbLIe
5/3 (Moxet 6bITh Haxe Mopsifka 1, To eCTh BO3MOXEH PEXuM, 613Kt
K MU30TEPMHUYECKOMY ), XOTsI Ta3 OCTAETCs MeabHBIM. PacyeThl mokassl-
BaIOT, YTO TeMIepaTypa IJIa3Mbl Ip1 3TOM He TipeBbimaer 104 K.

MOoO>KHO OLIEHUTDH U CPEAHIOI0 CBETUMOCTH MOJIOAOM 3BE3MBI Ha CTa-
UM CXXaTUs B LIKAJIE BDEMEHU CBO60}IHOI‘O NagEHUs. HOCKOJIbe HUCTOY-
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HHAKOM 3HEPTUU CIYXKHUT rPpaBUTALMOHHAA SHEPTUsS CKUMAIOIIETOCA 06-

JlaKa, To
AE 1U, GM?
L = ——= -]
ty 2ty Rty
(xoahdunuent 1/2 ABisieTcs1 CI€ACTBUEM TEOPEMbI BHpHaa IS UIeE-
ITBHOTO OHOATOMHOT'O T'a3a, CM. CJIEAYIOIIU I Pa3/iest, — TOIBbKO MTOJIOBU-
Ha 0CBOOOKAAIOIIENCS] TPaBUTAIIMOHHOM SHEPTUM BHICBEYMBAETCH, a 1O~

JIOBMHA UJIET Ha Harpes rasa). Mcnoneays (5.1) u (5.2), nonydaem

/2 3/2
L~={— ~2-107°Lg | — ,
G(u °\u

3neck Lo — Gomomerpuyeckast ceerumoctb CosHua. Tak Kak mo Mepe
CKaTWsI TEMIIEPATypa BO3PACTaET, [JIsl YUCJIOBBIX OIEHOK IOJCTaBJIAEM
B 3Ty (OpMyJly TeMIepaTypy MOHM3aLMK1 BOAODOAHO-TEIHNEBOI Ijias-
mbl 10* K. TIpu sTOM OleHKa IO NpUBEEHHOM Bhilie (GOpMyJie JaeT
L = 103Lg, To eCcTb Tiepe[; TeM, KaK CTaTh HENPO3PayYHOI B ONTHYECKOM
[Mana3oHe, POXKAAONIAsICs 3Be3/Ia IPKO «3aropaeTcsi» Ha HEKOTOpOe Bpe-
Msi. 3aTeM OHa OMSITh «TaCHET» 13-3a PE3KOTO yBeJIMYEHHUST HEPO3payHo-
CTH TIpU JIABUHOOOPa3HOM MOHU3AINH.

AmnabaTtuueckasn ¢asa. [[o Toro, Kak Bo3pacTaioluii rpaJuenT Tem-
JIOBOTO JIaBJIEHUsI B HELpaX COKMMAIOLIENCsT IPOTO3BE3/bl YPaBHOBECUT
IeACTBUE CUJIBI TPABUTALIMH, CXaTHE COOCTBEHHO HENMPO3payHoi (T. €.
uMetomeit ¢orochepy, kak 1 CosHIE) MOJIOAOIT 3BE3BI NMPOUCXOAUT
TaKXe B IMHAMHYECKOU LIKaje BpeMeHu. E€ cBETMMOCTb Ha Herpo-
3pavyHoOil CTaauu onpenensiercs 6anaHCOM BBIAEISIEMON TPaBUTALUOH-
HOIi SHEPTUH U CHOCOOHOCTBIO BHICBEYMBAHUS SHEPTUHU C IIOBEPXHOCTH,
KOTOpas, KaK M3BECTHO, MaKCHMMaJibHa IJI1 abCOIIOTHO YEPHOTO TeJsia
L = 4nR%0pT.; s, e Tes s — abdbexTuBHas TEMIEpaTYpA.

Temneparypa ¢otocdepsl 3Be3/bl ONpPEAEISIETCS] YCIOBHEM IpOCa-
YHBaHWS KBAHTOB U3 TOJIIIHY 3Be3[bl HAPYXKY, T. €. IPO3PaYHOCTHIO 3BE3-
HbIX HeZp. Pacyersl MOKa3bIBaIOT, YTO Y MOJIOJBIX 3Be3]] SHEPTHS IIEPEHO-
CUTCS1 KOHBEKTMBHBIMH JABYXXEHUSIMU B 00010uKe. BO3HHKHOBEHNE KOH-
BEKIUHU CBSI3aHO C yBeJIndyeHneM KoadduurenTa Henpo3payHOCTH C po-
CTOM IJIOTHOCTH B YCJIOBHUSIX MOHHU3AIMM BOJOPOAA M TeJINsI, U3-32 KO-
TOpPOY BO3HUKAET BBICOKMI paJyiasibHBIN rpafiveHT TeMrnepaTypsl. Ilpn
aToM B ¢oTocdepe ycTaHaBIMBAETCSl YHUBEPCAJIbHAs TeMIlepaTypa no-
panka 3000-4000 K. 3Be3na MemyieHHO CXUMaeTCst, coxpaHsisi addex-
THBHYIO TEMIIEPATYPY ¥ yMEHbIIast 60JIOMETPHYECKYIO CBETHMOCTH (CTa-
st Xasium).

