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Jlo Hacrosllero BPeMEHHU HAWH [PeACTaBileHHs O NPHPOAS
ACTOMHUKOB 3BE3JHON SHeprHy CTPOMJIHUCh YHCTO YMO3PHUTEJIbHBIM
nyrem. [Ipemmosaranoch BCeNfa, YTO 3TH HCTOUHUKH AEHCTBYIOT
TOJIbKO B JOCTATOYHO IVIYOOKHMX, COBEPIIEHHO CKPBITBIX OT HeIo-
cpecTeeHHOrO Hab/ofgeHus cloax 3Besf. [loaToMmy ecTeCTBeHHO,
YTO HCCJAENOBATEJH CTaJU Ha [yTh NOCTPOEHHUSI PIASIHYHBIX «MOILE-
Jefi» 3Be3l, OCHOBAHHBIX Ha TeX HJIM HHBIX IPEANOJIOXKEHHAX O
MpUpoJe HCTOMHHKOB 3Be3jHOH 3Hepruu. K cowkasenuio, Hesb3d
KOHCTAaTHPOBATh, UTO ITOT MyTh IPHUBe] K ycnexy. llpunsimasi B Ha-
CTOsIlIee BPEMs THIIOTe3a O TEPMOALEPHBIX PEaKIHX, KaK HCTOUHU-
Kax 3BE3fHOH SHEPTHH, He [aJa IUIOLOTBOPHEIX De3yJbTartoB. [lo-
CTATOYHO CKasaTb, YTO JJis OOBSCHEHHS KaxkJIOH TOMKHA Ha Jua-
rpaMMe CIIeKTP-CBETHMOCTb INPHXOJHUTCS [OA0UpATh 3HaYeHHsd
JBYX NapaMeTpPOB—MAacChl H COJEPXKaHHsi BOAOPOMAa, 0e3 0OOCHO-
BaHHS TONO, NOUEMY Olpefie/eHHble Maphl 3HAUeHHH 3THX BeJIHUHUH
BCTPEYAIOTCS B NPHPOJE ropasfo daile, yeM Apyrue. Dosee Toro,
NPUXOJUTCS BapbUPOBATH NPCANOJIOKEHHST O MEXaHHIeCKOM CO-
CTOSIHHHM BHYTPEHHMX CJIoeB 3Be3fbl. Ecju npudasuM K 3TOMY, 4YTO
OCHOBAHHAsl Ha 3THX IPeACTaBJCHUAX TEOpHs He MpeAcKasalia HH
OHOTO HOBOPo (paKTa H MO3TOMY [OKa He NOMOraeT HalJIIoAeHUsIM,
TO CTAHOBUTCS ACHBIM, YTO TUTAHTCKUI TPYH, MIOTPAYCHHBIN HA Pas-
paboTKy H OOCYyKIeHHe MHOKeCTBA DPasJIMMHBIX MBICMMBIX MOME-
Jel, He JaJl OKHLABIINXCS Pe3yJ/bTaToB.

[TososkeHrne B 3TOH 0OJaCTH MOXKHO CPaBHHTb C COCTOSIHHEM
BOMpOCA O NPOHCXOKIACHHH 3BE3J B IIEPHOA 1O HadaJsa HCCJIeroBa-
HHS 3Be3IHBIX acCOoIHalui, KOrja BbIABHTAJHUCh PasyinYHble yMO-
3pHTEJIbHblE THIIOTE3Bl O KOHASHCALMH 3BE3J| U3 MeEK3Be3[JHOH Ma-
TepHHd, 00 aKKpelUH 3Be3laMH MeXK3Be3[HONO BellleCTBa—THIIOTE-
3bl, He OCIIOBAHHBIE Ha pesyJbnarax HaOuomeHwi [1].

MexIy TeM HaM Kakercsi, 4To, MOLCOHO TOMY, Kak B olJja-
CTH BONPOCOB, KACAIOLIAXCS IPOUCXOMKASHUS 3Be3]l, @HaM3 HalJo-
LaTeJbHBIX HAHHBIX [IPHBEJ K HHTEDECHBIM pesyJ/ibTaTaM, OTHOCH-
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IHMCA K Npojgo/zKaomeMycs B [lajakTike Mpouecey 33€31000pa-
S0BAHHUS, TaK ¥ B BOMPOCE O NPHPOJE HCTOYHUKOB 3BE3JHOE dHED-
THH MOXKHO HaZCATLCSH, ONUPAsiCh Ha HAOJIOMACHH, PAa3PRIIUTL MHO-
rie BaskKHbie BOIIPOCHL.

JList 3TOMO HYKHO TOJBKO NPasHbHO BHIOPATh CPeLH Oecuuc-
JIeHHEIX DE3y/IbTATOB COBPEMCHHBIX aCTPOPHU3HISCKHX HaOJ1i01e-
HUH Te (axThl, TAe NPOIECcChl BBIAGICHHSA BHYTPU3B23HOH 3HEPTUH
MpOSBJAIOTCA HauGoslee HEIOCPeICTBEHHBIM 00pasoM. CoeepileH-
HO QUEBMIHO, UTO JJIsi 3TODO TNpEXJIe BCEro HYXHO OOPaTHThCA K
HECTALMOHAPHBIM 3Be3[aM M, B YaCTHOCTH, K TeéM H3 HHX, KOTODLIC
CTOJIb MOJOJbI, UTO MOTYT CYHTAThCH HAXOAAWMMHCA €lle B IpC-
Iecce crauopsenusi (manpumep, 3sesnpr tuma T Tesabna), a Tax-
XKe K HecTauuOHapHBIM IIpoleccaM B TeX 3Be3JaxX, KOTODhe B Iie-
JIOM CYMTAIOTCs crammoHapHbiMy (Hampumep, Connie).

Hacrosmas cTaThs He NPeTeHAyeT Ha pelleHne NposJeMbl
HCTOUHHKOB 3Be3AHOl Hepruu. Ee Leab 3akjiodaercs B TOM, UTO-
6bl OGpaTHTL BHMMAHHE Ha HEKOTOPHIE (AKTH, HMEIOUIHE HEeno-
CpPeACTBEHHOE OTHOUIGHHE K MPOIleccaM BBIICICHHS BHYTPH3BE3N:
HON IHEPrHl, aHaJdHu3 KOTOPHIX NO3BOJIACT HAMETUTb HOBBIII NMYTh.
paspeienys 370l NpolJeMbl.

§ 1. HE[TPEPbIBHAS dMUICCHUS B CIIEKTPAX HEKOTOPDBIX
IMMEPEMEHHBIX 3BE3J HU3KOM CBETHMOCTHU

HekoTopbie KJacChl NEpeMEHHBIX 3BE3Jl HH3KOH CBeTHMOCTH
XapaKTePH3YIOTCsi TEM, 4TO y 3HAUYMTEIbHOrO 4HC]Ia NpeACTaBHTe-
Jiell 3THX KJacCOB BPeMs OT BPeMEHH MOSBJSETCH CH/IbHAA 3MMC-
CHSI HenpepbiBHOTo criekTpa. Haubosiee SpKHMH NpHMEpPaM¥ TaKOTO
SIBJICHKA [PEICTABJSIOTCS H3MEHEHHsd, HaOJ/oJaeMble B CHEKTPC
nepemennoro kapiauka UV Kura u mojgoOHBIX €My 3BE3L. Kax mo-
Kazaan prepooie [kolt n XbpioMacoH [2], COeKTp 3TOHU 3Be31bi, B
HOpMasdEnoe BpeMs coorsercrsylolimii Tamy dMbde, Bo Bpend
BCHBINKY, npouciiesmel 25 centadpsa 1948 roga, ObUT COBEPIIRHIHO
3aJUT TOSBHBLIIMMCH SPKHM HEHPepuiBHBIM H3JydyeHueM. B pe-
svabTaTe, DOJISACTBIC NOTePH KOHTPacTa, OOBIMHBIE JIHHMI JI0ri:
leHus 6rM DOYTH 1C BHOHBL BMecTte ¢ TeM, BO BpeMS BCIHBIIUKH
MOFTHAECHL ADKYMS JIUHHY HCNYCKaHHWA TeJHs ¥ HOHUIOB2HHOM re-
avnoo oo o segopoaa Owwin yemreHst [lo pacnpeneacHuio
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IHEPrHH MOSBJSIOLLASCS BO BDEMsl BCIBHIKH HeNpepbiBHAs 3MHUC-
cHs OWIMYaeTcss OT OOBbIYHOIO HEeMPEPhIBHOIMO CHEKTPa XOJIOLHBIX
KapJUKOB GoJiee rosyObIM LBETOM.

[IpussieueHue BCEeX AAHHBIX, OTHOCSIIMXCS K BCIBIIIKAM 3BE3N
tuna UV Kura, 3acrasisier OTBePrHyTh NPEANOJNOKEHHE O TOM,
470 paccMaTpHBaeMasi HellpephIBHAS IMHCCHS MOXKET UMETb TelJIo-
BOe NpOMCXOXKIeHHe. B camoM feJie, ec/lH BCIbIIKA Obuia Obl CBS-
3aHa C MOBLILIEHHEM TeMIlepaTypbl Kakoi-1ubo 4acTH poTochephl
3Be3fbl BCJEJACTBHE NPUTOKA TeNia U3HYTPH, TO HEBO3MONKHO Obl-
10 6bl OODBSICHUTL YAUBHTEJNbHYIO KDATKOBPEMEHHOCTb 3THX BCHbI-
wek. JocTaTouHO CKa3aTh, yTo Bemblmka 3se3abl UV Kura 24 ox-
ta6psa 1952 r. mpogosizkasach BCErO JABe MUHYTHI, MPUUEM TCJIBKO
3a [IPOMEKYTOK B CEMb CeKYHJ sIPKOCTb 3BE3JHOH Mapbl, B KOTOPYIO
pxojgur UV Kura, pospocta Ha 1.6 3Be3mnoil  BeJIWUHHBL, OTKYA4
MOKHO TOVIBKO 3aKJIIOYUTh, U4TO OJIECK caMoii NepeMeHHOH BC3POC
32 3TH CeMb CeKyHJ emie Oosiblie. B gpyrom cayuae, 17 ceHrsaops
1952 r., Ovsieck mapbl 3a 15 cexkyHn Bospoc Ha 3.4 BeJIMUHHLL, a
BCS EBCHOBILIKA IIPOJOJIXKAJIach derbipe MuHYTHl [3]. Ouesniuo,
4TO pasorpeBaHue ¢orTocdepsl B KAKOM-IH60 Mecre, Oyarogaps
MPUTOKY TeflJia U3HYTPH, JOJZKHO OBLIO Obl NMPOMAOJIZKATLCSA TOPA3 A0
GoJIbllle H NPHTOM HE MOLJIO Obl CTOJIb CHJIBHO OCJIA0UTh Cpasy BCe
JIHHUH [OTJICUIEHHUS.

EJMHCTBEHHO BO3MOZKHBIM BBIXOJOM SABJACTCH MNDPEATONOKE-
HHE, YTO HenpepbIBHOE H3JydueHHe BOSHHKJIO B ONTHYECKH TOHKOM
CJI0€, B CAMBIX BLICOKHX CJIOAX 3BE3JbI, WIH Jjazke MOMKET ObITh
HaJ o0pallalolUM CJI0eM 3Be3/bl, Tak YTo 00 o0pa3oBaHuy JHHUI]
NOLJICILCHNS Ha (poHe 3TOI HEeNIPEePBIBHOH 3MUCCHI HE MOIJIO ObITh
H peud. Bmecre ¢ TeM, nosipJieHHe JIMHHH HCOYCKAHHST BO BpeMs
BCIIBIIKH 3aCTaBJIsieT CUUTATh, YTO CKOPee BCeNo HCTOYHHK Herpe-
DBIBHOT'O HUCIYCKaHHSI HaXOAWJICA B BeDXHHX CJIOSX XpoMOchepsl
3Be3Ibl.

KonuuecTBO 2HEPrHH, BbieseMOe B NEPHOJ, BCIBIIKH 3Be3]
tuna UV Kurta B BUJe HENPEPLIBHON 3MUCCHH, HACTOJBKO BeJIKO,
YTO, KAaK MBI BHAEJNH, HHOTJA CBETHMOCTb 3Be3lnl B (ororpadu-
yecKHX Jyuax BOBDACTAeT B JeCATKH U JaxKe BO cTo pas. [laxe
‘€CJIM y4ecThb, YTO MAKCHMYM H3JIydeHHs 3Be3[ Tuna MS Haxomur:s
B HH(PaAKPaCHOH WACTH CHEKTPa, a TaKXKe BO3MOXKHOCTH TOrO, UTO
HenpepbiBHasi aMuccus B uH(ppakpacHo#t obsaactH ciada, Boe Ke
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OKaXKeTcsl, YTo MoJiHoe (0O0JIOMETPHUECKOe) H3JydeHHe 3BEe3JIbl BO3-
pacraeT BO BpeMsl BCIBILKH [0 MeHbIIeH Mepe B HECKOJIbKO Das.
OueBuno, YTO CTOJIb GOVIbILHE KOVIMYECTBA SHEPIUH HE MOTYT BO3-
HHKHYTb B HapyXKHbIX CJIOSX 3a CUET NepepacipefesieHHss 3Hep-
FHH BHyTpH atMochepsl. loaToMy mpuxomutcs mpeanosiaraTh, 4To
SHEPTHsi HENPEPBIBHOH SMHCCHH, COCTABJSAIONIAS OCHOBHYIO YacTb
SHEPIrMH BCHbILKY, AOCTABJsETC KAKMM-TO HEH3BECTHBIM 00pa3om
(He myTem TemJiomepenaud MM JYYHCTOTO NepeHoca) B caMble Ha-
pyxHbie oGacTH aTMocepbl M3 BHYTPEHHMX CJoeB 3Be3fbl. IIpH-
XOJHTCS] TOMYCTUTD, YTO SHEPTHA MOXKET LOCTABJIATHCS U3 BHYTPEH-
HUX CJIOEB HApy’Xy IyTeM NPSMONo BelGpoca BHYTPH3BE3IHONO Be-
IIECTBA, SBJSIOIETOCST HOCHTEJeM BHYTPH3BE3JLHOI 3HEDrHH.

HenpepriBHasi aMuccusi, ByaJupyiOmasi JUHUH IOTJOIIEHHS,
XapakTepHa Tak:Ke JJsg MHOMX 3pe3f Tuna T Tesbla, ocodedHo
BOJIH3YM MaKCHMYMOB SIDKOCTH 3THX 3Be3jll. B rmocseqseii coeii cra-
The J[xoii {4], pestoMupyst cBou OOIIHPHBIE MCC/AeIOBAHUS, T1OCBS-
IeHHble TlepeMeHHbIM THna T Tesblla, yKasblBaeT, uTO OOBLIUHO BO
BpeMsi MaKCHUMYMOB OJleCKa TaKHX 3Be3]] NOsIBJEHHE H YCHJISHHE
JIMHUH MBTYYEHHS «...COMPOBOMKIAETCS HEMPEPBIBHBIM  CIIEKTPOM
3HAUUTEIbHOH CHUIbI, HaJIO2KeHHBIM Ha HOPMAaJbHbIH CIEKTp C Jf-
HUSIMY [OTJIOIIEHUSA, By aJUPYIOILIUM, TaKUM 00pa3oM, Becb CIIEKTD
6oJiee WM MeHee TIOJHOCTHIOY.

