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BBEJEHUE

Kak xoporio n3BecTHo, CBETOBbIE BOJIHBI — 3TO JIUIIHL OYEHb MaJjiag 9acTh OI'POMHOIO JTHa-
[a30Ha, 9JIEKTPOMATHUTHBIX BOJIH, KOTOPbIE U3JIy9aroTcs (M MOIIONAOTCS) PA3IHIHBIMUA KOC-
MudeckuMu obbekTamu. COBEPIIEHHO OYEBHUIHO, YTO, OTPAHNYINBAsT cedsl Y3KOi CIEeKTPaIbHOM
00J1aCTbI0 BUJUMBIX JIydeil, acTPOHOMBI IOJIyYaJl TOJBKO OJHOCTOPOHHIO MHMOPMAIUIO O
Bceenennoii. [locme Bropoit MUpOBO#l BOWHBI IOJIOKEHHE KOPEHHBIM O0Pa30M H3MEHUJIOCH —
ACTPOHOMMYECKUE MCCJIEJIOBAHUS OXBATBIBAIOT TEIEeph BCIO IKAJIy 3JIEKTPOMArHUTHBIX BOJIH.
[Ipexke Bcero — BO3HUKJIA W IOJIyYNJIa MOIIHOE PA3BUTHE PAIMOACTPOHOMHUA, KOTOPas 3a I0-
CJIeJIHAE JIECATUIETHS 000raTHIa aCTPOHOMMIO PsiJIOM OTKPBITHI ITEepPBOCTENIEHHON BaKHOCTH.
Ceiiuac Ha BOOpPY’KEHHU PaJIMOACTPOHOMHUU HAXOJSITCA camble OoJiblne B MUpe (pasMepoM B
COTHH METPOB) AHTEHHBI U CaMble TyBCTBUTEJIbHBIE U3 BCEX CYIIECTBYIONINX ITPUEMHUKN Da-
Jonsjiydenus. PajimoacTpoHOMUS B OFPOMHO# CTENEHN PA3/IBUHY/Ia TOPU30HTHI KOCMUYECKIX
uccyenopanuii. KakoBsl ke ee BOSMOKHOCTH B HACTOSIIIIEE BpeMsi?

Mo2KHO yTBEPK/IATH, ITO BO3SMOXKHOCTH HAOJIIOATEILHOM ACTPOHOMUN OLPEIETIAIOTCS IPe-
JIEJIBHBIM 3HAYEHHEM [TOTOKA U3MEPSIEMOro U3JIyIeHus, IPE/IeJIBHBIM Pa3PENIeHIeM 110 CIIEKTPY,
xapakTepusyemon sesmanuoit &2 = £2 (Av, AN — COOTBETCTBEHHO MUHIMAJILHO Pa3peIIiMble
MIUPUHBI CIIEKTPAJIbHBIX JIeTaJiell) U IMPeIeIbHBIM Y2A406biM DA3PEIeHIeM, T. €. BO3MOXKHOCTHIO
U3MEPUTHh MUHIMAJIBLHBIE YITIOBBIE Pa3Mepbl KOCMHYECKUX NCTOYHUKOB NJIM UX OT/IEJIBHBIX Jie-
taseit. CpaBHEHHE ONTHYECKON U PaJIMOACTPOHOMIH IO BCEM 9TUM HOKA3aTe/IsM OKa3bIBAETC:
JTATIEKO He B IO0JIb3Y OITHYECKOH acTpoHoMmmu. B camom nese, nayke H-METPOBBIN TEJIECKOIL
Ha IpeJiele CBOMX BO3MOXKHOCTEH MOKET 3aperHCTPHPOBATH 3BE3/y WM TaJakTuky 24-it Be-
JIMIUHBL. DTO 03HAYAET, YTO MUHUMAJBHBIN OOHADYKUMBIH ITOTOK OINTHIECKOTO M3JIy9eHUsT OT
KOCMUUECKIX 00beKToB 6im30K K 1071 spr/em? - c. Mex 1y TeM BO3MOKHOCTH IMTAHTCKHX
COBPEMEHHBIX P& IHOTEIECKOIIOB TAKOBBI, UTO OHH Ha IIPeJiesie MOI'YT 3apErHCTPHPOBATE CIIEK-
TPAJIbHYIO IJIOTHOCTD TT0ToKa ~ 1072 Br/M? - T'n. [lostarag mmpumy moJochl 9acToT, B KOTOPOil
npuanMaerca nimydenne, AV ~ 300 MI'n, maiigeMm, 9T0 MUHAMAJIBLHBINH OOHAPYKUMBII ceifaac
paJimoacTpoHoMueii oTok (B juanazone ol ~ 10 cm) 6/m30k k 3+ 1072 Br/M? wm 3 - 10718
spr/cm? - ¢ (1. e. npumepno B 3 000 pas MenbIne, yem B onrudeckoil acrponomun!). Creyer,
IPaB/a, UMeTh B BH/LY, YTO B OUTHYIECKON aCTPOHOMHUM OTHOIIEHHE ITIOTOKOB M3JIyYeHUsI OT Ca-
MBIX SIDKUX U CAMBIX cJ1abbix 3Be371 6/m3ko K 10'Y) B To Bpems Kak B paJMoacTpOHOMUN CaMBIE
«CHJILHBIE» UCTOYHUKH TIOCBLIAIOT K HaM MOTOK «BCETo Jinib» B ~ 107 pas Go/binuii, 4eM cambie
cnabple. Kak ciresicTBre, KOTMIECTBO JOCTYITHBIX HAOTIONEHUSM KOCMUYICCKAX DaMONCTOIHMI-
KOB 3HAYUTEIHHO MEHBIIe, YeM ONTHIeCKUX. Bee ke orpoMHast abCcoI0THAST 1y BCTBUTETHHOCTh
COBPEMEHHBIX GOJIBIINX PAMOTENECKOIIOB HEBOJILHO MOPazKaeT BOOOpazKeHue! .

Eme 6osiee BredaT/siionu BO3MOXKHOCTH COBPEMEHHOM DA IMOaCTPOHOMUN pPa3periaTh 110
4acToTe OTJIeJIbHbIE JIeTaJii CIeKTpa. TakK, HanpuMep, B NPOPUIAX PaIUOJUHUN UCTOYHUKOB
KOCMHYIECKOIO Ma3epHOro u3jydeHusi Ha BosiHe 18 cM (Mmosekysa OH) Jsierko paspemiarorcst
JIeTaJii, CIeKTpajbHas MupuHa KOTopbix Menbiie 1 k. CremoBaTesibHO, CIEKTpaIbHOE pas-

L CyMMapHYIO SHEPrHIo, «BBLLIOBACHHYIO» BCEMH PabOTABIIMMHI PaIHOTEJeCKONAMH OT BCEX KOCMHTIECKIX
ncrournkos (kpome COMHTIA) 32 Bee BpeMs CyMIECTBOBAHISA PaIMOacTPOHOMIHI, MOYKHO OIEHHTH Kak ~ 10 spr.
DTOit SHEPTUU XBATHT TOJBKO JJIsl TOTO, YTO6BI HAIPETh OUH CTakaH BoAsl Ha 1077 rpasmyca... Ilycrs unTaress
caM OIEHHUT CTOMMOCTB 3TOI SHEPIUH.



BBEJEHUE

peleHne paBHoO % ~ 3-1077, MexK 1y TeM KaK B OITHYECKOH 3BE3/IHOI CHEKTPOCKOIINH XOPOIIIIM
cunraercs paspertenue S ~ 1074

«AXUJIIECOBOI TIATOIY PAJIMOACTPOHOMUH B IIEPBBIE TOJBI €€ PA3BUTHUS ObLIa HU3KAT yT-
JIOBasl pa3pernraronias ClIocCOOHOCTb PAINOTEIECKONIOB. B caMoM JieJte, eCTeCTBEHHBIM IIPE/IETIOM
JIUTSL YTJIOBOTO PA3peIIeHns IBJIseTCd YIJIOBOI pa3Mep IMEeHTPAIbLHOTO MM PAKIIMOHHOIO MSTHA,
paBubiit A/ D, rie A — jqymHa BoiHBL, D — auaMeTp 3epKaJia TeJieCKoIa-pedIeKTopa.

B ontuyeckoit actponomun (A ~ 4 - 107° cM) 1 GOJIBINTEX TEJECKONOB Mpejle/bHas pas-
peraoIias crocoOHOCT, olpeieageMas TupaKIueil, COCTaB/IgeT HECKOJIBKO COTBIX CEKYH/IbI
qayru. OHAKO JTPOYKAHUsT 36MHON aTMOcephbl U HECOBEPIIIEHCTBO MOBEPXHOCTHU TEJIECKOIa He
MIO3BOJISIIOT JOCTUTHYTH 3TOTO Tpefena. [IpakTudeckas paspemaronias ClIOCOOHOCTH OOTBITIX
ONTUYECKNX TEJIECKOIOB PeJKO IpeBocxoauT 0,5 CeKyHIbI TyTH.

Hy, a xakoBa yryioBasg pa3spernarolias CIIOCOOHOCTb paJioTresieckonoB? Jlaxke st caMbix
KPYIHBIX U3 HUX, ¢ jgauaMeTpoMm 3epkajia ~ 100 m, paboramomux na BosHe 10 cM, yrjoBble
pasmMepbl TUMPAKITUOHHOTO MISATHA OKOJIO 3 MUHYM JyTu. A B Ha9a e MATHIECITHIX IO/I0B, KOT/Ia
PamoacTpPOHOMUS TOJIBKO HAYMHAJIA CBOE PA3BUTHUE, pa3peIIalonias ClIOCOOHOCTb UCIUCTIAIACH
rpajrycamu.

[Tonoxkenne KOpeHHBIM 00pPA30M M3MEHMJIOCH ITOCJIe TOTO KaK B MPAKTHUKY PaIMOaCcTPOHO-
MUYECKUX WCCJIEJIOBAHU ObLT BBeJleH unmepgpepenyuonnniid meton. iesd meroma cocTouT B
TOM, YTO IPUEM KOCMHUYECKOTO DPaJIMOU3JIyUeHUs] IMPOU3BOJIUTCH OJHOBPEMEHHO Ha 06YyT pa-
JimoTesieckonax. B aToMm ciydae B (hOpMyJTy IS YIJIOBBIX PAa3MepoB JUDPAKITMOHHOTO MATHA
cJIeJTyeT TIOJICTAaBUTDH He JIMaMeTp 3epKaJjia PaIuoTeIeCKOIa, & PacCmoAHue MeKTYy aHTeHHAMH,
KOTOPO€e MOKeT OBITH JIOCTATOYHO OOIBITNM. PeKop/iHOe yIyIoBOe pa3pellenne JOCTUTaeTCs TPH
nHTepdEPEHIIMOHHBIX HAOIOAEHUAX, BBIIIOJHEHHBIX HA aHTEHHAX, Y/IAJeHHBIX JIPYr OT JpyTra
Ha MEKKOHTHHeHTaJIbHbIe paccTosgnus . Hanpumep, GbLIM OCYIIECTBICHBI HHTePdEPEHITHOHHbIC
nabsoerus ¢ «6azoity Kpeim — CIIIA, CIITA — Ascrpasnus. Ha camoit KopoTkoit BoJiHe, Ha KO-
TOPOI TIPOBOII/IICH TaKHe HabII0IeHId, ObLIO JOCTHIHYTO yIyIoBoe paspemmente 10™4 cexynpr
Jryru!

Bosnunkia mapajiokcaabHas CUTYaIHs, KOTJa YIVIoBas pasperiaonas ClIoCOOHOCTb pajuo-
ACTPOHOMUY 3HAYUTE/ILHO MPEBOCXOJUT ONTHYIecKyto! Brpodem, HYKHO 3aMeTHTh, 9TO TaKasd
CBEPXBBICOKAs pPa3peniaoias CIOCOOHOCTh B PaIMOACTPOHOMUM TIOKA JIOCTUTHYTA TOJIBKO B
€JIMHTYIHBIX KCIEPUMEHTAX U IMPUTOM JIJIsi HICTOYHUKOB OCODOI0 KJIacCa, Y KOTOPBIX YIJIOBbIE
pasMepbl 0UeHb MaJibl (si7[pa KBa3apoOB U MaJIaKTUK, HCTOTHUKHE KOCMIIECKOIO Ma3epHOTO U3JIy-
venust ). Kak mpaBuiio, paJiMONCTOYHUKY MPEJCTABIISIOT coboit GoJiee M MeHee TPOTSZKeHHbIe
O0BEKTHI, JIJIsi KOTOPBIX HACYIITHO HEOOXOIMMO 3HATH KaK MOYKHO OoJiee JeTajbHOe pacIpe/iesie-
Hue spkoctu. pyrumum ciioBamu, HEOOXOJIUMO UMETH Paduou3odpasicerue IMPOTIKEHHBIX 00b-
€KTOB 10 BOBMOXKHOCTH C BBICOKUM YTJIOBBIM Pa3perIieHrueM 10 00eruM KOODIMHATAM.

Ceituac 151 TaKUX 387129 OJTHOM U3 JIy X YCTAHOBOK sIBJISIETCsI TOJIIAH ICKast crucTeMa «Be-
cTepOOPK», COCTOSAINAA U3 HAJJIEZKAIIIM 00pa30M PaCIOIOKEHHBIX U COEJIMHEHHBIX 12 3epKaJ
JITaMeTPOM 25 MeTPOB KarKJ0e; MaKCHUMaJIbHas MPOTIKEHHOCTh cucreMbl 1,6 kM. Pazperrato-
masi cuja 3Toil yctaHnoBKu Ha BosHe 21 c¢M okoyio 20 yryioBbIX ceKyHnj. OJHAKO HAMJIYHIINe
pPe3yIbTATHI OBLIN TOJIyYeHbl HA OJIM3KOM 110 cxeme, HO HEeCPABHEHHO OOJIbINEil 10 pa3Mepam
amepuKaHCKoil cucteme «VLA», BBeseHnoi B sKciutyatanuio B 1979 1. (em. 3.3). Ona cocrout
u3 27 1mapabosIonJioB MaMeTpoM 25 METPOB, PacIOJIOKEHHBIX B BUJE OYKBBI Y Ha IOJIUTOHE
pasmepom B 47 kM. Ee pasperatorias criocobHocTh Ha BojiHe 6 cM coctaBisger 0,3 ceKyHIbI
JIyTH, 9TO B TPU pas3a JIydIle, 9eM Y 3HAMEHUTOTO ONTHIEeCKOTo «ATaca nHebay, BBIIIOJTHEHHOTO
na obcepBaropun Mayut [lasomap rocjie MHorosieTHeit HAIPSKEHHO pabOTHI.

KavecTBeHHO HOBBIM 3TAIIOM B Pa3BUTUU aCTPOHOMUU ABJIAETCA €€ BBIXOJ B KOCMOC, YTO
CBA3aHO C OYPHBIM PA3BUTHEM PaKETHOIl TEXHWKH B IOC/JE€BOEHHbIE IOjbl. Bo3HuMK/Ia HOBas,

!Cama umes Takoro maTepdepoMeTpa ¢ He3aBHCUMBIME JAJeKO PACCTABICHHLIMI AHTEHHAMI IIPHHA ICKHAT
coperckuM pajuoacrponomam H. C. Kappamesy, JI. 1I. Mareeenko u I'. B. ITTosomuikomy.



BBEJEHUE

BHeaTMOC(hEpHasl ACTPOHOMUSI, CTOJIb K€ PAJMKATHLHO OTJIUYAIONIASTCT OT KJIACCHIECKON acT-
POHOMUU, KaK U PaJMoaCTPOHOMUsI. YCTAHOBUB HaydHbIe TIPUOOPHI (cueTdnku (hOTOHOB, TeJie-
CKOIIBI) Ha KOCMEYECKHe I1aTdhOPMbI, ACTPOHOMBI TPOOKIIN MOIIHYIO OPOHIO 3eMHO aTMOoche-
PBI, TIOJIHOCTBIO TTOTJIOIAIOIIE KOCMIYeCKOe KOPOTKOBOJTHOBOE 3JIEKTPOMATHUTHOE U3JTyIeHNe
(yabrpaduosieToBoe, peHTIeHOBCKOE, TaMMa-U3JIydeHne). TeM caMbiM OKa3a/i0Ch BO3MOMKHBIM
HCCJIeJIOBATH KOPOTKOBOJTHOBOE ( «KecTKoe» ) u3srydenne CoJIHIA, 3Be3], TYMAHHOCTE 1 rajiak-
THK, YTO HEOOBIYAITHO pacIIMpUIo o0beM Haleil nHdopMaIlu 0 Ipupoje 3Tux o0bekToB. Ha-
IpUMeED, TOJIABJIIONIee OOTBITUHCTBO TaK HA3BIBAEMBIX «PE30HAHCHBIX» CHEKTPAJIbHBIX JITHUI
PA3JIMYHBIX 9JIEMEHTOB U WX MOHOB HAXOJUTCH KaK pa3 B YIbTPAMUOJIETOBON YaCTU CHEKTPA.
Mexk 1y TeM u3ydeHue 3TUX JUHUN COBEPIIIEHHO HEOOXOINMO XOTsd Obl JIJId JTeTAJbHOIO BBISIC-
HEHUs XMMHUYECKOTO COCTaBa 3Be3J[ U MeXK3Be3/HOH cpejbl. [ TOro 4Todbl MPOULIIOCTPHU-
poBaTh BO3MOYKHOCTU COBPEMEHHOIN BHEATMOC(EPHOU aCTPOHOMHH, HEMHOT'O OCTAHOBUMCH Ha
HEKOTOPBIX XapPaKTEPUCTUKAX TEJIECKOIA, YCTAHOB/IEHHOI'O Ha CIIEIUAJM3MPOBAHHOM aMepUKaH-
CKOM HMCKYCCTBEHHOM CITyTHUKE 3eMJIH, 3allyleHHOM Ha JOBOJBHO BBICOKYIO (~ 750 KM) modrn
KPYTOBYIO OpOUTY. DTOT CIIyTHUK HOCUT Ha3BaHue «perbs OpburasbHas AcTpoHOMIYECKAS
obcepsaropust» («OAO-3»), Ho gare HazbiBaeTcst «KonmepHuKoM», Tak Kak paboTtas B 100mIeii-
HOM JIjIst acTpoHOoMOB oy (1972—1973), B koTopom ormedasoch 500-j1eTue co JHS POKIEHsT
BEJTMKOTO MTOJILCKOTO acTPOHOMa. Bo BCceX OTHOIIEHUAX 9TOT CITYTHUK MOXKHO CYUTATL COBEPIITEH-
HbIM. OCHOBHOW MHCTPYMEHT, YCTAHOBJIEHHBI HA HEM,— 9TO TEJIECKOI-CIIEKTPOMETD, paboTaro-
it B ysibrpaduosieroBoit obsactu. [yraBnoe 3epkasio Teneckona cucrteMbl Kaccerpena mveer
jguameTp 80 cM — BeJIMYMHA HEe TaKas YK MaJieHbKas JaxKe I HA3eMHBIX 00CepBaTOpPHii...
CuekTporpad Tejeckorna paboTaeT ¢ BOTHYTON AudPAKIIMOHHON PEIIeTKON U JIaeT JUCIIEPCUIO
4,2 aHrcTpemMa Ha MUJLIUMETD B mepBoM mopsijke. CrekTpaJsibHoe paspernenne AN B obracTu
9501450 A cocrasiser okoso 0,05 A! ITopazkaer TOYHOCTb HaBEIEHHs STOIO TEJIECKOIa Ha
3Be3/IbI, OT KOTOPBIX TOJIy4YaeTcs ClleKTp. BusupHas JuHUA Tesleckona B mpocTpancTse 3a 10
MUHYT HabJIIO/IeHnii yxoauT He OoJibine, geM Ha 0,02 cekywmapt jayru! [To komange ¢ Semn Te-
JIECKOIT HABOJUTCS HA MHTEPECYIOIIYI0 ACTPOHOMOB 3Be3/Ly (/10 MATO BEJIMUIUHBI), IOCTIE Iero
[IOJIy9aeTCs ee CIEKTP, KOTOPBI 1mepeiaeTcst Ha 3eMJII0 [IPU TOCPEJICTBE TE/IEMETPUH.

V2Ke HEeCKOJIbKO JIeT JEHCTBYeT cIenuan3upoBaHubiil kocmudeckuii Teseckor «IUE», BbI-
BEJICHHBINT Ha CHHXPOHHYIO opobuTy. C ero moMoOIIbI0 MPOBOJIATCS HUCCICI0BAHUS B OJIMKHEM
yibrpaduosere (1000—3000 A) 1 U3YYaloTCs CIEKTPHI 3Be3/1 /10 16-i1 BeJIMYMHBI ¢ pa3pelienn-
em 0,1 A. B 1983 r. 6bL1 3aI1yIIeH COBETCKII aCTPOHOMHYECKHI CIIYTHHK «ACTPOH», HA KOTOPOM
YCIIEITHO paboTaeT yabTPpaduOJIeTOBBII TeecKol ¢ uaMeTpoM 3epkaJja 90 cm. ToanocTh HaBe-
JIeHns 3Toro Tejieckona 0,1 cekyH bl JIyTH.

Ocoboe 3nateHme g aCTPOHOMUU UMEIOT UCCICI0BAHIA U3JIyIeHUs KOCMUYIECKUX O0ObEK-
TOB B PEHTT€HOBCKOI 1 raMMa-obitactsax. Hanbosiee BrieqaT/isdionu JOCTHKEHNST PEHTIEHOBCKOT
acrponomuu. [losydena Gorareiiias nndopmarius 06 U3IYyIeHUN HEKOTOPHIX KOCMUYECKUX 00b-
eKTOB KaK B MsIIKOIl PEHTIeHOBCKOW 00jiacTu (SHEpruu KBAHTOB MOPSIIKA HECKOJBKUX COTEH
9JIEKTPOH-BOJIBT), TakK U B GoJiee KeCTKOI 061acTu crieKTpa (ThICSYd, IECATKH U COTHU ThICSY
9JIEKTPOH-BOJIBT Ha KBaHT).

BakHOCTH PEHTreHOBCKOII ACTPOHOMEE COCTOHT IPEKJE BCETO B TOM, YTO OHA IO3BOJISET
HCCJIEJIOBATH KOCMIYIECKIE O0bEKThI, HAXOJISIINEC B «9KCTPEMAJIbHBIX» YCJIOBUSX (HAIIPUMED,
[IpU TeMIIepaType ra3a B JeCATKI U COTHU MUJIJIMOHOB I'PAJyCOB, & TAKXKe ITPU MOITHBIX B3PbIB-
HBIX [IPOIECCax, O KOTOPBIX pedb OyieT uATH B 9Toil KHure). Tak e, KaK U B paJIHOIHAIIA30He,
MHOTI'M€ UCTOYHUKHU B PEHTIEHOBCKOM CIEKTPaJIbHONW 00JIACTH UCIIYCKAIOT HE TEILIOBOE U3JIyde-
HUe, a crenuduIecKoe «HepaBHOBECHOE» U3JIyYeHMe, COIYTCTBYIONIee JBUKEHUIO 9JIEKTPOHOB
OTPOMHBIX, «CBEPXPEJIATHBUCTCKUX» SHEPruil. B 9TOM OTHOIIEHNN BO3MOMXKHOCTH OINTHUYECKOI
ACTPOHOMUY BEChbMa Or'paHuyueHbl. Mbl BUIUM, TAKUM 00Pa30M, UTO ONTHICCKAs, PAJINO- U PEHT-
FeHOBCKas aCTPOHOMUsI He JyOJIUpYIOT JPYT Apyra, a CyIIeCTBEHHO donoanatom. EcTb 00beKThI
(HampuMep, GOJBIIMHCTBO OOBIYHBIX 3BE37[), OCHOBHOE M3JIydeHHe KOTOPBIX COCPEIOTOUEHO B
ONITUYIECKOI YaCTH CIIEKTPA, €CTh U TaKue OOBEKTHI, IJle OCHOBHOE N3JTyYeHe MTaJlaeT Ha PaJIfo-
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JInOO Ha PEHTTEHOBCKYIO 00Js1acTh. OcoObIil MHTEPEC MPEJCTABIAIOT JJOBOJIBHO YaCTO BCTPEYaiO-
IIecst KOCMIIeCKne 00bEKThI, OJITHOBPEMEHHO, HO ¢ PA3HON MOIHOCTHIO, U3JTyJafoline BO BCEX
Tpex Jualna3oHax U TPeOyoIre /st CBOEro U3yUYeHusT KOMIIJIEKCHBIX HCC/IeI0BaHMIA.

Kak mutocTpannio BO3MOXKHOCTEH PEHTTEHOBCKON acTPOHOMHUHU PACCMOTPUM OCHAIICHUE
3HaAMEHUTOI0 aMEPUKAHCKOI'O CIEIUAaIN3UPOBAHHOIO CIIyTHUKA «¥YXYPY», 3aIyIIEHHOI'O Ha K-
BaTOPHUAJbHYIO OPOUTY B KOHIIE jieKabpst 1970 1. u paboraBiiero HeCKOJIbKO JieT.

Ha ciyTHUKe yeTaHOBJIEHBI JIBa PEHTIeHOBCKUX JETEKTOPa ILIOMAIbIo 110 880 ¢M? KaskIblil.
JleTekTOpaMu sIBJISIOTCS IPOIIOPIINOHAIBHBIE PEHTI€HOBCKIE CIETUYNKN ¢ OKHAMU U3 OEPULIus,
toJimunoit okosto 0,1 mm. Tosg 3penunst cuerdnkoB paBubl 5° X 5° 1 0°5 X 5° 1 OpUEHTUPOBAHBI
B IPOTHUBOIIOJIOKHBIX HampaBieHnsx. CIyTHUK OCHAINEH CIEeNUaJIbHON MArHUTHOW CHUCTEMO
OPHMEHTAINN, BKJIIOYAIONIEN /IEKTPOMArHUTHBIE KATYIIKH JIJIsi OPHUEHTAINN ITPOJOJbHON OCH
CIIyTHUKA OTHOCHUTEJHLHO MATHUTHOT'O TMOJIA 3€MJIN, U MaXOBUYIHON CHUCTEMON JIJIsT «3aKPYTKH»
CIlyTHHKA OTHOCHTEJILHO 9TON OCH € yIJIOBOil cKopocThio B mpesestax ot 0°,1/c mo 0°,5/c.

B cucremy opumenTanuu BXOJAT Tak:Ke 3BE3/IHbIE JIATYUKU JIJIs OIPEJIEIEHNN YTy TTOBO-
poTa BOKpYT TPO0bHON ocu. C MOMOIIBIO0 9TOTO CIIYTHUKA OBLIN UCCJIEIOBAHBI JTUCKPETHDIE
MCTOYHNKHI PEHTICHOBCKOIO M3JIyYeHUs ¢ MOTOKOM BILIOTH jio 0,005 kBanTa/cm? - ¢ B ob1acTn
ot 2 1o 20 x3B. Kpome Toro, kaxkplit jieTeKTOp ObLT CHAOXKEH 8-KaHAJbHBIM AHAJIU3ATOPOM
AMILIATYIbI UMITYJIBCOB, YTO IO3BOJISET ITOCTPOUTH CIEKTP UCTOYHUKOB.

Bamnymennbiit B Konme 1978 r. crenuaan3upoBaHHblil peHTreHoBeKmii criyTHUK «HEAO-2»,
[OJIyYUBINNI Ha3BaHUE 00CEPBATOPUU «DUHIITEHH», O3HAMEHOBAJ HOBBII ITall B Pa3BUTUU
PEHTTEHOBCKON aCTPOHOMUU. YCTAHOBJIEHHBII HA ITOM CIIyTHUKE PEHTTEHOBCKUI TEJIECKON KO-
COro TMaJIeHNs TO3BOJIAET HOJIYyIUTh YIJI0Boe pasperrenue 1o 2" mpu moste 3penus 1° x 1°. Ero
YYyBCTBHUTEILHOCTD 110 TIOTOKY B COTHU Pa3 BbIIIe, YeM y «YXypy». Ha aTom cryrHuke ObLIN
BBITIOJIHEHBI BBIIAIONIAECS 110 CBOEMY 3HAYCHHIO MCCJICIOBAHNSA TaJaKTUIeCKIX U MeTarajaakTh-
YEeCKUX UCTOYHUKOB PEHTTE€HOBCKOT'O M3JTyIE€HUS.

FaMma-acTpoHOMUS B HACTOSIITIEE BpEMsI JIeIaeT CBOU TepBbie marn. Fe TexHnka BecbMa cire-
nuduyna. [IppeMHIKAMI OYE€Hb YKECTKUX KBAHTOB SBJIAIOTCH OOBIYHO «MCKPOBBIC KaMEPbI» —
yCTpO#iCTBa, UMEIONIe HEMAJIbI BeC — OOCTOATEIbCTBO, YCJIOXKHLAIOIIEe TPOBEJICHUE IKCIIEPU-
MEHTOB Ha KOCMHYEeCcKHX Intardopmax. Brpodem, 3tu KaMmepbl He 00g3aTe/IbHO MOJHUMATH B
KOCMOC: MOYKHO BOCIIOJIb30BATbCS U OAIJIOHAMHU — adpPOCTaTaMU, 3aIlyCKAeMbIMH Ha BBICOTHI
25—40 xm. Bcee xe crenmanmsupoBanHbiil cryTHuk jyqme. B 1974 r. B CIITA 6bu1 3amytien
TaKOH CHeruaIn3upoBaHHbIN CIIyTHUK «SAS-2», MO3BOJUBINMIT MCC/IEIOBATH TOTOKU KOCMUIE-
ckoro ramMma-uzaydenns jo 1076 kpanTa/cm? - ¢ ¢ sueprueit, npesbimaromieit 50 MsB. Ha stom
CIlyTHHKE HCCJIeI0BaJIcst o0muii (poH raMma-u3/aydeHnus W IOBBIIMIEHNE €ro WHTEHCHUBHOCTU B
nojioce Myeanoro IlyTu, a Takke OJuH «IUCKPETHBIN» UCTOYHUK, CBI3aHHBIN ¢ 0COOOH TyMaH-
HOCTBIO — OCTATKOM B3phIBa 3Be37bI (cM. § 16).

B aBrycre 1975 r. ObLI 3aIyIIieH eIe OJInH CIeIuaTu3nPOBAHHbIN ramMmma-ciyTHUK «Cos-By.
DroT CcryTHUK paboTaeT B pexKUMe JJIUTEJNbHBIX (~ 1 Mecsl)) HaBeJeHUN Ha UCTOYHUK, B TO
BpeMsi KaK Ha «SAS-2» 0OBIYHO UCIOJIB30BasICsd pexkuM cKarupoBanusi. Ha «Cos-B» 6b110 00-
HAPYKEHO raMMa-U3/IyIeHne OT HECKOJbKNX TaJJaKTHIECKUX U MEeTAraJaKTHIECKINX 00bEKTOB.
B nmonoce Maeunoro IlyTu 6n110 3aperucrpupoBano cBbiie 20 TUCKPETHBIX UCTOIHUKOB, 00JIb-
IIUHCTBO KOTOPBIX ITOKa HE OTOXK1eCTB/IeHO. MOXKHO HE COMHEBATHCH, UTO Y FAMMa-aCTPOHOMUI
bosbIoe Oy myIIee.

Bazxnoit ob1acTbio BHeaTMOCKhEPHOI aCTPOHOMUU SBJIAETCA WH(PpaKpacHas U «CyOMUILIN-
MeTpoBas» acTpOHOMHUSA. B Kakoii-To crerieHn HaOJ/IIOAEHUS B 9TOM TPYIHOM JIMaIla30He MOYKHO
IIPOBOJUTH U ¢ HA3eMHBIX 00CEepPBATOPHUIl, UCIIOIb3Ys OTJAEIbHBIC «OKHA IIPO3PAUHOCTAY B 3€M-
HOiT armocdepe (Hampumep, B auanazone 8 u 25 Mukpomerpos). MHuoro mnexnoit madopmarmn
JlaJIi OTJIe/TbHbIe HAOJTIOJIEHUsI, BBITIOJTHEHHDBIE Ha OaJ/IJIOHaX W Ha BBICOTHBIX caMoJjieTax-1abopa-
topusix. Ho odenb BaxKHO ObLIIO ObI UMETH CIIeIUAIN3UPOBAHHBIN CITYTHUK JIjIs HHMPaKpacHOit
aCTPOHOMMUH, KOTOPOTO TIOKa erre HeT. OCHOBa ycIiexa B 9TOoi 001aCTH aCTPOHOMUN — ITOsIBJIEHIE
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HOBBIX THUIIOB BBICOKOYIYBCTBUTEIbHBIX IPUEMHUKOB, CTABIIEE BO3MOXKHBIM TOJIBKO OJiarogapst
OYpHOMY Pa3BUTHUIO JIEKTPOHUKY, (DUBUKH MTOJTYITPOBOIHUKOB U KPUOTE€HHON TEXHUKU.

SHadeHre TOTO JIMana30Ha ONPEIEIsSIeTcs MPEeXkIe BCero TeM, 9TO B HEM COCPeI0TOYeHa
OCHOBHAsI 9acTh W3JIydeHus BcejeHHO#. AKTHBHBIE sjipa TAJaKTHK U KBAa3apOB, TMTAHTCKUE
3BE3/Ibl U IIPOTO3BE3/IbI, 00JIaKa KOCMUYECKO MbLIN — BCE U3JIyYaloT IMPEUMYIIECTBEHHO B WH-
dpakpacHoM u cyOMUILIMMETPOBOM Jnara3one. K sTomy cjepyer J00aBUTh «PETUKTOBOEY U3~
Jydenue Bcenennoit, MAaKCUMyM CHEKTPAJILHON IJIOTHOCTU KOTOPOI'O PACIOJIOKEH KaK pa3 B
CyOMMJLIMMETPOBOM JTHAITA30HE. DTOT JINAA30H UMeeT 0co0oe 3HAYEeHHe JIJIsT BaXKHEHel mpo-
6J1eMbl TIPOUCXOKIEHNsT 3B€3/T U IJIAHETHBIX cucTeM (cM. § 3). AcTpOHOMBI ¢ GOJIBIIIM HeTep-
IEeHUuEM OYKUJIAIOT HOBBIX YCIIEXOB B 9TON TPY/IHON JJIs SKCIEPUMEHTATOPOB CIEKTPAJILHONW 00-
JIACTH.

B 1983 r. 6bu1 3amyInen MexKIyHAPOIHbIN «UH(MPAKPACHBII» aCTPOHOMUYECKU CITYTHUK
«IRAS», xoTopsrit BecbMa ycrernHo pabortaer. HabsoieHus BeyTcs B IATH KaHajax uHpa-
KPaCHOTO U CyOMUJITMMETPOBOT'O TMANA30HOB BILUIOTH JI0 JIUHBI BOIHBI 100 MKM. YKe TOJTyte-
HBI [IEHHBIE JaHHbIE 110 HECKOJIBKUM JIeCATKAaM UCTOYHUKOB. Hesb3s He 0CTaHOBUTHLCS Ha OJTHOM
U3 MEPBBIX PE3yJIbTaTOB, MoJydeHHOM Ha «IRAS».

[Ipu kaMOpOBKE IETEKTOPOB HCIOJIb30BAINCH, KAK 9TO YaCTO JIEJIACTCA B aCTPOHOMUM,
sdpKue 3Be3/bl. Benko ke ObLI0 M3yMJICHUE UCCAeJ0BATENEH, KOrjia MOTOK WH(MPAKpacHOTO
U3JIy9YeHrsl OT sipyaiiiieit 3Be3bl ceBepHoro Heba Beru (A JIupbr) okazascs B 10—20 pa3 60J1b-
me, 9eM oxkujgasoch. Temieparypa rosepxuoctu Bern uzsecrna gapuo: 9 700° u oxugaemoe
nHMpPaKpacHOe U3JIyueHne MOXKHO ObLIO BHIYUCIUTE ¢ O0IBINON TouHOCThIO. Jlastee, okazasoch,
YTO UCTOYHUK MH(MPAKPACHOIO U3JIyYeHHUsl, CBSI3aHHBIN C 9TOW 3BE3I0ii, HE «TOYEUHBI» (Kak
OXKUJIAJIOCH ), & JIOBOJIBHO MPOTSZKEHHBII: ero yryioBbie pasmepbl 0kosio 20°. CooTBeTCTBYIOIIIE
JIMHeHble pa3Mephl (YIUThIBas, YTO paccTosHus 10 Beru 26 cBeToBbIX Jier) — okoJio 80 act-
poroMuueckux eaunHuI. Kopode rosopsi, okazasioch, 9To Bera oKpyKeHa KOJTBIIOM, COCTOSIIIIM
U3 POsi TBEPJBIX YACTHUIl, Pa3Mepbl KOTOPBIX O0jbiie 1 MM. DTU JIOBOJIBLHO KPYIIHbIE YaCTHU-
I[bI, HATPEThIE U3JIyUCHUEM 3Be3bI 0 TemiepaTypbl 90 KeJIbBUHOB, U SABJISIOTCA UCTOUHUKOM
nH(MPAKPACHOTO U3JTyIEHUS.

Odenb MOX0XKe, ITO MPSIMBIMIA ACTPOHOMIIECKUME HAOTIOICHUSIMI OKOJIO O/THO# 13 OJnzKaii-
MUX K HaM 3Be3/1 OOHapyzKeHa IIJIAHeTHAsl CUCTeMa, IPUTOM 3HAYUTETBHO DoJiee MOJIOJIasd, deM
Conneunast (Bospact Beru e npesbiiaer 300 MUIJIMOHOB JIeT, B TO BpeMst Kak Bo3pacT CoJH-
I8 OKOJIO 5 MUJITMAPIOB JIeT). 3HAYEHUE 9TOr0 OTKPBITUS TPY/IHO TepeolieHnTh. OHO HAIJISTHO
JIEMOHCTPHUPYET OOJIBIITYIO PACIIPOCTPAHEHHOCTD IJIAHETHBIX CUCTEM BO BceseHmnoii.

O/ 1HaKO CcOBpeMeHHasi aCTPOHOMUSI He OIPAHMIMBAETCST TOJIBKO HCCJIEIOBAHUSAME JIEKTPO-
MarHUTHBIX U3JIyYeHUI BCeX YaCTOT OT PA3IMIHBIX KOCMIYECKIX OOBEKTOB. YIKe CJeIaHbl Iep-
BBIE AW B HeUmpurrot acmporomuy,. O6 3TOM OIPOOHO OYIeT paccKa3aHo B § 9 3Toit KHUTH.

Ha ouepenu croutr obnapyzKeHue 2pagumayuOHHbT 6041 OT B3PHIBAIONIUXCH 3BE3J U UX
OCTATKOB, & TaKKe, BO3BMOXKHO, U OT JPYIUX HEOECHBIX TEJI, B TOM YUC/E METATAJTaKTUIeCKUX
(cm. § 24). Mbl y2ke HE TOBOPUM 06 UCCIEOBAHUSX MEPBUYHBIX KOCMUYIECKUX JIyUeil, KOTOPbIE
BEJIyTCS MHOTHE T'OJIbI U TIOJIYYMJIM OCOOEHHO OOJIBINIOEe Pa3BUTHE B mocjeHee Bpems. Hakonerr,
CTOWT eIlle CKa3aTh O MPSIMbIX U3MEPEHNUSIX MArHUTHBIX T0JIENl U TIJIOTHOCTH T'a3a B MeKILJIAHeT-
HOI1 cpeJie, CTABIIUX BO3MOXKHBIMU TOJIBKO HA OCHOBE PA3BUTHUS PAKETHO-KOCMUYIECKON TEXHIKH.
Yro kacaercs UCC/IeOBaHUS IJIAHET U UX CIIyTHUKOB B COJTHEYHON CHUCTEME Ha CIEIUAIBHBIX
ABTOMATUYECKUX U MUJIOTUPYEMBIX KOCMUYECKHX CTAHIUAX, TO 3JECh CO3/IaJI0Ch COBEPIIEHHO
0CODEHHOE TIOJIOYKEeHNe: TTAaHEeTHAs aCTPOHOMUS ITepecTaeT ObITh YaCThI0 ACTPOHOMHUHU. AHAJIO-
rUYHas CUTyalldd B IIPOIILJIOM ObLiIa ¢ reo(OU3UKOIA.

B 6m3koMm OyayiieM acTpoHOMUs 00OraTUTCs HOBBIMU MOIIHBIME CPEJICTBAME HCCJIEI0BA-
HUsI, KOTOPbIE MTO3BOJIAT CJIEJIATh OYePEeIHON T'MIAaHTCKUi Iar Ha IIyTH no3naHus Bceesiennoii.
[TosHBIM XOJIOM MJIET CTPOUTEILCTBO U JIeTAJbHOE MPOEKTHPOBAHKE CJIEIYIONIEr0 TTOKOJIEHUS
TEJIECKOIIOB, KOTOpbIe OYyIyT paboTaTh BO Bcex o0JacTAX crekTpa. Kak mpasuso, oHu OyayT
yCTaHABIMBATHCA Ha KOCMIYECKUX TIaT(OOpMax.
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Ormerum paszpaboTKy OOJIBIIOTO KOCMHYECKOIO OITUYECKOIO TEJIECKOIa C 3ePKAJIOM JUa-
MeTpoM 2,4 M. DTOT TEJIECKOTI TIpe/Ioaraercs Bbiect Ha opouty B 1986 1. CobCTBEHHO TOBO-
ps, on OyJeT paboTaThb HE TOJBKO B ONTUYECKON 00J1aCTH, HO U B OJIM3KUX YILTPADUOICTOBOM
1 nHdpakpacHoit obractax crektpa (ot 1200 A 10 ~ 10 MxM). B ycoBuax paboThl Ha opouTe
Oyer peasm3zoBaH JudPaKINOHHBIN TIpeJesl paspernaoneil crocobnocTu. YyBCTBUTENIBHOCTD
opbuTtajibHOro Teseckona oygaer ~ B 100 pa3 mpeBbIIaTh 4yBCTBUTEILHOCTD KPYIHEHIITNX Ha-
3EeMHBIX TeJIeCKOIOB. OT 9TOr0 MHCTPYMEHTa ACTPOHOMBI OYKUJIAIOT BBIIAIOIIUXCS PE3YILTATOB.

Boubmioit narepec npeacrasisier amepukanckuii mpoekT AXAF. Peub naer o ruranTckom
PEHTTEHOBCKOM TeJIECKOIIe KOCOTO IMaJIeHNs ¢ JUaMeTpoOM 3epKaJia 1,2 M 1 (POKYCHBIM PaccTosi-
HreMm 10 M. DTOT Tesseckon OyaeT CTPOuTh n300parkeHne UCTOYHUKA C YIVIOBBIM pa3pelleHrneM
0,5 cexkynmapr ayru. O Oymer paborars B mHTepBaJje sHeprun kBanto or 0,1 1o 8 xk3B. Ero
sbdexTuBHAA MOBepXHOCTh B nmamasone 0,6 ksB — 1500 cm?, a B amamazome 6 k3B — 250
cm?. DTo TO3BOMIAET YBEIMYINTEL TYBCTBATEILHOCTD JJIS TOUCTHBIX NCTOTHIKOB 110 CPABHEHHIO
¢ obcepBaropueii «dinmreiiny moaru B 100 pas! Ilpu Takoit BBICOKOH 4yBCTBUTEIHLHOCTH 00b-
eKT, 10/I00HBIN n3BecTHOMY KBazapy 3C 273, MOXKHO OyeT OOHAPYKUTH JlaKe IIPU 3HAYCHUN
mapameTrpa KpacHoro cMmerienns z = 10!

MoKHO HEe COMHEBATBHCSI, YTO KOTJa TMraHTcKuil pertreHoBckmii Tejeckon AXAF Oymer
BBEJICH B 9KCILIyaTaINIO, B KOCMOJIOTHH HACTYIIUT HOBas dpa.

Yro KacaeTcd paJIMoacCTPOHOMUU, TO 3/IeCh OOJIBIION TPOTPECC OKUJIACTCA OT BBEJCHUS B
CTPOI KPYIHBIX PaJINOTE/IECKOTIOB, PACCUYNTAHHBIX Ha pabOTy B MUJLIMMETPOBOM JnanasoHe. B
IIEPBYIO OYepe/Ib 3/I€Ch CJIEIYeT OTMETUTD CTposieecd 45-MeTpoBoe 3epKaJjio B Amnonnn, 30-met-
poBoe (bpaHKO-HEMEIIKOE 3ePKaJIO, KOTOpoe Oy/ieT ycTaHOBIeHO Ha KaHapcKux ocTpoBax, u 1OKa
elre TOJIBKO MPoeKTupyioleecs 25-merpoBoe 3epkasio B CIITA, koTopoe 1071:KHO OBITH yCTaHOB-
JIEHO B ITPEBOCXOTHOM MecTe — Ha BepiiHe Byikana Mayna Kea (Taaiickue octposa). Tam ke
Ipe/irnoaraeTes yeTaHoBUTh 10-MeTpoBoe 3epKaJio Jiid HabJIIOIeHI B CYyOMUITUMETPOBOM JTHA~
nasone. Kak B CIIIA, Tak u B EBporne 60/bI10e BHUMaHUE yIIeseTcs JaJIbHeleMy pa3BuTHIO
pagaunonHTEpHEPOMETPUH Ha CBEPXJINHHBIX 0a3aX, B 9aCTHOCTH, CTPOUTEIHCTBY KOCMUYIECKUX
pajinonHTEPHEPOMETPOB.

Nrak, B pe3yibTaTe MmepeKuBaeMoil 4eJI0BeIeCTBOM B TIOC/IETHUE TPHU JeCATUICTUS Hay THO-
TEXHUIECKON PEBOJIIOIUN B aCTPOHOMEM HACTYIIMJIa HOBas dpa. ACTPOHOMHUS IPEXKJE BCEro
cTaja «BCEBOJIHOBOI», 9TO B OIPOMHON CTEIIEHU YBEJHMYUIO ee BO3MO:KHOCTH. IIporpeccy cro-
CcOOCTBOBAJIO TAK2Ke BBEJICHUE B MIPAKTUKY HAOJIIOIEHNI U UX 00PA0OTKU 3JIEKTPOHHO-BLIYUCTU-
tesibHBIX ManH (9BM). B wacTHOCTH, BBICOKAsT 9yBCTBUTEIHLHOCTH COBPEMEHHBIX PA/THOTE e~
CKOTIOB He ObL1a Obl jtocturnyTa 6e3 DBM.

DJICKTPOHUKA U ABTOMATUKA CTAJIHM IIUPOKO HMCIIOJb30BATHLCS HE TOJBKO B «HOBBIX» 00JIa-
crax (paamoacTpoHOMUsT, BHeATMOChEPHAsT ACTPOHOMHUS ), HO TAKZKe U B «KJIACCHIECKOM» OITH-
JeCKOM JIHaNa30He, 6J1arofaps 9eMy Pe3KO YIIYHITIIAChH IapaMeTPhl ONTHYECKIX TeJIeCKOIIOB! .

B sroit kaure peus OyeT uiaru o 38e3/1ax. Ecu 3a/1aTh HAMBHBIH JeTCKUT BOIIPOC, KAKKe U3
KOCMHUYECKIUX 00bEeKTOB BO BcesleHHOI «caMble TJIaBHBIE», g He KOJebJIsAch 0TBevy: 3Be31bl. [lo-
yemy? Hy, xors 661 moromy, uro 97% Bemecrsa B Haieil ['ajakTuke cocpeoTOYEHO B 3BE3/1aX.
Y mHormx, ecjqim He y OOJBIIMHCTBaA, JApyrux [ajgakTHUK «3Be3Hasd CYOCTAHIUS» COCTaBJISET
6osbme gem 99,9% ux maccel. IToxoxke Ha TO, YTO IJIOTHOCTH KpailHe pasperkKeHHOro, IOKa
ellle C JJOCTOBEPHOCTBIO He OOHAPYKEHHOI'O MEXKTaJIaAKTUIeCKOr0 Ta3a CJAUIIKOM MaJia, TO9TOMY
OCHOBHAsl 4acTh BellecTBa BO BcejieHHOI cocpeioToveHa B rajakTHKaX, a CJIeJI0OBATEIHLHO, B

'Hanpumep, BBejleHme B MPAKTUKY aCTPOHOMUYECKUX HCC/IEJOBAHUE BEChbMa COBEPIIEHHBIX 3JI€KTPOHHO-
OIITUYECKUX K TEJIEBU3UOHHBIX IIPUEMHUKOB M3JIy4YeHUs BMECTO (POTOrpadUyuecKuX IIEHOK SKBUBAJIEHTHO yBe-
JITYEHUIO JUaMEeTPOB TeJIECKOIOB B IATH pa3d. Eciu Obl Jarke Takoe yBeIHYeHHE PA3MEPOB 3€PKaJl TEIECKOIIOB
OBIIO TEXHIYIECKH OCYIIECTBIMO (9TO BECbMa COMHUTEIBHO!), TO 3T0 060nII0Ch Obl (18 GOJIBIINX HHCTPYMEH-
TOB) B MHJUIHAP/BI PyOIIeii, Tak KaK CTOMMOCTD TEJIECKOIA IIPHOJIM3UTENLHO IPOIOPIMOHAIbHA KyOy AnaMeTpa
€ro 3epKaJla.
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3Be3jiaX. EcTh, IpaBjia, MHEHHE, YTO B s/ipaX MHOI'MX T'aJIJAaKTUK U B KBa3apaX OCHOBHAas YacCTh
BeIeCTBa — 9TO IIOTHBIN, JIOBOJILHO Topsaduii ra3. Kcm 3To jmaxke Tak, TO HaIl BbIBOJ, OCTaeT-
Cs HEM3MEHHBIM: Be/Ib MACChl FaJIJaKTUIECKUX /e HEBEJIUKHU MO CPABHEHUIO C MacCCaMM CaMUX
raJlakTuk. MTak, Ha COBpeMEHHOM Talle BOJIONNKA BeeJIeHHOM BEIecTBO B Hell HaXOUTCs TIpe-
UMYIIECTBEHHO 68 38€30HOM COCMOAHUY. DTO O3HAUAET, 4TO OOJIbINasd JacTh BellecTBa Beesen-
HOU «CKPBITa» B HeJpax 3Be3J] U UMeeT TeMIIepPaTypy IMOpsIKa JIecaTKa MUJIJINOHOB I'DaJTyCOB
IIPU OY€Hb BBICOKON IJIOTHOCTU U (PUBUIECKUX YCJOBUAX, MAJIO OTJINIAIOIINXCS OT TePMOIUHA~
MIYeCKOro paBHoBecusi. OCHOBHAs 9BOJIIONIS BEIeCTBa BeeleHHOM TPONCXOIIIA U ITPOUCXOIAT
B Hejipax 3Be3/l. VIMeHHO Tam Haxoauscs (M HAXOIUTCS) TOT «IUIABUJIBHBINA THIeJIb», KOTOPBIH
00yCJIOBIJT XUMHYIECKYIO IBOJIIOIHUIO BelecTBa BO BeesteHHoi, 000TaTUB €ro TsKeJIbIMUA 3J1eMEH-
TaMu. VIMeHHO TaM BeIIeCTBO 1O €CTeCTBEHHBIM 3aKOHaM IIPUPO/IbI IIPEBPAIAeTCd U3 Ujleasb-
HOT'O ra3a B OYeHb IJIOTHBIM BBIPOXKJICHHBIN ra3 W Jlake B «HEUTPOHU3UPOBAHHYIO» MATEPUIO.
VMeHHO Y HEKOTOPBIX 3Be3/] Ha ITOBOPOTHBIX TallaX UX SBOJIIOINU MOXKET Peam30BaThCs ITOKa
ere JIaJIeKoe OT SICHOCTU COCTOSTHUE «YePHOM JIBIpbl». BMmecTe ¢ TeM, ecyii He TOBOPUTH 00 OCO-
OBIX, TIOKa eIle HEJIOCTATOYHO UCCJIEIOBAHHBIX 00JIACTAX, OKPYKAIOIINE S/pa TaJaKTUK 3BE3/IbI
(B cpeanem) 3anumalor okosio 1072° o6bema BeesteHHoil.

OrpomHOe 3HaYeHNEe UMeeT MCC/IeJOBaHNe B3ANMOCBI3U MEXK/Iy 3BE3JaMU W MeXK3BEe3/THOM
cpeJioi, BKJIIOYaloIiee MpodJieMy HempepbIBHONO 00Opa30BaHMsA 3Be3J[ U3 KOHJIEHCUPYIONMIEHCs
MeXK3Be3HO# cpejibl. Hauune 3Be37 MOTIepKUBaeT HeobpamumMocms TPOIECCOB IBOJIIONUT
BemecTBa BO Bceenennoit. Beab 3Be3/1bI B OCHOBHOM H3/IyYaloT 3a CUET HEOOPATUMOI'O ITPOIEC-
ca TpeBpAIleHns BOJOPOJa B OoJiee TsKesble 3JIEeMEHTHI, Tpex e Bcero B renwmii. [locTosinno
HaKaIUIHBAKOIecss Bo BceseHHON «uHEpTHBIE» (T. €. «MepTBbIe» ) KOHEYHbIE MPOJYKTHI IBO-
JIIOTIH 3Be3J; — OeJible KapJuKU, HEHTPOHHDbIE 3BE3JIbI M, MO-BUIUMOMY, YePHBIC JIbIPbI TaKzKe
[IOTIEPKUBAIOT HEOOPATUMBIH XapaKTep 9BOJIONUN BeesleHHOT.

B mupe 3Be3; Mbl BcTpedaeM OrpoMHOEe pa3HooOpa3ue sBJICHU, MPOABJIAIONINX cedsd Ha
BCeX JIMalla30Hax JIJIMH BOJIH. PeHTreHoBckue 3Be3/1bl, KOCMUYECKHE Ma3€ephbl, Iy/IbCapbl U BCIIbI-
XUBAOIIE KAPJIUKOBbIE 3Be3/bl, IJIAHETAPHbIE TYMaHHOCTUA C UX V/AWBUTEJIbHBIMU siIpaMu U
neden b, HAaKOHEI[ IIPOCTO «OOBIKHOBEHHBIE», HUUEM, Ka3a/10Ch Obl, Ha IIpUMedaTe/IbHbIe 3BE3-
JIBI — 9TO0 JIX He 9y10 Hpupobl! UToObl B KAKOH-TO CTEIeHH MOHATH, YTO OO0 IpeICTaBIseT
Bcenennasi, Ha10 mpezKjie BCero 3HaTh, YTO TAKOE 3Be3/Ibl U KAK OHU IBOJIIOIMOHUPYIOT. B 3T0it
KHHUTE aBTOP C/IeJIaJI TIONBITKY OTBETUTDH Ha ITOCTaBJEHHBIE BOIIPOCHI, ONTUPAsICh Ha JOCTUKEHUS
coBpemenHoit actpoHomun. Cieyer, OJIHAKO, UMETh B BHJLY, UTO HA MHOTHE BOIPOCHI UCUEP-
IIBIBAIOIIMX OTBETOB IOKa erle HeT. OPOHT HAyKH B 3TOH 00/IaCTH HAXOJUTCA B ITOCTOSHHOM
npuzkennn. Ho, MoxkeT ObITh, B 9TOM U COCTOHUT IIPEIECTh Oecebl Ha 9Ty YBIEKATEJIbHYIO Te-

My...
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§ 1. 3BE3/Ibl: OCHOBHBIE HABJIIOJATEJ/IbHBIE XAPAKTEPUCTUKU

...Huwuero Her GoJiee mpocToro, 4em 3Besja...

(A. C. 9dduremon)

OpuH U3 ocHOBaTE el COBPEMEHHOI Teopnn 3Be3H0i 3Bosmonun mpod. M. IIBapmmiba
B CBOEll M3BECTHOI MOHOI'padUM, MOCBAIIEHHON CTPOCHUIO U BOJIIOINH 3BE3]I, BHICKA3aJ OUY€Hb
[VIyOOKYIO MBIC/IB, 3aKII0UEHHYIO B (hpas3ax, KOTOPbIe MbI ceiidac MPOIUTUPYEM:

«Ecmm Beenennas ynpaBisgeTcs TPOCTBIMA YHUBEPCAIbHBIMEA 3aKOHAME, TO Pa3Be YHCTOe
MBIIIJIEHNE 0Ka3aJI0Ch ObI He CIIOCOOHBIM OTKPBLITH 3TY COBOKYIMHOCTH 3akoHOB? Toryma He HyK-
HO OBLIO ObI ONUPATHC Ha HAOJIIOIEHUS, KOTOPbIE TPUXOIUTCA TPOU3BOIUTH C TAKUM TPY/IOM.
XoTs 3aKOHBI, KOTOPbIE Mbl CTPEMUMCS OTKPBITH, OBITH MOYKET, U COBEPIIEHHBI, HO Ye/I0BeYe-
CKUIT pa3yM JIaJieK OT COBEPIIEHCTBA: IIPEJCTABIEHHbBIN caMOMY cebe OH CKJIOHEH 3201y 2K IaThCs,
YeMy MBI BUJIUM Te9abHOE TOATBEPIK/IeHNE CPeIl OeCUCIeHHBIX TPUMePOB Ipororo. Jlefi-
CTBUTEJILHO, MbI OYeHb PEJIKO YIIYCKAJM BO3MOYKHOCTD BIIACTh B 3a0JTyKJEHNEe; TOJIBKO HOBBIE,
[oJIyueHHble n3 HabJIIOJIEHUil IaHHbIe, C TPYJIOM OTBOEBAHHBIE y IIPUPOJIBI, BO3BPAIIAJINA HAC HA
HMPABUWIbHBIN IyTh. B Teopuu 3BoJIONUN 3BE3], OHU OCOOEHHO HEOOXO/IMMbI, ITOOBI JIBUTATHCS
BIIEpeJ], HEe BIAJIasi B CEPbE3HbIE OMUOKU»...

Kak rosoputcs, jiydrie e ckaxenb. [[oko/ienns acTpoHOMOB KPOITOTJIMBO COOMPAJIU OTPOM-
HBII (paKTUYECKUl MaTepuaJl, Kacaloluiicsad caMbIX pa3HOOOpa3HbIX XapaKTepPUCTUK 3Be31. Ka-
KHUE Ke U3 9TUX XapaKTEPUCTUK MOXKHO IOJIYIUTh U3 aHAJM3a PE3Y/IbTaTOB HAOJIONEeHU !

[Ipezk1e BCero HAJIO MOHATH, YTO 3BE3/IbI, 38 PEAIAUIIMU UCKITIOUYEHUIMUI, HAOTIOTAI0TCS
KaK <«TOYEYHBbIE» WCTOYHUKH HM3JIyUeHUs. DTO O3HAYAET, YTO MX YIVIOBbIE pa3sMepbl HUYTOMK-
Ho maJjbl. Jlaxke B camble OOJIbINIE TEJIECKOIBI HEJIb3sl YBUJIETH 3BE3/IbI B BHUJE «PEAJTHHBIX»
JIUCKOB. MBI IOT9epKUBaEeM CJIOBO «PEAJbHBIX», TaK KaK OJiarojapsl 9UCTO MHCTPYMEHTA Ib-
HbIM 3 deKTaM, a TJIABHBIM 00Pa30M HECIOKONCTBUIO aTMOCdephl, B (POKAJIBHON ILJIOCKOCTU
TEJIECKOIIOB TIOJIYIAeTCsl «JIOKHOe» M300pazkKeHne 3Be3/bl B BHJIE HEKOTOPOI'O JIMCKA. Y TJIOBBIE
pa3Mepbl ITOTO JIMNCKA PEJIKO ObIBAIOT MEHbBIIE OJHONW CEKYH/IbI JIyTH, MEXKIY TeM KaK JIayKe JJIs
OJIMKAMIIIIX 3B€3J1, OHU JIOJIPKHBI ObLIM OBITH MEHBIIIE COTO JIOJU CEKYHJIbI JIyTH.

Wrak, 3Be3/1a 1aKke B caMblil OOJIBINON TEJIECKOIl He MOYKET OBbITh, KaK FOBOPAT aCTPOHOMBI,
«paspereHay. ITo 03HAYAET, YTO Mbl MOXKEM H3MEPSTHh TOJbKO NOMOKY W3JIyIEeHUsS OT 3BE3]]
B Pa3HbIX CIEKTPAJbHBIX ydacTKaxX. Mepoil BeJMYMHBI IMOTOKa ABJISETCS BUIUMas 3Be3JIHAs
BeJINUNHA, OIpeJIeJIeHrne KOTOPOii MPeJIIoJIaraeTcs U3BeCTHbIM (CM., HampuMmep, Kaury: [1. 1.
Bakymun, 9. B. Kononosuu u B. . Mopos, «Kypc obmeit acrporomuns ). [Tosesno Tobko
HAIIOMHUTH, YTO caMble cjiabble n3 HabJII0/IaeMbIX 3B€3/ UMEIOT BUIUMYIO BeJIMInHy m = 24, B
TO BpeMs Kak camas spkas 3Be3ja Cupuyc mmeer 3Be3/HyI0 Beqmanay —1,6. 3Hast pa3sHOCTD
3BE3/IHBIX BEJMYUH JIBYX 3Be3J, MOKHO HAfTH OTHOIIEHWE MOTOKOB OoT HuX F/Fh, eciam Boc-
MIOJIb30BaThCA MPOCTOM (hOPMYJIOii:

Fy/Fy = 2,512m27™, (1.1)

ITosesno eme 3uaTL, uTo CoMHIIE HMEET BU3YaIbHYIO 3BE3/IHYI0 BeIUINHY ma) = —26,73. B
TO Ke BpeMsI IIpsIMble N3MepeHNs JJAl0T 3HaUeHHe TIOTOKA COTHETHOT'O U3JTyYeHNs B aOCOTIOTHBIX
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1. BBES,ZUDI: OCHOBHBIE HABJIFOJATEJ/IBHBIE XAPAKTEPUCTHUKU

eIUHNIAaX, paBHOE
Fy =1,39-10° spr/cm - c.

OTa BeJUYNHA HOCUT HA3BAHUE «COJIHEYHON 1mocTosinHoiy. He mpejcraBiser Tpy/ia 1mo u3Bect-
HOI BUJIMOI BeJIMYINHE KAaKOH-HIOY/ b 3BE3/IbI, IIBET KOTOPOIl Takoii ke, Kak y CoJIHIa, OIeHUTD
BEJINUUHY ee [TOTOKa B abCOIOTHBIX (SHEpreTnvecKnx) egauaumax. Jlomycrum, 9o BuguMas Be-
mnanHa 3Be3s6l m = 20. Torga o dopmysie (1.1) nosydnm, uro gorapudmM OTHOIIEHHsI TIOTOKA,
OT 9TOl 3Be3/1bl K 10TOKY oT CoJtHia Oy1eT paBeH

% = 0,4(m — mg) = 184,
orkyna Fy, ~ 1072 spr/cm® - c.

