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TEOPETHT{ECKAfl ACTPOOH3HKA

O MACCAX TA3OBbIX OEOJIOIIEK,
Bbl EPOIX EH Hblx HOBbllvln 3BE3AAMI{

Macca raeosofi o6oaosnI, ent6poureuuoft Hosofi, nopaara l0-5
COJIHCTIHbIX MACC

flpe4craa.neHne o roM, tITo npi.I BcnbIIIIKe HoBofi 3Be3AbI rlponc-
xoAHT fipouecc [epexoAa n3 oAHofo paBHoBecHoro cocrosHHg B Apy-
roe, no-BHAHMOMy, Tenepb npH3HaHO BCeMn. oAgaxo cocroflHHe, Ha-
crynaloqee nocJle BcrIbIuIKH, He coBceM ycroftvneoe, TaK KaK, c oA-
uoft cropoHbr, eqe I{MeIoT Mecro ne6onrurne H3MeHeHHg gpxocrl{
r{, c Apyrofi cropout't, cneKrp, no rpafiuefi uepe B HeKoropblx cny-
qarx, coorBercrByer rnfly Bo.rlQa - Pafie, qro yKashlBaer Ha ne-
npepbrBnoe I4creqenne MarepHH. EsIno 6u, nepoRrHo, npaBHJIbHee
Ha3Barb 9To cocroflHue KBa3nycrofruunnM, qro xapaKTepn3yer or-
cyrcrBHe xaxux-.nn6o KaracrpoQuuecrnx HsMeHeHufi, uoAo6unx
TeM, KOTOpbIe rrpoHcxoAtT IIpH BcnbIIIJKax.

.[,.rg lrccne,{,oBaHlls np}IpoAbl HosHx LIMeer Ba)KHoe sHaqeHue
onpeAeneHue Maccbr rasoeol? o6oJtovxH, nu6porueuuofi npn BcnHIu-
xe. Xors roqHoe onpeAeJIeHHe Maccbl rasosofi o6oloqrn s nucueft
creneHH TpyAHafl SaAaga, Mox(Ho, KaK KaxeTcfl, npeAJIoxHTb He-
cKoJrbKo cnoco6os AJIfl, no rpaliHeft rr,tepe rpy6ofi, ee oqeuxn.

$ 1. llprE BcrbIuIKe Hoeoft HMeer Mecro 6ucrpoe BoBpacraHLIe
HHreHcHBHocrH HerrpepblBHofo crleKrpa 6fl aroAapn pacIuHpeHHIo BbI-
6poureuuoft o6oaoqxu.

Ecnn reuneparypa noBepxHoctu T, ro MbI LIMeeM
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r le L-cBerHMocrb, r-paAnyc o6o; lourn, a o-nocrof lHuag Cre-
daHa.' 

OAsaro ata $oprrry.[a AeficrellreJlbHa .rnlub Ao rex rlop, noKa
onruqecKafi roJlula o6oio.Irn to 6o.nruras. Ecltl reMnepaTypa
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fleqataercs no Ir3AaHIiIo: O uaccax rasoBblx o6oaot{ex,
sBe3AaMr.r //Arrl6apqyurn B. A. Hayrnnre rpyAbl: B 2 "r.
ao ,r,l

oooJrorlKrr Bo BpeMfl pacluHpeHHg nocroflHHa (KaK MolKHo 3aKJrroqHrb
Lt3 C[eKTpaJ, TO fpKOCTb 3Be3Abr BO3paCTaeT npOnOpr{HOHaJTbHO
KBaApary paAl{yca o6oroqxH. OAHaxo npu pacuupeHnn o6o,roqxn
ee onTHqecKafl ToJIuIa T6 yMeHbuaeTcfl, H KOrAa ro CTaHOBHTCE
MeHbrxe eAHHHI{bI, HaqriHaercfl, KaK MbI IIoKaxeM, ocla6leuue
flpKocrn o6oro.rxa. B cauou AeJre, AJrfl to MbI HMeeM

i ( xp.at o : J x p d r : a \ f f i d r ,
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IAE x - XOSQQNIIHEHT NOTJIOIIIEHHff, c, -  BeTHIII4Ha IIocTogHHaff,
P" - eaexrpoHHoe AaB,' IeHHe, .{ -  creneHb HoHH3aIILrH, Q - nJror-
Hocrb, & rlLr r-paAuycbr BHyrpeHHefi H sHeuineft rpaHHu o6oaoqxu.
Mu uueeu

P":  n"kTi  g:  t l f fL ,

fAe f t  -  fa3oBaf l  nocrof lHHaf l ,  f f i -  cpeAHrq Macca aToMa, ne-qfr -
cno aJreKTpoHoB B eAHHHTIe o6tervra H n- coorBercrByrouee qucJro
aroMoB. l lp" reMneparype o6o.noqxu I:7000" (run F) MolKHo
npHHsTb, qTo BCe aTOMbI B cpeAHeM OAHaXAbT HOHH3OBaHbT It,
CJIeAOBaTeJIbHO, .tr: l , FL:n". l iOSfOUy

f 2

xo: akT-nl 'm \  n '  dr.
;

3araeHus n sepe3 ero cpeAnee 3Har{eHHe D, noayuuna

ro : akT-n l' mn' (rr- r,).

QugrtqecxH tcHo, rITo .nnuertgag ro,'IulaHa o6onoqxu He ocraercrl
nocroflHHofi, a 6yAer Bo3pacrarb H npH 6o;rlu:Hx euaueuunx rfr*
(r* - paAuyc sBesAbI) AocrufHer no [opsAKy BerHrrHHu r. Ec,ru
)KeJIaTed'IbHO OnpeAeJIr.rTb TOJIbKO nOpfAOK BeJIHT{HHbt Maccbr, TO
MO>I(HO t - f t 3aMeHurb qepe3 r. Tor4a 6yaer
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Tax rar H3 Bbrueyf ioMrHyrbix o6rqcHeHr. l i  c.neAyer,  tnon-l l13,
TO 't - t-s.

C apyrofi cropolrbl, nor'IHoe Lr3ryqeHr.Ie o6o,'Iouxlr, ofirr.rqecKas
ToJrrqa xoropof i  3HaquTerbHo MeHbrxe eAHHHubr, Ao, ' rx iHo onpeAe-
Jrrrbcq Qopuy,rorl
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OTKyAa CJIeAyeT, rITO npn nOCrogsHOtrl Z
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BuraeAeHHbre 3Aecb npocrtile Qopuyau He Mofyr, oAHaKo, Heno-
cpeAcrBeHuo cpaBnnBarbcr c xpunofi spKocru, TaK KaK n Aeftcrsn-
Te.rrbHocrH nu6pacuaaercfl He oAHa, a HecKoJrbKo o6onoqeK H HMeer
Mecro cJro)KeHHe MHofHx npeAcraBJrqeMbrx ypaBHeHnffrrrn (l) u (l a)
KpHB!i lX.

Bo aperran MaKcnManbnofi nprocrH 3Be3AbI onrHqecKaq ro.rrura,
oqeBHAHo, AoJrxHa 6Hrt 6rusKa K eAHHHL{e. CneAoBareJrbHo, co-
rracHo (2)

1,4686. Koraa roBbrrrraercfl TeMneparypa, Bo3pacraer ranKe HHTeH-
cuBHocrb ynrtpaSuoJreroBoro _HsryrreHnfl no ry cropoHy or 230 A
u BMecre c Hefi spKocrb 1,4686. oAnaxo sro roapairaHr.re flpKocrrr
nponcxoAr{T JIItIub AO Tex IIOp, rroKa onTHrrecKaff ToJru{a cJrof r.roHH-
3oBaHHoro re.ilHfl B coorBercrByroulnx gacrorax 6yaer ocraBarbcfl
6orrue eAnnurtbr- a y.rrrrpaQnoreroBoe usnyuenae (i, < 290 A)
noqrn noJrHocrbro 6yaer norJrorqarbcfl.'

OAgaxo npr{ AHccuila\Hn o6o.noqxs Hacrynaer MoMeHr, KofAa
oHa cTaHoBHTcfi npo3paqnoft Arq AnnH BoJrH, MeHbrrrHX, .{eM 230 A,
Itr ror.{,a, HecMorpr Ha BbrcoKyro reMneparypy rrpa, ilLr[rrfl. 1,4696
HaquHaer cna6em.

C.[e.4osareJrbHo, KorAa onrnrrecKag roJrrrla o6o.noqxn floqra
PABHA EAHHI'UE, JII{HHS I"4686 AOCTNIACT CBOCfi MAKCHMAJIbHOfi HH-
reHcHBHocru. couacso lllyrnypa roaQQnuHeHr rorJroqeHuq He+
r.roHa B o6, ' racrH or l , :230 A paeeu 0,12.10-rz,  r .  €.  nppr onrnqe_
cxoil ronule, panHoli eAuHHr{e, rrHJrr.rHAp c rroflepeqHbrM ceqeHHeM
I cnt2 4o.nxeH coAepxarr s ce6e 8. 10rz He+-HoHoe.

Mu se pac[oJraraeM Hr]KaKHMH ToqHbrMu QorouerpnqecrnMra
Ha6.nrcAeunfiMu MaKcHMyMa srofi u.nu uHofi ;runux n cn&rpax Ho-
eblx. OIHaKo Kaxercq, qro B cryr{ae Hosofi Xnsonucqa gToT MaK-
cr'rMyM HacrynHJr qepe3 Tpr{ rcAa nocJle BCnbrruKH. Tar rar cxo-
pocrb pacrrrHpeHufl Har{6oJree HHreHcHBnOrt O6oro.rxn Hoaofi xuso-
nHcrla 6nla 300 xu/c, ro paAHyc o6ono,{xH B MoMeHr MaKcHMyMa
1"4686 AoJrx(eH 6u.t 6url nopagxa 3. l0t5 cu. OrcrcAa creAyer, qro
o6utee trr{cJro He+-HoHos e o6oroqre 6uno nopffAKa A. lffe. {.