IIpuBesieM 31eCh HECKOJIBKO MPUMEDOB TOTO, KAK IIPOSIBJISET
ceOs HempepuIBHAsl SMHUCCHS B 3Besmax Tuna T Tessma.

IIpumep 1. B cunexrpe 3pesan UZ Teablla, oTHOCAIIEHCA K
tuny T Tesbla, JUHUK MOIVIOUIEHHS OOBIYHO CAGhl BCJISACTBHE HA-
JIOXKEHUs HempepelBHOH 3MHccHH. OLHAKO 110 BpeMeHaM, BCJeN-
CTBHUE YCHJIEHHs HEIIPEPHIBHOH 3MHCCHH, OHH COBEpIIEHHO HCYe3a-
IOT, YTO HMEJIO MeCTO, HallpuMep, corjacHo HabduogenusM Jxod,
28 nexabps 1942 rona u 4 suBapst 1944 roxa [5]. Cormacuo xaTa-
Jory nepemenHbix 3Be3l Kykapkuna u Ilapenaro [6], Gieck 31o#
3Be3Ipl MeHsieTcss B mpemenax or 11.7 mo 14.9. TToayuaromascsa
OTCIONla aMILIMTyJda B 3.3 BeJHUUHBl HOPMaJdbHa I/ 3Be3a THMa
T Tenbuwa. Onnako Bonun B 1921 roxy u Sui s 1924 roxy wabiio-
AaJi MaKCEMyMbl Gjiecka 3To# 3Besmnl spue 97 -5. Takum obpa-
30M, 3Ta 3Be3fa OObIYHO, COrIacHO XO(JUT, NpeTeprnepalonas He-

npaBuiibHbic H3MeHeHHst Osiecka Mexkay 13™-5u 14 ™. 5, unorma uc-



SIBJIEHUE HETIPEPBIBHOV 2MHCCHHU 7

NbITHIBAET JOBOJILHO HHTEHCHBHbIE BCIBILKH. KiTak, B 3TOM Ciyuae
Mbl HMeeM OJHOBPEMEHHO HajlMuMe CHJIbHHX MaKCHMyMOB OJjecka
H HHTEHCHBHODO HENPepbIBHONO H3JyUeHHUs.

[Tpumep 2. B ceoem uccienosanuu ssesapl RW Bosuunuero,
NepeMeHHOCTb KOTOpOoH Obljia OTKPbITA, KaK H3BECTHO, JI. T1. Lle-
paccko#t [10] B Mockse, XepOur [11] mpUXOAUT K BBIBOAY, 4TO STOT
CHEKTP MOJIyYaercss B pedy/abTaTe CJIOMKEHHs ABYX COCTABJISIOLIHX:
HopMaJsibHOro crnekTpa THna dG5 M HenpepeBHOrO CIEKTpa «HEH3-
BECTHOH ITIPHPOMIBI».

IIpumep 3. B temuom obuaxke Tesnblla, B HeOOUBLIOH CBET-
Jioit komeTooOpasHoil Tymanroctn B 10, nabJiiojiaeTcs 3pesga 19-i
BEJIMUMHDI, CNIEKTP KOTOPOH, CyJsl [0 €e CBEeTHMOCTH, JOJIKEH Obll
66l cooTBeTCTBOBATh KO HaM faxke OoJiee TO3AHUM CISKTPAIbHbIM
nompasieiennsm. OmHaxo, cornacho Ctpyse u Csumrey [12], ee
CNIEKTP OKasaJcsi COBEPLIEHHO HENPEPHIBHEIM, 083 3aMeTHBIX JHHHUH
norJotienus. IlocjenHue cCoOBeplIeHHO 3aByaJUpOBaHbl HENPePLIB-
HOM sMuccHell. ITepeMeHHOCTb 3TOH 3Be3bl Oblia YCTaHOBJIEHA
Xumneaem. Xoqonos |8], ucciefoBaBIIHI €€ 0 MOCKOBCKAM CHHAM-
KaM, [TOATBEPAMI NIEPEMEHHOCTD M OTHEC 3Ty 3Be3ly K KJaccy
T Tennwa. [lepemennas nosyunia Haspaaue DD Tesbra.

Crpyse u CBHHPC OCOOSHHO TOJUEPKUBAIOT HHTEHCHBHOCTDH
KODOTKOBOJIHOBO# 4aCTH HENIPePHIBHOTO CNEKTPA 3TOH 3BEe3NIbl, OT-
KyJa cJAeLyeT, 4To ee I(BeT OJIH30K K roayboMy. ITOT (akT ABJIAeT-
¢ CTOJIb HEOOBIYHBIM, UTO HEBOJILHO BO3HHKAET IMPEANONOXKeHHe O
TOM, uTO 3Be3[a IpeAcTapiser us cebs Gesoro Kapiauka. OmHaKo
NepeMEeHHOCTb 3B€3/bl, a TaKXKe HaJidHe WHTCHCHUBHBIX ADKHX JIH-
HHH, XapakTepHbiXx Ijs 3Be3pn tuna T Tesblla, 3acTaBifdioT Cpasy
XKe OTKA3aThCsg OT Takoro npeamosockenus. [lomnmo 14 uHTeH-
CHBHHIX SIDKMX BOJODOMHBIX JIMHHI, B CIIEXTPE paccMaTpuBaeMoll
3Be3/bl HaGJI0LaI0TCsl M IPYrHe sipKue JuHUH. KpoMme TOro, 3Be3/ad
DD Tenblla MMeeT COYTHHKA, KOTODPBII TaKikKe SBJIAETCH 3BE3JLOH
tuna T Teablla—siBJieHHe, BecbMa XapaKTepHoe Id 3Be3J THIa
T Tesblla B UCKJIOUAOLIEE BO3MOXKHOCTD JONYIIEHHUA, YTO paccMaT-
pHBaeMble OODBEKThl SBJISIOTCS OOBIMHBIMH 3Be3aMU OOLIero MoJ,
BolllenuuMu B auddysiyo TyMannocTh. OTciona HensOexkHO cJe-
ayer ebiBog, uto 3Be3ga DD Tesbiia oOssada CBOMM IIBETOM :a-
JHUMIO HENpephIBHOH 3MHCCHH, T. €. 4YTO HelpepbiBHAS 3MHUCCHA
MMeeT B JAHHOM CJIyyae Pe3Ko BBIPaXKeHHbIH rosiy0oH 1iBert.
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[Tpuwmep 4. B 1935 rony M. H. bananosckan [7] 5 [Tyaxose
OTKpbLIa B Tesblie OOBEKT HEePeMeHHOr0 0JeCKa, OKa3aBIIHICs Ja-
TeM ABOHHOH 3Be3moll (8], 00e COCTAB/ISIOUIUE KOTOPOH SBJIAIOTCS
nepemenHbiMu tHIa T Tesbuma. dTu nepemMeHuble MOJAYYHIA Ha3Ba-
e DH Tenbia u DI Teasua. 3sesna DH Tedibia nyeer npimed o
TaKylo e BUAUMYW beanuuny, xak DD Tesabua. 3sesga DH Teqs-
La BecbMa noxozka Ha DD Teabna takike B CJeIyIOUIHX OTHO-
LIEHHAX:

a) OHa uMeeT cnyTHuka—s3pe3fy DI Tedblia, Takxe AB/ISIO-
uerocs nepevcHuoid tuna 1 Teasia,

0) B crextpe spesapl DH Tenbua Oanbvepobckasi cepust HH-
TEHCHBHA U Npocrtupaercsd Ac H 14, [lo csuacreisciey xost (9],
CIIEKTP 3Be3/ibl CUJIbHO 3aByaJHPOBAH HHTCHCUBHOLIM HelPEPbIBHBIM
H3JIyUCHHEM, IIPOCTHPAIOIHMCA [AajdeK0 B  YJbTpapuo/ieToByIo
yactb. OuesHIHO, 4TO H B 3TOM CJydae DOJyGOl BET HEeNpephbis-
HOI SMHUCCHU HE BBI3BIBACT COMHCHHUA. O APYLCil CTOPOHLS, HHTEp2C-
HO, UTO B CIIEKTPE CIyTHHKA JIUHHH I[IOIJIOIIEHHsI ObUIM COBEPLICH-
HO He 3aByaJHpOBAHbl B MOMEHT HaOJomeHus Jjlxod. Buecre ¢
TeM, BOLOPOJHbIe JHHMH H3AyueHHsT ObWIM y CHYTHHKA KpalHe
cJ1a0bl.

[Tpuwmep 6. Tleperenusle 38e3bl TyManaCCTH OPHOHA C Ap-
KUMU JIMHHSIMH UMEIOT, KaK [IPaBH/IO, B CBOEM CIIGKTPE 3aBYaJHPG-
BaHHbIC JIMHHU DOTJIOMWeHHA (Xepour [13]). Opuaro Bolipoc o TCH,
[IPOUCXOMAST Jid HaOMIOAAE€MbBIC U3MEHEHHs SPKCCTH 3THX 3Be3J,
HCKJIIOYUTEJIbHO 32 CUET HEIPePbIBHOM IMUCCHH, eile He sceH. Kax
nokasas [apenaro [14], y 3sesgnsr T Opuona pospacranne G/accxa
CONPOBOKAAETCSl yMEHbUICHHEM NOKA3aTe/I [BeTa. ITO HaXOLATCs
B CCOTBETCTBHHU C NPEAIOACIKEHHEM 0 TOM, UTO B IIC3billeHHH OJie-
CKa OCHOBHYIO PCJb UIpdeT HellpepblBHAst aMuccHsi. OHaKO IIOBHI-
[IeHHe TeMIePaTypPh! AOJIKHO AABATh KAUCCTBEHHO TOT e 3(DPeKT.
[Tosromy ponpoc HyzKmaercs B AajbHeillleM H3yUCHHI.

Eciu B ciyvae spesn tuma UV Kura pospacramie spxocTi
MOXKHO NPHIHACATb, B OCHOBHOM, HENPEPBIBHOH 3MUCCHH, TG B CJIY-
yae 3pes] Ttulia T Tesblja KapTuHa yiKe He SABJIAETCA TAKOH deT-
Kol ¥ npoctoil. He y Beex spesy tuna T Tesiblia noBbiliiedne spKo-
CTH CONPOBOXKIACTCH Mapa/JiebHbBIM YCHICHHEM HelpephbiBHOrO
HCITYyCKAHUS. Y HeKOTOPBIX U3 HHUX ByaJHPOBaHHE JHHUH TIONJIOL[e-
HHsL BoOOILle He OTMeYaercs, 4To, OYEBMIHO, yKasbiBaeT Ha cJa-
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GOCTb HeNpephIBHON dMHUCCHH. IDTO O3HAYaeT, 4TG, B OAHHUX CiayHanX
YACTHYHO, 4 B APYTUX CAydasix MOYTH LIEJHKOM, U3MEHEHHE SPKO-
cri GbiBaeT 00YC/IOBJECHO M3MEHEHHEM TeMIeparyphbl 35e3ibl. Tou-
HO TaxkzKe HeT [IOJHONO fapaJjJjesnusMa MeXIy H3MeHEHHAMH UH-
TEHCHBHOCTH SIPKUX JIHHME M HempepblBHOI amuccueid. Tax, Hanpd-
Mep, OfHa U3 Haudo/ee BBIAEJSIOUIHXCA N0 HHTEHCHBHOCTH APKHUX
CreKTpajibHbix JUHHE 3Be3fa XZ Tesbila, nepeMeHHOCTD KOTODPOH
obl1a yeranorsena I1. @. Ilaita [15] B 1928 ropy B Cumense, He OT-
JIHYaeTCsl GONIBLION HHTEHCHBHOCTBIO HerpepeisHOi svMuccud. ure-
pecHo, UTo JaxKe B MHHIMYME SIPKOCTH 3T 3BC3JAa MMEET CIEKT),
ypesphluaiiio GOraTelii APKUMM JHHMAMH [5]. Bo BeswoMm ciyuae,
BpeMsl OT BDEMEHH, B CHeKTPe BUIHBI JUHUI TTOIJIOWICHUS I AdAKE
[IOJIOCHl OKMCH THTaHA B IIOIVIOLILEGHHH.

Bce cka3aHHOE 3aCTABJSAET CAENATh CACAYIOIUA BhIBOL: H3Me-
HenHust OJiecka 3Be3pd tuma 1 TeJsblla CBA3dHBL C BbIACJCHHEM IO~
[IOJIHETEJNbHON SHEPrHHM H3JydeHHs B TPeX pPA3JNUHBIX BHAAX:
a) TeMIlepaTypHOe M3/IyueHHe, CBA3aHHOE C IIOBLILCHAEM TeMIepa-
Typhl, 0) 3Heprusi JUHHH HCIYCKAHHS U B) HENpepLIBHAA 3MHCCHS.
OTH npollecchl B 3HAUUTEJLHOA Mepe CONPOBOKAAIOT APpyT Apyra.

CoBepIIIEHHO eCTECTBEHHO PaccMaTpuBaTh 2Ce 31U TPH CIOCO-
6a BLIACJICHAA SHEPTHH KaK CJeJCTBHE OAHOU H TOH Ke NPUYUHBI,
[pOsIBJSIIOLIeics, OMHAKO, B PA3JUYHbIX BapHaHTaX.

Tax, ecqu Mbl OCTAHOBHMCH Ha IPENINIONOKCHUHM, BbICKa3aH-
HOM B OTHOLWeHHH 3Besy Tuma UV Kura, 1. e. ocTaHoBUMCA HA AO-
NYUICHUH, UTO B 9THX SIBJCHUAX HrPaeT Pojb BLIOPOC H3 BHYTPeH-
HHX CJI0EB 3Be3[pl HEKOTOPOGH YacTH BHYTPH3BE3AHOIO BELISCTBA,
SIBNAIOLICrCCS] MCTOYHMKOM BHYTPU3BE3JHGH IHEPIruH, TO MOXKHO
JIONYCTUTD, YTO BCEe TP YKA3AHHBEIX Bbillle BapiaHTa OObACHAOTCS
TeM, 4TO OCBOGOKACHHE SHEPIUH, BHIOPOIICHHOH MAacCoi, MOMKEeT
NPOUCXOJUTh HA PA3JIMYHBIX YPOBHSX B aTMOC(HEDE 3BE3MBL

B Tex cayuasx, Korja ocBOOOKICHUE 3SHEPIHH HMPOHUCXOLUT
BO BHEIIHUX CJIO0SIX XPoMOC(epbl WM HaL STUMH CJIOAMH, Mbl HME-
eM HaJIyueHue HelpepbIBHOR 9MUCCHH, By AJHPYIOUICH JHHUH TIOTT0-
IIEHUs, MeXxaHu3M 00pasoBaHMs KOTCPOH TaKOB Ke, MTO H Y 3BE3]
tuna UV Kura.