Ecau Mbl Tenepb KakuM-HEOYIL 00pa30M 3HAEM PACCTOSHHUE 0 3BE3JbI T, TO OYEBUIHO,
YTO IIOJIHagd MOIMHOCTL €€ U3J1ydeHU:d (I/I.HI/I «CBGTI/IMOCTB») MOZKET 6I)IT]3 IIoJIy4€eHa U3 HpOCTOﬁ
dopMmyIIbL:

L = 410°F. (1.2)
Eciu, B Hamem npumepe, paccrosaue 10 3Be3abl papao 100 mapcek (1 mapcek (mc) = 3,26 cBe-
ToBoro roga = 3 - 10'8 cm), To ee ceernmocts Gyner L = 10%° spr/c. [ose3Ho 3anoMHUTh, YTO
csernmocts Counna Ly = 4 - 10% spr/c. Takum o6pa3soM, Hallla 3Be3/a U3JLy4aeT B HECKOIIb-
KO Thicsia pa3 ciabee CosHIIA — 9TO, KAK MOBOPAT, «KapJ/uKoBasi» 3Be3ja. 13 dopmyiisr (1.2)
CJIeIyeT OUEBUIHOE 00CTOATEILCTBO, YTO IIPU JAHHON CBETUMOCTHU IOTOK U3JIyYEHUsI OT 3BE3/IbI
00paTHO MPONOPIMOHAJIECH KBaAPaTy PacCTOAHUS 10 Hee. Takum oOpasoM, BUAMMAA BEJINIUHA
OIPEJIESIAETCS, ¢ OJIHOM CTOPOHBI, CBETUMOCTBIO 3BE3JIbI,— C APYIOil CTOPOHBI,— PACCTOSIHUEM
110 Hee. OHOM U TOM 2Ke BUAMMOI BeJIMIMHE MOYKET COOTBETCTBOBATHL CPABHUTEIHLHO OJIN3KO Ha-
XOJISAMIASICS 3BE3/Ia HU3KON CBETHUMOCTHU (KapJIMK) WM yJIAJeHHAs 3Be3/ia BBICOKOI CBETUMOCTH
(ruranT). [ToaToMy XapaKTepUCTHKOM CBETUMOCTH 3BE3/IbI SIBJISETCS €€ aOCOMOMHAA BENUNUNA,
00BbIIHO OOO3HadaeMasi OykKBoit M. DTo Ta BeIUINHA, KOTOPYIO NMejIa Obl HHTEPECYIONas HacC
3Be3/1a, ecJiu Obl PAcCTOsIHUE JI0 Hee ObLIO PaBHO cTaHIapTHOMY 3Hadenuto 10 mapcek. Mex ity
BUIMMOI 1 abCOJIIOTHON BEIMYMHAMU MMEETCS IIPOCTOE COOTHOIIECHUE:

M=m+5-5Igr, (1.3)

I7e I BBIPAXKeHO B IapCeKax.

Takum o6pa3oM, 0JiHa U3 OCHOBHBIX XapPaKTEPUCTUK 3BE3Jbl — CBETUMOCTH— OIIPeIesIdeT-
cs1, €CJTM W3BEeCTHA BUIMMasl BeJIMIUHA W PACCTOSHUE 110 Hee. Kceu jy1s onpeiesieHnst BUIUMOA
BEJINYMHBI ACTPOHOMHUSI PacIoJiaraeT BIIOJIHE HaIeXKHBIMU METOIaMU, TO PACCTOSHUS JI0 3BE3]T
onpeseuTh He TakK HpocTo. s cpaBHUTEIbHO OJU3KUX 3BE3/I, yJIAJE€HHBIX Ha PACCTOSHUE,
HE IIPEBLINIAIONIee HECKOJIbKUX JICCATKOB ITapCEeK, PaCCTOAHUA OIIPEAC/IAI0TCA U3BECTHBIM €11
¢ HaYaJIa IPOIILIOr0 CTOJETHS TPUIOHOMETPUIECKAM METO/IOM, 3aKJIFOYAOIIIMCS B U3MEPEHIN
HUYTO2KHO MaJIbIX YTJIOBBIX CMeH.[eHI/Iﬁ 3Be3/1 ITpu ux Ha6JHO,H‘eHI/H/I C Pa3HBIX TOYEK 3eMHOM op-
OUTHI, T. €. B pa3HOe BpeMs rojia. DTOT METO/I JaeT HANOOJIBIIYI0 TOYHOCTb U OYEHb HaJI€YKEH.
OpHaKo Jj1s1 OTPOMHOI0 OOJIBIIMHCTBA OoJiee yIAJIeHHBIX 3Be3/ OH YK€ He TOIUTCS: CJAUIIKOM
MaJIble CMEIeHHs [T0JI0XKEHN 3Be3/IbI HaJl0 U3MEPATh — MEHbIIe COToi 1011 ceKyHabl ayru! Ha
IIOMOIIb IIPpUXOJAT APpyTrrue METOAbl, SHAYUTC/JIbHO MEHEee TOIHbIE, HO TeéM HEe MeHee JOCTaTOYIHO
HaJIe’KHBIE. B psijie ciiydaeB abCOIOTHYIO BEJIUYUHY 3BE3J MOYKHO OIPEJIEIUTh U HEIOCPeI-
CTBEHHO, 06€3 M3MepeHnsT PACCTOAHUS JI0 HUX, 10 HEKOTOPHIM HAOIIOMaeMbIM OCOOEHHOCTSIM UX
nzydennsd. Ha Bcex 3Tux MeToax Mbl, KOHEUHO, OCTAHABIMBATHCS 3/1€Ch HE MOXKEM U OTChLIa-
eM MHTEePEeCYIOINXCsl YnTaTe/leil K ClelaJ bHbIM PYKOBOICTBaM, HaIlpUMeED, K COJAepKaTe TbHOI
kuure 0. H. Ebpemvosa «B riybunsr Beenennoit» («Haykas, 1977). Boobime, npobiema ompe-
JIeJICHUsT PACCTOSTHUS JI0 YJAJIEHHBIX KOCMIYECKUX OObEKTOB (3Be3J1, TYMAHHOCTE, raJlaKkTHK )
Beeryia OblIa U cefiaac ocTaeTcs OJIHOM M3 MeHTPAJBHBIX B ACTPOHOMUM.
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1. SBES,ZUDI: OCHOBHBIE HABJIFOJATEJ/IBHBIE XAPAKTEPUCTHUKU

Puc. 1.1. CrekTpbl 3Be3/1 pa3HBIX KJIACCOB.

NckmounTebHo OoraTyio nHMOPMaIIMIo JaeT U3ydeHne cnexkmpos 3Be3/1. B HacTosdIee Bpe-
Ml TEXHUKA ACTPOHOMUYIECKHUX CIIEKTPAIbHBIX HCCJIEIOBAHNI CTajIa O9€Hb TOHKOM 1 papuHUPO-
BaHHOI. B wacTHOCTH, MUPOKO MPUMEHSIIOTCS HOBEUINE TOCTUKEHUS SJTEKTPOHUKHA U JIPYTUX
obsacreil cOBpeMeHHOI TexHU4IecKoil bu3uku. Mbl, ecTeCTBEHHO, HE MOYKEM 3JIeCh IO ITOMY
MOBO/Iy MUCATH CKOJIBLKO-HUOY/Ib MOPOOHO. Y2Ke JIAaBHO CHEKTPDI MOIABJIAIONIEr0 OOJILITMHCTBA
3BE3/] pa3e/ieHbl Ha Kaacchi. 1locie1oBaTe/ IbHOCTh CIIEKTPAIBHBIX KJIACCOB 0003HAYAETCs OyK-
Bamu O, B, A, F, G, K, M. CymecrtByomast cucremMa KJIacCu(UKAINN 3BE3HBIX CIIEKTPOB
HACTOJIBKO TOYHA, UTO TMO3BOJISET OIPEJIE/INTh CIIEKTP ¢ TOTHOCTHIO JI0 OJTHOM JIecSTol Kitacca.
Harmpumep, 9acTb MOC/I€/10BATEILHOCTH 3BE3/IHBIX CIIEKTPOB MeXK 1y Kiaaccamu B m A obosnada-
erca kak B0, B1 ... B9, AO u 7. 1. CriekTp 3B€3/] B IEPBOM NPUOIMKEHUH TOXOXK HA CIEKTP
U3JIy9AIOIIEro «IEePHOr0y Tejia ¢ HeKOTOPOit TeMiiepaTypoii T'. DTu TemiiepaTyphl IJIaBHO MEHsI-
torcst o1 40—50 Thicsd KesbBUHOB Yy 3Be311 Kiracca O 10 3000 KeJTbBUHOB Y 3BE3/1 CIIEKTPAJTHLHOTO
kiaacca M. B cooTBeTcTBUM ¢ 9TMM OCHOBHAsT YaCTh M3JIy9IeHUS 3BE3] CIIEKTPAIbHBIX KJIACCOB
O u B npuxoanrcsa #Ha yabTpaduoIETOBYIO 9aCcTh CHEKTPA, HEJOCTYITHYIO /I HAOJIIOICHUS C
noBepxuocTu 3emyiu. OIHAKO B TOCJIEHUE TObI ObLIN 3AITYIIEHbI CIIeIUATN3UPOBAHHBIE UCKYC-
CTBEHHbBIE CITYTHUKM 3€MJI; HA UX OOPTY OBLIN YCTAHOBJIEHBI TEJIECKOIIbI, C TIOMOIIBIO0 KOTOPBIX
0Ka3aJ10Ch BO3MOYKHBIM UCCJIE/IOBATH U YITPa(pUOIETOBOE M3JIyIeHUE 3BE3/I.

XapakTepHOil 0COOEHHOCTDHIO 3BE3/IHBIX CIIEKTPOB SBJIACTCA €Ille HAJIMIUE Y HIX OIPOMHOI'O
KOJINYECTBA JINHWIA TIOTJIONIEHNUST, TIPUHAJJICKAIINX Pa3IndHbiM diemerTam (puc. 1.1). Tonkmit
aHAJIN3 STUX JIMHU TO3BOJIAJI IOy YUTh OCOOEHHO MEeHHYI0 HH(MOPMAIIAIO O IIPUPO/IE HAPY KHBIX
csioeB 3Be31. [Ipexxe Bcero, B urore OOJIBINION PabOTHI YaJI0Ch BBIIIOJHUTH KOJIUIECTBEHHBII
XUMUYEeCKUil aHaIn3 3TuX cjoeB. HecMoTpst Ha TO, 9TO CIIEKTPBI 3Be3] OUYE€Hb CHUJIbHO OTJIHU-
JaroTcd JAPYT OT JApyra, XUMHUYECKHUl COCTaB B IEPBOM IPUOIUKEHUU OKA3aJICA yIMBUTEIHHO
CXO/THBIM. Pazjmmaus B criekTpax B MepBYIO 0Uepe/ib 00bACHAIOTCA Pa3InIneM B TeMIepaTypax
HapyKHBIX cJIoeB 3Be3/1. [1o 3Toit npudmHe cocTOsHIEe NOHU3AIMH 1 BO30YKICHUST Pa3HbIX JIe-
MEHTOB B HapYXKHBIX CJIOAX 3BE3/I PE3KO OTJINIAETCS, YTO NPUBOJIUT K CUJIILHBIM Pa3JINIUIM B
CIIEKTpaX.

XUMHUYECKUI COCTaB HAPYKHBIX CJIOEB 3BE3]1, OTKY/Ia K HaM «HEIOCPEJICTBEHHO» ITPUXOTUT
X U3JIyUeHHUe, XapaKTepu3yeTcs IOJHBIM IIpeodsajaHueM Bojopojia. Ha BTropoMm MecTe HaXo-
JIATCS TeJnii, a oOuIne OCTaJIbHBIX 3JIEMEHTOB CPaBHUTEJILHO HeBeauKo. lIpubiusurenbHo Ha
kazkaple 10 000 aTomMoB BOAOPOJA MPUXOAUTCS THICAYIA aTOMOB TeJIMs, OKOJIO JECATH aTOMOB
KHCJIOpOJia, HEMHOTO MEHBIIE YTJIepojia W a30Ta W BCEro JIMIIb OAWH aroM kejesa. Obumime
OCTAJIbHBIX 3JIEMEHTOB COBEPIIIEHHO HUYTOXKHO. bBe3 mpeyBendeHns: MOXKHO CKa3aTh, YTO Ha-
PY:KHBIE CJIOM 3BE3J, — 9TO I'UTAHTCKUE BOJOPOIHO-TEINEBbIE ILJIa3Mbl ¢ HEOOIBIION ITPUMECHIO
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1. BBES,ZUDI: OCHOBHBIE HABJIFOJATEJ/IBHBIE XAPAKTEPUCTHUKU

0oJ1ee TIXKEIbIX 9JIEMEHTOB. DTOT Pe3y/IbTaT, KaK Mbl YBUIUM JaJjbllle, UMeeT HUCKIIOUNTEIHHO
BayKHOE 3HaYEHUe JIJIsi BCell MPOo0JIeMbl CTPOEHUSI M SBOJIIOIUN 3BE3I.

XOTs XUMHUICCKHIT COCTaB 3BE3]] B IIEPBOM IPHUOJINKEHIN OJMHAKOB, BCE K€ MMEIOTCS 3Be3-
JIBI, TIOKA3BIBAIOIINE OIPeIeIeHHbIe OCOOEHHOCTH B 9TOM OTHOIIeHHN. Harpumep, ecTh 3Be3/1b1 ¢
AHOMAJILHO BLICOKUM COJIep:KaHueM yriiepoJia, Wik BCTPedaloTcs yAUBUTeIbHbIe O0beKThI C aHO-
MAaJIbHO BBICOKHM COJICPKaHIEM PEJIKIX 3eMelb. KCIu y M0JaB/IsAIonero 6oIbITNHCTBA 3B€3/1
obuime UTHs coBepienHo HuuToxKHO (~ 107! or Bojtoposia), To u3pejIKa nonaIATCa «yHUKY-
MBIy, TJI€ 9TOT PEJIKHIl 3JIeMEHT JJOBOJILHO O0MJICH. YKazKeM eIlle Ha, JIBa PeIKNX peHoMeHa. EeThb
3BE3JIbl, B CIIEKTPaX KOTOPHIX OOHAPYZKEHbI JIMHUU HECYIIECTBYIONIEro Ha 3eMile B «eCTeCTBeH-
HOM» COCTOSTHUU 3JIeMeHTa TeXHellns. DTOT 3JIeMeHT He UMeeT HU OJIHOI'O yCTOHYMBOro H30TOlIA.
CaMbIil TOITOXKUBYIIUI M30TOI KUBeT Bcero Jjmib 0Kojo 200 000 jer — cpoK IO 3BE3IHBIM
MacHITabaM CoBepIleHHO HUUYTOXKHbIH. CTO/Ib yIUBATEIbHAS AHOMAJIUA B XMMUYIECKOM COCTABE
JIOJTZKHA 03HAYaTh, YTO B HAPYZKHBIX CJIOSX 9THX BO MHOI'OM elIle 3araI0YHbIX 3531 IPOUCXOIAT
SJIepHbIe PeaKIINy, IPUBOIAININEe K 00pa30BaHUIO TexHelnd. HakoHell, n3BecTHa 3Be3/a, B Ha-
PYZKHBIX CJIOSIX KOTOPOi Te/uii mpejicTaBIeH IPEUMYIIeCTBeHHO B BIJIE Pedaiiiiero Ha 3emie
n3orora *He.

Bce atn mHTEpECHBIE M, HECOMHEHHO, OUY€Hb BaXKHbIe aHOMAJIMU XUMUYIECKOTO COCTaBa 3BE3/]
MBI B 9TOI KHHUI'€, KOHEUHO, PACCMaTPUBATDL HE MOXKEM. DTO YBEJO Obl HAC CJUIIKOM JTAJIEKO B
cropony. K cyacTblo, JIJIss OCHOBHOI MHTEPECYIOIIEil HAC ITPOOJIEMbI SBOJIIOIUN 3BE3]] 3T peTdaii-
e UCKJTIOYEeHHS, 00YCIOBIEHHbIE HEKOTOPBIMU CIEIU(MPUICCKIMU MTPOIECCAME B UX HAPYKHBIX
1 BHYTPEHHUX CJIOAX, HE UMEIOT 6OJIBHIOF0 SHAYCHUI.

XopomuM HHIUKATOPOM TeMIIEPaTypbl HAPYZKHBIX CJI0EB 3BE3/IbI ABJIsI€TCs ee ygem. 1opsi-
qne 3Be3/Ibl CHeKTPaabHbIX KjaaccoB O u B umeror royiyboil 1BeT; 3Be3/IbI, CXO/IHBIE C HAIIIM
Coumariem (crieKTpaJsibHBIN Ki1ace KoToporo (G2), mpeicTaBIIsoTCs XKeJAThIMI; 3BE3JIbl YK€ CIIEeK-
TpaabHbIX KjaaccoB K m M — kpacubie. B acTpodusuke nmeercs TiiaTrebHO paspaboTaHHasT
U BIOJIHE O0BEKTUBHAas cucTtema IBeToB. OHa OCHOBaHA Ha CpaBHEHUU HAOJIIOIAEMbIX 3BE3/I-
HBIX BEJUYHH, ITOJYUEHHBIX Uepe3 Pa3/JndHble CTPOro dTaJOHHPOBaHHBIE cBeTOMMILTphI. Ko-
JIMYECTBEHHO IBET 3BE3/bl XapPaKTEPU3YyETCdAd Pa3HOCTBIO €€ BCJINYUH, IIOJIYICHHbIX Y€pe3 JIBa
dbubTpa, 0MH U3 KOTOPBIX MPOITYCKAET IPEMMYIIeCTBEHHO cuHue Jy4au («B»), a Ipyroi nMeer
KPUBYIO CIIEKTPAIBHON 1yBCTBUTEIHHOCTH, CXOJHYIO ¢ desioBedecknM TaszoM («V'»). Texnuka
U3MEpEeHHil 1[BeTa 3Be3J[ HACTOJIbKO BBICOKA, UTO 110 U3MEPEHHOMY 3HadeHuio B — V' MOKHO
OTPEJIETIUTD CIEKTP 3BE3JIbI ¢ TOYHOCTHIO JI0 TojKIacca. Jist ciabbix 3Be3/1 aHAJN3 [IBETOB —
eJINHCTBEHHAsT BOBMOXKHOCTH UX CIIEKTpasbHON Kiaccudukannn. Kak Mbl yBuaum B § 12, mac-
COBOE OIIpe/Ie/IeHNe T[BETOB CJIA0OBIX 3BE3/l B CKOILUICHUSX SIBUJIOCH HADJIIOIATE/ILHON OCHOBOI
COBPEMEHHOI TEOPUHN 3BE3IHOI SBOJIIOINL.

SHaHMe CIIEKTPAJIBLHOIO KJIacca WM IBETa 3BE3/Ibl CPa3y Ke JaeT TeMIepaTypy ee IOBepX-
HocTu. Tak Kak (Kak y:Ke TOBOPUJIOCH BBIIIE) 3BE3/bl U3JIy9aroT MPUbIU3UTEIbHO Kak abco-
JIIOTHO Y€pHBIE Tejla COOTBETCTBYIONIEH TeMIIepaTyphl, TO MOIITHOCTD, U3JIyYeHHAA €IUHUIICH UX
MMOBEPXHOCTH, ompejesnsercsa n3 3akona Credana — Bombmvana:

B = oT", (1.4)

rne 0 = 5,6 - 107° — mocrognnaa Credamna. MoIHOCTD W3IyTIeHNs BCeil HOBEPXHOCTH 3BE3IH,
WA €e CBETUMOCTD, OYEBUJIHO, OY/IeT paBHA

L = 4mR?* - oT*, (1.5)

e R — pajmyc 3Be3bl. TakuM o0pa3oM, i OlpeJie/ieHnsT PaJInyca 3Be3/Ibl HYy2KHO 3HATDH €€
CBETUMOCTH U TEMIIEPATyPy MOBEPXHOCTH. 3aMETHM, UTO PeUb HIET O «OOJIOMETPUIECKON cBe-
TUMOCTHU», T. €. MOIITHOCTH M3JIyYUeHHs BO BCEM JIUAIIA30HE FJIEKTPOMATrHUTHBIX BOJIH, BKJIIOUAS
yiabTpaduoieToBble 1 nHGpaKpacHble BOJHBL. B cBoio ovepep OooMeTpuvdecKasi CBETUMOCTh
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BBIBOJIUTCS U3 ee abCOTIOTHOM O0JIOMETPUYIECKOi 3Be3/1H0it Besinannbl. [lociienss moydaercs
U3 «OOBIYHOI» aOCOJIOTHON BEJIMYUHBI IyTeM TPUOABIEHUS TaK Ha3bIBAEMOI «DoJIOMeTpuye-
CKOIT ITOIIPABKU», 3aBUCSIIEH TOJBKO OT TEMIIEPATYPbI TOBEPXHOCTH 3BE3JIbI.

Ham octaerca ompenennTs elmie ofHy, €/IBa JIM HE CAMYIO BayKHYIO XapaKTEPUCTUKY 3Be3-
Jbl — ee wmaccy. Hajio ckazaTh, 9T0 9TO ¢jie/1aTh HE OYeHb IIPOCTO. A TJIABHOE CYIIECTBYET He
TaK y2Ke MHOTO 3Be3]l, JJIs KOTOPBIX MMEIOTCd HaJleKHble omnpejiesienns nx macc. llociennne
JIerde BCEro OIPEJe/IUTh, €CJIM 3Be3/Ibl 00Pa3yIoT JIBOWHYIO CUCTEMY, /i KOTOPOi OOJIbINast 1mo-
JIYOCh OpOUTHI a U TIeproji obpalrneHus: P u3BecTHbI. B 9TOM cilydae Macchl ONpeIesIdioTca U3
TpeThero 3akoHa Keriepa, KOTOpPbBIT MOXKeT ObITh 3alliCaH B CJIEYIONIEM BHUJIE:

3 G
¢« = (1.6)
P2(M1 + Mg) 41t
Baecy My n My — Macchl KOMIOHEHT cucTeMbl, G = 6,67 - 1078 ! - cm® - ¢72 — mocrosHHad

B 3aKOHe BCeMUDHOTo Tsarorenns Hbiorona. Ypasuenue (1.6) maer cymmy Macc KOMIIOHEHT
cucrembl. Eciin K TOMy 2Ke U3BECTHO OTHOIIIEHNE OPOUTAIBHBIX CKOPOCTEH 00ernX KOMIIOHEHT, TO
HX MaCChl MOXKHO OITPEIeIUTh OT/Ie/IbHO. K coXKaieHn o, TOJIBKO JIJIsi CPABHUTEIHEHO HEOOIBIIIOTO
KOJINYIECTBa JIBOMHBIX CHCTEM MOXKHO TaKHM CIIOCOOOM OIIPEJe/NTh MAaCChl KarKJIOi U3 3BE3/I.
g HEOTIMYIMMBIX IO OTJIEJBHOCTH, OJIM3KUX JIPYT K JIPYTY 3Be3] («TeCHbIe Hapbl») 3TOrO
yKe cdeaams Heavdsa. Hampumep, B caydae CIEKTpPaIbHO-JIBOHHBIX 3Be3s (cM. Hadasio § 2)
ecJin HabJII0IaeTCsd JINIIL CIEKTP OJHOW U3 KOMIIOHEHT, TO U3 HAOJIIOAEHN MOXKHO OIIPEIE/INTh
TOJIBKO «(DYHKIIMIO Macec»: KOMOMHAIMIO MACC KOMIIOHEHT M CHHYCa yIJia HAKJIOHA ILJIOCKOCTH
OpOUTHI K JIydy 3pEHNns,
M3 sin® i

(My + Mp)?

EcJin u3BecTHBI ClIeKTPbI 00eMX KOMIIOHEHT (UTO OBIBAET CPABHUTEIHLHO PEJIKO), TO MOYKHO OIpe-
neuTh Besmanabl M sin®i u My sin®i. U YK€ COBCEM ILIIOXO OOCTOWT JIEJIO C OIpeJIeJIeHIeM
MACC OIMHOYHBIX 3BE3I.

O (M, My, 1) =

B cymnocTu roBopsi, acTpOHOMHUs He pacriojiaraja U He paciojaraeT B HACTOSIIEE BpeMs
METOJIOM MPSIMOrO U HE3aBUCUMOIO OIPEJIEIEHUsI MACChl U30Auposarhot (T. e. He BXOJAIIE B
COCTaB KPATHBIX CHCTeM) 3Be3/bl. M 9T0 BecbMa cepbe3Hblil HejocTaToK Harmeil Hayku o Bee-
sennoit. Ecau Obl Takoit MeTOJ CyIIEeCTBOBAJI, IIPOTIPECcC HAIMNX 3HAHUM ObLIT Obl 3HAUUTEIHLHO
OoJtee ObICTPBIM. B Takoii curyaimmn acTpoOHOMBI MOJTIAINBO IIPUHUMAIOT, ITO 3BE3/IbI C OJIMHAKO-
BOII CBETHMOCTBIO U IIBETOM MMEIOT OJMHAKOBBIe Macchl. [locienme e ompeesstoTcs TOJIbKO
JIJIsI BOMHBIX CHCTEM. Y TBEPIKJIEHUE, YTO OJMHOTHAS 3Be3/1a C TOI K€ CBETUMOCTBIO U IIBETOM
UMeeT TaKylo K€ MacCy, KaK M ee «CecTpa», BXOJdINasd B COCTaB JIBOWHONW CHUCTEMBI, BCErJa
cJieJlyeT IPpUHUMATh ¢ HEKOTOPOl OCTOPOXKHOCTBIO. /les10 B TOM, 9TO, KaK Mbl YBHJIUM B KOHIIE
3TON YaCTU KHUI'HU, CaM XapaKTep 3BE3JHON 3BOJIOIMNA B TECHBIX JABOMHBLIX CUCTEMAaX HE TAKOM,
KaK y OJIMHOYHBIX 3Be3/1. [loaToMy «IpejicTaBUTeIbHBIMIY SABJISIOTCS JIUIIb OIIPEIeJIeHNT Mace
JJId JTaJIEKO OTCTOAIIMX APYT OT Jpyra U II03TOMY, KaK MOXKHO II0JaraTb, HE3aBUCUMO 3BOJIIO-
uoHupyomux 3se3j. Ho u 31eck cienyer 6uirh ocropoxkubiM (eM. § 14). Kpaiine neymosiie-
TBOPUTEJILHO OOCTOUT JIEJIO C OIPEJIETIEHUEM MacC OJIMHOYHBIX HEOOBIYHBIX (MJIH, KAK TOBODSIT
ACTPOHOMBI, «IIEKYJISIPDHBIX» ) 3Be3/1. Ho 0 Takux «ypojgax» MbI OKa TOBOPUTH He GyjeM... Xo-
9eTCsl BEPUTh, UTO KOIJIa-HUOY/Ib aCTPOHOMBI HAy4aTCsl OIPEIEIsiTh MacChl OJUHOYHBIX 3BE3]]
c1rocoboM, 0 KOTOPOM ceifdac Mbl He UMeeM JIarKe HMOHSITHSI. ..

Bce ke 11 HOpMaJIbHBIX 3B€3/I C YIETOM OTOBOPOK, CJAEJTAHHBIX BBINIE, MACChl OIIPEJIe/Isi-
I0TCA C YAOBJIETBOPUTEILHON TOYHOCTBIO.

WTak, coBpeMeHHas aCTPOHOMUS PacIiojiaraeT MeTOIaMU OIIPeIe/IeHIs OCHOBHBIX 3BE3/IHBIX
XapaKTePUCTHUK: CBETUMOCTH, TIOBEPXHOCTHOI TemIiepaTyphl (I[BeTa), pajnyca, XAMIIECKOTO CO-
cTaBa 1 Macchl. Bo3HUKaeT BayKHBIN BOIIPOC: SBJIAIOTCA JIU 9TH XapaKTEPUCTUKUA HE3ABUCUMbDL-
mu? OxaspiBaercs, HeT. [Ipexiie Bcero mveercs byHKIMOHAJBHAST 3aBUCHMOCTD, CBSI3bIBAIO-
masi pajinyc 3Be3J1bl, ee DOJIOMETPUIECKYI0 CBETUMOCTD W ITOBEPXHOCTHYIO TeMIeparypy. JTa
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Puc. 1.2. Tmarpamma eprmmipynra — Peccenra mrs 6omekaiimumx Kk CostHITY 3Be3T.

3aBUCUMOCTD TIPEJICTAB/ISIETCsT IpocToil hopmysioii (1.5) u sBisiercst TpuBmasibaoil. Hapsiay ¢
9THM, OJIHAKO, yKe JIABHO OblLIa OOHApY2KeHa 3aBHUCHUMOCTb MEXKJy CBETUMOCTBIO 3BE3J] U UX
CIIEKTPAJIbHBIM KJIACCOM (M, 9T0 (haKTHIECKH TO ¥Ke CaMoe,— IBETOM). DTy 3aBHCHMOCTH
SMIMPUYECKH YCTAHOBUIM (HE3aBUCUMO) Ha OOJIBIIIOM CTATUCTHIECKOM MaTepualie elle B Haua-
Jle HAIIIero CTOJIETUS BBIJAIONINECs] aCTPOHOMBI JaTdannH [epmmmpyHr n amepukaner; Peccel.
Ecyin HanecTn Ha juarpammy, y KOTOPOii 110 0CH abCIUCC OTJIOXKEHbI CIEKTPbI (M COOTBET-
cTByIOIMEe UM 1BeTa B — V'), a 1o ocn opamHAT — CBETUMOCTH (UM abCOJFOTHBIE BEJIMYINHBI),
MTOJIOZKEHUsT OOJIBIIIOrO0 KOJTMYIECTBA 3Be3]I, TO, KAK OKA3bIBAETCHA, OHU OTHIOJb HE PAaCIOIaraioT-
cs1 OeCIOPSAIOYHBIM, CJIyYailHBIM 00pa30M, a 06pasyrom OlpeJleJIeHHbIE N0CAed08aMENbHOCTIU.
Takas quarpammva (HocsIIasg HA3BaHUE «IuarpaMMbl Lepriimpynra — Peccenay ) jijis 6JIM3KIX
3Be3/1, yaagaeHubix or CoJTHIla HA pacCTOsHUE, He MIPEBIalolee 5 mapcek, n300parkeHa Ha PHc.
1.2. I3 aroro pucyHKa BUJIHO, YTO MOJABJIAIONIEe OOJIBIIMMHCTBO 3BE3/l COCPEIOTOYEHO BJIOb
CPaBHUTEJILHO y3KOI MOJIOCHI, TAHYIIEHCS OT BEPXHETo JIEBOrO yIJIa JIMarpaMMbl BHU3 BIIPABO.
DTa 1M0JI0ca HABBIBAETCSA <«IJIABHOW TOCJIEI0BATEIHLHOCTBIOY. CIEKTPaIbHBIH KJIACC 3BE3/] TJIaB-
HOI1 TI0CJIe/I0BATEIbHOCTU HellpepbIBHO MeHsieTcs oT B 1o M. Kpowme 3T0it mocieioBaresibHOCTH,
BBIPUCOBBIBAETCA HEOOJIbINas IPyIa U3 HATU 3BE3JI, PACIOJIOKEHHAs B HUYKHEM JIEBOM YIUIy
JInarpaMMbl. DTHU 3BE3/IbI [IPUHAJIEXKAT K CPABHUTEIHLHO «PAHHEMY» CIEKTPAJTbHOMY KJIACCY
u UMeoT abcosnoTHyio Beqmauny 10—12™, T. e. X CBETUMOCTH B COTHIO Pa3 MEHBIIE, YeM Yy
Coumrria, a nBer «besbrity. [Tosromy sTa rpymnmna 3Be3/1 yke JaBHO MOJIYUINIa Ha3BAHUE «OEJIbIX
KapJIMKOB» .

OiHako n3o0parkeHHas Ha puc. 1.2 quarpamMma He sBJISeTCs, eCJIU MOXKHO TaK BhIPA3UTHCS,
«tpejictaBuTebHONy. Ha puc. 1.2 manecensr nodpsad Bece 6mu3kue Kk COTHITY 3Be3/1bI U, CJIe10Ba-
TEJIbHO, PEJIKME THIIBI 3Be3/1, yajseHubx or Co/lHIla Ha PACCTOSHMUS, IPEBDIIIAIONIAE D TapCeK,
HA TAKyIO JInarpaMMy IONacTh HE MOIVIM — B okpectHocTsax CoJiHia ux mnpocro ner. Ha puc.
1.3 m3obpaxkena jguarpamma [eprmmpynra — Peccesa jijist 38€371 ¢ U3BECTHBIMU CBETUMOCTSIMUI
u crekTpamu. Hapsay ¢ OJm3KuMu 3Be3/1aM1 CIOJIa TIOTIAJIA U JIOCTATOYHO Y/IaJI€HHbIE 3BE3JIbI C
BBICOKOI CBETUMOCTBIO. MBI BUIMM, 9TO 3Ta JuarpaMma UMeeT yKe JIPYToil BUJL 10 CPABHEHUIO €
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Puc. 1.3. Inarpamma [eprmmpynra — Peccena i 3Be3/1 ¢ U3BECTHBIMU CBETUMOCTIMU U
criektpamu. Kpecrukom oboznadeno CoJtHIe.

JrarpamMMoil, n3obpazkeHnoit Ha puc. 1.2. O61eit 111 00enx auarpamMM sB/IsieTCs HAJIUIRe yrKe
U3BECTHON HaM TUiaBHOM mocyenoBarebuocTu. OaHako Ha puc. 1.3 3Ta 1MOCIe10BaATEIbHOCTD
IIPOJIBUHYTA €Ile BBEPX W HAJIEBO, UTO OObSACHHAETCH BKJIIOYEHUEM B Hee yJIaJ€HHBIX BEChbMa
PEeJIKUX 3Be3]T BBICOKOW CBETHMOCTH CIleKTpabHoro Kiracca O. Ha obenx jmarpaMmax Xoporro
BUJIHA TPYIIIA OeIbIX KapJIUKOB, OJTHAKO Ha pHC. 1.3 OHa MPOJIOJIZKAETCA B CTOPOHY OoJIee X0J10/1-
HbIX 3Be3/1. Ha puc. 1.3 BujHA HEMHOTOYHCIEHHAS TTOCTIE/I0BATETHLHOCTD 3BE3]1, PACIIOIOKEHHAS
HIUZKE TJIABHOM TOC/IE0BATE/ILHOCTH. DTO — TaK Ha3bIBaeMble «CyOKapuKuy». CreKkTpajbHbIe
UCCJIEJIOBAHUS BBISBUJIM OY€Hb JIIOOOIBITHYIO OCOOCHHOCTh. XUMHYECKHUI COCTaB UX PE3KO OTJIU-
JaeTcsd OT COCTaBa 3BE3J1 IVIABHOM ITOC/IEI0BATE/IHLHOCTU MAJIBIM OOMIUEM TAKETbIX 9JIEMEHTOB,
B YaCTHOCTH, MeTa/uioB. Kak Mbl yBUJIMM JIAJIbIIE, 9TO OOCTOATEIbCTBO ABJIAETCH KJIOYOM K
IIOHUMAHUIO, TTPUPOJIbl 3TUX WHTEPECHBIX 3BE3/I.

O/1HaKO caMbIM 3HAYUTETBLHBIM PA3IUINEM MEXKIY 00CYZKIaeMbIMU JIMarpaMMaMU SIBJISIET-
cd HaJIM4Me Ha JimarpamMMe, n300paKeHHO Ha puc. 1.3, MocjeoBaTe/IbHOCTH, BEpHee, I'PYIIIIbI
«TUTAHTOBY», PACIIOJIOZKEHHBIX B BEPXHEM IPABOM YIJIy. DTO 3Be3/bI BHICOKOW CBETHMOCTH, IO~
BEPXHOCTHBIE TEMIIEPATYPbl KOTOPBIX CPABHUTEJIbLHO HU3KH (CHeKTpasibHble Kiaacchl K u M).
Otcroza ciiejryer, 9To PaJInyChl STUX 3BE3][ OY€Hb BEJIMKH, B JIECATKHU pa3 OOJIbIIE COJTHETHOrO.
OHu TOJIyIN/In Ha3BaHUS «KPACHBIX IMTAHTOB», OOBEKTHI YK€ HAWOOJIbIIEH CBETUMOCTH, IIPH-
HaJJIezKalliie K 3TOM IpyIe 3Be3]], Ha3bIBAIOTCA «CBEPXTUTAHTAMU .

OcoObIit mHTEpEC 11 TPOOIEMbI SBOJIIOIIH 3Be3]1, KaK 9Ta OyaeT BUIHO B § 12, mpejcras-
JIAtoT auarpaMmbl Leprmmpysara — Peccesia, moctpoentbie i Oojiee Wi MeHee KOMIAKTHBIX
IPYIII 3Be3/1, MOJYUYUBIINX Ha3BaHUE «CKOILICHUI». Pa3/imyaior Ba THIa CKOIJICHUT — «pacce-
sSIHHBIE» U «IapoBbles. [lomMuMo cBoeit BecbMa IpaBUIbHOM, cdheponiaabHoit OPMBI, IIIAPOBbIE
CKOILJIEHUST OTIMIAIOTCS OPPOMHBIM KOJIMYIECTBOM BXOJSAIINX B X COCTAB 3Be3J1 (IOPsIKa COTHI
TBHICSAY) U BECbMa XapaKTePHBIM [TPOCTPAHCTBEHHBIM pacipejenenieM. OHU COBEPIIEHHO HE KOH-
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Puc. 1.4. Tnarpamma [eprimmnpynra — Peccesta g 3Be3m0r0 cKortenus [Laesab.

HNEHTPUPYIOTCA K TaJIAKTHYECKON TIJIOCKOCTH M OOHAPYKUBAIOT CUJILHEHIITYIO KOHIIEHTPAIUIO K
HEHTPY Haleil 3Be3/H0i cucreMbl. Kak 1MOKa3bIBaIOT CIEKTpaIbHbIE UCCIEI0BAHUS, BXOISIINE
B COCTaB ITAPOBBIX CKOIJIEHWIT 3B€3/bI O€THBI MeTaJJIaMI 1 BOOOIIE TsAKeTbIMU dIeMeHTaMu. B
STOM OTHOIIEHUH (TaK »Ke KaK BO MHOIMX JPYTUX) 3Be37bl, BXOJAIINE B COCTAB TAKUX CKOILIe-
HUIl, TOXKJIECTBEHHBI CyOKap/UKaM, UMEIOIINM, KCTATU CKa3aTh, TAKOE YKe ITPOCTPAHCTBEHHOE
pacupejienenue B [aaktuke. Baxknocrs noctpoenund puarpamm eprmmmpynra — Peccena s
3BE3JIHBIX CKOILIEHWII COCTOUT B TOM, YTO BCE WJIEHBI OJIHOTO CKOILJIEHUA IO IIPUYUHE TOTO, YTO
OHU 00pPa30BAJIMCH U3 OJTHOTO Ta30BO-IILLIEBOTO 00J/IaKa MEXK3BE3/IHOM Cpe/ibl, MMEIOT TTPUOJIN3HU-
TeJILHO OJIMHAKOBBIN BO3pacT. bpocaercsd B ry1aza, aTo Buj auarpaMm leprmmpynra — Peccesra
JUIS Pa3/INYHBIX CKOIJIEHNI BechbMa pasjndeH. Hampumep, Hagasio TJIaBHON MOC/IEI0BATEHHO-
CTU Y PA3HBIX CKOILJICHUH IPUXOIUTCS HA PA3JIUYIHbIC CIIEKTPAIbHbIE KJIACCHI. 3aAMETUM TaKKe,
9TO OOIIUI BUJL JUarpaMMbl Jijisl PACCESTHHBIX U MIAPOBBIX CKOILIEHUIN BechbMa pa3/jindeH (puc.
1.4—1.8). O mpuunse 5TUX OpUMedaTebHBIX pa3anduil pedb Oyaer waru B § 12. [lomguepkuaem
elle pas, 9To Co3JaHue TaKuX JuarpaMm’, norpebopasiiee GOILIIONO TPY/IA M0 IPEIU3UOHHOMY
U3MEPEHNIO BUJIMMBIX BEJIMYUH U IIBETOB OIPOMHOTO KOJIMYECTBA 3BE3J], UMEET HEeIPEXO/IAIee
3HaveHue s Harreit nayku. [locrpoenune Takux jguarpamMm He TpeOyeT 3HAHUS PACCTOSHUI 10
ckorteHnit. BaykHO TOJIBKO TO, UTO BCE 3BE3/IbI CKOILICHUS HAXOJATCS OT HAC HA MPAKTHYECKU
onnHAaKOBOM paccrosanu. Ceifuac m3BecTHBI auarpaMmmbl Leprmmpynra — Peccesna 6osee gem
qutst 300 ckortennit B Hameit [astaktuke u 50 ckortennit B Maremmanoseix O61akax, mpuaemMm
He HalJIeHO HU OJIHOTO CKOILIEHUs, JIJIsi KOTOPOTo JuarpamMMma Oblia Obl HeOObsACHUMa CTOYKH
3peHns Pa3BUBAEMOIl Jlajlee TEOPUH.

Mper yke obpaTu/in BHUMaHHe Ha BeChbMa CHEIU@UIecKoe MPOCTPAHCTBEHHOE paciipejierie-
HIE IapOBBIX CKOILJIEHHH 1 CyOKap/IMKOB. DT 00beKThl 00pa3yoT B Haeil ['agakTuke momodue
HEKOTOPOH MOYTH cHePUIecKOil «KOPOHBI» C CUJIBHOW KOHIIEHTPAIIMEH K raJJaKTHIeCKOMY IeH-
Tpy. BMecTe ¢ TeM, IpocTpaHCTBEHHOE PacCIpeeseHue JIPYIUX 00bEKTOB CUIBHO OTINIAeTCS
oT «cdepuaeckoros. Hampumep, MaccuBHBIE TOpsSTIne 3BE3/IbI TJIABHON TOCIEI0BATEIbHOCTH, a
TaKKe, KaK MBI YBUJUM B CJeyomieM mnaparpade, objraka MeK3BE3HOTO Ta3a 00pa3yioT B
Hameit ['ajakTiKe BechbMa YIJIOMEHHYIO CHCTEMY, KOHIIEHTPUPYIONYIOCT K IIJIOCKOCTH TaIaKTh-

!Ha sTux mmarpaMMax BMECTO CHEKTPAJLHLIX KJIACCOB II0 OcH abCIyce IpIBeIeHbl MoKa3aTe n nseta B — V.
Buauenuio B — V', pasaomy —0,4 + —0,2, coorBercTBy1oT 3Be3/1bl KiaccoB O u B, snavenuio B — V| paBHomy
41,6, 3Be3abI Kaacca M.
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Puc. 1.5. Inarpamma [eprimmpynra — Peccesta j1j1g 3Be31H0T0 cKotieHus: ['uajipr.

16~ "

! 1 1 1"

=04 0 +0% +08 +12 +16
{lonasamens ubema BV

Omocumension 3besdras Beauyune

Puc. 1.6. Tnarpammva lepmmmipyara — Peccesta st mostooro 3se3au0ro ckortenns NGC 2264.

JecKoro skBaropa. Ha paccrosnusax, 3amerHo npesbimatomux 100 e oT yKa3aHHO# IJIOCKOCTH,
TaKuX 00OBEKTOB y2Ke oueHb MaJjio: [IpocTrpancTBenHoe pacipeiesieane OOILITUHCTBA 3BE3/, IVI1aB-
HOMI ITOCJIeIOBATE/ILHOCTU C YMEPEHHON 1 MaJIoil Maccoil sIBIgeTC KaK Obl «ITPOMEXKYTOTHBIM »
MEXKTy JIBYMSI OITMCAHHBIMU BBIIIE KPAWHUME CIydasiMiA. DTU 3Be3/Ibl KOHIIEHTPUPYIOTCS OJTHO-
BPEMEHHO U K TAaJaKTUIECKOMY HEHTPY, U K TaJaKTUIeCKO#l IJIOCKOCTH, 00pa3ys IUTaHTCKUe

JUCKHN TOJIINIMHOIO B HECKOJIBKO COTEH HapceKl.

Pazjmmyane B MpocTpaHCTBEHHOM PACIPEJICICHIN MEXKJIy 3Be3/IaMHU PA3HBbIX THIIOB UMEET
oYeHb TIyOOKuil busndecknii cMbics. BecbMa nmpuMedaTe/ibHO, 9TO XUMUIECKHUI COCTaB 3BE3/I,
MMEIOIUX PA3HOe MPOCTPAHCTBEHHOE PACIIPe/ie/IeHne, 3aMeTHO oTIndaeTcd. Mbl yzKe odpaTuim
BHUMAaHUE Ha TO, YTO aTMocdepa cyOKap/IMKOB BechbMa Oe/iHa TszKeIbIMU djieMenTamu. 1o ke ca-
MO€ OTHOCUTCS U K 3B€3/1aM, BXOJISIIUM B COCTaB MAPOBBIX CKOILIEHHH. TakuM 00pa3oM, Mbl ITPU-
XOJIUM K BBIBOJLY, 9TO OOHEKTHI, 00pa3yIoIue «KOpoHy» ['alakTHKI, IMEIOT HU3KOE COJICPKAHNE
TAZKEJIBIX 9JIEMEHTOB 110 CPABHEHUIO ¢ 0ObEeKTaMU, 00PA3YIONIMMHU «ILJIOCKYIO COCTABJIAIONLYIO» 1
JIUCK B HAIEll 3BE3/IHON cucTeMe. DTO 0OCTOATETHCTBO O0bACHIIETCS CyIIECTBEHHBIM PA3ININEM
BO3PACTOB 3Be3]1, 00PA3YIONNX «CHEPUIECKYI0» U «ILJIOCKYIO» COCTABJISIONINE 3BE3HOIO HACE-

13Bespl, nMeromue «cdepudeckoes IPOCTPAHCTBEHHOE pacipeiesienne, 06IaIal0T 3HAYNTETLHBIME Xa0TH-
geckuMu ckopoctaMu (10 ~ 100 KM/c), B TO BpeMs Kak y <ILUIOCKUX» OOBEKTOB TU CKOpocTu Majibl (~ 10
kM/c). Takue pasjnuus B XaOTHYECKUX CKOPOCTSAX TE€CHO CBI3aHBI ¢ PA3JIMYUEM B IIPOCTPAHCTBEHHOM PaCIIpe/ie-
JeHun (AHAJIOIUs C U3BECTHON Hapomerpuyeckoii hopmysioit: 6osiee ropsuuii ra3z obpasyer 6oJiee IPOTAKEHHYIO
armocdepy).
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Puc. 1.8. Inarpamma ['eprimmpynra — Peccesta ay1a craporo maposoro ckorierus M 3.

seans lamakTuku. M3 Toro gakra, uTo ob1aka Me:K3BE3IHOIO ra3a UMEIOT IIPOCTPAHCTBEHHOE
pacupejesieHne; IpakKTUIecK COBITQJIAIoIIee ¢ ITPOCTPAHCTBEHHBIM PACIIPEIeIeHUEM TOPIINX
MAaCCUBHBIX 3B€3/l, BbITEKACT HAJMINE MEXKIY HUMH NeHEeTHIECKON CBA3U. DTO JIOMOJHAET W3-
BECTHbBIE B HaACTOAIIee BpEMA aCTpOHOMaM apryMEHTbI B IIOJIb3Y OCHOBHOI'O IIPEIIIOJIOXKEHUA,
YUTO 3BE3/bI «IIEPMAHEHTHO» 00pa3yoTcsa B ['aJakTuke myTeM KOHIEHCAIINT 00JIaKOB MeXK3Be3/I-
HOit cpesibl (eM. § 3). O cBsA3M MeXK/Ty BO3PACTOM 3Be3/] I X XUMHUIECKUM COCTABOM pedb Gyier
ujatu B § 12.

3Be3/1bl, 00pa3yole raJakTHIeCKyI0 «KOPOHY», JaCcTO Ha3bIBaloT «HaceaenueM 11 Tumay,
B TO BpeMs KaK O0bEKThI, CHJIbHO KOHIIEHTPUPYIONIHEC K MaJIJaKTHYECKON IIJIOCKOCTH, HOCAT Ha-
3Banne «Hacesenue | Tunas. B okpecrroctsax CoutHiia (KOTOpble HAXOMSATCS, KAK W3BECTHO, Ha
nepudepun lajakTuku oueHb GJU3KO OT ee ILIOCKOCTU CUMMETPUH) MpeobagaorT 0ObeKThl |
THIa Haceaenus. VIMeHHo 110 9Toii nmpuunne Ha auarpamme leprmmpysara — Peccesa BeTBb cy6-
KapJuKoB (mpuHajyiexkamux ko 11 Ty HacesieHust) mpejcTaB/ieHa CPaBHUTEILHO HEGOJIBIINM
qncom o0bekToB. Haobopot, B ob/tacTu sipa Halllei 3Be3/IHOI CUCTEMBI, I'Jie INIOTHOCTh 3BE3]1 B
JIECITKH pa3 boJibIie, ueM B oKpecTHocTsax CotHIla, mpeobiagaoT o6bekThl 11 Tuna Hacemenns,
npex;jie Bcero cyokapauku. VIx nosHoe kosimdectBo B LastakTuke nopsiyika 100 Musiinapaos, T.
€. OHHM COCTABJISIIOT OOJIBIITUHCTBO 3BE3I.

TaxoBbI camble 0bIIE cBeIeHnsT 00 OCHOBHBIX XapaKTepucTuKax 38e3/1. OHU, KOHETHO, JTajIe-
KO He MCYEpIIbIBAIOT BCEX CBOMCTB 3TX 00beKTOB. Cpen 3Be3/1 MoNaaloTcst 00bEeKThI, CUILHO
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Puc. 1.9. Cxema 3aTMeHUsT B TECHO JIBOMHOM cUCTEME C 3JLTHIICONIATHHBIMI KOMIIOHEHTAME 1
ee KpuBasi OJiecka.

OTJIMYAOIINECS] OT «HOPMBbI». MBI y:Ke TOBOPUJIA BBIIIE O 3Be3/aX C HEOOBITHBIMXUMUIECKIM
cocraBoM. Vmerorcst B [asmakTuke 3BE3/bI, CBETUMOCTD KOTOPBIX MEHSIETCSI. DTO TaK Ha3bIBae-
MbI€ «IlepeMeHHbIe» 3Be3bl. [locieHue otimgaaioTes yuBUTEIbHBIM pasnoobpasueM. Horma
[IEPEMEHHOCTD BBI3BIBACTCS IUCTO T€OMETPUIECCKUMU IPUIMHAME: B TECHOU JIBOWHON cHucTeMe,
€CJIU JIyd 3peHusi 00pa3yeT HEe3HAYUTE/IbHbBIN YTOJI C IJIOCKOCTHIO OPOUTHI, IEPUOJINIECKU Ha-
OITFOIATOTCST «3aTMEHHsT», KOTJIa OJIHA 3Be3/Ia 3aX0/UT 3a Apyryio (puc. 1.9). Ho garme 3Be3Has
IIePeMEHHOCTD CBsI3aHa C BIIOJIHE PeaJIbHBIMU BapHAIUSIMHU CBETUMOCTH, OOBITHO COITPOBOXKIae-
MBIMHU U3MEHEHUSIMH ITOBEPXHOCTHOMN TeMIIepaTyphl U pajuyca.

Cpean nmepeMeHHBIX 3Be3/I 0COOBIIl MHTEpEeC MPEICTABISIOT 3BE3/Ibl, CTPOrO MEPUOTTICCKI
MEHSIOIIIE CBOIO CBETUMOCTD, PAINYC U TEMIEPATYPY 10 IMPUINHE NYAbCAUUT. ITH 3BE3IbI I1e-
PUOUYIECKU CKUMAIOTCA U PACIIUPAIOTCSH, MEHSAS IIPH 9TOM CBOIO TeMIlepaTypy. Takue 3Be3/1bl
HasbIBaIOTC yepeudamu. OHU CHITPAIU BBIIAIONLYIOCS POJIb B UCTOPUM ACTPOHOMUM, TaK Kak
MOMOTJIN OIPEJIEUTh PACCTOSTHUST 70 OYEeHb YJIAJEHHBIX OObEKTOB (rajlakKTUK), KOTOPbIE JIPy-
IUMH METOJaMi U3MEPUTh ObLIO HeBo3MOxKHO. Kak ke 310 ObLI0 cienano? Jlego B ToM, 9TO
SMIIPUIECKH ObLIO HaflJICHO, UTO YeM JIMHHee TeproJ, 1ieder b, TeM GOJIbINe ee CBEeTUMOCTB .
Habmoast B y/1a/leHHBIX TajlakKTUKaX O4YeHb cJiabeHbKUe Tedern bl 1 U3YUUB UX ePUOJIbl, aCT-
POHOMBI OIEHUJIM UX CBETUMOCTH, 110 KOTOPBIM JIETKO HaILIu abCoJoTHbIEe BendnHbl. [locse
9TOr0 PaCCTOsIHUE onpeessiioch 1o dopmyie (1.3). Tak kak cerumoctu nedens; (0cobeHHO
JIOJITOTIEPUO/IMYECKUX ) OYeHb BEJIMKU, OHU BUJHBI C OOJIBIINX (B YACTHOCTH, MEXKIaJaKTHIe-
ckux) paccroguuii. He ciyqaitno medenibl Ha3bIBAIOTCsT «MasikaMi BceieHHO ».

['opaszo 4are BcTpedaeTcs 3Be3HAas IEPEMEHHOCTD HEIIEPHOAMIECKOr0 XapakTepa: BpeMst
OT BpeMeHHU HabJIoatoTes Oojiee WIn MeHee 3HaYUTe/IbHbIE TTOBBIIIEHUsT YPOBHS U3JIyYeHUd, Ja-
CTO HOCHIINE «BCIBIIIETHbITy XapakTep. OueHb paciupocTpaHeHa «BCIbIIIeTHAS» AKTHBHOCTD Y
KpPpaCHBIX KapJIMKOBBIX 3BE3/I. BHa‘II/ITeJIbHaH, €CJIN HE 6OHbH_IaH, JaCTb KpaCHbIX KapJINKOB CIIEK-
TPaJbHOTO Kjacca M — 9TO BCIBIXUBAIOIINE 3Be3/bl. BO BpeMs BCIBIMIEK, JISIIITIXCA OOBITHO
JIECATKU MUHYT, CBETUMOCTDb TAKUX 3BE3]] YBEJNINBAETCS B JIECATKU pa3, MPUIeM OHOBPEMEH-
HO HAOJIIOIAIOTCA BCILIECKU PAJIMOU3/IyUeHNs, a TaKyKe PEHTreHOBCKOro uajydenus. [lo-Buan-
MOMY, B 9TOM CJiydae HabJoaaeTcss (peHOMEeH, aHAJIOTUIHbBIN COJTHETHBIM BCIIBIIIKAM, HO TOJIBKO
B ropasjio boJibiiiemM Maciitabe. BooOiie Takoit TUII IepeMeHHOCTH 3Be3/1 CBs3aH C HeCTaImoHAP-
HBIMHU IIpOoIeCCaMMi B UX ITOBEPXHOCTHBIX CJIOAX.

OcobHAKOM CTOUT I'PYIIIa «B3PbIBAIOIIUXCA» 3BE3/[ — HOBBIX U CBEPXHOBDLIX. Ecym BeusImku

13aBucuMocTh GbLiIa YCTaHOBJIEHA, JId Iedens, Haxomamuxcs B Maremmanossix O6makax — GJImKafImmx
K HAM FaJakTHKax. TaK KakK PACCTOSHUS 10 BCeX OOHADYKEHHBIX TaM [eden]] MPAKTUIeCKH OJUHAKOBLI, TO
UX BUIUMBIE BEJIMYUHBI HEIIOCPEICTBEHHO OIPENE/ISIOT CBETUMOCTH, IIOCKOILKY PacCTodHue 10 MareiaHoBbIX
O6J1aKOB M3BECTHO.
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HOBBIX HE CBsI3aHBI C KOPEHHBIM U3MEHEHUEM CTPYKTYPbI 3Be3ibl (cM. HuzKe § 14), TO BCIbIIII-
KII CBEPXHOBBIX, KOTOPbIE IIPOUCXOIIT UPE3BBIYAHO PEIKO, COMPOBOKIAIOTCS KaTacTpodutie-
CKUMU U3MEHEHWSIME 3BE3/IHOM CTPYKTYPBI. DTO pejrdaiiliiee sBICHHE HACTOJBKO BAaYXKHO IS
ACTPOHOMMUHM, UTO eMy Oy/eT MOCBsIIeHa OT/aeIbHasl IJIaBa 3TOW KHUTH.

Bcee xe 66mbinast yacTh 3837 B [ajlakThKe, Macca KOTOPBIX He OYeHb MaJia (HAIPUMED,
ooubitte 0,3M ), He 0OHAPYKHBAET CKOJIBKO-HHOY/Ib 3aMETHON HecrarmonapHocTn. Mx cern-
MOCTH OTJINIAIOTCSA OOJIBIITIM TOCTOSTHCTBOM. KOHEUHO, OHM MEHSIIOT CBOM XapaKTEPUCTUKI, TaK
KakK 3BOIOMUOHNPYIOT. OIHAKO TaKne W3MeHeHHs ITPOUCXOIAT KpaiiHe MeJJIEHHO.

23



§ 2. OBIIUE CBEAEHUSA O MEYK3BE3/ITHOI CPEIE

3Be3bl, Tak Ke Kak CoJinne, JIyHa u mraneTsr, ObLIN U3BECTHBI Y€JI0OBEKY eIlle TOr/Ia, KOIJa
OH YeJIOBEKOM He ObLI. ¢l mojaraio, 9To caMoil IpUMUTHBHON acTpPOHOMUYECKO# nHMopMaIueit
pacriojiaraloT u YKUBOTHBIE, [IPUYEM HE TOJIBKO BbICIIHe. [loTpeboBaioch, OIHAKO, ThICSYeIeT-
Hee PasBUTHE HAYKU, ITOOBI I€JI0BETIECTBO OCO3HAJIO IMIPOCTOM U BMECTE C TeM BeJIMIeCTBEeHHBIH
dakT, 9TO 3BE3/BI — ITO 0OOBEKTHI, OOJIee MM MeHee 1oxoxkne Ha CoJTHIE, HO TOJTBKO OTCTOSIIIIE
OT HaC Ha HECPABHEHHO OOJIBIINE PACCTOSHUs. JTOr0O HE TOHUMAJH JayKe TaKhue BbIIAIONINECs
MbIcsTen, Kak Kerep. HbloTOH OBLT IEPBBIM, KTO IIPABUJIBHO OIEHII PACCTOSTHUAA 10 3BE3I.
JIBa crojleTus 1ocjie BEJIMKOTO aHTJIUHCKOIO YYEHOrO MOYTH BCEMU MOJIIAIMBO IPUHUMAJIOCD,
YTO UYJIOBUIHO OOJIBINIAX pa3MePOB IPOCTPAHCTBO, B KOTOPOM HAaXOJATCS 3BE3/IbI, €CThb a0-
comommnas nycmoma. Bupodem, stor Bompoc i acrporoMoB XVIII u XIX BB. Hukorja ne
[IPEJICTABISAICA aKTyaJbHbBIM — KPYTI' MHTEPECOB YUEHBIX ObLI TOIJIa COBCEM HE TaKMM, KaK B
HaI JHA. JIUIb OTae/IbHbIe AaCTPOHOMBI BPeMsi OT BPEMEHH OJHUMAJIN BOIIPOC O BO3MOKHOM
IIOTJIONIEHUN CBETa B MeK3Be3jiHOi cpeje. ToabKo B camom Hadasie XX B. HEMEIKUI acTpo-
HoMm [apTman yOe uTeIbHO JJOKa3a/1, ITO IPOCTPAHCTBO MEXKJLY 3BE3/IaMU IIPEJICTAB/IsIeT OO0
OTHIONL He MuduIeckyio mycrory. OHO 3aIll0JTHEHO Ta30M, MPaB/a, ¢ O9eHb MaJIoil, HO BITOJTHE
OTIPeJIeJIEHHO TJIOTHOCTBIO. DTO BbIJIAIOIIEECH OTKPBITHE, TaK »Ke KaK U MHOTHe JIpyrue, ObLIO
CJEJIAHO C ITIOMOIIBIO CIIEKTPAJIBLHOIO aHAIN3a.

Faprman mcciieIoBaJ CIIEKTPBI JBOMHBIX 3B€3/1, Y KOTOPBIX 110 IPUIUHE OPOUTAIHLHOTO J[BU-
JKeHUs JIIMHBI BOJIH CIIEKTPAJbHBIX JUHUN CTPOTO MEPUOIUIECKH MEHSIOTCS Ha HEOOIBIIYIO
BEJIMYMHY TO B OJIHY, TO B JIpYT'YIO cTOpoHy. [lepros Taknx m3MeHeHn B TOYHOCTU PABEH MEePH-
0J1y OPOUTAIBLHOIO JIBUXKEHUS OJTHOM 3Be3/1bI BOKPYT Jpyroii. [IpuanHoil Takux 1meproInaecKnx
U3MEHEHUl JIIMH BOJIH CHEKTPAJIbHBIX JIMHUI sIBJISETCS XOPOIIO M3BECTHBIN M3 J1abopaTOpHOit
dusukn 3cpdext lormnepa. Korna nctounuk usjydeHust JIBUKETCS Ha HaOA100aMeNA CO CKOPO-
CTBIO VU, JIUHA BOJIHBI JIMHUU A YMEHDWACMCA Ha BeIMIUHY A2, Tjle ¢ — CKOPOCTb CBETa, eC/ii
JKe UCTOTHUK YIAJIAETCS OT Ha0A100amens ¢ TOI Ke CKOPOCTBIO, JTUHA BOJIHBI YGEAUYUBLEMCA,
Ha Ty 2Ke Besmuuny. [IpesacraBisiercss O9eBUIHBIM, YTO 3BE3/a, COBEPIIAIOIIAA EPUOTTICCKOE
JIBUKEHUE 110 cBoelt opbure, Oy/eT TO HPUOIUKATHCSI K HaM, TO YAAJATHCS, ITO U O0bICHSIET
[IEPUOANIECKUE CMEIEeHNs JITUH BOJIH JIMHUI ee criekTpa. OTKPhITHE HEMEIIKOIO YIeHOIO COCTO-
S1JIO B TOM, 9TO OH OOHAPY?KUJI B CIIEKTPaX HEKOTOPBIX JIBONHBIX 3BE3/1 JIBE JTUHUU TIOTJIONIEHUSI,
JUIMHBI BOJTH KOTOPBIX HE MEHAAUCH, B TO BPEMsI KaK Y BCEX OCTAJbHBIX CIIEKTPAJIbHBIX JTUHUI
10 OIMCAHHON BBIIIE TPUINHE JIJTUHBI BOJTH MEPUOINIECKH MEHSITUCh. DTH «HEIOBUKHbBIEY JIU-
HUU, TPUHAJIeKAIle HOHN30BAaHHOMY KaJIBIUIO, MOJIYIN/IN Ha3BaHUE «CTAIMOHAPHBIX». OHE
00pa3yroTcs He B HAPYXKHBIX CJIOSX 3BE3JI, a IJIe-TO «II0 IyTH» MEXKJy 3Be30i U HabJIo1aTe-
jeM. Tak BrepBbie ObLT OOHAPYZKEH MEXK3BE3J/IHBIN T'a3, KOTOPBIA B IIPOXOJLAIIEM CKBO3b HErO
3BE3/IHOM CBETe MIPOU3BOJIUT IMOTJIONIEHNE B Y3KUX CIIEKTPAIbHBIX yIaCTKAX.