.(.nr onpeleJrennr Bcefi Maccbr reJrueBofi 
^o6o.[o.rxn 

cd,reAyer
cloAa Ao6aBHrb rrncJro aroMoB He a He# (a-vacrnu). tluc.rro aho-
Mos He oqeHb MaJro H Mo)KHo nu npeue6peur. t{nc.no a-qacrnrl
MOXeT 6Hrs suqucJreHo us Qopuynbr r{oHHsaIIUU. nnn groro AoJr.
xno 6url H3BecrHo qucJro cso6oAnblx gJIeKTpoHoB s eAr.IHHqe o6t-
eua. OAHaKo, KaK B cnyqae 3Be3A runa Boar$a-pafte, cneKrpbr
Hosbrx yKashrBaror Ha ro, rITo B lrx o6onoqxax ie.nnfi npucyrcrByer
B 3HaqHTeJrlHo 6o.nuuux KoJruqecrBax, r{eM BoAopoa. 3ro roBoDHT
o roM, qro B nepBoM npr6nnxeuHH Bce cso60AHhre sJreKTpoHbr;o-
ryr crlHTaTbct oTopBaHHbIMH or aToMoB reJIHt' L JIefKo IIoHtlTb, rITo
ABax(Abr HoHH3oBaHHbte aroMbr teJrHg 6yayr HaxoAuTbcs s 6oflt_
IuHHcrBe. flosron,ty

l l s : ) f L . ,

r[e nd.- t lncJlo a - qacrnil B Ky6uqecKoM caHTnMerpe.
TorAa Sopr'ly.na HoHH3auHH npHMer BH,(
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620 000
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t.{e /?Hg*-r{Hcro He+-uoHos e I cM3 u lv * MHo}KHTeJrb ,u,HnrcrrHn:
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4akmr
(3)

O6rqee qucro aroMoB B o6onoqKe noeroMy

T"l,
l - - - a - ,"(Wm

11 :-! nr"t, (4)

orKyAa BHAHO, trro npa oAHHaKoBofi rerr,rnepaType N [poflopllHo-
HaJrbHo r'r" nilri L"!^; Hexoropue aBropbr rrpnAepx{r{Balorcff

B3rJIflAa, qro Lmar AJrr BCeX HOsbrX (nCr.nrcUan <[CKJIrOqHreJrbHbIe
Hosue> rnna S An4poueaur) HMeer norrrr{ oAHo r{ ro xe 3naqe-
HHe. B groM cnyqae Macca au6poureHuofi o6o.noqKu raKlKe rrpu-
6.iu.rsnrerrHo AoJIxHa 6um nocrognuofi.

Ecrn npuHrrb, qro Hosan B MaKcr.rMyMe Ha I  lm apue Connqa,
TO AJIfi MaKcHMyMa nonyqaercfl r:1013 clt.

Ecna noAcraBJlffrb cHoBa f:7000' vr &:5,62.101s yzla (rae
x-[oreHrIHaJI HOHH3arIHlr  B 3reKrpOH-BOJrbTaX, a A-aroUnrtf i
aec) t.r npeAnoJrafarb, qro o6o.noqKa cocrouT, fJraBHbrM o6pa3oM,
It3 BoAopoAa vilr4 reJrlrs (unu HX cuecu), ro [onyqaercfi N:
: 4 .  1 0 5 0 .

Ec"ln npuuflTb, rlro cpeAHlrfi aroMHblft Bec B o6ono.Ixe paBeH 4,
qro, BeporrHo, 6JrHsro K AeficrBHTeJIbHocrI{, To Macca o6ofiorlxpl
Syaer &:2,6. 1027 r, T. e. BerHqHHa nopsAKa oAHofi ruu.nnuonHofi
coaHe'{Horl MaccbI.

$ 2. !,pyrofi cnoco6 orIeHKH Maccbr nu6pourenuofi o6oroqxu
ocHoBbrBaeTcE Ha onpeLeJteHHH MoMeHTa, KorAa gMLICcI{OHHa.fi nO-
.noca He+ ̂  4680 Aocinnaet MaKcHMyMa csoef i  rpKocru.

O6uruoeeHHo B cneKrpax Hoenx rorr{ac rocJle MaKcuMyMa Hx
tpKocTfi noflBJlfflorcg 3MHccHoHHble noJlocbl aroMoB c HH3KHM IIo-
reHrrHaJroM r{oHn3arrru (H u Fe+) H JrHIIrb qepes HeKoropoe BpeMfl
ua6.nrcAaercq nofloca l, 4686 He+, Rpxocrb Koropoft 6ucrpo pac-
rer H no3>Ke Haql{Haer yMeHblxarbcg. 3to flBJIeHHe uoxer 6rtrs
r.rHTepfiperupoBano B cofJIacHH c reopnefi cse.IeHLIa tynaaunocrefi
c,treAylou1au o6paaou.

Teuneparypa fiApa Hoaori pacrer oqeHb 6uctpo. I,Is.nyuenne
rApa 3a rpauuuefi raasHofi cepuli 11s+ (230 A) 6yaer noJlHocrblo
norno[Iarbcff o6oroqxoft H co3AaBarb B nocJleAseft HoHH3aIruIo
H+-uoHoe. flpu pexor"r6ssaIlHgx Bo3HHKaer Mex(Ay npoquM JIHHHa
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Cor.nacno BbrIIIeH3nox(eHHoMy

Kpoue roro,  npu r* :  l0 l l  cu
x l0-0.

Ec.na npuusrt T:62 000o, qro coorBercrByer 3Be3,tI,aM Bo"rrrQ-
Pafie c aprofi  no.nocofi i ,4686, ro r{3 (5) nonyuxrce. nq:1,8.105-

C.leAosateJrbno gucr'Io He+-uonos AeficrenTeJrbHo MaJIo no cpaB-
HeHUIO C TIHCJIOM C[,-qaCTHq.

floluoe qHcJro ator,toe He (e pas.nuuHbrx cocroflHrflx HoHr.r3a-
uuu) no gcefi o6onovxe 6yAer N:1052, qro B 25 pae 6orblue, ueu
qucJro, HariAensoe flepBbrM cnoco6ou.

HeAocraroK groro MeroAa cocrouT B ToM, rrro MoMeHT MaKcH-
naa.nruofi spKocrr{ JIHHLT:II },4686, ucnycKaeMoft o6o.uoqxofi, onpeAe-
JI.[eTCr HeAOCTaTOqHO rOrrHO He TOJTbKO H3-3a nepeMeHHOCrH He-
[pepbrBnoro cneKrpa, c KoropbrM o6brKHoBeHHo cpaBunBaercfl rp-
KOCTb, HO TaKXe BCJIe/ICTBLIe TO|O, IITO 3Be3Aa qepe3 HeKOTOpOe
BpeMs nocJre BcnbrIIrKH upeBpaqaercs B 3B$Ay Bo.rrrQa-Pafie
c orHocnreJrbHo spKofi .nnsnefi .1,4686. Kar pas B cryqae Hoeofi
Xneonucqa Ha6rpAeHnq He ,{,anr Bo3Mo)KHocrH orAeJrr.rrb Apyr
or Apyra 9rr{ ,[,Ba MaKcHMyMa. floeroruy BhrrrrenpnBeAeHHoe qHcro
cJleAyer 3HaqnTe.rrbHo yMeHbrlJutr. Becrua BeposrHo, uro,u,eficren-

reJlbHar Macca o6ono.rxu noprAKa 
l* OOO 

O

Mero,q $ 2 6u.tr yxe npHMeHeH, no cyqecrBy, 3aHcrpa K nJra-
HerapHbrM TyMaHHocrflM, H Hx Maccbl oKa3anucb paBIrEilMH 0,01 co.rl-
uequofi Maccbr. CneAosareJrbHo, Maccbl nJraHerapHbrx ryMaHHocrefi
B HecKonbKo rbrcsq pa3 6o.naue uacc o6orover, nu6poilIeHHbrx
HosbIMH. Kaxercs, rrro ocgoBHoe pa3rurrlre MexAy grHMH AByMfi
o6rexraun cocror{T KaK pa3 B Hx Maccax.

B gar.rpqeune Mo)KHo ynoMrHyrb, qro o6a panuoBecubre co-
crosnr{s Hosofi Ao r.r nocJre ee BcnbrrIIKH orrnqarorcn ,rtpyr or Apyra
no cBoefi Macce He3HaqnTeJIbHo.

f lYqEBOE PABHOBECHE
N POTf lXEH HOH OOTOCOEPbI

l. O6tsureHne aHoMaJrbHbrx uBeroBbrx reMneparyp 3BesA pan-
Hero rr.rna Moxer 6urrl safileno lu60 B ceneKTItBHOM nOfJrOqeHHH
cBera B MqIGBe3AHOM npocrpaHcrBe, rH60 s oco6eHuocrax Quauue-
cKoro crpoeHus aruocQep u QorocQep srnx 3B$A. Huerculuecx
B Hacrosrqee BpeMs AaHHbre Ha6nrcAeuufi uoryr 6url npnne/I,eHbr
B COfJIaCHe C noeHqnft o6enx roqeK speHHt. OAnaro HaM Kaxercfl,
qro corJracHo HeKoropbrM na6nrcAarerbHbrM AaHHbrM O6tRcuenHe,
yqr.IThlBaroqee oco6eHuocrl cauorl 3Be3Ahr, rBJrffercff 6olee ecrecr-
BeHHbrM. MUr nueeu p BHAy crarricrHqecKyro KoppeJrflrrnrc (nali4en-
nyrc fepacnnronaueu) MexAy aHoMaJrbHbrMH reMneparypaMu 3Be3A
paHHefo rvna u ux a6co.trorHbrMtr Berrir{HHaMn; 3areM HeKoropyp
TEHACHUHIO 3BE3.U, B.TNNA C 9MI]CCHOHHbIMH JIHHH'MH (B') S biO.
pouy 6oruuHx 3Har{eHnli xo.nop-HHAeKcoB; H, HaKoHerI, 3HaqHTeJrb-
Hyro. pa3Hnrry Me>KAy reMneparypaMn (sa Koropyto yKa3aJr
T'. AMOAPqYMSH), BIiIqHCJICHHbIMH METOAOM 3AHCTPA NO JIHHHffM
BOAOpOIa H no JrHHr..rflM HOHH3OBaHHOTO reJlrrfl Anfl 3Be3A THna
Bo.rrsQa-Pafie. lloc;reAsnfi rryHKr, HMeHHo 3aBbrrrreH'e reMrrepa-
Typbr, BbrrrHcreHHoft no ,'raHHtM HelI, Hal taxosofi, shrqfic,'IeHuoft
rlo BoAopoAHbrM JrHHr.rrM, BpsA JIH Mo)KHo o6tscsNrl HeAocraroq_
HIIM nofJrorrlegneM BoAopoAa. 3ro cxopee yKa3brBaer Ha orKJIoHe-
HHe xapaKrepa H3JryqeHHs 3Be3A runa BolrQa-pafte or saKoHa
llraHKa a ga.nexoil y,ulrpaQnorerosofi qacru crreKrpa.