B Tex ciyuyasix, KOTJa OCBOOOKAEHHE IHEPIUH MPOMCXOMUT B
HHKHUX CJO0AX Xpomocepbl HIH B oOpallaioileM cjioe, 4acTh OC-
BOGOXKjaeMOH 3HEPTUU BbIJE/sIeTCs B BUAE HETIPPLIBHOTO H3JIyYe-
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HUs1 (Ha KOTOPYIO yXe MOTYT HakJaAblBaThCsl U JIMHHH IIOTJIOLILe-
HHs1), a 4acTb HIET Ha BO30yMKIeHHE APKMX JIHHHN BOJOpPOAA H
JPYTHX aTOMOB.

Korma paccMatpuBaeMasi 3Heprusi BBIAEISEICS] BO BHELIHHX
c1oAax (GOTOChEpPhl, TO Mbl HMEEM CMeCh TeMIePaTyPHONO H HeTeM-
OepaTypHOTO H3JTyYeHHsl, IPUYEM I[OCJIeqHee MOMKET BbI3bIBATH
TaKXe NOosiBJIeHHe 3MUCCHOHHBIX JIMHHH,

Hakonen, korma paccMatpusaeMasi 3SHEPrHs BHILENSETCS B
ryGoKuX cosx (orocdepsl, 1o Ml JOJKHEl HAGMIONATh, B OCHOH-
HOM, JIHIIb BO3PACTAHHE TeMIep aTypPHODO H3Jy4YeHHs], U CIIeKTPaJlb-
HbI€ U3MEHEHHSI He AOUIXKHBl HOCHTb CTOVIb OYPHOTO Xapakrepa, KaK
BO BCEX NPeIbAYLIHX CIydasiX.

Mbl 3HaeM, 9TO He BCe 3BeS[bl, [IOKA3bIBAIOMIME U3IMEHeHNE
6aecka tuna T Teabia (mim RW BosHuuero), mveior s CIICKTPe
sipkue JuHuU. Tak, no Xep6ury [16], Tosbko mosoBuHA ITepeMeHHbIX
3Be3Jl, TyMaHHOCTH OpHOHA HMEET B CIIEKTPE APKYIO JMHHUIO H,. B
TO BpeMa Kak B T accounauun okoro S Exunopora 70% nepemes-
HBIX [OKA3bLIBAIOT SIPKYIO JiuHUIO H, . XOTsl 3TH NaHHbIe HYXIAIoT-
Cs B YTOUHEHHH (HEOOXOMHMOM, KaK BCJIEACTBHE HECOBEPILICHCTBA
CIEKTPAJIbHBEIX JaHHBIX AJs cj1alblX 3Be3[, TAK H BCJISICTBUE BO3-
MOXHOTO BPEMEHHOI'O HCYesHOBeHHst JUHHM H ), Mbl MoxeM, Ha
OCHOBAHUH Pa3BHTOIO BBILIE B3IVIALA, CKa3aTh, UTOV MHOTHX 3BE3JL
yKa3aHHbIX ABYX ACCOIMAUMH BbiAEJeHHE SHEPIHU MNPOHCXOMUT, [0
NPEeUMYIIeCTBY, B IVIyOOKHX (DOTOCEPHUUECKHX CJOAX, BCJACICTBHE
Yero 3aMeTHBIE JIMHUH HM3JYYEHHsI He BO3HUKAOT.

, 3ameruyM, YTo, ecqid B caydae 3Besng Tana UV Kura BbIOpa-
CbIBAEMOE M3 HEAD 3B€3Jbl BEIIECTBO, BBLICJSIONIES SHEPTHIO, BLI-
CBCYMBAETCsl 3@ 0UYECHb KODOTKHH MPOMEKYTOK BDEMEHH M OOLIUHO
HECIIOCOOHO IO/LIEPIKHUBATD YBEJHUEHHYIO SIPKOCTD Ha NPOTSIKeHHH
Gosiee uem movydaca, B ciaydae 3pe3qn Tuna T Tesblla Mbl JOJKHEI
NPEATIONIOKHTD NOpasno Goviee AJIHTENbHBIA NePHON BHICBCUHBAHUS,
T. €. BOSMOXKHOCTb NJIATEJLHONO U3JIYUEHHSI 3a CUET BBUIEJEHHON
AOTIOTHATE/ILHOM dHePriyu. Braromaps s1oMy BOJIHBI B KPHBOI sip-
KOCTH, COOTBETCTBYIOLIHE PA3IHUHBIM BBHIODOCAM, BECEMA UYacTo
NEPEKPLIBAIOTCA, H Mbl HM€eM XapakTepHble 115 38e31 Turna T Tedb-
la HempaBwibHble H3MeHeHUst Osecka. Iloatomy MoHO Tipen-
CTaBUTh cebe, YTO Y OTHENbHbIX 3Be3f Turna T Tesbla (Hanpumep,
y DD Tesbnia) ykasaHHble BEIGPOCH MPOMCXOIST CTOMb YACTO, CO-
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NPOBOXKAAACh HEMNPEPbIBHON 3MHUCCHEH, YTO B MX CIEGKTpAX JHHUHM
IOTJIOLLIEHHS] NTOYTH BCErJa 3aByaJHpPOBaHHL,

§ 2. KOMETOOBPA3HBIE TYMAHHOCTH U NMPUUYHUHB U3MEHEHUM
B HUX

Hackonbko nmoppoOHO H3yyeHbl IJIAHETAPHbIE TYMaHHOCTH,
¢usuueckoii TEOPHH KOTOPBIX MOCBSILIEHBI OYKBAJbHO COTHH OTAENb-
HBEX PaloT, HaCTOIBKO XK€ Majo HCCAeLOBAHBl OOBEKTHl APYDNOTO!
KJacca MaJjblX TYMaHHOCTeH—KOMeTOOOGpasHble TyMaHHoCTH. Mex-
Iy TeM, eCJH He CUHTaTb O00JOUYEK, BbIOpDACHIBA€MbIX HOBBIMH
3Be3NaMH, KoMeTooOpasHble TYMAaHHOCTH COCTaBJISIOT eLUHCTBEH- -
BbIH BHJ TYMaHHOCTEH, MHOTHE NPeICTABUTENN KOTOPBIX SBJASIOTSA
nepeMeHHbBMH O0BEKTaMu.

BpocaeTcs B rsasa, uto GOVIBLIMHCTBO K3 H3BECTHBIX HaM Ie-
PEMEHHEBIX TYMAHHOCTEH, ecJd He BCe, CBS3aHO CO 3Be3aMu THIIA
T Tenbua unn ¢ pomcTBeHHBIMH MM OOBEKTaMH. B 3ToM OTHOLIE-
HHM KJQaCCHYECKHM IpUMEpOM SBJASETCS TyMaHHCCTb XHUH/AA
(NGC 1555) okosio camoit T Tesbiia. OtkpbiTasi B 1852 rojy u OblB-
mast B To BPeMsi 3aMETHHIM 0ObeKTOM, oHa K 1861 nomy upessbiuaii-
Ho ocymabnaa u Oblla elBa pas3jWyLHMa JUIIb B KPYIHeHuue Tese-
ckonsl. B 1868 roxy omHa cosepurenno ucuessga. C 1890 rona
OHa cHoBa HalJjomasnach, cHayaja B Bule ciaboro 00bexrTa,
a MOo3Xe JOCTUIJIa 3aMeTHOH SIPKOCTH. TyMaHHOCTb HUMeeT Helpe-
DBIBHBIH CHEKTP, M Ka’KeTcsl eCTeCTBEHHOH THIOTe3a, YTo OHA SiB-
Jasgercs orpaxkartesapHoil. OHako 3Ta THNoOTe3a He MoXKeT OBTb
NPHHSATA, TOCKGJIbKY M3MEHEHUS SIPKOCTH TYMAaHHOCTH H, B UAaCTHO-
CTH MePHOX ee HCUE3HOBEHMUs, He HAXOMAATCS HH B KAKOM COOTBET-
CTBHH ¢ H3MeHeHMdAMH OJiecka camoii T Teswua, or KOTOpo# OHa
HaXOJHUTCSl B NPOEKUMH Ha paccrosHuu npumepHo 40”. Ecau mpo-
CTPAHCTBEHHOE DACCTOsHHE He BO MHONO pa3 IpeBbIlIaeT paccTofl-
HHE B [IPOEKLIHH, TO CBET 3BE3Mbl JOJIKEH MOXOLUTH A0 TYMaHHOCTH
3a HECKOJIBKO MecsilleB, U ITO3TOMY TYMAaHHOCTh JOJIKHA OblIa Obl
C HEKOTOPO# pasHOCTBIO (a3, mopAaKa HeCKOJNbKUX MecslleB (B 3a-
BHCHMOCTH OT CPHEHTAllMH), MOBTOPATh H3MeHEeHHUs OJieCKia 3Be3/ihl,
YTO HaBepHsKa He Habmogaercs. OueBHAHO TaKXKe, UTO 3[1eCh HeJlb-
35 HHYEero OODBACHUTH PeAJbHBIMH H3MEHEHHSIMH B CaMOH TyMaH-
HocTH. B camom gmesne, mist 3TOro npuiioch Obl OTVCTHTh Iepe-
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MEUICHHC COCTaBJISAIOIUX ee MacC CO CKOPOCTLIO NOPSIAKA ACCATKA
THICAY KANOMETPOB B CeKyHAyY U Oousee. Ellle TpyaHee B Taxcil Ciy-
uae NOHATh BOCCTAHOBJIEHYME TYMAaHHOCTH Ha IIpeKHeM MecTe, XOTd
H B HOCKOJILKO H3MEHEHHOH opme. OUeBUIHO, YTO U 3/LCCh HeJlb3st
HU4erc ¢OLACHNTL TakyKe TelI0BBIM H3JAYIeHUM U 4TO HYXKHO HPH-
OYVMAaTh Kaxoi-10 HOBBIH MeXAHM3M BO3OYXKLRHUA HEPepbiBAOro
H3JYYOHHA,

Kax ussectno, npodeccop Kumnep noxasas, uyTc Hemnpepbis-
HBIH CHCKTP ILTAHCTAPHBIX TYMaHHOCTEH VAORJEeTBODUTCABHG O0b-
SCHACTCS JIBYXKBAdTOBBIM HM3JY4€HHEM BOJOPOAHBIX ATOMOB, IIPO-
HCXOMSATEAM HPH [2Dexoe OCAeIHUX U3 MeTacTaOmILHOIO COCTOM-
qHs 25 poocnosHow coctosiHue 1S. OfHako B JAHHOM CIywas HeT
YCIOBHH AJ51 OCYIIeCTBICHUA B 3ToTo MexanuaMa, Taxum obpasou,
CBeUCHIe TYMaHHOCTH XHHJAQ CJeAyeT NPHUMKCAThL KAKOMY-TO elle
HEH3BOCTHUMY MeEXaHH3MY.,

Ipuseaem Apyroil npumMep TPYAHOCTH IPH OOBACHEHHI CReve-
HUST KOMeTo00pasHBIX TyMaHHocTell. KomerooOpastast TyMaHHOCTD
B10 cesasana ¢ nepemensoit ssespoit DD Teibia, 00 yAMBUTEb-
HBIX OCOOCHHOCTSIX KOTOPOIl H, B YACTHOCTH, O HAJNUHUM Yy Hee UH-
TEHCUBHOH IoJ1y00il HeNIPEPhIBHOU SMUCCHH TOBOPMUJIOCH Bbllie. Pu-
suyecknii xapaxrtep cBaAsu MexAy DD Teapna #  TYMaHHOCTBIO
B10 ne MoeT BBI3BATH COMHEHHS, TaK Kak 3B3e31bl, HAXOIALLAECH
3a B10, nourn cosepileHHO He BHAHBI M3-34 HOLJIOLIEHHS CBETa
n reMuoM oOmake Tedpla, a BePOSTHOCTL CAYYAilioro NpoeKkTino-
Banng Ha Bl0 xaxkof-nuOyap 3Besgsl ¢oHa meHbire 0.1. Tem Go-
JIeC Malla BePOSTHOCTD CJYy4aidHOTO TPOSKTHPOBAHHASA CTOMDb HCKIO-
QUTENLHCI 3BE3bI HAa CTOJMb MaJylo IO pasMepam TyMaHHOCTD
B10. Cormacno Crpyse u Csunrcy [12], TyMaHHOCTL dUMeeT Henpe-
pPLIBHBLE CliekTp. OnHako, NPOBEPsis, BBIIOJHSIETCA JH CCGOTHOLLE-
uite XiaGdna, 3TH aBTOPbl YCTAHOBHJIM, YTO JJIs1 OCBEILEHHs TyMaH-
Hoctd B10 Ha BceM NPOTSIMKEHHH, Ha KOTOPOM OHA CBETHTCH, BH-
MuMblil Oneck snesdsl DD Tedsbita qoszkeH Obll Obl ObiTh Ha 7 Be-
AWMUH sipye HaO/oaaeMmoro. [osySoll iBeT 3Be3bl UCKJIOYAeT BO3-
MOZKHOCTb HPEAIOJOKEHHsi 00 OUeHb CUABHOM OCI1adJeHud ee CBe-
Ta. ITosToMy ClIedyeT OTKa3aTbCs OT THIIOTE3bl O MPOCTOM OTPaKe-
HHU TyMaHHOCTBIO CBeTa 3BE3Jbl H NPHHATH, UTO B JAHHOM CJydac
MBI HMEeM Je/10 C HEeHU3BCCTHBIM MeXaHH3MOM HEeNPEeDbIBHON I3iHC-
‘CHH.
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OnHaro TOT (BAKT, YTO PACCMOTPEHHbE e KOMETOOOPa3HbIe
TYMaHHOCTH CBsI3aHbl HMEHHO CO 3B€3JaMH THIIa T Tegblla, CBHAL-
TEJBCTEYET O TOM, 4TO B KOHEYHOM CueTe NPUUYHHOH CBEUCHHA B
KaXXIOM cJyuae BCe JKe sBjseTcs 3pesfa. TarxHM 00pasoM, Mol
NPHXOMMM K 2aKJIOUEHHIO, 4to MHOrHe 3pe3nl Tuna T Teapua cio-
coGHbI CO3LABATh YCAOBHS /19 NOABJEHHA HeIPEPhIBHOIO COeHEHUN
KaK B BEDXHHX CJOsX CBOHX armMoc@ep, Tak ¥ Ha 3HAYUTEIHHOM
PACCTOSIHHN OT cefsl (Mo HEeCKONbKHX JecaTelx iapcexa). [ipn
5TOM HHTEHCUBHOCTb ()aKTOPa, BHI3BIBAIOUIENO HEMPEPLIBROE CBEUe-
HUE TYMaHEOCTH, MEHSIeTCs HEIPaBWIbHBIM 00pasoM, OTIHYHO OT
6aecra caMo@l 3Be3JIbl. '

IMpueegeM ellle HECKOJIDLKO NPHUMEPOB, MOATBEPXAAIOUINX Bbi-
CKA3aHHBIH BBIIIC B3IVIAL Ha CBCUEHHES KOMETCOOPaA3HBIX TYMaH-
HOCTEIl.