[TouTn MoOIOBUHY CTOJIETHST MEXK3BE3IHBIN T'a3 UCCIIEI0BAJICS TJIABHBIM 00Pa30M IIyTeM aHa-
Jn3a 00pa3yIoUXcs B HEM JIMHUI MTOrJIomeHns. BhIgCHIIOCH, HAIpUMED, 9TO JTIOBOJIBHO YacTO
9TH JITHUU UMEIOT CJIOKHYIO CTPYKTYPY, T. €. COCTOAT U3 HECKOJIbKUX OJIM3KO PACIIOIOKEHHBIX
JIPYT K apyry KomioHeHT. Kazkiass Takasi KOMIIOHEHTa BO3HUKAET IIPHU IIOIVIOMIEHNH CBETa 3Be3-
JIbl B KAKOM-HHUOY/Ib OTIPEJICIEHHOM 004G%K€e MEYK3BE3JIHOW CPEJIbl, IPUIeM 00JIaKa JBUKYTCS
JIPYT OTHOCUTEJILHO JIPYyTa €O CKOPOCTbIO, O/u3Kol K 10 KM/c. D10 u mnpuBoguT Gaarogaps
s dekty lormrepa K HE3HAYUTETBHOMY CMEIIEHUIO JIJIMH BOJIH JIMHUI TOTJIOIIEHUS.
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2. OBUIVE CBEJEHUS O MEXK3BE3JHOU CPE/E

TOT (baKT, 9TO BII€PBbIC MG}K3B63,ZLHIDII71 ra3 6bIJ'I 06Hapy>KeH II0 ero IIOIVIOIICHMNIO B JIMHUAX
KaJIbIINs, KOHEYHO, HE O3HAYAET, YTO MOC/IE/IHIH ABIIeTCd TaM Peod IaIatonuM 110 OOUJIHAIO dJTe-
MEHTOM. Me}I(3B63,HHbIIU/I ra3 IIpodBJIdeT C66H 1 110 APpYyTUuM JIMHUAM IIOIVIOIEHUA, HAIIpUMED, I1O
U3BECTHOM KeITol TMHUKM HATpus. VIHTeHCMBHOCTD JIMHUIA TIOTJIONIEHUS JAJIEKO HEe BCErJIa OIpe-
JiesigeTcsd OOMJIMEM COOTBETCTBYIOIIEIO XUMUYECKOTO 3jieMeHTa. B ropasjio OoJiblneil cremnenn
OHa, OIPEJIESIETC «yJaTHbIM» PACIOJIOYKEHUEM SHEPIeTUIECKUX YPOBHEN COOTBETCTBYIOIIETO
aTOMa, IIepexo/abl ME2K/ 1Y KOTOPBIMHU 3TY JIMHUIO PEAJIU3YIOT. BerMa Ba>KHO TO O6CT0HT€.HI3CTBO,
9TO B ME2K3BE3/IHOM IIPOCTPAHCTBE NPAKTUICCKU BCE€ aTOMbI, HOHbI 1 MOJIEKYJIbl JOJI2KHbI HaXO-
JINTHCS Ha, CAMOM <«HUKHEM», T. €. «HEBO30YKJICHHOM» dHEpPreTudecKoM ypoBHe. [lesio B ToM,
YTO TPOIECChl BO30YK/IEHNS aTOMOB, CBA3aHHbIE, KaK OOBITHO, JTUOO C IOIVIOMIEHUEM U3JIyde-
HUs, JIHOO CO CTOJKHOBEHHSIMU MEXKIy YaCTUIAMU, IPOUCXOIAT B MEXK3BE3/IHOI Cpejie HeNMO-
BEpHO peJiKo. Ecim mociie pekoMOUHAIUKM 3J1€KTPOHA ¢ MOHOM 00Opa30BaBIINiiCs HEATpaIbHBII
aTOM OKazaJics BO30YKJIEHHBIM, TO OH BCEIJIa «yCIIEeT» CIIOHTAHHO IepEelTH B caMoe «I1ybo-
KOe» COCTOsIHWE, U3JIYYUB OJINH WJIN HECKOJIbKO KBAHTOB — HUKAKHE ITPOIECCHI CTOJIKHOBEHUS C
JIPYTUME HaCTHIIAME €My 9TO ¢JleJIaTh He MOMeMaioT!.

Haxongach meomnpejiesieHHO J0JITO HA «OCHOBHOM» YPOBHE, aTOM MOXKET IOTJIOIIATH U3JIy-
YCHHA Ha OIIpedeJICHHbIX YacCTOTaX. HaI/IHI/I3H_IaH JaCTOTa Ha3bIBaAETCA «peSOHaHCHOﬁ», a COOT-
BETCTBYIOIAs CIIEKTpabHas JTUHUS — «PEe30HAHCHOWy JimHnel. OObBIYHO PEe30HAHCHBIE JIMHIH
OBIBAIOT CAMBIMU WHTEHCUBHBIMU. CHEKTPOCKOMIMIECKO 0COOEHHOCTBIO KaJbIns (Tak XKe, Kak
U HATPUsl) SBJISIETCS TO, YTO €r0 PE3OHAHCHBIE JIMHUU HAXOJATCS B BHJUMOIl YACTH CIIEKTPA.
Mexkty TeM mojiaBiidrorniee OOJIBIMMHCTBO PE30OHAHCHBIX JIMHUI JIPYTUX 3JEMEHTOB HaXOIUTCS
B JlaJieKoii yiabrpaduosieToBoit obsractu. Kinaccmueckumu npuMepaMu sSIBJISIIOTCS caMble OOUITb-
HbIE 3JIEMEHTBI KOCMOCA — BOJIOPOJI M I'e/inii. ¥ BOJOPOJA JIUHA BOJIHBI PE30HAHCHON JIMHUU
(310 3HAMeHUTas JMHUA <«JTafiMaH-anbda») pasHa 1216 A, a y reqms eme kopoue — 586 A.
MezK/ly TeM BCe BHE3EMHOE HM3JIyUeHHe C JJIMHONH BOJIHBI Gostee KOpoTkoi, wem 2900 A, mou-
HOCTBIO TOTJIONAeTCs 3eMHO aTMocdepoit. [lo pazsButus BHeaTMochepHOi, paKeTHOH U CITyT-
HUKOBOI aCTPOHOMUM YIbTPaUOIETOBAT YaCTh CIEKTPa BCEX KOCMHUYECKUX OOBEKTOB ObLIa
COBEPITNIEHHO HEJIOCTYITHA aCTPOHOMaM. TOJIbKO CpaBHUTE/IHLHO HEJIABHO OBLIM MOJTyYeHbI 3BE3/I-
HbI€ CIIEKTPHI B JlaJIbHEN yIbTpaduoJIeTOBOM 001acTU U ObLIa 3apErnCTPUPOBAHA MEXK3BE3 IHAS
JUHusA JaiiMan-aibda, TaK JKe KaK I Pe3oHaHCHBbIe JMHUM Kucaopoma (mmmHa Bomnl 1300 A)
U JIPYTUX MEYK3BE3/IHBIX aTOMOB. Bo m3bexkanume HeIOpa3yMeHUl 3aMeTUM, UYTO CIHEKTPAJIbHbIE
JIMHUH BOJOPOJIa, TeJIis, KUCIOPO/ia U JIPYTUX JIEMEHTOB M3JaBHA HAOJIONAIOTCS B CIEKTPAaX
Comana u 3Be31. OTHAKO B 9TOM CJIydae HaOJTIOIAINCh He Pe30HAHCHBIE JTMHUH, & JIMHUU, BO3HI-
KaIOIIHe IIPHU Iepexoax MexKJIy Bo30YKJICHHbIMEA YpoBHAMU. HO B ropsgdux, MIOTHBIX, HAIIOJI-
HEHHBIX M3JIy9eHHEeM 3Be3HBIX aTMocdepax «HaceJeHHOCTH» BO30YKJIEHHBIX YPOBHEH MOI'YT
OBITH BIIOJIHE JOCTATOYHBI JIjIs 0OPA30BaHUs JIMHUH MTOTJIOIIEHUI, MEXKTy T€M KaK B ME¥K3Be3/I-
HOII cpejie (bu3MUecKre yCJIOBUS COBEPIIEHHO JIPYTHE.

XUMUYIECKU COCTaB MEXK3BE3/THOI'O T'a3a B IEPBOM ITPUOJIMKEHIN OKA3aJICS JTOBOJIBLHO OJIH3-
KIM K XuM#IIeckoMy coctaBy armocdep Cosaia u 38e3/1. [IpeobiagaommuMn sj1eMeHTaMy STB-
JIAIOTCA BOAOPOI U I‘e.HI/IIL/'L MeKIAy TeM KaK OCTaJIbHbI€ 3JIEMEHTBI Mbl MOXKEM paCCMaTpHUBaTb
KakK <«IpuMecH». JII0OOIBITHO, ITO B MEXK3BE3JIHOM Tra3e KaJIbIMil IPUMEPHO B MUJIJINOH pa3
MeHee OOMJIeH, 9YeM BOJIOPOI.

[ToumHHAS PEBOJIIOINS B UCC/IEI0OBAHUN MEYK3BE3/IHON CPeJIbl ONTHIECKUMU METO/IaMU Ha-
CTYIWJIa B IOCJIEIHNAE TOJAbl B CBA3U C BIEYATISIONINMHI JIOCTUXKEHUAMU BHEATMOCHEpPHOI acT-
poromun. K nacrosimemy Bpemenu (1983 roa) Hambosiee MOJHOE MCCJIEIOBAHIE XUMIIECKOTO
COCTaBa CPABHUTEIBHO OJIM3KUX K HaM 00JIAKOB MEXK3BE3/IHOT'O T'a3a OBLIO BBIIIOJIHEHO HA aMEpU-
KaHCKOM CIENNAJIM3UPOBAHHOM aCTPOHOMUYECKOM CITYTHUKE, HOCAIEM HasBanue «KomepHuk»

13 sTOro mpaBmia ecTh OJHO BayKHOE HCK/IIOUEHIE: eC/IH SHePreTHUCCKHe YPOBHH ATOMA HJIH MOJEKYJIEI
OYeHb OJIN3KU K «OCHOBHOMY», 8 PAIUAIIMOHHBIE [TEPEXOIbI MEYKy HUMU SIBISIOTCH <3AIIPEIEHHBIMI», TO <HA-
CEJIEHHOCTh» <«BO30Y2K/IEHHBIX» yPOBHEH MOXKET OBITh CPABHUMA C HACEJEHHOCTHIO OCHOBHOTO.
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(cm. «Begennes). Kak yke roBOpuIOCh BbIIlle, PE30HAHCHBIE JIMHUKM OCHOBHBIX (110 OOUJIHIO)
9JIEMEHTOB HAXOJATCsI, KaK IIPABIIIO, B YIbTpaduroaeToBoil yactu crekrpa. Habmonas spkue,
CPaBHUTEJLHO OJIM3KUE 3BE3/bI, MOKHO OBLIO B UX YJILTPaAHUOJIETOBBIX CIIEKTPaX OOHAPYKNUTh
MesK3Be3/[Hble PE3OHAHCHBIE JIMHUK TIONJIONIEHNsT TAKUX 9JIEMEHTOB KaK BOJOPOJ (JMHUsT «J1aii-
MaH-aTbday ¢ umHoi Bosmbl 1216 A), yruepox, asor, Kmciopos, MarHmii, KpeMHHii, cepa,
apron, Mmapramer u jp. Habmoganmmch Kak JIMHAM HEATPAJbHBIX MEK3BE3IHBIX aTOMOB, TaK
U X MOHOB. IIpyM 3TOM BBIIBUIINCH COBEPIIEHHO PEAIbHBIE PA3IUUNAs B XUMUIECKOM COCTABE
ornenbHbIx 001akoB u Commima. Tem caMbIM HCCIEI0BAHUA MEXK3BE3IHON CPEIbI MOIHAINCDH
Ha 6oJiee BBICOKYIO CTYIIEHD: €CJIM B IEPBOM IIPUOJIMKEHUH, OCHOBBLIBASICH TOJIBKO HA BECHMa
OrpaHNYEHHBIX HA3EMHDBIX HAOJIIOJECHUX, MOKHO OBLIO CYMTATH, ITO XUMUIECKUIT COCTAB MEXK-
3BE3HOIO Ta3a 004ee UAU MEHEE CXOIACH ¢ XMMUIECKUM COCTABOM COJIHEUHON aTmocdepsbl, TO
Terephb yKe siCHO BUHBI BIIOJIHE PeaJbHbIE PA3JINIMs COCTaBa JIazkKe MKy OTAeJIbHbIME 001a-
kamu. Hanpumep, obuime mMaraus, Mapraina U XJopa 110 OTHOIIEHUIO K BOJOPOLY B 0OJIaKax
MexK3Be3/1HO# cpeibl B 4—10 pa3 MenbIne, yeM B coyinednoit armocdepe. Ha puc. 2.1 npejcras-
JIEHBI OTKJIOHEHHSI XUMHUYIECKOTO COCTABA OT «COJTHETHOIO» IS YeThIPEX Pa3JIUIHBIX 00JIaKOB,
IPOEKTUPYIONIUXCS Ha SIPKUE 3BE3/bl. DTOT PUCYHOK JAET HALJISIIHOE MPEJICTABICHAE O Pa3J/Iy-
YUAX B XUMHUYECKOM cOCTaBe pasjndubix 001akoB n CosHiia. Mbl BUJIMM, B 9aCTHOCTHU, UTO
3aMepHEHHbIE IPAMOYTOJILHUKN PACIIOIAraloTCs, Kak MPaBUIo, HIYKe TOPU30HTAILHON IPIMOIi,
YTO yKa3bIBaeT Ha «HEAOCTady» COOTBETCTBYIOIINX 3JIEMEHTOB 110 cpasHeHnio ¢ CoJtHIeM.
w%ﬂ ' Hapsiy ¢ aTroMaMu 1 HOHAMU B MEK3BE3/IHOM I'a3e MMe-
ML N O MgSLp S ol dnfe foTcst (dalte Bcero B HIITOXKHOM KosmdecTse, ~ 1077 or o6u-
Erer l JIsl ATOMOB BOJIOPOJIA) MOJIEKYJibl. MeTojgamMu onrudeckoii
15:10% /El Bg-n-- ACTPOHOMUH OBLIN OOHAPYKEHBI B MEXK3BE3THON cpeJie IIpo-
i croie aByxaromubie mMosekyiasl CH, CHT (3mak «+» o3Ha-
/g %20 g{n "y I—l Jaer noHu3oBauHyo Mosekyny) u CN. Bmecto npuBbIaHbIX
i -i- 'I B J1a60paTOpHOii (pU3NKE MOJIEKYISPHBIX CIIEKTPOB, COCTOSI-

. ! X U3 OYCHb OOJIBIIIOrO KOJUYIECTBA JIMHUM, CJAUBAIOIIIXCS

& Cam . g

810% /EI l l l i | B II0JIOCBHI, CIIEKTPBI MEK3BE3/IHBIX MOJICKYJ, KaK IIPaBUJIO,
-

COCTOSIT W3 OJIHOU JIMHWUM, TaK KaK IMOYTH BCEe OHU HAXOJIATCS
Ha CaMOM TUIyOOKOM 3JIEKTPOHHOM, KOJIebaTeTbHOM U Bpalla-
TeJTbHOM ypoBHe. VIcKiioueHnne coCTaB/IAIOT MeK3Be3THbIE
MosteKysibl CN, y KOTOPBIX MOYTH COPOK JIeT Ha3a/] ObLIN

o/
At
6707 ~;

-2

;/:ff;ﬂg {{l T a-" = OoOHApYKEeHbI dée JTUHUU. DTO O3HAYAET, UTO 3aMETHYIO Ha-
S0 CEJICHHOCTb UMeeT U BTOPO# BpalllaTe/bHbI yPOBEHb, KOTO-

poiit y mostekysabl CN pacrosioyken 3HAYUTEIHHO OJIMKe K
nepsomy, dem y mostekysn CH u CHT. Kazanocs 651, crour

JIM YIIOMUHATE 0 Takoit mestoun? Ho srer 15 naza 66110 yeTa-

Puc. 2.1. Xumnueckuii cocras 00-
JIAKOB MEYK3BE3/IHOI'O Iasa.

HOBJIEHO, YTO 3Ta «MEJI0Yb» UMeeT OYeHb ITyOOKYIO TIPUYH-
HY: BTOPO#1 BpaIlaTeIbHbIN ypoBeHb MOJIeKy bl CN B0O30yK 1aeTcst TaK HA3BIBAEMBIM «PETNKTO-
BbIM» U3JIYyIE€HUEM, 3allOJIHAIOIIMUM BCHO BCe.HeHHYIO. STO n3JjiydeHune, Kak BbIACHUJIOCH, UMEET
IJIAHKOBCKUI CIIEKTP C TEMIIepaTypoit 0KoJ10 3° abCcoIIoTHOM mKaJjbl Ke/lbBUHA U IIpeJICTaB/IgeT
coboif Kak ObI «OCTATOK» (<«PEJINKT» ) IPEBHEr0 COCTOsiHMs BeesleHHOi, Koria ee Bo3pacT ObLI B
JIECSITKU THICSTY Pa3 MEHbIIe, YeM Terepb, a pasMepbl B 1400 pa3 menbiine! OTKpbITHE PEJTUKTO-
BOI'O U3JIYICHUA — CO6I)ITI/I€ OFpOIVIHOfI Ba2KHOCTHU B aCTPOHOMMNH, PaBHOE II0 CBOEMY 3HaAYC€HUIO
OTKPLBLITHUIO KPaCHOI'O CMeEIIeHUAd B CIIEKTPaX I'aJJaKTHK. B/,ZLI/IBI/ITGJIBHO7 9TO KOCBEHHBIM o6pa30M
9TO U3JIydeHne ObLIO OOHAPYZKEHO U, YBBI, He MMOHATO 3a 25 JieT JI0 cBoero oTkpbiTusa! Bripodewm,
9TO He ABJISAETCd €JIMHCTBEHHBIM CJIydaeM B UCTOPUU HayKu. B 9Toil KHUTe MBI CTOJIKHEMCH U C
JIPYTUME TTPUMEPAMU.
NckmounTesbHO BaXKHOE 3HAUEHNE UMeeT OOHApYKEeHUe B MEXK3BE3THOM ra3e MOJIEKYJI BO-
noposa Hy. Tak Kak pesonancHas 3JIEKTPOHHAS MOJI0Ca ITOM MOJIEKYJIbI PACIIOIOZKEHA B YILTPa-
dbuomeToBoit wactu crekTpa okoso 1092 A, Tosbko BHeaTMOChEPHBIE ACTPOHOMIYECKHE NCCIIe-
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Puc. 2.2. ®ororpacus «yrompHOro Memnikay B co3pe3aun Opuona.

JIOBaHUsI MOLJIM PEIINTh 9Ty 3a7a4y. M 371ech 1moka HauboJee 1eHHble CBeIeHusI ObLIN 101y Y€HbI
Ha TOM ke ciyTHHKe «KomepHuk» o KOTopoM pedb Iia Bbire. CrenuaabHO HCCIeI0BAINCH
YIBTPaUOIETOBBIE CIIEKTPHI OT CUJIBHO MMOKPACHEBINX 3BE3]1, HAXOIANINXCS, CJIeI0BATEIHHO,
3a TJIOTHBIME I'a30BO-TIBLIEBBIMU 00JIaKaMU, OCOOEHHO CUJILHO IMOTJIOMAIOIIMMEI CHHIOK YacTh
criekTpa (cM. Hrzke). ViMenHO B Taknx 06/1aKaxX MOYKHO OBLIO OKUJIATH H3MEPHMOTO KOJIMIECTBA
MOJIEKYJIAPHOrO Boopoaa. CIeKTporpaMMbl IOKA3BIBAIOT, YTO Y TAKUX 3BE3.1 JUHUN MEXK3Be3/I-
HOT'O MOJIEKYJ/ISIDHOI'O BOJOPO/Ia OU€Hb CIJILHBL. Tak KaK 0JJHOBPEMEHHO B CIIEKTPAaX TEX YKe 3BE3/I
n3MepsIach pe30HAHCHAs JIMHUST aTOMHOTO BOJIOPO/Ia JlaiiMaH-aIbda, 0Ka3aa0Ch BO3MOXKHBIM
HEIOCPEJICTBEHHO M3MEPUTH OTHOIIEHNE OOMIHI MOJIEKY/ISPHOIO W aTOMHOT'O BOJIOPOJIa B 00JIa-
KaX. DTO OTHOIIEHNE, KaK BBIICHUIOCh, MEHSIETCS B OU€HDb IUPOKUX IPeesiax, OT HeCKOJIbKUX
JIECATHIX JI0 3HaUeHUsI, MeHblero deM 1077, ompesiesseMoro 1yBCTBUTEILHOCTBIO CIEKTPOrpa-
da K oueHb CJIaObIM JIMHUSIM.

Jlo cux 1mop, TOBOps O MEXK3BE3/IHOMI cpejie, Mbl UMEJIM B BUJLy TOJIBKO MEXK3BE3/IHBIN Ta3.
Ho B 370i1 cpesie nmeercsa u Japyrasi KOMIOHeHTa. Pedb uaeT o meorc3dsezdnots notau. Mbl yike
YIIOMUHAJIU BBIIIIE. YTO €Ile B IPOILIIOM CTOJIETUH JIeOATUPOBAJICS BOIIPOC O MPO3PATHOCTH MEK-
3Be3IHOI0 MpocTpancTBa. Toabko 0koJso 1930 . ¢ HECOMHEHHOCTBIO OBLIO JOKA3aHO, UYTO MEXK-
3BE3/IHOE TIPOCTPAHCTBO JIeHCTBUTEIHHO He COBCeM ITpo3padHo. [lormomarorast cBeT cybcTaHIs
COCPEJIOTOYEHA B JJOBOJIBHO TOHKOM CJIO€ OKOJIO TaJIaKTUIeCcKOi 1tockocTr. CuibHee BCEero Io-
IJIOMAIOTCs CUHUE U (PUOJIETOBBIE JIYUN, MEXKy TeM KaK IOTJIOIeHHe B KPacHBbIX Jydax CpaB-
HUTEJIbHO HEBEJIUKO. HOSTOIVIy ME2K3BE3IHOE IIOTVIOIIEHUE COIIPOBO2K/Ia€TCA OJHOBPEMEHHBIM
noKpacHeHueMm IBeTa yaaaeHHbIX 00beKTOB, Haxoadmuxcesa B moyoce Miearoro Ilytu. Cama Be-
JIMYKWHA IIOIVIOIICHUA MEHACTCA B PASHbIX HallpaBJI€HUAX JT0BOJIBHO 6eCHOpHILO‘IHbH\/I 06pa30M.
Ectb nenble yuactku neba, rie MOrJIONEHNe HEBEJIUKO, ecTh U Takue objactu B Mieanom Ily-
TH, IJie IOIJIOIIEHNEe CBeTa JIOCTUraeT OIPOMHBIX pas3mepoB. Takme o6/1acTH HOCAT 0oOpasHOe
Ha3BaHUE «yTOJIbHBIX MemKoBy» (puc. 2.2). Bee 910 03Havaer, 4ro morsomaomnas cBeT cybcTan-
A pacipeeseHa B MeXK3BE3IHOM IIPOCTPAHCTBE KpaifHe HEeOIHOPOIHO, 00pa3ys OTIe/IbHbIE
KOHJIEHCAIINN MJIN 00JIaKa.

Yo ke 310 3a cyberannusa? Ceidac yKe HMpeICTaB/IAeTCS HOKA3aHHBIM, UTO MOTJIOIMIECHUE
CBeTa 0DYCIOBJIEHO MENC3BE30HOT NVIAGIO, T. €. TBEPIABIMI MUKPOCKOIINIECKUME JaCTUIIAMU Be-
niecTBa, pasMepaMn MCHbIIC MHKPOHA. STI/I IbIJIMHKY MUMEIOT CJIOXKHBIM XUMUYECKUR cocTaB
(rpadut, cuIMKATHI, «3arpA3HEHHBIE> JIBIUHKA U 1IP.). YCTAHOBJIEHO, YTO MBIIMHKI UMEIOT JI0-
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BOJIBHO BBITSHYTYIO (DOPMY U B KAKOW-TO CTEIICHU <«OPUEHTUPYIOTCS», T. €. HAIPABJICHUS UX
BBITAHYTOCTA WUMEIOT TEHJIEHIINIO <«BBICTPAMBATHCA» B JAHHOM oOOJiake Oojiee MJIM MeHee Iia-
pasienbuo. [lo 9Toit npuyunHe MpPOXOoIANInil Yepe3 TOHKYIO CPeJly 3BE3JHbIN CBET CTAHOBUTCS
YACTUYHO MOJISIPU3OBAHHBIM, TIPHYEM CTelleHb HOJsipusanui (KOTopasi KOPPeIupyercs ¢ Io-
KPaCHEeHUEeM IiBeTa, 00yCJIOBJIEHHBIM moromenneM) pocturaer 1—2%. IlpuduHoii, BbI3bIBaO-
el OPUEHTAINIO TBIJTMHOK, sIBJISETCH HAaJUYUe B MEXK3BE3/IHOM ITPOCTPAHCTBE OY€Hb CJIa0bIX
MAarHUTHBIX 11oJ1eit. [[719 Toro 4To0BI 00bACHUTD HAOJIIOIAEMYIO MTOJISIPU3AINIO CBETa Y IaJIeHHBIX
3Be3]1, HEOOXOIMMO HPEIIOI0KHATh, ITO BeJINIHHA 3Toro mojs nopsaaka 107°—107°¢ speren. B
JIAJIBHERTIIEM MBI elie He pa3 Oy/ileM FOBOPUTH O MEK3BE3/JHOM MATHUTHOM I0JI€. 37eCh TOJIBKO
3aMeTHUM, 4YTO Jpyrue, 60jee COBEPIIEHHbIE METO/IbI €r0 U3MEPEHUs MMOITBEPKIAIOT TTPUBE/IEH-
HYIO BBIIIIE OIEHKY.

HckmounTesbHO BazKHOE 3HAYEHUE UMeeT BOIIPOC 00 MOHU3AIUN MEXK3BE3/IHOIO ra3a U CB-
3aHHBII ¢ 3TUM BOIIPOC O ero memnepamype. Heobxoammo, ofHaKO, TOIEPKHYTh, YTO TIOHATUE
«TeMIepaTypas TPUMEHUTETbHO K MeXK3BE3THOMY Ta3y OTHIOJL He sBJISETC JIeMEHTAPHBIM.
eno B TOM, YTO 3TO HOHATHE, CTPOIO T'OBOPs, NPUMEHUMO TOJBKO K TejaM, HaXOJIATINMCS
B COCTOAHUU MEPMOOUHAMUYECK020 pasHrosecus. 1locaeaaee mpeanoaraeT oJIHOBPEMEHHOE BbI-
MIOJTHEHUE TIEJIOTO Psjia yesaosuit. Hampumep, criekrpasibHas MI0THOCTD U3JTyYeHUs JTOJZKHA OIU-
ceiBaTbes (popmyitoit [Lnanka, mosHast IOTHOCTE SHeprun — 3akoHoM Credana — Bosbivana,
COTJIACHO KOTOPOMY TOCJIeTHSs MTPOMOPIIMOHABHA YEeTBEPTON CTEIeHN TeMIIepaTypPhbl, pacipe-
JleJIEHIe CKOPOCTell pa3IMYHbIX aTOMOB, NOHOB, & TaKxKe JIEKTPOHOB — 3aKOHOM Makcsesia,
pacripejieJieHue aTOMOB, MOJIEKYJI U MOHOB I10 PA3JIMYHBIM KBAHTOBBIM COCTOSIHUSM — (hOpPMY-
soit Bonbiimana. Bo Bce 5T 3akoHBI 1 (DOPMYJIbI, KAK U3BECTHO, BXOJIUT BAXKHBIN IapaMerp,
UMEIONINi CMBICTT memnepamype,. Hanmpumep, B paciipejiesienne ckopocreit MakcBesia BXOIAT
Kunemuyeckas Temmeparypa, B dopmyny Bosmbiimana — memnepamypa 6036yosicdernus u mp.
Eciu reno (uam cucreMa) HAXOJUTCST B COCTOSHUU TEPMOJNHAMUYECKOTO DABHOBECHSI, TO BCE
9TU MAPAMETPhI — «TEMIIEPATYPhI» JIOJIYKHBI ObITH PABHBI JIPYT JAPYTY U TOTJIA OHU HA3BIBAIOTCS
IIPOCTO Memnepamypoti Teja.

Jlerko ybeuThed, 9TO JlaXKe B IPUBBIYHBIX JIJIs HAC €CTECTBEHHBIX 3€MHBIX YCJIOBUAX Tep-
MOJIMHAMUYECKOE PABHOBECHUE, KaK IpaBUjIo, He peaju3dyercd. Hanpumep, Korjia Mbl TOBOPUM O
TeMIIepaType BO3/yXa, BCETIa CIeAyeT YTOUHEeHHe: «B TeHn». OUeHb HAIVIAIHO MOXKHO YO€INTh-
¢S B TIOJTHOM OTCYTCTBUM T€PMOJMHAMUYECKOTO PABHOBECHSI Ha CJIEIYIONIEM ITPOCTOM IIPUMEPE.
3a/1a/IMMCsi BOIIPOCOM: KaKOBa TeMIlepaTypa Hallleil KOMHaTh cotHedHbIM JHeM? Kazasioch ObI,
OTBETUTH MPOCcTO: 0KOJI0 20 rpajtycoB mKajabl [Hembeus nim 293 rpamyca mraab Keirbpuna —
kesbBrHOB (K). Ho ¢ Tem ke ocHOBaHmMEM si MOTY yTBEpXK/JIaTh, YTO TeMIepaTypa KOMHATHL...
5700 K. ITogemy? Jla moTomy, 9TO BCsT KOMHATA HAIIOJHEHA TIPSIMBIM U PACCESTHHBIM COJTHETHBIM
CBETOM, CHEKTPAJIbHBINI COCTaB KOTOPOI'O IIPUMEPHO TaKO# Ke, KaK Y COJIHEYHOTI'O M3JIydeHUs.
Hy, a cuexktp Costia ovuenb 0JIM30K K CIHEKTPY a0COJIIOTHO Y€PHOTO TeJia, HAIPETOro JI0 TeMIle-
parypsl 5700 K. B To ke BpeMms ciiejlyeT UMETh B BUJLY, YTO NAOMHOCTL IHEP2UL COTHETHOTO
U3JIy9IeHns B KOMHATE MOYKET OBbITh B COTHIO TBICSY Pa3 MeHbIle, YeM Ha nopepxHoctu CosHIa:
Besib 0 Mepe yaasennsi or CoJTHIa MOTOK €ro M3JIydeHHns W3MEHsIeTCs 0OpaTHO IPOIOPITHO-
HAJIbHO KBaJPaTy paccTosdnusd. Kakoil ke CMbICT UMeeT OBITYIOIee MIPeJICTaBIeHNuEe O TOM, YTO
temriepaTypa KomHaTh! 20 rpajycos [lenbcusa? HesdaBHO MBI TPH 9TOM FOBOPUM O KUHEMUYECKOT
TeMIepaType, T. €. mapaMeTpe MaKCBEJJIOBA PaCIpeeieHns] CKOPOCTell MOJIEKYJT BO3/IyXa, 3a-
KJIIOUEHHBIX B Harreit komuare. Mexy tem 5700 K ectb ysemosas Temieparypa nU3aydeHus,
3AIIOJIHAIONIAS 9TY KOMHATy. Takum o0pa3oM, Ha 9TOM IPOCTEHIEeM IPUMepPe BUJIHO, CKOJIb
BEJINKH OTKJIOHEHHUS OT TEPMOJIMHAMIYECKOTO PABHOBECHS JaXKe B CaMBIX OOBIYHBIX YCJIOBU-
aX. 3aMeTuM, KCTaTU, YTO caMa KU3Hb KaK BeChbMa CJIOXKHBIH (DU3MKO-XUMUYECKUN TPOIECC
BO3MOKHA TOJIBKO IIPU OTCYTCTBUU TEPMOJIMHAMUICCKOTO paBHOBecus. CTporoe TepMojmnHa-
MHUYECKOe paBHOBeCHE — 3TO cMePTh. MOXKHO Jim TOBOPpUTH O TeMIlepaType B MeXK3BE3HOM
MIPOCTPAHCTBE, I'JIe OTKJIOHEHUsI OT TE€PMOJIUHAMUYECKOTO PaBHOBECHA HUCKJIIOYUTETHHO BEJIU-
ku? OKa3bIBaeTCsd, YTO MOYKHO, €CJIN KaXK/IbIil pa3 OroBapuBaTh, O KaKOi «TeMIepaType» HJeT
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peub. Yalre Bcero mpuxoUTCs FOBOPUTH O KUHETHYECKON TeMIlepaType MeK3BE3/IHOI CpeJIbl,
KOTOpasi MOXKET MEHSIThCsI B JIOBOJIBHO IMUPOKHUX mpefenax (cMm. Huzke). C apyroit cTOpoHSI,
ME2K3BE3/IHOE ITPOCTPAHCTBO HAIIOJHEHO U3JIyYeHUEeM OT OI'POMHOIrO KoJjmdecTBa 3Be3/1. [losro-
MY IIBETOBas TeMIIEpATypPa 3TOT0 U3TYUEeHNs TaKasd Ke, KaK y 3Be3/I, T. €. U3MePAETC ThICTIaMI
U JIeCATKAMHU ThICAY KeJbBUHOB. Ecimm MbI paccmMaTpuBaeMm, Halpumep, 00J1acTh MEK3BE3IHO-
IO MMPOCTPAHCTBA Ha PACCTOSHUU HECKOJIbKUX JIECATKOB CBETOBBIX JIET OT Topsyeil 3Be3/Ibl —
ruranTa crektpasabHoro kiaacca O—B (cm. § 1), To nBeroBas temmeparypa tam Oymer 20—40
TBICAY KeJIbBUHOB. Haob0opoT, Ha TaKOM Ke PacCTOSHUM OT KPAacCHOT'O CBEPXTUTAHTa IBETOBAs
TeMIIepaTypa MOXKeT ObITh OKOJIO 3 ThICAY KeJILBUHOB. B TO 2Ke BpeMs naommocms U3y deHust
B MEK3BE3/JHOM IIPOCTPAHCTBE UCK/IIOYUTE/HHO MaJja. OHa BO CTOJBKO K€ pa3 MeHbIIe ILIOT-
HOCTU W3JIy9YeHUsI Ha IMOBEPXHOCTU OJIMzKaiineil 3Be3/1bl, BO CKOJIBKO pa3 TeJIECHBIN yToJI, O
KOTOPBIM U3 KaKOW-HUOY/Ib TOYKN MEXK3BE3HOTO ITPOCTPAHCTBA BUJIEH JIMCK 3BE3/IbI, MEHbIIIE,
gem 2T . Ec/m mo1cauTaTh 9TO OTHOIIEHNE, TO OKAZKeTCd, IT0 0HO 0Koj10 1071°. B Mexx3Besaom
IIPOCTPAHCTBE CPEJIHsAs JIOTHOCTD JIYIUCTOM SHEPTUU OKOJIO 1 3JIEKTPOHBOJIbTA Ha, KyOMYIeCKuit
canrumerp min 10712 spr/cm3. CirieloparesibHo, TaK Kak SHEPrst Kask/I0r0 U3 CBETOBLIX KBaH-
TOB OKOJIO 3 9JIEKTPOHBOJIBT, HA KYyOMIEeCKUI CAHTUMETP MEXK3BE3IHOTO IPOCTPAHCTBA ITPUXO-
JINTCS MEHbIIIe OJTHOTO KBaHTa. B TO Ke BpeMd SHEPIruH 3TUX KBAHTOB IPUMEPHO TaKue Ke,
KaK B 3BE3JIHBIX aTMocdepax, Ije IJIOTHOCTh KBAHTOB Hem3Mepumo O6oJibine. B 9ToM cMmbIcsie
00pa3HO TOBOPAT, UTO TOJI€ U3JIYUYEHUT B MEXK3BE3THOM MPOCTPAHCTBE CUJIBHO «Pa3KUKEHOY.
SamMeTuM, YTO W B Hallleii KOMHaTe, U BOOOINEe Ha 3eMJie, U3JIydeHUEe TaK:Ke <«Pa3KUzKEHO».
TemmepaTypa MeK3Be3HON CpeJibl, OlpejersdeMas M0 MJIOTHOCTU 3aIOTHSIONIET0 ee MU3JIyde-
HU$, UCKJIIOYUTE/IbHO HU3KA — IOPSIJIKA HECKOJILKUX KeJILbBUHOB. VIMEHHO Takyio TemMiepaTypy
JIOJIZKHBI UMETh TTOBEPXHOCTHU TBEP/IBIX MBIIUHOK, HAXOAIINECT B MEXK3BE3THOM ITPOCTPAHCTBE
B TEILJIOBOM PABHOBECUU C OKPYZKAIONIUM HUX IOJIEM «Pa3KUKEHHOTO» U3JIyUEHUs: Be/Ib TaKue
MBLIUHKY JTOJI2KHBI TTOTJIONATh POBHO CTOJBKO K€, CKOJTBKO OHHM M3JTyvaloT.

Kpaiinee HecooTBeTCTBIE MEXKTy BBICOKOI IIBETOBOI TEMIIEPATYPOIl M3JIyUeHUs, 3AII0JTHSI-
IOIEr0 MEYK3BE3/IHYIO CPeJy, U €ro O4YeHb HU3KON IIJIOTHOCTBIO SBJISIETCS €JIBa JII He OCHOB-
HBIM (DAKTOPOM, OIPEJIE/IAIONINM CBoeobpasne (hU3MIECKUX YCJIOBUI B 3Toi# cpejne. Paccmor-
PUM KOHKPETHBIN, O9eHb BaxKHbII I JlajibHelinero, npumep. Peds moitger o horononnsarmm
MEXK3BE3/IHBIX aTOMOB IIPU IOTJIOIIEHUN MU YIbTPAMUOIETOBBIX KBAHTOB «Pa3KUKEHHOTO»
u3sydenus. B mporecce Takoit mOHU3AINN «OCBOOO/IUBIIIECS» OT aTOMOB 3JIEKTPOHBI ITpUoOpe-
TAIOT KUHETUIECKYIO SHEPIHUIO, OIPeIe/IIeMy0 U3BECTHBIM ypaBHEHUEM DifHIITeHA:

2

hv =X+ % (2.1)
rjeV — gacToTa KBaHTa IIOIVIOIIEHHOI'O U3JIyYeHUd, X — IIOTEHIa NOHU3AINN, OlIPEAe A0l
SHEPTHIO CBA3MU JIEKTPOHA B aroMe. V3 a1oit opmysisl, onuparorieiics Ha OCHOBHBIE ITPEJICTAB-
JIeHUs KBAHTOBOI TeOpuH, CJIe/lyeT, 9YTO KHHeTUIecKas SHEPTUA POTOIIEKTPOHA OIIPE/IEISIETCS
MOALKO FaCTOTOI MOTJIOMEHHOTO KBanTa. OHa COBEPIIIEHHO HE 3aBUCHUT OT NMAOMHOCMU TAKUX
KBaHTOB B OKpyKatoiieM npocrpanctse. [losromy kKunernveckue suepruu (hpoTO3JIEKTPOHOB B
ME2K3BE3/IHOM ITPOCTPAHCTBE OYJIyT TAKUMU 2Ke, KaK B aTMocdepax 3Be3/I, T. €. JJOBOJbHO BbICO-
KUMU, TIOPSIJIKA HECKOJBKUX 3JIEKTPOHBOJIBT. CTAIKNBAsSICH MEXKLYy COOOil, 9TH SJIEKTPOHBI CPAB-
HUTEJILHO OBICTPO YCTAHOBAT MAKCBEJIJIOBO PACIIPE/IeJIeHNe CKOPOCTel, CIeJI0BATeIbHO, MOYKHO
OyeT roBopuTh 00 ux Kuremuyeckot memnepamype. C Apyroit CTOPOHBI, IO MPUYUHE HEYIIPY-
UX CTOJIKHOBEHHUI ¢ aTOMaMU 3JIEKTPOHBI OYIyT HEIPEPbIBHO TepsTh dHepruio. B pesyibrare
«basancay MEXKJIy «IOTEPSHHOW» TAKUM 00pa30M M «IIpUOOpeTeHHOi» (Ipu (HOTOMOHU3AINN )
SHEPTHUSAME TeMIlepaTypa MeK3Be3THON CpeJIbl OKOJIO MOPSYNX 3Be3][ YCTAHABINBAETCA Ha JI0-
BOJILHO BBICOKOM ypoBHe okoJio 10 000 K.

LA me 471, KaK MOXKeT MOKa3aThCs, IOTOMY [UTO Ha HOBEPXHOCTH 3BE3.IBI IOTOK M3/IyIeHI HAIIPAB/IEH TOIHLKO
HAapyXKy, T. €. JJaKe TaM YCJIOBHE TEePMOJIUHAMUYECKOI0 PABHOBECUSA HE BBIIIOJIHACTCH.
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Hwuskag m1oTHOCTD M3JIydeHns] B MEXK3BE3/JHOM ITPOCTPAHCTBE B COYETAHUU C KpaiiHe HU3-
KOl TIJIOTHOCTBIO MEYK3BE3/IHOI'O ra3a MMeeT W JIPyroe O4YeHb BaXKHOE CJIEJICTBUE, O KOTOPOM
MBI YK€ YIOMHHAJM paHblie. Tak Kak 10 9TOH HPUYMHE IIPOIECCHI TOTJIOMICHUS W3y YeHUS
aToOMaMu OyJIyT IMPOUCXOIUTH OY€Hb PEJIKO, BO30YK/IeHHbIE KAKIM-TU00 00pPa3oM aTOMbI U MO-
JIEKYJIBI Oy T 06€3 BCAKUX MPENSATCTBUIN [IePEXOIUTh B OCHOBHOE COCTOsIHUE, U3JIydas IIPU STOM
COOTBETCTBYIOINE KBAHTHI. DTO OyJeT MUMETh MECTO U TOTJia, KOIjia BO30YXKJIEHHbIE yYPOBHU
«MeTacTabU/IbHBI», T. €. aTOMbI MOT'YT HAXOJUThCA HA HUX aHOMAJILHO JI0JIM0. B yc/ioBusax 3em-
HBIX JlabopaTopuil Ojarogapsi CTOJKHOBEHUSM W IPOIECCAM IIOTJIONICHUS CBETa, CBI3AHHBIM
¢ Tepexo/laMi aTOMOB Ha <«BBIIIeJIeXKAIue» YPOBHU, IEPEX0/] ¢ MeTacTabUJIbHOTO YPOBHSA Ha
OCHOBHOI HE COIPOBOXKIAJICA ObI U3JIydeHHEM KBAHTOB COOTBETCTBYIOIIEH dacToThl. B yemoBu-
SIX 7K€ MEXK3BE3/IHOM cpeIbl HaXOIIIUCs Ha MeTacTabM/IbHOM YPOBHE aTOM MOXKET JOCTATOTHO
JIOJITO «ZKJIaTh» — BE€JIb €My HUKAKHe CTOJIKHOBEHUS WJIU TIOTJIOIEHUS He MEITAIOT — UB KOHIIE
KOHIIOB IIepeifT Ha OCHOBHON ypOBEHb, U3/Iy4YUB KBAHT CIIEKTPAJIbHON JIMHUU, HAa3bIBACMONl y
CIIEKTPOCKOIINCTOB «3aIPEeIeHHOi &,

Tak Kax HUKaKHe MMPOIECChl B3aNMOAEHCTBIAS BO30YKIEHHBIX aTOMOB C BEIIECTBOM U H3JIy-
YEeHHEM <«HE YCIIeBAIOT» ITPOU30MTH, IMTPAKTHIECKNA BCE aTOMBI, HOHbI U MOJIEKYJIbI MOI'YT COBEp-
IMATh MEPEXOJIbl TOJBKO «BHU3», B OCHOBHOE COCTOsIHHE, U3JIydas COOTBETCTBYIOIINE KBAHTHI.
[Iepexobl «BBEpPX», T. €. B COCTOAHUE ¢ OOJIee BBICOKON SHEPIueil, BOSMOXKHBI TOJIBKO JIJIsI aTO-
MOB, HAXOJISAIINUXCA B CAMOM «IUVIYOOKOM», OCHOBHOM cOCTOsiHUM. Kak IpaBmIo, TaKue IMPOIecchl
CBSI3aHbI C ITOIVIONIEHNEM VIBTPadUOJIETOBBIX KBAHTOB, TaK KaK YaCTOTHI PE30HAHCHBIX JIMHUI 1
ITOTEHIMA/Ibl HOHU3AIIUN aTOMOB U MOHOB JIOCTATOYHO BeJIUKH. Takum oOpa3oM, B MEK3BE3THOI
cpejie JOJIKEH IPOMCXOINTH OYeHb BayKHBIA MPOIECC «IIepepabOTKI» KBAHTOB: ATOMBI IIOIJIO-
MAIOT YJIbTPadHUOIeTOBbIE KBAHTDI, & IIOTOM, ITOCE PEKOMOMHAIIMN Ha BO30YKJICHHBIE YPOBHU
U psija «KacKaJHbIX» IePEeX0JI0B «BHU3», Ha OCHOBHOI YPOBEHb, U3/IyYalOT MeHee SHEePTUIHbIE
KBAHTBI, JIJTHHBI BOJIH KOTOPBIX HAXOIATCA B ONTUYIECKOM Jnana3one. Takoii mporecc B jjabopa-
TOPHOIT (pU3KMKe HOCUT Ha3BaHUE «(IyOPECIICHITIT > .

B Mek3Be3HOM TPOCTpaHCTBe TUIIMYHON siBjIsieTcs ciejytorast cutyarnusi. O61ako Mex-
3BE3JIHOTO I'a3a, HAXOJISIIEeCs B CPABHUTEIHHON OJIM30CTH OT ropsueil (1 O3TOMY CHJILHO U3JIy-
Jaromieil B yabTpadroIeTOBON YacTh CIIEKTPa) 3BE3/IbI MOIJIONAeT KBAHTHI, CIIOCOOHBIE MOHU30-
BaTh BOJIOPOJ. JIIMHA BOJIHBI TAKMX KBAHTOB JI0JIZKHA ObITh MeHbIre 912 A. M3-3a mnoriomenus
9TUX KBAHTOB IIOIABJISOIIAA 9aCTh BOJIOPOIHBIX aTOMOB B 00JI1aKe CTAaHOBUTCSI MOHU30BAHHBIMUA.
DJIEKTPOHBI, PEKOMOMHUPYsI C TPOTOHAMH, OY/IyT M3JIyIaTh y?Ke KBaHTHI B BUJIMMON U WHMpa-
KpacHOIl 00JIacTsaX, HAIIPUMeED, B JIMHUSIX OaIbMepOBCKOM cepuu. Te Hee 371€KTPOHBI, CTAJIKH-
BasiCb C aTOMaMHU ¥ MOHAMHU KHCJIOPO/Ia, a30Ta, CePhl U JIPYTIUX JIEMEHTOB, OYyIyT BO30Y:K/1aTh
UMEIOIKecss Yy HUX MeTacTabuibHble ypoBHHU. [locieanne O6yayT OGecpensiTCTBEHHO «BBICBETH-
BaTbCsI», U3JIydasl IIPU STOM 3allpPeleHHble JIMHUL.

ObJtacTu MeXK3BE3/IHOIO Ta3a, PACIOJIOKEHHBbIE B CPABHUTE/ILHON OJIU30CTH OT IOPSIYUNX
3BE3/I-TUTAHTOB CIEKTPAJIbHBIX KjaaccoB O u B, 0bs3aTe/bHO T0KHBI OBITH IOJTHOCTHIO MOHU-
30BaHHBIMU. ByaeT Jiu, oqHaKO, MOHU30BAH BECh MeXK3Be3/IHbIN ra3? Pacuers!, MogKperIeHHbIe
HaOIOIeHnSIME (CM. HIZKE), TIOKA3bIBAIOT, 9TO B OOJIBIIEHl TaCTH MEXK3BE3IHON CpeJIbl BOIOPOT
oyeT ne uonudosar. L'opsaune 3Be3/1bl CIIOCOOHBI HOHM30BAThH BOJIOPOJ BOKPYT ce0s TOJIBKO JI0
OTIPEJICJIEHHOTO PACCTOAHMS, 3aBUCAIIECTO KaK OT MOIIHOCTH YJIbTPa(pUOIETOBOIO U3y IeHUS
3BE3/IbI, TAK U OT IJIOTHOCTU MEXK3Be3HO# cpeibl. Takmm o0pa3oM, «TOIOJOTUsT» MOHUBAIIN
ME2K3BE3/IHOI CPeJIbl BBITVISIUT BEChbMa, CBOCOOPA3HO: BOKPYT TOPAYUX 3BE3/I UMEIOTCA 3aMKHY-
ThIE TIOJIOCTH (B W/IEAJbHOM CJIydae MOCTOSTHHON TIOTHOCTH MeXK3Be3THOM cpejibl — cdephl),
Ir7Ie BOJOPO/I HOHM30BaH, B TO BPEMs KaK MeK/1y TOJIOCTAME BOJ0pO, HefirpaseH. Obractn MexK-
3BE3/IHOI CPeJIbl, Ie BOJOPO HOHN30BaH, Ha3biBaoTCsd «30HBI H II», a obsactu HEfiTpaabHOrO
Boopoia — «30ubl H I». Pajnyc kakoit-aubyas 3oubr H 11 onipeiesnisiercst u3 basianca noHU3aIun
BHYTPHU Hee: KOJMYIECTBO IOTJIOIIEHHBIX B 9TOI 30HE 3a €IMHUILy BPEMEHH YIbTPa(UOIETOBBIX

1V sroro npasmia ecTh BayKHbIE HCKJIIOYEHUS, O KOTOPHIX pedb OyeT WITH HU¥Ke.
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KBAHTOB (KOTODBIE U3JIydaloTCsd ropsdeil 3Be3J10i) PABHO KOJMYECTBY DEKOMOMHAIUN MEXKy
[POTOHAMU U JeKTpoHaMU. Tak KaK KayKJbIf MOTJIOMIEHHbBIT KBAHT MPUBOIUT K IOsIBJICHUIO
[apbl MOHOB, B TC BPEMs KaK KaXK/Iblif aKT PEKOMOMHAIINY YHUYITOXKAET Mapy NOHOB, HAIIIE yCJIO-
BI€ IIPOCTO O3HAYAET HEM3MEHHOCTh COCTOSTHIS MOHU3AIINN CO BpeMeHeM. 3aluIieM 9TO YCIOBHUe
MaTeMaTHIeCKH:
11¢R3aNeNi = @, (2.2)
3 hv
e R — paJimyc 30HbI HOHU3AIUN, KOTOPYIO MBI IIpejioiaraeM chepudeckoit, AN, N; — duciio
peKoOMOMHAIIN B euHUIEe o0beMa 3a ceKyH 1y, N, = N; — KOHIeHTPAINH 3JIeKTPOHOB I MOHOB,
a — koaddurment pekombunarmu, L(T) — MONHOCTD yIbTPadUOIETOBOTO U3JIyIeHUs 3BE3-
JIbI, 3aBUCSIIAs OT TEMIIEPATYPBI €e MMOBEPXHOCTHU, hV — CpeJHsst SHEPIHUs yIbTPaAdUOIETOBBIX
kBaHTOB. 13 dopmyuter (2.2) cieayer, aro

R=6¢(T)- N2 (2.3)

Pacuernl nokasbiBaior, 4to npu N, ~ 1 cM™2 (Besmunna, Heaiekas oT JIefiCTBUTEILHOCTH; CM.
HIZKE) JIJIST 3Be3JT CeKTpasibHbIX KiaccoB O u B BesmamHa R MOXKeT JOCTUTHYTH MHOTUX Jle-
CATKOB Iapcek. BHyTpu 910l orpomMHoil 00/1acT HAXOATCS JIECATKHU ThIcsad 3Be3/1. MHTepecHo,
gro nepexos Mexky 3oHamu H II u H 1 odenn pe3ok: Ha NpoTsizKeHUN KaKUX-HUOY/Ib COTHIX
JloJieil mapceka MeXK3Be3IHbIH BojopoL u3 cocrostaus noutu 100%-Hoii noHusamum nepexouT
B HEATPaJIbHOE COCTOAHUE.

Bce norsormennoe yiabTpaduosieToBoe M3aydeHue NEeHTPaJIbLHON ropsdeil 3Be3/bl 30Ha H
IT «mepepabaTbiBaeT» B «BUAUMbBIE» U «MH(MPaAKpPACHbIE» KBaHTHI 0AJIbMEPOBCKON U MAIIEHOB-
CKOIT cepuil BOJOPO/a U B 3allpellieHHbIe JIMHUHU, & TaK»Ke B yJIbTPadroIeTOBble KBAHTHI JITHIT
«taiiMan-asibday. [losromy s nabrogaresnd Takad 30Ha JOJZKHA IIPEJICTaBIATh OO0 Helrpa-
BUJIbHOI (DOPMBI TIPOTAKEHHBIN 00beKT, 60jiee U MeHee CHJILHO U3JIyYaloNuil B OT/IeTbHBIX
CIEKTPAJILHBIX JIMHUAX. HO 9TO ecTh He 4TO MHOE, KaK 2a306ble MYyMaHHoCcmu, Hanbdoiee spKue
U3 KOTOPBIX (Hampumep, B cospesauu OpHOHA) yKe OYeHb JIABHO U3BECTHBI acTpoHOMaM. 3y-
YeHrne eJUHUIBI 00beMa TaKOW TYMaHHOCTH OOYCJIOBJIEHO PA3JIMIHOIO POJA CTOJTKHOBEHUIMUI
MEXK/TY JIEKTPOHAMY ¥ HOHAMU, IPUBOJIATIINME K TOABJIEHUIO AaTOMOB M HOHOB B BO30Y 2K JIEHHBIX
coctosinugx. lloaToMy ykazanHoe u3jrydeHne J0/KHO ObITh ITPOIOPIUOHAIBLHO KBJIPATY TLIOT-
HOCTH Nf . OcHOBHOIT XapaKTePUCTUKON, OMpPeIeISIONell yea0BUs HADIIOIeHNsT TYMaHHOCTE,
SIBJIIETCA UX MMOBEPXHOCTHASA SIPKOCTb, KOTOpas MPOIOPIIHOHAIbHA TPOU3BEJICHUIO U3JTyYCHUS
eJINHATIBI 00'beMa, Ha MPOTs>KeHHOCTh M3JIydalomieii obiactu 1o Jjyay 3penns R. CienoBareb-
HO, MOGEPTHOCMNGA APKOCM® TyManHocTu | mponopiuonaibia seauunne N2R, HazbiBaeMoil
«MEpO IMUCCUN Y.

Ha puc. 2.3—2.5 npusejienbl HeCKOIbKO dotorpaduit obracreit H II— razoBbix TymMaHHO-
creit. 9t ororpadun MoJydeHbl depe3 pUIbTP, MPOIYCKAIONUN KPacHy0 BOJIOPOIHYIO JIU-
Hnto Hy. XopoIio BUIHO CJI0KHOE pacupeeeHne sipKoCTh y 9TuX 00beKToB. Clie/ryer, 0IHaKO,
UMEeTb B BHJLY, YTO «KJOYKOBATAsl» CTPYKTYPAa MOIJIOMIAIONINX CBET MbLIEBLIX 00JIAKOB (IIPOEK-
TUPYOIMIUXCsST Ha TYMAHHOCTH JIHOO HAXOJAIINXCS B HUX) CHUJIBHO HCKazKaeT JIeHCTBUTEIbHYIO
KapTUHY pacipeieeHust SPKOCTH.

3Has U3 aCTPOHOMUYIECKUX HAOIIOIECHNN TOBEPXHOCTHYIO IPKOCTH TYMAHHOCTH, BCET 18 MOK-
HO IIOJIYYUTH COOTBETCTBYIOILYIO €if Mepy aMuccuu. Kem mpu 3ToM n3BeCcTHA ee MPOTAXKEHHOCTh
o Jiy4dy 3penus R, To cpa3y ke omnpejensercd BeaundanHa N, T.e. IJIOTHOCTb MEXK3BE3HOTO
raza. Ciiesryer, ofHaKO, MMOAIEPKHYTh, ITO IO MPUINHE BeChMa HEOIHOPOIHOTO PACIIPEIEICHUST
MEXK3BE3/IHOTO Ta3a TaKuM 00pa30M oIpejie/ieHHas IJI0THOCTh UMEET CMBICT HEKOTOPOI'O CPE/I-
Hero 3uaveHnsi. OKa3bIBaeTCsd, 9TO B 00JIaKaX MEXK3BE3/IHOIO ra3a CPeJIHss ILJIOTHOCTh — OKOJIO
10 moHM30BaHHBIX aTOMOB BOJIOPOJA Ha KyOmdueckuii canTuMerp. OTAebHbIE, OUY€Hb ILJIOTHBIE
obJraka IMEIOT KOHIIEHTPAIIUIO aTOMOB MOPSIKA HECKOJIbKIX ThICAY HA KyOUYeCKUil CAHTUMETD
u Oosibiie. Takue mIoTHBIE 0OIaKa HAOJIONAIOTCS KAK OYEeHb spKHEe TyMaHHOCTH. KoHIeHTpa-
AT ATOMOB B MEK3BE3JTHOM IPOCTPAHCTBE MEXKIy oOJlaKaMU 110 KpaifHeil Mepe B COTHIO pa3
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Puc. 2.3. ®ororpacdus rymannoctn Opuona.

(i omiresy B

Puc. 2.4. ®ororpacdusa rymannoctu W 3.
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B

Puc. 2.5. ®ororpacdus rymannocreit «Cepepras Amepukay n «Ilesmmkans.

MeEHbIIE, 9eM B obj1akax. KoHrenrpaum aToMoB B 06/1akax MezK3Be3HOT0 ra3a, T/ie BOJIOPO/L He
nonnzoBaH (30ubl H 1), ¢ 60sbII0i HA/IEXKHOCTBIO HAXOATCS U3 aHAIN3a YIBTPAhUOTIETOBBIX
JINHUI TIOTJIOIIEHWI 3TOTO Ta3a B CIEKTPaX 3Be3/l, MOJTyJYaeMbIX Ha OPOUTATBLHBIX aCTPOHOMU-
JeckKnx obcepBaTopudAx. B WacTHOCTH, MO CIEKTpOrpaMMaM, MOJIyUYeHHBIM Ha ciyTHuke «Ko-
MIEPHUK» , MOXKHO CJEJATh KOAUYECMEEHHbI, XUMAYEeCKAN aHaIN3 MeyK3Be3/IHOI cpeibl. s
HCCJIEJIOBABIINXCA TaKUM 00pa30M 00JIAKOB, IMPOEKTUPYIONIUXCS Ha CPABHUTEIBLHO OJIU3KHME K
HaM 3Be3JIbI, KOHIICHTPAINs BOJIOPO/Ia OKa3a/lach MOPIIKa HECKOJLKUX COTEH Ha KyOWmdecKuit
CAHTUMETD.

TrarebHBIN aHAJIN3 CIIEKTPOB, OJIYUeHHBIH Ha «KomepHuke» OT cpaBHUTEJIHHO OJIU3KUX
(Haxojgmuxcs oT Hac Ha paccrogaun oT 20 10 150 11c) 3Be31, JIUIEHHBIX KAKOro O6bI TO HU Obi-
JIO TIOKpacHEeHUs, 00YCJIOBJIEHHOIO KOCMHUYECKON IThLIbI0, TTO3BOJIMI HCCIEI0BaATh (PU3NIECKUE
CBOICTBA BeChbMa, Pa3pe:KeHHON MEXK3BE3/IHOM cpeibl, HaxodIeiica Mex 1y obiakaMu. B aTom
caydae MHTEHCUBHOCTH MEXK3Be3/IHBIX JIMHUI TOT/IONIeHUs OUeHb MaJsia. B ocHoBHOM HabJII0/1a~
JINCh PE30HAHCHBIE JIMHUU OJHOKPATHO MOHU30BAHHBIX aToMoB. Co3aeTcs BIeYaTICHUE, UTO
TSAXKEbIX JIEMEHTOB B MeXKOOJIAUYHOW cpejie OTHOCUTEJIHHO MeHbIle, YeM B objakax. KoHIeH-
Tpalusi BOJIOPOJa B Me:KOOJIaUHON cpejie MeHsIeTCd B JOBOJIbHO IIMPOKUX Ipejerax ot 0,2 10
0,02 ev3.

Me:xx3Be3 bl a3 B ['alakTHKe KOHIEHTPUPYETC B 0Y€Hb TOHKOM CJIOE OKOJIO €€ TIJTOCKO-
ctu cummMerpun. Tosmmuaa 3Toro ciog He npesbimaer 200 11c, a cpedras KOHIEHTPAIA YaCTHUIL
B HeM okoJ10 1 em 2. Takoii cpeHeil KOHIIEHTPAIH aTOMOB COOTBETCTBYET CPEIHHAS MIJIOTHOCTD
okosto 10724 r/em3. BameTum, uTO cpeiHss IJIOTHOCTD MEXK3Be3IHOM IILLIH TPUOIU3HTEIHHO B
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2. OBUIVE CBEJEHUS O MEXK3BE3JHOU CPE/E

CTO pa3 MeHbIre. JIT0OOIBITHO OTMETUTh, YTO IJIOTHOCTD TSI?KEJIBbIX 3JIEMEHTOB B MEXK3BE3HOM
raze (T.e. BCEX 3JIEMEHTOB, UCKJII0Uast BOJOPOJ 1 Teymit) okoao 10720 r/ev®. Tak kak Mex3Bes/I-
HBIE MTBIJIMHKN COCTOAT ITPENMYIIIECTBEHHO U3 TAXKEJIBIX 9JIEMEHTOB, 3TO O3HATAET, ITO IPUMEPHO
IIOJIOBUHA BCEX TsXKEJIbIX JIEMEHTOB B MEXK3BE3/HOM Cpejie «CBdA3aHa» B TBEPJIbIX YaCTHUIAX,
MEXKJIy TeM KaK BTOpas IMOJIOBUHA HAXOIUTCA B ra3000Pa3HOM COCTOSHUHU. DTO YIUBUTEILHOE
00CTOSITE/THCTBO, KOTOPOE TIOKa eIl He HAILIO 00bsICHEHU, JTOKHO UMETh OOJIbIIIOe 3HAUCHUE
JIJIST TIOHUMAHNS ITPOUCXOXK IEHUST MEXK3BE3IHOM TIBLIN.