Censsteaq aHoMa,{bHbre rlBeroBEre reMneparypbl 3Be3A B-tuna
c oco6euuocrqMr.I l.rx QnsuvecKofo crpoeHHq, Mbr norrbrraerrrcs safiru
npHqHHy ero-fi agouar:g.w B orK!'IoHeHHu rpunoft pacnpeAe,'reHr.rfl
gHepfur.r or Qopuynu flnaHra. Teopux JyrleBoro paBHoBecnfl Qoro-
c$epnux cJroeB, Koropan xopomo o6tscHser cnexrpu HopMa,rb-
Hbrx 3Be3A, npItBOAItT K 3aKOHy n.rraHKoBcKOrO pacnpeAeJleHHff
B IIPEINOJIOXEHUI{, UTO TOEQQHIIHEHT NOIJIOIqCHI{ff HC 3ABHCI.IT OT
.qJrHHbr BoJrHbr. Kaxercq HerrpaBAono4o6nuu, .no6br xoeQsuqnenr
norJrorrleHr.rs. KaK QyHrur.rr I.rIHHbr BoJrHbr Mof 6u cyulecrBeHHo
pa3rnr{arbcr or olnofi 3Be3Abr r apyrori. Ec.nH uu o6uuHo npu-
HHMaeM rH[Ore3y nofJrorrleHHfl Cepofo TeJra, KofAa r.rMeeM AeJro
c o[peAeJIeHHbrMH THIaMLI 38e3.[, To Ka3a/'Ioct 6u 6oaee ecTecT-
BeHHLTM rrpeAnoJroxxrb o Bo3pacraHun nofJrorqeHnq B y.unrpaQuo.
.leroeoft qacru c[eKTpa. B sror\.r cJryr{ae, KaK JrerKo BHAerb, Mbr
I.{MeeM He ns6brror H3,{yqenr4q, a uao6opoT, HeAocraToK ero. Coxpa-
Hsr fHnore,3y ceporo nofJrorqeHHfl, Mbr MOXeM noJryqHrb yJrbrpa_
Qxo,reroeufi us6blrox nyreM npeAnoJrox(eHr.rfl, qro reMneparypa Bo

Mbr HMeeM ,".':f'*# :270.
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BHe[rHr{x croqx 3Be3AbI Bo3pacraer xax Synrunt onrlaqecxofi r.rry-
6usu guaqnreJlbHo 6ucrpee, qeM aro cJleAyer ng o6uqHofo roJIKo-
Balvr, ryqeBoro paBHoBecnr $orocSepHlnx cJloes. MoxHo noAY-
MaTb, qro paclpeAeJreHHe TeMrlepaTypbl y HeKoTopblx 3Be3A ycra-
HaBJIEBaercs He npIt ycnoBHH ryqeBoro paBHoBecl{fi, Ho upn
HeKOTOpOM HHOM yCJIOBI'I I4, TaKOM, KaK KOHBeKTHBHOe paBHoBecl{e.

OAsaxo nepeHoc paAHauHH B 3Be3Aax Hfpaer croJlb cyulecrBeHHylo
poJrb, qro Aa)Ke npH TaKHX ofpoMHblx cKopocTflx r IoToKa MaTepHH,
KaKHe sa6nnAaorcs y 3Be3A Bo, ' r lSa-Paf ie,  roHsexrueHblt i  nepe-
HOC TenJra He MOXer CyilIeCTBeHHO H3MeHHTb paC[peAeJIeHHe TeM-
neparypbr,  3aAaBaeMoe ycJIoBHeM ryqeBoro paBHoBecI{o [1] .*
C apyrort cropoHbl, BbIqHcJIeHHt rloKasaJln, ttro reMneparypttuft
rpaAHeHT npw agvta6arl,rqecKoM paBHoBecHH He Mo)Ker yAoBJIerBo-
pHTeJrbHbrM o6pasorvr o6rscnurl xapaKrep cneKTpa raKI.Ix aHoMaJIb-
Hbrx 3Be3A, KaK, Haf lpnMep, P Cygni.

I,{s enuenpuBeAeHHE{x coo6paxensfi cteAyer, qro Ans o6tnc-
HeHHff asouarufi qBeroBbIX reMlleparyp 3Be3A paHHero rxna npeA-
craBJrrercr san6o;lee p aIIHoHanbHbIM coxp aHI.ITb ycJIoBHe ryceBofo
paBHoBecus npn rrrnore3e cepofo norJIoIqeHH* Ans Qoroc$epnux
cJroeB HopMaJIbHbIx 3Be3A TeOpI{fl nyrleBoro paBHOBecHt IaeT CJIe-
Ayroqyrc 3aBHcHMocTb qepHoreJlbHoro l{3Jlyqenuff ̂B or onru'recxofi
uv6nnu r:

B :  B o  ( t  +  * 4 .
3ra $opuyJla cnpaBe,qJII{Ba B npeA[oJIoxeHHH, r{ro paAI'Iyc KpH-
BH3HbI QotocQepnblx cJIoeB 6ecxoneqen. llpunnrtaafl, oAHaKo, qro

BHerxHHe c.nou xpaftHe nporrx{eHHbl, T. e. paAuyc r 3aMerHo MeHs'
ercr c onrgqecrorl r.ny6nnofi r, $yHxUrln B(r) 6olee ne 6yler
rrpeAcraBJrena Qopr'ry.nofi (l). B atorr,r cfiyrlae reMneparypltufi rpa-
,qHeHT 6yaer fopa3Ao 6o.nee 3HaqHTeJIbHbIM, rIeM 9ro cJle,[yer n3

Qopn,tyau (i), Lt uu npno6peraeM Bo3MolKHocrb uoryqurb ano-
MaJrbHoe pacilpeAeJleHne aHepfuu B cneKrpe. Tot Qarr, qro HeKo-
Topue sBe3AhI paHHefo rur la Mofyr o6laAarb qpe3Bblr l4f iHg_pacrq-
uyiuuu QorocQepaMl{, Kaxercfl BnoJIHe ecrecrBeuHblM. V ssesA
THfia Bolr$a-Pafie u P"[e6eaq noroK BelqecrBa Moxer HasH-
Harbcfi c oqeHb 6onrruofi onruqecxolt uy6uHu, a raK KaK rIpH
au6poce BeIIIecrBa nJlorHocrb Bo3pacraer or{eHb MeA,'IeHHo c f,'Iy-
6nuofi, ro H3MeHeIIHe onrnsecxofi r.ny6uHu 6yler npoacxoAnrb npll
gHaqfirerbHoM H3MeHeHI,tu paAl{yca. Moxer 6bltl, HeKoropble
38e3,[bl rnna Be npe.qcraBJltlor aHaJIor[tIHbIe IIpHMepbI. HaroHeIr,
3Be3Abr ruua B c a6cop6uHoHHbIMH crleKrpaMn H aHoMaJIbHbIMH
IIBeroBbrM H TeMrI eparyp aMI,I, Bo3MoxHo, Ta K)Ke fl BJIf IoTcf, o 6terra rra n

* k\g-sa orcyrcrBlrfl Aocraroqnblx AaHHhIx ornocuTenbHo Qualtvecxnx yc'tto-
safi so BHe[IHHx cJrotx sBe3A Boarrpa-Pafie B yKa3aHuoti crarle orMeqeHo,
qro grH 3Be3Ahr, BO3MOXHO, CneAyer paccMarpl'rBarb KaK scKJIIoqeIIlle K cAenaH-
HoMy BbIBoAy. O4naxo, ocnoBblBatcb Ha pe3ynbrarax $ 7_ nacrosuleft crarba,
HerpyAno BrrAerb, qro reMneparypHble ycJtoBufl Ant 3Be3A Bo,:nQa-Pafie onpe'
ae,/rrrorcr JyqeBbrM paBHoBecIleM.

c qpe3BErqaftno pacrrHyrbrMn QorocQeparr,tn 6.narolapn cBoe-
o6pasHuu ycnoBr.rrM Hx paBHoBecns. BuureyroMquyrne esQexrn
a6co.nrcrHofi serllquHbl, Mox(er 6utr, HMeror orHoueune K aroMy
paccyx(AeHup.