KomerooOpasnas: TymanHocTe NGC 6729  HemoCpeACTBEHHO
cBsizana ¢o 3pe3moit R IOxmoit Kopownsl. Ycranosnieno, 4Tto o s
3TOM CJIy4ae HET ONPENEICHIOH KOPDEIAUUA MEHAY USMCHCHAN T
6siecKa 3Be3Jbl ¥ TYMaHHOCTH, XOTS pacloJO/KeHHe U gopma Ty-
MAHHOCTH TPAMO TOBCPAT O BO3AelcTBHEM 3Be3inl R I0xmol Kopo-
Hbl, @ BO3MOXKHO uacTuuno u cocesxeil 3geannl T I0xnoi Kopons,
Haxodglluelicss Ha DACCTOSHUH IIPUMEDPHO OMHCH MHHYTBl IYTH OT
R 1Oxmnoit Koponsl. Corsacio Xa00ay, CHEKTp TyMaHHOCIH
NGC 6729 uenpepeised. CTpemsch NpOBePUTHL rHuoTesy o8 oTha-
EeHHH CBeTa 3Be3fbl, YUTHe#d u YactoH B 1946 rogy npoussednu
canmku tymansoctn NGC 6729 uepes noasapous [17]. Xors pesyiis-
TaThl UX H3MEPEeHHl HeLOCTATOUHO TOUHbI M TPOU3BSHEHBI BCE'O B
IBYX TIONIOKEHHAX MOIAPOUIA, BCE K€ MX aHAJIH3 CKODES IO30PHT
NPOTHB pafHalbHOI MOJSPH3AIHH, BHITEKAIOUIeH H3 THIOTE3bl OT-
PaXKcHHS CBETa, YEM 3a Hee. ,

3HaunTeabHBI HHTEPeC NPEeACTaBIseT oTKPbiTas Xapo [18] ue-
Gosibllasi KoMeTocOpasHasi TYMaHHOCTb, BKJIIOUEHHAS UM B CIIHCOK
NeKy/iapHLIX OObEKTOB, HaXOIAIMXCs B pafloHe TymaHHocTH Cpio-
Ha nog HomepoM 13a. B rosioBe 3TOH TYMaHHOCTH HAXOJUTCH BECh-
Ma corabast uHGpakpacHas 3pe3fa. TyMaHHOCTb BHLHA HA CHUMKAX
B CHHMX, KPAaCHBIX U HH(pPaKpacHBIX JydyaX, HO CBsizaHxas C HEK
3Be3/la HACTOJIEKO csafa B CHHHX Jyuyax, YyTO BOBCE HC BHAHZ Ha
CHHEM CHUMKE, IIO4TH He BUJAHA HA KPACHOM M 3aMerHa J:ilth
Ha urhpaxpackoM, OyLyud Bee Ke ciaades TyMaHHOCTH. |7 iw



14 B. A. AMBAPLIYMAH

‘Te3a 00 OTParkeHHWU CBeTa NPUBOUAT W B 3ITOM Cjydae K Ipeld-
NOUIOUKEHHIO, UTO CBET 3Be3[bl MpeTepilieBaeT B TIojoBe TyMaH-
HOCTH CTO/b 3HAUWTeJbHOE NOKPACHEHHe, 4YTO 3Be3Ja CTIHOBHT-
<51 mHbpakpacHoii. Mexay TeM B obmacTd TyMmanHoctd OpuoHa
MBI HMeeM H3BeCTHOe UHCJIO HPYrHX HH(PaKpPacHBIX OOBEKTOB
cToVIb ke cjaboro Oaecka. IlosTomy OoJjiec €CTECTBEHHO IIPei-
[I0JIOXKHTD, UTO MPUYHHON CBeUeHHs TYMAHHOCTH B CHHHUX JYy-
yax S#BJSIETCH ee COOCTBeHHOe HEenpephIBHOE CBeUeHME, BbI3bIBae-
MO€ HEeH3BECTHBbIM (AKTOPOM, HCXOAAUIUM H3 3BE3[bl. OcobeHHo
HMHTEPECHO, 4TO, 10 MHeHHIo Xapo, OTAaJieHHasi OT 3Be3fibl 4acTb
TYMAHHOCTH (XBOCT) HMeeT 3MHCCHOHHBIA CIIEKTP 1 HEBHAHMA B
HHPPAKPACKBIX Jydax. DTO sBJseTCT NPIMBIM yKasaHneM Ha To,
YTO CBEYeHHe TYMAHHOCTH He MOXKeT OBIThb OOBSCHEHO IPOCTBIM
orpakennem. OUeBHZHO MBI HMEEM 3JeCh [eJo ¢ 3HAKOMBIM
HaM siBJeHHeM OJIHOBDEMEHHOro BO3OYIKISHHS B PasiIHyYHbIX 00be-
Max HelpepbiBHOH 3MHCCHH H JHHHHA H3JYYeHHH.

Htax, Mbl MOXKEM CIeJaTh BBIBOJ, UTO CBeuedHe Komeroo0pas-
HbIX TYMaHHOCTEH OObsICHsIETCs, N0 KpakHeHd Mepe B CBOel 3HAUH-
‘TeJIbHOH YaCTH, KaK Pe3yJbTaT HeloCPeICTBEHHOrO OCBOOOKLEHUS
B 00beMe TyMaHHOCTH BHYTPH3BE3IHON SHePIHi, NePEHeCCHHOM 1Iy-
TeM KaKOro-To BBIGpPCCA W3 BHYTPEHHMX CJIOSB 3BE3Jbl B 00JacTh
“TYMaHHOCTH.

CjrelyeT OTMETHTB, UTO HE BO BCEX Clydyasdx CjeAyeT OTKa3bl-
BATBCS OT MexaHHu3Ma oTpakeHus. [Ipa pocTaTodo 60/1bUIONH CBETH-
MOCTH 3B€3/Ibl CBsI3aHHAsl C HEfo KoMeTooOpasHas TYMEaHHOCTb MO-
2eT ObITb LOCTATOMHO OCBellleHa JJIs TOrO, YToOLl B € CBEYEHHH OT-
PaKEHHBIH CBET MhpaJji 3HAYUTEJNBHYIO POJb. TIaKOH CiIydail Mbl UMe-
eM, noBuauMoMy, B TyManHocTH NGC 2261, cesg3annoit ¢ R Exuno-
pora. C OIHOII CTOPOHBI, U3MEHEHHUA OJlecKa TYMAHHOCTH HE CJIeILy-
10T 32 H3MECHEHHSIMH SIDKOCTH 3Be3fbl. Bo BCAKOM ciyyae, aMILIH-
TyJa H3MEHEHHS SIPKOCTH 3BE€3[bl HAMHOIrO NPEBOCXOIUT aMIUIHTY-
Ly H3MEHeHHs APKOCTH TymaHHocTH. Kak nokasano Geuto [pun-
urredinoM [19], IBET TyMaHHOCTH He CJIEAYeT 3a H3MEHECHUsIMH 1IBeTa
3Be3fibl. BMecTe ¢ TeM, HaJHYHE B CHNEKTPE TYMAHHOCTH SPKHUX JIH-
HHI, KOTOLblE [IPUCYTCTBYIOT B CIIEKTPE 3BE€3[bl, TOBOPHUT O 3HAUH-
TeNbHOH poJiH oTpaxeHus. CaefyeT AyMaTb, YTO NPH NOBLILICHHH
a6CcoIIOTHON APKOCTH 3Be3Jbl POJIb OTPAXKEHHOrO CBeTa BO3pa-
«CTaer.
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B nonb3y npemiokeHHOro OODBSCHEHHS DOBOPHT TaKzKe TOT
{aKT, yro OJHAa U Ta XKe 3Be3/a BbI3bIBAET B PASHOE BPeMs CBe-
YeHHe Pia3jIHYHHX O0bEKTOB, PACHIONIOKEHHBIX B PA3JIMYHbIX MECTaX.,
Mzl umeeM saech B Budy npousseneHHoe Orro Ctpyse B 1868 romy
B ITynkose oTkpuiThe TymanHoctd NGC 1554, pacmosiockeHno# B
Tpex mugyTtax ayrd ot T Teasua. OHa wabioganack no 1877 roaa,
T. €. Ka8K pa3 B TOT NI€PHOJ, KOTJa TYMaHHOCTb XHHjaa Obljia HEBH-
aupma. C Tex nop oHa He HaOJlofasach ¥ He BUAHA Jaxe Ha Jyd-
WHX coppeMeHHBIX Qororpatusx. [losBiaenue H HOUE3HOBEHHE TY-
MaHHOCTH CTPyBe HeJlb3sl HHKAK OOBSCHATL HCXOAS H3 THIIOTE3H
OTpiaKeHHUs].

Bo Bcex ciyyasix MmepeMeHHOCTH KOMETOOGDPasHBIX TyMaHHO-
CTeHd, CBASAHEDBIX cOo 3Be3gamMu Tuma T Tesbla, HaG/I0LaeTCs Ta 0Co-
GeHHOCTb, YTO H3MEHEHHMs B TYMaHHOCTH TPeOyioT ropasio Godee
JAJITATEJIBHBIX [IPOMEKYTKOB BpeMeHH (GoJiblie YacTbio TPeOyIoTCs
COMBI), YeM IIPOMEKYTKH, B TEUEHHEe KOTOPBIX MEHSIeTCsl OJIecK
camux 3Besx thia T Tesblja. D10 CBHIOETEABCTBYET O TOM, YTO B
clydgae KOMETOOOPasHBIX TyMaHHOCTEH OCBOOOXKAEHHAS INOPLHS
SHEPrHH DaCXOAYyeTCsi B BHJle H3JYYEHH:d 3a ropasao Oojee I/IH-
TeNBHBIA CPOK, UM B 3BE3JHBIX aTMoC(epax.

Kak TobKO 4TO YNIOMSIHYTHIH (JakT MOCIeZOBATEJNBHOIO BO3-
Oyak/enist CBeUeHHsT ABYX TYMaHHOCTEH, PacIOVIOKEeHHBIX Pas/iHd-
HbIM 06pasoM 1o otHotueH o K T Tesibla, Tak 1 cama dopma Govib-
el YacTH KOMeToOOpaskbiX TYMaHHOCTeH TIOBOPAT O TOM, YTO
(akTop, BRI3HIBAIOWIKI CBeMEHME, B JAHHOM <Jyuae MOXKeT HMETh
HanpaBneHHOe JeicTBHe. HamnpasieHHOCTh B 1aHHOM Caiyyae MOer
OOBSICHATECS, € OJIHOH CTOPOKBI, Halp@aBJeHHeM BbHIOpOCa BHYTpH-
3BE3JHONO BELIECTBA H, C JPYIOH CTOPOHBI, paclpeeeHHeM MaTe-
PHH BOKDYT 3BE3JHI.

B sakniouenne macrosilero naparpacda yrnoMsiHem elle He-
Ckouibko 3Be3n Thna T Tesbma, CBSI3aHHBIX C KOMETCOOPa3HBIMH
TyMaHHOCTsiMH. IT0 BM Annpouvens, RY Tesbua, DG Teabiia u
HK Oprona. [Mocaenusis no xapakrepy crekTpa 3Be3fbl H 1o H3-
MeneHHsIM Oslecka MOMKET ObITb Takike OTHeceHa K Tamy XX 3mee-
nocua. OfHaKo, Kak OPaBWIbHO YKA3blBaeT XOJCIOB (8], MexmLy
spesfiamu THna T Tesoiia u XX 3MeeHocua HeT peskoil CpaHHUIb,
NOBTOMY OHH MOTYT ObIThb GOBEJUHEHBl B OAHH KJaccs.

3HaunTeNbHOE YHCNO 3Be3y THNa T Tesblia BCTpevaercs B pas-
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JMYHBIX CBETJBIX AM(PY3HbX TyMaHHOCTAX (TymMaHnocTh Opuona,
NGC 2264, NGC 7023 u mpyrux), o0pasys B Hux OGoratele T acco-
nuanui. CoGCTBEHHO TOBOPS, H IepeMeHHble, HaXoasuHecs B Teinb-
e, B oM uncie u takne, kak DD Tesbua, T Tesabua, DG Teabua,
RY Teublia, KOTOPHIE CBSI3@HBI ¢ KOMEDOOOPA3HBIMY TYMaHHOCTIMH,
BXOAAT B OOJBLLIYIO, HO TEMHYIO AHPOY3HYIO TyManHocTsh Tesbiua,
06pasys ofHY OOMBIIYIO ACCOLHALMIo, COCTOAULYIO U3 HECKOJDLKMX
rpynm, noapo0HO HCCAeROsaHHBIX XOJIOMNOBBIM, BoO3HUKALT BOIPOKL,
HeT JI1 ¥ B CBETVIBIX AU(P(y3HBIX TyMaHHOCTAX, COAEPIKAMUX B Cele
Gouibiupe rpymnsl 3e3n tuna T Tesibla, TakHX, KOTOPhIE BMOCTE
C HEMH comepxaT B cefe Takke HeOOJIbile KOMETCOOpasHble Ty-
maHHocTH. COBEDIIEHHO eCTeCTBEHHO, YTO ODHapy X eHue NOm00HbIX
KOMeTOoOOPa3HbIX BKJIOYEHHH B cJyyae CBETJIBIX TyMaHHOCTEH
MOJIXKHO ObITh ropaszmo Gojiee TPYAHBIM JGJAOM, 4eM B CJIyuae TeM-
HBIX TyMmanHocTell. OpHako 0030p MMEIOUIMXCA Ha 3TOT CUeT Ha-
6aI0LaTeIbHLIX JAaHHBIX [IOKA3bIBaeT, YTO 3aJa4a 37a He ABJSeTCS
coBepuIeHEO Ge3HaJeKHOH.