Wrak, KOHIIEHTpAIsT aTOMOB M€eXK3BE3/ITHOTO ra3a Mo KpaiiHeil Mepe B MUJIIHAP/T MUJLTHAD-
JIOB pa3 MeHbIIe, 9eM B 3eMHOiT aTMocdepe. Tem Oosiee mapa0KCaIbHBIM ABJISIETCS YTBEPZKIe-
HIE, YTO MEXK3BE3IHBII ra3 OTHIOAb He siBjIgeTcs BakyyMmoM! B camom jeste, 9To Takoe BakyyMm?
OkasbIBaeTcs, JaJeKo He BCIKHUil, j1ayke O9eHb Pa3pesKeHHBIN ra3 MOXKHO CIUTATh BaKyyMOM.
Tonbko ToT A, KOTJia JIjIMHa CBOOOJIHOIO IIpobera JacTuil ra3a 60JibIlle, YeM pa3Mepbl 00beMa,
B KOTOPOM 39TOT Tr'a3 HAXOJUTCs, MOXKHO TOBOPUTH O Bakyyme. Hampumep, B razopaspsiiHO
TpyOKe KOHIIEHTPAIH aTOMOB Ta3a MoxkeT O0nITh 10'2 em3. Torma mmma cBobogHOTO Tpobera,
[ ~ 1/n0, rie 0 ~ 1071 cm? — nonepednoe cevenne aToMOB NIPU CTOJKHOBEHUSAX. Ecm jmu-
Ha TPYOKM MEHBIIIE MeTpa, MOXKHO T'OBOPHUTH O BakKyyMe. B Me:K3Be3THOM IMPOCTPAHCTBE IIPU
n~1lcu31~10% cm, T e 3-107% e, Mesky TeM Kak TOJIIMHA Ta30BOrO JNCKa B I'aJaKTHKe
okos1o 200 mc. IIpu Takux ycaoBUsSIX HI O KAKOM BaKyyMe He MOKeT ObITh pedn. MesK3Be3THbIit
ra3 — 9TO HeIpepbIBHAs, CKUMaeMasl cpejia, KOHTUHYyM. K HeMy MOJIHOCTBIO TIPUMEHUMBI 3a-
KOHBI Ta30Bo# JunaMuku. [1o 3Toit HenpepbIBHO cpejie paclipoOCTPaHsIOTCA BOJIHDI, HAIIPUMED,
yaapHuble. B gactHOCTH, 00 OJHOM BasKHOM THUIIE YJIAPHBIX BOJIH B MEXK3BE3/IHOI Ccpe/ie, BbI3BaH-
HOM B3PBIBOM 3Be3]I, peub OyJeT ujaru B § 16. DTa cpejla oxBadeHa CJIOKHBIM, TypPOYJIEHTHBIM
JIBIPKEHUEM, 110 Hell OOBITHO IPOXOJIUT MeJKas «PsiOb», 0 KOTOpPOil pa3roBop Oyjer ujaru B §
21. Cnenyer erie nMeTb B BHy, UTO 3Ta HENPEPBIBHAS Cpejia 00JaaeT JTOBOJBHO BBICOKOM
9JIEKTPOIPOBOJIHOCTHIO, TaK Kak oHa Jinbo mosHocThio (B 3onax H IT), mbo yacruano (B 30HaX
H 1) uonusosana. I3-3a BBICOKOIl HPOBOJMMOCTH MEXK3BE3JHON CpeJibl HAJMYKME B Hell Mexk-
3BE3/IHBIX MAIHUTHBIX I10JIEH IIPUBOIUT K OYeHb MHTEPEeCHBIM 3 dekTam. MaruuTHbie CUI0BbIE
JINHUU KAK Obl «IPUKJIEEHBI» K MEXK3BE3HOMY Ta3y U CJIEJYIOT 38 HMPUIY/JINBBIMU JIBUZKEHU-
sIMI €r0 00J1aKOB. JacTo Mek3Be37HOe MArHUTHOE II0JIe, €CJTH OHO JIOCTATOYHO CUJIBHO, KakK
OBl «KOHTPOJIUPYET» JBUKEHHs 00JIAKOB, 3alIpelasi UM JIBUTATbCS IONEPEK CUJIOBBIX JIMHUIA.
Ouenb BaxkKHasi BETBb COBPeMeHHOM (hu3uKu, uMeronias 60/IbIIoe MPUKJIaIHOe 3HaYeHHe — Mar-
HUTHAaSA THAPOJNHAMUKA — POJMIACH B ACTPOHOMUH, B YaCTHOCTH, IIPU UCCIETOBAHUN ITPUPOIHI
MEK3BE3/IHOTO T'a3a.

Ecnu 10 BO#HBI acTPOHOMBI OTPAHUYINBAJINCH TOJBKO U3YUEHUEM CIIENU(MUIECKAX MPOTIEeC-
COB B3auMMOJICHCTBUS MEXK3BE3HOTO Ta3a WM TOJIA «Pa3:KUKEHHOr0» W3JIydeHUs, TO B IOC/Ie-
BOEHHBII TIEPUO/T Bce DOJIbIiee 3HAUEHNE TPUOOpPeTaeT MArHUTHO-TUIPOJINHAMUIECKII ACIIeKT
910i 11pobJieMbl. OcoOEHHO DOJIBINIOE 3HAUEHHE ITOT aCleKT UMeeT JIJisi IEHTPAJILHOM IIPOOIeMBbI,
KOTOpasl HAC MHTEPecyeT — 0Opa30BaHUs 3BE3/l M3 MEYK3BE3HOW CPEJIbl IyTeM KOHJICHCAITIH
mocJie/IHeil. DToit mpobsiemMe OyIeT MOCBAIIEH CIe Iy oIl maparpad.

Jlo cux 1op, roBOpsi O MEXK3BE3/IHOM Ta3e, Mbl UM B BUJLY IpeuMyIiecTBeHHo 30Hb1 H 11,
U3JIydaloue ClueKTpaJbHble JUHUA B OINTUYECKOM JUAIIAa30HE JJTUH BOJIH U ITOTOMY ¢ 0CODOit
TIIATELHOCTBIO HCC/IElyeMble MeTOJaMU ONTHYecKoi actponomuun. Jlo BoitHbl mH(MOpPMAIUS
(Becbma ckyzHast!) o 3oHax H I moryia ObITH MOJIyUYeHA TOJIBKO IIyTEM U3yUeHUs MeXK3Be3]I-
HBIX JINHUH TTOTJIOMIEHUsI. DTOT METOJL Oy YU/ CYIIEeCTBEHHOE PA3BUTHE B ITOCJTEBOEHHBIE TOIBI
B CBSI3W C ycrexaMu BHeaTmocdepHoit actpoHomun. [locsie BOWHBI B CBSI3W C pa3BUTHEM pa-
JTMOACTPOHOMUN HadaJIaCch HOBas SII0Xa B MCCJIEIOBAHUAX MeXK3Be3/IHOro rasa. Eme B 1944 1.
TOJUIAHJICKHIT CTY/IEHT-aCTPOHOM BaH Jie XyJICT (HbIHE OH JUPEKTOp obcepBaropui Jleii1encKoro
YHUBEPCUTETA) BBIJIBUHYJI OJIECTSIIILY IO UJEI0, CYTh KOTOPOi CBOJUTCS K CJICIYIONIEMY: €CJIN JIBA
ATOMHBIX YPOBHS HAXOJATCS OYeHb OJIM3KO JIPYT K JAPYTy (T. €. 0U4eHb MAJIO OTJIMYAIOTCS 110 CBO-
UM HEPTHUsIM), TO [IEPEX0J] ATOMA C «BEPXHEr0» yYPOBHSI HA «HIZKHUIT» OyeT COMPOBOKIATHCS
n3JIydeHreM KBaHTa, JJINHA BOJHBI KOTOPOI'O IMPUXOIUTCI Ha paJinoauana3on. M Kak BakHeii-
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MU IpUMep TAKOT'O Hepexoja, MOJIOJAON IoJITaHJACKUNA acTPOHOM yKas3ajl Ha aTOM BOJIOPOJa,
HaXOJIANINUICT B caMOM «TUIyOOKOM» KBAHTOBOM COCTOSTHUHU. Y K€ JaBHO M3BECTHO, UTO TOMY
COCTOSIHUIO COOTBETCTBYIOT JIBa OYEeHBb OJIM3KUX yPOBHsA. Pa3zHOCTb dHEPTUU MEXKJIy YKa3aHHbI-
MW JIByMsI YPOBHSIMH €CTb Pe3yJIbTaT B3auMOJEHCTBUS COOCTBEHHBIX MAIHUTHBIX MOMEHTOB,
00pa3yoIX BOJOPOJIHBIN aATOM IIPOTOHA U JIEKTPOHA. B cBOIO odepesib MarHuTHbBIE MOMEHTHI
CBSI3aHbBI CO CIIMHAMHU COOTBETCTBYIOIIUX 3JEMEHTAPHBIX JaCTUIl. DTO JABHO yKe U3BECTHOE B
CIIEKTPOCKOIINU sIBJIEHUE HaOJII0/laeTCsl KaK pacllelljieHne CIIeKTPaJJbHBIX JIUHUI Ha HECKOJIb-
KO OY€eHb OJIM3KHUX JIPYT K JIPYTY KOMIIOHEHT (TaK Ha3bIBAEMad «CBEPXTOHKAA CprKTypa»).
[To onenke Ban jie XyJicTa Iepexojl MEXKJIy «BEPXHUM» U «HUXKHUM» YPOBHSIMHU CBEPXTOHKOI
CTPYKTYPBI aTOMa BOJIOPO/Ia JIOJIZKEH COIIPOBOXKJIATHCS N3JIyUeHNeM JIMHUHU C JIJTMHON BOJIHBI 21
cMm. CrycTst deThIpe roja, ciaydaiiHO y3HaB 00 Hjee BaH Je XYJICTa U BeCbMa 3alHTEepPecOBaB-
IIIACh €10, aBTOP 9TOW KHUI'U ITPOU3BEJI JIeTaJIbHBIN TeopeTudecKuil anaans ot ujen. [Ipexie
BCEro HaJ0 OBLIO OIEHUTD, KaK JI0JII0 Oy/IeT HaXOUThCsS aTOM BOJIOPO/a Ha «BEPXHEM» YPOBHE
CBEPXTOHKOU CTPYKTYPBI, II0K& OH CaMOIIPOU3BOJILHO IepeiieT Ha HUXKHUU yPOBEHb, U3JIy4nB
KBaHT B juHuu 21 cMm. Benp oT 9TOro 3aBHCUT MHTEHCHUBHOCTHL 3TOM JIMHUM, T. €. caMa BO3-
MOKHOCTD €e HaOJIIOJICHHSI, 9TO MPEK/Ie BCEr0 NHTEPECOBaJIO acTpOoHOMOB. OKa3a10Ch, 9TO 9TO
BpeMs T HEIIOMEPHO JJIMHHO, Iesbix 11 mMusamonos Jier! HamoMmuio, 910 0ObIYHAS IIPOIOJIZKI-
TeJIbHOCTD »KU3HU B BO30Y2KJIEHHOM COCTOSIHMHU Y aTOMOB, U3JIYUAIOIIUX «ONTHYECKUEy JIMHUM,
OKOJIO CTOMUJITHOHHOM JTOJTH CEeKYH/ThI!

Haxopsruiics Ha BepxHEM yPOBHE CBEPXTOHKON CTPYKTYPbhI ATOM BOIOPO/Ia ¢ TOPas3/1o 00/Ib-
el BepOATHOCTBIO Tepeii/ieT Ha HUKHUN ypoBeHb Oe3 maiydeHus kBaHTa 21 cM. DTo Oymer
UMETh MECTO IPH OOBITHBIX CTOJIKHOBEHUAX MEXKJy aroMaMu Bojiopoja. s aTtoma Bojopo-
Jla, HaXOJIAIIErocs B 00JIaKe MEYK3BE3/IHOIO T'a3a, IPOMEKYTOK BPEMEHH MEXKIy JIBYMSA TAKHUMU
CTOJIKHOBEHHSAMU OyJIeT «BCEro JIMIIb» HECKOJBKO COTEH JIeT — CPOK OTHOCHUTEIbHO HUYTOXK-
ublii. C Apyroit CTOPOHBI, TaKKe Ke CTOJKHOBEHHUS OYyT IPUBOIUTH K BO30YKICHUIO BEPXHETO
YPOBHSI CBEPXTOHKOI CTPYKTYPHI. B pe3yJibrare yCTAaHOBUTCI HEKOTOPOE PABHOBECHOE PacIIpe/ie-
JIEHE aTOMOB II0 YPOBHSIM CBEPXTOHKOI CTPYKTYPBI, IIPH KOTOPOM Ha BEPXHEM YPOBHE aTOMOB
OyzeT B Tpu pasa 60Jible, yeM Ha HuxKHeM. MMest B BULy 9T0O 06CTOSTE/IHCTBO, MOYKHO HAITMCATH
BbIpazKeHue JiJisi U3JIyIeHusi eJIMHUIbI 00beMa B KBaHTaX JIMHUU 21 cM:

3
€= ZnHAgth, (24)
rae Ay = 1/T — BeposSTHOCTDH Tepexo/ia, COMPOBOXKIAIONIErocs M3aydeHneM Kpanta 21 cm,

hV — sHeprusi 3TOro KBaHTa, Ny — KOHIEHTPAIMA aTOMOB BOJIOPOia. MHTEHCUBHOCTD 3TOrO
U3JIydeHs HalIeTcs 110 OOBIMHON hopmyie:
1 ! R 2.5

Tt (2:5)
rjie, Kak U pamHbliie, R o3HavaeT MpoTsIKEeHHOCTb U3JIydalomnieit odbtactu o jydy 3penus. Oop-
Mmysa (2.5) cuopaBeJjiiBa TOJBKO TODJA, KOTJA W3JIYUEHUE HE IIOTJIONIAETCsl CAMUME U3JIyda-
onmME aroMamu. B marem ciydae, Kak OKasblBaeTcs, 3TO He Tak. OJHAKO JlazKe C yIeTOM
CaMOIIOTJIONIEHUST MHTEHCUBHOCTD JIMHNK 21 ¢M HACTOJIBKO BEJINKA, UITO IyBCTBUTEIBHOCTD TI0-
CJICBOECHHON PaIMOACTPOHOMUYIECKON aIlapaTyphl ObLIA BIIOJHE JOCTATOYHA, YTOOBI 3Ty JTUHHIO
0OHAPYKUTh.

Jluansg 21 cM 10/KHA UMETh COBEPINIEHHO OIpe/ie/ieHHbIi Tpoduib (T. e. He ObITh GeCKOHe -
HO y3Koii). Jlesi0 B ToM, 9TO U3JIydaronye 3Ty JUHIIO ATOMbI MEXK3BE3IHOIO HEATPATBHOIO BO-
JIOPOJIa YIACTBYIOT B HECKOJIbKUX JIBI2KEHUSIX, YTO 110 Npuunne dddekTa Jlomrepa mpuBonT K
PACIIMPEHUIO JTHHUHA. ATOMBI MEK3BE3/IHOTO BOJOPO/IA, BO-IIEPBBIX, UMEIOT TEILJIOBbIE CKOPOCTH,
COOTBETCTBYIOIINE UX KUHETUIECKON TeMIepaType, BO-BTOPBIX, OT/Ie/IbHbIe 00/1aKa ME¥K3BE3/I-
HOI'O ra3a JBUXKYTCA Kak IeJI0e CO CKOPOCThIo 0KoJio 10 kM /c. HakoHer Mexk3Be3 iHblil ra3, Tak
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Puc. 2.6. [Ipoduas pagmosmmaun 21 cm.

2Ke KaK 1 3Be€3/bl, Y1aCTBYET B I'aJJaKTUYIC€CKOM BpalllcHUU. CKOpOCTb TraJIaKTUI€CKOI'O Bpalile-
HUs BecbMa Bejinka — B okpectHOCTsIX Costaia ona okosio 200 KM/c, IpudyeM caMo BpallleHHe
HOCHT JIOBOJIBHO CJIOYKHBIN, OTHIONL HE «TBEP/IOTE/IbHBIN» XapakTep. Ha nmpoduib pagmomamm
21 cM J0JIKHO BIUATH duddepenyuarvoroe TaJakTuaecKoe BpallleHne, ToIHee, 00yCI0B/IeHHAas
9THM BpAaIlleHHEeM Pa3HOCTD JIyUEBBIX CKOPOCTEll KaKOH-HUOYIb 00JIaCTH MEXK3BE3/IHOM Cpeibl 1
Couara. luddepennmaabHoe raJakTHIecKoe BpallleHne 3aBUCUT OT TaJIaKTHIECKOM T0JITOThI.

[Tocste Toro Kax oHa ObLIa TeOpeTUUECKHU IpeJicKa3aHa W paccunTaHa, JuHus 21 cM ObLiIa
obnapyzkera B 1951 r. B CIIIA, Apcrpamuu u omnangum, Ha puc. 2.6 mpuBeIeHO HECKOJIBKO
npoduieii pajuosnann Bogopoa 21 cm. TunmaHas mupuHa JUHAN (B [IKAJE 9aCTOT) HOPSIIKA
HECKOJIBKHUX JJCCATKOB KHUJIOT'EPII. I/IS TaKNUX HpOCbI/IJ'IeIU/I MOZKHO 6bI.HO IIOJIYIUTDH UCKJIIOYUTE/IbHO
ooraryio nndopmarmio o 3onax HI, [Tpex e Bcero okazaaoch, 4To KUHETHYECKAsd TEMIIEpaTypa
tam okos10 100 K, npuyem MectaMu oHa OIIyCKaeTcsl JI0 HeMHOTHX JecaTKOB I'pajycos!. Huskaa
temieparypa 300 H I obbsicusercss oTcyTcTBHEM TaM IPOIECCOB (POTOMOHUBAIME BOJIOPO/IA,
B pesynbrare dporononnsanun B rase MOsiBIASETCS 3HATUTE/HHOE KOJIUIECTBO JIOBOJILHO dHEP-
TUYHBIX, (POTOIIIEKTPOHOB, KOTOPbIE, CTAJIKMBASICH C ATOMaMU W UOHAMH, MEPEJAIOT UM CBOIO

SHEPIHIO, T. €. «IpefoT» uxX (cM. Bbimie). Takoit Mok «HarpeBaresb» B 30Hax H I orcyrersy-
er.

He cnenyer, ognako, gymarsh, uro B 3oHax H I coBcem Her cBOOGOMHBIX 31€KTpPOHOB. OHU
€CTh, HO UX TaM B Thicsuu pa3 MeHble, deMm B 30HaxX H II, B 3onax H I siekrponbl obpasyior-
csl, TJIAaBHBIM 00pa30M, 110 MPUIUHE MOHU3AIMU aTOMOB KOCMUYECKUMHU JIyIaMi CPaBHUTEIBHO
HeGOJIBINNX SHEPTHii (TIOPSIKA HECKOJIBKIX MUJLIHOHOB 3JIEKTPOH-BOJIBT ), KOTOPBIX TaM JOBOJIb-
HO MHOI'0?, a TaKyKe MATKHM PEHTTeHOBCKUM H3JIydeHMeM, IPOHU3LIBAIOIINM BCIO [ alaKTuKy

TIpuMepHO Takas ke TeMIIepaTypa ObLIa IIOIyHeHa, Ha CIIyTHHKe «KONepHWK» W3 aHaam3a yIbTpaduore-
TOBBIX JIMHUH IOTJIOIIEHUS.

2B okpecrHoCTSX 3eMii HAG/IIONAIOTCA TEPBUYHbIE KOCMUYECKHE JIy9IH C SHEPruei, MPeBbIIAONeil MILIz-
ap/t 2J1eKTPOHBOJIBT. Ho 9TO He 3HAYUT, YTO B MEXK3BE3THOM IIPOCTPAHCTBE HET KOCMUYECKUX JIydeil ¢ SHeprueit,
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(em. § 23). Kpome Toro, ssekrponbl B 30Hax H I 6yayT 0O6pa3oBbIBATHCS U IIyTEM OOBIYHOI
GOTOMOHUBAINN 3JIEMEHTOB, ¥ KOTOPBIX IOTEHIINA MOHM3AIINNA MEHbIEe, 9eM Y Boaopoaa, K
YUCTy TAKUX 9JIEMEHTOB B TIEPBYIO OYepeb OTHOCUTCS YTJIEPOI.

DTOT 3JIEMEHT HI'PaeT 0COOEHHO OOJIBIIYIO pOJib B TeroBoMm Oajance 3o H I, Tak kak
JIeiCTBYeT TaM KakK BecbMa 3(hHeKTUBHBIN «XOJ0AMIBHUKY. Jle10 B TOM, UTO ecyii ObI SHEpPrus
00pa3yoImXcs IpU MOHU3AIUN JIEKTPOHOB B KOHIE KOHIIOB HE IOKHIaJa Obl OOJIaKa MeK-
3BE3JIHON CpeJbl B BUJE W3/IyUeHUs, JlarKe HUITOXKHO MaJias MOHU3AIUs, TeHCTBYS JIJINTETh-
HOe BpeMs, pa3orpesa Obl XOJOIHBIN ra3 10 BBICOKOW TeMIIEPaTyphl, OIPEIE/IsIeMOl YCIOBHEM
kT = € (rye € — cpejusist sHeprust (poTo3/1eKTpoHoB). O6pasyroniiecs Ipu HOHU3AINN JJIEKTPO-
HBI, CTAJKUBAsACh C ATOMAMU, HEIIPEPBIBHO IepeIaBai Obl UM CBOIO KMHETUIECKYIO SHEPIHIO,
a cjenoBaTeIbHO, Harpesaan Obl. Ho sToro He mpoucxoaut. Beab HApsLy ¢ «yIPyTEMEI» CTOJIK-
HOBEHUSIMU M€Ky JIEKTPOHAME U aTOMaMMU, COITPOBOXKTAIOIIMMIECS Tepeadeil KHHEeTHIECKO
SHEPTWH OT SJIEKTPOHOB K aToMaM, OYIyT UMETb MeCTO U «HEYIPYTue» CTOJKHOBEHUs, HPHU-
BOJISAIIIE K BO3OYKJICHHIO aTOMOB U ITOCJIEYIONIEMY U3JIy4eHUI0 KBaHTOB. bjarogapsi Takum
CTOJIKHOBEHHSIM KUHETHYECKash SHEPTHsI JIEKTPOHOB TPAHC(hOPMUPYETCsl B U3JIyUEHNE.

He Bce aToMbl «paBHOIEHHBI» JIJIsT HEYIPYTUX CTOJIKHOBeHHUi. O4UeBUIHO, ITO €CJIU dHEp-
rus Bo30YK/IeHUs Y KaKOro-HUOY/Ib COPTa aTOMOB CJIMIIKOM BeJINKA, TOJIBKO HUYTOXKHAS JIOJIS
9JIEKTPOHOB OyJier 00/1a/1aTh KUHETUYECKON sHeprueil, jocrarodnoii jjs Bo30Oyxkiaenus. [lo-
9TOMY MEXAHWM3M «OTTOKA» SHEPIUU IIyTeM BO30OYKJICHUS ITUX aTOMOB Oyner HedhdeKTuBeH.
Hawu6osiee sheKTHBHBIME JIJTsT OXJIAXKIeHUsT Ta3a OyayT TaKie aToOMbl (HJIM MOJIEKYJIbI), ¥ KO-
TOPBIX SHEPIUs BO30YXKIeHUS OJIM3Ka K TEIJIOBOI SHEPTUH SJIEKTPOHOB, XOTA TAKUX aTOMOB MO-
JKeT OBITh CPaBHUTEIHLHO HeMHOTO. VIMeHHO TakuMu cBOMcTBAMU 00J18/1aI0T aTOMBI yTJIepOia —
KaK MOHM30BAHHOTO, Tak u HeiiTpasabHoro. B 3omax H I, kak y»ke roBopumsioch BbIlle, aTOMBI
yryiepojia moHu30BaHbl. VX ypoBeHb BO30YK/I€HUS COOTBETCTBYET TEILJIOBOI SHEPIUU YACTUIL
npu temmeparype 92 K. B mexksBe3anoit cpesie B 3onax H [ j0/mkHO OBITH TEIIOBOE paBHO-
BeCHe — CKOJIbKO HEPI'uy ra3 MPUOOPETaeT 1O MPUYMHE HArpeBa W3-3a MOHU3AIUU, CTOJIHKO
JKe OH JIOJIZKEH TepsATh N3-3a N3JTy4YeHNs BO30YK/IeHHBIX CTOJTKHOBEHUSMHI aTOMOB yriepoja. B
pe3yJbTaTe TAKOI'O PABHOBECHS U yCTAHABIUBAETCH HEKOTOpas MOCTOSHHAS KUHETHIECKas TeM-
nepaTypa HopsiJiKa HECKOJIbKUX JeCATKOB IpajlycoB. VIMeHHO Takas TemMiepaTypa U IoJIydaeTcs
u3 aHaJm3a npodusein pajguosanaun 21 cMm B obsakax. Takum obOpaszom, aToMbI yIjIepojda Kak
OBl «TEPMOCTATUPYIOT» 3TU ODJIAKA.

3amMeTuM B 9TOH CBsA3HU, 9TO B «ropadux» 30Hax H Il Takke mmeeT mMecTo TeIioBOEe paB-
HOBECHue. OILHaKO B 9TOM CJIy4da€ POJIb «TepMOCTaTa» BBIIIOJIHAIOT MOHU30BaHHbIE aTOMBI KHC-
JIOPOJIa M a30Ta, Y KOTOPBIX BO3OYXKIEHHBIE YPOBHHU PACIIOJIOXKEHBI 3HAYUTE/IHHO BBIIIE, YeM
y yriepoja. [Ipu Bo30yK/IeHUM 9TUX YPOBHEH KakK pa3 U3JIydaroTCsd 3allpelleHHble JIMHUH, O
KOTOPBIX pedb IjIa panblie. B pesynbraTte TemmoBoro pasuoBecus B 3onax H II kunermyeckas
TeMIiepaTypa ycraHaBiauBaercs Ha yposHe okosio 10 000 K, gTo cooTBeTcTByeT cpejHeil Ku-
HETUYIECKOl SHEPIUH UMEIOIINXCsT TaM IacTHIl (HOHOB, JIEKTPOHOB) OKOJIO 1 3JIEKTPOHBOJIBTA.
Mezk 1y TeMm cpejHsisi KUHeTHUIeCKasl SHEPIUusd JIEKTPOHOB, 0OPA30BaBIINXCS IIOC/I€ MOHUBAIIT
BOIOPOI1a <<yﬂpraCbI/I0.HeTOBbHVII/I>> KBaHTaMH, B HECKOJIbKO pPa3 BLIIIIE.

Bepnemcs, oanaxo, k 3onam H I, riae narpes raza ocyiecTsiiieTcs riaBHbIM 0O0pa3oMm O.J1aro-
Jdapd €ro MOHU3alun «MATKHUMHW» KOCMHUYCECKUMU JIydaMMU U PEHTI'€HOBCKHMU KBaHTaMMH. EC.HI/I
6bI MbI 3HaJIM KOHICHTPaIWIO KOCMHUYECKHX queﬁ 1 PEHTI€eHOBCKUX KBaHTOB, TO MOIJIA 6bI
TOYHO BBIYHUCJ/IUTH KUHETUYECKYIO TEMIIEPpATYPY I'a3a U CTCII€EHb MOHU3allUu B 3aBUCUMOCTU OT
ero mirotaoctu. C Jpyroit CTOPOHBI, TeMIIEpaTypa U IJIOTHOCTh OOJIAKOB M3BECTHBI U3 PaJIHO-
ACTPOHOMHMYECKUX HAOJIIOJIEHNI, TIO9TOMY HE IIPEJICTABJISIeT TPY/ia PACCIUTATH KOHIIEHTPAITIIO
KOCMHUYECKUX JIydell W PEHTTeHOBCKUX KBAHTOB. Ecjnm M3BeCTHBI TeMIeparypa U ILIOTHOCTh

MEHBIIE, Y€K MUJLIAAP/ JEKTPOHBOJILT. [[pocTO CpaBHUTEIHLHO MITKHE KOCMUYIECKUE JIYIU <HE JIOXOAT» JI0
Semyn. Onu He MoryT nonacth B COJIHEYHYIO CUCTEMY, TaK KAK «BBITAJKHABAIOTCSI» U3 HEe HAMATHUIEHHBIMU
00JIaKAMU OYEHb PA3PEKEHHOM 1a3Mbl, BhIOpachiBaeMbiMu u3 CostHIa («COIHEYHBIH BeTep» ).
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Puc. 2.7. 3aBucumocTh gaBaeHns B 00JIaKaxX MEXK3BE3IHOIO ra3a OT IJIOTHOCTH.

raza, TO TeM CaMbIM U3BECTHO €ro JlaBJieHue. BorunciienHas TakuM o0pa30M 3aBUCUMOCTD JIaB-
JIEHUsI MEXK3BE3JIHOTO T'a3a OT €ro IJIOTHOCTH (TOUHee, OT IPOIOPIUOHAIBHOI eli KOHIIEHTPAIIN
JaCTHI[ Ta3a) IPUBeJieHa Ha puc. 2.7. DTa KpuBasi IMEET JIOBOJIbHO CBOCOOPA3HBIN BUJI, HAIIOM-
HATOIINIT U3BECTHYIO U3 MOJIEKY/IIpPHOI (hU3NKN KPUBYIO BaH jep Baasbca. Mbr ceituac yBuamm,
4TO 3TO CXOJICTBO JIAJIEKO He CJIydaiiHo.

13 5T0it KpHUBOIi CJIe/IyeT, 4To P MaJIbIX KOHIEHTPAIUAX MexK3Be3Horo rasa (10 0,1 cm—3)
JIaBJIEHWE PAcTeT C POCTOM KOHIIEHTpPAIINN, TPUYeM KUHETHYECKasd TeMIepaTypa JIep:KUTCcs Ha
xapakTepHoMm Jiutsd 30H H II yposre 7000—10 000 K. IIpu konmentparusx, rnpesbimatormx 0,1
cM 3, TeMIepaTypa raza pesKo IajaeT 10 3HaueHus, XapaKTepHoro s 308 H I, uTo mpusoguT
K YMEHBIIEHUIO JIABJIECHUs C POCTOM KoHIleHTparuu. [Ipu janbHeiiemM yBeJgudeHUn KOHIEH-
Tparuu TeMIepaTypa rasa, MOYTH JOCTUTAs CBOEr0 MHUHUMAJILHOTO 3HAYEHUs, YMEHLIIAeTC
Me1eHHO. [109ToOMy pPOCT IMJIOTHOCTHU «II€PEBENINBAET» YMEHbBIIEHHEe TEMIIEPATYPbI U JaB/ICHUE
CHOBa HAYHET pacTu. V13 3T0ii KPUBON BUJIHO, Y4TO CYIIECTBYET TAKON MHTEPBAJI JaBjieHuil (0T
3-10713 j10 1071 Gap), npu KOTOPOM OJIHOMY OIIPEJIEJICHHOMY 3HAYECHUIO JABJICHUSA COOTBETCTRY-
10T Tpu 3HavYeHus wiotHocTy rasza (BC). CocrosiHre ra3a, Kak U3BECTHO, CIUTAETCS 3a[aHHBIM,
eCJIM JIJIsl Hero U3BECTHBI JIABJIEHNE U IJIOTHOCTD (Wi TeMieparypa). Mbl MOXKeM, CJieI0BaTe b
HO, CJIeJTaTh BBIBO/I, YTO OJTHOMY OIIPE/IeJIEHHOMY 3HAYEHUIO JIaBJIEHUSA MEXK3BE3/IHOIO Ta3a COOT-
BETCTBYIOT TPHU €r0 pa3IndHbIX cocTosiHus. Ha ToM y1uacTke n300pazkeHHOi Ha puc. 2.7 KPUBOIi,
rJie JIaBJICHUE IaJIaeT C POCTOM ILIOTHOCTH, COCTOAHHE ra3a siBJIFAeTCd HEYCTONYIUBBIM: JTI000€
cydaiiHoe MaJjioe YIJIOTHEHNE KaKoW-HUOY/Ib YacTh ra3a Oy/eT CHJIbHO PacTH, TaK Kak IIPU Ta-
KOM YIIJIOTHEHUN BHYTPEHHee JaBJIeHNe 9TOM JacTH ra3a YMEHBbITAeTCs, & OCTaBIeecs «HECKOM-
[EHCHPOBAHHBIM» BHEIIHEE JIABJICHE OT OKPYZKAIOIIEro ra3a (KOTopoe He M3MEHUJIOCh) HATHET
ee ckuMaTh. CrkaTue OyJIeT MPOUCXOIUTH JI0 TeX IIOpP, IMOKa TOYKA, OIMUCHIBAIONIAS COCTOSHUE
CYKUMAaEeMOTO Ta3a, He IIepEeMEeCTUTCs BJIO0JIb N300PaxKeHHON Ha puc. 2.7 KpuBOil B obJiacTu, rje
JIaBJICHUE HAYHET PACTU C POCTOM ILIOTHOCTH. Takmm 0Opa30M, MeXK3BE3HBIN a3 HAXOIUTCH
B COCTOSTHMH TEILJIOBOMl HEYCTOWYMBOCTHU: MEPBOHAYAIBHO OJTHOPOIHBIN, OH HEU30EKHO JIOJIZKEH
pa3aeuThed Ha JBe «(a3bl» — CPABHUTEIHHO IJIOTHBIE 00/1aKa U OKPYZKAIOILYI0 HX BeChbMa, Pas3-
pexkeHHyI0 cpeiy. TerioBasi HEYCTOMIMBOCTD MEXK3BE3HOTO ra3a ABJISIeTCs, TAKIM 00Pa3oM,
OJTHO# M3 BaXKHEWIHNX MPUYUUH €ro «KJIOUYKOBaTOW», 00JIaTHON CTPYKTYpPbI. Takas CTpyKTypa
xopoIio HabIo1aeTcst Ha BoJiHe 21 cMm. PazmMephl, IJIOTHOCTH M CKOPOCTH 00J1aKOB HEHTPAIbHOTO
BOJIOPOJIA CXOJIHBI ¢ OOJIaKaMi HOHU30BaHHOTO Bojgopoaa B 3oHax H II. CiemoBarenbho, mpupo-
Jla 00JIAYHOM CTPYKTYPbI KaK B 00JIACTSAX MEXK3BE3JIHON CpeJibl, IJie BOJOPOJ HelTpaJseH, TaKk
1 00/1aCTAX HOHM30BAHHOI'O BOJIOPO/IA JIOJIXKHA OBITh OuHAKOBOI. OOprcoBaHHAasT BBIIIE KapTHU-
Ha TEIJIOBON HEYCTOWYMBOCTU MEXK3BE3JIHOTO T'a3a, pa3BUTas TPYJIaMU U3BECTHOTO COBETCKOTO
acrporoma C. B. [lukenbHepa, gaer 3TOMY BIOJIHE YIOBJIETBOPUTEIbHOE OObICHEHHE.

Baxkueiimmm pe3ybTaToM HccIe0BaHUil Ha BoJiHE 21 C¢M dBJIdeTcd BBIBOJI O TOM, YTO
CpPaBHUTEJILHO ILJIOTHBIE OOJIaKa MEXK3BEe3JHOI0 HeHTpaJbHOIO BOIOPOJa, B YACTHOCTHU, <«Ia-
30BO-IIBLJIEBBIE KOMILJIEKCBI» (O HUX CM. CJIEYIONHii maparpad), rpymiupyoTes BIOIb BeTBEl
CIUpabHOR CTPYKTYPhI ['asakTuku. AHAJIOIMYHOE sIBJIEHHE MMEEeT MECTO W JIJIsT OINTHYECKHU
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Puc. 2.8. Cxema nBuzkeHms 3Be3]1 Uepe3 CIUPAIbHBIN PyKaB.

HaboaeMbix 300 H I, HO B 3TOM cilydae, m3-3a IOTJIOMIEHUS CBETa B KOCMHYECKO# IIBLIH,
crmpaJjbHas cTpyKTypa [amakTuku He MOKeT OBITH IPOC/IeXKeHa Ha OOJIBIINX PACCTOSTHUAX OT
Comnana. Tor dakt, aTo cpaBHuUTENbHO I0THBIE 30HEI H I rpynmupyrorces B cimpaabHbIE Py-
KaBa, BMeCTe C TeM O3HadaeT, YTO MaCCHUBHBIE TOPsSIHe 3Be3/Ibl CIIeKTPaJIbHBIX KiaaccoB O u B
TaK:Ke IPYHINUPYIOTCS B CIUPAIbHBIX PyKaBax. DT0, KOHETHO, He CIyUIaifHO U, KAK Mbl YBUIIM
B cJIeyomeM naparpade, UMeeT IpsMOe OTHOIIEHUE K IIPOobJIieMe TTPOUCKOZKICHUS 3BE3I.

Yro xe Takoe cnmpaJsibHble pykaa? KakoBo nx mnpoucxoxaerue?! Mbl He MOKeM MPONTH
MHMO BOIIPOCA O IMPOUCXOXKJICHUN CIUPAJIbHON CTPYKTYPBI HAIIEH U APYTUX 3BE3THBIX CUCTEM,
TaK KaK SMIIMPUIECKHU SICHO, ITO IIPOIECC 3BE31000pa30BaHusI IPOUCXOINT Kak pa3 TaMm. Jloroe
BpeMs Ha BOIIPOC O MPOUCXOZKJICHUN CIUPAJIBLHON CTPYKTYPBHI TAJaKTAK JaBaJNACh Pa3InvHble
u IIpuTOM HEIIPpaBUJIbBHBIE OTBETHI. O6bI‘IHO HaJinm4gyue CHI/IpaHbHOﬁ CTPYKTYPbI CBA3bIBAJIOCH C
pacTaruBaHreM 00JIaKOB MeXK3BE3IHOTO ra3a «auddepeHImaabHbIMy BpallleHneM [ aakTuku.
N3BecTHO, 9TO HAaIlla 3BE3/HAdA CUCTEMAa BPAIAeTCsd BOKPYT OCH, MEPIIEHINKY/ISIPHON K ee ILJI0C-
KOCTH, He KaK TBep/loe TeJI0, a 3HAYUTE/IHbHO cloxKHee. LlenTpaibabie obmactu ['ajakTuku Bpa-
IIAIOTCS 3HAYUTEILHO ObIcTpee, deMm nepudepus. [loaromy BbITeKaromme us neaTpa [asakruku
obJtaka MexK3Be3/IHOI'O ra3a, KaK MOXKHO I0JIararh, JOJIXKHBI 3aKPYINBATHCS U PACIPEIEIATHCS
BJI0JIb HEKOTOPOii crmpasin. OTBIEKasiCh OT BOIIPOCA O BHIOpACKIBAHUN ODJIAKOB MEXK3BE3THOTO
raza u3 NeHTPaJIbHbIX obJiacTeil ['aakTHKK, KOTOPBI BecbMa JIaJIeK OT SICHOCTH, YKayKeM TOJIb-
KO Ha OJIHY HEIPEOJIOJIUMYIO TPYIHOCTD, CBA3aHHYIO C 9TOi K KoHIenueit. Jleo B ToM, UTO 3a
BpeMsi sBostonnu [ajaktuku (0koso 10 MuUjLIHApIoB JieT) CuupajbHble PYyKaBa JIOJIZKHbBI ObLIN
ObI 3aKPYTUTHCS BOKPYT MeHTpa [‘aJakTuKu MHOI'O JIECATKOB pa3, TaK KakK IePHO/I raJaKThde-
ckoro Bpamenus B okpectHocTax Costaia okoso 200 MuimrnoHoB JteT. MexK 1y Tem crimpaJjbHbIe
PYKaBa 3aKpy9HUBAIOTCS BOKPYT [IEHTPa BCEro JIMIIb HECKOJILKO pa3 (cM. puc. 2.9). CienoBaresib-
HO, HAJIUIO HOPa3uTeIbHas «yCTOWIMBOCTD» PYKABOB 110 OTHOMIEHUIO K i depeHInaIbHOMY
BpaleHno ['agakTuku.

Permenne 370it ctapoii mpobieMbl OBLIO TOJIYIEHO CPABHUTEIHLHO HEJIABHO, HEMHOTHM 0O0JThb-
e 15 jiletT Ha3a i, aMEePUKAHCKIM aCTPOHOMOM KUTaHCKOr0 MpOoncXoxK ieHus JInHoM, pa3sBuBImm
nJien mBeJcKoro acrponoMa Jluuadaasa. OcuaoBHas uies JInna — JIunadiamsa cocTosiyia B TOM,
YTO BCIKHUI CIIMPAJIBHBIN PYKaB IIPeICTaB/IsieT coboil He HEKOTOPOe «MaTepHuabHOoe» 00pa3oBa-
HIe, a 8oany. Pa3Huiia MexK Iy HOBOIM 1 cTapoil TpaKTOBKaMU BechbMa cyiecTBeHHa. [lo crapoit
KOHIICTIITUU OJIHH M Te YKe 00J1aKa KakK Obl «IIPUBA3aHbI» K KOHKPETHOMY PYKaBY, B TO BpeMs Kak
10 HOBOM KOHIIEIIINN 00JIaKa MEXK3BE3/IHOM CPeIbl TOJIBKO «BpEMEHHbIC» KUTeu pyKasa. Mex-
3BE3/IHBII ra3 BTeKaeT B pyKaBa, JIOBOJIBHO JIOJT0 3aJIePKUBACTCS TaM, IOC/Ie Yer0 BBIXOIUT 34
IpeJiesibl PyKaBa, a Ha ero MecTo IPUIYT JApyrue objaka Me:K3Be3JHoro raza. CkazaHHOe OTHO-
CHUTCs TaKXkKe U K 3Be3naM. VIMeHHO 1o 9Toit npuante dhopma pykasa (crmpasib!) oka3bBaeTcst
TakKol cTabMIBLHOM, HecMOTPs Ha JuddepeHIna bHoe rajakTuieckoe Bpalienue. Beib Bo BHYT-
PEHHUX YacTAX PyKaBa, 110 MpUYnHe 0oJjiee OBICTPOro raJlakTHIecKOro BpalleHus, 00pa3yomue
ero syieMeHThbl (06J1aKa, 38€3/1bl) ObIcTpee «0OHOB/IAITCsI». CaM PyKaB IIPU TOM CJIEJLyeT TIPeJi-
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CTaBJIATH BpallalOIIMMCA BOKDPYT T'aJJaKTUYIECKOI'O HEHTPa KaK HeJI0€ C IIOCTOSAHHOM’ YI‘JIOBOIU/I
CKOPOCTBIO.

Ha puc. 2.8 mokazana cxema JIBUYKEHHS 3Be3] Yepe3 CIUPAJIbHBIN PyKaB BO BHYTpeHHeE
vactu [asraktuku. Tak Kak 3Be37bl TaM JIBUKYTCS C OOJIBITNEH YIJIOBOI CKOPOCTHIO, YeM PYKasB,
OHU OY/IyT «JOTOHATBH» €r0 C BHYTPEHHeH cTopoHbl. Boiijis B Hero, onn 6J1aroiapst IpUTIKEHITO
yKe UMEIOIINXCA TaM 3Be3J «COMBAIOTCH» CO CBOMX KPYT'OBBIX OPOUT BOKPYT TaJaKTUIECKOTO
IEHTpa U JIBUZKYTCs Uepe3 PYKaB 3aMeTHO MejieHHee. TodHee TOBOPsI, Y 3BE3] YMEHbBITAeTCS
COCTABJIAIONIAS CKOPOCTH, TIEPIEHINKYJIAPHAs K OCH PYKaBa, O9TOMY OHH JIBHZKYTCS TI0JT CDaB-
HUTEJILHO MAJIBIM YIJIOM K Hell U, CJIeJIOBATEIHLHO, IPOBOJIAT B PyKaBe CPABHUTEIHLHO OOJIBIIIOE
Bpems. [lo 3Toil mpuyumnHe 3Be3/IHAad IJIOTHOCTH B PyKaBe PACTET, YTO NPUBOJUT K YBeEJIUUe-
HUIO CUJIBI I'PABUTAIIMOHHOIO IIPUTAXKEHUA Ha BHOBL BTEKaIOIIHE B PYKaB 3BE3/bI. HOC.He TOT'O
KaK 3Be3/Ibl BBIXOJAT U3 00JIaKOB, OHU BO30OHOBJIAIOT CBOe Oojiee OBICTPOE JIBUKEHHE BOKPYT
IIEHTPA, TTOKa OIATH HE JOTOHAT PYKAaB.

Anajiornvunasi kKapTuHa HaOJIIOIACTC U JII BTEKAIONMX B pyKaB 00j1akoB raza. OH Takxke
YIIOTHSETCs. 3aMeTUM, 9TO B PyKaBax MMEIOTCS KaK CPABHUTEIbHO ILJIOTHBIE 00JIaKa, TaK W
JIOBOJTBHO Pa3peKEHHBII MeyKOOJTadHBII ra3, IpudeM JaBjeHne B 000mX «daz3ax» OIMHAKOBO
Ha KPHUBOM, n300parkeHHOi Ha puc. 2.7, IJe COCTOsIHUE Ta3a B 00JIaKax 1 MeXKODJIadHON cpeje
nzobpazkaercs Toukamu B u C. Ilocite Toro Kak MexK3Be3/HBIN a3 BLIHJIET U3 PYKaBOB, €ro
IJIOTHOCTh 3HAYUTEIbHO YMEHBINUTCs, HO JiBe (a3bl — objiaka u MeyKob/IadHas cpejia — CO-
xpanaTcs. COOTBETCTBYIONINE COCTOSTHIS M300paxkaroTcs Ha puc. 2.7 toukamu A u B. Takum
o0pa3oM, MeXK]ly pyKaBaMu TakyKe UMEIOTCA Kak o0Jiaka, Tak W MexKobjadHas cpeja. Ho B
TO BpeMsl, KaK CpeJIHAs KOHICHTPAIis ra3a B obJaKaxX, HAXOJIAIIUXCA B pyKaBe, ~ 3—H cM >,
MexKy pyKaBamu oHa ~ 0,2—0,3 cM™3; Mexxy obaKaMi COOTBETCTBYIOIINE BEJIMYUHBI Pa3 B
JIECATH MEHbIIE, TIO9TOMY UX MOXKHO HaOJIIOJIATh TOJIBKO METOJaMU BHEATMOCKHEPHO «y/IbTpa-
buoseToBoIt» acTpPOHOMHUM (CM. BBIIIE).

HoBwrit ra3, BXogadmnumii B pykKaB, JIOBOJIBHO PE3KO TOPMO3UTCA yrKe MPHUCYTCTBYIONIUM TaM
razoM. [Ipm Takoii cuTyanum MOTrYyT BOSHHUKHYTDH yJapHble BOJHBI. IIpm sTOM I1oTHOCTH Ta-
3a CKaYKoOoOpa3HO yBeamunBaeTcd. Ha BHyTpeHHell KPDOMKe YJIapHOU BOJHBI I'a3 HArpeBaeTCsd,
HO HEMHOTI'O IOJAJIBIIE €r0 TeMIlepaTypa yKe OyJleT «HOPMAaJbHOI», COOTBETCTBYIOIIEH pPHC.
2.7. CxkaTne ra3a B y/JapHOI BOJIHE SABJISIETCS, KOHETHO, JOTOJHUTEHHBIM (haKTOPOM, YBeJIH-
YUBAIONIM €ro IJIOTHOCTh. A 9TO, KaK Mbl YBHJUM B CJeAyomeM maparpade, crocobcTByer
YCKOPEHHUIO IMIPOIECca 3Be31000pa30BaAHUS.

Harnsgroit namocTpaliieil mpaBuIbHOCTH HOBOTO B3TJIA A Ha IPUPOJY CHUPAIbHBIX PyKa-
BOB raJlakTuK jaer ¢dotorpadusa rajakruku Mbd1, mpusenennas Ha puc. 2.9. Ha stoit doro-
rpaduu XOPOIINO BUIHBI TEMHBIE y3KHe ITOJIOCHI, WJIYIIHE BIOJb BHYTPEHHUX KPaeB PYKABOB.
OTH MOJIOCHI 00YCIOBIEHBI KOCMUYIECKON IIBLIBIO, KOTOPAasi U3-3a yIapHO# BOJIHBI YILIOTHSIETCS
BMECTE C ra30M, BXOAAIIUM B 3Ty 49aCTh PYKaBa.

MetoioM paumonabItoneHnit Ha BotHe 21 ¢M BO BCeX JIeTaJIsIX UCCIIeI0BaJIOCh Bpalenue ['a-
JIAKTUKH, HA OCHOBAHUU 1Y€ro ObLIa MOCTPOEHA ee JUHAMUIecKas Mojesb. HeorleHnMbIM ipenmy-
IIECTBOM PAIN0ACTPOHOMUIECKUX HAOIIOACHUI SIBJIAETCA TO, UTO OHU CBOOOIHBI OT BJIMSTHUSI TI0-
DJIOIIEHUsT KOCMUYECKOI IBLIBI0. DTO JaeT BO3MOXKHOCTL HAOJIIOAATH 00JIaKa MEXK3BE3THOTO I'a-
3a B CAMBIX OT/a/IeHHBIX obacTax [amakTuku. OcoOblit MHTEpeC MpeICTaB/ISIIOT UCCIeIOBAHUS
siJTpa Halllell 3Be3JIHON CUCTeMbI U OKPYZKAoIei ero 0b/1acTh, COBEPINeHHO HeJOCTYIHbIe I
ONTUYECKON aCTPOHOMUY M3-38 MIPAKTUIECKH IIOJIHOIO HOIJIONIEHNSI CBETA B 9TOM HAIllPaBJICHIN.
MBI yHOMSTHY/IN TOJIBKO MAJIYIO 9acTh (PYHIAMEHTAJIbHON BayKHOCTH PE3YJILTATOB, MOy YeHHBIX
3a IOCJIETHIO YeTBePTh BeKa Oj1aromapst nccaeaoBaHusM Ha BosHe 21 cM. bes npeyBemmdaerust
MOXKHO CKa3aTh, YTO COBPEMEHHAs ACTPOHOMIESI IIPOCTO HEMBICIHMA 0€3 PasHOOOPA3HBIX IIPH-
MEeHEHUN 3TOT'0 MCKIIUUTEIHHO 3P (PEKTUBHOIO METO/IA.

BouibImoit yradeit aBuIoch 1 T0 00CTOSATE/IHCTBO, UTO PATUOJIUMHUIO 21 CM M3JIydaeT caMblit
pacipocTpaHeHHbI 31eMeHT Bo BcesieHHOI.
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2. OBUIVE CBEJEHUS O MEXK3BE3JHOU CPEJE

Puc. 2.9. ®ororpadus ramaktuxu M 51.

CBepxTOHKasd CTPYKTYpPa y caMOTo IyOOKOr0 YPOBHS — siBJICHUE HE TaKOE V2K PaCIpoCcTpa-
HeHHOe y aroMoB. Hampumep, 3Toro Het y rejusi, Kucjoposa, yriepojia. Ho eme B 1948 1. aBTop
9TOI KHUTM 0OpaTu/l BHUMaHUE Ha TO, 9TO B pajmociekTpe ['ajakTuky cieyeT oKujaTh aHa-
JIOTUIHOM HPUPOJIbI JIMHUAIO TsIZKEJION0 U30TOIIa BOJIOPOIa — JiefiTepust ¢ JJIMHON BOJIHBI OKOJIO
92 cm. Tompko ciyerst 24 roma dta cirabasg muHEA Oblaa obHapyxkeHa. Cojep:kanne neidTepust
B MEXK3BE3/IHOM CpeJie B JIECATKHU ThICAY pa3 MEHbINe, YeM «HOPMaJIbHOTO» Bojopoja. mMeror-
csI HEKOTOPBIE OCHOBAHUS I10J1araTh, 9TO MEYK3BE3/IHBIN JEHTEPUil SIBIACTCA «PEJIMKTOM»: HE
HCKJIIOYEHO, UTO OH 0Opa3oBaJicsl B IepBble 15 MUHYT cylecTBoBaHUs BcesieHHol, Korja oHa
IpecTaBIstjia coO0if BeCbMa IOpsSvyl0 U ILIOTHYIO CMECh IPOTOHOB, 3JIEKTPOHOB, HEHTPOHOB,
HefiTpuHO M KBaHTOB cBeTa'. Eciam 9TO Tak, TO cOBpeMeHHas CpeHdAs IJIOTHOCTH BceeHHOM
Jo/KHa 6bITh 0K0J10 10731 1/em® n Beestennas ne MozkeT GbITh 3aMKHYTOi. BoT Kakue BazKHbIe
BBIBOJIBI MOXKHO C/IeJIaTh U3 OOHAPYKEHHON OYeHb CJ1ab0i PaJMOJIMHIN MEXK3BE3/IHOIO jefiTe-
pust!

Kak u Bcsgkas mimasma, 30ubl H I sBisiioTest ncTOYHUKAME TEILJIOBOI'O PaIUOU3/IYIEHUS C
HelpepbIBHBIM ciiekTpoM. Ha #Huskmx gacrorax monsl H II HerpospadHbl j1j1s1 ¢BOErO TEILIOBO-
ro U3JIyUeHUs, & UX PAJIUOCIEKTD OIUChIBaeTC 3aKoHOM Pajies—/I>Kumca, coryiacHO KOTOPOMY
MHTEHCUBHOCTH IIPOIIOPIMOHAIBHA KBaJIPATy YacTOThI U IIEPBOil cTemeHu Temieparypbl. Ha
BBICOKUX YaCTOTaX 3TH 30HbI IIPO3PATHBbI U UX MHTEHCUBHOCTD, TaK K€ KaK U B OITUYCCKUX JIy-
Jax, MPOIOPIMOHAJIbHA Mepe svuccru. OIHaKO B TO BpeMsI KaK HaOJI0aeMasi HHTeHCUBHOCTh
B OITUYECKOM JIMAIIA30HE CUJIbHO MCKAXKEHA MEXK3BE3/IHLIM TIOIVIONEHNEM CBeTa, Ha, JacTOTax
paJjimo/inara3oHa BJIMSHUE STOIO ITOTJIONIEHNST COBEPITEHHO HIITOXKHO. TOJIBKO XOPOIIIHe PaJIio-
nzobpazkerus 300 H Il 0o3Bo/Ig0T BOCCTAHOBUTH MX UCTHHHYIO CTPYKTYDY.

Kpome nemnpepbiBHOro criekrpa, 30oubl H Il uznywator eme pajumonuuauu. Ilpupoma stux
JMHII BecbMa cBoeobOpasHa. OHM BO3SHUKAIOT IPH IIEPeXoJax MerKy COCEJIHHUMU BeChbMa BbI-
COKO BO30Y2KJICHHBIMH yYPOBHSIMH aTOMOB, BOJIOPO/Ia, a TaK:Ke JIPYTUX 3jeMeHTOB. Pedub mjer
00 ypOBHSX, JJIsI KOTOPBIX IVIaBHOe KBaHTOBOoe uncjio n ~ 100—200 u mgaxke Gosbire. Takue

1Hp1/1 9TOM TIPEJITOJIATAETCSI, ITO B MpOIecce JTAJbHEHIeil 9BOMIONNN BemecTBa Bo Beenenmnoit meitrepuii B
HeJ[pax 3Be3]| He 00pa30BbIBAJICH, YTO JAJIEKO He 04eBuaHO (cM. § 8).
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2. OBUIVE CBEJEHUS O MEXK3BE3JHOU CPE/E

YPOBHH <«3acCe/IfIoTCs» 110Cje PeKOMOMHAIMI 3/IeKTPOHOB ¢ IpoToHaMu'. 3aMeTuM, 4To B Jla-
OOpaTOPHBIX IIJIa3Max, & TaKzKe B 3BE3/IHBIX aTMocdepax CTOIb BBICOKOe BO30YIK/IEHNE aTOMOB
HUKOTJIa He JIOCTUTAETCs — 3TOMY MeIaeT B3anMOJeicTBIEe BO30YKIEHHOIO aTOMa C OKpYy7Ka-
IOIIUMU 3aPsI’KEHHBIMI JaCTHIIAMU. PeKOMOMHAIIMOHHBIE PA/IMOIMHIY JTIydIlle BCero HabJIIo1aTh
Ha CAaHTHUMETPOBOM U MUJIIMMETPOBOM JIMalla30HE.

[IpencraBigercd 0YEBUHBIM, YTO JJUHUKA HECYT B cebe 3HAYUTEILHO OOJIbINe NHMOPMAIIUH,
YeM HEeINPEPBIBHBINA CIEKTP, TaK KakK HCCjegoBaHue Mpoduaeii OTKPbIBAET BO3MOXKHOCTb HU3Y-
YUTH JBUXKEHUE U3JIydaronux objiakoB. B nHacrosimee BpeMs Meron usydenus 300 H II no pe-
KOMOWHAIIMOHHBIM PaJIMOJIMHUSM, TPUYEM He TOJIHLKO BOJOPO/Ia, HO U TeJIHs, YIJIEPOa, & TaKKe
JIDYTUX 3JIEMEHTOB, SIBJISIETCS €/IBa JIM HE caMbIM 3(D(MEKTUBHBIM.

13a6aBHO, YTO BHICOKOBO3OY K IEHHEIE ATOMBI IMEIOT Pa3Mephbl ~ 1072 cM, T.e. B JeCSTKH THICAY a3 GoJIbIIe,
YeM HOPMAJIbHBIE ATOMBI, TaK KaK JUaMeTp GOPOBCKON OPOUTHI IPOIIOPIHOHAJICH N2
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§ 3. 'ABOBO-TILIJIEBBIE KOMITJIEKCHI MEXK3BE3/ITHOM CPEIBLI —
KOJIBIBEJIb 3BE3/1

XapakTepHeiiieii 0cOOEHHOCTBIO MEXK3BE3/IHON CpeJibl sBJisieTcs OO0JIbIoe pa3Hoobpasue
uMeronuxcsd B Heil dusmdeckux ycsosuit. Tam nmerorcs, Bo-tiepsbix, 30ubl H 1 u 30ou6r H 11,
KMHETUYeCKas TeMIlepaTypa KOTOPBIX pa3jndaeTcd Ha JiBa Mopsjka. VMeroTcd cpaBHUTETHHO
IJIOTHBIE 00JIaKa ¢ KOHIEHTPAIMeil 9acTHIl ra3a, MPEBBIIIAIONell HeCKOJIBKO ThICAY Ha KyOude-
CKHUIl CAHTHMETD, U BeChbMa pa3perKeHHas cpejla MexKIy OOJIaKaMu, IJie KOHIEHTPAIs He Ipe-
soimaer 0,1 gactuns: Ha 1 cm3. VMeroTces, HaKoHeI, OrpOMHbBIe 06/1aCTH, TJIe PACIPOCTPAHAIOTCS
cuJIbHbIE yIapHbIe BOJHBI OT B3PbIBOB 383/ (cM. § 16), Harpesatomue ra3 jo Temieparypbl 10°
K. B srom naparpade Mbl cocpeoTounM Hallle BHUMAaHUE Ha CPABHUTETBHO ILJIOTHBIX, XOJIO-
HBIX Ta30BO-TIBLJIEBBIX KOMILIEKCaX, (PU3UIECKUE ITPOIECCHl B KOTOPBIX OTJIMYAIOTCA OOJIBIITIM
CBOEOOpa3HeM.

Hapsany ¢ ornenbabiMu obstakaMu KaK MOHU30BAHHOIO, TAK M HEMOHU30BAHHOTO Tra3a B [a-
JIAKTHKE HaOJIIO/IAI0TCs, 3HAYUTE/IHHO OOJIBIIINE TI0 CBOUM pa3MepaM, Macce M IJIOTHOCTHU arpe-
raThl XOJIOJHOTO MEYK3BE3/IHOT'O BEIECTBa, IMOJIyIUBIITNE HA3BaAHUE «TI'a30BO-IIBLIEBbIX KOMILIEK-
coB»!. Ha nebe acTponoMaM yzKe JaBHO H3BECTHO JIOBOJILHO MHOI'O TaKUX KoMiLiekcos. OuH 13
O/IKAMIMX K HAM U, TIOYXKAaJIyil, JIydIle BCero UCCIeOBAHHBIN KOMILIEKC HAXOJIUTCS B CO3BE3-
qun Opuona (cm. puc. 2.3). O BKtoYaeT B cebsi 3HAMEHUTYIO TyMaHHOCTb OpUOHA, IIJIOTHBIE,
MIOTJIOIIAIOIINE CBET T'a30BO-IILLIEBBIE 00JIaKa U PAJl JIPYTUX NMPUMEYATETbHBIX 00beKTOB. [
HAC CaMbIM CYIIECTBEHHBIM ABJIAETCA TC, 9YTO B TAKUX I'a30BO-IIBLIEBBIX KOMILIEKCAX TPOUCXOJIAT
BayKHEHIIMIA TIpoIiece KOHIEHCAITNH 3Be3/1 n3 auddy3Hoi Mexk3Be3HoI cpeabl. O6 3ToM Oymer
UJITU pedb HUXKE, 37IeCh K€ Mbl OCTAHOBUMCSI Ha, HHTEPECHOM BOIIPOCE O IMPOUCXOXKICHUU TaKUX
KOMILTEKCOB. KOHEYHO, 9TUM BOIIPOCOM MOYKHO OBLJIO OBbI M HE MHTEPECOBATLCH, IPUHUMAS Ta-
30BO-IIBLIEBBIE KOMILJIEKCHI KaK peasibHbIi Hab/ogarebublil pakt. Ho Takoit yucTo smmupude-
CKUII TIYTh UCCJCTOBAHUS IIPU BCEil €10 HECOMHEHHOMN TOJIE3HOCTH He TIOMOTaeT TIyOOKO MOHATH
CyTh SIBJICHUS U 3aJI03KEHHYIO B CAMOII €ro NpUpoJie Heudbeocrocms. Bo BBeieHUN MBI yKe T10/1-
YEePKHUBAJIHM, UYTO COBpEMEHHasi acTpou3nKa HACKBO3b ucmopuyuna. Henb3sg cantarh 10 KOHIA
MOHATBHIM IIPOUCXOXK/IeHUE 3Be3/1 u3 uddy3HON MEK3BE3THON CPeJIbl, €CJIM HEU3BECTHO IIPO-
MCXOXKJICHUE MAaCCUBHBIX, TIJIOTHBIX I'a30BO-IILLIEBBIX KOMILIEKCOB. VX mpouncxoxkienne HeJib3s
HOHATH KaK CJAEJCTBUE TEIJIOBOM HEYCTOUYMBOCTU MEZK3BE3JTHOU Cpe/ibl, O KOTOPOH pedb IILIa
BhbIIe. Takasd HEYCTONYMBOCTH MOYKET IPHUBECTH JIUIIbL K OOPA30BAHUIO OTIEIbHBIX 00JIAKOB,
BKPAILJIEHHBIX B 3HAYUTEIHLHO O0JIee pasperKeHHyo cpery. Kirrouom K MOHUMaHUIO ITPOMCXOK1e-
HUsI MACCHUBHBIX T'a30BO-IIBLIEBBIX KOMILIEKCOB SIBJIAIOTCS HEKOTOPDLIE CBOMCTBA MEXK3BE3/IHOIO
MAarHuTHOTO TIOJIs.