2. PaccuorpHu renepb 3aAaqy ryqeBorc paBHoBecr.rq BHeurHHx
cJIoeB gBe3,[,br, npeAflorarafl, arri^ c.nou cQepHqecKHMH, a Hx paAlryc
3aMerHo MeHrnulr.rMcfl c H3MeHeHHeM onrnqecxofi ray6HHr,r. Vpan-
HeHHe nepeHoca .nyuncrofi sHeprHH

dI
*:  xpB - xpl

Moxer 6nm uepenHcaHo Arq AaHHoro cnyqar e Qopue

aor^ d/ s lnO dlo ; - ;  f  
: x P B - x P L  ( 2 )

B sroft Qopuyae /-unrencnBHocrb pa,{uar{HH, npoxoAqllefi s Ha-
rrpaBneHun sJreMenra nyru ds, x - KogQQt,tu{eHT norJlotqeHnfl, p -
nJrorHocrb, & 0-yrcJr MexAy HanpaBaeHHeM nyqa r{ HopMaJrbro
K noBepxnocrg cJrofl B saAaHuoft roqxe. VcaosHe ryqeBoro paB-
aoBecHfl ,(aer

B:+!ra ' .  (s)
PaccuarpuBafl. x, H p KaK H3BecrHr[e Synruura paAr{yca, MH MoxeM
roryrrnrb 3aBncuMocrb MexAy B u r ns ypaeuenuft (2) u (B).
Toquoe peureHue erofi sara.ru BecbMa c.iroxi6. Mn npousBeAeM He-
Koropbre yrpo[enus, creryq 3AAuurrouy. Bee.{,eM cneAyrorqne o6o-
3HaqeHHq:

I : 4 [ / d c o .  H :  J ,  ( / c o s 0 d c o .  L :  , r  [ 1 c o d 0 d r o .4 i t  J  
'  4 1 t  J  

'  -  
4 n  J - - - -

I4Hrerpnpyr ypaBneHne (2) no BceM renecHuM yrJraM r.r npnHnMat
Bo BHHMaHr.re ycnoBrre (3), uur JrefKo nonyquM

.!!-+2- H :0.
a | r

Orcloaa H : alr2 (4)
- pe3ynbrar orleBnAuufi - a uMeHHo ror, lrro 4nn cQepu noroK
paAHaI\nH B npeAnoJroxeHna ryqeBoro paBnoBecnn o6parHo npo-
noprluoHaJreH KBaApary paAHyca (a s srofi SopuyJre npeAcraB-
Jrser HeKoropyrc nocronuuyro). Vuuoxas o6e ,{acru ypaBHeHHs
(2) Ha cos 0 n nurerpHpyfl ero ypaBHeHHe no dio, rvrrl HaxoAHM

#+*  I  -+L : -xpH.  (b )

Hcnonlsyn ypaBHeHHr (4),  (5) n ycJroBne nyqeBofo paBHoBecnf l

B - 1 ,  ( 6 )
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yl_-y9x." Jenepb rroJryqnrb upu6luanreJrbHoe peueHr.re naurefi
npooneMbr. Arfi 3aAaHnofi roqrH B sBe3Ae o6osHa,rHru qepe3 It
cpeAHloro HHTeHCT{BHOCTb [3rytreHr.rq, BHXO.[fluIero Hapyx{y cKBo3b
TaHreHrluanbHyro nnoqaAKy, npoBe.rleHHyrc qepe3 3ry-Tor{Ky Kaca-
TeJIbHO x csepurecr(oMy cJroro, a qepe3 iz cpeauroro ir""""anu"oc""
u3nyqeHnr, HAyqelo BHyrpb. TorAa, caeayr Ogunrrouy, Mbr Mo_
xeM Harrncart npn6luxeHHbre ypaBHeHn,

r : + [ t , r t , ] ,  H : + l J , - t , l ,  t : * r .  e )
B arou cnyqae Mbr noryrrHM H3 ypaBHenaa (5)

. I :  -3 \nxpar.
3anuueu

dt :  - �xp dr ,
TOTAA

o6pasoeanae nporffxesHofi $orocQepu 6.naroaapr noroKy BerqecrBa
u3 3B$Ahr. flpuauuaa QorocQepy raKoro poAa Ar.rHaMHqecKr cra-
6untnoir, MoxeM JIerKo BHAerb, qro B srom c.nyuae Synxur.rn r(r)
6yaer npu6.nusureJrbHo BbrpalKeHa Qoprraynofi (9). B cauou g,ene,
npu 6onrurnx cKopocrflx HcreqeHHs Mril Mox{eM paccMarpl,IBarb
cKopocrb noroKa BerrlecrBa upaKTHqecKn rrocrorHHoli s npeAeJrax
3naqHreJrbHoro npoMe)I(yrKa H3MeHeHHr r. TorAa H3 ycnoBnfl He-
IrpepbrBHocTl.t Mbr HMeeM

p  -  + .  ( l l )

B erol , t  cnysae r:0 rorrKo rrpn r:R:m. Hs Qopuy.nu (8) un
BH.{,I4M, qTo rofAa u 8:0. flparuerr,I Alln xoeQQHr{HeHTa nornoqe-
HHff cneAyrculyn 3aBHcHMocrb oT reMneparypbr H nnorHocTH:

o px - j c - t .  ( 1 2 )

ar -fid.r.

flocroqHnan C onpeAeJlrercs yc.rtoBHeM, qTo KorAa x::2Hr:o:2H0. 3*acnr, r{cno,rrb3yn Qoprvry.nn (6) tt (4),
XONHM

a: f t r+za

rae { ecrb pa,(ilyc npn r:0.. flpu ua.nnx H3MeHeHHffx parnyca
ara Qopuyrra. sKBr{BarreHrHa Sopllyne (l). <Doprr,ry.rra (g) 

'"piA-

craBJrser npu6nuxeHnoe pelreHue narueli saaa.iH.'
flpe.4no.iroxnru, HanpllMep, rITo Bo BHeulHHx cJlosx 3Be3.rlbr r

H T CBfl3AHbI 3ABHCHMOCTbIO THNA

$ * "". (9)

B groM cJyqae r:0 Ha 6ecKouevHocrr,  T. e.  KofAa R:m, H
nepeufi rrJreH B npaaorl qacrr.r Sopnay,rnr (s) Hcrre3aer. flosroMv
B Cryqae nporopuHoHaJ'rbHocrH rr.rila (g) Mbr HMeeM caeayrouryir
3aBHcItMocTb Mex(Ay TeMnepaTypofi ?n H orrrarrecKofi r.rry6nnbfi:

n + l
4 4
l : l l T

Torla

Ha ocHosannu Qopuy. lu (8) Mbr HMeeM

d B t d r t
d r  1 2  d r  f B '

no3TOMy B - r - n

C Hcuo.nmoBaHrreM 3Toro BbrpaxeHuq H BHpaxeHr4s Anfl, -l

T
t rt : j x q a r .

MbI HaxoAHM, qro onrur{ecKafl r.ny6uHa AoJI)KHa 3aBncerb oT r
B COOTBCTCTBHH C 3AKOHOM

, r  *  * .  ( 1 3 )

Taxuna o6pasou, B Hccd'reAyeMoM cryr{ae rroKa3arelrb n B Qopvy;re
(9) paBeH 4. CrelosareJrbHo, Ann QorocSepHux cJroeB, Koropbre
Bo3HHKaror 6.naro4apn noroKy BerrlecrBa,

5

T : T f i 7 .  ( 1 4 )

4. Tenepr Mhr nolrbrraeMcfl onpeAeruTb Arq pacnpeAeneHufl
reMneparypbr BHAa (14) pacnpeAeneHue eHeprnrr B cneKrpe. Pac-
cMorpHM Jryq, BbrxoArquft H3 3Be3Abr, HarrpaBneHue KoToporo npo-
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, r
I

" I : 3 \ H d r l C .
0

I

l d t
J r 2 ,

0

0 ,  . I :
MbI  HA-

(8)

( l  0)

3lect 7r - reMrreparypa QorocQeplr npn r: l .
it. AJIfi roro qro6u notyqnrb 3aBncnMocrb r or r, Mbr AoJrxHhr

3Harb o6croqrearcraa o6pa30BaHr,r uporxxeuHofi sorocQepnr.Hcc.ne4yeu 3Aecb roJrbKo BecbMa npocrofi cnyqafi, a HMeHHO



IUA[rr'I' HA JIIIHEUHOM PACCTOflHHV A OT UCHTPA 3B$AbI. }1HTETPHPYfl
ypaBHeHHe (2) u npnunMas Bo BHHMaH[re, sro

t--------|-cos o: .{ r _ (+)' ,
MbI HaxoAHM cne,qypx{ee BbrpaxeHHe AJIfl HHTeHcIlBHocru I (}v, a)
Bbrxo,rlrqe ft p a luaunu:

-T *o , ,
€ J l------j-;=" 

''

I(),,  a): t ,  
'  Nt -(;I  

B(?t, T) --\a, a

o,f {  
' - (+) '

+T, L; {ry- r 1;T)' 
- lu,r, 

r)+' I J4N 1 -  \ r /

rn,e

r (1 , a): f iva;m ,-+* '''" (^, rlds,
e

t (0): i ;  \  "/cosec x dx.
o 6

'c:2cl1f|.

2c
T :  - + -- ' / f tosec6'

(15a)

( le)

(20)

(21)

(22\

(23)

(24)

Hs ypaeneHua (17) c.neayer,  qro

1 1  - f a , r  r A r
1 ( 1 , ) : z n c  \ \ y ' a - c o s e c o  e  r z ' " 8 ( 1 ,  T ) d \ d a .  ( l 7 a )

0 0

MH eseleM B gro BbrpaxeHue BMecro o onrnrlecKyI,o ray6utty t
B KaqecrBe Hosoft nepeMeHHofi. Ve coorHoluennq (18) cJle,u,yer,
tITO

3,qecr $yuxuur B()'",7) orpeAenfietcn Qopuynoft flnaHxa:

B Q", T): ct -s 
lr# - t]- '  .

B npeauayureft QopuyJre Av'rr I (?v, a) nepauft H'refpar coorBercr-
Byer H3JryqeHnro, HcxoAquleMy or noJrycQepu, o6pauteHnofi x Ha6-
JIIOAareJrrO, TorAa xax nropoft HHrerpaJr coorBercrByer H3JryqeHr4ro,
HCXoArrrIeMy or nporrrBonoJrox(Hofi nonycQepu. flo.rruafl nHreHcHB-
Hocrb H3ryrreHsF sBe3Abr /(i,) no.nyqaercfl rryreM HHrefpHpoBaHLfl,
BbrpaxeHun I  (h,  a) no a:

_ f

/ (1") : 2n \ I (?', a) a da.
0

I{cnorrsya Qopr'ayny (13) n BbrpaxeHue Arrfl r, Mbr Mox(eM orregr{rb
HHxenpHBeLeHHoe Bbrpaxenue, BxoAfiulee a Qoprr.ry.rry (15) :

rAe c - HeKoropafl nocroflHHaff. BseAeM BMecro ,, nepeMeHHyro
u - yron Mex(Ay HanpaBJreHHeM or UeHTpa 3Be3Abr r ua6.nrcgare,rro
u pa'.lycaM, rrpoBeAeHHhrM K 3aAaHHolt roqxe B 3Be3Ae (a npe4no_
Jraraercq nocroxnHoft). Torla Bbrpa)r(eHHe ( 15) 3traqhrerbHo
Inpoqaercn. B pesy.rrbrare HeMHorr{x npocrbrx npebopasosaHr.rfi NrH
6yaeu HMerb

Tar xax s in 0:o/r ,  ro

llpeo6pasyeM nepeMeHxne noA 3rraKoM AeofiHoro Hnrerpana Qop-
MyJrbI (l7a), l,tcnonbsyfi coornorlleHue (21) u coxpaHfit nepeMeH-
Hyro 0. TorAa

T  / - i
/ (1"): J}nca \ r (r, r) + \ s-" /-'* 6 r!'(e) sln g 49.

d ' o -

Ha ocHosanHn $opruyru (20) MbI BHALIM, qro rlocroquHat c, Bxo-
Asrrlafl B Bbrpa)KeHae Ailfr /(1,), r'aoxer 6nm 3aMeHeHa Ha Rr-pa-
AHyc 3B$AbI npH t:1.  C nououi lo Sopuyn (16) u (14) nau ua-
xoAHM OKOHqaTefibHOe BbIpaxeHne AJI' pacnpeAereHHq gHeprHH

B cneKTpe aHoMaJIbHoft ssesAbl paccMarpuBaeMoro rLI[a:

/ (l') : nR?Cx-u n(f, r,),

@ f  c z  1 - l
l. t ------Tr- | d1

E ( ? " , T ' ) : \ L e ? \ r n ' t '  - 7 J  @ ( r )  ; ? - ,
0

I
O (t) : Z \ r-" 

y'-cosec o u (o) 
sin 0 d0.