§ 5. KOMETOObBPASHBIE BKJIIO‘—IEHI/ISI B CBET/JIbIX
JUOOY3HBIX TYMAHHOCTHAX

[ TvmMannocts IC 405. C nepsoro BsIvisiga 3TO 0ObIU-
Has rasoBas TyMaHHOCTb. TOT (akT, 4To B HeH 3aK/ioyeHa 3Be3la
AE Boeasuuuero, umerouias crnekrp tirna O, no3poJsieT CYHTATh, 4TOC
CBEUYCHHE TYMAHHOCTH OOBACHSETCS OObIYHBIM MeXaHH3MOM (iyo-
pecuenuyy. Hajuuue sipKuX JMHUA B COEKTPe TYMAaHHOCTH NOJ-
TBepXKAaeT 310 sakaouenne. Onnaxo yxe I'punimuredn u Xened [20]
KOHCTATHPOBAJIM HaJHuYHe 3aMETHOTO HenpepulBHOrO crexrpa. Ilo-
caenuee o0CTOATENLCTBO NoATBepxKIaeTcsa ['yp3agdioM Ha OCHOBA-
HEH CHEMKA, [IOJYYCHHOTC C TIOMOIIbIO HeOYAsiPHOTO crekTporpada
Biopaxancxoil Obcepsatopui. Pororpaduu Tymandoctd IC 405
MOXKHO HaliTH B aTacax Kponvckoil [21] u Anma-AtnHackoil [22] 06-
cepsatopuil. Kak nokasasna B ceeeit pabote B. @. I'asze [23], Bun u
CTPOCHES TYMAHHOCTH Ha CHUMKE B Jyuax Fl, HeoOblYaiiHO pesko
OTJIHIAETCA OT ee BHAA M CTPOCHHUSI Ha CHUMKe B (QororpadayecKux
ayuax. [Tpasua, pasnnume mexny cuuMxamu B He u B ¢ororpa-
¢uuecxux syyax Habnopaercs y And@ysHbIX TYMaHHOCTEd BeCbMa
yacte. Onnako OOLYHO GHO CBOAMTCH K TOMY, YTO Ha NepHQEPHH
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rasopoil TyMaHHOCTH B Jydax [, snissigiorcss Gojiee cjiaGble ya-
ctd. B oTaearHex cayuasix, HaoGopor (Hampumep, B ciaydae TPex-
pasnebHoH TYMAHHOCTH), V Ta30BOH TYMaHHOCTH HMECTCS IIPOILOJI-
KEHHE B BHJIe IIBLJIEBOH TYMAHHOCTH, Aatolgell HenpepblBHBIH CIIEKTP
H BHAMMON TOJBKO B (poTOrpaduueckux jayuax. B manrov we cay-
Yyae pasHulya 3aK/jio4aercsd B TOM, UTO B (oTorpadHuecKux Jydax
ot 3pe3abl AE Bosuuuero TsHeTCs sipKas u JOBOJBHO Pe3ko Orpa-
HUYEHHasl CTPYysl, UBOTHYTAsi AYroi, MexKAV TeM KaxK Ha BOHLODPOMI-
HOM CHHMKe 3Ta HauboJjec BBILAICULASICSA JeTajib TYMadHOCTH CO-
BepuieHHo He puiaHa. [lpeanoaarars, 4to cbeyeHne CTDYH  MOZKET
BBIBBIBATECS, B OCHOBHOM, H3JIy4YeHHeM APYTHX SPKUK JUHHAH, BCTDE-
YaKILIHXCst B CIEeKTpax AHPOVIHEIX TyMdHHOCTEH, TakkKe, MOBHIM-
MOMY, HeT oCHoBaHus. B cavom jese, peyb MOXKET HATH 34Eh
Julb 0 aveiere . 5727 [Olf. Ho ocobenno cusbiioe caeyerus
3TOM JIWHURX B TOW YacCTU CTPYH, KoTopast Osau3ka K 3pesne AE Bos-
HHYEro, TPYJAHO IPeAnosaraTh, TaK KakK B 9TOI YACTH KHCJIODOJ,
JOJKeH ObiTh IIOUTH ILeJIMKOM HOHM30BaH BTOpHYHO. [TosaToMy GoJee
eCTEeCTBEHHO MoJlaraTb, YTO CHEKTD CTPYH B 3HAUUTEJALHON CTeleHH
HEMPEPLIBHBIH, NOACOHO CHeKTpaM KOMeTooOpasHLIX TyMaHHOCTEH.
CxoncTBO paccMaTpUBaeMOil CTpYH ¢ KOMETOCOPasHLIME TyMaHuo-
CTSIMH COCTOHT IIPH 3TOM HE TOJIBKO B TOM, UTO CTPYsS KaK OBl Bbl-
TEKaeT H3 3Be3[lbl, HO U B TOM, YTO CcaMa 3Be3/ia SiBJsieTcs Inepe-
MEeHHGH.

C ZApyroii CTOPOHBI, MBI, He BHaeM cJyyaesn, uTOObI 3Be3da Tli-
na O9 ocsemasa B HEMOCPEACTBEHHOM COCEACTBE ¢ COGOI0 TIBLIC-
By©0 TyMaHHOocTb. OcTaercst mpeanosiokKUTh, YTO 3/16ChL Mbl UMeeM
JIeJIO OMATL C HenPepbBIBHOU 3IMHUCCHEH.

IT. IC 410. Tymarnocts IC 410 comepxkur B cebe O ckomsie-
nue NGC 1893. B ato ckontenne Bxomsr, cordacto Hlapmneccy [24],
5 sBesn Tura O, HeckousbKO 3Be3 Tulla Bo # apyrue 6ojee caadbie
3pe3fibl. B 4aCTHOCTH, B 3TO CKOIVIGHUE BXOJUT CHCTEMa THIIA Tpa-
nenun BD--33°1026 u gpyrme KparHble CHCTeMBL. TyMaHHOCThL
IC 410 uveer nuameTp, NPeBOCXONAIIME MOJPPagyca. bBosablas
IJIOTHOCTb U300pazeHHs Ha CHUMKaxX B Jyuax H, (cM. atiach
Kpeivexoil  Avima-ATuHCKO# oGceppaTopuil) ykasblBaeT Ha To,
410 OOsblIas YacThb CBEUEHHS CBsi3aHa C BO3OVIKACHHEM Ta3oB
YOOMSIHYTHIMU BbIie ropaduMi 3sefamiu. OaHako B cocTaB TyMat-
HOCTH BXOJST Opa Opocaiouiyecst B rvasa 00DA30BaHHUsS, KOTOPHIC
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NpPEeJCTaB/AIOT CO00H  KoMeTooOpasHble TyMadiloCTH. B cIiMcKe
Illaitma u Fase [25] ouu o0osHaueHsl HoMepamu S 129 u S 130. Ty-
MaHHOCTL S 129 mMeer MIMHY NOPSiKa MATH MUHYT, a S 130—110-
psiaka cemy MHHYT. Oco0eHHO XODOILIO BAAHBI 3T TYMaHHOCTH Ha
cuumke 13d Bropoit uacth atiiaca Pecerkosa u Powxxosckoro. B
paiione DOJIOBbI TyMaHHOCTH S 129 HaxoguTcs OATb caalbbiX 3BE3L.
Vs nux HaupGoJee spras, cyaq no onpeaeernio Kyddes [26], uvecr
doTorpaduueckylo apkocTb 4.8, a B palioHe roJoBbl TyMaHHOCTH
S 130 umeercst 4 3Be3dbl, U3 KOTOPbIX HauboJiee APKas AOCTUTACT
tdortorpaduueckoi pesnuunbl 13.4. He moker ObiTb U peult, YTOOHI
VKa3aHHbIC 3BE3/bl MOIVIH OCBellaTh CBA3aHHble C HUMH KOMETO-
o6pa3nble TyMaHHOCTH. B 060X 3THX Clydasx CCOTHOIUeHHe Xab-
OJ1a OymeT HapylleHO [TOYTH B TAKOH JKe CTENSHH, 4To M B Cjaydae
3pe3fbl DD Tedbila, CBA3aHHOH € KOMETOOOPA3HOH TYMaHHOCTBIO
B10. ToaToMy BO3SMOXKHO, UTO H B 3TOM CJy4ae HEHCTBYyeT MeXa-
HU3M HENpPEepPbIBHOI 3MUCCHH, O0CY2KAaBIIMNACA BbILLE.

III. TymanaocTh Opuona. Ilowumo oObekra 13a,
OOHaPYKEHHOrOo Xapo, O KOTOPOM Mbl TOBODHJIY B ITPEEbLIYLIEM
maparpage 1 KOTOPBIH, HECOMHEHHO, BXORUT B accoiuaiuo OpHo-
Ha, XOTS M HAXOJUTCS JOBOJIBHO JaJjleko OT Tpalenuyu, UMeroTCs
JaHHbIE elife O YeThipeX 00beKTax, HaXOMALIUXCs YxKe CPaBHUTEJIb-
HO Oju3ko K Tpamenuu. 1o HeOOJBLINE TyMaHHOCTH, OOHAPYXKeH-
Hble Xapo [18] Ha uH(ppaKpacHbIX CHUMKAX ¥ IMOJIyYUBILIHE Y HEIrO
000o3HayeHMs ba, 6a, 7a u 8a. M3 Hux oObeKTHl 7a ¥ 8a comepxkar
B cefe BecbMa cjabble HHGPaKpPACHbIE 3BE3Jbl, KOTCPble, B CHJY
CBOEH HHU3KOH CBETHMOCTH, HE MOT'YT HX OCBelllaTb. B Apyrux AByX
o0bekrax Ha u 6a BoBCe He OOHAPYKEHbl 3BE3MANLI.

Hecmorpss Ha 3T0 M HecMOTPsi Ha OausocTh Tpaneuuu, aTu
OODBEKTBl H3JIyYaloT HENpepbIBHbIH cleKTp. Ecsi Obl X Henpepbis-
HOE U3JIyUeHUE BBI3bIBAIOCh IPSiMbIM OCBELUEHNEeM CO CTCPOHBI Tpa-
TeLHA HIH CO CTOPOHBI APYIHX NOPSUUX 3BE3J, BXOAAIIMX B acco-
nuanuio OpHOHA, TO HeJb3sl Oblo Obl NOHATL TOT (PAKT, 4TO 3TH
TYMaHHOCTH BBLIEJISIOTCS IIPesK/Je BCero B HH(PaKpacHbIX Jydax.
TToaToMy ecTecCTBEHHO W B JAHHOM CJydae PaccGMaTpHUBATb HX CBe-
YeHHe Kak CJeJCTBUe HeNPEePLIBHOH 3MUCCHH, CUHTAasd, 4yTo B CJIY-
yae 00beKTOB Da B 6a 3Be3mpl, 0OyCJAOBJIMBAIOLUHE MOABJIEHHE He-
IPEPBIBHOII 3MHCCHHU, HACTOJAbKO CJAadbl, UTO HE NOJYyWArOTCH Ha
CHHMK3X.
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IV.Tymannocte NGC 7023. Kak nokasa;n Ysctou [27],
'3Ta TYMaHHOCTL COAEDKHT B ceOe OOJIBUIOE KOJUYECTBO 3Be3/ THlia
T Tesabua. C apyrofi CTOPOHBI, IPUHATO CYUTATh, YTOOHA OCBELACT-
€ Haxolsuledcs: B ee LeHTPe 3Be3fgod Tuia B5. Kax yxasbiBaior
Ilain u [ase [25], «TyMaHHOCTE... YaCTHIHO BOZOPOLHAAY. DTO 0O3-
Havaer, 4rc Hapsahy ¢ HeNPepPbIBHBIM CIIEKTPOM WacTb SHEPTUH H3/1Y-
Haencs B JIMHHAX BOAOPOMAA H, BEDOSTHO, APYTHX 3JeMeHTOB. Eciu
HENPEPhIBHbIA CIEKTP IEJHKOM MPOUCXOMUT OT OTPazKeHHs CBETA
LeHTPAJIbHOH 3BE3MBI, Mbl JOVI2KHBI OBbLIH OB HAOJIOAATh PagHailb-
HYIO NOJISIpH3AINIo, ONHAKO, KaK IoKasaja ¥YocToH [28], kapTuua
NOJIIPA3alHd B pacCMaTpPHBaeMOH TYMAHHOCTH BeCbMa CJIOXKHA, A
PesysibTaThi €ro HAOMIOAEHHE HE MOrYT OBITH OOBACHEHBI IPOCTHEM
OTPazKeHHEeM CBeTa.

Cormacno I'nuse u Basbrepy [29], B TYMaHHOCTH Had 110 MaeTCs
B 1€PBOM NPHOJIHZKEHNA PajHaNbHast NOISIPU3ALUs, KAK ITOTO Tpe-
Oyer runoresa 00 OTpazKeHHAH CBETa USHTPAJbHOH 3Be3spl. OLHa-
KO 3TO TOJIBKO fepBoe npul/ukenue. PeasbHass KapTuHa pacpe-
JAEJIEHHsT MOJSPH3AUHH TOPasIo CJIOKHee.

Taknm o0pasom, H B 3TOM CJllyuae MOXKHO HOLO3DPEBATb HAJM-
YHe OTACJIbHBIX BKJIIOYEHHH, HAIOUIHX HElpepbhiBHOe CBeUYEHHE HHOH
NPHPOIBI.

M3 BCero ckasaHHOMO CJIeLYeT, YTO CTPOCHHE MHOTHX JupPys-
HbIX TyMaHHOCTeH, 0coOeHHO cBs3aHHBIX ¢ T m O accouuamusMu,
ropasio CyiozKHee, YeM 3TO Kas3asoch IO CHX IOP, U Hapsifly ¢ Hccie-
JOBaHHEM HX B Jyd4ax H, Hy»kHo oOpaTHTb cephe3HOe BUAMAaHUE
Ha H3yYeHHe HX CTPOCHHS B HENPePLIBHOM CIIEKTPE.

§ 4. OBBEKTbl XEPBUI'A--XAPO

Kax u3BectHo, noMumMo Toro, uto 3seana T Tedblla HMEeT OKO-
J10 ce6st KOMETOOOPA3HYI0 TYMaHHOCTh XHH/IA, OHA HEIOCPEACTBEH-
HO OKpyxKeHa TyMaHHOH OOOMIOMKOH HeGOJBILIOro OGbeMa, HMelo-
L(eH CHeKTD, COCTOSIIHN U3 APKHX JuHHE [30]. Hutepecio, yto 37107
CNIEKTP CBUACTENIBCTBYET O CJ1aGOoi CTeleHH HOHM3alHUU B TyMaHHO-
cti. Tak, Bmecro Jjmauit [OIII], koTopble BOBCe He HalJIORAIOTCH,
Mbl BCTpeYaeM 3JeCh BeChbMa HHTeHCHBHBIA aydser A 3727 [OII].
3HAYATE/IbHYIO HHTEHCHBHOCTL HUMEIOT TaKiKe JHHMH [SII]. Takoe
TIOBEJICHUE CNIeKTPa HAM KaxKeTCs MOHATHBIM. M3siyuenne 3sesanl 1
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naxe mobapseHHas K Hell HenpepbiBHAs 3MHCCHS HE MOIYT BbI3-
BATh BBLICOKOI MOHM3ALMM B TyMmaHHoCTH. ITosTomy BO3OYXKAAIOT-
csl TNPEUMYNICCTBEHHO JMHMH HEHTPaJbHBIX H ONHAZKAbl HOHHZ0-
BaHHbIX atomoB. OfHAaKO caMbld (akT CyULeCTBOBAHHSI TyMaHHOH
OBOJIOUKH [IPeJICTaB/sIeT OOMBILOH HHTEpeC M, NOBHAUMOMY, TECHO
cBsi3ad ¢ MoJomocTbio 3Besanl T Teabita. Ecan 310 Tak, 1O €CTECT-
BEHHO OKHMATb, 4TO HauboJlee MOJO/ble 0OpasoBanusa B T acconua-
WX MOTYT ObIThb CBAI3aHBI C [OLOCHBIMH K€ TyMaHHBIMHI 050/104-
Kamu. Murepecto, uto XepOur [31] OTKPBIT ¥ H3YUUJ HEAAJICKO OT
anddysuoii rymanuoctd NGC 1999 tpu pecbMa cialblx TyMaHHbIX
06'beKTa, PACNOI0KEHHBIX IPHMEPHO Ha OLHOH NMPAMOH JIHHHM. B
JadpiefiiieM 5TH OODbeKTH OblId uaydeHbl Xapo [32]. Oxasasioch,
UTO KA Abili W3 HIX IPeJCTaBseT co00i 3Be3 Ly NPUMEpHO 18-i Be-
JIMYMHDI, OKPYIKEHHYI0 HeGOouIbIIoi TYMaHHOCThI0. ITpy 9TOM TyMaH-
HOCTb TIPEICTABJIARTCA HOBOJIBHO SIPKOH IO CPABHEHHIO O 3BE3JOH,
4 CHeKTp TYMaHHOCTH BECbMa HANOMHHAET CHNEKTP Tasopofi 000-
nouke poxpyr T Tespua. Kak  ycTamoBai Napo, 3BESABl B 3THX
00DBbeKT2X HMeIoT rojiyGoi  1BeT, 10L00HO nepeMeHHOH B3B3l
DD Tenablla, siedsolleiics OJHOR U3 BecbMa caadblX 3Be3J B 1aCCO-
npanuu Te/ibla, Tak:Ke OCOOCHHO PE3KO NPOABJAAIONEH CBOHCTBA,
KOTOPBlE MOYKHO CYUUTATh CBA3AHHBIMU C MOJOLOCTBIO 3BE3J 3TOTO
kjaacca. MHTepecHo, uTo U 1Mo aGCOIIOTHON BeMUdHe 3TH OODBeKThHI
odeHb Oamsku K 3se3ae DD Teabua.