Peun mmer mpexkie Bcero o6 «ynpyrocTus MarHUTHBIX CHJIOBBIX JIMHWI 3Toro moss. Ha-
IIpaBJIeHNe TUX JUHUNA B OCHOBHOM IIapaJijiesIbHO IJIOCKOCTH TaJlaKTUYeCKOro 9KBaTopa. lak
Kak 00J1aKa MeXK3BEe3/IHOM Cpejibl, 00pa30BaBIINeCcs B PE3YJIbTaTe ee TEeILIOBOI HeyCTONINBOCTH,
6oJ1ee My MeHee CHJIbHO MOHN30BAHbBI U IIOTOMY IIPEJICTABIISIOT COOOI ITPOBOJISIILYIO CPELy, OHH
HE MOTYT JIBUTATbCs TOIEPEK CUJIOBBIX JIMHUI — 3TO cpaldy »Ke UCKPUBUJIO ObI CHJIOBBIE JITHUT

!B mocnenmee Bpems Bee GosIbIlee pacHpoCTpaHeHHe HOMYYIaloT TePMUHLI «TeMHBIe» U «dIepHBIe» 0bIaKa.
«YepHnbie» ob1axa 6oJiee IUIOTHBI U B HUX BEJIMIWHA MOTJIOMeHns cBeta A > 5 (T. €. HHTeHCUMBHOCTD ONITUIECKOTO
U3JIyYeHUS, IPOXOJAIIEro 00J1aKko, ocabesaer Gosbine 4eM B 100 pas).
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3. T'ABOBO-IBIJIEBBLIE KOMIIJIEKCHI MEXK3BE3/IHOM CPE/ILI — KOJILIBEJIb 3BE3/I

Puc. 3.1. Cxema, nosicusttonas HeycToitauBocTs Pames — Taittopa.

U BBI3BAJIO CUJIy, HAIIPaBJEHHYIO NpOTHB JBmkenus. CieoBarenbno, objaka CpPaBHUTEIBHO
ObICTPO OB OBI OCTAHOBJIEHBI. [l09TOMY OHM MOI'YT JIBUTATBHCS TOJIBKO IO CHJIOBBIM JIMHUSIM
MarHUTHOT'O TOJIsI, KaK OBl «CKOJIB3S» BJIOJIb HUX. Terepb MpejcTaBuM cede, 9TO MO KaKOU-TO
IpUYKHE, MOXKeT ObITh JIazKe CJIydaifHo, B cucTeMe (TOPU30HTAJILHO» MTPOCTUPAIOIIUXCS CHIIO-
BBIX JIMHUI 0Opa3oBajach HeDOJIbINas «BHAIMHAY, <«JIOXKOMHa». Torma moji JeficTBUEM CHUJIBI
TsIyKecTu 00J1aKa OYJIYT «COCKAJIb3bIBATHY B TaKyIo JoKOMHY. OT 9TOr0 Macca ra3a BO BIIaJHE
YBEJIMUUTCS U IO/ BJUSHUEM €r0 TKEeCTU <«JIOXKOMHa» Oy/erT mporudarhcs emie cuibHee. Ee
«CKJIOHBI» CTaHyT KpydYe, U CKOPOCTHh BTEKaHUs OOJIAKOB MEYK3BE3JHOI'O Tra3a yBeJIMJIuTcsd. B
pe3yabTaTe TAKOTO CBOeOOPA3HOr0 XapaKTepa HEeyCTOWYIMBOCTH MEYK3BE3THON HaMarHUYeHHO
IJ1a3Mbl (TaK Ha3blBaeMasi «HEyCTONInBOCTh Pajiest — Thaitopas) B cucreme MeK3BE3/IHBIX CH-
JIOBBIX JINHUH 0Opa3yroTcs TIyOOKHUEe <«sIMbl», HAIIOJHEHHbBIE JOBOJBHO IJIOTHBIM Ta30M (pHC.
3.1). DT0 ¥ ecTh Ta30BO-IBLIIEBON KOMILIEKC.

CusoBble JIUHUK B «sM€» BOBCE HE IMPOTHOAIOTCS «JI0 JIHA», T. €. JI0 CAMOi raJlaKTHIecKOi
tockocT. Ha KakoM-TO paccTodgHUM OT Hee OHU yzKe OKa3bIBAIOTCS HACTOJIBKO CXKATBHIMH, YTO
X YIPYTOCTh YPABHOBEIINBAET MACCY MEXK3BE3/IHOI'O r'a3a, HaXosIerocd B «iames. [lo kpasm
rmocJjieHeit MaruHuTHBIE CUJIOBBIE JIMHUH JJOBOJIBHO BBICOKO M KPYTO MOTHUMAIOTCS HaJl TaJIaKTh-
YeCKOI IJIOCKOCTBIO, 00pa3ysl TUTAHTCKUE apKH.

CremyeT Mog9epPKHYTh, 9TO KHHETHIECKas TeMIIEpaTypa Ia30BO-IIbLIEBBIX KOMILIEKCOB 3HAa-
YUTEIbHO HIKe cpemneil misa obnacteit H 1. 9T1o obbscHsIeTcst cpaBHUTEIBHO OOJIBINON ILIOT-
HOCTBIO Ta3a M CBSI3aHHON ¢ HUM KOCMHUYECKOW TbLIM. IIJIOTHBIA ras yMeHbIIaeT MOHU3AIMIO,
TaK KaK IOIJIONAaeT HOHU3YIOIee MATKOe PEHTTeHOBCKOe u3Jjydenue. [Ibib noryommaer noHn3y-
IOIYIO YIJIEPO/ YABTPAMUOTIETOBYIO PATUAIIIO OT 3Be3/]. DTO, BO-IIEPBBIX, IPUBOJIAT K YMEHb-
IIEHNUI0 MOHUBAINH, & CJIeJI0BaTe/IbHO, I HaIpeBa Ia3a, a BO-BTOPBIX,— U 9TO, MOXKAaJIyil, camoe
IJIaBHOE,— JIeJIaeT YIJIEPOJl HEHTpaJbHBIM, YTO PE3KO MEHSIeT TEILJIOBOW OaJlaHC MeXK3Be3IHO-
ro raza. /lejsio B TOM, 9TO y aTOMOB HEHTPaJILHOI'O yIJIiepo/ia BO30Y:KI€HHbIE YPOBHHU SHEPIHHU
PACIIOJIOXKEHBI erle OJIMKe K OCHOBHOMY YPOBHIO, Y€M Yy MOHU30BAHHOIO yriepoja. [losromy
paBHOBeCHas TeMIlepaTypa IIPU HOBOM TEILJIOBOM OaJiaHCce, HACTYIIAIOEM II0C/Ie TIPEeKpaIeHust
MOHUBAIMH YTIJIepoia, OyaeT 3HaunTeIbHo Huzke — Beero Jjuinb 5—10 K. HegasHo BoimoHeHHDBIE
HaOJTIO/IEHNST TIOJIHOCTBIO MOITBEPKIAIOT STOT BBIBOJ T€OPUH (CM. HIZKE).

3HadeHne Ta30BO-TIBLIEBBIX KOMILJIEKCOB B COBPEMEHHOI acTpodu3nKe 09eHb BeIuKo. Jlesro
B TOM, 4TO YK€ JIaBHO aCTPOHOMBI, B 3HAUUTE/IHLHON CTEleHN WHTYUTUBHO, CBA3bIBAIN 00pa30-
BaHUA KOHJEHCAIINM B MEXK3BE3JIHON Cpeje ¢ BayKHEHUINM ITPOIECCOM OOpa30BaHUs 3BE3/ U3
« b dy3HOI» CPABHUTEHHO Pa3PEKEHHON ra30BO-TILLIEBOI cpebl. Kakue ke OCHOBAHHS CY-
IECTBYIOT JIJIsl ITPEJIIOIOKEHUS O CBA3M MEXKJTY Ta30BO-IIbLIEBBIMUA KOMILJIEKCAMU U ITPOIECCOM
3Be31000pasoBanust! [Ipex e Bcero ciemyer MogIepKHYTh, UTO y7Ke CBBIIIE TeThIPEX J1eCATU-
JIeTUii aCTPOHOMAM $ICHO, UTO 3Be3bl B [alakThKe JI0JKHBI HEIPEPBIBHO (T. €. OyKBAJIBHO «HA
HAIINX TJIa3aX» ) 00pa30BbIBATLCS U3 KAKON-TO KaueCTBEHHO Jpyroii cybcranimm. Jlemo B TowM,
uro K 1939 1. ObLII0 YCTAaHOBJIEHO, YTO NUCTOYHUKOM 3BE3/IHOIN SHEPIUN SABJIETCS TPOUCKOIATITII
B HEJPax 3Be3J| TEPMOsiJIEPHBIN cuaTe3 (1mogpobHo 06 sToM M. § 8). I'pybo roBops, momasis-
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3. T'ABOBO-IBIJIEBBLIE KOMIIJIEKCHI MEXK3BE3/IHOM CPE/ILI — KOJILIBEJIb 3BE3/I

Io1iee 6OJH)HH/IHCTBO 3B€3/] U3JIy49alOoT IIOTOMY, 9TO B UX HE/ApPaXxX YE€TbhIPE IIPOTOHaA COCAUHAIOTCHA
yepes psiJl IPOMEKYTOUHBIX ITAIIOB B OJIHY a/ibda-dacTuily. Tak Kak mMacca OJHOrO IpOTOHA (B
aTOMHBIX ejuHuIax) paHa 1,008, a Macca sapa rems (anbda-dactuie) pasaa 4,0039, To u3-
ObITOK Macchl, paBHbIit 0,007 aTOMHON €IMHUITHI HA TIPOTOH, JIOJIZKEH BBIJICTUTHCA KaK SHEPIUs.
Tem caMbIM oIpeieigeTcs 3alac B 3Be3/1e siJIEPHOl SHEPIrUK, KOTOpast MOCTEIIEHHO TPATUTCS Ha,
uzjaydenne. B camom 6/1aronpusiTHOM cjiydae 9ucTO BOJIOPOJHON 3Be3/bI 3TOT 3alac IepBOHA-
JaJIbHO ObLI u

& =0,00TMc® = — - 10°? spr, (3.1)

Mg

rae M — macca 3Be3apl, Mo = 2-10% r — macca Cosnna. C apyroi cropos, Gomomerpute-
CKast CBETHMOCTB 3Be371 ¢ Maccoiit 20M ) nocruraer 10 spr/c (em. § 1). CrenoBarenbo, 3amaca
SIJIEPHOI SHEPIUM TaKOW 3Be3JIbI XBATUT He OoibIie, yeM Ha 100 Muiamonos Jjet. B peajsbHbix
ycC10BUAX 3B63I[HOI>,I 9BOJIIOIIMMN BpPEMA 2KU3HU 3BE€3/bl OKA3bLIBACTCA Ha ITIOPAI0K MEHBIIe ITON
sIBHO 3aBBIIICHHO onenkn. Ho jiecaTok MUJITHOHOB JIET — 9TO HUYTOXKHBIH CPOK J1JIsT 9BOJIIOIUT
Harei 38e3/1H0i ['atak THKY, BO3pacT KOTOPOil HUKaK He MeHbIe dem 10 Musinapios Jjet. Bos-
pacT MaCCUBHBIX 3Be3][ yKe COM3MEpPUM C BO3PACTOM dejloBedecTBa Ha 3emiie! SHAUUT, 3Be3/IbI
(mo kpaiiHeit Mepe, MacCCHBHBIE C BBICOKOW CBETHMOCTBIO) HUKAK HE MOTYT ObITh B lajgakTu-
Ke «M3HAaJajIbHO», T. €. ¢ 31oxu ee obpasoBanus. Cjie0BATEILHO, MTPOIECC 0OPa30BaHUsT 3BE3T
ujeT nepmarernmro. B ciienyommux yacTax KHUTU OyJeT oOCyKJIaTbCsd BarKHEHIUl BOIIPOC O
«CMEpPTU» 3BE3]I, O KOHIIE UX IBOJIONUOHHOTO IIyTh. OKa3bIlBaeTCs, 9TO €:KerojiHo B [ajiakTike
«yMHpaeT» IO MeHbIneil Mepe 3—4 3Be3/bl. SHAYUNT, JJIsi TOTO, UTOOBI «3BE3HOE ILIEMI» He
«BBIPOJIMJIOCH», HEOOXOJIMMO, YTOOBI CTOJIBKO K€ 3BE3J] B CPeJHEM 00pa30BBbIBAJIOCH B HAIE
lNanakTuke Kazkjapiit roma. st Toro 9robbl B TeUeHHe IJIUTEIHHOIO0 BPEMEeHU (I/ICqI/ICﬂHeMOFO
muLrapaamu Jjiet) [ajmakTika coxpaHsiia Obl HEM3MEHHBIMEI CBOU OCHOBHBIE OCOOEHHOCTH (Ha-
[IpUMED, pacipe/ie/ieHre 3Be3/1 10 MaccaM, WK, YTO MPAKTUIECKN TO YK€ caMoe, 110 CIIEKTPaJIb-
HBIM KJIaccaM), HEOOXOJAMMO YTOObI B. HEl aBTOMATUYECKH IOJJIEPKUBAJIOCH JMHAMUIECKOE
PaBHOBeECHE ME2KIAY PO2KIAAIOIMMUMUCA 1 <<I‘I/I6HYH_[I/IMI/I>> 3BE31aMU. B 9TOM OTHOIIICHUN FaﬂaKTI/I—
Ka IIOXOZKa Ha HepBO6bITHbeI JIec, COCTOHH_[I/Iﬁ u3 AepeBbeB BCEBO3MO2KHBIX BUJI0B U BO3PaCTOB,
pUdeM BO3PACT JEPEBbLEB ropasjio MEHbIle Bo3pacTa Jieca. VMeeTcs, mpaBia, OJHO BazKHOE
paznuaue mexay lamaxkTwkoit n jgecom. B amakTuke Bpems KU3HM 3Be3]] ¢ MacCOil MEHbITIE
COJTHEYHOM IIPEBBIIIAET €€ BO3pacT, KOTOPI cocTaBjsgeT mpuMepHo 15 muauapaos Jjer. [lo-
9TOMY CJICYeT OYKUJIATH MOCTEIIEHHOTO YBEJIUYIEHUs IUC/1a 3BE3/] CO CPABHUTEIBHO HEOOJIBINIOMN
Maccoi, TaK KaK OHM TIOKa eIlle «He YCIEeJIU» YMepPeTb, a POXKIATbCd MpojoKaioT. Ho s
0oJ1ee MACCUBHBIX 3BE3]] YIIOMSHYTOE BBIIIE JIMTHAMIYIECKOE PaBHOBECHE HEM30€KHO JIOJT?KHO BbI-
HOJTHSATHCH.

OTkyma ke obpa3yroTcst B Haleil ['amakTike MOJIOJbIE U «CBEPXMOJIOAbIey» 3Be3bl! C aaB-
HUX TI0D, [0 YCTAHOBUBIIEHCA TPpaJIUIIK, BocXodieid K runore3e Kanra n Jlamnaca o mpoucxo-
keHnn COJTHETIHOM CHCTEMBI, AaCTPOHOMBI TIPEJIIIOJIATAN, ITO 3Be3Ibl 00Pa3yIOTCsT U3 pacCesiH-
Hoit 1 hy3HOM Ta30BO-IIBLIEBOI Cpeibl. BBIIO TOJIBKO OHO CTPOroe TEOPETHIECKOe OCHOBAHHE
JIJISE TAKOT'O YOeXKJIeHUsT — I'PABUTAIIMOHHAST HEYCTONYINBOCTD IIePBOHAYAIBLHO OJTHOPOIHON Tud-
dysHoit cpenpl. [lesno B ToM, YTO B TaKOi cpejie Hem30e:KHbI MaJjIble BO3MYIIEHUsT IIJIOTHOCTH, T.
€. OTKJIOHEHUA OT CTpOFOfI OJHOPOJAHOCTH. HOI[ BJINAHHUEM CHUJIBI BCEMUPDHOI'O TAT'OTEHUA MaJible
BO3MYIIEHNsT Oy/IyT HapacTaTh W MEePBOHAYAIBHO OJHOPOIHAS Cpeja Pa3odbeTcs Ha HECKOJIbKO
koHteHcanumii. [loj meficTBreM CHIbl TpaBUTAIIME 3TU KOHIEHCAINN, €CJIM UX Macca IIpeBbIIia-
eT ompeeseHHbIN Tpejes, OyayT IMPOI0/IKATE CXKUMAThCS M, KaK MOYKHO I10JIaraTh, B KOHIIE
KOHIOB IIPEBPATATCA B 3BE3bI.

Paccmorpum sToT Bompoc OoJiee moApOOHO Ha OJHOM YacTHOM, HO BayKHOM IIpUMepe, U
ceslaeM KOJIMIEeCTBEHHYIO OIEeHKY. 110o/102KuM, 9T0 y Hac nMeeTcss HEKOTOpoe 00JIaKO pajnmyca
R, mj1oTHOCTH KOTOPOro P 1 pajgnyc R MOCTOSHHBI. YCJIOBUEM TOTr0, UYTO 00JIAKO IO JIefiCTBHEM
CO6CTB€HHOI7‘I I'paBUTallU Ha9YHET C2KUMATbLCA, ABJIACTCHA OTpI/IHaTe.HI)HijI 3HaK II0JIHOI dHEepruun
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obusaka. [locnennsas coctouT u3 oTpunaTe/bHON IpaBuTalMoOHHol sHeprun W, B3aumoeiicTus
BCEX YaCTHIl, 00pa3ylomux 00JIaKO, W TOJIOKUTEILHON TeIJIOBOI SHepruu 3Tux dactuil Wyp.
Orpurare/ibHbII 3HAK MOJHON SHEPIUU O3HAYAET, UITO CUJIbI TPABUTAINHN, CTPEMATINECST CKATD
00J1aKO0, TTPEBOCXOJAT CHJIBI Ta30BOTIO JABJIEHUS, CTPEMSIIIECS PACCedATh 3TO 00JAKO BO BCEM
OKPY2KalolleM IpocTpaHcTBe. lajee nmeem:

A 4

Wp = =pT - —TIR?, (3.2)
M 3
A=8.3-107 . — i P— 6

rjue , 3PI'/MOJIb-KeJIbBUH, I — MOJEKYJIAPHBIA Bec, P — CpeHdd IJIOTHOCTL ODJIaKa.
B To ke BpeMs rpaBUTAIMOHHAS SHEPIHUS

GM?
R

Mpur Buyimm, uTo W 1Ipy OCTOSIHHOM TIJIOTHOCTH OOJlaKa p U Temieparype 1 pacTer ¢ pocTom
R xak R? B 10 Bpems kak W,00R%, T.e. ¢ poctom R pacrer ropaso 6eicrpee. CiieroBaTesbHO,
npu dannoir P u T’ cymectByeT Takoe Ry, aro mpu R > Ry 0061aKko 1o AeiicTBHeM cOOCTBEHHOM
rpaBuTanun Hem3be:kHO OyaeT ckumarhes. Korma 3agana macca M obnaka, Ry onpegeuTces

dopmyiioit

W, ~ — ~ Gp*16R°. (3.3)

R MGM 02 M 34
1= N Mo Hapcek. (3.4)
B srom ciryuae (T. e., ec/iu 3aj1aHbl Macca U TeMiieparypa obJiaka), ecjim pasmep obsiaka R < Ry,
OHO OYIIET COICUMAMBCA.
Jlerko yGemurbes, 9To «oObIIHBIC» OOTaKa Mexk3BesaHoro rasza ¢ M ~ Mo u R ~ 1 nc
He OYIyT CxKUMaThCss COOCTBEHHOMN TpaBUTAIEl, a Ta30BO-TIbLIeBbe KoMILiekesl M ~ 103—10*
Mg, T ~ 50° u paguycom nopsiKa JecsTKOB napcek OyayT. IIpu yciosuax, koropble peausy-
I0TCsl JIJTsl TIOJIABJIATONIErO OOJIBIITMHCTBA 3BE3J], TAKOE CXKATHE ABTOMATUYECKHM BBI30BET ITOBbI-
IIIeHIe TeMIIEPATYPhI, U CJIeI0BATE/IbHO, JTaB/IeHUs. Y BeJTMIUBINECECs JaBICHUEM yPABHOBECUT
CUJTy TpaBUTAIUH, U 00JIAKO TepecTaHeT ckuMmarhesa. OO 3ToM moapobHo OyerT uaru pedb B §
6. Ho B ycioBusgxX cxKumMAronuxcss 00/1aKOB MEXK3BE3/IHOIO Ta3a TeMIlepaTypa B IPOIecce crKa-
THsI He OyIeT MOBBINMAThCA, 10 KpaiiHell Mepe Ha HadaJbHON, caMOil BasKHOM CTauu CxKaTHUs.
910 00bsICHAETCS HAJMYINEM y TAKUX 00JIaKOB BecbMa 3(PHEKTUBHO PADOTAIONIErO «XOJIO/INIb-
HuKay. Huke MbI yBUJIMM, 9TO y 9THX IJIOTHBIX 00JIAKOB BOJIOPOJT, TAK Ke KaK U OOJIBIITMHCTBO
JIDYTUX 9JIEMEHTOB, HAXOJUTCS B MOJIEKYJIIPHOM COCTOsTHUU. B030y»KieHne CTOJKHOBEHUSIMU
BpalllaTe/IbHbIX YPOBHEN MOJIEKYJI BOJIOPO/Ia ¢ MOC/IEIYIONMM U3JIydeHrneM nHpPaKpacHoil Ju-
HUW C JIJTAHOM BOJIHBI 28 MKM OV/eT IMOJJIePKUBaTh TEeMIIEPaTypy ra3a Ha MOYTH TOCTOSHHOM
yposae. Jlejio B TOM, 9TO czKUMatoIeecst 001aKo (/10 MOPBI, 10 BPEMEHH) TPO3PavHO JIJI ITOrO
nHGPAKPACHOTO M3JIyU€HUsI, KOTOPOe TEeM caMbIM MOKHHET 00/1ak0. [losromy rpaBurarmonnast
SHEPIUsl, OCBOOOXKIAIONIASACA MIPU CKATUU ODJIaKa, He OyJleT TPATUThCd Ha HATPEB €ro Belle-
CTBa, & TpaHcOPMUPOBABIINCH B NH(MPAKPACHOE U3JIyUeHHe, YIIeT B MUPOBOE ITPOCTPAHCTBO.
Byner naxke HekoTropoe MOHUKEHHE TeMIlepaTypbl 00jaKa, TaK KakK 110 Mepe ero YILIOTHEHUs
rpefore 001aK0 PEHTTeHOBCKIE KBAHTHI (3AIIOJIHSIONINE TAJAKTUKY ) OY/IyT MOTJIONIEHBI B €10
HAPYKHBIX CJIoAX. Kpome Toro, yBeIuInBaeTCs INUCI0 MOJIEKYJT, OXJIAXKIAI0NIX ra3.
Bephuemcs Tenepb K yCJI0BUIO IPaBUTAIIMOHHOIO CxKaTHUsi 00J1aKa, CIIMChIBAEMOMY (pOPMYJIOi
(3.4). Paccmorpum corydait, korja Macca obsiaka pasHa Macce CouHia, a ero remmeparypa 10
K. Torma u3 dopmyssr (3.4) ciemyer, 910 Takoe 06JaKO OyIeT CXKUMATHCS, €CJIU €ro Pajiu-
yc menbiie 0,02 napcek. Ciie/loBaTesibHO, IIOTHOCTL Takoro obiaxa oyger 2 - 107 r/em®, a
KOHIICHTpanusa rasa B Hem ~ 10% cm™3 — pesimunna 10Bo/IbHO 3HAUUTEIbLHASA. Eem »ke Macca
obstaka Oyser 10 coTHEUHBIX Macec, TO, KAK MOXKHO YOeJIUTbCs, CPETHsIsT KOHIIEHTPAIUs JACTHI
rasa, IIpy KOTOPOii 06/1aK0 HAUMHAET CKIMATLCA, OyIeT 3HaunTeabHo Menbine, ~ 104 em 3. Kax
MBI YBUJIMM HH2Ke, 00JIaKa ¢ TaKOil KOHIIEHTpalueil ra3a geficTBUTe/IbHO Hab/to1a0Tcsd, Takmm
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00pas3oM., Jijisi TPABUTAIIMOHHOTO CXKaTusl 00JIAKOB OOJIBINON MACChl KPUTEPHUil, ONUCHIBACMbI
dopmyoit (3.4), okasbIBaeTCsl 3HAYUTENIBHO «Msrdes. [109TOMy eCcTeCTBEHHO IIPEJIIIOIOKUTh,
ITO KOHJIEHCAITNsT 00JIAKOB MEK3BE3/THOTO Ta3a B 3BE3IbI IIPOUCXOINT B HECKOJIBKO TanoB. CHa-
Jajia CXKUMaeTCs IMPOTIXKEHHBI a30BO-IIbLIEBOI KOMILIEKC ¢ OOJIBIIOI Maccoii, HalpuMep, B
ThICAYM pa3 mpesbiatomeir maccy Cosaia. Koria 3T0T KOMILIEKC JTOCTATOYHO COXKMETCS U
€ro cpejHsisl IJIOTHOCTh 3HAYUTEILHO YBEJIUUHUTCs, OT/AE/IbHbIE €r0 YacTH HAUHYT CKUMaThCS
HE3aBUCUMO, U KOMILIEKC paclajiaeTcd Ha pdj 0ojiee MEJTKUX M MeHee MaCCUBHBIX KOHJIEHCA-
Ui, TOT €CTECTBEHHBIN MPOIECC KATeCTBEHHO O0bICHSIET, MMOYeMY 3BE3/IbI POXKIAIOTCS CKOII-
JeHUsIMU (ACCOIMAIIUSME ), 8 He «UH/IUBUYaIbHO», XOTs IIPH HEKOTOPBIX YCJIOBUAX BO3MOMKHO
MTOABJIEHNE W OJIMTHOYHBIX 3BE3T.

[Ipu TakoMm MexaHH3Me 00pa30BaHUS 3BE3]] U3 IIJIOTHBIX 00JIAKOB MEXK3BE3/IHOM Cpepl cpa-
3y Ke BO3HHKAeT OJIHA Cepbe3Has TPYJHOCTb. J[e0 B TOM, 4TO OTJebHbIE «KYCKH» OOJIAKOB
Me2K3BEe3/THOIO Ta3a JBHKYTCsI JAPYT MO OTHOIIEHUIO K JPYTY €O CKOPOCTBIO OKOJIO 1 KM/c. DTO
HEIIOCPEJICTBEHHO CJIe/lyeT u3 aHajmsa npoduieit paguoannun 21 cm. o sroit npuunne obira-
Ka JIOJKHBI 00JIaJ]aTh HEKOTOPHIM MOMEHTOM KOJUYECTBa JIBUKEHUS. KCu ydecTh OrpoMHBIC
pasMepbl 00JIaKOB, TO 9TOT BpallaTe/JbHbIE MOMEHT OKa3bIBaeTCs O4YeHb O0JbimuM. COorjacHo
3aKOHAM MEXaHWKH, €CJIU ObI 0071aK0 OBLJIO0 M30JIMPOBAHHBIM, TO TIPUA €0 CXKATHH 0T, BJIUAHIEM
CcOOCTBEHHOI TpaBUTAIINN BpalllaTe/IbHBIII MOMEHT JIOJIZKeH ObLT coXpaHuThcd. Ho 9To o3Havaer,
YTO 110 Mepe cxKaTus obJiaka OHO JIOJIZKHO OBLIO OBl BpAIAThC BOKPYT CBOel ocu Bce ObICTpee
u ObicTpee. CKOPOCTH OCEBOTO BpAIEHUs JIOCTUTIA ObI CKOPOCTHU CBETa eIlle JI0 TOro, Kak obJia-
KO TIpeBpaTUIoch 661 B 3Be3/1y! Bce 9TU BBIBOIBI, 0JIHAKO, OBLIH MTOJIYUIEHBI B IIPE/IITOJIOKEHIH,
YTO CyKUMAIoIeecs 0bJ1ako udoauposano. Ha camom jiesie 310, Konedno, e Tak. OHO OKPYKEHO
JIDYTUMUI O0JIaKaM¥ W CBA3aHO C HIMH MArHUTHBIMH CHJIOBBIMU JUHUAMHU. BOT 10 3THM-TO cu-
JIOBBIM JIMHUSIM U TIPOXOJUT «yTedKa» 110 Kpaiineit mepe 90% BpamaTebHOrO MOMeHTa, 00JIaKa.
[Toka BemecTBo 0oOJsIaka 00JIa/1a€T JOCTATOUHO BBICOKOI 3JIEKTPOINPOBOHOCTBIO (JIJIsl 9€ero OHO
JOJIZKHO OBITH XOTS ObI HEMHOTO I/IOHI/ISOBaHO), MATrHUTHBIE CHJIOBBIE JIMHUNA KakK OBl «IIpUKJIEE-
HbI» K HeMy. [13-3a 3TOro BpamarebHbIii MOMEHT, KaK 110 THOKUM CTPpYHaM, «IIepeKadnBaeTCs»
OT CKUMAIOIIErocs 00J1aka K OKPYZKAIOIIeH ero MeK3Be3/IHON cpejie. DTOT MPOIECC «IepeKad-
KI» BpalllaTe/JIbHOIO MOMEHTa IIPEKPATUTCH TOJbKO TOIJa, KOIJia U3-3a BO3POCIIEH IIJIOTHOCTU
MOHM3AIUS BEIecTBa 00JIaKa CUJILHO YIAJEeT U €ro 3JEeKTPOIPOBOJHOCTh 3HAYUTEILHO YMEHb-
muTes. Torja MarauTHasi CBsA3b ObJIaKa ¢ OKpyzKaroleil cpemnoit npekparurcsa. ObpasoBaBiiu-
ecsd TaKUM O0OPA30M 3Be3/Ibl COXPAHSIOT JOBOJILHO OOJIBINON BpalaTeIbHbIII MOMEHT, KOTOPBIi
1 HabJTIOJIAeTCsT Y CPABHUTEIBHO MACCUBHBIX 3B€3]l, HAUMHAS OT CIeKTpajbHoro Kjiaacca O. Uro
JKe Kacaercs MeHee MaCCHBHBIX 3Be3Jl (Bpoje Harmero COJIHIA), TO OHU, B IPUHIIUIE, MOTYT
«OCBODOIUTHCST» OT M30BITOYHOI'O BPAIATEIHHOIO MOMEHTA JIOBOJILHO CBOEOOPA3HBIM ITYTEM,
obpasysi BOKPYT cebs ItaHerHble cucTeMmbl'. OnHako 6ojiee BEPOSTHLIM MEXaHU3MOM IIOTEPH
TaKUMHM 3BE€3JaMMN BpallaTE€/JIbHOI'O MOMEHTa ABJIACTCA HMCTCYCHUE BEHIECTBa U3 UX aTMocd)ep
(<<3B€3ﬂHbH7I BeTep») [IPU HAJUYIUNA MArHUTHBIX TOJIEl!

XapakTepHoe BpeMsi CxKaThs 00JIaKa JI0 pa3MepoB IIPOTO3BE3/IbI MOYKHO OIEHUTH IO IIPO-
cToit hopMysie MEXaHUKH, ONMUCHIBAIONIEN CBOOOIHOE ITaJleHre TeJla TOJI, BJIUSHUEM HEKOTOPOTO
YCKOPEHUsI. 3aMeTHM, 9TO 10 Mepe CXKaTust 00/1aKa BeJIMINHA YCKOPEHUS, JIeHCTBYIOIIEro Ha, ero
YaCTHUIIBI, OyJIeT yBeJmIuBaThcA. Mbl, 0JiHaKO, Oy/IeM JIJIsi IPOCTOTHI PACCYKJIEHUSA CIUTATH €TI0
ITOCTOSTHHBIM, UTO He OTPa3WUTCd Ha Hareil orenke. [Ipum TakoM ymporiaionieM mpe o 0KeHnn
nyTh R, IpOiiIeHHbBIN TOBEPXHOCTHBIMI CJIOSIMU 3BE3JIbI 38 BpeMsd t, OyIeT paBeH

1
R = éth, (3.5)

'Botee moapo6HO cM, KHATY aBTOpa «BcelleHHas, KIU3Hb, pa3yM», raasa 10, «Haykas, 1980.

47



3. T'ABOBO-IBIJIEBBLIE KOMIIJIEKCHI MEXK3BE3/IHOM CPE/ILI — KOJILIBEJIb 3BE3/I

IJle YCKOpeHue g = %—AQ/[. Orcrosa criejyer, 910

2R3 1
t=\Z37 = : (3.6)
2
V5GP
IJIe MbI BBEJIM CPEJIHIOI0 TIJIOTHOCTH ObJIaka P = éLnRg
3

13 dopmyis (3.6) cieyer, 9mo BpeMst CyNIeCTBEHHOIO CzKaThsl 00JIaKa 3aBUCUT TOJBKO OT
ero cpejHeil nepponadasbaoil mwiorHocTr. Popmyity (3.6) MOXKHO HAIMCATH WHAYE, [OJICTABUB
B Hee 3HaveHne )M U3 yc/ioBUsI IPaBUTAIIMOHHON HeycToiunBocTH (3.4):

_ 5” 3/2 _ 7“3/2 M

[Tonarasg mosiekyngapubiii Bec U = 2, a T ~ 20°, naitjiem, 9To 06/IaKO ¢ MAaccoil, paBHOI
COJIHETHOM, COKMETCsI 38 MUJLIHOH JIET.

B nporecce To1bKO 9TO ONMUCAHHON TEPBOil CTa NN KOHJIECHCAIIMN Ta30BO-TIBLIEBOIO 00/1aKa
B 3BE3/1y, KOTOpasl HA3BbIBAETCS «CTaaueil CBOOOIHOIO A IeHIA», OCBOOOXK IAETCsT OIIPEIEIEHHOE
KOJIMYECTBO TPABUTAIIMOHHOI sHepruu ~ GM? /Ry (Ry — paauyc B KOHIIe 9TOH CTajum, KO-
rja 06JIaKO CTAHOBUTCSI YK€ HEMPO3PAYHBIM JIJIsi COOCTBEHHOIO MHMPAKPACHOTO U3JIyYeHUs).
[TosroBuHA OCBOOOIMBIIIEHCS IPA 9TOM SHEPTHH JOJIKHA MOKUHYTH 00JIAKO B BHUJE MH(PaKpac-
HOI'O U3JIyYeHUsl, a [0JOBUHA HOiTH Ha Harpes BerectBa (cm. § 7). s Toro, 4robbl oreHuTH
BEJIMYUHY STOW SHEPIUH, HY?KHO XOTs Obl IPUOJM3UTE/IHHO 3HATH, YeMy paBHsieTcs Ri. DTy
OIIEHKY MOKHO CeJIaTh CaeayionmM oopasoM. Korma craams ¢cBOOOIHOrO MMaeHnsT OKOHIUTCSI,
CyIIECTBEHHAs] YaCTh OCBOOOIUBINENCS IPABUTAIIMOHHON SHEPrUM TOWIeT Ha HarpeBaHue rasa
B 00JIaKe U, KaK CJIeJICTBUE 9TOr0,— Ha JUCCOIUAIIUNIO MOJIEKYJI BOJAOPO/a (M3 KOTOPBIX TPEUMY-
IECTBEHHO U COCTOUT 06J1aKO0). UTOOBI AUCCONMUMPOBATE OJIHY MOJIEKYILY BOJIOPO/Ia, HEOOXOAUMO
sarparuTh 4,3 3B suneprun uiau 7 - 10712 spra. CremoBaTesbHO, /1715 TICCOIUAIINT OJIHOTO I'DaM-
Ma, BOJIOPOJa, coiepkatiero ~ 3 - 102 momekyn, Hago 3arparuts & = 2,1 - 10'? spr, a a1a
JINCCOITUAITNN BCEX MOJIEKYJT BOJIOpoJia B obyiake — B M pas Oosibine, tje M — Macca obJraka,
BbIpakeHHasl B I'paMMax.

[IpupaBuuBasi HEPTUIO, MOTPAYEHHYIO HA JUCCOIMAIINIO MOJIEKYJIAPHOTO BOJIOPOIA, TOJIO-
BUHE OCBOOOJIMBINENCS TP CxKATUHU 00JIaKa IPaBUTAIIMOHHON SHEPIUH, Hall1eM, 9TO

GM? M
~ ~ 500Ro—, (3.8)
EM Me,

Ry

rae Re u Mg — paauyc n macca Commna. CseTuMocTh B mHGPaKPacHBIX JIydax CzKHUMArole-
rocsi obJ1aKa MOKHO OIEHHUTD, Pa3JIe/uB IMOJOBUHY OCBOOOIMBINENCS IPaBUTAIIMOHHON SHEPTUN
Ha Bpems ckarust. Kombuuupyst opmysist (3.6), (3.7) u (3.8), 6yuem umersb

& AT 3/2 T 3/2

rje T —remiiepaTypa BelecTBa 0bJjiaka K MOMEHTY, KOTJIa IIPOIIECC JIMCCOIMAIINN BOIOPOIA 3a-
konumicd, La = 4 - 103 spr/c — cerumocts Cosnna. Bennuuna T j1o/KHa GBITH HOPsLIKA,
HECKOJIKIX ThICAY Ipaycos, oTKyga L ~ 100Lg). 91o odens Gombmas senmanna. Cremyer,
OJTHAKO, 3aMETUTh, ITO MBI TIOJIYIUIN cpedHee 3HATEHNEe CBETUMOCTH 3a BECh Iepuo/I cxkarusd. B
JIECTBUTEILHOCTHU, OJTHAKO, OCHOBHAS YaCTh OCBOOO/IMBINENCS TPABUTAIIMOHHON SHEPTIUY Oy1eT
U3JIydeHa Ha CAMbBIX TOCIEIHUX dTAlax CTaIuu CBOOOIHOTO T IeHUs, KOT/Ia PaInyc 00JIaKa yKe
Oyzmer 6;m30K K Rp. B HauambHOI cTaum nporecca cxkaTus (KOTopast, TeM He MeHee, 3aHIMAaeT
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GOJIBIIIYIO YaCcTh BpeMeHU) 00JIaKO MOYTH He udjrydaer. Teopusi, TakumM 0Opa3oM, MpeIcKa3biBa-
€T HAJUYINe 6CNLILKY MHPPAKPACHOTO U3JIydYeHns obJiaka. /[JImTeIbHOCTb 3TO# BCIBITKY, KaK
[IOKA3bIBAIOT OIEHKH, JIOJIZKHBI ObIThH TOPsJ/IKa HECKOJBLKHUX JIET, IpUuieM HH(paKpacHas CBETHU-
MOCTH O0JIaKa JOJIKHA B THICSIN Pa3 MPEBOCXO/INTH DOJIOMETPUUIECKYIO cBeTUMOCTb COJTHIIA.

Kak Tosbko cxkmmaroreecs: 00J1ako CTaHeT HeIPO3PAYHbIM JIjIs CBOEro NH(MPAKPACHOTO U3-
JIy9eHUsI, CBETUMOCThL ero pe3ko ynajer. OHo Oy/eT MpoJIo/KaTh CKUMATHCS, HO yKe He IO
3aKOHY CBOOOJIHOrO TaJIeHUd, & ropa3jao MejjeHHee. TeMiiepaTypa ero BHyTPEeHHUX O0JIacTeil,
IIOCJIe TOT'O KaK IIPOTIECC JTUCCOIUAIINN MOJIEKYIIPHOTO BOJIOPO/IA 3aKOHIUTCH, OYIET HEIIPEPhIB-
HO TIOBBINIATHCS, TaK KaK ITOJIOBIHA OCBOOOKIAIONIENCS TPU CYKATUH TPABUTAIMOHHON SHEPTUH
Oyzer waru Ha Harpes obsaka (cM. § 7). Bupouem, Takoit 06beKT «0BJaKOM» yKe HA3bIBAThH
HEJIb3s1. DTO y2Ke caMasl HACTOLAIIas NPomo3eesaa.

Taxum 00pazom, U3 MPOCTHIX 3AKOHOB (PU3UKU CJIE/IyeT OXKHUIATh, 9TO MOYXKET UMETh MECTO
€CTECTBEHHBIN M 3aKOHOMEPHBIN IPOIECC IBOIONUNA a30BO-TIHIJIEBBIX KOMIIJIEKCOB MEXK3BE3/I-
HOW CpeJIbI CHAaYAJIa B IIPOTO3BE3/IbI, & MOTOM B 3Be3/bl. O/IHAKO 603MOHCHOCMb — ITO €IIe He
ectb deticmeumenvrocms. llepseiinieit 3amadeit HaOIIOIATEIBHON ACTPOHOMUH SIBJISIETCS, BO-
MEPBBIX, UBYUIUTb PeaibHble 00JIaKa MEXK3BE3IHON CPEJIbl U MPOAHAJIM3UPOBATH, CIIOCOOHBI JIH
OHM C2KUMAThC TOJT JeficTBUeM cOOCTBEHHOM rpaBuTamuu. Jjist 9Toro Hajo 3HaTh UX pa3MephI,
IJIOTHOCTH W TEMIIEPATYPhI. BO-BTOPBIX, OUEHb BAXKHO MOJIYIUTD JOMOJTHUTEIbHBIE apPTyMEHTHI
B TI0JIb3Y «T€HeTUIecKoil 6JM30cTH» 00JIAKOB U 3Be3]] (HAPUMEp, TOHKHE JIeTATN UX XUMUIe-
CKOI'O U JlazKe W30TOITHOTO COCTaBa, TeHETHYECKasi CBsi3b 3Be3] U 00JIaKoB U 1p.). B-Tperbux,
OYeHb BaXKHO TOJIyYUTb U3 HAOJIIOEHNIT HEOIIPOBEPKUMbIE CBUJIETETHCTBA CYIIECTBOBAHUS Ca-
MBIX PAHHKX TAIOB PA3BUTHUS IPOTO3BE3]L (HAIIPUMED, BCIBINIKYA HH(MPAKPACHOTO U3JIyYeHUs B
KOHIIE CTa[iu cBOOOIHOTO maienust). Kpome Toro, 3mech MoryT HabI0AaThest (M, HO-BUIUMOMY,
HaOJTIOIAIOTCsT) COBepIlieHne HeoXKuianHble siierust (cum. § 4). Hakower, cieyer getaibHO u3y-
YaTh MPOTO3Be3bl. Ho 11 9TOr0 Ipexk e BCero Hy»KHO YMeTh OTJIMYATh UX OT AHOPMAJIHHBIX >
3Be3/1. Kpyr BOmpocoB, CBA3AHHBIX ¢ HAOJIOJEHUSAME SBOJIOIUHU IIPOTO3BE3] B 3BE3JbI, OyIeT
o0cyKmaTbes B § 5.

OMIUPUIECKUM TIOTBEPKIEHUEM IPOIecca 00Pa30BaHmsl 3Be31 13 00JIAKOB MEXK3BE3THOM
CPEJIbl SABJISETCS TO JIABHO M3BECTHOE OOCTOATETHLCTBO, YTO MACCUBHBIE NOPAYHE 3BE3/IbI BHICO-
KO cBeTHMOCTH creKTpasbHbiX Kiaccos O u B pacmpesesnensr B [ajakTuke He 0JHOPOJIHO, &
IPYHIUPYIOTCA B OTJEIbHbIE OOIUPHBIE CKOIUIEHUS; TaKNe T'PYIIUPOBKA 3Be3/] MO3/IHee TOJTy-
YMJIM HAa3BaHue <«acconuaruiiy. Ho Takue 3Be3/1bl, KAK MMOMEPKUBAJIOCH BBIIIE, JIOJKHBI ObIThH
MOJIOJIBIMU OObeKTaMu. TakuM obpaszoM, caMa MpaKTUKa aCTPOHOMHYECKUX HAOJIIOIEHUIT T10/I-
CKa3bIBaJIa, YTO 3BE3JIbl POXKJIAIOTCA He IOOJIMHOYKE, & KaK Obl «T'HE3aMI», YTO KAYeCTBEHHO
COTTIACyeTCs ¢ TIPeICTaBIeHNsIMIA TEOPUHU IT'PABUTAINOHHON HeycToiranBocTu. MoJutompre accorma-
U 3Be3/1, (COCTOsIIIIE He TOJBKO U3 OJIHUX TOPAYMX MACCUBHBIX TUTAHTOB, HO U U3 JIDYIHUX [IPU-
MeJaTeIbHbBIX, 3aBEIOMO MOJIOJIBIX O0BEKTOB, O KOTOPLIX PeYb OyIeT UJITH B § 4) TeCHO CBA3AHBI
¢ OOJIBITTMIMU Ta30BO-TIBLJIEBBIMU KOMILJIEKCAME MEZK3BE3THOM cpeibl. FicTeCTBEHHO CHUTATDh, YTO
Takas CBA3Db JIOJIZKHA ObITH 2eHemuyeckol, T.e. 3TU 3BE3JIbl 00Pa3yIoTcd MyTeM KOHJIECHCAITUU
00J1aKOB Ta30BO-TIBLJIEBOI CPEJIbI.

OjHako, Kak yrKe IOYePKUBAJIOCH BBIIIE, OJIHO JEJI0 — PHUIEPKUBATHCA U3JI0KEHHOM
BBIIIIe KOCMOTOHUYIECKOl KOHIIEIIINH, a JPYyroe — JiaTh konwkpemuovie (T.e. Gasupyrolmecs Ha
HaOJIIOJIEHNUS) aCTPOHOMEIYECKHE JIOKA3ATETHLCTBA TOMY, YTO MOJIOJIBIE 3BE3JIbI KOHIEHCUDYIOTCS
u3 jauddysnoit cpegapl. B nocaeanne rojpl 6oL 06HapyKeHbI HOBBIE, BECbMa BaKHble (ak-
TBI, PEIIUTENTHHO IMOJJIEPKUBAIONINE KJIACCUIECKYI0 KOCMOIOHUYECKYIO KOHIICIIINIO 00pa30Ba-
HUS 3BE3J] M3 MEXK3BE3IHOW CPEJIbI, XOTs OKOHYATEJLHOTO pelienns: mpobsembl ere net. 06
9TOM pedb OyJeT ujaru B § 5. Bee se10 B ToM, 9TO 3Ta 11pod/ieMa oKa3aiach CJIUINTKOM CJI0ZKHOIA.
Cremyer, 0JTHAKO, 3aMETUTh, UTO BOIIPOCHI, CBA3AHHBIE C PA3JIMIHBIMU ACIIEKTAMU ITPOOJIEMbI
«emepmuy 3Be3JI, TPOJIBUHYTHI BIIEPE] TOPa3/0 JaJIbIe, YeM KPYT' BOIPOCOB, CBA3AHHBIX C
pootcdenuem 38e31. [lo-BuamMomy, 9T0 OObSICHIETCS T€M, ITO CMEPTh 3Be3] COIPOBOKIAETCSI
TAKUMUE BIEYATISTIONIUMIE SIBJIEHUSIME, KaK BCIBIIIKI CBEPXHOBBIX (cM. dacTh 1), n obpazosanu-
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eM IUIaHeTapHbIX TyManHocTeil (eum. § 13). DTu dheHOMEHBI OUeHb SIPKO BBIPAYKEHbI, UX HEJIb3sI
HK C 9eM JAPYI'UM CIIyTaThb U MOXKHO T€OPETUICCKHU OCMBIC/IUTD. I/IHOG JeJI0 — PO2KJ/ICHNE 3BE3 .
DTOT MmpoIecc, Kak IMPAaBUIO, HE3aMEeTeH, IIOTOMY YUTO CKPBIT OT HAC IIEJIEHOW MOTJIONAOIIe
CBeT KOCMUYIeCKOi mbln. TOJBKO parnoacTpOHOMESI, KaK MOXKHO ceiffdac ¢ GOJIBINON YBepeHHO-
CTBIO CUUTATDh, BHEC/IA PAJINKAJIbHOE U3MEHEHUEe B MPODJIEMY IKCNEPUMEHMANLHO20 U3y ICHUS
pOXKaeHus 3Be371. Bo-1iepBhIxX, MeK3Be3/IHAasI ITbLITH HE TONJIONAaeT PaJIMoBOJIHbL. Bo-BTOpHIX, pa-
JANO0aCTPOHOMMSA OTKPbLJIa COBEPIICHHO HEO2KMAaHHBbIE ABJICHNA B I'a30BO-IIbIJIEBBIX KOMIIJICKCaX
ME2K3BE3IHON CpeJibl, KOTOPBIE, KaK MOXKHO MOJaraTb, UMEIOT IPAMOE OTHOIIECHUE K ITPOIECCY
3Be31000pasoBanus. O6 3ToM pedb Oyier uarn B § 4. BecbMma BaXKHBIM /I HaIel TpoOIeMbI
0Ka3aJI0Ch Pa3BUTHE MH(PaKpPaACHOi acTPOHOMUM, TaKyKe, B 3HAUYUTEILHON CTEIeHU, CBODO/I-
HOI OT BJIMSIHUS IIOIVIOMIEHUsI KOCMUYIECKOI IbLIbIo. Mbl MOXKeM, ¢J1e/I0BaTeIbHO, CKa3aTh, 9TO
TOJIBKO IIPUMEHEHNEe HOBOI TEXHUKH, O0ECIIeUNBAIONIel IPOBeIeHIne aCTPOHOMUIECKIX HAOJII0-
JICHWIl B paHee HEeJIOCTYIIHBIX CIEKTPAJbHBIX 00JIACTAX, MO3BOJILIET HAJIEATHCs, 9TO MpodieMa
00pa30BaHms 3Be3]] U3 00JIACTH INCTO YMO3PHUTETBHBIX CIIEKY/ISINN CTAHET TOYHONW HAyKOI.

YTo Ke HOBOIO MbI y3HAJU a CPABHUTEIBHO IIJIOTHBIX I'a30BO-TIBLIEBBIX KOMILIEKCAX MEXK-
3BE3/IHOM cpejibl 3a nocaeaaune 15 jer? [Ipex e Bcero Ha 0 OCTAHOBUTHCS HA 3aMEYUATETbHBIX
JIOCTH2KEHUSAX MOJIEKYISAPHON PaJIMOCIEKTPOCKOITMU TUX 00JIaKOB. B mpeplayIneM naparpa-
de yxke yIOMUHAIOCh KPATKO C TOM, 9TO B MEXK3BE3/IHOM Ta3e Hapsay C aTOMaMH UMEIOTCS
B HUYTOXKHO MaJjioM Kosmdectse japyxaromuble mosekyiasl CH, CHT u CN. DTu mosexysl
OBLIN OOHAPYKEHBI METOIAMH ONTHYIECKON acTpoHoMuu. HemaBHo MeTomaMu BHeaTMOChEpPHOI
ACTPOHOMMH ObLIM OOHAPYKEHbI MexK3Be3Hble Mojekyabl Ho. Onnako eme B 1949 1. aBTOp
9TON KHUTHU YKa3aJ Ha BO3MOXKHOCTH CIEKTPOCKONMYECKUX HAOJIIOIEHUI MeXK3BE3HBIX MOJIe-
KyJI B paJiiojialia3one. bojee KOHKpeTHbIE BBIYUCIEHNS ObLIN OIyOInKOBaHbI HaMu B 1953 1.
Y HEKOTOPBIX MOJIEKYJI BpalllaTeTbHbIe YPOBHU OKA3bIBAIOTCA PA3/IBOEHHBIMU M3-38 TaK Ha3bI-
BaeMOro «JiaMOJ1a-y/IBOCHUA», BbI3BAHHOI'O B3aUMOIEHCTBUEM JIBHKEHUS 3JIEKTPOHOB B MOJIE-
KyJie C BpalllaTeJIbHLIMU JIBUZKEHUEM ee sgjep. Pa3jiBoenne BpalaTe/IbHbIX YPOBHENH MOJIEKY!I,
obycioBeHHOE 3TUM 3PPEKTOM, 04eHb MaJIeHbKOE, TaK YUTO II€PeX0J ¢ BEPXHEro Ha, HUKHUI
IOy POBEHD 3TOI TOHKOM CTPYKTYPHI JTaeT CIIeKTPaJIbHbIE JTMHUN, HAXOIAIINECS B paJinouarar-
3one. Ha camoMm Jiejile KapTuHa OKa3bIBaeTCs 0oJiee CJIOKHOM, TaK KaK KarKJIbIil U3 IOy POBHE
JlaMO/1a-yIBOEHUsT PaCIIEIIsieTcs Ha elne 00jiee «TeCHO» PACIIOJIOXKEHHbIE YPOBHU M3-3a B3au-
MOJIEHCTBUS C COOCTBEHHBIM MOMEHTOM siJIep. DTO He YTO MHOE, KAK CBEPXTOHKAsi CTPYKTYpA.
Hawnbosiee merasnbHble pacueTbl MHE yJIaJOCh IpoBecTd B 1953 T. Jj1s1 MOJIEKYJIbl THIPOKHUCTIA
OH, y KoTOpoit COOTBETCTBYIONINE MOJIEKYJIIPHBIE KOHCTAHTHI OBLIM K TOMY BpPEMEHHU J0CTa-
TOYHO XOPOIIO U3BECTHBI. Be3 ydeTa cBEpXTOHKOW CTPYKTYPHI JIJTMHA BOJIHBI JIaM0/1a- Y IBOCHUS
JUIsl 9TOM MOJIEKYJIbl OKasbiBaercs 18 canrumerpos. C yueToM CBEPXTOHKON CTPYKTYPBI (UTO
OBLIO CHAEJIAHO CIIyCTS HEKOTOPOE BPeMsi U3BECTHBIM aMEPUKAHCKUM (PU3UKOM, OJHUM U3 U300-
peraresieii Ja3epoB u MazepoB, nmpod. TayHcoMm) ciieoBaio OXKUIATH YeThIPeX JIMHUI, CXeMa,
oOpa3oBanmii KOTOPBIX MPUBeJieHa Ha puc. 3.2. HacToTsl 3tux Jmauil cyTh: 1612, 1665, 1667 u
1720 MI'i. B Tom ke 1953 1. aBTOpP 9TOI KHUTHU CJE/Ia/ AHAJTOTHIHbIE PACUYEThI JIjId HEKOTOPBIX
Jpyrux MoJiekys1, nanpumep, CH, ofHaKO TOYHOCTD BBIYUCIEHHBIX JJIUH BOJIH ObL/Ia 3HAYUTE b=
HO HIKe, deM j11s1 MosieKy/abl OH. CyinecTBeHHO TIOIIEPKHY Th, 9TO OXKHUIaeMasi HHTEHCUBHOCTh
9TUX HOBBIX MOJIEKYJIAPHBIX JIMHUI JOJI2KHA ObLia OBITH XOTdA U HE TAKO OOJIBINON, KaK y 3Ha-
MeHnTOi qmHEE 21 ¢M, HO Bee Ke JOCTATOYHON JIId TOro, 9ToObI OLIThL Habmomaemoitl. Ha
HePBBII B3MJISJT 9TO KAyKeTCs MapajIoKCATbHBIM: Bejlb OxKuaeMoe obmine mosekyasl OH (ko-
TOpas ONTUYECKUMU METOJaMU B MEXK3BE3JIHOM cpejie He 0OHAPYKEeHA) JIOJKHO ObLIO ObITH BO
MHOT'O MUJIJIMOHOB Pa3 MEHbIIEe, YeM aTOMOB BOI0po/ia. /leso, ojiHaKo, B TOM, 9TO, B OTJINYHE OT
BOJIOPOJIHOM tmHUN 21 ¢M, MOJIEKYJ/IsIpHbIE JINHUY, BOSHUKAIOIINE TIPU MIEPEXOJIE MEYK/Ty KOMIIO-
HEHTaMU J1aMOJIa-yIBOCHUS, ABJIAIOTCI PA3PEULHHbLMU, TTOITOMY BEPOATHOCTH TEPEXOJIOB JIJIs

!Tonpko B xomTEe 1973 T. 61T O6HADY KeHa OvueHb ciaabas pamuonuausa Moaekyas: CH, 1ymHa BOJTHBI KOTO-
poit 9,45 cM, 9TO TOBOJIBLHO OJIM3KO K BBIUUCIEHHOMY MHOIO 30 JIeT Ha3a/l 3HAYEHHUIO.
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o7, | L

7655 71512

Puc. 3.2. Cxema, nosicusiromas obpa3oBanne deTbIipex pajauoanauit moexyrsr OH.

HUX IIOYTHU B MMUJIJIMOH pa3 60.Hbﬂ_le, 9qTO B 3Ha‘—H/ITe.HbHOI71 CTelleHu JOJIZKHO KOMHeHCI/IpOBaTb
MaJioe obuJjue.

Tonbko B 1963 1., 1. e. criycta 10 JjieT mocjie HaIUX PAcYeTOB, aMEPUKAHIIHI B JTHAIIA30HE
18 c¢M 0OHAPY KUK YeThIPe JIUHUM MOJIEKYJIbI MEK3BE3ITHOIO THIPOKCHIA, YACTOThI KOTOPBIX B
TOYHOCTH COOTBETCTBOBAJIM BBIUYUC/IEHHBIM. JTO OTKPBITHE O3HAMEHOBAJIO OO0 HAYMAJIO HOBOI
IJIaBBI KAK B PAINOACTPOHOMUN, TaK U B U3YUIEHUN MEXK3BE3/IHO cpenl. 3a 10 mociemyonumx
JIET B JCIIUMETPOBOM, CAHTUMETPOBOM M MUJIIUMETPOBOM JIHATIA30HAX OBLIO OTKPBITO JIOBOJIBHO
MHOT'O PaJIMOJIUHAN MOJIEKY/ISIPHOI'O MMPOUCXOXkKIeHus. [[odTn Bce oHM BO3ZHUKAIOT IIPHU MIEPEXO-
JIaX MEeXKJIy BpalllaTeIbHBIMEI YPOBHSAME PA3/JIMYHBIX MOJIeKysl. B wamm juan (Hadaao 1983 1)
MEeTOJIaMU PaJIM0ACTPOHOMUM B MEYK3BE3JIHOI cpejie 0OHapyKeHO 0K0JI0 60 HOBBIX MOJIEKYJT B
JIOTIOJTHEHUE K TPeM U3BeCTHbIM panee u3 onrtudeckux Habsogenuii (CH, CHT, CN) u mosexy-
JIBI Bojiopojia Hy, iunum KoTopoit B yabTpaduoIeTOBOM YacTH CIIEKTPa 0OHAPYKEHbI METOIAMU
BHeaTMochepHoit acTpoHoMun. BarkHoiT 0c0OOEHHOCTBIO PAIN0aCTPOHOMUIY MEXK3BE3IHOM CPe bl
SIBJISIETCST BOBMOXKHOCTD Pa30deavHo HAOIOAATD JTUHIN, TPUHAIEIKAIIIE PA3JTMIHBIM H30TOIAM
JIAHHOW MOJIEKYJIbI, TAK KaK B PaJUOCIEKTPE STU JIMHUU JTOBOJIBHO IMUPOKO Pa3HECEeHbI. Tem
CaAMBIM OTKPBIBAETCS BO3MOXKHOCTb M30TOITHOTO aHaInu3a MEXK3Be3/IHON cpejibl. 60 obHapyKeH-
HBIX METOJAMU PaINOACTPOHOMUN MOJIEKYJT HAOJIOMAIOTCS B. COTHE M30TOIMHBIX KOMOWHAITHIA.
Hapsany ¢ munnavm mosexyin OMH mabrogaioTes TakzKke 3HAUNTEIBHO Hojtee cIadble THHAN
801H. B ciyuae MexK3Be3/1HOI MOJIEKYJIbI OKHCH YIilepoja Hab/II0al0TCsa M30TOMHbIE KOMOU-
naruu: 2C100, BC90, 12C1B0 (cm. nuxe).

B 1o Bpemsi Kak HekoTOpble MoJieKyJbl (Hampumep, OH) HabmonaoTces BO MHOMHX 06J1a~
KaX MeXK3Be3JIHOTO ras3a, OOJIBIMMHCTBO MOJIEKYJ, 0OCOOEHHO MHOT'OATOMHBIX, HaOJIIOIAIOTCA B
OTPOMHOM T'a30BO-IILLJIEBOM KOMILJIEKCE, PACIIOJIOKEHHOM B HallpaB/IeHUU Ha IeHTp [asiakTuku
u nasbiBaeMoMm Crpester; B, a Takke B Menbineit crenenn B Tymannoctu Opuona. Hekoropbie
mostekyJibl (Harmpumep, CO, y KOTOpOil JyinHa BOJIHBI pauonann 2,64 MM) HaOTIOMAI0TCS KAk
B 3onax H I, rak u B 3omax H II, npyrue — TOJbKO B IJIOTHBIX, XOJIOJHBIX a30BO-TIBLIECBBIX
obnakax. Obparaer Ha cebst BHUMaHHE OOJIBINOE KOJTUIECTBO MHOTOATOMHBIX MOJIEKY — JIO-
BOJIBHO CJIOXKHBIX XMUMHUYIECKUX CTPYKTyp. Hampumep, B ynomsinyrom Komiuiekce Ctpester; B
obnapyxkennl paanoanann Mosekya HoHCO, CHsHCO, CH3CN u ap. Baxk#abiM O6bLIO OTKPHI-
THE TAKUX 00/IAKOB Ta30BO-IIBLIEBOM MEYK3BE3/IHON CpEJIbl, IJIe JIMHUK TOTJIOMIEHUS MOJICKYJT
OH 10BOIbHO MHTEHCUBHBI, B TO BpeMsl KakK JIMHUS HEHTPaAIbHOIO BOJopoaa 21 ¢M odeHb ciia-
6a. DTO MOXKeT O3HaYaATh TOJBKO OJIHO: B TAKMX 0OJaKax BOJIOPOJ HAXOIUTCS B MOAEKYAADHOM
COCTOSIHUM, B TO BpeMs KaK B «OOBIYHBIX» obsiakax H I HaxomguTcs mpemmyIiecTBeHHO B aTo-
MapHOM COCTOAHHH. TeopeTndecKre pacuaeThl MOKA3bIBAIOT, UTO JJIsi TOTO, YTOOBI BOIOPOI CTAJ
MOJIEKYJIPHBIM, KOHIEHTpaIlus Ta3a B ob/ake Jo/oKHA GbITh Gosbinoit (Gombme 100 cm™3),
a KHHeTU4ecKasl TeMIleparypa cpaBHUTEIbLHO Masioil. [Iporecc coequnenusi aToMoOB BOJIOPO/Ia
B MOJIEKYJIbI OCYIIECTB/IIETCS Ha MOBEPXHOCTAX IBLIMHOK, HAXOJANUXCcA B obJake. Bmecre ¢
TEeM TBLJINHKKA 9KPAHUPYIOT 00pa30BaBIIAecs: MOJIEKY/IbI BOIOPOIA OT JIMCCOIUAIINN YIbTpadu-
0JIETOBBIM H3JIyUE€HHEM OT Topsiiunx 3Be3. K coxkasenuio, y mojekynabl Hy HET pagumosmHuil,
[IO3TOMY JIETAJIA ITOTO IIPOIIECCa IMOKa OT HAC CKPBITHI, TeM 60JIee, 9TO B TAaKUX 0OJIAKaX U Yilb-
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Puc. 3.3. 'uranTckuit pagunoreneckorn VLA.