0

3rn QoprrryJrbr HMenr B[o,rne onpere,'IeHHnft Qusnvecxptft cMbIcJI.
@ynxuun tD (t) 3aMeulaer o6uqHuIfi sKclloHeHqua.tluufi Qaxrop
a6cop6unra, rofAa KaK gHaMeHare,'Ib t4, KaK BHAHo ns $opnay.nnt
(20), npeacraBJrser BeflHrrnHy, o6paruo [ponopunoHanbHylo nJIo'
UIaAH n3!'Iyqarcqero AHcKa.
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(16 )

( t7)

rAe

(18 )



,^$" Teflepb BhrBeAeM Bbrpax(eHl.re AJtt nJrorHocrH H3nyrreHufi
p(^, Bo BHeurHHx cloqx gBegAbtr, T. e. Tex, r,q,e r(l. Ors c.llou
Moryr 6brrr HaseaHbr arMocQepofi 3Be3AbI, nocKoJrbKy HMeHHo
B HUX O6paayrorcr cneKrpanbHbre JTHHHH. flpene6pex-errl pa$ua-
qnerl, HsryrraeMofi arrr,toc0epofi 3Be3Abr. Oro 

'snoaHe 
aonycrnMo,

oco6enuo rorAa, Kor.u,a Mbr BbrrrHc.flnerr.r p (1,) Anff KoporKoBoJIHo-
Boro H3nyqeHas. Enq roro qro6u suqncnnrt  p(1,) , 'urr  BBeAeM
B BblpaxeHHe

p (t) : * I, (?,,1 d.a : +1, t^l sin go doo

3HaqeHHe 1(f), Aaeaeuoe Qoprr,rylofi (l5a). 3,qecr 0s ecrb }lroruexAy HanpaBneHneM nyqa H HanpaBJreHHeM HOpMarn B HCCneAye_
uoft rovxe, a c - cKopocrb cBera. I-lpra cyurecreeHHo 6o.rrrur"ou
R - paccroflHtr ToqKH n aruocQepe 3Be3Abr or ee qeHrpa - Mbr
noJryqr{M B oKoHqareJrbHoM Bu,[e Bhlpax(eHne a.nr p(1,):

p (l) :0 
+ C?;58 (?u, T,),

r,ne 6 npeAcraBnser co6ofi o6srqguft earrop AHJrrortHH:
-  t  /  p .  \ 2o : i ( t ) . (26)

MH suAril,r, qTo nocroflHHafl Rr HfpaeT poJrb paAHyca HopManb_
Hbrx 3Be3A 4na o6rerroB paccMarpHBaeMoio runa. flpyran flocro-
frHHafl ?1, KOropBff paBHa renaneparype 3B$Abr ua paccronnnn Rr
or qeHrpa, npeAcraBJrser 3aM_eHy (erauna;leHr) AJrfl TeMneparypbr
Ha noBepxHocrH. _Tt Mox€r 6HrE ssrqHcJreHa H3 cpaBHeHni {50p-Mynbr (22) .c ua6"urc4aeubrM pacrpeAeJreHHeM sHepfHr.r B creKrpe
3Be3Ahr.

5. Tenepl r'rsr nepefi4eM K KoHKperHbrM npHMepaM suqHcneHnr?
igSglrpe4erreHufl oHeprnr{ B cleKrpe, Hcnonb3yff fopnry;rn (22)_
(24). llpexae Bcero Mbr AoJr>KHbr orMergrr,- .ryo qopuyna 1Z+;coAep)Kr.rr . .QyHxqurc rp(0),  nuvncrrf leMyn H3 ypaBHeHnx ( iS1. ia6-

.nuqa erofi QyHxqHn, rrocrpoeHHar nyreM trHcJreHHOfo r.rHrerpHpo-
BaHHfi, npeAcTaBJIeHa HH)Ke.

C uououtrrc grofi ra6lnqal crauoBr{rcs Bo3Mo)Knbrrr,r ra6ynnpoBarb
$ynruzro (D(t), onpererrreMyn ypaBHennena (24).

0 , 0
0 , 2
0 , 4
0 , 6
0 , 8
1 , 0
1 , 2
t , 4
1 , 6

2 , 0
2 , 5
3 , 0
4 , 0
5 , 0
6 , 0
I , V
8 , 0

3 , 5 4 .  1 0 - t
2 ,77
r ( o

8 , 3 4 .  1 0 - 2
2 ,76
8 ,28  .  l 0 -3
2,68
9 , 0 6 .  l 0 - 1
2 ,94

9 , 0
1 0 , 0
1 2 , 0
1 4 , 0
1 6 , 0
r  8 , 0
20 ,0

9 , 8 4 .  l 0 - 5
3 , 4 2
3 , 9 8  .  l 0 - 6
4,87 .  t0-7
5 , 6 7 .  r 0 - 8
7,26 .  10-e
8 , 2 4 .  1 0 - r q

B erux ra6laqax ilocJreAHue BeJrHrlHHbr asaqesnfi o6eux QyHxuufi
Moryr oKa3arbcr He BnoJrHe Ha,4,ex(HbrMr.r. C norraoulno ra6"unr{ur
Qynruun (D (t) HerpyAHo BbrrrncJrr.rrb no Qopuy,rarrl (23) u (22)
pacnpeAeJleHr.re 3HeprHH B C[eKrpe Arq o[peAeJreHHoro 3Har{eHnff
TeMneparypbi ?nr. Mu npoleJraeM srn BbrrurcJreHufl. Als. HeKoropblx
H3BecrHux o6temos.

3neaga P Jle6elc. Cnerrp orofi ssesAbr rHrra 81 xapaKrepH3y-
erct tpKHMH 3MHccr{oHHbrMH Jrwrr4s.Mr4 H H Hel. Kouryprr nwuui't
Il cMeIIIeHHq Hx a6cop6qHoHttux cocraBJrflIolqux noKagbrBalor, qro
noroK BeulecrBa Hs srofi 3Be3Ab[ flpoucxoAHr co cKopocrtMla no-
pqAKa 150 xu/c. Do.rlruoe KoJrlrqecrBo He[ocpeAcrBenHbrx c[eKTpo-
QoronerpHsecKux aeuepeHufi pacnpeAeJreHns sHeprHH B cneKrpe
Aaer 3HaqeHHe reMreparypbr B npeAeJrax 6000"-7000o ,{"ra yua-
crKa cneKrpa or 400 ao 600 r.'rxu. CornacHo AroQaro [2] Ha6arcaa-
eTcfl TaKxe HeKoTopaff TeHAeHUHR K BO3paCTaHriIo reMlreparypbl
c yMeHbrIteHHeM ,4,,'IHHbr Bor'rHbr. llocronsxy cneKTp 3Be3AbI npHHaA-
JIeX(HT K THny Br, HOHH3&UUOHHafl reMneparypa AOJr)KHa COCTaB-
.I l r rb oKoJro 1800ff .  Hnuuu cJroBaMH, pac[peAeJreHne 3Hepfuu
B cneKTpe erofi ssesAbr Aod'IxHo 6utrr raruM, KaKoe coorBercrByer
3naqeHr.rlo reMneparypbr oKoJro 18000o ,[,Jrs MaJIbrx BeJrr.rqHH AJrHI{
BoJrH f lopf l4ra 500-10004. HsuepeHun Eurca noJrHblx HHTeHcHB-
Hocreft BoAopoAHhrx r.r reJrueebrx rrlHHft B coqeraHr.rH c npHMeHe-
HHeM Mero4a 3aucrpa r arnaocQepe arofi 3B$Abr npnBoAflr K TeM-
neparypaM BbrrueynoMflHyroro noprrAKa [3]. Cpaauenue Sopnayru
(23) c AaHHbIMH sa6;lnAennfi noxasugaer, rITo xopouee corlacne
Mexay reopernqecxofi n H3MepeHHofi re*rneparypaMl{ uoxer 6utr
Aocr[rgyro, ecJIH npuHsrb Ir:5560". Mn n npI.IMeM 3ro 3Haqe-
nne Tr. Huxe ME{ AaeM 3uarreHHr Qynxurla E(lr, Tt), BbIqLIcJIeI{-
Hbre ,u,JIrr pa3fiHr{Hblx .rLJrI{H BoJIH:
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4,  00
2 ,92
9 9 '

t , 6 7
I  ,28
9 , 7 6 .  1 0 - l
/ , o t
5 , 8 2
4 ,50

(25\ t

I

i

rl,' (0)€p 04 tl, (€)