RS R R A el A PR R Y B el
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CBETHMOCTb 3Be3/Ibl HA KOHBEKTUBHOM craaun Xasiu OIIpeneJsieT-
Cs1 OYEBUAHBIM COOTHOLIEHUEM

L _ (TN (RY Lo (Y

Taxue 06bexThl HabmonaoTcs Kak MoiHbie MK ucrounuku B o61actax
3Be31000pa3oBaHusi. BpeMsi cxxaTusi 3aBUCHT OT CIIOCOOHOCTH U3TyyYaTh
BBbIZIEJIIEMYIO TPaBUTALlMOHHYIO SHEPTHIO,
GM? GM? ([ M
t~ ~ 3 — ~8-10°p | — ) ner.
RL 4rR°0pT ;¢ Mg

[

Kak TospKO TeMnepaTypa U IJIOTHOCTb B LIEHTPE 3BE3/bl BO3PACTYT [0
3HaYeHUH, IpU KOTOPBIX HAYHYTCS sEPHBIE PEaKLUH, MOJIOJasi 3Be3aa
TIPEBPATUTCS B OOBIYHYIO 3BE3/ly Ha IJIABHOM N0JIENOBATEIbHOCTH Ua-
rpammsl I'epummpynra—Peccena. Kak npasusto, Mosionast 3Be3fa oxpy-
JKEHa HENpOo3payHoil 000JI0YKO — OCTaTKOM ra3oIbLIeBOro ob6jaka,
MPONO/DKAIOIINM NafaTh Ha Hee. M JMiIb CO BpEMEHEM OKpY’Karoiuas
cpelna «MpOCBETJISIETCS .

Pasymeercs, peajyibHast KApTHHA CXXaTHsI MOJIOABIX 3BE€3/I CYLIECTBEH-
HO cJokHee. B yacTHocTH, MBI TipeHebperany 3 dexTaMy MarHUTHOTO
nosis ¥ Bpamenus. Kak u Ha 6osiee paHHUX cTaausix, 06a addexra npe-
ISITCTBYIOT CXKaTHIO IPOTO3BE3A. Takie BaXXHO, YTO MACCUBHAS MOJIOZAs
3Be3/la OKa3bIBAETCS OKPY KEHHOI1 HENMPO3PayHO ra3oNbUIEBO CpenoH,
u Tpebyercst BpeMs, 4ToOBI 3Ta 000J104Ka YaCTUYHO yIajia Ha 3BE3Ly, a
4aCTHYHO — OblIa paccesiHa JIyYeBbIM JaBJIEHUEM.

3.4. CrauuoHapHbie 3Be3/bI

®Dusnueckoe COCTOSIHUE CTAllMOHADHBIX 3Be3[l ONpPENesIsieTCsl yCIIo-
BUSIMHM THAPOCTaTHYECKOTO PaBHOBECHS], KOTAA MaKPOCKOMUYECKUE TTa-
paMeTphl (Macca, paguycC U T. I.) MEeIJIEHHO U3MEHSIOTCS Ha BpeMeHax
MHOTO GOJIbUINX AMHAMUYECKOTO BPeMeHH tsy ~ 1/4/Gp M BpeMeHu
YCTaHOBJIEHUSI TEIJIOBOro paBHOBecus. HecMoTpst Ha mpoucxoasiiee B
IEHTPE SHEProBbIe/IEHNE, 3BE3/[bl HE B3DPBIBAIOTCS, HX CBETHMOCTb Me-
HSIETCSI TIJIaBHO.

5.4.1. TuapocraTuyeckoe paBHOBeCHE

Paccmotpum o6beM Bewtectsa dV ¢ nasiennem P. Cuia, cTpeMsiina-
sicst paciuputhb 06beM, F = — [ PdS, rie dS — aeMeHT 3aMKHYTOiA 110~
BepxHocTH. OueBuznHO, eciiu P = const, To F = 0. Cuua, neiictBymomas
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