TpacduosieToBble uauu Hy, n3ydaembie MeTomaMu BHEATMOCHEPHOI aCTPOHOMUH, ITOJTHOCTHIO
IOTJIOIIAIOTCA KOCMUYECKON IBLIBIO.

BazxHoe 3HaveHme Uccae0BaHII MOJIEKYIAPHBIX PAIUOJINHII COCTOUT B TOM, 9TO OHU T103-
BOJIAIOT BBIMOJIHUTH KOJUYECTBEHHBIN aHaIn3 (pU3NIeCKUX YCJIOBHI B 00JIaKax MerK3Be3IHOI
CpeJibl ¢ TaKOM IMOJTHOTOMN, KOTOPAasi eIle HeJIABHO Ka3a/laCh HEITOCTUKUMO. DTO B MEPBYIO Ote-
pellb OTHOCHTCSI K ILIOTHBIM, X0JI0AHBIM obsakamM H I, mpeacrapistomuMm j1j1s1 Hac 0COOEHHO
OOJILIIION MHTEpeC B CBA3U C IIpobjeMoil 3Be3goobpasopanusi. Haxomsiumecs B 3Tux obJyrakax
MOJIEKYJIbI ABJISIIOTCA KaK Obl CBOCOOPA3HBIMHU <«30HJIAMU», C IOMOIIBI0 KOTOPBIX aCTPOHOMBI
«IIPOILYIBIBAIOT» (DU3UIECKOE COCTOSHHE OKPY2KAIOIIe 9TH MOJIEKYJIbl cpeibl. Pesyabrarhb
aHaJIn3a MOKA3bIBAIOT IPEK/Ie BCErO, YTO IMOJHBIE MACCHl XOJIOJHBIX 00JIAKOB B Ira30BO-TILLIE-
BBIX KOMILIEKCaX IOPSIKA HECKOJIBKUX JIECATKOB THICSIY COJTHEUHBIX Macc. Macca ruranTckoro
razoBo-Teliesoro Kommiekca Crperer; B gocturaer 3 - 10 commeunsx mace, a pasMepnl —
s10 50 1c. KonnenTpariusi MOJIEKYIIPHOTO BOJIOPO/ia B TaKUX O0JIaKaX JIOCTUTAET HECKOJIbKHUX
THICSY Ha KyOumdeckuili cantumerp. B nanbosiee MmIOTHBIX OO/IaKax (HAIPUMED, B TYMAHHOCTH
OpuoHa) KOHIEHTpAIUsA MOJIEKYJIsIpHOrO Bojopoda jocturaer 107 cv™2. 3ameTum, 4T0 CTO/L
00JIbITIOE 3HAYEHNE KOHIIEHTPAIIMM CTABAT TaKue 00JIaKa KaK Obl TOCPEIUHE MKy OOBIYHBIMU
obJtakaM1 MeXK3BE3/IHOM CPeJibl M IPOTAXKEHHBIMU aTMochepaMu KPACHBIX TUTAHTCKUX 3BE3/I.
[Toka acTpOHOMBI ellle He MOTI'YT OIEHUTH MOJTHOE KOJUYIECTBO TAKUX IJIOTHBIX MOJIEKYIAPHBIX
obsrakoB B ['asmaktuke. Ho yike ceffuac MOKHO cesiaTh BarKHBIN BBIBOJ, 9TO CYIIECTBEHHAS
JacTh MEK3BE3/IHOIO Ta3a B [aJlakTuke MOXKeT HAaXOAUThCsS B (popMe CpaBHUTEIBHO ILJIOTHBIX
MOJIEKYJIAPHBIX 00JIaKOB.

Kunerndeckas TeMiieparypa rasa B TaKux obJlakaxX HU3Ka, MPUIEM MEHSeTCs B JIOBOJIBHO
IUpoKux 1pejenax. CaMble XOJI0HbIE U3 MOJIEKY/IPHBIX 00JIAKOB UMEIOT TEMIIEPATYPY OKOJIO
5 K. MakcumaJsibHast KHHeTHIEeCKas TeMilepaTypa 001akoB eaBa jgoxoauT 10 50 K. Temreparypa
komiekca Crpesner B okoso 20 K, npuyem oHa mpakTUYecKy IMOCTOSTHHA BO BCEM €0 TMIaHT-
ckoM obbeme. Huskas remmeparypa, B COYETaHUH C JOBOJILHO BBICOKOI IIJIOTHOCTBIO TIPU 0O0JThb-
IIIX Maccax, JieJlaeT TaKKhe arperarhbl BEIeCcTBa KpaitHe HeYCTOWIUBBIME 110 OTHOIIEHUIO K CUJIe
rpauraiiun (cM. Boiiie). OHI ¢ HEOOXOIUMOCTBIO TOJL JEHCTBIEM ITON CUJTBI JOJIZKHBI CZKUMATH-
csl, ¥ BCE TOBOPUT O TOM, UTO TaKue KOHJICHCAIUU OY/IyT JIOBOJIBHO OBICTPO SBOJIIOIIMOHUPOBATH
B 3Be3/1bl. [Iporecc «dparmenTanumy 3Tux 00/IaKOB Ha MaJeHbKHUE, IIJIOTHbIE KOHJACHCAIIUA —
«IIPOTO3BE3/IbI» — MOXKHO OY/IeT HAOJIOIATh B OJIM3KOM Oy IyIeM Herocpe icTBeHHo. /g sToro
HEeOOXOIUMBI JIeTaJIbHbIE PaIM0ACTPOHOMIYECKUE HAOJIONEHNS TaKUX MOJIEKYJIAPHBIX 00IAKOB
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¢ BechbMa BBICOKOII YTIJIOBOIT pasperaoiieii criocobnoctwio. [locienusis jgokua ObITh JIydlle,
geM OJHa CeKyHJa Jiyru. [IoMrUMO CTOJIb BBICOKOI pas3periaorieil ClioCOOHOCTU PaJIMOTEIECKOIT
JIOJIZKEH OBITh BeCbMa YYBCTBUTEJICH, TaK KaK MOTOKHU PAJMOU3IYUCHHT OT TAKMX KOHJIECHCA-
numit MaJjibl. JIydine Bcero jjisd perrenus 3Toit pyHIaMeHTaIbHON 3a/1a91 MOIX0IUT TUTaHTCKUI
pajmoresieckort VLA (puc. 3.3).

Yike ceffgyac MOXKHO TOBOPHUTH O KOJMYIECTBEHHOM XHUMHUYECKOM AHAJIN3E MOJIEKYITPHBIX
MerK3Be3THBIX 00/JaKOB «TeMHBIX» 1 «9epHBIX». IIpu cpemeit KonmenTparmy Moaekya Hy ~ 10
em® xonmentpamsa OH 6im3ka xk 1072, IlpuMepHo Takas ke KOHIeHTpamus ammuaka NH.
Ouenb BesmKa KonnenTpamusa okucu yriaepoga CO, g0 1 em™3. Ecm Mbl y4TeMm, 9TO KOCMHU-
YeckKoe obujne yriaepoja o OTHOIIEHHIO K BOJOpoay 6;m3ko K 1074, To MBI HerocpeicTBeHHO
[OJIy9aeM BayKHBIN pe3y/ibTaT, 9TO MPAKTUIECKH BECh YTJIEPOJI CBsI3aH 0oJiee OOMIbHBIM KUC-
smopogom. [locmeaauii, ckopee Bcero, mpucyrctByer B Buje Mosiekysn Og. Brpodem, stor maTe-
pecHBI BoIpoc ToKa erne He perren. OOparmaer Ha cebs BHUMaHUE CPaBHUTEIHHO OOJIbIIast
KOHIICHTpalUd CJIOKHBIX Mojekya. Hanpumep, konmenrpanus monekya CHz;OH okono 1073
€M ™3, 4TO BCero JIMIIbL Ha HOPSAI0K MeHblne KonmenTpanun Mosekyinl OH. Ckopee Bcero ciox-
HbIE MEXK3Be3/IHbIe MOJIEKYJIbI TOCIeI0BATE/IbHO 00PA3YIOTCS MyTeM «HOHHO-MOJIEKY/ISIPHBIX>
peaxuuii tuna: C* + Hy, — CHT + H; CHt + Hy, — CHJ + H; CHy + H, — CH + Hu
T. 1. CooTBeTcTBYyIONME HEATpaIbHbIE MOJICKYJIb 00pasyiorcsa npu pekoMmonnanuax: CHT + e
— CH u 1. 1. 3HAUUTEIbHBIH UHTEPEC MIPEICTABIISIET TaK»Ke N30TOIHBIN COCTaB MEK3BE3THOIO
rasa B MOJIEKY/ISIDHBIX objiakax. HajexkHee Bcero ompejie/nsieTcsi m30TOIHBIN COCTaB yIIepoia
u3-3a 6ostbIoro obuiust mosieky/asl CO. 3 anaimsa pagunonHuil pa3HbIX W30TOIOB 3TOH MO-
JIEKYJIBI CJIeflyeT, 9To oTHomenne koumenTparmit 2C%0 n 13CY0 6msko x 90, T. e. mouTn
Taxoe ke, Kak orHomenue usoronos 2C u 3C na 3emse. To ke camoe cieiyeT ckasaTb n
Ipo oTHOIIeHMe KoHIenTpanuil uzoronos %0 u ¥0, KoTopoe B MOJIEKYISAPHBIX MEK3BE3HBIX
obJrakax MOYTH TaKoe »Ke, Kak Ha 3emJje. M30TOnHBIN cocTaB a30Ta, MOJIYyJIeHHBIN U3 aHAJII3a
paguommann HCMN u HCYN, okasbiBaeTcs B MOJIEKY/IAPHBIX 00J1aKaxX IIPAKTHUCCKN TaKUM
ke, Kak Ha 3emyie. Tak Kak M30TOIMHBIN COCTAB BelecTBa (POPMUPYETCs B IIPOIECCE TEPMOSIIEP-
HBIX DeakInii, MPOMCXOISANUX B Hejpax 3Be3s (eM. § 8), a TakKe IPU B3PbIBAX CBEPXHOBBIX,
MOKHO CJIeJIaTh BBIBOJI, UTO «TEPMOsjiepHas UCTOPHUs» MEYK3BE3IHOI'O BEIeCcTBa ObLIa TaKOi
’Ke, KaK U BEIeCTBa, U3 KOTOPOIro 00pa3oBa/uCh 3eMJid U IJIaHeThl. B 9acTHOCTH, MOXKHO C/ie-
JIATb BBIBOJI, UTO KaK «3eMHOE» BEIEeCTBO, TAK W BEIIECTBO MOJIEKY/ISIPHBIX 00JIAKOB B CBOEI
MPOILIO UCTOPUM HE NMPUHUMAJHU yIacTHe B YIVIEPOJHO-a30THOM IIUKJIE, BhIpaOATHIBAIOIIEM
SHEPIMI0 B HEJpax JOCTATOYHO MAcCCHBHBIX 3Be3q (cM. § 8). Bimsocts msoromHoro cocrasa
BEIECTBa 3eMJIM U MEXK3Be3/IHBIX MOJIEKY/ISPHBIX 00JIAKOB ABJISIETCA BaXKHBIM apryMEHTOM B
[IOJIb3Y TPOUCXO:KieHns Hareii Co/THeYHON CUCTEeMBI, a TaK¥Ke JPYTUuX 3Be3J U3 MEeXK3Be3/IHO
CPEJIbI.

JIT060MIBITHO, OJIHAKO, OTMETHTL, YTO OTHOIIICHUE KOHIICHTPAIIUN JedTepus U BOAOPOIa, 0-
JiydenHnoe u3 aHajmsa mosiekys pasguosmauit HCN u DCN, okaszasock B 40 pa3 60Jibiie, 4eM Ha
Semte. CyIiecTBEHHO TaKyKe, 9TO 3TO oTHOIIeHue B 80 pa3 0oJIbIlle MMOIYIeHHOTO U3 HPIMOro
aHaJIM3a WHTEHCUBHOCTU MEXK3Be3/HOi pajmosnaun jeiirepus 92 cm (cm. § 2). [To-Bupumomy,
MPUYINHA TAKOTO PACXOXKJIEHUsI KPOETCs B UUCTO XUMHIECKUX IPOTEccax OOpa30BaHUS ITUX
MOJIEKYJI I HUKAKOT'O OTHOIIEHUS K «SIJIEPHOI» MCTOPUHU MEXK3BE3/IHOI CpeJIbl He MMEET.

Takum obpasoMm, IpuUMeHEHNE METOI0B aCTPO-PaIuo-CIEKTPOCKOINN K HCCIEI0BAHUIO 00-
JIAKOB MEXK3BE3/IHOM cpefbl fgajio borareiime pesyibrarsl. [Ipexkiie Bcero stu ucciemoBaHus
BBISIBIJIN CYIIIECTBOBAHUE HOBOT'O KJ1acca 00JIAKOB MEXK3BE3THON CPEeIbl — MOJIEKY/ISIPHBIX 00J1a-
KOB, «aKKyMYJIHPOBABIINX> B cebs 3HAUNTEILHYIO YaCcTh MeXK3Be3/IHoro Bemectsal. Jletambmoe

W3 anammsa mummit normomenns CO B 06/1aCTH TaIaKTHIECKOTO IIEHTPa, BEIACHHIIOCH, UTO TI0 Kpaifelt Mepe
90% UPUCYTCTBYIOMETO TaM MEXK3BE3/[HOTO T'a3a HAXOAUTCS B MOJIEKYJISIPHOM COCTOsiHUM. Kpome TOro, BeChbMa
6OJIBITIOE KOJIMIECTBO MOJIEKYJISIPHBIX 00JIAKOB KOHIIEHTPUPYETCS BHYTPH CAMOTO MOIITHOI'O BHYTPEHHET'O DYKaBa
lasakTvKH, yIaJEeHHOTO OT ee IEeHTPa Ha PAcCTOsTHUE OKOJIO 4 KIIC.
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u3yvdeHne paauoIuHUN OOJIBIIION0 KOJIUIEeCTBA MOJIEKY/I U UX U30TOIOB BIEPBBIE OTKPHLIO BO3-
MOKHOCTB TOHSITH HPUPOAY (DUBUKO-XUMHUIECKUX IIPOIECCOB, KOTOPBIE TaM IIPOUCXOISAT. be3
[IpeyBeINIEHUST MOKHO CKa3aTh, YTO TE€M CaMbIM BOIIPOC O KOHJICHCAIINN MEXK3BE3HOTO BeIle-
CTBa B 3BE3JIbI BIIEPBbIe OBLIT ITOCTABJIEH Ha MPOYHYIO HAYIHYIO OCHOBY. Bes pajmoacTpoHOMIH
MBI B 9TOH BakHelieil mmpobjeme 0 cux Iop Tonrajauch Obl Ha mecte. OaHAKO 3P DHeKTHB-
HOCTb PaJIn0aCTPOHOMHYECKHX METOJIOB 9THM He orpaHumvmiachk. VcciemoBareseil moazKuIal
3J1ECh OJIUH CIOPIIPHS.
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§ 4. KOCMUYECKUE MA3EPLI

JIOBOJIBHO CKOPO TIOC/I€ OTKPBITUS MEPBBIX PAJIMOIUHUI MEXK3BE3/IHOTO T'MIPOKCUJIA, [IPU
BBITIOJTHEHUH PYTUHHON MTPOTpaMMBbl HAOJTIOMEHNH pa3TMIHbIX 00JIAKOB MEK3BE3THOIO ra3a Ha
Bostae 18 em (nmmaust OH!) coBepriierHO HEOXKMIAHHO GBLIO OOHADYZKEHO HOBOE, MCKJIIOUUTE b
Hoe Brevatdoniee spjenne. OOBIMHO JIMHUN MEXK3BE3/IHOTO I'MJIPOKCUJIA HAOIONAINUCH B T10-
[JIOIIEHUH B CIIEKTPE APKUX PAJIMOUCTOYHUKOB. Kak mpaBuio, 3Tu JUHUU ObLIN OY€Hb CJIA0BI,
«IJIyOMHA TIOTJIONIEHUST» PEJIKO MIPEBBIIIAJIa HECKOJIBKO MTPOIEHTOB. Bemnko e Ob110 n3yMiieHue
PaJIMOACTPOHOMOB, KOT/Ia B HAIIPABJIEHUN Ha HEKOTOPbBIE, HUYEM JI0 CHX IIOP He IMpPUMeYaTeTh-
uple Tymanunoctd, uann OH O obHapyKeHbl B U3/IyYeHIH, TPHIEM X IPKOCTH OKA3aJ1ach
UCKJTIOUNTEIHbHO Gosibinoii. VcesemoBaren 6yKBaIbHO HE TIOBEPHUIM CBOMM TJIa3aM U, PACTEPSIB-
IIUCh, PEIIUJIN, YTO U3JIydaeT 9Tu JIMHnK He «Oanaabuasy mosiekysna OH, a nekas nenssecrnast
cybcTaHIns, /It KOTOPOil gazke Moa00paHo OBLIO HMOAXO/IsIee Ha3BaHne — «MucTepuymy. O1-
HAKO OyKBaJIbHO Yepe3 CINTAHHBIE HEJIEN «MUCTEPUYM» Pa3JIE/III Cy/Ib0Y CBOMX «ONTUIECKUX
OpaTbeB» — «HEOY/IUsI» U «KOPOHUs». TOJIBKO JIJIsi «Pa3BEHUAHUS» TIOC/IEIHIX MTOTPEOOBAINCH
JIECATUIIETHS], & «MUCTEPUYM» He MPOTAHYJI U ITapbl HEJEb... Helltoxas uumocTpaiys yeKOpsi-
IOIIIXCsT TEMIIOB PA3BUTUsI HAYKHU 32 MOCJeHee cTojeTue!

[Ipexx e Bcero, BesiKme coMHeHUsT B oTBeTcTBeHHOCTH MOJteKysibl OH 3a Habromaembril y -
BUTEJIbHBIN (DEHOMEH 0TI IAI0T TI0 TOH MIPOCTON TPUINHE, 9TO HAOIIOIAIOTCS BCe YeThIpe JIMTHIH
TCUJIPOKCUIIA KaK pa3 Ha TeX YacTOTax, IJle UM U ToJiaraercd ObITh. OJIHaKO OTHOCUTEIbHbIE UH-
TEHCUBHOCTU UX HAXOJATCH B MPUIYJJINBOM OTHOIIEHUHU, COBCEM HE TaKOM, KAKUM I10JIaraeTCs
eMy ObITh HA OCHOBAHUU IIPOCTON TEOPHUU, MOATBEPKIAEMOI HAOJIIOIEHUIMU CIA0BIX JIMHII
MIOTJIOIEHUsI. DTa TeOpHUsl MPeJICKa3bIBaeT Jjid OTHOIeHns nHTeHcuBHOCTel jqunnit OH ¢ wa-
croramu 1667, 1665, 1612 u 1720 MI'n 3nadenns 9 : 5 : 1 : 1. Mexkay TeM yKe repBble HAOJIIO-
JIEHUS Ha/[ BHOBb OTKPBITBIME CTPAHHBIME UCTOYHUKaMU JuHuit n31ydennst OH nokazasu, 1ro
caMoil MHTEHCUBHOM, KaK MPABUJIO, sABJIgeTcs JuHus 1665, B TO BpeMsi KaK «JINHUU-CATE/JINTHI»
1612 u 1720 MI'ty siubo coBcem OTCYTCTBYIOT, OO BechbMa C1abbl. Bekope ObLin oOHAPY2KEHbI
JIpyTUe UCTOYHUKN TaKOIO Ke THUIIA, TJIe CAMBIMU SIDKUMU KaK pa3 SBJISIOTCS JTUHUU-CATE TN~
TBI: B OJiHUX ciaydaax 1612 MI'm, B apyrux — 1720 MI'nm. Urak, nepBasi 0cOO€HHOCTH JIMHUIT
«MHCTEpUyMa» — 3TO UX OFPDOMHAs WHTEHCUBHOCTb, B TO BpeMs KaK BTOPOIl OCOOEHHOCTBHIO
SIBJIIETCS TIOJIHOE <«HCKaKeHWe» OTHOCUTEHLHBIX MHTEHCUBHOCTEH pazinyublx JjuHuii. Cpazy
2Ke Obljla ODHApYy?KeHa eIle OJiHa MHTEpPEeCHas OCOOEHHOCTb STUX JIMHUI — WX CHEKTPAJIbHBIN
pOUIb COCTOUT U3 JOBOJBHO OOIBIIIONO KOJIMIECTBA UPE3BBIYAIHO Y3KUX MAKCUMYMOB, Pa3-
OpOCAHHBIX HA CIEKTPAJbHOM ydacTKe MUPUHOI B Jecatku Kusorepr| (puc. 4.1). TIpoduin
BCSIKOH CHIEKTPAJIbHOl JIMHIK (B TOM ducjie U pajnosuHun) ompesesercs sdgdexkrom lome-
pa, BOSHUKAIOIIUM BCJIEJICTBHE JIBUKEHUS M3JIyIaloUX YacTHIl (ATOMOB, MOJIEKYJI) B HAIIPAB-
Jlenun Jjiyda 3penus. V3 ananuza cruekTpajbHOro npoduiist HeoObIaHbIX Jinnuii uzaydenus OH
MPEXKJIE BCErO CJIEIYeT, UTO U3JIydaronias 00/IacTh COCTOUT U3 HECKOJbKUX UCTOIHUKOB, JIBU-
JKYTIUXCA JIPYT OTHOCUTETHHO JIPyTa CO CKOPOCTAME B HECKOJIBKO KIJIOMETPOB B CEKYH/LY, HJIH
HECKOJIbKO JIECATKOB KUJIOMETPOB B CEKYHJY. UTO BCero mpmmedaresbHee, TaK 9TO HEOOBIKHO-
BEHHAas y30CTh MAKCUMYMOB, MeHbIe deM 1 kK['1 B mkase vacror! C TakuMu y3KUMU JIHHUSME
ACTPOHOMBI €eIlle He UMEJIH JieJ10. Ky cunTarh, 9To ClieKTpaJibHas MUPUHA KaXK 00 MAKCHMY-
Ma OIIPEJIE/ISIeTCST TEIIOBBIMU JABUKEHUAME 3ty datonux Mojekya OH, o u3 kpatineit yzoctu
9TUX CIEKTPAJBHBIX JIeTajell CJIeyeT, 9T0 KHHEeTUIeCKasl TeMIIEPATypa Ta3a B U3JIydaroriei
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Puc. 4.1. IIpoduan paguonununit MazepHoro usaydenus ot Mojekyabl OH oT ncrounuka, Haxo-
Jgdrmierocss B rymannoctu W 3.

obJracTu JI0JI7KHa, ObITh YPE3BBIYAHO HU3KO, BCETrO JIMIIL HECKOJLKO KebBUHOB. Ho sTomy
IIPOTUBOPEYUT OIPOMHAA APKOCTH JIMHUU, KOTOPOI MOXKHO IPUBECTH B COOTBETCTBHE TOJILKO
OYeHb BBICOKYIO TeMIEeparypy (pasyMeercs, ecju CIUTaTh 9TO M3jIydeHue TeryioBbiM). Craio
SICHO, UTO HUKAKOI'O «MHUCTEPUYyMas B IPUPOJIE HET, a U3IydaioT obbranbie Mosiekysibl OH, no
TOJIBKO HAXOJISAIINECS B HEOOBIUHBIX YCJIOBUSIX.

Jlabueiinme HaOJIOICHUS BbISIBUJIM HOBbIE MHTEPECHBIE CBOMCTBA 9TOI'O0 HEOOBITHOI'O W3-
nydenns. Okazajioch, HAIPUMEP, UTO OHO CHUJIbHEHIIIM 00pa30M NoAAPU306aHO, TIPUUEM, KaK
[IpaBmJIO, HADJIIOIaeTCs KPyroBas MoJispusalius. B mpejenax oJHOTO U TOrO »Ke UCTOYHUKA OT-
JIeJIbHBIE Y3KMe MakKCUMyMbl ero npoduis nouru Ha 100% mnonaspusoBanbl, npudeM y OJIHUAX
MaKCHMyMOB HabJIFOIAeTCsI «JIeBas» KPYTroBas MOJISIPU3AINS, a Y IPYIUX — <«IIPaBasi».

VaKe u3 1mepBbIX HAOIIOAEHUI CJIe0BAJIO, YTO YIJIOBbIE Pa3Mepbl UCTOUYHUKOB U3JIyYUeHUs
muanit OH #Heobbraaiino Majbl. OCoOOEHHO 9TO SICHO CTAJIO IIOCJIe TOTO, KAK 9TH HCTOYHUKU CTAIN
HCCIEIOBATHCA MIPH IIOMOIIU pajguonaTepdepoMerpoB. HabiogeHust moka3aim, 9T0 yIJIOBbIE
pasMepbl NCTOYHUKOB M3/TyUEHUST TOPSIIKA CEKYH/IbI JyTH, MEXK/Iy TeM KaK YIJIOBble pa3MephbI
3o H II, B KOTOpPBIX OHU OOBITHO HAOJIOIAIOTCS, YaCTO MCUUC/IAIOTCS JIECATKAMU YTJIOBBIX
MuHYT. OJIHAKO, KAK 0KA3aJI0Ch, JaxKe CeKYH/Ibl JIYTH He XapaKTePU3yIOT «UCTUHHDBIE» YTIJIOBbIE
pa3Mepbl UCTOUYHUKOB.

Camyto 1eHHY0 THGMOPMAIAIO JaJi HAOIIOAEHNT UCTOTHNKA «MUCTEPUyMay C TOMOIIBIO
«MEKKOHTHUHEHTAJIbHBIX> PAINONHTEP(MEPOMETPOB, O KOTOPBIX peUb IIJIa BO BBEJIECHUU K ITOMN
kHure. Tak Kak pasperraiomniast CliIoCOOHOCTh TaKUX HHTeP(EepOMeTPOB (haHTACTHIECKHU BeJINKA,
HOPSIKA OJHONM TBICSTIHON CEKYHIbI JyT'd, TO BBIIOJHEHHBIE ¢ UX ITOMOIIBIO HAOJIIOJEHUA T103-
BOJIMJIM BBISIBUTH IIPOCTPAHCTBEHHYIO CTPYKTYPY MCTOIHHKOB aHOMAJJIBLHOIO M3JIyIEeHUS JIMHUI
OH. Dra crpykrypa okazajiach BeChMa HETPUBUAJIBHOM.

PaCCMOTpI/IM JJId OIIPEJICJIEHHOCTU OJUH M3 XOPOIIO MCCJI€eOBaHHbBIX MCTOYHHUKOB, HaXOId-
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Puc. 4.2. CrpykTypa Ma3epHOro HCTOYHUKA B TyMaHHOCTH W 3 (dHCIa 03HAYAIOT JIyIeBble CKO-
POCTH KOHJIeHCAINii, CUMBOJIBI «JI» 1 «II» o3HagatoT jieBy1o n mpaByo KpyroByIO HOJIAPU3AITAIO
U3JIy9eHUsI COOTBETCTBYIOIINX KOHJICHCATINI).

muiics B «uddysnoity rymannoctn W 3 (puc. 4.2). CpaBHUTEIBHO TPyOble HHTEPGhEPEHITHOH-
HbIe HAOJTIO/IEHUS TTO3BOJIUJIN CJIEJIATH BBIBOJI, YTO YIJIOBBIE PA3MEPhI 3TOI0 KCTOYHUKA OKOJIO 1,5
cexkyH bl ayru. OaHaKO HAOJIIOIEHNs Ha «MEKKOHTHHEHTAIbHOM» MHTepdepoMeTpe oKa3aJIn,
YTO B 3TOM Cjydae Ha ILIomaiake pasmepoM B 17,5 «pas3bpocano» OKOJIO JIECATKA HCKJIIOYH-
TEJIbHO KOMITAKTHBIX UCTOYHUKOB, KAXKJIbIIl U3 KOTOPBIX M3JIy4YaeT 00HYy OUYCHBb y3KYIO JIMHUIO,
pUYeM YacTOTBI JUHUNW OT Pa3IUIHBIX UCTOYHUKOB HECKOJIBKO Pa3/IUYHBI U COOTBETCTBYIOT
YacTOTaM «MaKCHMYMOB» CIIEKTPAJIBLHOIO MPOdUsd, IPUBEICHHOTO Ha puc. 4.1. YroBbIe pas-
Mepbl KaxKJI0r0 U3 TaKUX UCTOYHUKOB UCKJIIOUUTEIHHO MAJIbl, TIOPs/IKa HECKOJIbKIX ThICIIHBIX
cekyH bl jayru! Suas paccrosiaue 0 Tymannoctu W 3 (okoso 2000 mapceek), 1o u3MepeHHbIM
YIJIOBBIM pa3MepaM MOXKHO HAaWTH JIMHEHHbIE pa3Mepbl U3JIyYAIOIINX sIipKUE JIUHUKA «00/TaKOB».
Onn ne npesbimator 104 cM, uTo Beero B mecaTh pas GoJIbINe, YeM PACCTOSHHE OT 3EMJIH JI0
Cosana. 3aMeTnM, 9TO CYIEeCTBYIOT KPaCHbIe THTAHTCKIE 3BE3/IbI, Pa3MepPbl KOTOPBIX OJTH3KH K
10 car. IlpoTazkeHHOCTD Beeit 061acTh, B KOTOPOil HAXOIATCS 3TH 06IaKa, He HPEeBBIIaeT COTO
JIOJIN TIapceKa. DTH 00JIaKa JIBUKYTCs, UTO CIeyeT u3 HeOOIbINX Ppa3Ininii B 9acTOTax JUHUN
OH, uzrygaeMbIX KazKJIbIM U3 TaKHX 00JIAKOB. Y Ka3aHHbIE Pa3/ndust 00yca0BIeHbI 3(PEKTOM
Hormiepa, OTKyIa CJIeyeT, YTO OTHOCUTEILHBIE CKOPOCTU OOJIAKOB MOPSIKA HECKOJBKUX KUJIO-
METPOB B CEKYHJIy. AHAJOIUIHON CTPYKTYpPOil 00JIa/Ial0T U JAPYrue UCTOYHUKNA AHOMAJBLHOTO
nmasayuenus guamit OH.

[To mepe nakorienus HaOJIIOIATETLHOTO MATEPUAJIA BBISICHUIOCH, YTO UCTOYHUKN 3ara104-
HOT'O U3JIy9eHUsl OTHIOJIb He 00pa3yoT OJHOPOJHYIO rpyIiy 00bekToB. OKa3a/i0oCch, ITO CyIIe-
CTBYIOT II0 KpaifHeil Mepe Tpu THIa TaKUX MCTOYHUKOB. lIepBbIil THIT XapaKTepu3yeTcs: OrpoM-
HOIl MHTEHCUBHOCTHIO KOMIIOHEHT JIMHUM IMApoKcuiaa ¢ dactoramu 1665 m 1667 MI't. Mcroda-
HUKH 9TOro THuna accoruupyiorced ¢ 3onamu H IT u umeror crpykTypy, KoTopas ObLIa ormca-
Ha BbIre. VCTOYHIKI BTOPOTO THUIIA XapaKTEPU3YIOTCS TOJBKO YCHUJIEHHEM KOMIIOHEHTHI 1612
MTI't. 9Tu UCTOYHUKY HAJICYKHO OTOXKIECTBIAIOTCA ¢ KPACHBIMI U MH(PAKPACHBIMYI TUTAHTCKH-
MU 3Be3aMu. Hakorerr, y HCTOYHUKOB TpeTbero tuia ycuimpaercs juanst 1720 MI'. O6brano
OHU TIPOEKTUPYIOTCs Ha PaJIMOTYMAHHOCTH — OCTATKU BCIIBIIEK CBEPXHOBBIX 3831 (cM. § 16).
XoTs TOC/Ie/IHAE JIBA TUIA, UCTOYHUKOB, KOHEYHO, BEChMa, MHTEPECHDbI, 0COObINl MHTEpeC Ipe/I-
CTaBJIAIOT UCTOYHUKHU IIEPBOTO THUIIA, TaK KaK CKOpee BCEro MMEHHO OHU MMEIOT OTHOIIEHHE K
[IPOTIECCY 3BE3/1000pa30BaAHUS.

Coueranne o9eHb OOJIBITIOTO NOMOKA PATUOUIIYIEHNT OT ODJIAKOB € WX UCKIIOYUTETHHO
MaJIbIMH yIJIOBBIMU Pa3MepaMy O3HAYAET, 9TO MOBEPXHOCTHAS SIPKOCTb UCTOUYHUKOB (baHTACTHU-
JecKn BejuKa. Mbl MOXKeM 3Ty sIpKOCTb BBIPA3UTh B TEMIIEPATYPHBIX equHuIax. Ecim Ob1 ab-
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4. KOCMHUYECKUE MA3EPHI

COJIIOTHO Y€PHOE TEJIO Ha YACTOTaX JIMHUI UMEJIO Obl TAKYIO YK€ IMIOBEPXHOCTHYIO SPKOCTDL, €ro
Temueparypa Obuta 661 6osbine, wem 104 K. Tor daxt, uTo clieKTpaibHasd MUpUHA JTHHRIT
COOTBETCTBYET TEMIIEPATYPE BCErO JIUIIb B HECKOJIBKO JIECATKOB KEJILBUHOB, O3HAYAET, UTO HAali-
JIEHHasl BBIIIE <«SPKOCTHasd» TeMIlepaTypa HUKaKOr'o OTHOIIEHNS K PeayibHOM, KMHETHIeCKON
TeMIlepaType M3/IyJalollero BerecTBa He MMeeT.

B 1969 r. rpynmna corpyaaukos Kanudophuiickoro yuusepcurera Bo IJjiaBe ¢ yIIOMUHABITIM-
cd BoIIIe podeccopoM TayHCOM OTKPBLIA HOBBIN THII UCK/IIOYUTEIHLHO APKUX «CBEPXKOMIIAKT-
HBIX» UCTOYHUKOB, M3JIyJaIONINX PaJIMOJTUHUIO BOJIAHBIX MApOB Ha BOjHE 1,35 cM. DTa JTUHUS
BO3HUKAET IIPU IepexojlaX MeXKJy IIeCThIM U ISITBIM BpallaTeIbHBIMU YPOBHAMU OCHOBHOTO
9JIEKTPOHHO-KOJIe0aTeTbHOTO cocTOsIHIA TpexaToMuoit Mosekyasl HoO. Kak npasuiio, stu nc-
TOYHUKHU HAOJIIOJIAIOTCS TaM ke, rjie U KomrakTable ucrounuku OH nepsoro tuna. fApkocrras
temrieparypa ucrounukos HoO naxke 6osbine, gem y ucrounnkos OH, u mocturaer pekop/iHoro
snauenna 10'° K! ITo-Buammomy, oHa BBIIIE, TaK KaK METOJAMN MEsKKOHTHHEHTAILHOM Pa/Iio-
nHTepdepPOMeTPHUH [IJ1s1 OOJIBIIIMHCTBA 9TUX HUCTOYHUKOB ONpeJesIeHa JINIIb BEPXHSS I'DaHUIA
YVIVIOBBIX pa3MepOB, KOTOpas B psijie caydaeB paHa 0,0003 cekyHbI JIyTH.

Cy1ecTBeHHON 0COOEHHOCTHIO KOMIAKTHBIX UCTOYHUKOB «aHOMAJIbHOIO» U3JIYUEeHUs B JIU-
uusx HoO gaBiisiercss ux rmepeMeHHOCTh. 3a Kakue-HUOY/Ib HECKOJbKO HEJeTb WU JlaKe JTHel
MEHAIOTCA UWHTEHCUBHOCTH OTJICJIBHBIX «IIUKOB» IMPOMUI, UX IMUPUHDI, TOJAPU3AINd U JTaZKe
JIy4€eBbIe CKOPOCTU «ITUKOB». B OTJAEIbHBIX CIyYasix 9TU BapHAIlUK IIPOXOJIAT 3a Tropasio bosee
KOPOTKOE BpeMs, HAIIPUMED, 38 D MUHYT. Y 2Ke U3 OJHOI0 9TOro (hpaKTa IMPU HEKOTOPBIX IIPOCTHIX
MIPEJIIIOJIOZKEHUSIX CJIEJIyeT BBIBOJ, UTO JIMHEHHbIE pa3MepPbl HCTOUYHUKOB JOJIZKHDBI OBITH MaJIbl.
Bpst s oM IPeBOCXOJIAT paccTosiHie, KOTOPOE CBET IIPOXOJIAT 3a BpeMs« Bapuaruit. Hanpumep,
€CJIN TI0CJIe/THeEe PABHO IIATU MUHYTaM, BEpXHsIsl TPAHUIIA PA3MEPOB UCTOYHUKOB JIOJIZKHA, ObIThH
~ 103 car, uTo MMOUTH paBHO paccTogamio oT 3emsmn g0 ComHma. 3aMeTuM B 9TOi CBA3H, UTO Y
pama ucrounukoB OH rakzke HaO/IIO1A€TCS TIEPEMEHHOCTD M3JIyYeHUsI, HO OHA IIPOMCXO/INT 3Ha-
YUTEJIbHO MejieHHee, yeM y uctodHukoB HoO. XoTsg KoOpAMHATH KOMITAKTHBIX HCTOYHUKOB
H,O B npesenax cekyHbI JIyT'U COBIAJIAIOT ¢ KOOPJAMHATAMU KOMITAKTHBIX ucTounukoB OH,
npoduim pajguosanauii 1,35 cm u 18 ¢M, Kak 1paBujio, He ITOKa3bIBAIOT JIeTAJILHOIO COBITA/ICHUS
OT/IEJIBHBIX «IMMKOB». Tak Kak TOHKasi CTPYyKTypa ncrodHukoB HoO mmeer Takoii ke BU, ITO
u y ucrourukos OH (T. e. oueHb MajieHbKHe KOHJIEHCAINH, KayKjasi U3 KOTOPhIX U3JIydaeT OT-
JIeJIbHBI CIIEKTPAIbHBII MK, pa30pOCaHHBIE 10 0OJIACTH PA3MEPOM B HECKOJILKO CEKYHJT JIYTH),
MOXKHO CJIeJIaTh BBIBOJI, 9TO B OJIHOM M TO¥ 2Ke 00JIACTU HOPSIIKA HECKOJBKUX COTBIX ITapceKa
JIBIKYTCS KaK «00J1aKay, n3jaydaroriue TojibKo uann HyoO, Tak u 00/1aKa, nu3/ryvdatoniue ToJIbKO
OH. B ormuune or qmuaun OH, smann HoO HemosisipuzoBaHbI.

Yo 2Ke 9TO 3a MEXaHU3M M3JIYUYCHHS, KOTOPBIN codeTaeT B cebe, Ka3aJgoch Obl, HecodeTae-
Mbl€ XapaKTEPUCTUKU: HEOOBITHO BBICOKYIO IPKOCTHYIO TEMIIEPATYPY C HU3KON KUHETHIECKO !
AcTpoHomMaM He HPHUILIOCH TAKOW MEXaHW3M IPHUIyMbIBaTh, K TOMy BpeMeHH, Korja ObLIu
OTKPBITHI JITHUU «MUCTEpUyMay, (bu3uku yke cBbiire 10 JieT 1MoJIb30BaJINCh KBAHTOBBIMU T'é-
HepaTOpaMi «KOI'€PEHTHOTO» M3JIydeHus — MasepaMu (B paJio/rana3one) u jgasepaMu (B orl-
THYECKOM ¥ OJMyKHeM MH]paKpacHoM guana3onax ). COBepIeHHO eCTeCTBEHHO, UTO JOBOJIBHO
CKOPO TIOCJIe OTKPBITUS YAUBUTEIbHBIX apKuX JuHuit OH 6b110 MOHATO, 9TO MCTOYHUKHU ITUX
JINHUI CYyTh HE YTO UHOE, KAK ecmecmeertbvie Kocmuveckue mazepov.. OCHOBHON 0COOEHHOCTHIO
BCSKOT'O Ma3epa sIBJIFgeTCd OTCYTCTBUE B HEM TEILJIOBOI'O PABHOBECUS MEZK/Iy U3JIYHaIONUMK aTO-
Mamu (MOJIEKYJIaMu) U OKpy2Kafotieil cpemoit. HamomunMm, Kak paboraer o6braubiii Masep. s
9TOTO CJIeJIyeT BCIIOMHUTH OCHOBBI TEOPUN U3/TyIeHUS, 3a/I07KeHHbIe DiHIITeiiHOM eme B 1915 1.
MpI orpaHrYEM Hallle paCCMOTPEHNE TOJBKO U3IYyYeHNEeM B OTJETbHBIX CHEKTPAJIHHBIX JTHHUIX
(xorst 5T0 BOBCe He 0bsi3aTesbHO). Takoe u3/IyueHne BOSHUKAET [IPU TIEPEXOJIAX MEXKJy «BepX-
HUM» U «HIKHUM» YPOBHSIMU BCSIKOI aTOMHOI cucteMmbl. Benuuaiimast 3aciyra DiHireiina
COCTOWT B TOM, UTO OH ITIOKAa3aJI, YTO CYIIECTBYIOT JIBa THUIIA TAKUX NepexooB. [lepsurit Tum —
9TO TaK Ha3bIBAEMbIC «CIIOHTAHHBIC» WU «CAMOIPOU3BOJILHBICY IEPEXOJIbl, KOTJ/a aToM 0e3
BCAKOIN BHEITHEHl TPUYMHBI, TAK CKa3aTh, «CaM IO ceDey, epexouT n3 6osee BO3OYKIEHHOTO
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4. KOCMHUYECKUE MA3EPHI

COCTOSIHUMSI B MeHee BO30YKJICHHOE, M3JIydas IIPU TOM KBAHT. DTO sBJICHHUE IIPOCTO O3HAUAET,
q9To BOB6y>K,[LeHHbIe COCTOAHUA aTOMHBIX CUCTEM HeCTa6I/I.HbeI. CTa6I/IﬂbeIM COCTOAHUEM (T.
e. TAaKMM COCTOSIHHEM, B KOTOPOM ATOMHasl CHCTeMa MOXKeT MpeObIBaTh CKOJIb YTOJHO JOJITO)
MOXKET OBITH TOJIBKO «OCHOBHOE», «CaMmoe TuIybokoes cocrogamre. OO0 5TOM MOpOoOHO yiKe IILTa
pednb B § 2.

OiHaKO HaXOSIIUIiCs Ha BO30YKIEHHOM («BEPXHEM» ) YPOBHE ATOM MOXKET COBEPINUTH 16~
PEXOoJI «BHU3» HE TOJILKO CIIOHTAHHO, HO U IIOJI BJUSHUEM B3aUMOJICHCTBYIONINX C HUM KBAHTOB
IIOJId MU3JIydeHud, B KOTOPOM aTOMHad CHUCTeMa HaXOIUTCH. STI/I KBaHTbI JOJI2KHBI UMETbL TY
7K€ SHEPTHUIO, YTO U KBAHTHI, U3JIydaeMble AaTOMHONW CUCTEMOIN IPU COOTBETCTBYIOIIEM IIEPEXOIE.
Takoit THIT IEPEX0OI0B HAZBIBACTCS «BBIHYKJICHHBIMY» HJIA «HHLYTUPOBAHHBIMY». CyIIecTBEHHO,
YTO <«UH/YIIMPOBAHHBI» KBAHT PACIPOCTPAHSAETCS B TOM K€ HAIPABJICHHUH, UTO U «HHJLYIH-
pytortuity. Ob6o3HAYNM KOHIIEHTPAIMIO YaCTHIl HA BEPXHEM yPOBHE Yepe3 Mg, a Ha HIXKHEM
ny. Torjga 9uc/Io CONMPOBOXKTAIOIINXCS W3/IyI€HNEM KBAHTOB IIEPEXOJIOB B €/IMHUIE 00beMa 3a
CAMHUITY BPEMEHHN 3allMIIeTCA TaK:

Zy = ngo(Asy + Bayua), (4.1)

re A — BEPOSTHOCTD CIIOHTAHHBIX MEPEXOJI0B, Us; — IIOTHOCTH M3JIyUeHUsT HA JaCTOTE Pac-
- - 3

cMaTpUBAEMOIl CIEeKTPaJbHON JimHuN, By = m;—v%Agl, e h — mnocrogunasa I[lianka, ¢ —
CKOPOCTBH CBeTa, Vg — YacTOTa JIMTHUU.

Besmannbl Ag; n By Ha3bIBAIOTCA «IHHIITEHHOBCKIMU KO3MDMUITMEHTAMIT .

C roif CTOPOHBI, aTOMBI (MOJIEKYJIBI ), HAXO/IAIIIECs Ha «HUXKHEM» yPOBHE OyJIyT 102.40-

Y )

wWamb KBAHTHI TOHN K€ YaCcTOThl U MEPEXOJIUTh Ha BEPXHUI ypOBEeHb. YMCI0 TaKUX MEePEX0/I0B
B eJIMHUIE 00'beMa 3a eJIMHUILy BPpeMeHH Oy/IeT paBHO

Z = n1312u21, (42)

rjae Bis = Bg; (¢ TOYHOCTBIO IO HEKOTOPOIO MHOMKUTEJIsI, KOTOPBIH MBI JJIsl YIPOITEHHsI BbI-
KJIQJIOK OyJieM cYuTaTh paBHbIM enunure). [Iporecc (4.2) omuchiBaeT MONIONIEHNE U3JTY YeHHsT
IIPA €ro IIPOXOKJIEHUH depe3 BelecTBo. Kcm Obl He OBLIO IPOIECCOB MU3JIyUEHUs, OINUCHIBa-
embIx opmysoit (4.1), TO UHTEHCHMBHOCTH W3JIydeHUst I, 1OCjIe TPOXOXKJICHUsI UM CJIOS Tas3a
TOJIIIUHOIO [ YMEHBbIIN/Iach ObI 110 3aKOHY

I, = 107, (4.3)

rje [0 — MHTEHCHBHOCTBL JIO NPOXOXKJICHUs CJIOS Ia3a, a BeJUUUHA 34, MPOINOPIMOHAJILHAS
SitHIIITeiHOBCKOMY KO3 durirmerTy Bis, Ha3biBaeTcsd KOI(PMUIIMEHTOM IOIJIONIEHNs. Y IYeT WH-
JIYIIMPOBAHHBIX [TEPEXO0JIOB, OYEBUIHO, YMEHLULGEM KOIDMUIUEHT TOIJIOMEHN, KOO IePeX0oIbl
IPUBOJIAT K IOSBJIEHUIO HOBbIL KBAHTOB, PACIIPOCTPAHAIONINXCS B TOM K€ HaIPaBJIEHUM, ITO
U TaJA0IKe Ha BeIecTBo. B pesyimbrare 31010 KoM MUIMEHT IOTIOMEHIST H3MEHSIeTCST:

%=%1—%. (4.4)
1

[Ipu TerioBoM paBHOBECHU OTHOIIEHHE Mo /My OMUCHIBAETCA U3BECTHOI (dopmyioit Bosbir-
MaHa - ey
2 e R, (4.5)
n1
Kak Bujaum, mmpu J11000i TeMiieparype 3To OTHOIIEHNE BCer/ia MeHbIIe euHuIbl. B aToM cirydae
y4eT UHIYIHPOBAHHBIX [I€PEXOI0B IIPUBOIUT JIUIIb K YMEeHbWEHUIO KOIPMUIIMEHTa TOrIONIe-
HIA. DTOT 3hPEeKT 0cOOEHHO CUIeH Ha HU3KUX YacTOTaX paJauoiuanasoHa. Hampumep, us-3a
UHJTYTIMPOBAHHBIX MEPEXOI0B KOI(DMUITMEHT TOTJIONICHUS MEYK3BE3/IHOT'O BOJOPOJIA I JIMHUT

21 cM yMeHbIaeTcst B COTHA pas!
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4. KOCMHUYECKUE MA3EPHI

O/1HaKo 1Py OTCYTCTBUM TEILIOBOTO PABHOBECHUS MEXK/Iy M3JIyUE€HUEM M CPEJOi MOYKET BO3-
HUKHYTb TaKasg CUTYaIusd, IPU KOTOPOil ne > ny. B 3roM ciaydae Koadduiment mnorJioneHns
cTaHOBUTCS ompuyamesvhvim (M. dopmyny (4.4)). Torma HacTymaer yauBuTebHOE SIBJICHUE:
U3JIyYeHre, IPOXO/isd Yepe3 Cpejly, BMECTO TOrO, YTOObI YMEHBIATh CBOI0 MHTEHCUBHOCTD (Kak
9TO Beerjia HabJII0JIAeTCsd B KUTEHCKOl IPAKTUKE), CTAHOBUTCS 00.4€€ MHTEHCUBHBIM. DTO MOXK-
HO IIOHSATD KaK «JIABUHOOOpA3HOE» yBeJInueHne Jucjia (pOTOHOB 10 MEPE UX IIPOXOXKICHUS Yepe3
TAKYIO CPeJIy: YUC/I0 WHIYIIUPOBAHHBIX KBAHTOB CTPEMUTEIHLHO HAPACTAET U 9TOT IIPOIECC «IIe-
pPEKpbIBaeT» Henm30exKHbIe IMporecchl moryomenus. Cpeaa, 0bagaomas TaKIMEA HeOObI THBIMUI
CBOIICTBaMU, HA3BIBAETCH «aKTHBUPOBaHHOI». DopMabHO, HA OCHOBAHUH (hOPMYJIbl BobiiMa-
Ha, MBI MOYKEM TaKOl CpeJie TPUIUCATH OTPUIATEILHYIO TEMIIEPATyPy.

«Cama 1o cebe», T. €. 110 IPUINHE TOJIHLKO «PABHOBECHBIX», TEILJIOBBIX ITPOIECCOB, OTPUIIA-
TeJIbHAsT TeMIIepaTypa B Cpejie HUKOTIa He BO3HUKHET. [[jist TOro 4Todbl 9TO MPOU30IILIO, T. €.
9TOOBI CpeJla «aKTUBUPOBAIACHY, HEOOXOIMMO, ITOOBI JeHCTBOBAIN KAKNE-TO HEPABHOBECHBIE
MIPOTIECCHI, TPUBOJAIINE K aHOMAJIBHO BBICOKOMY BO30YIKIEHWIO «BEPXHETO» YPOBHS aTOMHOIM
cucreMbl. Takue mporecchl HOCAT 00pa3Hoe Ha3BaHUe «HaKadKny». Hakadka, HarpuMep, MOYKeT
OCYIIECTBUTBLCS IyTeM OOJIyUeHUs BEIIECTBa MOITHBIM MOTOKOM MOHOXPOMATHYECKOTO H3JIyte-
HUsI, TIEPEBOJISAIINM aTOMHYIO CUCTEMY U3 «HUKHETO» YPOBHsI HA HEKOTODPBI TpeTuii ypoBEHbD,
OoJiee BBICOKMIT, ¥yeM BTOpOil. HacToTa Takoro majydeHus, KOHEYHO, OOJibIne, YeM Vio. [Ipu
epexo/iaXx aTOMHOM CHUCTEMBI ¢ TPEThEro YPOBHSI «BHU3» MOXKET Peajn30BaThCs M30BITOTHAS
«HACeJIEHHOCTb» BTOPOro ypoBH:A. Takas HaKadka MCKYCCTBEHHO MEPEBOJIUT ATOMHYIO CUCTEMY
C «IIepBOr0O» YPOBHS Ha «BTOPOIi», TEM CaMBbIM CO3JaBasi B Heil «OTPUIATETbHYIO» TeMIIepaTy-
py. Usjmiiine roBoputhb, 9TO KaK TOJBKO HAKAYKA IPEKPATUT CBOE JICHCTBUE, BCE «CTAHET Ha
CBOE MECTO», TeMIeparypa OyIeT MOJOKUTETbHON U HUKAKOTO YCUJIEHUS U3JIyUYeHUs Ha, 9aCTO-
Te V1o He Oymer. OnmcaHHbIl TpHEM «aKTHBAIUA» CPeJIbl OUY€Hb YaCTO MPUMEHSEeTCs B Ipak-
THKe PAa0OTHI ¢ JIAOOPATOPHBLIMU Ma3epaMy ¥ JIa3epaMU, OJTHAKO OH He SIBJIAETCS €IMHCTBEHHO
BO3MOKHBIM. Harpumep, Bce OoJibiliee 3Hadenne npruodperaeT Tak Ha3biBaeMas «XHMUIECKAsTy
nakadka. CyTh ee COCTOUT B TOM, UTO IIPU PA3HOIO POJIa XUMUIECKUX MIPOTECCAX MEXKJLy aTOMa-
MH ¥ MOJIEKY/JIAMU MOT'YT 0OPa30BBIBATHCS YaCTHIBI «pabovero BemecTBay (T. €. MOJIEKY/T Ui
ATOMOB, KOTOPbIE OCYIIECTBIISIIOT Ma3epHOe YCUIeHHE CIIEKTPAJILHOT JIMHIN ) TPEUMYTIIECTBEHHO
BO BTOPOM (T. €. BO30OYZKJIEHHOM) COCTOSTHHIU.

MagzepHoe uziiyueHne B BBICOKOU CTEIEHH KO02epeHmHO, TaK KaK MEXKJY WHILYIHPYIOIU-
MU ¥ UHJIYIIUPYEMbIMU KBAaHTAMU CYIIECTBYIOT IPaBUIbHbIE (ha3oBbie oTHOIIEHNT. OHO MOXKET
00€eCIIEYUTD TMOYTH CTOMPOIEHTHYIO TOJIAPU3AINAIO, €CJN «aKTUBUPOBAHHAS» CPEJIa YCUJINBAET
TOJIBKO M3JIy9eHUe OIPEJIe/IEHHOTrO BUla noJidpu3aruu. MasepHoe u3ydeHne MoxkeT 00/1a/1aTh
BeCbMa OCTPOIl HAIIPABJIEHHOCTHIO, HEJOCTIKIMON HM B KaKUX MPOKEKTOPHBIX YCTPOICTBAX.
DTO JOCTUTAETCs TEM, YTO MOYKHO YCUJIUBATH TOJIBLKO M3JIyUeHUe, UJIyIIee B CTPOro OlpeIeseH-
nowm Hanpassenun. C Jpyroift CTOPOHbI, B IPUHIIAIIE, MOYKHO U3TOTOBUTH IMOUYTH «U30TPOITHBIES
Ma3zephl.

Eciin 6b1 Ha a3, ABIMIONNNACT «PA0OIMM BEIIECTBOM» Ma3epa, JefiCTBOBaJIa TOJIbKO «HaKad-
Ka», B HEM YCTaHOBWJIACh ObI HEKOTOpAasi «OTpUIATETbHAS TEMIIEPAaTypay, WJIH, TOBOPs IIPOIIIE,
KOHIIEHTPAIUS MOJIEKYJI HA «BEPXHEM» YpPOBHe ObLia Obl Ha BequduHy An = ny — ny OOJIbIIe,
yeM Ha HizKHeM. Ho B peajibHOM rase JeiiCTBYIOT IPOIECCHI, CTPEMSIIUECT YMEHLWUMD ITY
«U30BITOYHYIO» HACEJIEHHOCTH BO30Y2K/IEHHOTO YPOBHs. K 1nc/y Takux mporeccoB Mpexk/ie Bee-
IO OTHOCATCHA CMOAKHOBEHUA MEZKTY MOJIEKYJIAMU, CTPEMAIINECS YCTAHOBUTDH OOJIHLIIMAHOBCKOE
pacipejiesieHre MexKIy 00OUME YPOBHSIMHU, onucbiBaemoe dbopmysioit (4.2). A mpu TakoMm pac-
HpeJie/IeHIN «HACEJIEHHOCTh» «BTOPOTO» YPOBHS BCeryia OyJeT MeHvue, 1eM mepBoro. Ipyrum
[IPOIIECCOM, YMEHBIIAIONUM «U30BbITOUHYIO» HACEJEHHOCTH D0Jiee BHICOKOI'O YDPOBHS, SABJISIETCS
UH/IyITIPOBAHHOE U3JIyUCHUE U Ioriomienne. Kem mioTHOCTh U3/IydeHns JTOCTATOYHO BeJINKa,
1O, Kak cjeayer u3 (opmys (4.1) u (4.2), 6amanc MexKLy STUME MPOIECCAMU IIPUBEJIET K Pa-
BEHCTBY HaceJIeHHOCTel oboux ypoBHeii. Tak, B peaibHOM rase Kak Obl «IIPOTUBOOOPCTBYIOT»
JIpYT € JPYTOM JIBe TEHJEHITNN: HAKAadKa CTPEMUTCS YCTAHOBUTH HEKOTODYIO OIIPEJIEIEHHYIO
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4. KOCMHUYECKUE MA3EPHI

n30BITOYHYIO HACEJICHHOCTH BBICIIIEIO YPOBHSI, B TO BPEMs KaK CTOJIKHOBEHUSI U WH/YITUPOBaH-
HBIE TIPOIECCHI CTPEMATCH €€ 8biPo8HAMY. OT COOTHOIIEHUST MEK/Ty STUMU JIBYMS TEHICHITIME
3aBUCAT yCJIOBUSA pabOThI peabHbIX Ma3epOB.

PaccMoTpuM 5TH yCI0BUsI ¢ KOJIMYECTBEHHON CTOPOHBI. [1ycTh HEKOTOPBIII Tpoliece HaKadKu
[IPU OTCYTCTBUU «KOHKYPUPYIOIINX» IIPOIECCOB CTOJTKHOBEHUH U NH/YIIUPOBAHHOTO U3JTY I€HUST
U TIOTJIONIEHHS CO3TAeT «M30BITOYHYI0» HACEJIEHHOCTD «BEPXHEro YpoBHs» Ang. C yueToM «KOH-
KYPHUPYIOIIUX» [IPOIECCOB N30BITOYHAS HACEJIEHHOCTD OyIeT paBHA

Ano

An:—
We+W;
1+ 20

(4.6)

rnie We, Wy m Wy — paccunrannble Ha OJHY MOJICKYJIY BEPOSITHOCTH CTOJKHOBEHW, WHLY-
IIMPOBAHHBIX IPOIeccoB n Hakadku. Hampumep, Wy mgaer i 0HOM MOJIEKYJIBI YUCTIO aKTOB
BOB0YKICHUS HAKAIKOIW «BTOPOr0» YPOBHH 3a OJHY CeKyHy. Wy = %Bml , Tae {) — TeJleCHbBII
YIOJI Ma3epHOTO IIyYKa.

Paccmorpum cravaga ciay4dait, korga Wy > We + Wy 1. e. mojie uzjiydeHusi KBAaHTOB C da-
CTOTO# V15 IMeeT CPaBHUTETHLHO MAJIYIO IJIOTHOCTE. B 9TOM ciiydae, Kak MOKa3bIBAIOT pacdeThl,
MHTEHCUBHOCTD, BBIXO/ISIAsT U3 «aKTUBUPOBAHHOIO» CJIOS Ta3a, OyJIeT paBHA

€
I, = 10! 4 el (4.7)
y

rje, Kak 1 npexje, I o3Ha4aeT MPOTSIKEHHOCTb CJIOfA ra3a, B KOTOPOM IPOUCXOIUT Ma3epHOe
yCUuJIeHUe, &, = %"3;"2 — SHEPrus M3JIyYeHUsl eJUHUIbI 00beMa B €JIMHUIHOM TeJIeCHOM
yIjie B €JIUHUYIHOM HWHTEPBaJe YAaCTOT 3a €JUHUILy BPEMeHU, OOYCJIOBJIEHHAS CNOHMAHHbLMU
nepexojamu, AVp — IMUPUHA YCUIMBAEMOlt JIMHUI, BhIPAazKeHHas B eIMHAINAX 9acTOThl (¢~ 1am

['n), I — MHTEHCUBHOCTH U3JIy9YEHUs JI0 €r0 NPOXOZKIeHUs Yepe3 «aKTHBUPOBAHHbIN» Ia3, 6, =

V—V

Vi@ Anan (5

2

St Avp ) — KO3(hUIMEHT «OTPHUIATETHLHOTO moromenusy. U3 dbopmyssr (4.7)
cJiejtyeT, 9To pabOTAONINi PU TAKUX YCIOBHIX Ma3ep (OH HA3bIBAETCs «HEHACBHIIEHHBIM> )
9KCIIOHEHITNAJIBHO, T. €. OUeHb «KPYTO», YCUIUBAET U3JIyUeHUE <«IIO/JIOKKIY, TIAIaloIee Ha ero
3a/IHIOI0 CTEHKY, U «COOCTBEHHOE» CIIOHTAHHOE M3JIyUeHUe B JIMHUU V1o, BOSHUKAIOIIEE B TOJIIE
raza. Tak Kak K03(DOUINEHT MOIJIOMEHNs 3, OYEHb PE3KO 3aBHCUT OT YACTOTHI (B IIpejesiax
[IUPUHBI JINHKUN ), TO. B CHJIY 9KCIIOHEHIMAIBHOIO XapaKTepa yCUJIeHHsI Hanbojiee CUILHO Oy1eT
YCHJIUBATBLCA caMasl IeHTpaabHas 9acTh JIMHUHU, B PE3YJIbTATE Y€ro MUPUHA JIUHUA CTAHOBUTCS
MeHbIIle pa3 B H—6.