00
9o36,

1 5 0
300
450
600
750

0 ,000
0 , 1 5 0
0,262
0 ,524
0,785
t , 0 4 7
1  ,309

0,000
0,  387
0 , 5 r  2
0 ,7n
0,896
I ,044
1  , 1 8 0

900
I 050
I  200
I  350
I 500
I 650
1 8 0 "

| , 5 7 1
I ,833
2,094
2 , 3 5 6
2 , 6 1 8
2,880
3 , t 4 2

I , 3 l  l
| , 4 4 3
1 , 5 7 9
t , 7 2 6
I  ,895
2 ,  1 1 0
2,623

6 l



l r  : 500
tr : :  I  000
l r :  4  000
l r  : 5  000
ls :5 875
lo :6 563
l z :8  000

4 , 1 8  .  l O - E
3 , 6 1  .  1 0 - 6
2,76 . l0-3
7 ,14  .  l 0 'E
1 , 3 8 .  r 0 - 2
2 , 0 1  . 1 0 - 2
4 , 3 .  l 0 - 2

l r )  :21 300"
l r ) :  15  100
?ti: 7 500

lo ) :  7050
l z ) :  6000

xt E (1,,  T , \  An. (28)

T (?v,
T (|,r,
T (1,",

T ()ra,
T (1v,

| ,t,

3Haqr.rreJlbHo ynport(anrcfl, nocKonbKy BerHqHHbI AJIn lfu a,
0 '

yxe ra6y.nnpoBaHbr B crarbe, I{3Jlararculefi ueroA 3aHctpa. ,[,.nn
BoAopoAa npn npuHsroM 3Haqewnu T1 .rs paBHo 32,6. Mu 6y4eu
yrrHrbrBarb Bcro norJloIqeHHyIo yJlbrpaQuolerosylo paALIaIlHIo 3a
irpeAerar',ta .IlafiMaHoscrofi cepuu, nocKoJlbKy 3aAaeM I/" (6563 A).
Tbraa /n:0,0115, KaK sro BHAHo L.t3 sblcgcreHllfi. Ans HeI
xo:51,27. Orpannvunascl Hau6oJlee HHreHcHsHofi lHuuefi 5875 A,
Mbr noryqaeM A":0,0011l.  Hcno; lrsyn [oJIyqeHHbIe 3HaqeHHt
r,ns, An, MbI MoxeM onpeAeJll.tm T no Qoprray;re (27). ?rn T 6yayt
noryqeHbr ua6nrcAareJleM, HcnoJlb3ytournM MeroA 3aucrpa. Hsxe
npeAcraBJleHa oKoHrlareJlbHafl cBoAKa, n roropofi sa6lrcIeunR
(gauHne Euncou .q;rs H n Hel) conocraBJleHbl c pe3yJlbraraMx
Teop err..rqecKoro p acqer a :

Teunepa rypa

3Ha.IeHI-Is T (?ri, ?ra), co,lepxaquecfi B rperbeM cro.u6qe erofi ra6-
JIUI{bI, sBJrrarcs cpe,u,HHMH r.r3-AByx E(?u, T) u E(}rx, Ir), abr.{Hc-
JreHHbrMH C HCnoJrbsOBaHr.reM QOpr'rynu fi"nauxa. Taxpru 

-o6pasoup

oHIi npeAcraBJltror 3gaqeHnfl, Koropbre ua6.nnAareJlb Aonx(eH oue-
Hr{Tb npH H3yr{eHHH pacnpeAeJreHH' 3HepfHH B cneKrpe. Mu Br{AnM,q-To BbrqHcJreHHOe pacnpeAeJreHHe xopouo corJracyeicn c reM, Ka-
KOe QaKrHqecKu ua6nrcAaercr. [ax roro qro6* [poBecrH 3ro
cpaBHeHHe noJIHee, Mbr Aonx{Hbr TaKxe paccMorpeTb TeM[epaTypbl,
xoropEre^Moryr 6urt [onyqeHbr ans erofi seesAhr c [pHMeHeHHeM
MeroAa 3ancrpa. Mu 6y.lev r.IMerb Bo3MoxHocrb cpaBHHTb HarrrH
pe3y"'Ibrarbr Bb{rrucreHurl c AanHulrlu Bunca.

MeroA 3aHcrpa B rrpeAnoJroxeHun qepHorerbHoro H3ryqeHur,
"qaer cJreAyrouee ypaBHeHHe Anr onpeAelenns 7n:

I (He I)
? (H)

I (cn. Sor.)

25 000"
18 000
6 000

23 0000
16 650
7 050

(27)

3Aecu x :h r t l (kT) :c r l ( ) "T) ,  f ,o -3Har reHne x  npu u :v0r  !o_ou-
CTOTA HOHH3AUHH AAHHOIO SJICMCHTA, A .,4N NPC4CTABJIflCT IIOJIHYIO
orHocHTeJlbHyro HHTeHCHBHOCTb sMHCCr.rOHHOfi, nuuwtt aaHHoro sJre_
MeHTa, noAeJreHHyIo Ha AnHHy BoJrHbI JrrrHHr4, .f lcHo, rITo Arfi Ha-
ruerc cry_qar pacnpeAe.reHuq aHepfHH B cneKrpe ypagHeHr.re (27)
,4oJr)KHo 6Hru saMeHeHo coorHollreHueM

3sesAbr Bo;rrSa-Pafie. 3ro o6terrtl c HcKlloqurerbHo BbJco-
rofi nonepxnocruofi reMneparypofi, ns Koropblx nu6pacunaercfl Ma-
Tepr{s. floerortty trpeAcraBJIfier HHTepec BErflcHI{Tb Bon.poc, Ha-
cKoJIbKo yAaqHo Mo)Ker 6uru onucaH Hx Herlpepr{B,Huri cnerrp
c uosuqufi sauefi cxeMhl. ,[,rs sses.u, rnna BoltQa-Pafie sau6o-
JICE TIANHqHbIMIT MO)KHO CIIHTATb CJIC,U,YrcUIHC AAHHIilC. TEUNCP ATYPA,

onpeAeJrfleMaff MeroAoira 3ancrpa no JIHHLIH 4686 He II, cocTaB,'Iqer
70 000' [3]. BoaopoAHble ,'IHHHH y orllx 3Be3A ornocltreJlbtlo cra6n,
H Mbr MoxeM npHHflTb Arq reMneparypbl, BbIrIHcreHHofi r,IeroAou
3aucrpa f io Ho,3Har{eHHe [opqAKa 30 000o.* 3ro cnnxeHue reMne-
parypbr In-E BoAopoAa coorBercrByer pa3HHue MexAy reMlTepary-
paMH, onpe,[eJl.fleMblMlt no MeroAy 3aucrpa .qflfi qAep nJlaHerap-
HbIx ryMaHgocrefi lro JIHHHfiM LtoHH3oBaHHoro TeJIHR l'I BoAopoAa
(Hel l  H H).  HenocpeAcrBeHHble creKrpoQoroMerpl{qecKHe H3Me-
peHr.rr pacnpeAeJleHfis sHepfHH B cneKrpe 3arpyAHeHbl [pHcyTcr-
eneltr 6briluoro ro,rptqecrBa 3MHccHoHHElx noJloc. Bce xe Ha6np-
AeHHff raKofo poAa Aalor cpeAHIOIo reMneparypy nopsAKa
17 000' [4].

Ilpnrtren,t It:50000o lrq rl{rlHqHofo cJlyqat 3Be3AbI BonrQa-
Paire. .[l,rn raxoro BblcoKofo 3HaqeHHt 11 MbI MOXeM 3HaqI-ITeJIbHO
ynpocrnrb npaByto qacrb Qop*ry.nu (28). Hs BblpaxeHl'tn (23) a.nx
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3ro cooruorreHr.re Moxer 6um no.nyqeHo H3 Qopnry.ntr (27), npu_
I IHMAfl BO BI{HMAHI-IE TOT QAXI, qTO B HAIUEM CTYqAE BbIPAXEHHC
(e*-.1)-t ao.nxuo 6urrs 

-saN.reueuo 
QyHxrrHefi e(X, f,).^B Oop_uy.ne (28)..r ficrrorrb3yercr a.na nupaxenun x:hvl'(if)'.' n npdedn

qACTH S-TOfi $-OPTAYJIbI MhI OCTABHM TOJIbKO OAHH I{, ' ICH, COOTBCTCT-
BYIOUturl nau6onee HHTeHCHBHOII . lt l . lHHu 3J'reMeHra n eu4nuofi ua-
cTH CneKTpa. Tor4a, ecrtn Ir AaHo, MbI MOXeM oqeHHTb 3HaqeHHe
Av, coorBercrByrouee srorl cnerrpanruofi JrwHwLt. Brr,{HcreHHs

* Aarop BHpalxaer
rxQopuauun.
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v , rLAJsrr , t  arv nanuuJl .b l lee sHageHHe noAblHTefpaJbHOH
QyHKTTHH s erofi Qopnayae Moxer 6u* noryqeHo npu MaJrbrx r.
Anq rax'x r Mhr MoxeM npocro noa,o*rri-b-a;i:d"Tor.qa, sa_MeHrg xf fl, na U, Mbt HaxoAr.rM

"fiJ12{,) - r,2y't, 
)#+ da :s,stx'|u

Hcno;rrsyn Qoprrry,rru (28) u (2g), uu Mox(eM Bbrs'cJrHrb 3HaqeHHe
Av AJtf l  np,Hrroro^3HaqeHHfi  Tr.  AJ'n HeII  uu nonyqHM H3 Bbr-quc.neunl i  A, :0,0330, npeAnoJiarar,  qro scs yr l rpab[orerosas
paAHarIHr 3a npeAenaMH HOHH3aUHOuHofr qacrorli (xo : t2,55; cyna-
Mrrpyercr s oAuoi.i lunuu 4686. Arq noAopoAa, orpaHHqr.rBaflcb
lairnef i  . f lo,  l , ru HaxoAr.rM Ar:0,394 (xs :  g, t+O). Hu'o"no"e orr4x
Aar-rHbrx Mbr \lclKeM BbrrrHc,qHTb 3HaqeHHq TeMneparypu 7r1, olleHlrBae-
Mbre nyreM ua6npleuufi:

6. Mrt B''A.JIH' .ITO nocroflHHyro 11 MO]KHO O[peAenHTb Hs pac-
NPEAENCHHfl SHCPrHH B CNEKTPE WTN H3 OTHOCHTCJIbHbIX HHTCHCHB-
HOCrerl 3Mr'rccHoHHUx nnsnfi. B nocneayrcrrlHx paccyxAeHunx 6y-
,4er roKa3aHo, KaK orpeAeJrxrs aQ0exrunnyro reMneparypy f"qgBe3Ab{ npu_ycJroBun, qro Ir H3B€crHa. Kar o6uunol uli-Oyler,i
onpeAennTt ?s6 no Sopuy.rre

I : nR?oT!q, (31)
rAe 1-HHTerpaJIbHae paAgaquf f  3Be3Abr,  a o-11ocTof lHgas Cre-

?i11..!-{RXi?" cropoHbr, Hxrenpupyn BbrpaxeHne aira 1(i.) (cp.
popMyJry lzz)) c yqeroM 1,, Mbr JrerKo Haxonr.rM

n

r :nR?oTl .z  [ [  , i r , *  l ' ao .
0 ,  I  1 P ( U )  I

CpanHxaan sry Qoprrryny c Qoprrly",roli (31), ortr roJryqaeM

(2e)

Teuneparypa Ha6;rrcaen. Teopern,r.