Kpaiiusia peaxoctb o0bekToB Xepbura—Xapo, jgaxe B acco-
nuanuy Opuona, rae MHOro 3Be3f Tuia T Tejibia, pacnoJoXKeHne
rpex COBLEKTOB B BHAE ENOYKH MJIHHOM BCEDO OKOLO O MUHYT /Y-
Iy, T. e. OKOJIO IIoJITapceKa, Hu3Kast abCcooTHast SIPKOCTD, a TaKxXKe
APYTHe COBEpLIEHHO oco0ble CBOHCTBA 3aCTABJISIOT CUMTATh STH
06BeKTH (¥ CXOAHbIE C HUMH HECKOJIBKO APYTHX OOBEKTOB B acco-
nuanun Oprona) KpadiHe PaHHUMHM CTaJUSIMU DAa3sBUTUS BHOBb BO3-
HHKAIOMNX 3Be3i—o0bexToB Tina T Tesbia.

§ 5. HEIIPABUJIbHBIE HEPEMEHHbIE, NPHUMBIKAIOIIUE
K TUIIY T TEJIbUA

Cpeny HeNmpaBWIbHBIX NepPeMEHHBIX APYTHX KJacCoB HAUOOIb-
mee CXOACTRO ¢0 3B231amu Tina T Tesibila mOKA3bIBAIOT 3B€3/bl TH-
na XX 3wmeenccua. Kak ykasbiBasoch BbllIe, XOJOIOB CYATAET, UTO:
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.06a 3TH THIIa MOKHO OGLeIMHHTE B OIHUH Kjaacc. B mob3y oObeid-
HEHHs] TOBOPAT CJeAYIolue (PaKThl:

1. Kpusble OJecka y 3Be3[ THIA XX 3MmeeHOCIIa OUeHb CXOUl-
HBl ¢ KpHBbIMHI Osiecka 3Besf Tuna 1T Tesblia.

9. 3pesga HK Opmuona, koropas no crexrpy (Adep) Oblia
OTHeceHa paHee K 3pes3jaM Tuna XX 3MeeHOCHA, OKasasach H/e-
HOM rpynibl 3ge3j Tuna T Tesbla, TOW TPYIIIbL, B KOTOPYIO BXOLAT
CO Opuoria [8]. Kak ynoMaHaioch BbILIC, OKOJIO HEE HMECTCs AP
koMeTooOpasHasi TyMaHHOCTb. Bee aTo masio ocHoRadne OTHECTH &e
B TO JKe caMoe BpeMs K spesfiaM Tuna T Tesbua.

3. OnHa u3 3Besn THma XX 3Meenocna, o0Jajfaiolias Majod
ammiuTyfoi O6aecka, X [Tepces, sxomut [33] B aCCOUMALMAIO [Tep-
ceit II ¥ yzke MoSTOMY POACTBEHHA 3Be3daM Tilla T Tesblia, 00Ib-
e THCJIC KOTOPhIX, COTJIAcHO Xepoury [34], HadjawomacTcd B 3TON
ACCOLPAIHH.

4. 3peaga XY IMepcesi, oTHoCHMasi 00bIGHO K Tuly XX 3MeEHOC:
a, HAXOMUTCS Ha Kpalo GOJIbLIOro TeMHOTO oOJaKa H, BO3MOXKHO,
Toxe cazana ¢ acconnanued ITepceit 11. Kpupas ee Ojiecka Takxe
'HamloMHHaeT KpuBbie Osiecka 3pe3p Tuma 1 Tesibua.

Ha6aonaemass y HEKOTOPBIX 3Be3J PaccMaTPUBAEMOTO THIIA
.CBfI3b C KOMETOOOPa3HbBIMH M TEMHBIMI TYMaHHOCTSIMU 3aCTaB/AeT
CYHTATh, YTO B 3THUX 3Be3lax (H3HYECKHE MPOLECCH AOJKHbI ITO-
XOIUTH Ha mpollecchl B 3Besgax Tuma T Tenpua. Passuna sakiio-
yaercs JHIIb B TOM, YTO 3TO 3Be3/bl THNOB B u A u umeor Oojee
BBICOKVIO CBETHMOCTb. MOZKHO CKasaTh, UTO 3TU 3BE3MAbl COCTABJIL-
0T Npojpo/uKeHne Kjaacca nepemenHbix Tunma T Tesapna B cTopoHy
PaHHIX CIeKTPasibHBIX THIOB. [To CyIeCTBY AaJibHEHIINM I1POJIOl-
JKOHHEM 3TOH MOCTIeNOBATEBLHOCTH siBJisiercsl 3se3fa AE BosHuue-
ro, ceasannas ¢ Tymannoctbio 1C 405 u mmeomas crnexktp 09, o
KOTOPOH I'GBOPUJIOCH BBILIE. o

BMmecre ¢ TeM, CeAyeT OTMETHTb, YTO HMeeTcs CXOACTBO
Mexky 3pedmaMu THna XX 3MeeHOCIA H 3Be3NaMH THIIA R Cesep-
‘Ho#i KopoHbl.

IIpeskne Bcero, Kpupasi Gjecka camoii XX 3MeeHocua Xapax-
‘TepU3yeTcsl TPHOMUBHTEIbHBIM IIOCTOSHCTBOM B MakCHMyMe H, Ta-
KUM 00pasoM, HMEETCsl CXOJCTBO KPHBBIX Osiecka 3BE3[ THIA
XX 3meenocna ¢ KpuBLIME O/1ecka 3Besy Tana R Ceseproii KopoHbL.

Ecau Bo3bMeM jgajee Takyio 3sesay mana R Cepepuodt Kopous,
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kak BN OpuoHa, oHa B OTHOLICHHH KPHBOH SIDKOCTH O4EHb MaJo:
orimyaercs: or XY Ilepces. [losroMy HeuIb3s COMHEBATHCS B TOM,.
yTo (H3HyecKHe mpomecch B 3pesfax Tuma R Cesepnoit Kopomsl
JOJPKHBl HMETh MHOINO OOUIHX 4epT ¢ (U3HUECKHMU [POleccCaMH B.
3egnax THna XX 3meeHocua H T Teusbna. PasHuila Xe 3akjao-
yaercss B OoJiee IJUTEJBbHBIX OCTAaHOBKAX H3MeHeHHs SPKOCTH B
MaKCHMYMe, C OIHOIl CTODOHBI, H B TOM, uTO 3Be3/bl Tuna R Cesep-
noit Kopouel, mo kpalHe# Mepe HHOIIA, SIBJASIOTCS CBEPXTHNAH-
TaMH.

Cama R Cesepuoit Koposbl oTHocHTCS K THmy cF # B MakcH-
MyMe NeHCTBUTEJIbHO UMEET BecbMa BBLICOKYIO CBETHMOCTD.

BecbMa CyleCcTBEHHBIM 0OOCTOATENBCTBOM, XapaKkTepH3yOIIUM
3Be3fbl THa R Ceseproit KopoHbl, ABJsIeTCS TO, YTO BO BPeMs MH-:
HHMyMa NpH NageHuu 6jiecKka Ha HECKOJIbKO BEJIHUHH LBET €e, Mo
VIMEIOILIUMCS. JJaHHBIM, OCTaeTCsl MOCTOSTHHBIM. Ec/in UCK/I0YHTh TH-
noTre3y o IepeMeHHOM HEeHTPaJbHOM MOIVIOILEHHH CBeTa 3Be3/bl
TEMHOH MaTepHed, To Takoe siBJeHHe HEBOJIbHO 3aCTaBvlsier AeaTth
BBIBO, YTO OCHOBHASI HOJIST U3JIyUEHUs 3Be3Jbl He HOCHUT TellJIOBOTO
xapaktepa. K coxkasieHuio, siBjieHHe CJIMIIKOM MAJo H3y4eHOo s
TOTO, YTOOBl JeJIaTh JaJibHelInre BbIBOABI, OJHAKO SCHO 4YTO BO-
IPOC O 3aKOHOMEDPHOCTSIX U3JIY4eHHs] HEIIPEPLIBHOIO CIEKTPa 3Be3N.
tuma R Ceseproit KOpoHBI U ¢ HAJIHYUH HENPEPBIBHOH 3MUCCHH B HX
CIIEKTPax 3acJayXUBaeT CepPbe3HONe BHHUMAHUS.

l'oBops o 3Be3[aX, KOTOPble MOTYT OKa3aTbCsl CXONHBIMH CO
3pe3namu Thrna T Tesblla B OTHOIIEHWM SIBJEHHS HEIPEPHIBHOH
5MHCCHH, MBI He MOKeM He OCTaHOBHThbesi Ha 3Besfge FU Opuona,.
3aHuUMalolleli COBEPLIEHHO 0co0Oe IMOJIoKEHHe CPeJN BCeX Iepe-
MeHHHIX 3Be3fl. [Tockoabky mo 1937 roma sra 3zesfa Oblia He sipye
16-1 BenuuuHnl, @ B 1937 romy, BCHBIXHYB, JOCTHUI/IA MakCHMyMa
O-fi BeJIMYHHBI, TO €€ OTHOCAT UacTo K UHCay HosbIX 3Be3n. OaHa-
KO BCJIeN 33 NOAbEMOM SIPKOCTH He IPOM3OLLIO CKOJBKO-HUOYIb.
CHJIbHONO NaneHuss 6yiecka. BmecTto 370r0 Mbl UMeeM IIPOIOJIK A0~
IMHACS MHOTO JIET MakcHUMyM OJjiecka. 3Besla INPUHAIJIEKHT B
MakcumMyMe K Tamy cF5, mosToMy ee ¢ TakuM Ke MPaBOM MOXHO
cuuraTh 3pesmoit Tuna R Cepeproit KopoHnbl ¢ BecbMa NPOIOJIKHE--
TeJbHLIM MHHHMYMOM, UMeBLIMM MecTo 10 1937 roma. Ecan crath
Ha 3Ty TOUKY 3DEHHs, TO CTAHOBUTCS HHTEPECHBIM TOT (akKT, 4TO:
fIocJie BCIIBIUKH OKOJIO 3Be3bl Habgmonajsach komeTooOpasHas Ty--
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MaHHOCTb. [103TOMy MOXKHO OXKHAATb, UTO U Y 3TOH 3Be3[bl B Ka-
KOH-TO CTelleHH MOTYT HabJioflaThcsl siBJIeHHs, UMeIOlle MeCcTO B
atMocepax 3pesn tTHma 1 Tesbua.

§ 6. TMITIOTE3A O PEJATUBUCTCKHX IJIEKTPOHAX

Kiax H3BEeCTHO, HeNpepbIBHOE CBEUYeHHe B ONTHYECKOH YacTH
cnekTpa ucnyckaercst takeke KpaGosmaHo#i TyMaHHOCTBIO. Jljs
oObsiCHeHUsS HenpepblBHONO crekTpa KpaGoBamiold TyMaHHOCTH
HIxnoBexuii [35] NpemmosoXKu, 4TO B 3TOH TYMAHHOCTH HMEIOTCS
MpperyJisipHble MarHUTHBIE M0JIsI, B KOTOPBIX JABHKYTCS DEJSTHBHUCT-
CKHE 3JIEKTPOHBI C SHEPTUsIMH, TOXONAIEMYA o 10V'sp u BHIlLe.
IMpennosiaraercsi npu 3TOM, YTO 3JEKTPOHBI NOJYUHJIH CTONBL O0Jb-
liHe SHePIMH B PE3YJbTAaTe MHOTOKPATHBIX PACCesHUi Ha MArHHT-
HBIX [IOJISIX B NIEPHOM, BCMBIIMIKK, TpUBeMiuell K oOpasopanuio Kpa-
GOBUAHOM TyMaHHOCTH. XOTSl IOKa TDYAHO yTBEPXKAATb, 4TO He-
npepbipHOoe HanyueHue KpaOGoBUAHOH TYMaHHOCTH HMeEET Ty X2
NPHUPOLY, YTO M HENpepbIBHAS SMHCCHs, PaCCMOTPEHHasd B HACTOS-
el cnaThe, BCE 2Ke 'OYEBHIHO, YTO Iepel acTpoU3uKaMH CTOUT
wHpoKas 3amada OOBSCHEHHS HEMNpPepPLIBHOH 3MHCCHH, BO3HHKAIO-
e B caMblX pa3HoOOpas3HbIX ycaoBHAX. [lostomy BCTaoT BONPO-
Chbl: 1) He MOXKeT JIU H3JydYeHHe PeJSITUBHCTCKUX 3/1SKTPOHOB B Mar-
HATHBIX TOJISIX (T. €. SIBJIEHHE <«CBETSLIUXCH 3JEKTPOHOB») OBbITh
ofllell MPHUMHON HENPepLIBHOM 3MHCCHH BO BCEX CiydasiX, pac-
CMOTPEHHBIX B HacTosilleil cTaThe”, U 2) He [OJydualoT JIM PeJIATH-
BHCTCKHE 3JEKTPOHBI CBOIO JHEPTUI0 HA OCHOBE NeHCTBHA MeXalil3-
ma ®Pepmu, T. e. B pe3dyJsbTaTe PacCesHUs HA HPPEryJgpHBIX Mar-
HATHBIX [OJISX.