Ecau Tosmunra ra30Boro ¢jios [ JI0CTaTOYHO BEJIMKA, TO WHTEHCUBHOCTH W3JIyUCHUs CTAHO-
BUTCS HACTOJILKO 3HAYUTEILHON, ITO WH/YIIMPOBAHHBIE MTPOIECCHI HAYUHAIOT MEHATH N30bITOY-
HYIO HACEJIEHHOCTH BTOPOI'O YPOBHS, YTO IPUBOJIUT K M3MEHEHUM XapaKTepa paboThl Ma3epa u,
npexjie Beero, ero yeuwinenud. [pu Wy < Wy u Wy > W, MbI OyJieM UMETh yKe Hacvu,eHHolil
Mazep. B arom ciydae, Kak MOKa3bIBAIOT IPOCTHIE PACUETHI,

A
IVZIO+M+

v Ay &vl. (4.8)

N3 sT0it popMyIbl caeryeT, 9T0O MHTEHCUBHOCTD U3JIyYEHUsI Ha, BBIXOJIE HACHIIEHHOTO Ma-
3epa CKJIaJIbIBAeTCsI U3 U3JIYUEeHUs «IIOJIOKKI» (KOTOPOe He YCHUJIMBAETCS ), WH/LYITHPOBAHHOIO
U3JIyUeHUs U CIIOHTAHHOTO M3/IydeHusd. Bo Bcex mpecTaB/IdommuX IpakKTUIeCKii HHTEpec CJIy-
Jasgx BTOPOil wieH B (popmysie (4.8) 3HAYUTESBHO TPEBOCXOAUT ocTasibhbie. OH HMeeT BechbMa
ITPOCTON CMBICJT: THTEHCUBHOCTH MA3€PHOT0 M3JIyUeHUs OITPEJIeIsIeTCs TOJIbKO MOITHOCTBIO Me-
XaHM3Ma HaKadyKu. KOJMYecTBO BBIXOAAINIMX M3 Ma3epa KBAaHTOB YCUJIMBAEMOW paJlualluu He
IIPEBOCXOIUT KOJMYIECTBA aKTOB HaKadKM BO BCeM oObeMe Maszepa. Ecin Hakadka OCYIIeCTB-
JII€TCsl IyTEeM TOIJIOMIEHUsT «pabOuuMIy» MOJIEKYyJIaMi 00Jiee BBICOKOYACTOTHBIX KBAHTOB, TO
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\ )

Y

a) %)

Puc. 4.3. Cxema, WITIOCTPUPYIOIIAs U3JIydeHne U30TPOITHOTO Ma3epa, ( «esKHK» ).

MO2KHO YTBEDP2K/IaTb, 9TO IJId HaCBIIIEHHOI'O Ma3epa KOJIMIECTBO «Ma3€PHbLIX» KBaHTOB MECHb-
e KBaHTOB HaKa4YKHN (BCe 9T BCJIMYNHBI OTHOCATCA K €JMHUIIE BpeMeHI/I).

Bapuarnuu MHTEHCUBHOCTH HEHACBHIIIEHHOTO Ma3epa JIEIKO OObICHAIOTCS BapUAIUSAMU WH-
TEHCUBHOCTHU «IOJJIOXKKI», KOTOPOii IPOMOPIMOHAbHA YCUIUBAEMasi HHTEHCUBHOCTD (cM. hop-
mysty (4.7)). B ciryuae HaCBIIIEHHOTO Ma3epa BapUallii HHTEHCUBHOCTH 3aBUCAT TOJIBKO OT €r0
BHYTPEHHUX CBOMCTB, HAIIPUMEP, MOITHOCTU, HAKAYKH, JJIMHBI U 11p. VIHTEHCUBHOCTH HACHIIIEH-
HOT'O Ma3epa pacTeT ¢ POCTOM [ 110 JIMHEHHOMY 3aKOHY, T. €. TOpa3/io Me/IJIEHHee, YeM Y HeHAChI-
IMeHHOr0. B HaCBIIEHHOM Ma3epe CIeKTpaJibHasl MUPUHA JUHUNH He YMEHBIIaeTCs. 3aMeTHM,
OJIHAKO, YTO B HadaJie yCHUJEHUs, T. €. IPU CPABHUTEIbHO MaJsioM [, KayKJIblii Ma3ep siBJIseT-
cs HeHaCBIEeHHbIM. [[03TOMY Ha BBIXOJIe HACHIIIIEHHOI'O Ma3epa IMMUPUHA CHEKTPAJIbHON JIMTHIT
BCe-TaKM 3HAUYUTETHbHO YMEHbITaeTC .

Kak y»ke roBopujioch BbIIE, Ma3epbl MOI'YT OBITh KaK OCTPOHAIIPABIEHHBIME, TaK U OOJIee
WK MeHee M30TPOIHBIMU. B 1ociegaemM cirydae HabJ/IIOgaeMble YIJIOBbIE pasMepbl UCTOTHHKA
U3JIyIeHNs OKa3bIBAIOTCs 3HAYUTEIbHO MEHBIIE YIVIOBBIX Pa3MepoB 00beMa, TJe HMPOUCXOINT
yemwtenue. OcobeHHO BeuK 3TOT 3(hDEKT /st HACBIIECHHBIX Ma3epOB, I'JIe B BUIMMOM IIEHTPE
I1apooOdpa3HOTO Ta30BOro 0ObeMa OyaeT HaOJIIOIAThC ropstuee MITHO, JuaMeTp KOTOPOro B jie-
CATKU pa3 MeHblre guamerpa obyaka. OOpa3sHO MOXKHO IIPeJICTaBUThH cebe U3JIydIeHne TaKoro
cdepudeckoro mMasepa B BHJIE CBOCOOPA3HOro «exkukay (puc. 4.3, a) B omindne oT «OOBIKHO-
BEHHOI'O» U3JIydaTesisd, CXeMAaTUIeCKH IpejcTaBieHHoro Ha puc. 4.3, 6). Ecin ycunmmatormast
u3JIydenne 00JacTb UMEET IUJINHIPUIECKYIO (hopMy, TO U3JIydeHue OYJeT BBIXOJIUTDH ITPEUMY-
IIECTBEHHO U3 TOPIOB MUJIMHIPA, T. €. OHO OYJIET JIOCTATOYHO HAITPABIEHHDBIM.

Bce cBoiicTBa KOMIAKTHBIX, YPE3BBIYANHO APKUX PATUOUCTOTHUKOB, U3JIYIAIONINX B JTUHU-
ax OH u HyO, roBopgat o ToM, 94T0 paanoacTpOHOMbBI OOHAPYKIJIM €CTeCTBEHHBIE KOCMUYIECKNe
Mazepbl. Kak yke roBOpmMJIOCH BBIIIIE, IIOTOK PaIUOU3IYIEHUT OT 3TUX UCTOUYHUKOB HEOOBIYHO
sesink. Hanpuwmep, na Bosre 1,35 e (muansg HoO) moTok or mcrodHmKa, W3BECTHOIO TIOJ| Ha-
spanmeM W 49, gocturaer 10 000 eI CIIeKTPaIbHOM IJIOTHOCTH HOTOKa!. 9TO — orpoMHad
BestmunHa. Hukakue Jpyrue HCTOYHUKNA KOCMUYECKOTO PAIMON3ITy YeHUsI, HAXOIAINeCs 3a Ipe-
nesamu COJTHEYHON CHUCTEMBI, He MOCBLIAIOT K HAM Ha 9TOM JIMalla30He TaKuxX IOTOKOB. Jlaxke
Jlyna, pacroyiozkeHHasi B caMoil HEIoCpeICTBEHHOM 01n30cTH K 3eMJie, TMOChLIACT HAM B 3TOM
JIMaIia3oHe MOTOK, KOTOPBIN, PACCUUTAHHBIN Ha, €JIMHUILY YaCTOTHI, BCETO JIUIIb NpuMepHO B 30
pas bostbie. 3aMeTUM B 3TOM ¢BsA3M, UTO HCTOIHUK W 49 BecbMa oT Hac yiaaseH. Paccrosane 10
Hero okos1o 14 000 11c, T. €. OH HAXOJUTCA B COBEPIIEHHO JpyTroit YacTu ['ajgakTuku. 9To paccro-
sIHE B THICSIY MUJLIAPIOB pa3 O0JIbIle, YeM paccTosdHre OT 3eMju 10 JIyHbBI, a BeJab MOTOKI
U3JIy9YeHrs 00PATHO MPOIOPIIMOHAIBHBI KBAIPATY PACCTOSHUS 710 uctounuka. MormHuocTs usiry-
yenna W 49 B IMHUE BOASHBIX Hapos nopgaka 103t spr/c, T. e. Bcero JmIib B HECKOJILKO COTEH
pa3 MeHbIre bomomerpudeckoit ceerumoctu Costaila. s pamguoananasona, TeM 60j1ee B OIHOI
Y3KOI CHEKTPAJILHON JIMHUU, STO HEIIOMEPHO OOJIbIlIas BEJIUINHA.

Craenaem Tenepb OIEHKY (PU3NIECKUX XapPAKTEPUCTUK UCTOYHUKOB MA3epHOIO M3IydeHus |

'ExuHuNa ClIeKTpasbHON IVIOTHOCTH IIOTOKa pasHa 10726 Br/ M2 - I
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Tuna. VI3 m3MepeHHbIX YIJIOBbIX Pa3MepoB u3/rydaiomux obsacreit (1072—1073 cekyHpl 1yru)
B COYETAHUM C U3BECTHBIMU paccTogaugaMu 710 30H H I, B KOTOPBIX 3TN UCTOYHUKYU HAXOIATCS,
CcJIeIyeT, 9To JUHeHbIe pa3sMephl KOCMIIecKnX Ma3epos [ ~ 10 ca — Beero smmb Ha opsamok
Gombire pagmyca oponTel 3emin. [ Toro 9TobbI apKocTHAA TeMiepaTypa 6uiaa 101310 K,
HY?KHO, YTOOBI N3JIydeHne yBeJININIo CBoIo MHTeHcuBHOCTS B 101210 pas. HamomumnM, uTo B
PaIMOYACTOTHOM JIMANIa30He HHTEHCUBHOCTD IIPOTIOPITHOHAIbHA SIPKOCTHOI TemiepaType (hop-
myna Panes—/Txxuncal). [{ng mameit rpy6oit oreHKn Oy/JieM canTaTh Mas3ep HEHACBHITEHHBIM.
Torma w3 dopmyisr (4.7) ciaeayer, aro

ol 1012101,

oTkyla sl ~ 30. B BeIpakenne s KoddduinenTa OTPHUIATE]HHOIO MOIVIOMIEHNAS iy, ~
AATZ)Af}—lfz BXOJINT SWHIITEHHOBCKMIT KO3 durmenT As, KOTOPBIH B HaIleM CJIydae PaBeH ~
107" ¢!, Bemuuuna Avp ~ 10% ¢!, orkyma An ~ 1 em3. Ilpumem, uro An/n ~ 0,1.
Toria KOHIIEHTPaIns MOJIEKYJI MIIpoKenmita n ~ 10 cM ™3, 94To B COTHH MUJLIMOHOB pa3 OoJIbIIe,
YeM B «HOPMAJIbHBIX» OOJIaKaX MeXK3Be3HOro raza (cM. § 2). st HackieHHoro Masepa (4ro
6oJiee BEPOSITHO) BEJIMUUHA N TI0JIy9aeTCsd 3HAYUTEIbHO OoJibine. [lojiHast KOHIEHTpalus Beex
ATOMOB 1 MOJIEKYJT B 00JIACTH Ma3epHOro M3/IydeHus J0/KHA OBITh 110 MeHbIneit Mepe 105—107
em~3. OTclofa CaeyeT, 9To 3TH O0JACTH HUKAK yKe HeJb3d PACCMATPHBATL KaK IIJIOTHBIE
obJtaka Mexk3Be3IHOM cpebl. CKopee 9TO MOX0XKe Ha pa3perKeHHbIe aTMOC(EPhl 3Be3/I-IUTaHTOB,
Jla U JIMHEeWHbIe pa3Mepbl y HUX OJHOTO mopsijika. C ydeToMm TOro, 4To MazepHbiil 3¢ derT
YMEHBINAET MUPUHBI JIMHUI B HECKOJBKO pa3, KHHETHYIeCKas TeMIIEPATypPa CPeJbl, B KOTOPOii
YCUJINBAETCS U3JIydeHre, BPs/ JIU MPEBOCXOIUT 2—3 ThICSYIN KeJabBUHOB. CKOpee OHa Tazke
MeHnbIe. Takum ob6pa3oM, 1Mo CBOUM (PU3MIECKUM CBOMCTBaM 0O0JIACTH Ma3epHOTO H3JIydeHUS
HAIIOMUHAIOT HPOTsI?KEHHbIE aTMOC(EPDHI XOJIOIHBIX TUTAHTCKUX 3BE3/I.

[Torokn MazepHOro M3JIydeHusd OT HamboJjiee APKUX UCTOYHUKOB HACTOJIBKO BEJUKH, YTO
OHU MOTJIX OBbI OBIThH, B IIPUHIIUAIIE, OOHAPYKEHBI JIazKe IPHU TOW IYBCTBUTEIHLHOCTUA PaJINnOTE Ie-
CKOIIOB, KoTopasd Oblta B 1950—1955 rr. /lj1g aToro Ha 1o ObLI0 3HATH «TOJILKO» YaCTOTY 3TOTO
U3JIyYeHUs U YIIOPHO UCKATh ucTouHuku. Ho camu mMazepwl ObLIM N300peTeHbl Ha 3eMJIe JIUIID
B 1954 r... O6 3TOM CTOUT TOJyMaTh, KOIJ[a FOBOPAT O POJIU ACTPOHOMUU I MPAKTUKH W
0 B3aMMOCBSI3U «UIUCTBIX» U <IPUKIQJTHBIX» HayK... Cefidac, Korma Mazepbl U Ja3ephbl CTAJIH
MOT'YYUM OPY/IMEM ITePEeKMBAEMOI HAMU B HACTOSAIIEE BPEMs HayIHO-TEXHUIECKOI PEBOJIIOINH,
MBI yzKe He YJIUBJsSeMCs, YTO B €CTeCTBEHHOII KOCMUYECKOIl cpejie, TP OTCYTCTBUU TEIJIOBOTO
paBHOBeCUsT MEKJy U3JIyYeHUEM U BENIECTBOM, MOT'YT PeajIn30BbIBATHCS YCJIOBUS, ITPUBO/ISIINE
K MazepubiM b dekTam. [Ipobiema cocroutr B ToM, YTOOBI MOHATH, KAKUM 0OPA30M STU yCJIO-
BUS BO3HUKAIOT U IPE¥KJE BCEIO — KAKON MeXaHM3M <«HaKadKh» JIEMCTBYET B KOCMUYECKUX
Mazepax?!

EcrecrBennee Bcero canTarTh, 9T0 MEXAHIM3M HAKAYKNA KOCMUYECKUX Ma3epOB, PAOOTAIOIINX
na junusgx OH u HyO, asnserca «paguanuorabivy. OCOOEHHO 9TO OTHOCUTCH K MOJICKYJIAM
TUJIPOKCHUJIA, UMEIONUM OoraTefmuii nHpaKpPaCHbI U yabTPadu0IeTOBbIN crieKTpbl. MozKHO
[0JIAraTh, YTO IMPU OTCYTCTBUU TEPMOJIUHAMUYECKOTO PABHOBECUs B CPABHUTEILHONW OJIM30CTU
OT «CTOPOHHHUX» MCTOYHUKOB MH(PAKPACHOTO WX YIbTPa@UOTIETOBOIO M3JIyUYeHHs MOTJIONIe-
HUEe 3TOTO M3JIy4YeHUs] B PA3/JUYHBIX JIMHUAX U MOCJEIYIONIne «KaCcKaIHble» I1epeXo/ibl Ha HU-
JKeJieyKalllie YPOBHU B KOHEYHOM cYeTe MOTYT IIPUBECTU K aHOMAaJIbHO BBICOKOU HaCEeJIeHHOCTHU
BO3OY2KJIEHHBIX YpOBHe# 3Tux MoJjiekysi. I[lepBast rumoresa o mpupoje HaKadYKM MCXOJIMJIA U3
IIpeJICTaB/ICHUS, YTO HAKAYKA «BEPXHETO» YPOBHH JIsIMOJIa-y/IBOCHIS OCHOBHOTO BpaIaTeTIbHO-
ro yposusi MoJieky bl OH mnpoucxonT npu morsiomnennn yiabTpaduoeToBbIX KBAHTOB, COOTBET-
CTBYIOIIUX PE30HAHCHOMY 3JIEKTPOHHOMY II€PEXOJly Y 3TOI MOJIEKY/Ibl. B aToM ciyvae jyimHa
BOJIHBI 3 Tydenns Hakaakn 3080 A.

OcHoBaHMEM JIJTsI 9TOI TUIIOTE3BI OBLIO TO, YTO MEPBOHAYAIBLHO OTKPBIThIE NCTOYHUKI aHO-
MaJIbHOT'O WM3JIyYeHHs, OTHOCAIINECHd K MEePBOMY THILy, Haxojmimuch B obyactax H II, BuyTpn
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KOTODBIX, KaK U3BECTHO, HaxojaTcs ropsane O—B-3Be3pr (M. § 2). MoxkHO ObLIO TO/1AraTh,
YTO M3JIyYeHHe STUX 3Be3]1 B OJIMKHEH YIbTpadnoaeToBoit 00/1aCT! JJOCTATOYHO MOIIIHO, 9TOOBI
obecreanTh HeOOXOUMYIO HAKAYKY. ¥ BbI, 9TH OKUJIAHUS HE OMPABIAJICD!

Jlesio B TOM, YTO €CTh BCe OCHOBAaHUs IOJAraTh, YTO MA3€Phl OT APKUX KOCMUYECKHUX WC-
rounukoB OH (rak ke, kak u HyO) nacwviuwerno. 1o ciepyer U3 CIeKTPATbHONO Hpoduis
OTJIEJIBHBIX «ITMKOB», KOTOPBIN BO BCEX MCCJIEIOBABIINXCS CIYUasIX ABJISIETCA 2aycCco6biM (T. €.
VMEHDIICHIe NHTEHCHBHOCTH 110 Mepe YAAJICHNs OT [EHTpPA [IKa CJIeLyeT 3aKkony [ « e (9AY)°,
rjae AV — pacCTosiHEe OT IeHTpa «IuKay ). [ayccoB mpoduib sBisieTcs HeoOXOIMMbIM aTpuoy-
TOM JIMHWIT HACBHITIEHHOTO Ma3epa. e ke Masep HEeHACHIEHHBI, TO NHTEHCUBHOCTH Oy1eT
caJaTh ¢ poctoM AV 10 JIpyromMy 3akony. KoJsib CKOpo HAIl Ma3ep HACBIEHHBINH, MOYKHO YTBED-
JKJIATh, 9TO YHCJIO KBAHTOB HAKAYKHU JIOJIZKHO OBITH HUKAK HE MEHBIIE, YeM YHUCJIO MA3EPHDBIX
PAJIMOKBAHTOB, U3JTyIaeMbIX HCTOIHUKOM. CJie/IyeT, O/IHaKO, TOMHHUTD, UTO KaXK bl yIbTpadu-
OJIETOBBIIT KBAaHT HAKAYKW UMeeT SHEPIUI0 B % ~ 6 - 10° pas GosbImyio, ueM pajanoksant. C
JIpYTOIf CTOPOHBI, TOJBKO OY€Hb y3Kas MOJI0CKa HEMTPEPBIBHOTO CIEKTPa FOPsINX 3Be3] UJET Ha
Hakadky. OTcioa, HAIIpUMep, CJIeJIyeT, 9TO B MOITHENIIIeM HCTOUYHNUKE Ma3epHOro nu3irydeHus W
49 nys obecriedeHrs HYKHOM HAKAYKM JIOJIPKHO HAXOUThCA 0K0I0 1000 3Be3/1 CrieKTpabHOTO
kiaacca O. Mex iy Tem 115 o IepKanms OIMTUYIECKOTO U3JIyYeHI 9TOI0 UCTOYHUKA TPeOyeTcs
He Oosibitie 10 TaKUX ropsianx 3Be31!

Harmm pacder noJiydeHn B IPeIIIoIOKEHUN, UTO U3JTyIeHne KOCMIYECKIX Ma3epoB 00J1a1aeT
MaJIoil HaIlpaB/IEHHOCTBIO, T. €. TeJIECHBIH yroJi {2 6,30k K eaunuiie. Konedno, jenas €2 jgocta-
TOYHO MaJIbiM, HampuMmep, ~ 1/100, MbI MOXKEM OIHUCAHHYO BBIIE SHEPIeTUIECKYIO TPYIHOCTH
cuaThb. Ho Torja Mbl HEM30€2KHO CTOJIKHEMCs € JAPYroit TpyaHocThio: eciu {2 < 1, TO J0JIZKHO
OBITH 110 KpaifHeit Mepe B cOTHH pa3 OoJibIllee KOJIMYECTBO UCTOYHUKOB Ma3epPHOTO U3JTyYeHUsd,
YbW «JIy9H» HAIPABJIEHBI MEMO HAC. DTO MOTPEOYET HEMOMEPHO OOJIBIIIOrO KOJUIECTBA TOpsi-
qux 3Be3] B [asakTuke, 1ero 3aBeoMo He HabJomaeTcd. J[pyruM HeT0CTaTKOM TaKOTO MeXa-
HU3Ma HAKAYKH ABJISETCHA CUJIBHOE IOIJIOIIEeHNEe YIbTPAMUOIETOBOIO H3JIyIeHUs KOCMUYECKO
IBLIBIO, B OOJILIIIOM KOJUYECTBE HAXOJANIEHCS B MCTOUYHUKAX KOCMHYECKOTO Ma3epHOIO U3JIy-
yenud. VTak, MexaHn3M HaKadKU yJIbTPa(pUOIETOBBIM U3JTyYeHUEM HAXOIAINMXCH TTOOIU30CTI
ot ncrounnkoB OH ropsamx 3Be371 OKa3aIcs HECOCTOSTETBHBIM.

Bcekope mociie OTKPBITHS UCTOYHUKOB Ma3epHOro msJydenus Ha jmausgx OH asrop sroit
kHuru B 1966 1. BbICKA3aJl THIOTE3y, YTO HAKAYKA MOYKET OCYIIECTBIATHCH MH(MPAKPACHBIMU
KBaHTaMU BpalareabHo-kosiedbarenbaoro cruekrpa OH. Meroununkom takoro mHgpaxkpacHOro
U3JIyYeHns HAKa9YKNU MOTYT OBITH 3Be371000pa3Hble 00BHEKTHI, UMEIOININE BBICOKYIO CBETUMOCTH
B JIJTMHHOBOJTHOBOM CIIEKTPAJIbHON O0JIACTHU, T. €. COYETAIOINIe CPABHUTEIHHO HU3KYIO TeMIIe-
paTypy HOBEPXHOCTH W OTPOMHBIE JIMHEITHbIe pa3Mephbl. BosiHe ecTecTBEHHO OBLIO MPEITOIO-
JKUTh, 9TO TAaKUMU HH(MPAKPACHBIMI O0BEKTAMU MOT'YT OBITH npomosseddvi. lleficTBUTETHHO,
yKe Ha CTaJuu CBODOJHOIO IaJIeHUs MPOTO3BE3/Ibl JIOJYKHBI OBITH MOIIHBIMU HCTOYHUKAME
nrpakpacHoro usjaydenns. Ha moceyoneii ctajun rpaBUTAIMIOHHONO C2KaThsl (TaK HA3bIBa-
eMasi «CTajust Xasimy — CM. § 5) MPOTO3BE3/IbI TAKIKE JIOJIZKHBI OBITH HCTOTHUKAMHI MOIITHOIO
nH(MPAKPACHOTO M3JIYUYEHHS, TaK KaK WX IMOBEPXHOCTHBIE TEMIIEPATYPbl B TEUYEHUE JTOBOJIHHO
JUTATE/IBHOTO BPEMEHU IOJIePXKUBAIOTCA Ha, MOCTOsiHHOM ypoBHe, Oym3koMm K 3500 K. 3ame-
tuM, 910 B 1966 1. ObLM m3BecTHBI TOMBbKO ncrounuku OH, oroxiectBisembie ¢ 3oHamu H
II, B KOTOPBIX UMEIOTCST MOJIOJbIE 3BE3/Ibl, BXOJISAIINE B aCCOIUAIUN, U TJe, KAK MOXKHO I10J1a-
raTh, IPOIECC 3BE31000pa30BAHUS IIPOJIO/IZKAETCS «HA HAIUX I1a3axy» JU00 HEJABHO KOHYIMJICH.
Wrak, mamu Oblja BbICKa3aHa rumoTesa, 9To MasepHble ncrounnkn OH cBsazanbr ¢ poxennem
3B€3/I, & MEXaHM3MOM HAKaIKN SBJIIeTCS NH(MPAKPACHOE N3JTydYeHIe TPOTO3BE3/I.

OTa TUIoTe3a Cpasy Ke MPUBJIEK/IA K cede BHUMAHNUE U B IIOCJIEIYIONINE TO/Ibl MHTEHCUBHO
paspabaTbiBajach psIoM aBTOpoB. OTHOBPEMEHHO eI OBICTPBINM MTPOIECC HAKOIJICHUS HADJIIO-
JIATeJILHOTO MaTepuaJia, NPUBEINNN K BBISCHEHUIO CTPYKTYPhl HICTOYHUKOB, UX OTOXKJIECTBJIE-
HUIO C JAPYTHUMU OObEKTaMU U KJIacCU(pUKAIUN Ha TpH Irpymiibl. [oBops o Hakadke nndpaxpac-
HBIMI KBaHTaMU, CJIe/lyeT UMeThb B BUJY JIBa COBEPIIEHHO PA3JIMYHBIX MpOIecca. Bo-TepBhIX,
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4. KOCMHUYECKUE MA3EPHI

HAKAIKa MOYKET OCYIIECTB/IATHLCS KBaHTaMu OJIM3KON nH(MPAKpaCHO 00/1aCTU ¢ JIJIMHOM BOJTHBI
2,8 mrM. Takue KBaHTBI BO30YK/IAI0T BRICHINE KoJiebarenbable yposau Mosiekysr OH, mepexombt
C KOTOPBIX «BHHU3» MOI'YT CO3/IaTh «U30BITOYHYIO» HACEJIEHHOCTH UCXOJHOTO JIId U3JIydeHUS
quann 18 cm ypoBHs. Bo-BTOpBIX, HaKavIKa MOXKET OCYIIECTBIATHCA <«JIAJEKUMU» UHPPaKpac-
HBIMH KBaHTaMU C JUIMHAME BOJTH ~ 120 1 ~ 80 MKM, BO30Y2KIAIOIMMHU BpalliaTe/1bHble YPOBHI
OH. PaszButne teopun norpedOBaO 3HAYUTETHLHOTO YCJIOXKHEHUs] KAPTUHBI HaKadKu. B gact-
HOCTHU, TIPU pacyeTe HAKAYKU «IaJIEKIMU» MHPPAKPACHBIMU «BpPAIaTeIbHBIMU» KBAaHTAMU 110~
TpebOBaIOCh PACCMOTPEHNE TTPOIECCOB MHOTOKPATHOI'O PACCESIHUs TAKMX KBAHTOB B CPEJIE, IJIe
HaxojsiTest Mosiekyabl OH. Tmarebable BEIYUCIEHNS TTOKA3a/ i, 9TO OJHU JINIIH «BpalllaTe/h-
HbIe» KBAHTHI MOT'YT 00ECIIeYUTh Ma3epHbI 3(PMEKT TOIHKO s KOMIIOHEHT JITMO1a- Y IBOCHUS
¢ qactoramu 1612 u 1720 MI'u. Takum obpazom, oHU HE MOT'YT 0DECIIeUUTh U30BITOYHYIO HACE-
JIEHHOCTB I MUCXOJIHBIX YPOBHEN OCHOBHBIX KOMIIOHEHT Jinanu 18 cm — 1665 n 1667 MI', koro-
pble KakK pa3 XapaKTePHBI JjIs ICTOYHUKOB 1epBoro tuma. OHako u pesyabrar /i Juann 1612
MI'y mpescTaBiseT 60bINON HHTEPEC. YYeT OJIHOBPEMEHHOT'O MPUCYTCTBUS OOJIBITIOTO KOJTHYe-
CTBa KBAHTOB B «OJIM3KOI» MH(MppaKpacHO 00IacTH IPHU JIOCTATOYHO BBICOKON KHMHETHUYIECKOI
remmeparype cpesipl (2000 K) gonomauTesibHo JacT CpaBHUTEILHO HEGOJIBIITYIO H30BITOUHYIO
HaCeJeHHOCTDb U JIJIsSI «BepPXHHUX» ypoBHei junuit 1665 u 1667 MI't. CremoBareabHo, mpu Ta-
KHX YCJIOBHSAX MOYKHO OXKHUJIATh O4YeHb sApKyIo Jimauio 1612 MI't u 3naduTesibno Oosee caadbie
quann 1665 n 1667 MI't, mexny tem kak junug 1720 MI'nt nmomkua ObITh B miorsionienun. Ho
KakK pas3 9510 u Habsojaercs s uctodnnkoB maiaydennss OH II tuna, oToxkiecTBiIsgeMbIxX
nHPPaAKPACHBIMI 3BE3JIaMU!

Jlydime Bcero mcceiejoBal UCTOYHUK 9TOTO THUIIA, OTOXKJIECTBIAEMBIN ¢ HE3a0JII0 0 ITOTIO
OTKpbITOI mHppakpacHoii 3se310it NML Jlebens. DrTa 3Be31a HAXOMUTCS CPABHUTEIHLHO OJIIM3KO
ot Comnna. [lomobHbIe 00HEKTHI IPEACTABIISIOT COOOM KPACHBIE TUTAHTCKIE 3BE3/IbI «II03THEI0»
CIIEKTPAJILHOTO KJj1acca M ¢ odeHb 60/IbIIIM H30BITKOM HHPPAKPACHOTO U3JIYIeHHS B INAIIa30HE
2—5 MKM. YKazaHHBIN WH(PAKPACHBIH N30BITOK 00bICHSIETCs IIJIOTHON IBLIEBOM 0D0JI0UKOIL,
OKPY2Kaloleil 3Tu 38e3/1bl. Takasg 000109Ka MOTJIONIAET U3JIyUeHue CBOeH «IIeHTPAJILHOIY 3Be3-
Jibl, HarpeBaetcd J0 TemuepaTypbl 600—800 K u nepensiydaer ero B nHppakpacHyo 001aCThb.
Hapsimy ¢ mazepabim nzimydenuneM B juauM 1612 MI'p 9Tm 3Be37pI n3iIydaroT Tak:Ke Mazep-
HOe U3JIydYeHue B JIMHUU MapoB BOAbI 1,35 c¢M. Y 3Be3 TAKOro THIla HADIIOAAETC HECKOJIbKO
koMmmoHeHT juanu 1612 MI'n, HemHoro oraumvaronuxcst 1mo gacrore. OOBITHO 9TH KOMIIOHEH-
TBHI 00Pa3yIOT B KaKJION 3BE3JIE JIBE IPYIIIILI, IPUYEM CIIEKTPAIBLHOE PACCTOAHIE MEXKTY STUMU
IPYyIIIaMU COOTBETCTBYET PA3HUIIE «JIOIJIEPOBCKUX» CKOPOCTEN B HECKOJIBKO JECATKOB KHJIOMET-
POB. DTU IPYIIILI HA3BIBAIOTCS «KpacHasi» (¢ GOJIbINel JIydeBoii CKOPOCThIO) U «cuHsst». CKopee
BCEro, HAJIMYIKE STUX JBYX IPYIII JUHUI CBA3aHO ¢ BpallleHneM 3Be3/bl. O4YeHb BO3MOXKHO, UTO
o0bexThl Tunia NML Jlebems ripeictaBisgior coboit He 3Be3/Ibl, a MPOTO3BE3/IbI, XOTs ITO MOKa
ele He JiokaszaHo. BooOie, mpobisiema jajieko He Tak IpocTta. Jleo ocjoxKHsIeTcs ere u TeM,
YTO HEKOTOPbIE KpacCHbIE CBEPXTHTAHTHI ¢ HEMPABUJILHO CUJILHO MEHSIONUMCS OJIECKOM THITA
3HaMeHnTol 3Be3/bl « Mupa Kurta» Takyke oOHapy»KUBalOT MaszepHbIe JUHUN U3aydeHus 1612
MT'i; (OH) (10BOJIBHO yMEPEHHON MHTEHCMBHOCTH) U JIMHUIO BOjstHOrO T1apa 1,35 M. B undpa-
KpPacHOM CIIEKTPe IOTJIOIMIEHHSI Yy 9TUX 3Be3], 0OHAPYKeHbI JUHUKA BOJAAHOrO mapa. Ho 3Be3sb
tuna Mupsl Kurta 3aBejoM0 He sBJIFIOTCA MOJIOJABIMU, YTO CJEIYeT XOTs Obl U3 UX MPOCTPaH-
CTBEHHOT'O PACIIPEJIe/ICHUS.

DTOT IPUMEP MTOKA3bIBAET, UTO U3JIyUEeHNE MA3EPHBIX JUHUN MOXKET U He ObITh CBSI3aHHBIM
¢ IporeccamMu 3Be31000paszoBanusd. [loaTomy odennb akTyabHON 3a/1a4eil COBPEMEHHON acTpo-
HOMUU sIBJISIETCS BhlgcHeHUe Bo3pacTa o0bekToB Tuia NML Jlebes.

Ucrounuku mazepHoro uzaydenuss OH tperbero tuta, B KOTOPbIX yeuymBaeTcs juHust 1720
MTI'11, ckopee BCero reHeTUYecKr CBA3AaHBI ¢ PACHIUPSIONINMUCA TYMAHHOCTSIMA — OCTATKAMUI
BCIIBIIIIEK CBEPXHOBBIX 3Be3J (cM. wactsb [11). Cremyer, BipodyeM, 3aMeTUTh, 4TO Ma3epHbBIE UC-
touanuku «III Tumnas 1mmoka ere oveHsb I1JI0X0 Kccae0BaHbl. [lo-Buaumomy, 3a ppoHTOM yIAapHOit
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4. KOCMHUYECKUE MA3EPHI

BOJIHBI, BBI3BIBAEMOII B MEXK3BE3/HON CpeJie B3PbIBOM CBepXHOBO# (cM. § 16), obpasyercs 1mwior-
HBI, JOBOJIBHO XOJIOJIHBIN Ta3 ¢ OOJIBIITUM COJAEPKAHUEM MOJIEKYJI.

Ho Bepuemca k ncrounukam OH u HyO neporo tumna, naxoggammumes B 3onax H I1. Benb
UMEHHO 9TH UCTOYHUKH CKOPEee BCEro CBI3aHbI C IIPOIECCOM 3Be31000pasoBanusd. Ciempyer 3ame-
THTH, YTO B HEIIOCPEICTBEHHOI OJIM30CTH OT TAKUX MCTOYHUKOB HADJIIOIAIOTCA KAK «TOUYETHbBIE
(T. e. «3Be37000pa3HbIe» ), TaK U HPOTSKEeHHbIe HHGpaKpacHble ncrounnki. CireoBaTesbHo,
BO3MOXKHOCTb HaKaduKi MH(PPaAKpaCHBIMI KBaHTaMU ITOKa UCKJIOYNTH HeJIb3s. TeMm He MeHee B
1ocJjIe IHee BpeMsi JIJIsi TAKMX Ma3ePHbIX KCTOTHUKOB BCe DOJIBITIEE MIPEIIIOUTEeHNE UCCIIeI0BATE TN
OKa3bIBAIOT TUMUYECKUM MEXaHM3MaM HAKAIKMA.

Berirte Gpin mostydensl (paB/ia, BechbMa rpy6o) cambre obiue (usnueckne XapaKTepu-
CTHKHU Ma3epPHbIX UCTOYHUKOB. HamoMHUM, 9TO 9TU MCTOYHUKU JIOJIZKHBI ITPEJICTAB/IATE COOOi
JIOBOJIBHO TIJIOTHBIE T'a30Bble 00JIaKa, KUHETUYIECKas TeMIIePaTypa KOTOPBIX MOXKET ObITh 1—2
TBICYN TPAJLYCOB, & pPas3Mephl OJM3KH K pa3MepaM KpacHbIX CBEpXTIUranToB. [IporsrkeHHOCTH
obJracTeil Ma3epHOr0 YCHJIEHHS JJIsl CAMBIX sIpDKMX HUCTOYHUKOB B JimHuu HoO, ciemyromast u3
Ha0JII0/IaeMbIX HD-MUHYTHBIX Bapualldii IOTOKA, BPsIJI JIK IPEBBIIIAET «aCTPOHOMUYIECKYIO € INHH-
my» — paccrogane ot 3emsn 10 Cosnna, pasnoe 1,5 - 10 cm. Torma u3 Teopun HACBIIIEHHOTO
mazepa (em. dopmyiy (4.8), re Wy ~ 1 ¢™1) crresyer, 9ro KOHIEHTpaIus «paboaux MOJIEKY/I»
BOJIBI JIO/KHA OBITH ~ 10% cM™3 a nmosimas KoHIEeHTpamyst Bcex MOJIEKYJT ([IPerMyIecTBEeHHO
H,) nosmkna 6bith ~ 10 cm™3. TIpu Taxoit BHICOKOl IJIOTHOCTH BeCbMa BeJIMKa BEPOSTHOCTD
CTOJIKHOBEHHSI MeXKIy JacTuiiaMu. Harpumep, oObIvUHasT «ra30-KHHETUIEeCKasi» 1acToTa CTOJIK-
nosenuit We ~ ny,-0-V ~ 1 ¢, riue 0 ~ 1071° em? — nonepeunoe cevenne mosiekysinl, V ~ 103
cM/c — ee CKOpOCTh (TIpH OIeHKe BeJInauHbl 1 Mbl npuHsin Wy ~ W.). Cpenn cTOJIKHOBEHUI
Oy/IyT 1 Takue, KOTOpbIe COMPOBOXKTal0Tcsad obpa3oBanreM Bo30y:KieHHBbIX MoJiekys OH. B pe-
3yJIbTATe TAKOI'O «XHMUIECKOTO BO30YKICHUST» MOYKET BOSHUKHYTH NU30BITOUHASA HACEIEHHOCTh
HUCXOMHBIX s n3aydenns pagunoiananit OH u HoO yposmneii.

Creyer 3aMeTUTh, UTO 9Ta IMPOOJEMa KHHETHKU XUMUYECKUX PEAKINil JIOBOJIBHO CJIOXKHA
1 OKOHYATE/JILHOTO PENIeHUs] BOIIPOCA O BO3MOMKHOCTU XUMHUYIECKON HaKAUKM KOCMUYIECKUX Ma-
3€pOoB TI0Ka ele HeT. Pa3HbIMU aBTOpamMy pacCUYUTHIBAINCH PA3IUIHBIE PEAKIIUHN, KOTOPHIE, 110
ujiee, MOIJIu ObI 00ECIIEINTh XUMIYIECKYI0 HAKadKy KOCMUYIECKUX Ma3€epoB. Y KaKeM, HallpuMep,
Ha TaKue peakIlnm:

OH+H — OH" + H,
OH + Hy — OH™ + Ha, (4.9)

SHaY0K «3BE3/I09Kay» 03HAYAET BO30OYXKJIEHHOE COCTOSHUIE MOJIEKY/Ibl. HekoTopbie u3 mpe/i-
JIOKEHHBIX PEeaKIUii BJISIIOTCS IK30TEPMUUECKUMU (HAIPUMED, peakiiysi 00pasoBaHUsT BOJIbI
OH + Hs; — HyO + H + 0,69 3B). CpaBuuTe/ibHO BBICOKAsi KHHETUYIECKAs TeMIIEpaTypa ras3a
[IOITOMY sIBJII€TCsl OJ1aronpuaTHbIM (akTopoM. OUeHb MEepCIeKTHBHO OOpa3oBaHUe BO30Y K-
nennbix Mosiekyal OH u HoO ma dporte ymaproit Bostabl. Takme BOJIHBI CjieyeT OXKUIATH B
[IPOTO3Be3/IaX Ha CAMBIX MO3JTHUX (ha3ax CTaJ UM CBOOOJHOTO MaJIeHNs, & TaKXKe B «CTapbIX»
OCTaTKaX CBEPXHOBBIX (CM. HIzke). Bo3Oyxaennbie Mosiekysibl OH MoryT o6pasoBbIBATHCS TaK-
JKe TIPU CTOJIKHOBEHWM MOJIEKYJI BOJIBI CO CPABHUTEIBLHO SHEPIUUHBIMA ATOMAaMU UJIA MOHAMU
BOJIOPOJIA:

H,O+H +5,25B — OH" 4 2H. (4.10)

JList 9TOr0 MexaHm3Ma HaKadKi OOJIBIION TPY/IHOCTHIO sIBJISETCS BOIPOC: OTKY/Ia OepyTCs
TaKue SHEePrudHble aTOMBI WX HOHBI aTOMapHOTo Bomopoda’ Bo3Mo:KHO, UTO U B 9TOM CJIy-
Jae yjapHble BOJIHBI MOT'YT «CIIACTHU IT0JIoykKeHnes. Hakonerr, He cjieyer 3a0bIBATh O HAJUIHU
OOJIBLITIOrO KOJIMYECTBA MBIINHOK B 00JIACTU MeHEPAITUN Ma3epHOTo usjydenud. [IbmnaK MoryT
OBITH KaTaJIM3aTOPAMU XUMHUYIECKUX PEaKIINil, NPUBOJAIINX K 0Opa30BAHUIO BO30YKJIEHHBIX
mostekyst OH u HoO. Kpome Toro, cpaBHUTEIBHO OBICTPBIE IPOTOHBI, KOTOPBIE MOT'YT 00pa30-
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BBIBATHCA Ha (DPOHTAX yJIAPHBIX BOJIH, OY/IYT HMPOCTO «BBLIOUBATH» BO30YIK/IEHHDBIC MOJICKYJIbI
OH wu3 110BepXHOCTHOTO CJIOSI «JIEJISTHBIX» NBLINHOK, BEpHEE,— KPUCTAJIIUKOB JIbJIA.

Mprt BuuM, 910 11pob/ieMa HaKaIKi KOCMUIECKUX Ma3ePOB IIEPBOIr0 TUTIA MOXKET OBbITh U, 10~
BUJIUMOMY, SIBJII€TCS TPYJIHEIeil npobiemMoii coBpeMeHHoit «acTpoxumunsy. MoxKHO, 0jIHAKO,
HaJIeAThCA, YTO OHA Oy/IeT perieHa B OJIM3KOM OY/IyIIeM.

B szaksodenne storo maparpada Mbl pe3IOMUPYEM apryMeHTBI B TOJIb3Y CBI3U UCTOYHU-
KOB Maszepuoro majiydenus pajuosnuuii OH u HyO ¢ obsactsamu, riae mpomcxognT Mporiece
3Be31000pa30BAHUSI.

1. Muorue, xoTss U He BCe, Ma3epHbIE UCTOYHUKHU CBa3aHbl ¢ sgpkumu 30Hamu H I1. Drtm
00J1aCTH MEXK3BE3/THON CPeJIbl BO30YKIAIOTCA K CBEUYEHHUIO OYEHb TOPSTYNMU MACCUBHBIMU
3Be3/IaMU CIIEKTpaIbHBIX KiaaccoB O u B, KoTopbie, Kak Oy/1eT MoKa3ano HUXKe, SBITIOTCS
MOJIOZILIMU O0'beKTaMu. BMmecTe ¢ TeM Hy2KHO MOTYEPKHYThH, YTO JAJE€KO He BO BCEX 30HAX
H II nabsiojatorcest MazepHble UCTOYHUKU. B 9T0i ¢BA3M cJiejlyeT 3aMeTUTh, 9YTO BO3PACT
pazamunbix 30H H [I MensieTcs B IOBOTbHO MUPOKUX TPEJIETIAX — OT HECKOJBKUX JIECATKOB
TBICSY 710 HECKOJIbKUX MILIHOHOB JieT. [loxoxke Ha To, uro Masepubie ucroaaunku OH u
H,O rpymnmupytorcs mpenmytinecrBeHHO B Mojonbix 3ouax H II. XopormmuMm mpumepom
«moytonofty 3oubl H 11 gBisiercsa uzBectnast tymanuocts Opuona.

2. Bckope mocie oTKpbITHS KOocMudecKux MaszepoB B 3oHax H II, rae onm mabsomaiorcs,
ObLIM OOHAPYZKEHBI JIO0 TeX MOP HEU3BECTHBbIE PaJUOUCTOYHUKN HOBOrO Tuna. X crektp
OKa3aJiCd 0 CBOEMY XapaKTepy TEIJIOBbIM, a YIJIOBble Pa3Mepbl OYeHb MaJbIMU — II0-
PsITKa HECKOJIbKUX CeKyH/T ayru. CTajio sICHO, 9TO W3J/Iy9aioT MaJible, JJOBOJBHO ILJIOTHBIE
obJtaka T1a3Mbl, HarpeTbie 710 TemmepaTypbl okosio 10 000 K. To, 9To 3TH ucTOIHUKHN 110
CBOEll IPUPOJIe ABJILAIOTCH TEIJIOBBLIMU, HATJISIHO JTOKA3bIBAETCA HAJMYNEM B UX CIIEKTPE
PEKOMOMHAIIMOHHBIX PaIMOIMHIIT Bogopoa (cM. § 2). OnucanHble HCTOYHUKY T10JTY TUJTH
naszBanue «koMrmakTHbIX H II obacreits. JIuneitabie pazMepbl 3TX 00pa30BaHmil MOPIIKa
0,1 mapceka, a KOHIIEHTPAIIUSA 3JIeKTPoHoB B HuX ~ 10410 cm™3, 1. e. B coTHE pas 6ob-
1te cpeiHero 3uadenns st apkux H 11 obnacreit. Kommakrabie H 11 ob1acti nonnsoBaHb!
U U3JIyYaI0T TOJIBKO IIOTOMY, YTO BHYTPH HUX JIOJIKHA HAXOIUThCA ropsidasi O—B 3Be3a.
Ho Takue 3B€3/161 TaM He HAOIIOMAIOTCS, TaK 2Ke KaK He HaOJIIOIAIOTCS U CAMU KOMIIAKTHBIE
H II obsract B onTudeckux Jiydax. BeIBom 0TCIO/Ia TOJIBKO OIUH: TaM UMEETCsI OI'POMHAs
TOJIIIA ToryIomarotieit ¢ser mbiin. C JIpyroit CTOPOHBI, IJIOTHOCTh OKPYZKAIOMIEH Cpejibl,
KaK IpaBujo, HuzKe, 9eM BHyTpHu KomnakTHoit H II 30HbI, riie TeMmieparypa B COTHIO pa3
Boirie. CrieoBaTeIbHO, BHEIHEE JIABJICHUE HUKAK HE MOYKET OCTAHOBHUTDH DACITHPEHUE
koMmrtakTHO# 30ubl H II u nocsemyiomee ee paccesinue 3a BpeMs OPsIKa HECKOJILKIX Jle-
CATKOB ThICAY JieT. 3Ha4uuT, kKoMmrnakTubie H II 30ubI 1 HAXO/dIIIIECS BHYTPH HUX TOPSUUe
MAaCCUBHbBIE 3BE3JIbI IIPEJICTABIAIOT COOOI «yJIbTPAMOJIOJIbIe» OOBLEKTHI: OHU 0OPA30BAIUCH
«Ha TAMATH» KPOMaHBOHCKOro dejoBeka! OTKyda »Ke B3sJICS TaM Ta3, Macca KOTOPOro
MOPSI/IKA HECKOJIBKUX COJTHEUHBIX MAaCC W Jjraxke OoJsibie? Bee roBoput o ToM, 9TO 9TOT
ra3z — «0oCcTaToK» JNudy3HON cpebl, 13 KOTOPOi oOpasoBasiach 3Be3/a. 1aM 04YeHb MHO-
rO TBLIHU, Je/IaloNeil Takoil 00bEeKT COBEPIIEHHO HEIPO3PATHBIM JIJIs ONTUIECKUX JIydeil.
[Tosromy naxojgamuecd BuyTpu KoMiakTHbIX H 11 obsracreit 3Be3/1b1 mosryuniin obpa3Hoe
Ha3BaHUE <«3Be3/IbI-KOKOHBI». VICK/IIOUNTEIbHBI MHTEPEC MPEJICTABIAET TO O0CTOATE b=
€TBO, 4TO oueHb MHorue masepubie ncrounnku OH n HyO, npunajiexariue K nepBomy
THUILY, B Ipejiejiax OmmboK HAOJIIONEHN! (KOTOPBIe OUeHb MAaJIbl, MOPSAIKA CEKYHJIbI JIyTH )
cosnaaoT ¢ komrnakTabiMu H 11 obsractamu. Tecnast accoruaniust Ma3epHbIX HCTOUHUKOB
nepBoro tuna ¢ komrnaktabivu H I obractsymu, HecoMHeHHO, TOKA3bIBAET UX MOJIOJIOCTD
U IPSIMYIO CBSI3b C IPOIECCOM 3Be371000pazoBanust (cM. § 5).

3. Muorne Ma3€epHbI€ UCTOYHUKHU IIEPBOIro THUIIa OTOXKICCTBJIAIOTCA C «TOYCTHBIMM» I/IH(bpa—
KpaCHBIMU MCTOYHHUKaMM. B JaHHOM CJiyda€ CJIOBO «TOYE€YHbLIE» O3HA4YaeT, 4TO UX YIJIO-
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Bble pasmepbl Menbine 2”. Takue undpakpacHbie 00bLEKTH HAOJIIOIAIOTCS, B YACTHOCTH,
B Tymanuoctsax Opuona, W 3 u W 49, rie HaxomsaTcsi caMmble SIPKHE Ma3epHbIE UCTOU-
HUKHU. THareabHble NCC/Ie0BAHUsT TUIIMIHOIO «TOYETHOr0» MH(pPaKPACHOIO UCTOTHUKA
B TymanHocTH OpHoHA (OH TaM HAXOJUTCS PSJIOM € MCTOYHUKOM JITHHHOBOJIHOBOTO WMH-
dbpakpacHOro M3JIyUeHns ¢ YIJIOBBIM JraMeTpoM okos10 30', 0 KOTOpOM pedb IIlia BbIIIE)
IIOKa3aJIi, YTO €r0 HUKAK HeJIb3sl pacCMaTpPUBATh KaK «HOPMAJbHYIO» 3BE3/Ly BBICOKOI
CBETUMOCTH, IMOTI'PYKEHHYIO B IJIOTHOE MbLI€BOE O0JIAKO. BbIUMC/IeHHBIH 110 ero m3Jryde-
HUIO JUaMeTp TOYedHoro mcrodnnka B Opmone paseH 50 acTpOHOMHYECKUM €THHUIAM,
B To BpeMsi Kak B W 3 on okosio 600. Temmeparypa u3/ydaromiero IJIOTHONO Ta30BO-
IIBLIEBOIO O0JIaKa, KOTOPBIM sIBJISIETCS TaKOi MCTOYHUK, paBHA cOOTBeTCTBeHHO 550 1 350
KeJabBUHOB. [losiHast ¢cBETUMOCTD TaKUX OOBEKTOB B THICSYN Pa3 IPEBBIIIAET CBETUMOCTH
Cosana. Takum 0O6pa3oM, BCsi COBOKYITHOCTb HAOJIIOJIEHUIT TOBOPUT O TOM, UTO 3TU 00b-
€KThI SIBJIAIOTCS HE 9eM MHBIM, KaK Npomo3dse3dnvimu obosovukamu. Bosee moapobHo 06
9TOM OyJIeT TOBOPUThCA B § 5.

Nrak, MbI MOXKEM Telepb ¢ IOJHBIM OCHOBAHHEM CKa3aTbh, YTO OOpa3OBaBINHeCs U3 JHd-
dy3HOI MEK3BE3MHOI Cpeibl IPOTO3BE3bI KaK Obl «I'POMKO KpHUUaT», UCIOJb3Ysl JIs 3TOTO
HOBEHIIYIO TEXHUKY KBAHTOBOHN Painou3uKN... ITO KacaeTcs «IepBBIX IaroB» HOBOPOXKIEH-
HBIX 3B€3]I, TO 00 9TOM OyJIeT pa3roBOp B CJIELYIONIEM aparpade.
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§ 5. DBOJIIOLIUS ITPOTO3BE3/] U ITPOTO3BE3/IHBIX OBOJIOYEK

B § 3 MbI 10BOJIBHO 110/IpOOHO PacCMATPUBAIN BOIIPOC O KOHJIEHCAIIUU B IIPOTO3BE3/IbI ILIOT-
HBIX XOJIOJTHBIX MOJICKYJISPHBIX 00JIAKOB, HA KOTOPbIE U3-3a I'PABUTAIMOHHON HEYCTOWIHMBOCTH
pacriajiaercst ra30BO-TIbLIEBOM KOMILIEKC MEXK3BE3/IHOM Cpejibl. 3/1eCh BAyKHO €I1e Pa3 MO [IePK-
HYTb, 9TO TOT IPOIECC ABJIACTCA 3GKOHOMEPHBIM, T. €. Heudbeschvim. B camom jiene, Ternio-
Basl HEYCTOMIMBOCTH MEXK3BE3/IHOM CpPeJIbl, O KOTOPOil Ijta pedb B § 2, HEM30EKHO BEJIET K ee
Ppaemernmayuy, T. €. K pa3/IesIeHnIo HA OTJe/IbHble, CPABHUTEJHHO IUIOTHBIE ODJIaKa W MeXK-
obnatnyto cpeiy. OHako cOOCTBEHHAsI CUJIa TAXKECTU HEe MOYKET CXKaTb 0DJaKa — JIJIs 9TOrO
OHU HEJIOCTATOYHO IIOTHBI U BeJuku. Ho TyT «BcTymaer B Urpy» JmOO yjapHasl BOJIHA, CYKU-
MaroIas MeXK3Be3/IHYIO Cpelly B CIMpaJbHOM pyKase (cM. § 2), smbo MerK3Be3THOe MArHUTHOE
oJIe M XapaKTepHas /I Hero HeycToiunBocTh Pastes — Taitopa. B cucreme cnioBwIX JTIMHMIN
9TOrO T0JIsd HeM30€KHO O0Pa3yloTCs JOBOJBHO TUIYOOKHE <«SIMbI», KY/JIa «CTEKAIOTCSI» O00JIaKa
MEK3Be3HOMI cpeibl (cM. § 3). DTO IPUBOIUT K 0OPA30BAHUIO OIPOMHBIX I'a30BO-TIBLIEBBIX KOM-
IJIEKCOB. B Takmx KoMILTeKcax oOpasyeTrcsd CJIOi XOJIOTHOrO ra3a, TaK KaK MOHU3YIOIIee MeK-
3BE3/IHBIN YTIJIEPOT, YILTPadUOIETOBOE U3JIyUeHUEe 3BE3]I CUJILHO ITOIJIONIACTCH HAXOJIAIIEHcT B
IJIOTHOM KOMILJIEKCE KOCMUYECKOI TBLIBIO, & HeWTpabHbIe ATOMBI YIJIEPO/Ia CHIBHO OXJIaXK 1a-
10T MEYK3BE3/HBII T'a3 U «T€PMOCTATUPYIOT» €ro MPH OYeHb HU3KOI TeMIlepaType — MOPSIKa
5—10 kenpBuHOB. Tak Kak B XOJIO[HOM CJIOE JTaBJI€HUE T'a3a PABHO BHENTHEMY JABJIEHUIO OKPY-
JKAIoIIero 0oJiee HArPeToro ra3a, TO IJIOTHOCTH B 3TOM CJIO€ 3HAYUTEIBHO BBIIIE U JOCTUTACT
HeCKOJILKUX Thicad atoMoB H m mosekyn Hy na xybmueckwmit cantumerp. [loj Bimsganmem cob-
CTBEHHOI I'PaBUTAIIMU XOJIOJHBIN CJIOH, IIOCIe TOr0O KaK OH JOCTUIHET TOJIIIMHBI OKOJIO OJHOI0O
napceka, HaqHeT «(dparMeHTHPOBaThy Ha OTJeIbHbIE, ele Oojee MIOTHBIE CI'YCTKH, KOTOPBIE
10/ BO3JIECTBUEM COOCTBEHHOW I'DABUTAIINU OY/IYT MPOJIOJIKATH CXKUMATHCS. TaKuM BIIOJTHE
€CTECTBEHHBIM 00PAa30M B MEXK3BE3/IHOI CpeJic BOBHUKAIOT acCOIMaluu mpoTo3Be3 . Kaxiast
Takas IPOTO3BE3/IA IBOJIOIUOHUPYET CO CKOPOCTBIO, 3aBUCHIIEN OT €€ MaCChI.

B § 3 wmbr yxKe paccMaTpuBaii camMyio PaHHIO (a3y IBOJIOIUU IIPOTO3BE3IAbI — a3y
«CBODOJIHOTO TaJIeHus». IJTa (pa3a KOHUAETCs I0C/Ie TOro, Kak OJiarogaps BO3POCHIEH ILIOT-
HOCTH TIPOTO3Be3/1a (KOTOpasi /10 9TOr0 CKUMAach Hpu Oojee WM MeHee IIOCTOSHHOW TeM-
nepaTrype) CTaHeT HEIPO3PAYHON K cobcTBeHHOMY MH(bpaKpacHOMy u3iydenuto. [locse sroro
TeMIepaTypa ee HEeHTPaJbHBIX o0JacTeil HaYHeT OBICTPO pacTu. Takum oOpaszoM, BO3ZHUKAET
OoJIbIIIas PA3HOCTh TEMIIEpaTyp MEXKJy HAPYXKHBIMHA U BHyTpeHHumu cjiosMu. [lo sroit npu-
YuHEe OCBOOOXKIAIONIASICA MPU CXKATUU T'PABUTAIMOHHAS SHEPIUs JIOJKHA KAKUM-TO 00Pa3oM
«TPAHCIIOPTUPOBATHCA» HAPYXKY.

JlanbHeiimas 9BOIONUS TPOTO3BE3/IbI ObLIa TEOPETUYIECKH PACCUMTAHA SIOHCKUM acTPO-
dusukom Xasim, KOTOPBIi IEPBbIM 00PATI/I BHUMAHUE HA TO, 9TO TPAHCIIOPT SHEPIUU B CIKU-
MaroITeiicss TIPOTO3BE3/Ie OMKEH OCYIIECTBISITHCS [MyTeM KOHGeKUu (a He JIyIeUCIlyCKaHueM,
Kak IoJjiarajm acTpoHOMbI 10 1961 1., Koryia 6butn omy6IMKOBaHbL HCceoBannst Xasiiim). Kak
OyeT pacckasaHo B § 7, KOHBEKIUS pa3BUBAETCA TOT/IA, KOTa JIPYrue BO3MOXKHOCTH ITEPEHOCa
BbIpabaThbIBaeMOIl B HeJpax 3Be3Jl SHEPIuu OrpaHuYeHbl. B caMbIXx Hapy:KHBIX, «dorocdep-
HBIX» CJIOSIX IIPOTO3BE3/Ibl MEXaHUYCCKAs SHEPTUs OyPHBIX KOHBEKTUBHBIX JIBUYKCHUI, KOTOPbI-
MH OXBaveH BeCb ee 00beM, JIOJIZKHA TPaHC(hOPMUPOBATHCS B SHEPIUIO U3JIYUEHUsI, YXOJIAIILYIO
B MHUPOBOE ITPOCTPAHCTBO. B MUHHATIOPHOM MacIiTabe Takas KapTHHA HAOJIOIAeTCS B HAPY K-
HBIX CJIOSIX COJTHETHOMN aTMOchephl — TaK Ha3bIBAEMON «XpoMocdepes, CpaBHUTETbHO BBICOKAST
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9. SBOJHOL[I/IH ITPOTOSBE3/ 1 ITPOTO3BE3JHBIX OBOJ/IOYEK

TeMIepaTypa KOTOpOil MO/IepKIUBAETCd MEXaHMIECKON SHeprueil BOJIH OT KOHBEKTUBHBIX ITIOTO-
KOB, uytux u3 mnojiporocdepubix cioes Comara. Ho y Hamero ceermia KoHBEKIHEH OXBAYUEHBI
TOJILKO HapyzKHbIe cjion. [opa3ao 6ojiee OJIM3KUMU K YCJIOBUAM B IIPOTO3BE3JIC ABJIAIOTCS yCJI0-
BHUS B KPACHBIX I'MIaHTaxX, OOJIbINAasd 9acTh 00beMa KOTOPBIX JI0 CAMO TTOBEPXHOCTH OXBaveHA
OypHoit KouBekueit (cm. puc. 11.3).

Temmeparypa, pu KOTOPOi SHEPTUd KOHBEKTUBHBIX MTOTOKOB IEPEXO/IUT B SHEPIHUIO U3JTY-
YeHUs, OIPEJIC/IAETCI MHOTOUYNCICHHBIMU IPUINHAMU, HAIIPUMED, XUMHUYECKUM COCTABOM U TIP.
YucTo SMIUPUIECKU MOXKHO IMPUHATD, UYTO B [IOBEPXHOCTHBIX CJIOSX ITPOTO3BE3/IbI DAJAHC MEXK-
JIy TIPUTOKOM MEXaHWYeCKOW SHEPruy KOHBEKIIMU U U3JIyYeHUEeM yCTaHaB/IUBaeT TeMIlepaTypy,
0/IM3KYI0 K TemiepaType ¢porocdep KpacHbIX TUranTos, T. €. ~ 3500 K. Bojiee Tounble pacaeTnb
JTAIOT JIJISI TeMIIepaTyphl HAPYKHBIX CJI0€B MIPOTO3BE3/l HECKOJILKO MeHbIee 3HadeHune, ~ 2500
K. JI1o0ombITHO, 9TO 3TU Ke pacueThbl MPUBOJAT K 3aBUCUMOCTH TEMIIEPATYPbI MOBEPXHOCTU
IIPOTO3BE3/IbI OT ee Macchl M u cBeTuMocTu L B BHIE

Ty oc MT/BL32, (5.1)

T. €. 9Ta TeMIlepaTypa IPaKTUIeCKH COBCEM He 3aBUCHT OT CBETUMOCTH ITPOTO3BE3/bI U OUY€Hb
cnabo — oT ee Macchl. MTak, Temneparypa Ha MOBEPXHOCTH OXBadYeHHON KOHBEKIIMEN MPOTO-
3BE3/IbI HA MMPOTAXKEHNH BCEU «CTa/IMHM XA €€ IBOJIONIHI OCTAeTCs IMOYTH MOCTOSTHHON. Tak
KakK [IPU 9TOM ee PAJILyC BCe BpeMsi YMeHbIaeTcst (160 OHa MOJL BIUSHIEM COOCTBEHHOI rpaBu-
TAIUHU TIPOJIOJIZKALT CXKUMATHCS), CBETUMOCTD [IPOTO3BE3IbI Ha 9TOI cTajuu Oy1eT HelpepbIBHO
ymenvwamoca. MakcumaibHas CBETUMOCTH OyJ/IeT MMETh MECTO B TeUeHWe CPAaBHUTETBHO KO-
POTKOI'O BPEMEHH, KOTIJia BO BCEM OObeMe IPOTO3Be3/Ibl yCTaHOBUTCH KOoHBeKIus. [l rpy6oit
OIEHKY BEJIMYUHBI ITOH MAKCHMAJIBHON CBETUMOCTHU ( «BCIBIIIKA» ) IPUMEM JIJIs PaJIAyCca IIPOTO-
3Be3/Ibl [IPU YCTAHOBJIEHUH B Hell KoHBekIimu dopmysty (3.8), mosydeHuyo B § 3. D10 03HAUAET,
B YaCTHOCTH, YTO MBI 3apaHee IpeJojiaraeM, 9To KOHBEKIUS B IIPOTO3BE3/Ie HACTYIAET CPaB-
HUTEJIBHO OBICTPO, T. €. 33 BpeMs yCTaHOBJIEHNS KOHBEKIINN ITPOTO3BE3/Ia «HE YCIEeT» 3aMETHO
cKaThed. Torga ¢cBeTUMOCTD IIPOTO3BE3/IbI BO BPEMsI «BCIIBIIIKA» OYIET OMUCHIBATHCA MPOCTOI
dopmyioit:
T\ R\ M

L=— | =10°| — ) Le. (5.2)
To) \lig Mg

JLmuTe TbHOCTD BCIBIIKA MOYXKHO OIEHUTH, Pa3/e/UB BEJIUINHY OCBOOOIMBITIEHCS TP CxKa-
TUW TIPOTO3Be3/1bI IpaBuTarmontoit sueprun G M /Ry #a L. OHa oOKa3bIBaeTCsI MOPSI/IKA HECKOJIb-
KHX JIET, T, €. AefCTBUTE/ILHO HEOOJIBIIIOIL.