4 - -
T"6 : i /  AT , ,

A:2 [ [  ' j l9 - l '  
do:2,2lt .

olL 
' t1,  (e) J 

*,

(32)

(33)I  (He  i l )
r (H)

?" (cn. Qor.)

70 000"
(30 ooo)
(r7 000)

67 0000
28 000
r4 0c0 Tarnlrr o6paeou, uro*"r"no f/i,

pa3yeTcq B ras, oTIHqaeTcq, xoTq
c rroMoulbro Koroporo Ir npeo6-

H He HaMHOTO, OT COOTBeTCTBVIO-
I{r.rQpu, croflulue e cxo6Kax, noJryqeHbr Ha ocnoBe rpy6ux ycpeA_
sesnfi. cne*poQoroMerpHr{ecxa-a reuneparypa, AaHHar u ruorirqe,
BbIqIrcrIeHa cJreAyrou{uM nyreu. Hs Qopmya (29) u (22) BbrreKaer,rrTo npH BbrcoKHX TeM[eparypax pac[peAeJreHr,re eneprul.r B crreKrpe
Mo>Ker 6urr npe4craBJreHo uilonopuuoHaJrbHocrbro

4  a -

Irlero MHoxnreJrfl y' 2 o6wunoft Teopuu IyrreBofo paBHoBeCHfl, CBr-
3HBarur{efi rroBepxHoclHlro_ reMneparypy 3Be3AH c eQQexruaHofi
r€O. nnanpHMep, AJrfl. P JleOeAn MH noryqnu I"O:6900o.

U noMoulbn Qopuy.nu (31), ec.rrn I"6 nsaebruo, Mbr Mo>KeM
onpeAeJrHrb BeJrHqHHy (1, Koroplro MO}I(HO paccMaTpr{Barb KaK pa-
pHyc sBe3.rlH. c sroft rleJrbro Mbr AoJr)KHu iHarr /,^r. e. a6coaior-
HYIo 6O.TTOMETPHIICCKYIO BCTHTIHHY 3B$AbI. MH IOTAXCIT, KAKHM
oop a30M MO)r(HO BbrrrHcrHTb 60louerpuqecKyro SBe3AHyrO BeJrr{qr.rHy,
npH ycJroBHH rrro Br{3yarbrras fipKocrb 3Be3Abr H3BecrHa. overn4uo,
neo6xoAHuo onpeAeJrHrl 6o.nouerpHqecKyro nonpaBKy:

[1n- tflsrs-� t/l6o^.

Aan aroro MH HMeeM

Lm: -+ lgp ( r , ) ,

rAe

v (1,) I (]\, Tt) il,

t r tr, r) dt"
0

I  (x)  -  L- ta ls7 '2 ls , (30)
a He 3aKOHOrr.r PSres-.(xuuca, cornacHo KOTOpOMy HHTeHCT{BHOCTb
r'{SryqeHns o6paruo nponopquoHaJrbHa uernepioft' creneH' AnHHbrBoJIHbI. Kax enAso, rea Sopuy"rlu (30) o,1or n6.,iyvu" n. 6ecroHe,{-
Hoe 3HarIeHue T, a HeKoropoe onpeAeJleHHoe 3HaqeHI{e, 3aB'cflulee
or nprrHflTofi .L, ucno.rrsyeuofi npn uey_u-eHH' pacrpeAeJreH'fl sHep-
ruld B crreKrpax aHoMa,'rbHbrx 3BesA. I-{nfpa-n BbrrxenpHBeaenHdfi
ra6.uuue noryqeHa A"l.a ,l,r:600 uru lr i,z:q00 naru. O'rcnep'Me'_
ranbHllM. nyTeM BnoJrHe BO3MO)KHO BbrflBHrb_pa3JrHrrHe MexAy 3aKO_
HoM (30) u Qopuy.rrofi Pereq-Axuuca. HrOrroau""" c sroft
[ll,en],rc [peAcraB,Isnu 6U 6OnturOfi HHrepec.

_ He AByx rroApo6no paccMorpeHurJx cnyqaeB Mbr BHAlrM, qro
TeopH.rI, H3.rIaraeMar B Hacroguleft crarbe, xopouo cornacyercfl
c na6nrcAeHHflMH, HeCMOTpfl Ha AoBoJrbuo rpy6ne npeAnoJroxeHr.rfl
Jl:tr:-i:i"_9_.19no.tu HcreKaroruefo BeurecrBa r.r sakoua (12) nisKo3eeuqHenra norJrorqeunr) .

T
0

$ 3exas Jt An
66

P ( r , ) : (31)



B noc.neaHefi Qoprrlyne V (?") o3Haqaer KpHByro cnexrpaaunofi
qyBcrBl.ITeJrbHocrr.r f, 'ra3a, a I (h, Tr) onpeAeJrgercfl BbrpaxeHHeM
(22). B pe3yrbrare HeKoroprilx npeo6paiosanufi Mbr noryr{r.rM

B eroft Qopuy.ne P - anexrpoHHoe AaBJreHHe, X - noreHr{HaJr
HoHH3auHH B BoJrbTax, a-aroMnbrft  aec, . r- [porreHT HoHH3aIlHLt.
flpe,Uno.noxuM, tlro BHeIUHHe cnon 3BesA Bo.nrSa-Pafte cocroqr
rJraBHbrM o6pasou H3 rernq. TorAa npH ycJroBr,rflx, cyurecrByprqux
BO BHeIlHr{X CrOqX 3Be3A 3TO|O THna, ra3 AOnX{eH IIPeHMyIIIeCT-
BeHHo cocrorrb H3 r{oHH3oBaHHbrx aroMoB reJIHs (HeII)  H gJIeK-
TpoHoB. flpurvreu cJreAyroq[e KoJrnqecrBeHHble AaHHble: X:25V,
a:4, x:1, a P cocraear noJroBHHy or BerHI{HHbI ra3oBoro AaBne-
sus. TorAa no Qoprrly.nau (36) w (37) ML,I HaxoAlrM

P (?",) : + \ pu {r,r't ') t@ (r) dr.
0

(35)

3Aecn Pa(T ;c't,\ npeAcraBJrrer $ynxqaio, coorBercrByroqyrc nJraH-
KoBcKoMy pacnpeAeJreHuo paAHarrrtr. 3uaqeuun srort QyHxrlHH Mo-
ryr 6trrl noJryqenbr ue ra6aw\ 6o.touerpnqecKux rroltpaBoK, co-
craBJreHHbrx AJrf  HopMaJrbHbrx 3Be3A. Taxue ra6anqu cocraBJreHbr
344aHrrouovr [5] AJrfl HH3KHX reMneparyp n flaliror'l AJrr BbrcoKrrx
reN{neparyp [6]. C,leayrorqas ra6nw\a nonpanor A,m olpasoBaHa
C TIOMOU{bIO YKA3AHHbIX BbTIIIC rA6.NUq TIYTCM qHCJICHHOIO HHTCTPH-
poBaHHn no $opny.rre (35).

Taxsnr o6pasou,
rocQepHux cJIoeB

o,  -3$  x2  .  lo - to .
4 R '

Mbr [oJryqaeM nJrorHocrb nopsAKa rr.tlorHocru Qo-
colHqa. flpr.rHrlrvrax cKopocrb HcreqeHl,lq BeIIIe-

CpaoHlean AaHHbre srof i  ra6rHubr c o6uqsurun 6onouerpnve-
CKHMH nOrrpaBKaMH, MbI 3aMeqaeM Ar'rfl HaIUero cJyqas xapaKTep_
Hoe, orHocureJrbHo MaJroe npHpauleHHe rroflpaBox A,m H HX MeHee
peryJrlpHbre H3MeHeHHr c pocroM reMneparypbr. flo grofi ra6.nnqe
MbI rrodTyqaeM, HarrpuMep, AJrf l  PJle6eas Lm: +0,80, a r ,Jrf l  rn-
nu,rHofi 3Be3Abr Bo.nrSa-P afte Lm :2,54.

7. llp uueu AJr fl 3Be^3A_ B o.rrr$a- Pa fi e a 6coJuorHylo Bn3yar bHyro
BerHrrHHy paeHori -_3,3 [7]. TorAa Hs Sopray.nu (31) u auaaornu-
Hofi Qoplryrbr AJrff Co.rrsUa Mbr HMeeM Rr:Ro. Ec.uu Rr H3B€crHo,
To craHoBHTcq Bo3Mo)KHEIM onpeAeJIHTb raKxe n/'IorHocrb eoro_
cQepuux croeB 3Be3Ahr Ha onrr{qecrof i  r .ny6uHe x:1. B cauora
Aere, Hs Qopuy,r (18) n (20) nonyvaercs

xrPr :  f  n , . (36)

3,qecr xr il pt._ 3HaqeHHr xoaQQuqgeHra norJroureHns H nJrorHo-
c r H  n p H  r :  l .