Uro KacaeTcsi 4O BTOPONO BOMPOCA, TO HAM KaxKeTcsl, uTo Ha
Eer0 MOXHO Cpa3y JnaTbhb OTPHILATeJIbHbIH OTBET. B camoM neie, 8
HEKOTOPbIX cayuasx (3pe3nnl Tuna UV Kura) nosisneHne Henpe-
PEIBHON 3MHCCHH HOCHT B3PBIBOMIONOGHBII XapaKTep, MeXKLy TeM
Kak Ipu MexaHnsMme PepMH MOSBJIEHHE 3JSKTPOHOB C BLICOKOH

* Bo Bpems KOH(pepeHLMM 110 TNepeMeHHbLM 3Be3naM B JlennHrpage
(Mait 1954), rxe pokJagblBajach Hactosuids pabora, s ysdaa, yro M. M.
Foppon my6aukyeT craTbio, B KOTOPOH mpejrnojaracIcs, 4TO MMEHHO pelns-
TUBMCTCKHME 3JCKTPOHBLI OTBETCTBEHHBI 33 HENPEPLIBHYIO 3MHCCHIO V 3Be3J]
tana T Teabua.
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SHEPruer TOJKHO NPOUCXOAUTL IIOCTEMEHHO, a IPH MEeLISHHOM Xa-
paKTepe U3MEHEHHH CTAaTHCTHYECKUX XAPaKTePUCTUK HPPEryasdpHO-
PO MArHUTHOTO I0JIT MOKET Harke yCTaHOBHTbCS PABHOBECHE MEIK-
Ay OPUOOPETEHHEM M HCHVCKAUEM SHEPrHH 3/eKTPOHAMH.

Uro kacaercsi nepeoro Bompoca, TO B HACTOAIRE BPEMS
CUIC TPYAHC OTBETHTh Ha HEI'O YyTBEPAUTENbHO, TaK KaK 0 CylIeCcTBO-
BaHUH MAarHUTHBIX NOJied B aTMoc(epax HeCcTallMOHapHBIX 3Be3[ H,
OCOOEHHO, O 3HAYCHUAX HAIPSAKEeHHH 3THX T0JCH U 00 X CTPYKTY-
pe MOXKHO AeJaTh JHIDL HeOOOCHOBAHHbBIE THIIOT23bl .

[Tostomy B Hactosuieil padore Mbl OTKa3bIBAEMCS OT BBEJC-
HUsSI THOOTE3bl ¢ PRAATHBUCTCKHUX 3JKTPOHaX AJd paccMaTpusae-
MbIX THIIOB HECTALHOHADHBIX 3BE3.

ILast paccMaTpHUBACMBIX SBJIeHHH HauOOJee CyIECTBeHHBIM
SIBJISICTCST TO, YTO Mbl HMEEM JeJIO CO CTOJIb OOJIbIUUMY KOAHYeCTBa-
MH 9HEPTHH, KOTOPBle BPAJ JIH MOTYT OCBOOOKIAATHCS NPH MPOLLC-
cax sHeprooOMeHa, OrpaHHUMBaOMIUXC camoit atMochepoi. Cie-
JOBATeJIbHO, HEH30EXKHbIM SIBJAACTCS BBIBOA O TOM, UTO IIPU ITUX
[poneccax NpOUCXOAUT HEIIOCPEACTBEHHBIH BbIHOC BHYTPU3BE3HOM
SHEPTHU B HAPYKHbIE CJI0H MTOCPEACTBOM KiaKOIO-TO HOCHTEJS 3TCH
sdeprud. [Ipn B3auMOACHCTBUY € BEHIECTBOM BHCUIHUX CJOCB WH
CHOHTAWHO [iPOHCXOIHUT BbLACJIEHHE ITOH HEPTAMd BO BHELIHUX CJIO-
AX, [pAYEM IOCPEACTBOM KaKOrO-TO MeXaHH3Ma 3Ta Heprus npe-
Bpallaercs JIH00 B TeIIOBOe H3JiydeHHe (GoTocdepnIeckux Ccjoes,
Jub0 B HEPrUio BO3OYKICHUA H HOHHM3AlHH aTOMOB, JUGO XKe, Hd-
KOHEeL, B 3HEPTHUIO HeNMPepPbIBHOH MUCCHH.

CyllecTBeHHa CJe/yroUlasi CTOPOHA 3TOrO SBJCHUS: [OCIe Bb-
HOCA BHYTPHU3BESAHOH IHEPIHH HAPYKY ee OCBCGOOKICHHEe Hayl-
HaeTes1 cpasy, B3pbEonOL00HO, a4 He Hapacraer nocreneHxo. On-
HaKO CaMblid MPOILCCC H3JYYCHHA B ONTHUCCKOH YACTH CIIEKTPa MO-
KET JUIMTBCS JOJIIO, HHOMa MHOrO aHed. Ilostomy mpemcrasisier-
CSl BEPOSITHOH CJEeAyIoUlass KapTHHA: SHEPrHsl BHYTPHU3BE3AHON
NPHPOAbI BbHIIEISETCSI CBOHM HOCHTEJIEM 33 OYCHb KOPOTKHEH IIPO-

* PaspaboTka I'MIOTE3Ll O PEIATHBMCTCKMX 31€KTPOHAX 10.KHA CBe-
CTHCb K IOJIOHKC 3HAYCHMII MATHMTHBLIX TION€H, 3HAYCHHH CcpejiHeH 3Hepruu
3NEKTPOHOB M JIOTHOCTEH CpPEeAbl, A14 TOrO, YTOObl y1OBAETBOPHUTH 1O~
JA€MbIM CPOKAM BbLICBEYHBAHMsI H 4aCTOTAM M3iaydeHnus. Mexiay TeM Ha HaH-
HOM 3Tale HAWIMX 3HAHMK OCHOBHOE 3HAYEHHME HMEWT aHaius ¥ obobmeHue
$aKTHUECKUX AAHHBIX, KACAIOUIMXCHA HEIPEPLIBHON 3MMCCHH,
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MEXKYTOK BPEMEHH, HO IpeBPallaeTCs B JAPYroU IPOMEKYTOUHBIH
BUJ SHEPTUH, OTKYJA YIKe NePEeXOJUT B TeUCHHUE AJIHTEJIBHOIO BPEe-
MeHH (OT HECKOJIBKHX MUHYT JIO MHOTMX JHEH) B BHIUMOE U3JIyide-
Hue. Ecay Obl BHYTPU3BE3AH&s 3SHEPTHS OCBOOOKIATACH CBGHM
HOCHTEJIEM HE MIHOBEHHO, TO Mbl MMeJH Obl IMOCTCHEHHOE HAPACTa-
HUE BCIBILICK, TOCKOJIbKY TpeGoBasoch Obl BpeMs i HAKOIlIe-
HHUST S9HEPTHH B IIPOMEKYTOYHOM COCTOSIHHH.

Takoe ObicTpoe npeppalleHie BHYTPU3RE3TUOH IHEDTHH, BBIHE-
CEHHOIl B HapyzKHbIe CJIOU, B APYTUE BHJAbI 3aCTABAAET CUMTATH, UTO
Mbl HMeeM 3Jechb Jeso ¢ NpoueccamMu THma SiAePHOro pacnajga U
IIPH 3TOM C OYEHb HeOOJIbIION NPOMLOJIKUTEIBHOCTHIO KIU3HH,

O TOM, 4TO Takue MPOLECCHl IPOUCKONST U MPUTOM HE TOJLKO
B HECTAI[MOMADHBLIX 3BE3[aX, HO M B TaKUX 3Be3AaX, KaK Hauie
CoviHIle, TOBOPAT HEKOTOPble (aKThl, KOTOPbIE MBI MEPEUHTIUM B
caenymoureM naparpade.

§ 7. O ITPOLIECCAX PACITAIA BO BHELIHMX
CJIOAX 3BE3[

B nacroaliee BpeMsa MMEIOTCS MPSIMbIE TOKA34TEILCTEL TOCO,
4TO BO BHEWIHUX CJOSIX MHOTHX 3BE3J MPOHUCKC/AT [IPOLECChl pac-
naja, BAMAIOMME HAa XUMHYECKMH U U3OTOIIHBIE COCTAB 3BC3AHLIX
atmochep. B aTom oTHouieHun HauOOJblIe2 3HAUEHH? UMeeT IT-
kpeitue Meppuiom [36] UHTEHCUBHBIX JHHAR TeXHEUUs B CIeKTPIX
GosibLUMHCTBA HAOMIOAABUINXCS UM 3Be3q Tuna S. Beaeactsue He-
VCTOHUMBOCTH CBOUX S/I€P TEXHEIUH A0JKeH Obll Obl UCUE3HYTL U3
aTtMoc(ephbl 32 NPOMEKYTOK BPEMEHH MOPAAKA HECKOJBKO COTRE
ToicsY JieT. CieaoBaTeibHO, 0d MPOAOIKAET BOZHHKATL B aTMeCpe-
pax 3Be3n THIa S. Kak nokasbiBaeT WaydeHde 9TOro BCIMpoca, A
o0pascBaHys TeXHEIks W3 APYTUX JeMEHTOB, Halpumep, M3 3.1e-
MEHTOB TPYIIIbl Keje3d HAUW U3 MOJubaeHa, TPeOYIOTCsl HOKOUH-
TeJIbHBLE VCJIOBHSI, KOTOPble He OCYLIECTBJIAIOTCA BO BHELIHHX CJOSIX
3Be3/bl. DTU YCJOBUSI HENMPaBAOMNOLOOHBI TaKxKe ¥ AMA LeHTPaJib-
HBIX ofJsiacTell 3Be3Abl. boJjiee TONO, KOHBEKIMS H3 LEHTPaJibHbLIX
obsacTell B HapyKHbie MOKeT MOoTpedoBaTh ropas3nd OoJblie Bpe-
MEeHM, YeM IPOTOJIZKUTRJIBHOCTD KU3HU TexHelMsa. Ectecrenio
O3TOMY CYHTATb, YTO IJEMEHT TeXHEeUHH BO3HUKAET HEeMOCPes:
CTBEHHO B aTMoC(epax 3Be3J WM B CJHOSX, HAXOMAAUIHXCS Heilo-
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CPEACTBEHHO ITOA aTMOC(epOoi, B pe3yabTaTe MPOIeCCOB pacliana:
BHYTPH3BE3HONO BEIleCTBa, O KOTOPBIX 'CBOPUIOCH BblUle. B movih--
3y 3TOT0 MOBOPHUT TakKke TOT (akT, 4TO OOU/IHE TeXHElUs] B 3BE3AaX.
THNA S, cornacHo Meppuay, Koppeaupyercst ¢ OOMIMeM LHPKOHUSA.
Taxk kax oOu/ine LHDPKOHHs CJeLyeT CUMTATh (yHA4MEHTAJbHOM
0COOEHHOCTBIO 3Be3J THIA S, TakKe CBI3aHHOH C NPOLECCOM BO3-
HHKHOBEHHS 3JIEMEHTOB B 3TOH 3BE3JE, TO €CTECTBEHHO AyMaTb, 4TO-
BO3HHUKHOBEHHE TeXHEUHUs JHUIb COMPOBOKAAET MPOIECC BOSHUKNO-
BEHHs] aTOMOB UMPKOHUA. 3aMeTuM, 4to, corqacwo Haccay (aox-
JiaJl Ha OTKPHITHH IlyJkoBckoll oOcepBaTopuu B 1954 r.), rHnadTh
Tana S obpasyior B 'asakTuke rpymmbl, Mogo0HbIC ACCOLHALHSIM.
IlosToMy OHH JTOJVIKHBEI GBITb MOJIOABIMH 3Be3gaMu. Eciu o6paso-
BaHU€ 3Be3]| U3 MPOTO3BE3AbI COIIPOBOXKILAETCS ITOCTENEHHBIM npe--
BpaIlIEHUEM NO3BE3JTHOIO BEUECTBA B OOBIMHOE BRII[ECTBO B PE3VY.Ib-
TaTe NPOIECCOB THUIA paclajga, TO HAJUYHe TeXHeUAss H OOvIbILoe
00WJI¥e IHPKOHUSI B 3Be3faX TUMA S MOVIXKHBI CJAYXKHTb OJHUM I3
VKasaHWil Ha TO, KaKuM NyTeM uiaer GopMmuposanue sjaemMedtos. [1o-
BOJIBHO CepbesHble HaHHble, nosyueHHble Xiobene, [e-firepov u
IipaaroMm |37], CBHACTENBCTBYIOT 0 HAJWUHH HeGOJBIIONO KOLAYe-
crBa TexHenus U Ha CoJggle. [ToaToMy BO3HUKAET NPeaIOTOKeHUE G-
BO3MOXKHOCTH BO3HUKHOBeHMs 3/J€MeHTOB M Ha CoJiHIle B pe3yJibTa-
Te pacnajia nepBHYHONO BelnecTsa. Pan (akTtoB yOeauTeSbHO CBY-
JETEJIbCTBYET B IOJIb3Y 3TOTO NPeANOsIoKeHHs. K HUM OTHOCSITCS:

1) Ha1Myue B CONHEUHO# aT™Mocdepe JIUTHS;

2) nauHble, TOBOPSIIUE B [10JIb3Y Hajanuus 3 :armochepe Coan--
Ia jpeitepus, npuseneHHble le-sirepom [38];

3) Goubloe nzodunue Ha CosHie GepHJuIHs.

HenapHo HOBHe q0Ka3aTeNbCTBA B MOJIb3Y CyLIECTBOBAHUA 13
Conune neiirepus oblin mosyuersr CesepubiM [39] 8 Kpbivckoit-06-
CE€PBATOPHH.

Kak napecTHo, 10 CHX MODP CYHTAJNOCH, YTO 3TH (DAKTHl MOKHO
OO'bsICHUTD, BBOJsI HCKYCCTBEHHBIE NPEIIIOIOKEHHS 00 OTCYTCTBUM
NePEMEILINBAHUS MEXJIY HapyKHBIMH H BHYTPEHHHMM CJOSIMH
Connna. OpHako THIOTE3a O TPOMOJDKAIOMIAXCS TIPOLECCAX THIIA
aTOMHOTO piacrajfa, JeJiasi COBEPHIEHHO ECTOCTBEHHBIM CYUIECTBO-
BaHHE 3TUX JIEMEHTOB B COJIHEMHOH aTMOChepe, MOMKET OOBACHHUTD
¥ HaJIMuMe TeXHEI[Hsl, KOTOPOe HENOHATHO C TOYKH 3DEHWS THIIOTe-
3bl 00 OTCYTCTBHH NEPEeMEIIHBAHHUS.
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Caemyer oTMeTHTb, yTo 4 Ha CouHLe, MpaBaa B HEGONBIIOM .
MacuTabe 1o CpPaBHEHHIO C PACCMOTPEHHBIMM BBIllle HecTaljHoHap-
HBIMH 3B€3NaMH, IIPOUCXOMUT siBJIEHHE UPe3BbafiHo GBICTPOro BhI-
ACJI€HHs] GHAYUTEJIbHBIX KOJIMYECTE 3HEPTHY, KOTOPOE TPYIHO O0'b-
ACHATDH NpoUeccaMy 3HeprooOMeHa B Npejesiax camoil atMocdepsl. .
Mol uvMeeM B BHLY XPOMOCGEPHLIE BCIBIIKH, OObIUHO COMPOBOXK-
JlaeMble METEHCHBHBIMHM pamuobciieckaMu, OueHb KODOTKasi Ipo-
JAOJKHTEJIBHCCTD NIPOMEXKYTKa OT Hadasa BO3HUKHOBEHUS XPOMO--
CepHOIl 3PYNIHN [0 MaKCHMyMa ee MHTEHCHBHOCTH TaK e, KaK
aHaJIOTHUHBIN ()aKT, HaOMIOmaeMblil B OTHOIIEHHM DajlHlOBCINIECKOB,
FOBOPUT © B3PLIBOMOLOOHOM XapaKTepe PagBHTHS ITOTO NPOIecca.