!,,ur uuc.neunoii oqesxn xoaQQurlneHra x BocrroJrbsyer,rcr Sop-
uynofi 9an4pacexapa, HecKoJrbKo orJru.rarcueficq or npn6,rH>keu-
t tof i  Qopuy. lu (12),  nprnRroft  HaMrl:

5.62 , l}tsl2Px
x: -----iriA- .

crBa u:1000 xna/c, MbI Mo)KeM

repn Maccu ssesAofi:

dM
BhIqHcJIHrb 

dt 
- fOAHr{HyiO rlo-

)  t toI  : -4nR?pru .  3  .  107 x -10-5M"/ roa.
dt

I

Ec;tr.r uu Mox(eM rIpItMeHHTb 3aKoH <<Macca-cBerlrMocrb> K 3Be3AaM
Bo;ruQa-Pafte, to ux Maccbl AoJIxHbI 6urt nopn,qxa 10M6. Or-
cloAa MO)KHO 3aKJIIOqI{Tb, llTO IIX rOAHrIHafi noTepff MaCCbI COCTaB-
Jrfler i0{ co6crnesHofi Maccb{. C.negoearuttHo, nepxuuft npeAeJI
npoAoJrlKurer'IbHocrn craAHH BotlQa-Pafte 6yaer oEoJIo 106 .rler.
Orsocsre.nsHoe KoJII{qecrBo 3Be3A rnna BontQa-Paile xpafiue
MaJIo: oAHa 3Be3Aa raKoro runa [pnxoAurcg npn6nnsnreJlbHo Ha
105 eeesl. O6uree KoJIHrIecrBo 3BesA BonlQa-Pafie, H3BecrHblx
HaM, Bbrcrynaer JII{IIrb HeMHoTHM 6onee ga 100. Peay.nlrar, noJly-
qeuusrrl HaMLt, yKa3blBaloulvit sa HcKJIIoqI'ITeJIbHo KoporKyro craAHIo
raxofi 3Be3Abr, roruuecKH He HaxoAI,ITct B nporl{BopeqHI{ co crarH-
crIIrIecKHMH AaHHbtMH. Heo6xo,qgrvro roJlbKo rIpeAttoJIox(HTb, tITo

flBJreHHe Bo.rrrQa-Pafie suxotttrr o6pasona He HocHT xapaKrep Hc-
KrnquTerbHocrll. Hao6opot, pacqer noKa3nBaer, qro MHofHe
3B$.(br AoJrx(HbI npoftrx e csoeft 3BoJIIoIIHH qepe3 raKylo craAHIo.

Buqncnnrrr rerlepb nJlorHocrb P Jle6elq H Korul{ecrBo Belqe-
crBa, nu6pacunaeMoro H3 38$AbI noAo6soro rnna. l lpnn,ter"r  ee
a6connruyro BeJII.I.IHHy paanoii -5. Toraa Rr* l00Re. tlto6u oue-
HHTb Ko,'IHqecrBeHHo xoeQQuuneHT norJlolueHHfl, Mb[ npI'IMeM runo-
re3y, qro BoAopoA Hrpaer ocHoBnyrc poJlb B a6cop6_unn1 -H qpI{MeM
sHaqeHr.re HoHH3aquoHnofi  reuneparypbl loptAKa 15000". B gtor ' t

cJlyqae noryrlaercr p1:2 ' l0-12. Tarnu o6pasonr, IIJIorHocrb Qoro-
cQepuux cnoeB P Jle6elq 3HaqHreJIbHo MeHbuIe, qeM coorBercr-
Byrou{aff nJrorHocrb y 3Be3A Bo.nrQa-Pafie. flpnnuluan u:
: 150 xr.,r/c, uu noryqnM A,'Iff dMldt BenH'{HHy nopn4ra 4 )(
X l0-4Mo. flosteAsns ouenKa 3aBI'IcHr s 6orluofi cre[eHu or Rr,
r. e. or a6conrornofi serHqI'IHrI 3Be3AbI. floeromy rotyrleuHblfi pe-
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D I A g a D n v D E l A u ' N d l g l r , P a g 'oeAr lrecroJtbxo oorhrue, qeM norepr y 3gean Boar0a-Pale. sa€Arr tr ocyrqecrBnrercr.
u. mH nocuorpsx renepb, Moxer .rrs norBrrrbcr KaKar_JrH6o Kparxnfi-rmr. B Fac1orulei crarbe Bbr,[af,syro [peA[oroxe-oMrrccfiofisar Jrarrr{ B ctrexTpe sBegau ! cryqae ttJunrroro 3axorra nre, uto ueroropne sBesau (caepxrufauru) iroryr" o6aa,qarruerIpeptIBsoro {creqesar Marepsr. (:orrtacso. pocceJrauAy, ,(,rr oecrma nporaxeirtuuu r}oroc$epailu. I4cc.nd4ooanai npo6,reuu

aToMa' Eaxolt[letocs B aTMoc$epe 3B€Abr (t< l), MH, oqe- ,ryqeBoro paBgoBec[fl ao ager11gxx c,,rorx 3Be3A TaKoro poAa Dpr-
BIlIIro' AoJIxHbl cpaBguf6 ao3MoxHoclt ocyqec-rBregtit A-Byx qllK_ Bo,qtr I< ycra{oBJtenrro 3aBucltMocrt ieMfleparypa or o'nruqecxoir
j9:_i9f:-99";l l2--'3+ I (Bepotrsoc'rh vzz) tt l+3+2+l rny6EEH,- Koropar or,rrqaercr or adaJrorrqnoft saBucuMocflr arra
l::ry1"""9:1i Y4 Ll 6yaeM ipeHe6perarL BbrgyxressHM r€ry- e&oc4epu uopr.raaruorl sBeg,(!L flprueEeE[e eroi reop tr K pe-qesleu. lor,(a n3 QopMyn6r (251 anr [noTHocT n3nyqeEtt MH nreuuo ronpoca o pac[peaeJrenrn eHeprl,ll{ B cneKrpe, Bo3Mo)K8o,
aMeeM o66tc[ter iuouaaiuue'qoeroarre reMneparypbr sBesA paH]rero

tuna. B raqecrge nprlrepoa norpo6uo Ecc.reAoBaEEr cJlyqa, Bo3-
v"t . EeE,^ gxKHoseHnr rrpoTrxeflElrx QoTocoep B pe3yJlhTaTe HcTeqeEtt ua-

rF;:o-";. {.i6) reprr r€.38€a l{3BecrEoro pora (38e3.[Er rrIIIa Bonboa-Paie n
P.[e6eAr). floryqeHH neKoropbre BbrBorEr orrrocnre.rbHo Ox3uqe-
cl(I|x ycJoBrri Bo BfleuE x cjlotx gTLIx 3Ee3A.

3lecu E1p npe{craBJ'rrrer Synrqr-rn E (Qopuyaa (29)) Anf l  qa-
cToTbr v;1. Jlerxo BHAerb, He npH6er-aq K MaTeMaTHqecKOMy AOKa-
3arenbcrBy, qro AonoJrHureJrbHbrfi unoxure;lu O e grofi eoprrly.ne,
soo6u{e roBopfl, MeHbIIre eAHHHrrbr. Kax rrlu yx(e Br.rAenu, y6neaHue
HHTeHcHBHocrrr c Bo3pacraH[eM v B cneKTpe ncc,'IeAyeMux o6tex-
ToB npoxcxoAnT MeAJIeHHee, qeM ero rpe6oeaJrocb 6u no 3aKoHy
Buga. CJleAosareJlbHo, ecJIH Mbr HMeeM, Ha[pHMep, 6:t /aqq, ro
qHcro nepexoAoB, cogAarolrlnx gMHccHio, npeasoft4er 6onee qeM
e 400 pa3 qucao repexo4oB a6cop6ur.roHHoro xapaKrepa. Oro npo-
HsoftAer npu R:10Rr. Hs Soprr ly.rru (20) cne4yer,  vro r .rs ia-
xoro R onrr.{qecKar r.ny6nua r:0,3. Koe0QHrrHeHr fioFd'rouleHr{fl
3a trpeAeJlou nepBnqHbrx cepnft AoJr)I(eH HaMHoro npeBocxoAurb
cpeAHee 3HaqeHrie x. lloeror',ty s rofi qacru aruocSepr,r gBe3Abr, rAe
BepoqTHo Bo3HHKaloT SMHCCHOHHbTe JIHHHLI, OCTaeTCfl BnOJrHe AO-
cTaTorlHoe KoInqecTBO aTOMOB AJIfl nOJIHOTO nOrJIOUIeHHfl CBeTa 3a
npeAeJroM cepHfi o6pasynuquxcfl JTHHHfi Aannux aroMoB. Hcno.nu-
3yr 3HaqeHHe pl, nonyr{eHHoe BbrrIe AJrrr 3Be3AbI THna Bo.nlQa-
Patie, Mbt Haxo,q,HM, ltro qt{cJlo aroMoB, npHxoAflu{Hxcq Ha I xe. cM
noBepxHocru cQepn paAHycoM R: l0Rr, paauo l0%. KosQQnqueHr
norJroureHHfl B pacqere Ha oAHH aroM ,q.nn xpafiuux cepnfi Bo.4o-
poAa paBeu l0 -17 .  C, reAosarer ' rbHo,  rH= 107(1  -  x ) .  Mo> i< l ro  noKa-
3arb, r{ro cpe4Hnft  npoqenr HehoHH3oBaHHbrx aroMoB BoAopoAa
n aruocQepax 3Be3A Bo,rtQa-Pafte He MeHee qeM [0-?. Taxuu
o6paaou, Mbr BHAHM, qro BrroJrHe Bo3Mox(Ho npnMeugrb ueroA 3an-
crpq K BoAopo,(HLilM JTHHHTM B cneKTpax 3Be3A BollQa-Pafie.

B S I 6uno qHcxa3ano rrpeAflonoxeHr.re, qro cnexrp aHoMaJrb-
Hbrx 3Be3A runa B c a6cop6uaoHHbrMu JTHHHTMH Mo>rHo Hccne,(o-
Barb c nosuqnft reopuu fiporqxeHHofi QorocQepu no4o6Ho cneK-
TpaM c 9MHCCHOHHbTMH JIHHHqrrru. A6cOp6quoHssrf i  cneKTp y 3Be3A
TaKoro rnna orIeBHAHo notBJrf iercr npH HarHrrHH npoTflx(euHofi  Qo-
rocQepu, Ho npH 6ucrpou y6neaHnu nJrornocru K Kparo. Bo3uoxHo,
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