HeoObuaiiHO BBICOKast MHTEHCHBHOCTB PaaRoOU3yueHHusT 1pH
STHX BCINIECKAX MPHBOJAMT, B CJydyae INPEJIOJIOKEeHUA O TelJOBOIi |
NpUpOAE PaJHOU3JIYYEHUs] BO BPEMS 3THX BCIUIECKOB, K (DaHTACTH-
4eCKH BBICOKMM TemnepartypaM. IlosToMy ectecTseHHbIM 0OpazoM
BOSHHKJIO HPEAMIOIONKEeHHe O HEeTeIIOBOM MeXaHH3Me BO3HHKHOBRE-
HUSI 3TONO HU3JIYUEHHS.

YKasaHHble (DaKTBl JaJH OCHOBaHHE N/ BBeleHHs |ycefiHo-
BBIM [40] 1 ToproroM [41] rHMOTESEl O PESTHBUCTCKHEX 3JIEKTPOHAX
B JIOKAJIbHBIX COTHEYHBIX MArHHTHBIX ITOJSAX, IPOH3BOASLINX PafHO-
BCILIECKN M XpOMOC(epHble BCIbUUKH. [IpH 3T0M Ha/jydeHue BBIfe-
JSIETCst KaK nyTeM 00pa3oBanysi JHHUHA HCIYCKAHHS, TaK ¥ B He-
NIPEPBIBHOM CIIEKTPE PafHoyacTOT, a HHOMAA H ONTHYECKHX WACTOT. .
IIosTomMy KapTHHA B H3BECTHOH Mepe IOXOXKA Ha SBJCHHS, pOUC-
Xonmaimue B 3Bespax Ttvna UV Kura u T Teabua. He6Goabiuoi
MacmTab 3THX siBjieHnit Ha COJHIE CBHAETENBCTBYET O TOM, 4TO B
3Be3JlaX, MMEIOIHX GOUIbLIOH BO3DACT, NPOLECCHl BHIHOCA BHYTPH-
3BE3JHCH SHOPTUH BO BHEIUHME CJAOH IPOHCXOISAT BeChMA HEMHTEH-
CHBHO, H TOJABJIsIOMIAast YaCTh OCBOOOKIAIOMIECHCA B TAKOH 3BE3IE -
BHYTPH3BE3AHON SHEPrHH BBILLE/ISETCS BO BHYTPEHHHX CJOMAX.

§ 8. JUCKPETHDBIM XAPAKTEP ITPOLIECCOB BBhIHOCA
M OCBOBOXIEHHS BHYTPU3BE3IHOM 3HEPIUU

Bbie MBI mocTapajuch MOKasaTh, YTO BO MHOIHX HECTallHO-
HapHBIX 3BE311aX MBI HM€EM JIeJIO0 C SIBJEHHEM HENOCPeACTBEHHOrO
OCBOGOXK/IEHHST BHYTPHU3BE3LHON SHEPIHH BO BHEIHUX CJIOSX 3BE3JL,
UTO, MOBUAHMOMY, OKa3bIBAETCs CJASACTBHEM BBIHOCA RO BHELIHWE -
CIOW BELIECTBA, SIBJISIOLIEN0CS HOCHTEJIEeM ITOH HEPTHH.
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B CBA3H ¢ 3THM BCTaeT BOMPOC — KaKHe OCOOEHHOCTH Xapiai-
TepHbl AJAs ITHX IporeccoB. COBEPILIEHHO OUYEBHIHO, YTO BOIIPOC
3TOT TpefyeT MJIHTeJbHOro, CilielHajJpHOro usyuexus, OxHaxo, B
npeasapuTeIbHON 1 oK €Ille B OYeHb o0lled popMe, MBI MOKEHM
M3 BCEro M3JI0JKeHHOTO 1 Ha OCHOBaHHH pAfa JAPYrux naOjmofa-
TeJILHLIX AdHHBIX CJeJaTh HEKOTOpble MNPHOJAU3UTENbHbIE, TTOKa
ogeHn COLE, 3aKAI0UeHUsT 00 ITUX OCOOEHHOCTAX!

1. OcpoGoKeHne BHYTPU3BE3AHOI 3HePTHU BO BHELIHUX CJI10AX
HO‘CH(T’ JIUCKPETHBIH XapakTep H IPQUCYOIIT GOJIBIITUMHI TICPUUAME.

2. Ilponece 0cBOCOMIEHUST MEXK3IDE3IHOW 3IHEPTMHM  HOCHT,
[PaKTHUCCKH, MTHOBEHHBI Xapakrep. B noJb3y 5TOI0 TOBOPUT Obl-
CTPOC pa3BMTHe BCOBILIEK B TEX CJydadx, KOrfa Mbl HalgogaeM
ux B haudo/ee yucToMm BHAe (3Besabl Tama UV Kuta). Tor daxr,
9TO WU2JIYUCHHE YHEPIUM B BHAHMMOH 4aCTH CIEKTPA MPOHCXOAKT HE
MTHOBEHHO, a IPOMOJIZKAETCsT HeKOTOpOe BPeMsl (MMiyThl B caydae
ape3q tuna UV Kura, cyTku B ciayyae armocdep 3i3e31 Tuma
T Teabiia 1 TOABl B caydae KOMeTooOpasHbIX TyMaHHOCTeR) , He mpo-
THBOPEUUT 3TOMY. B caMoM geJie, MpesKie ueM MPeBPaTUTBCH B JIy-
YHCTYIO SHEPTHIO, H3/JAYyYaeMylo B MHDPOBOE IPOCTPAHCTBO, OCBOOO-
MKAAIOULASICST BHYTPU3BE3Hasd SHePrus JOJKHA IIPOUTH Uepes Ka-
KHE-TO NPCMeKyTOUHble WJIH [epexojHble cocrosHus. Hamuune
3TUX IIEPEeXCAHBIX COCTOSHHU MOZKET BbI3BATH JUIUTEJIBHOCTH IIPO-
ecca H3JyueHUd.

3. OcpofokaeHne BHYTPH3BE3XHOU 3HEPrHH COMPOBOKAALTCA
IPOHECCaMy BO3SHUKHOBEHHA HOBBIX ATOMHBIX SIIED, B TOM UHCIe H
TaKHX, KOTOPbIE ABJSIOTCS HEYCTONYHBBIMY MO0 caMn 1o cebe, Ji-
60 XK€ B 3BE3JHbIX yCJOBHSIX.

4. Benauunga AHCKDETHBIX TOPLUMH 0CcBOOOXKAaEMOH SHEPrHU
MeHsieTCsl OT 3Be3/bl K 3Be3jie, a MJIs AAHHOH 3BEe3Mbl OT OLHOTO
AKTa BbULe/cHNS sHepruu K apyromy. Tak, y 3sesq tuna UV Kura
KOJHUECTBO BhIIEISEMON KaxKAbil pas sHepruu mopsiaxka 10%%—
1034 spra, B cayuae 3sesn tuna T Tedbia nopagka 10%9 spna. Bme-
cre ¢ TeM, npu xpovocepibix BenblmKax Ha CosHlie 0cBOOOXK 1A~
IOTCSI POPas/c MEHbIIME KOJTHYeCTBA SHEPIHH.

Beraer Bonpoc, XapakTepHbl JIM YKa3aHHbIE OCOOSHHOCTH TOMb-
KO JLIST TeX MPOIECCOB OCBOOOZKIEHHS 3HePril, KOTOphle IIPOUCXO-
ST B CAMBIX BHEIIHHX CJOAX 3Be3f. ToT ¢akT, 4yTo Mbl HaO/II0LaeM
[OCJICICTBHS AHCKPETHBIX ¥ ITOUYTH MIHOBEHHBIX MDOIECCOB BBIAS-
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JIeHHsd HEPriM BO BHYTPEHHUX CJIOAX 3BE3J B BUJIE BCIHBIIIEK HO-
BBIX M CBEPXHOBBIX, TOBOPUT B IIOJIL3Y TOIO, UTO AMCKPETHAA IPi-
pofa NpoleccoB oCBOOOKKASHHI JHEPTHH  pacHpoCTpaHsaeTes, Mo
KpafiHeji Mepe MHOrAA, Ha Te CJIydyad, Korjga 3To 0CBO00KACHHE
NPOUCXGAUT BO BHYTPeHHHX cJa0siX. CaMo co00il pasyMeeTcs, |TO
HEJIb3s OTPHU&TH BO3MOKHOCTH HeNPEepPbIBHBIX IIPOUECCOB OCBO-
GOKIECHUSA 2HEPTUU Hapsiy C AUCKPETHBIMH KaK BO BHEUIHHX, TaK &
BO BHYTPEHHNX CJOSX 3Be3J, OMHAKO Mbl He HMEeM I0Ka HHKaKHX
(hakTOB, FOBOPSIIUX B [T0JIb3Y 3TOrO.

He BHHUKAS B caMblii MexaHH3M CCc2o0OKACHHS SHePrud 1
TOJIBKO CYHTasl, YTO Mbl B JAHHOM CJAydae HMeEeM JACI0 C npolecca-
MM THIIA pacraja, Mbl MOXKeM BCe XKe I0CTaBUTb BOMPOC O TOM,
KakK TIPOUCXOAUT NMPOIECC BBIHOCA TOTO BEUIECTBA, KOTOPOE 3AKJIO-
yaeT B cefe CHayaJia Ty Heprui. B 3TOM OTHOIIEHUH NPEACTaR-
JISTIOT HHTEpeC JaHHble O 3ana3AblBaHuH PaAROBCIICCKOB B JIIHHHBIX
BOJTHAX IO CPAaBHEHHIO ¢ KODOTKMMM BOJHAMH. OTH [JaHHBlE KaK
OYATO CBUACTEJNBLCTBYIOT B IOJB3Y TOTO, 4To (akTop, BO3OyKAAl0-
MU aHOMAJLHOE, He TeIJIOBOe PaiMoHsJjiydeHue, NepeMeliaerctd B
armochepe Comdila HapyKy €O CKODOCTBIO ITOPANKA HECKOJIDKHX
COT KHJIOMeTpoB B cekyHay. OaHako, Ha camMoM JeJse, He HCKIIO-
YyeHa BO3MOKHOCTL TOMO, YTO IIEPBUYHBIE (AKTOpP, BHI3BIBAOILHI]
BCILIECK, PAcIPOCTDaHsieTes Topasto ObicTpee, HO BpeMs, HeoOXO-
JUIMOE /15T TIPpeRPanie ust BblAAAGMONH HEPrUH B DAAUOUSIYICHIC,
3aBUCHT, CKaKeM, OT IJIOTHOCTH CPelbl W MMe_T OOJBIIYIO AH-
TeJNbHOCTL TPH MeHbIed MMoTHOCTH. [losTomy Ham KasKeTCs, 4To
ObLTI0 Obl OCTOPCZKHEE NMPUHSTb, YTO HA3BAHHBIH BhILE TOPSIA0K
CKOPOCTH SIBJAAETCS JIHIUL HUKHCH TpaHullel JJisi CKODOCTH Mepe-
HOCA BEULECTEa, M3 KOTOPOTG OCBOOOXKLAeTCs 3HePTUS.

§9. 3AKJIIOUHEHHE

MorKH0 CunTaTh YCTAaHOBJIEHHBIM, 4TO B aTMocdepax 3Be3ilL
trna UV Kura u 3sesn tuna T Teswira Mal Ha0/IofaeM B OTPOM-
HBIX MaciiTaNax BbiZeJeHUe IHEPTUU, NPUHOCAMOU KaKUMH-TO He-
H3BeCTHLIMHY HOCHTEJISIMH 3TOH 3HEPruM U3 BHYTPEHHUX CJIOSB
3Be3fbl. OcrOCOKAAIOULASICSI NPU 3TOM AUCKPETHLIMU ITOPIUSIMHU
IHEPTHs! H3JYUAETCsl 3aTEM B OKPY’KAlol[ee NMPOCTPAHCTBO B BHI2
JICITOJTHUTENBbHOTO TEIJIOBONO HU3JYyYeHHUS, HENPSPbIBHOH 3MHUCCHN
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# JIMHA HenycKanus. B ctapbix 3Besfgax, nogo0Hbx CouHlly, T Ke
NpOLECChl BO BHEIUIHHX CJIOSIX NPOHCXOASAT B IFOPA3A0 MEHBLIHX
macmradax.

ToT (akT, YTO 3TH NPOLECCHl OCOOEHHO HHTSHCHBHBL y 3BeSL
turia T Tesblla, ABJISIOULUXCS MOJIOAbIMH 3Be3qaMH, elle He Bbl-
LIeJIIMMH M3 COCTaBa 3Be3JHbIX aCCOLHALMH H, CJACLO3ATEIbHO,
CPABHUTEJNBHO HELABHO BOSHHKIIAMHU U3 IPOTO3BE3M, KOTCPbIC, 110
HUMEIOLUNMCS JAAaHHbIM [42] MOJIKHBI COCTOSITH U3 BeCbMA IJIOTHOIO
TO2BE3HOTO BELIECTBA, DOBOPHT B MOJIb3Y TOTO, UTO Peub HAET 00
0cBOOOKISHHH 3HEPrHM IPH IIpolleccax pacliafa AO3Be3IHONO Be-
l1eCTBa, HANOMHHAIOLIMX SIBJEHUS paJMOaKTHBHOrO pacnagaa. Ecian
JOBECTH 0O KOHI@ 3TOT B3IV, TO HYKHO CYMTATh, YTO HCTOHUHH-
KOM 3BE3JIHON 3HEPrHH SBJACTCA MO3BE3JHOe BeLLEeCTBO, KOTOpOe
nPOLOJIKAeT COXPaHATbCA B HeJpax 3Besf [JIMTeJIbHOE BpeMsi.
Hcxons e U3 CTPpeMJIEHHs MMETb eAHHOe OObsCHEHNE MPOHCXO-
JCHUS 3BE3JEOH 3HepPruH, cjelyeT OTKA3aTbCs OT MPENIIOVIOKEHHS
O TepMOSIICPHBIX PEaKIMsAX, Kak 00 OCHOBHBIX HCTOYHMKAX 3TOI
. 3HePrHH.

HaM KaxeTcsi, 4TO MPHCYTCTBHE JIMTHSL B OOJBLIOM H300HJIHH
B HEKOTOPbIX 3Be3Jax Tuma N IPsAMO NOBOPHT O HECOCTOATE/IbHO-
CTH OPEJACTaBJIEHHS] O TePMOSIEPHbIX PeaKnusiX, Kax HCTOYHHKAX
BHYTPHU3BE3/IHOM SHEPIHH, 4 H30OH/IHE TEXHEIUs B 3BE3Jax THMA S
.CTOJIb K€ NMPSIMO yKasblBaeT HallpaBJieHHe, B KOTOPOM CJELyeT
HCKATh pellileHKe 3afauyH O IPUPOLE STHX HCTOYHHKOB.
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