B § 3 Obu10 MOKa3aHO, YTO B KOHIIE «CTAIMKM CBOOOHOIO TAJICHUS» Y CKUMAIOIIEHCs IPo-
TO3BE3/IbI TAKKE JIOJIZKHA OBITH dpKasd CPaBHUTE/IHHO KPATKOBPEMEHHAs BCIIBIIIKA NH(MPaAKpac-
HOT'O M3JIyYEeHHS, KOIJIa CBETUMOCTD B THICAYH Pa3 IMPEBOCXOIUT DOJIOMETPUIECKYIO CBETUMOCTh
Couaia. Bropas Benbiinka, 0 KOTOPO# TOJILKO UTO ILJIa PEeUb, J0JKHA IIPOU30UTH JTOBOJIBHO CKO-
po nocJie mepBoit. Obe BCHBIMKY Oy/IyT CHJILHO OTJIMYATHCS 110 CHEKTPAIBLHOMY COCTABY CBOETO
u3jydenns. Bo BpeMs I1epBOil BCIBIMNKYA U3JIyYeHUE JOJKHO OBITH COCPEJIOTOYCHO B JIJIMHHO-
BOJTHOBOM (~ 20—30 MKM) mH(MPAKPACHONH YacTH CIHEKTpa, B TO BPEMs KaK OCHOBHAS IaCTh
U3JIyYeHUs BO BPEMsl BTOPOIl BCIIBIIMIKK A aeT Ha OJMKHIO MH(MPAKPACHYIO YaCTb CIEKTPa
(~ 1—2 mkwMm). IIpu coBpeMeHHOM COCTOSIHUEM TEOPHU U JIOCTUIHYTOM cefiuac ypoBHe HabJIro-
JIATEJIbHON aCTPOHOMUM HEJIb3s TaKKe HUCKJIOYUTH BO3MOYKHOCTH TOIO, UTO O0€ BCIIBIIIKU Yy
MIPOTO3BE3/T HE Pa3/ieJIeHbl BO BDEMEHU, & MPAKTUIECKH CJIMBAIOTCS.

[Tocie BCHBIMKH, COMYTCTBYIONMEN OKOHYAHUIO YCTAHOBJIEHNs] KOHBEKITUN BO BCEM OOBbeMe
[IPOTO3BE3/Ibl, MOCTE/HAA, KaK y2Ke IOBOPUJIOCH, MPOJOJIKAET CKUMAThCS, IPUYEM TeMIlepa-
Typa ee MOBEePXHOCTHU MOJJIEPKUBAETCS HA MMOYTU MOCTOSAHHOM ypoBHe (cM. Bbime). [TosTomy
CBETUMOCTH ITPOTO3BE3/IbI OyjeT yObIBaTh 0OpaTHO MPONOPIIMOHAJIBLHO KBaJIPATy €e pajuyca.
B To ke Bpemda TeMIiieparypa ee HeJp HEIPEPLIBHO MOBBIMaeTcd. V1 BOT HAcTynmaeT MOMEHT,
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Puc. 5.1. Teoperndeckast 3aBUCUMOCTD PAJINYyCa IIPOTO3BE3/IbI OT BPEMEHHU.

KOTJIa TeMIlepaTypa TaM IMOJHUMAETCs 0 HeCKOJIbKUX MUJLTHOHOB I'PAJLyCOB U «BKJIIOYAIOTCS»
HepBbIe TEPMOsIJIEPHBIE PEAKIIUI Ha JIETKUX SJIeMeHTax (JinTuii, 6Gepusuinii, 60p) ¢ HUBKUM «Ky-
JoHOBCKUM Gapbepom» (cum. § 8). IIporosBesia mpu 3ToM OyJIeT MPOIOJIKATH CZKUMATHCS, TaK
KaK <«IIPOIYKIIAsI» TEPMOsIEPHOI SHEPIUU BCE €Ille HEeJIOCTATOYHA JIJIT TOrO, YTOOBI PA30IPeTh
ee HeJIpa JI0 TaKOI TeMIepaTyphl, IIPU KOTOPOI JaBIeHNe ra3a YPaBHOBECUT CHJIY TPABUTAIIIN.
TosibKO TOC/IE TOrO KaK IPOJIOJIZKAIONIMICA POCT TEMIIEPATYPhl B HeJIpax MPOTO3BE3/IbI CJle/1a-
eT BO3MOXKHBIM NPOMOH-NPOMOHHYN WA Y2AepodHo-a30mnyto peakimio (cM. § 8), naBieHue
raza HaKOHeI[ ee «3acTabuansupyers. [Iporossesga craner 3Be3/10if U, B 3aBUCUMOCTH OT CBO-
efl Macchl, 3aifiMeT COBEPIIEHHO OIIPeJie/IeHHOEe MecTO Ha guarpamme leprmmpynara — Peccea.
Teopus crpoerunst 06pa3yOIMIUXCs TAKUM 00pPa30M paBHOBECHBIX 3Be3]1 Oy/IeT pacCMaTpUBAThHCS
BO BTOPOI 4aCTW 3TOW KHUTH.

Mpur paccMoTpesu ceffgac mporece 3BOJIIONNN TPOTO3BE3 ] B 3Be31bl. CaMo cob00 pasyme-
eTCsI, ITO Hallle pacCMOTPeHne He saBjsgerca crporumM. OHO, 0 HEOOXOMMOCTH, HOCUT <IIOJTYy-
KadecTBEHHBI» xXapakTep. CTporoe pererune mpobdieMbl 00pa30BaHUsS 3Be3]T U3 MeXK3Be3 THOM
CpeJibl ceifgac BpsiJl Jiu BOOOIIE BOBMOXKHO. MOXKHO TOJIBKO CTPOUTDH OT/IE/IbHbBIE KYCKI TEOPHH,
IIOCTOAHHO KOHTPOJIUPYS €€ HADJIIOICHUSIMHU.

Ha puc. 5.1 cxemarmdecku mpejicTaBieHa 3aBUCHMOCTb PaJIMyca ITPOTO3BE3/IbI, ITePBOHA-
JajbHasi Macca KoTopoil ObLia paHa macce CosHiia, or Bpemenu. st maciiraba ropusoH-
TaJIbHbIE IIPEPBIBUCTBIC JIMHUU COOTBETCTBYIOT PallyCaM Op6I/IT IIJIaHET CO.HHe'—IHOI’I CHUCTEMBI.
MpbI BuMM, YTO B HavaJje «CTaJul CBOOOIHOTO MAJIEHUS» CXKUMAIOIIEHCs 110J1 BO3/IeiiCTBIEM
CO6CTB€HHOfI I'paBUTalli IIPOTO3BE3/bI, €11e HEeIaBHO 6bIBH.I€I71 IIJIOTHBIM, XOJIOAHBIM <«MOJIEKY-
JISPHBIM» ODJIAKOM, ee pajuyc 01u30K K pajinycy opouts! [Lnyrona. [Ipu srom cpeass KoHIeH-
Tpalus 9acTull (IperMyIecTBeHHO MOJIeKYJl Bojoposa) 6bita ~ 102 em™3. Crajus co6oHoro
najieHus (Hadarasi OT TAKOW IJIOTHOCTH) MMeeT JJINTeIbHOCTh HeMHOruM GoJibiine 10 jer (cM.
dopmymy (3.7)). 3a 310 KOPOTKOE BpeMsi MPOTO3BE3/a CKUMAETCS /10 pa3MepoB opbutel Mep-
KypHsi, T. €. IPUMEPHO B €TO pa3. KoHeTHO, 3TOMY STaIly MpeIIecTBOBAJ CyIIeCTBEHHO DoJiee
JUTITEBHBIH 9Tall CAKATHA 00JIaKa ¢ HepBOHAYaILHOH T1oTHOCTBI0 10°—10% e 10 pasmepos
opbutsl [LnyTona. /lasee, cxkaTue mMpoTO3BE3/IbI PE3KO 3aME/IJIAETCs, TaK KaK OHa CTAHOBUTCS
HEIpo3padHoil K cobcTBeHHOMY m3jaydeHuio. Hacrymaer «cragus Xadmns B >KU3HH OXBaveH-
HOIT KOHBEKIIMell IpoTo3Be3/ibl. B camMoM HadaJie 3TOi cTa/ i JIOJZKHA ObITh «BCIIBIIITKAY (CM.
BbH_He). qepeS HECKOJIBKO JeCATKOB MUJIJIMOHOB JIET C2KaTHE IIPOTO3BE3AbI ITIOYTH IIPEKPalllacTCA
U OHA «CAJIUTCS» Ha TVIABHYIO IOC/IE/I0BATE/IbHOCTD.
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Puc. 5.2. DBosonmonnbIil Tpek MPOTO3Be3/bI Ha auarpamme [eprmmpynra—Peccena.

Ha puc. 5.2 m306paken 3BOJIIOIMOHHBIN «TPeK» MPOTO3BE3/Ibl Ha Juarpamme [eprimnmpyn-
ra — Peccena. Crajus ¢BOOOIHOTO MajeHMs TPOTO3BE3/IbI, KOIJa OHA XOJIOHA W IIPO3padHa,
n306parkeHa (cxeMaTudecKn, KOHETHO) MITPUXOBOW KpUBOIl B mpaBoii Yactu pucyHka. Makcu-
MYM 3TOU KPUBOU COOTBETCTBYET HACTYILJICHUIO HEIIPO3PAYHOCTHU U CBA3aH C II€PBOY BCIUBIIKOMN
JUTHHHOBOJTHOBOTO MH(paKpacHoro uaaydenus. [lociie HacTyIIeHNST HEIIPO3PATHOCTH OOJIOMET-
putvecKast CBETUMOCTD IIPOTO3BE3/Ibl OBICTPO YMEHBIIAETCS, TIOC/IE Yero CJIe/IyeT OU€Hb ObICTPHI
€€ POCT, CBA3AHHBIA C «3aKAIAHUEM» IITPOTO3BE3/IbI U3-3a BBIXOJa HAPY?KY KOHBEKTHUBHBIX I10-
TOKOB W TIPEBPAIllEHUs] WX SHEPIUU B SHEPTHUIO m3jydenus. Hacrymaer Bropas BCIBIIIKA, HA
9TOT pa3 B O/IMKHeH nHppakpacHoil 001acTi. 3aMeTHM, 9TO Ha 3TOW KPUBO CBETUMOCTH IIPO-
TO3BE3/IbI B MAKCUMYyMe BCIIBIIIKNA B HECKOJIBKO pa3 MEHbIIe, UeM 110 Hareil rpyboit dpopmyiie
(5.2), 9T0, KOHEYHO, HAC HE JIOJIZKHO CMYIIATb. DTOMY KPATKOBPEMEHHOMY 3TAILY SBOJIOIIH
[POTO3BE3/IbI COOTBETCTBYET MIMPOKAsl MTPUXOBaHHAsI 1moJioca. [loceHss (CIiomnHas) 9acThb
3BOJIIOIIOHHOTI'O TPeKa MOKA3bIBACT HEIIPEPBIBHOE YMEHBIIIEHAE CBETUMOCTH C2KUMAIOIIEHCA TTPO-
TO3BE3/bI, TEMIIEPATYPa MOBEPXHOCTU KOTOPOU TOJIIEPKABAECTCA Ha TTOYTH IMOCTOAHHOM YPOBHE
(«cragust Xasiiuy ). HakoHerl, Tpek MpOTO3BE3/Ibl JOXOIUT JIO0 [JIABHOM MOC/IEI0BATEIbHOCTH,
YTO O3HAYAET, 9TO OHA IIPeBpaTHIach B «HOpMaJbHYIO» 3Be3xy. Cienyer MOIIepKHYTH eIe
pa3, 9TO JJINTEJIbHOCTb OTAEJBHBIX «KYCKOB» 3BOJIIOIIMOHHOI'O TPEKa COBEPIICHHO Pa3JIMYHA.

SanaiHorepMaHcKue acTPOMU3NKI TEOPETUIECKN PACCMOTPEJIN 33/1a1y O KOHJIEHCAIH cde-
PUYECKOI'0 ra30BO-TIBLIEBOTO 00IaKa OOJIBIION MacChl B 3Be3/1y. UnceHHbIe pacyeThl ObLIN IIPO-
Beslenbl i 3Hadenuil macc 150, 50 u 20 M. Kak nokasplBaloT TH pacdeThl, B KOHEYHOM
ATOTe SBOJIONUNA Ha TJIABHYIO IOCJIEI0BATEIbHOCTD MPUXOAAT 3Be31Abl ¢ MaccaMu 36, 17 m 12
M) coorBeTcTBEHHO, T. €. CyleCcTBeHHas 4acTh IepBOHaYaIbHON Macchl 0O/1aKa He KOHJeHCHU-
pyercs, a 00pa3yeTr «IIPOTO3Be3HbIe 000/ I0UKN» . IMeHHO Takue 000JI0UKU, IBOJIIOIUS KOTOPBIX
PACCUUTBIBAETCS, MOI'YT OBITH OObEKTaMU MCCJIEJIOBAHIS METOIaMU HAOJII0/IaTeTbHON acTPOHO-
muu. Crie1oBaTeIbHO, OTKPBIBACTCSA HOBBIN T0/IX0/] K OCHOBHOI IpobJieMe 3Be3/IHOi KOCMOTO-
mun. [lepBoHadaIbHBIN PAIIYC CKIMABIIIXCS 06/1aK0B ObLT IpuHAT ~ 1018 eMm, mpuyem obmaxa,
CUYNTAJIUCH HEBPAIAIOMIMMUCH U JIUIIEHHBIMI MArHUTHOTO TI0JIsA, 9TO, KOHEYHO, SIBJISICTCS 3HAa-
YUTEJIbHBIM YIPOIIEHNeM 3a/laui. 1eM He MeHee, pe3yJIbTaThbl PACUYETOB, KaK MOKA3bIBAIOT Ha-
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OJIr0/IeHs, IOBOJILHO BEPHO OIUCHIBAIOT PA3IUIHBIC CTA/ MK IBOJIIONNN C2KIMAIONIErOCs 00JI1aKa.
Pestomupyem st pesyinbraThr:

1. Cmycrst HECKOJIBKO COTEH TBICA JIET IOC/ie HadaJa CKaTus obJiaka U BCKOpE TOCJe TO-
ro, KaK BHYTPHU CKUMAIOIIErocs odjiaka obpasyercs 3Be371000pa3Hoe, J0BOJIBHO Topsitee
SJIPO, BOKPYT IOCJIEIHEr0 BO3BHUKAET ILJIOTHBINA, HENPO3PAYHbBIN JIJId ONTUYECKUX JIydeit
ra3oBO-TILLIEBOIT «KOKOH», BHYTpeHHHil pajuyc Kotoporo ~(3—5)-10'% cm, a suemmmii
~ 10% cm. TemmepaTypa HapysKHBIX cI0eB «KokoHa» ~ 500 K, u on, B npunimie, Mor
OBl HAOJII0IaThCA Kak WHMppakpacHbIil ncToIHNK. OTHAKO XOJIOTHOE BEIIECTBO C:KUMAI0-
merocs obJiaka, HaxoJsIeecss CHapyXKH OT «KOKOHay», HEIPO3padHO K MHQPaKPaACHBIM
nydam. Habmrogareb HUKAKOro «KOKOHA» BHYTPH OOJIaKa HE YBUJIHT.

2. Mommnoe (~ 1000L¢)) mHdpakpacHoe U3JIydeHHe OT «KOKOHa» Oy/JeT OKa3bIBaTh JaBJIe-
HUEe Ha Ta30BO-IBLIEBYIO cpely 060109Ku. 1o 9Toit npuynne cxkatue 060JI09KHU JIOBOJIHHO
OBICTPO (Uepe3 HEeCKOJIBKO JIeCSTKOB THICAY JIET) OCTAHOBUT CKATHE HAPYXKHBIX CJIOEB
00J1aKa, KOTOPBIE IOC/E 9TOr0 HAYHYT Pacuupamoscs. TakuMm oOpa30M, BO3HUKAET Ha-
py’KHas Ta30BO-TIbLIeBas 000J0YKa WM BHEMIHUI «KOKOH», pajuyc Koroporo ~ 107 cM.
B nanbneiinemM Kak BHYTPEHHUIN, TaK W BHENIHWI «KOKOHBI» paciupsiorcs. Haunnas c
HEKOTOPOT'O MOMEHTa, TOJIIIIHA BHENTHETO «KOKOHA» HACTOJIBKO YMEHBIAETCs, UTO Yepes
HEro BUJIHO MHMpaKpacHoe u3irydeHne 601ee KOMIAKTHOTO U FOPSYero BHYTPEHHETO «KO-
konay. [losromy BHerHUi HAOTIOMATEND «YBUIUTY B NH(MPAKPACHBIX JIy9aX KOMIAKTHBIH
«ropstanii» ucrounuk (1~ 500 K — 1000 K), okpyzkeHHbIit 60j1€€ TPOTSAKEHHBIM U XOJIO/I-
oM (1~ 200 K) ncrounnkom. Vmenno taxkas curyanus u HaOJIIOJAeTCS B HEKOTOPBIX
ciydasx (Hampumep, B OpuoHe, CM. BBIIIE).

3. o cux mop MOHM30BAHHBIN Ta3 HAXOUJICS TOJIBKO B MAJIOH 00/1acTH BHYTPU BHYTPEHHETO
«KOKOHa». CBSA3aHHBIN C 9TUM ra30M IIOTOK TEILJIOBOTO PAJIMOM3/IyIeHUsT OYCHb MaJI U HE
MOXKeT ObITh Hab/omaeM. OIHAKO 110 Mepe PACIIUPEHUs TOJIIUHA BHYTPEHHEIO KOKOHA
CTAHOBUTCS HACTOJIBKO MAJION, ITO Y€pe3 HEro HatuHET IIPOXO/IUTh HOHU3YIOIIee yIbTpadu-
0JIETOBOE M3JIy9eHUe TTPOTO3BE3/IbI. TakmM 00pa30M, BCETO JIMIIH 38 HECKOJIBKO THICTY JIET
BHYTPHU BHEITHETO «KOKOHa» obpasyercs odenb KommnakTHad H II obracts, okpykenHas
XOJIOJHBIM HEMOHU30BaHHBIM TazoM. Ha sToit daze nabiromaresns OyjaeT BUJIETh BeCbMa
koMmrrakTHyIo H II o61acTh, okpyzkeHHyo 60s1ee MpOTAKEHHBIM HHMOPAKPACHBIM UCTOTHH-
koM. Takas KOMOMHAIIMS UCTOYHUKOB TAKKe JIOBOJIBLHO YACTO HADJIIOIAETCS.

4. ObpazoBasiasicss Takum oopaszom KomnaktHas H II obsracts 6b61cTpo pacimpsiercs u J10-
BOJIBHO CKOPO JIOCTUTHET BHYTPEHHEH I'DaHUIbl BHEITHETO «KOKOHa». Habsromarenb yBu-
qut H II obnactb u nndpaxkpacHblii ICTOYHUK C OJIMHAKOBBLIME Pa3MepPaMHU.

5. Ilocse Toro Kak BeCh HAPYKHBIN «KOKOH» CTAHET MOHU30BAHHBIM, 00pa3yeTcsd KOMITaKT-
nag H Il obacth HOBOrO THITA, Macca KOTOPOil OCTAeTCs IMOCTOAHHON, a APKOCThH PajIno-
U3y YeHus ObICTPO yMeHbiaercst (eM. 6osee mogapobHo 06 srom B § 13). MonnsanmonHblit
dpoHT OyjieT pacHpoCTPAHATHCH Uepe3 OKPYKAIOIIYIO TPOTO3BE3/IHOE 00JIAKO PA3PErKeH-
HYIO cpejly, obpa3ys 1mpu 3ToM obbrunyio nporsxkernnyio H 1T obracts. Cpeanee Bpems
»xku3an takux H 1T obmacreit (1. e. cpemnee Bpemsi »KusHu 06braubix obsmakos H II) 1o
orerke pod. Merrepa (Born, @PI'), MHOTO criestaBiero B 061acTi pamoacTpOHOMUIE-
CKUX HCCJIeJJ0OBaHUIl ITpolecca 3Be31000pa3oBaHus, COCTaBIgeT npuMepHo 5 - 10° jier.

Habpocannsiii ceifuac «crieHapuii» obpasoBanust 38e37 (M. puc. 5.3) MO3BOJSIET CIIEIAThH

CJIEJIyIONINe, BayKHbIE JIJIsi HAOJII0/IaTe/IbHOM aCTPOHOMUHU BBIBOJIbI:

a) Ha camoii panneit daze «cBobojnoro najenus» (s 3se3 kiacca O ~ 105 jer) cxuma-
oIIeecsd IIPOTO3Be3IHOe 00JIaKO He HaOJII0IaeMo.
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Puc. 5.3. Pazinanbie das3bl czkaTusg IPOTOILIAHETHOTO 0ObJIaKa.

6) B reuenue caemytomux ~ 10% ser nporossesna MoxkeT HabI0IaThC Kak MHMPaKpacHblil
ncrounuk. Hukakoit kommnakTraoit odsactu H II ipu sTom He HabJO1aeTCS.

B) Ilocie Toro Kak mpoTo3Be3jia MPEBPATUIACH B 3BE3Iy, T. €. «Ceja» Ha TJIABHYIO MOCTIe-
JIOBaTEJIbHOCTh, 0Opasyercd pacimpsiomasicsas kommakTHas H II obsractb, okpykeHHast
BHEIITHIM, CPABHATEILHO XOJIOTHBIM «KOKOHOM». DTa (asa TaksKe JauTced okosto 104 mer.

r) Ilocnennss dasza — caenpr kommaktaoit H I obmactu (yke «BbleBIeils BHENHMI «KO-
KOH» ), OKDYZKEHHOM IIPOTSZKEHHON 00JIACTHIO CPABHUTEIBHO MAJIONH SAPKOCTH, JUIUTCS JI0
MUJIJINOHA JIET.

XoTs 10JI0YKEeHHAas B OCHOBY PACUETOB MOJIE/Ib, KAK y2Ke M0/ [Y€PKUBAJIOCH BBIIIE, BEChMa CXe-
MaTHYHA, OCHOBHBIE Y€PTHI SBOJIIONUH MTPOTO3BE3/IHBIX OOJIAKOB M 3BE3JIbI OHA, ITO-BHIUMOMY,
OTparkaeT BEPHO, YTO JJOKA3BIBAETCA €€ XOPOIIMM COIJIACHEM C OOJILIITUM KOJIUYIECTBOM HAOJIIO-
JIEHN1, BBITIOJIHEHHBIX B TIOCJIEIHEE BPEMs, B YACTHOCTH, 1O/ PyKoBoicTBOM Merrepa B Bonne.
Crenyer Takke He 3a0bIBaTh, UTO PACUETHI, PE3YJIHTATHI KOTOPHIX PACCMATPUBAJIUCH BBIIIE, OT-
HOCATCS K BECbMa MaCCUBHBIM ITPOTO3BE3HBIM objiakaM. MoyKHO, 0JIHAKO, IIPEJIINoIararhb, ITo
JIJIsT MEHee MaCCUBHBIX 3BE€3]I JI0JIsI MACCHI ITPOTO3BE3/IHOTO 00JI1aKa, He KOHJICHCUPOBABIIETOCH B
3Be31y, Oysier MaJsa. [losromy BHENHUI «KOKOH» MOYKET U He 00pa30BaTbCs U MHMPAKPACHOE
U3JIyUeHne CPABHUTEIBHO TOPSIYIero BHYTPEHHETO «KOKOHa» He OyJIeT «9KPAHUPOBAHO.

B kakoii crenenu acTpoHoMuveckue HaOJIIOJICHUS [TO/ITBEPKIAIOT HAOPOCAHHBIH BBIIIE CIie-
HapHil SBOJIIONIHI IIPOTO3Be3HOTO obmaka? [Ipexk e Bcero, Tpedbyer HAOIIOIATEILHOIO TOITBED-
JKJIEHUST OCHOBHAas KapTUHa 00pa30BaHud TPYII 3BE3/T B TEMHBIX MOJIEKYJIAPHBIX 00JIaKaX Me¥K-
3Be3/HOI cpesbl. [enerndeckast cBsasb 30H H I (oKpyzKamomumx MosIo/ple ropsiane MacCHBHbIE
3Be3/IbI) U TEMHBIX MOJIEKYJISPHBIX OOJAKOB M3BECTHA YK€ JABHO: JOCTATOYHO B3IVISTHYTH HA
dororpadun 1uddy3HBIX TYMAHHOCTEN ¢ BKIIOYEHHBIMA B HUX TEMHBIMH IISTHAME U JPYTUME
POTSIKEHHBIMHU JIeTaisiMu (CM., HarnpuMmep, puc. 2.2—2.3). Hoseiimie Hab/II0IeHUST CyIIECTBEH-
HO JIONOJTHAIOT 3Ty KapTuny. Tak, Hampumep, nodtu ot Beex 3ou H II obnapykeno uziydenune
B MoutekyastpHoit inaun CO A = 2,64 mwm.

DTO 03HAYAET, YTO TaM UMEETCS XOJIOIHBII MOJICKY/ISIPHBIN T'a3, SBJIAIONIUNACT «PEJTUKTOM »
MIEPBUYHOTO T'a30BO-TIBLIEBOIO 00JIaKa, N3 KOTOPOro 00pa30BAIUCh MACCUBHDBIE TOPAYINE 3BE3/IbI
u «mnopoxkjaennbie» uMu 30ubl H II. B ciiydae, ecim mpoTo3Be3/bl 3aKPBITHI IJIOTHBIM HEITPO-
3pavHBbIM «KOKOHOM», TIOCJTIETHUI Iepen3ydaeT B MH(MPaKpPaCHble KBAHTHI BCE IMOIVIOIIEHHOE
poTo3Be3/iHoe u3saydenue. CJe10BaTEILHO, U3MEPUB MOIIHOCTH MHMPAKPACHOIO UCTOYHHUKA,
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Puc. 5.4. Kpusble morionieHust cBeTa TEMHBIM 0OJIAKOM B CO3BE3/IMHM 3MEEHOCIIA.

MOYKHO OIIPEJIEJINTH CBETUMOCTDb HAXOJAIIEHCA BHYTPH HETO HEBUINMON U3-3a ITOTJIONIEHUS ITPO-
TO3Be3/Ibl. B psjie cirydaeB MOIIHOCTH KOMITAKTHBIX UH(MPAKPACHBIX HNCTOYHUKOB JIOCTUTAET
JIECATKOB M COTEH THICSAY COJIHEYHBIX CBETUMOCTEH, UTO YKA3bIBAET Ha, HAJUYINE MACCUBHOI TTPO-
TO3BE3/IbI, KOTOPas MPEBPATUTCA B 3Be3/1y criekTpajbHoro Kiacca O. Cremyer moadepKHyTh,
970 accormalmu KoMnakTHbix obaacreii H I (npejcrapisiionux, Kak ObLIO MOKA3aHO BBIIIE,
6oJtee O31HION a3y pa3BUTHUSI MTPOTO3BE3IHBIX 000I0UEK) U WHMPAKPACHBIX NCTOYHIKOB Ha-
OJIIONAIOTCA TOBOJIBLHO YaCTO.

Hogeiime pajimoacTpoHoMIYecKre UCCIeI0BAHNS B 9TOH 00/IaCTU. IMUPOKO UCIIOIL3YIOT Ha-
osroneHnst MoJiekyasapHoit paguonann CO. B obnactsax HII gacro Habroga0Tcss KOMIAKTHBIE
00J1acTH, B KOTOPBIX MHTECHCUBHOCTH STON JIMHUK TOBBIIICHA. 1aM HAXOIATCH, CJIe0BATEIbHO,
IJIOTHBIE KOHJIEHCAITMHN XOJIOJIHOT'O MOJIEKYJISIPHOTO T'a3a, OKPYKEHHbIEe pa3peyKeHHO, ropsdeit
cpenoit. Takne KoHJIEHCAIIMM ¢ MaCCOil MOpsiiKa HECKOIBKUX coTeH M), KaK MPaBU/IO, acCOIH-
UPYIOTCS CO CKOIIJIEHUSIMHA MOJIO/IBIX 3BE3/I.

Tak Kak BpeMs I'DaBUTAIMOHHOTO CXKATHUS MAaCCUBHBIX ITPOTO3BE3]] CPABHUTEIHHO HEBEJIU-
KO, CJIeJIyeT OYKUJIATh, 9TO OKOJIO HIMX UMEIOTCSA OCTATKHU I'a30BO-TILLIEBOr0 0bJIaKa, U3 KOTOPOro
OHU 00pa30BaAUChH. Peub UJIeT 0 «IIPOTO3BE3THBIX 000JI0YKAX», PACCMOTPEHHBIX TE€OPETHIECKI
BhINIle. B cityvae, Korma 3Be3nbl KiaccoB A 1 B nMeror B ¢cBoux crieKTpax Hapsily C JIMHUSIME
HOTJIONIEH ST TAKZKe JIMHUY M3JTydeHust (KJIace TaKuX 3Be3.1 0003HadaeTcsa Ae u Be), MOxKHO 11010~
3peBaTh, 4TO OHU sIBJIsIFOTCA 3Be3aamu tunia T Tesbia (eM. HuKe), T. e. nporossesgamu. U Bor,
OKa3bIBAETCS, ITO B OOJIBIITUHCTBE CJIyIaeB TAKHIE 3BE3/bI OKPYZKEHBI KOMIAKTHBIMU MOJIEKYJISIP-
HbIME O0JIaKaMi, B KOTOpbIX ycuieHa paguoaunans CO A = 2,64 mm. V3 Habiitoiennii cieryer
TaKKe, 9YTO 3TU «OKOJIO3BE3HbIC» O0JIaKa 3HAYUTEIHHO IJIOTHEE U ropgdee OOBITHBIX MOJIEKY-
JIIPHBIX 00JIAKOB, BCTPEYAIONINXCS B MeXK3Be3/IHOi cpejie. Hammanme OKOJI03BE3HBIX IJIOTHBIX
00JIAKOB CJIeJlyeT TaKKe M3 HAOJIOJeHNI PEKOMOMHAIIMOHHON pajnosmaun yriepoja. /lesro B
toM, uto pajumyc 30Hbl H I 3Be3nr ki1acca B, maxomgmeiics BHyTpu 1I0THOrO obJiaka, MaJ,
MEZKJIy TeM KaK M3JIyueHHBIX 9TOil 3B€3/10i1 KBaHTOB B obsacTh jimH BosH 912 A < A < 1101 A.
(rpaHuIa HOHU3AINK YTJIEPO/Ia) OKA3BIBAETCS JTOCTATOYHO, 9TOOBI 00pa30BaTh JOBOJBHO IIPO-
TSKEHHYIO 30Hy MOHHU3AINN yIJIeposa, OOMne aTOMOB KOTOPOTO B THICAYN Pa3 MEHbINe, YeM
BOJIOPO/IA.

B psne ciiyuaeB coBpeMeHHas aCTPOHOMUS UMeET IPsIMble JI0KA3aTeIbCTBA TOr0, 9YTO BHYT-
PU IJIOTHBIX, XOJIOJHBIX HEIMPO3PAYHBIX JIJIsi BUJIMMBIX JIyUueil 00JIaKOB MEYK3BE3HOIO raza Co-
JIEPZKUATCS CKOILJIEHWE OY€Hb MOJIOJIBIX 3Be3] WM IIPOTO3Be3/. XOPOIIUM ITPUMEPOM SBJISETCS
U3BECTHOE TA30BO-IIBLIEBOE 00JIAKO B CO3BE3/ MK 3MEeHOCIa, Haxosdlneecsd Ha paccrosaun 160
nc ot Comra. B sTom remuroMm obstake B mHMDpPaKpacHbIX Jydax (JIJIHHA BOJTHBI 2,2 MKM) B 00J1a~
CTH ¢ JINHEHHBIMEI paszMepamu ~ 1,5 1ic Habiogaercs okosio 70 HeBUAUMBIX (M3-3a HOTJIONIEHHsT
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Puc. 5.5. O6macTh TeMHO# TYMAHHOCTH B CO3BE3/IMHM 3MEEHOCIa B OOJIBIIEM MacIITade.

B OIITUYECKUX JIydax) 3Be31. AHajm3 HAOJIIOIEHNH TIOKA3bIBAET, YTO PACIIPEJIEIEHIE STHX 3BE3/1
[0 CBETHMOCTH (TaK HasbiBaeMasi «(QYHKIMs CBETUMOCTH» ) TAKOE YK€, KaK y MOJIOJBIX 3BE3JI-
HBIX CKOILIEHUN. DTH 3BE3bl HECOMHEHHO SIBJISIOTCS HAmOOJIee IPKUMI II€HAMEI CKOILIEHUSI,
«IIOTPYZKEHHOT0» B IJI0THOE 00/1aK0. OKa3bIBaeTCsI, UTO MOIJIOIIEHNE CBETa OT KayKJI0i 3BE3IbI
B 00J1aKe 3HAUUTEIHLHO OOJIBIIE, YeM CPeIHee MOTJIOeHne B 00/1aKe. DTO 03HAYAET, YTO BOKPYT
KaxKJI0l 3Be3/Ibl UMEETCs JIOBOJIBHO ILJIOTHAsT 000JI04Ka, IPOU3BOJIAIAs JOIOJTHUTEIbHOE ITOTJI0-
menne. VlHTEpecHo ere OTMeTUTh, YTO 3aBUCUMOCTH 3TOI'0 JOTOJHUTEIBHOTO ITOIJIOIMIEHUA OT
JJIMHBI BOJIHBI OTJIMYAETCS OT aHAJOTMYHON 3aBUCHUMOCTH JIjIsI OOINEro MOTJIOIIEHNSI B ODJIaKe.
Orcroa ciejyer, 94To CBOMCTBA MBLIMHOK B IMPOTO3BE3HOM 0OJIake (HAmpuMep, UX pasMephbl
U XUMHUYECKH COCTaB) OTJIMYAIOTCS OT «CpeIHux». Ha puc. 5.4 mpuBeseHbl KPUBBIE TIOTJIONIE-
HUs cBeTa B objiake 3MeeHocHa. TOUKHI JTAl0T MMOJI0XKEeHn HaO/II0[aeMbIX TOJIBKO B HH(pPaKpac-
HBIX Jy4ax 3Be3j1. [logaBisioniee OOIBITUHCTBO TUX 3BE3/I HAXOIUTCS BHYTPU CPABHUTEIHHO
HeGoIbIoro Keajpara (puc. 5.5). CIUIONIHbIE JIHHUU COOTBETCTBYIOT PACIIPEETEHIIO IPKOCTI
yTJIEpOIHOM pekoMOmHaImonHoi pajuoauaun C 1570, mTpux-IyHKTHPHAsS OKPY?KHOCTH JIaeT
[OJIOZKEHUE UCTOYHUKA JTTMHHOBOJHOBOIO (A = 25 MKM) HH(MDPAKPACHOTO U3JIyUeHUsI, HAXO/Is-
merocss B 06/1aCTH, TJie IJIOTHOCTH MOJIEKYJIAPHOro raza Makcumanibha (~ 10° cm®). B stoit
»Ke obyracTu 0OHApPY?KEHO HEKOTOPOe KOJIMYECTBO OUeHb MaJIeHbKHX PaMOUCTOUYHUKOB, CKOPEe
BCEro ABJIAIONNXCA KoMOAKTHBIME obaactamu H II. Bee ommcanmbie BbImme HaOII0IaTEIHHEIE
JIaHHBIE COTVIACOBAHHO CBUJIETE/ILCTBYIOT O TOM, YTO BHYTPH TEMHON TYMAaHHOCTH B 3MEEHOCITE
HaXOJIUTCS MIPOTO3BE3/IHOE CKOILIEHHE, HarnboIee MAaCCUBHbBIE 1JIEHBI KOTOPOT'O CTaHyT 3BE3aMU
CIIEKTPAJILHOTO KJjacca B. DTo ciiegyer u3 cpaBHUTEIHHO OOJIBINON HMPOTIKEHHOCTH 00JIACTH
MOHU3AIMY YTJIEPO/Ia TPU OTCYTCTBUHM CKOJBLKO-HUOYIL TpoTakennoit obsactu H II. B coor-
BETCTBUU C PACCMOTPEHHBIMH BBIIIE PE3YJIbTaTaMI TEOPETUIECKNX PacdeToB 0ojiee MacCUBHBIE
IIPOTO3BE3/Ibl OKPYZKEHBI IJIOTHBIMUA 00OJIOUYKAMHU — «KOKOHAMM» . MOXKHO OK1JIaTh, 9TO Yepe3
COTHIO TBHICAY JIeT 00pa3yIoIrecss B 9TOM 00JIaKe MaCCUBHBIE 3BE3JIbI «CAJIyT» Ha TJIABHYIO IT10-
CJIEJIOBATE/IbHOCTD, HOHU3YIOT 3HAYUTE/IHHYIO 9acTh 00JIaKa, TeM CAMBIM <«IIPOCBET/IAS» €ro, 1
cTaHyT HaOJIIOJaeMbIMHU B ONITUYECKOM JHarna3one. He ciejiyer, ojiHako, 3a0bIBaTh, YTO IEJIBII
P51/l MOMEHTOB, KaCalOIIXCsl SBOJIIOINK 3BE3/I CO CPABHUTE/ILHO HEOOJIBIION Maccoil, IoKa eIre
JaJeK OT SICHOCTH.

OcranoBumcs Tenepb Ha HAOJIIOIATETbHBIX JAHHDBIX, KACAIOIIUXCS TUTAHTCKUX I'a30BO-1IbLIe-
BBIX KOMILJIEKCOB, TJIe, KaK MOXKHO OXKHUJIaTh, IIpoliecc oOpa3oBaHud 3Be3 U3 TUdDy3HONH MeXK-
3BE3JIHON CPeJIbl UJIET OCOOEHHO MHTEHCUBHO. VHTEpIpeTalus oOMUPHBIX PAI0B OTHOCAIITUXCS
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CIOJIa PAINOACTPOHOMUYECKUX U MH(MPAKPACHBIX HAOJIIOIEeHNN ObLIa BBIIOJTHEHA IJIABHBIM 00-
pas3oM 3ara/HOrepPMaHCKUMK acCTPOHOMAaMU I10JT PyKOBoJIcTBOM 1pod. Merrepa. Oxka3biBaercs,
YTO IIPOIECC 3BE371000pA30BAHNS TPOUCXOIUT HECKOJIBKO PA3INIHO B Ta30BO-TIBLIEBBIX KOMILJIEK-
cax, HaXOJSIIUXCs B CIMPAJIbHBIX pyKaBax (cM. puc. 5.6) u mexty Humu. OCHOBHOE pas/idie
COCTOUT B TOM, YTO B IIEPBOM CJIyuae IPOIECC 3Be37000pa30BAHUS ITPOUCKOUT MPAKTUIECKH
OJIHOBPEMEHHO, MEXK/Iy TeM KaK BO BTOPOM OH MOYKET PACTAHYTLCs HA MHOI'O MUJIJIMOHOB JIET.
D10 pazntine MOXKHO OObICHUTH PA3HBIMU YCJIOBUSIMU B IPOXOKJICHUU «BOJTHBI C2KATUST», CTH-
MYJIUPYIOIEN KOHJICHCAITIO 00/TAKOB MEXK3BE3THOM CPEJIbl B CBA3U C TPABUTAIITMOHHONW HEYCTOI-
quBOCTBIO (cM. § 3). Eci ra30Bo-IbLIEBON KOMILIEKC HAXOJUTCS B PYKaBe, CzKaTue ra3a B ero
PA3JIMYHBIX YaCTAX ITPOUCXOJIUT TOYTH OJIHOBPEMEHHO, MEYKTy TeM KaK B M30JIMPOBAHHBIX KOM-
IJIeKCaX, HAXOMAIUXCS MeXK/ly ODJIaKaMu, BOJIHE CKaTus TpedyeTcs MHOTO MUJIJIMOHOB JIET,
YTOOBI MIPOUTHU Yepe3 BECh KOMILIEKC.

PacemorpuMm Tenepb HECKOBKO 6o0Jjiee TIOJIpOOHO YCJIOBHS B OJIMKANIITEM K HAM <«U30JIMPO-
BaHHOM» Ta30BO-IIBIJIEBOM KOMILIEKCE, HaxojdIeMcs B co3pe3auun Opuona. HacTh 9TOro KOM-
[JIEKCa JIABHO U3BECTHA: 9TO 3HAMeHHUTast TyMaHHoCTh Opuona (cM. puc. 2.3). B 91oM KoMILIEKCE
MOKHO HaOJII0JIaTh MOJIOJIbIE 3BE3/Ibl Ha Pa3HBIX cTajusax ux ssosonnn («O—B accormanus»
Opuona), komnakrabie H 11 obacru, a Takyke mMpoTo3BE3/Ibl, HAXOASIINECT B JIOTHOM HEIIPO-
3pavHOM ObJIaKe XOJIOIHOTO Tra3a. Ha puc. 5.7 mpuBeieHO pacipejiesieHne SpKOCTH B PaJIMOIIH-
muu B3CO. D10 x0/10HOE 06/1aK0 BIMMBIM 00pa3oM «pa3pbiBaeT» TymanuocTh Opuona (cum.
puc. 2.3) Ha jse dactu. [LJIOTHOCTL MOJIEKYJIDHOrO raza B obiake odenb Bejmka (~ 5 - 104
em™?), a moamas Macca gocruraer 2000 M. Topsiane O—B 3Be3zbl, BXOJMIINE B ACCOLUAILIIO
Opmuona, Tanyrca Ha 12° K ceBepo-3alajly 0T MOJIEKYJISPHOIO OOJIaKa, IIPUYEM BO3PACT 3BE3/l
HeIPEepBIBHO PacTeT K cepepo-3amnany, jgocturasg 107 ser. JII0GOILITHO, 9TO B 0OJIACTH CaMOil
O—B accommanun paguonuans CO He HaOIOIAETCsI. DTO O3HATAET, UTO XOJOIHBIA MOJIEKY-
JIIPHBIH Ta3, U3 KOTOPOro TaM 00pa30BasINCh 3BE3/IbI, ObLIT NOHIM30BAH U PACCESH IBOJIIOIMOHU-
poBaBIImME 3Be3amu. Heiameko or mI0THOrO MOJIEKYJISIPHOTO 00JIaKa HAXOIUTCH 3HAMEHUTAS
«rparnenus» OpuoHa, cocrogimas u3 HegasHo (~ 10° jier) obpasoBaBIIUXCA FOPAYMX 3BE3JI, B
TO BpeMs KaK BHYTPH MOJIEKYJISIPHOrO OOJIaKa 3Be3/Ibl TOJIBKO HadaIl 00PA30BBIBATHCS.

K tory m K ceBepy oT MOJIEKYIIpHOTO 00JIaKa HAXOIATCA ApKue KomnakTuble obsactu H 11
B obnactu aByx makcumymos gpkoctu jguaun CO, COOTBETCTBYIONUX CAMBIM IJIOTHBIM TaCTAM
MOJIEKYJIIpHOrO obaka (ng, ~ 2-10° em™ ¢ maccoit ~ 200M (), HAGIIOAAIOTCA HCTOUHUKH
JUIMHHOBOJTHOBOI'O MH(paKkpacHoro u3tydenus. O uH U3 TAKUX UCTOUYHUKOB — 9TO 3HAMEHUTHII
nrdpakpacubiii oobexT Kieiitnmana — Jloy. BHyTpu Takux oTHOCHTEIBHO TPOTSIZKEHHBIX (~ 1)
MCTOYHUKOB JVIMHHOBOJTHOBOT'O NH(PAKPACHOTO N3JTyYeHNT OOHAPYZKEHBI «TOYeTHBIE», Cy/ I 110
CIEKTPY 3HAUNUTEIHHO O0oJiee «ropsaney, NCTOUYHUKH, CBA3aHHBIE CKOPEe BCEro C TPOTO3BE3/THBI-
Mu obosioukamu. B wacTHOCTH, BHYTpH KOMIIAKTHO nHMpakpacHoit Tymannoctn Kireitnmana —
Jloy HaXOMUTCs «TOJIBKO UTO CeBIas» Ha IVIABHYIO IOCEI0BATE/ILHOCTD 3B€3/1a, IpUIeM ceii-
Yac MOXKHO HabJII0/IaTh €6 BHYTPEHHUN U HapYKHbBI «KOKOHBI». Hampumep, y sipkoro «roued-
HOT'O» MCTOYHMKA, HaXoJdIeiocd BHyTpu TyMannoctu Kieitnmana — Jloy, 6bumn obHApYKEHbI
uHdpaKpacHble JIHHUU BOJOPO/a (cepusi Bpekkera), joKa3bIBaoIine, 9T0 TaM UMeeTCsl OUeHb
mastenbkag (r =5 - 10 em wn ~ 30 acrponomuueckux equuui) H IT 061acTh ¢ MIOTHOCTBIO
ne ~ 3 -10° em~3. IlouTn HaBepHsiKa 3Ta «cBepxKoMuakTHas» H II ob1acTbh npejacraBiger co-
Ooit 0OpalleHHYIO K 3Be3J/le YaCTh BHYTPEHHEIO0 «KOKOHa». BHYyTpH jipyrux nHdpakpacHbIX TY-
MaHHOCTEll (CKOpee Bcero — BHEITHUX «KOKOHOB» ) HAXOJIATCS MEHEe MACCHBHBIE TPOTO3BE3/IHI.
Ceitgac yzKe MOKHO YTBEPXKIATh, UYTO CITYCTsI COTHIO THICSY JIET HA MEeCTe HBIHEITHEeTO TJI0OTHOTO
MOJIEKYJIIpHOTrO obsiaka B Opuone Oyer HAOIIOIATHCS €Ie O/IHA JIeTaTb HAXOAAIIEeHCS B 9TOi
obnactu Heba OOJIBIION accoruanuu. TakumM oOpa3zoM 0DOCHOBBIBAETCH KapTUHA BOJIHBI CXKa-
THs BEIECTBA B TA30BO-IILLIEBOM KOMILIEKCe pa3zmepoM B ~ 100 1ic, pacripocTpandoneiics co
ckopocThio ~ 10 KM/c u Ha cBoeM (bpoHTE CTUMYJIMPYIOIIEil porece 38e31000pazoBanus. [lep-
BOIIPUYINHOW BO3HUKHOBEHUSI TAKOW BOJIHBI MOXKET OBITH, HAIIPUMED, CUJIbHAs yAapHas BOJIHA,
o6pa30BaBIIasics B MEXK3BE3JIHOI cpejie BO BpeMsl BCIIBIIIKN CBEPXHOBOI 3Be3/1bl (cM. § 16).
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Puc. 5.9. Pajmonzodorsr kommakTaoit obactu H 11 B kommtekce W 3.

PaccmoTpuM Terepb 0cobeHHOCTH ITpOIecca 3Be3/1000pa30BaHus B TUTAHTCKIX I'a30BO-TIbLIE-
BBIX KOMILIEKCaX, HAXOJAININXCA B CHUPAJbHBIX PyKaBax. B KadecTBe mpumepa pacCMOTPHUM
komiuteke W 3 (cm. puc. 2.4). 31ech HACUNTBIBAETCS HECKOJIBKO KoMmakTHBIX H II obmacreit,
KaxKjas U3 KOTOPBIX MOHU3YETCsl CBOEH ropsiveil MacCUBHOM 3Be3/101 wu 1poTo3Be3/1oil. [loi-
Has MOIIHOCTD TEIJIOBOT'O PAJIMOM3JIYUeHUs] OT 9TOr0 TUIaHTCKOrO0 KOMILIEKCA B HECKOJILKO Jle-
cATKOB pa3 Oosibitie, deMm oT Komiuiekca B Opwuone. Ha puc. 5.8 npusesensr paanon3odoTs
HEHTPAJILHOIN YacTu KoMIiekca W 3, moJydeHnHnble Ha BOJHE 6 CM ¢ PEKOP/IHBIM YTJIOBBIM Pas-
pemennem 2. Kpectbl 0003HAYAIOT TTOI0KEHNE UH(DPAKPACHBIX 3BE3/, KPECTHI ¢ TOYKAME —
mazepubix OH 1 HyO mcrounnkoB, a 3Be3M09KN 0003HAYAIOT ONTUIECKH HAOJIOTaeMble 3Be3-
Jibl. VI3o0pazkennbie Ha 9ToM prucyHKe 30HbI H IT oKpy2KeHbI X010 1HBIM HEHOHM30BAHHBIM Fa30M.
Ha puc. 5.9 npusegennt uzodorsr komnaxtuoit H 11 30mbl, naxossimeiics 8 W 3, mosrydeHmbie
¢ OY€Hb BBICOKUM yrJioBbIM pasperteruem (07,65, 1. e. jydmie, yem onrudeckue gororpadun)
Ha BoJiHe 2 cM. JIuHeiinble pa3Mepbl 00J1aCTH, HAIIOJHEHHONH MOHM30BAHHBIM I'a30M C ILIOTHO-
crbio ~ 10° eM™?, Beero sminb 0KoJIo OHOIl coToll mapceka, a Macca M = 4 - 1073 M. Dror
MOHU30BAHHBI ra3 MOrPYyKEH B TEMHOE Ta30BO-IbLIEBOE 00JIAKO («KOKOH» ), Pajuyc KOTOPOro
B ~ 10 pa3 mpeBocxonuT pajmyc Haxojdielics BuyTpu 30861 H 11, aTo ciietyer n3 nadsoaenmit
pajuosmuaun CO B gannoit odsactu. Kpectukamu Ha puc. 5.9 nmomedeHbl HAXOSIINECS BHYTPH
koMmrrakTHO# 30HbI H 11 mazepubie ncrounuku OH. Ha puc. 5.10 npuBesenst n3ohoThl Ha BOJTHE
6 cM, TostydeHHbIe JiIst OoJibIeit obsacTu ¢ Xy/ammM pasperternem (4”). Kpome n3o06pazkeHHOI
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Puc. 5.10. Pagnouzodorsr kommnakTubix odstacreit H II B kommiekce W 3 na Bostae 6 cwm.

Ha puc. 5.9 kommakTaoit H Il obmactu «A» BHIHBI elie 10 KpaifHeil Mepe JeThIpe MeHee STPKue
komnakTHble obsactu H I, BHYyTpr KOTOPBIX HAXOMATCA MeHee MaCCUBHBIE ITPOTO3BE3/IbI.

[Ipubsu3uTebHO TaKas Ke KapTUHa HAOIIOMAeTCs BO BCEX UCCJIEI0BABIINXCS I'a30BO-TIbLIe-
BBIX KOMILIeKcax. Bo Bcex cirydasix Mbl HAO/IIOIaeM XapaKTepHble KOMOMHAIINN KOMITAaKTHBIX H
I1, CO u muadpakpacHbBIX UCTOYHUKOB, MOJTHOCTHIO MTOJITBEPKIAIONINX KAPTUHY KOHJICHCAITIH
IIPOTO3BE3/T U3 ra30BO-TILLIEBOI Cpejbl, 00prucoBaHHyo Bbilre. OcTaeTcs erne cKa3aTh HECKOJIb-
KO ¢JIOB 0 MecTe MazepHbIx nctrodnnkoB OH 1 HoO B HAOpocanHoit KapTuHe 3Be3/1000pa30BaHUSI.
Koe-urto 06 3TOM ToBOpHUIOCH Y2Ke B KoHIle § 4, e ObL10 0Opallieno BHUMaHue Ha TECHYIO CBA3b
mex ity OH mazepamn | kiacca u kommnakTabiMu 3onamu H 11, Xoporuit mpumep Takoit cBa3u
uzobpazken na puc. 5.9. Hegasno ycranossieno, aro ¢ Tounoctbio 1”7 mazepsr OH cosnasaior ¢
koMmrakTHbIME 30HaMu H I1. Axasus 310l ¢Bsi3u O3BOJISET CIEIaTh BBIBOJI, UTO KOIJIa Pa3MePhI
pacmupsrormuxcsd KoMnakTHeIX 30H H II mocturaror ~ 0,1 1c, OKoJIO HUX yrKe HeT Ma3epPHBIX
ucrournkos OH. VaurbiBas ckopoctsb pacmupenns KoMaakTHbIx 308 H IT (~ 10 km/c), MOKHO
OTCIONA CHeIaTh BBIBOJ, 9TO BozpacT KocMmuecknx Mazepos OH me mpespimaer 10% jger. Tax
Kak 1pu jgoctrmxkennn 30H0it H II pazmepos ~ 0,1 11c mI0THOCTH MOJIEKYJISIDHOTO Ta3a B IIPOTO-
3Be3IHOI 060/104Ke Oyzer ~ 10° em ™3, ecTecTBenno cuenarh BeBo, uTo Masepsl OH paboTaioT
npu mwiotaoctu ~ 108 em™3 u Temmeparype ~ 100 K, mputenm oHn pacrosiaraloTcst CHapy7Ku OT
noHM30BaHHOrO (bporTa. MHTEpecHO orMeTuTh, uTo B oTstmdure or MaszepoB OH maszepsr HoO
He coBnaaioT ¢ komrnakTubiMu 30HaMu H I1. [Toxoxke Ha TO, 9TO Takme «BOJSAHbIE» Ma3epbl ac-
COIUUPYIOTCs ¢ DOJIee PAHHUM STAIIOM SBOJIIOIUY IIPOTO3BE3THOIO 00JIaKa, KOIJa KOMIIAKTHAST
zona H II eme me obpaszosanach. [lo-Bugmmomy, IJIOTHOCTH Ta3a B 00JIACTU NeHEPAIUU «BO/Is-
HBIX» Maszepos ~ 10° cm~3, a Temmeparypa ~ 10° K, 9To cooTBeTCTByeT BHyTpeHHei 4dacTH
BHYTPEHHEro «Kokonas. Boamoxkmo, mazep HyO ecthb camblit panuuii ykazarejib 00pa3oBaHUs
[IPOTO3BE3/Ibl U3 KOHJIEHCUPYIOIIErocs: ITPOTO3BE3/THOIO Ma30BO-TIBIIEBOIO 00JIAKA.

Tak obcTouT meso ¢ HaOIIOJEHUSIMU ITPOTO3BE3IHBIX 000JI0UEK Ha PA3HBIX dTallaxX UX 9BO-
mormu. Hapsy ¢ aTuM B HacTosIee BpeMsl UMeeTCs HAaOJII0/IaTe/IbHbI MaTepHuaJl JIJId IPOTO-
3BE3/]I, HAXOJAIINXCA B CTQIUU KOHBEKTUBHOI'O CKaTusd. BoT yxke cBbimie 30 jieT acTpoHOMAaM
U3BECTEH OYeHb MHTEPECHBIN KJIacC 3Be3/I, 3aC/IyKUBIIAI 110 MMEHU UX THIXYIHOIO IIPEJICTa-
BHUTEJIs Ha3BaHue «3BE31bl Tuma 1 Tesbiiay. DT0, KaK IPaBUIIO, XOJOJIHBIE 3BE3/IbI, OBICTPO U
OecIopsgI09HO MEHAIOIINE CBO OJ1ecK. Bee ToBOpHUT 0 TOM, 9TO UX aTMOChepbl OXBaveHbI Oyp-
HOIT KOHBeKIneil. XapakTepHoii ocobeHHOCThIO 3Be3/1 Tuia 1 Tesblia siBaseTcd HaJIu4dne B X
CIIEKTPE JIMHUH TTOTJIOMEHUA AUMUSA, KOTOPOI'O TaM JIOJZKHO ObITh B COTHHU pa3 0oJIbIIe, deM
B COJTHEUHOI aTMocdepe. DTO MOXKET O3HaYaTh, YTO B HEJpax TaKUX 3BE3J] elle He HACTYIIU-
JIN TIepBbIe sJIepPHbIE PEAKIUU, BEIYIHe K «BBIFOPAHUIO» JIETKUX 3JIEMEHTOB. 3Be3/bl Tuma T
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Tenbua Beeria HAOTIOMAIOTCI 2pYNNaMu, TTOJIYIUBITUMEI Ha3Banue «T-accormanmity. B Taknx
ACCONMAIUSTX HADTIOMAETCS CKOILIEHUE IIJIOTHBIX 00JIAKOB ra30BO-TIBLIEBOM MEYK3BE3/THOM CPeJIbl,
B KoTopyIo 3Be37bl Tuiia 1 Tesbiia GykBasibHO morpyzkensl. Jacto (Ho He Beerja) T-accorma-
1uu coBrnaaaioT ¢ O-acconuanusMu, T. €. TPYIIaMU 3aBEIOMO MOJIOJIBIX MACCHBHBIX TOPSIINX
3Be3/. Ha nuarpamme l'eprmmpynra — Peccena 3Be3nbl Tuna T Tesbiia pacnosiaraiores eviue
[JIABHOM I10CJI€I0BATEIBbHOCTUA. DTO BIIOJHE OOBSICHUMO, €CJIM CUUTATH WX MPOTO3BE3/IAMU Ha
CTaINM KOHBEKTUBHOI'O CXKaTHs: 00OJIee MACCUBHBIE MTPOTO3BE3/IbI, SBOIIOIMOHUPYIOIINE B 3BE3-
et O u B, qocturatoT riraBHOI 0C/I€I0BATEIHHOCTH CKOPee, B TO BpeMs KaK MeHee MaCCUBHbBIE
IPOTO3Be3/IbI, HaOJ0jaeMble KaK 00beKThl Tura 1 Tesbna, 3BOMIOMUOHNPYIOT 3HAYHTETHHO
Me/IJIEHHEe.

B cniekrpax 3Be3 Tuna T Tesbria yacto Hab/II0IAI0TCA TUHAN U3y YEHUs BOJIOPO/1a, NOHU-
30BAHHOTO KaJIbIIAsl U HEKOTOPBIX JPYTHUX SJIEMEHTOB. AHAIN3 yCJIOBUN 00pPAa30BAHUS STUX JIU-
HUIl TIO3BOJISET CJeIaTh BBIBOJ, YTO B HAPYKHBIX CJIOSAX aTMOCdep 3TUX 3Be3]] TeMIepaTypa
pacmem € BBICOTON. DTO MOXO0XKEe Ha CUTYAIUIO0 B BEPXHUX CJIOAX COJIHEYHOM aTMocdephl, rie
TeMIIepaTypa PacTeT C BLICOTON M3-3a HATPEBA MEXAHUYIECKON SHEPIHUeil JBUKEHUS COTHETHOTO
BEIIeCTBA.

Bce sto ykasbiBaeT Ha TO, 4TO 3Be3/bl TuNA 1T Tesbiia oxBaueHbl OBICTPHIMU KOHBEKTUBHbI-
MU JIBUKEHUSAMH, T. €. UX HAPYKHbIE CJIOU JIEHCTBUTENLHO «KulsiTs. [lo-Bummmomy, cyriecTBen-
Has YACTh IMOBEPXHOCTU STUX 3BE3/[ MOKPHITA MSITHAMU C CUJIbHBIMA MATHUTHBIMU TOJISIMU W
XapaKTEePHBIMU JIJIT HUX KOHBEKTUBHBIMU JIBUKCHUSIMU.

pyroit maTEpECHON 0CODEHHOCTHIO CIIEKTPOB 3Be3 1 Tuna 1 Tesblia saBIgeTcs HaJIndIne TaM
KOMIIOHEHT JIMHUI TIOTJIOMIEHNS, CMEIEHHBIX B CHHIOID CTOPOHY. DTO YKA3bIBAET HA HEIPEPHIB-
HBIIT BLIOPOC BEMIECTBa ¢ UX IIOBEPXHOCTH, JocTuraiomuii ~ 10~7 coaneunoit maccel B roj1,. Orcro-
Jla CJIeIyeT, IYTO MOKa TaKWe 3Be3/Ibl «CIyT» Ha IVIABHYIO HOCIEI0BATEIFHOCTD, OHU ITOTEPSIIOT
3HAYUTE/IHHYIO YaCTh CBOEHl MEPBOHAYAILHON MACCHL. DTO OHATHL-TAKU OOBICHIACTCA MOIIHBI-
MU TYpOYJEHTHBIMH JIBUKEHUSIMU, KOTOPBIMU OXBadeHbl TakKue 3Be3/bl. [[0TOK KHHeTU4YecKoit
SHEPTUH 00JIAKOB r'a3a, BbIOpachiBaeMbIX 3Be3/amu Tura 1 Tesbliia, cocTaBisger 3HATUTEIHHYIO
gactb (10—20%) ux noroka uziaydenus. Bee 51 pakThl Jar0T cepbe3HbIe OCHOBAHUS CUUTATH
3Be3/bl Tuia 1 Tenbia crajaneit Xasimm 5BOJIOIUNA IPOTO3BE3]I.

CkazaHHOe BBIIIE OTHOCUTCS K 9BOJIIOIUHU MTPOTO3BE3/I, MACCA KOTOPBIX MEHbIIIEe COJTHETHOIA.
Jl1st 6o1ee MACCUBHBIX IIPOTO3BE3]T IBOJIIONMS HA 3aK/IIOUNTEIHLHON CTa/ NN UMeeT CBOM 0COOEH-
Hoctu. OKa3bIBAETCsI, UTO €Ie JO TOrO, KAK OHU «CsJIyT» Ha TVIABHYIO IOC/IEI0BATE/HLHOCTD,
[IEPEHOC SHEPTUN IIyTeM KOHBEKITUU 3aMEHUTCS «JTyIUCTBIM» TePEHOCOM. DTO 00bsICHIETCS 0O~
Jlee-ObICTPBIM POCTOM TEMIEPATYPHl B HeJpax TaKWX 3Be3J, 9TO, B YACTHOCTH, IIPUBOJUT K
YMEHBIIIEHUIO HEITPO3PavHOCTH WX BerecTBa (eM. acTh 11). Kak ciecrBue Takoil CMEHbI peKi-
Ma [IepEeHOCa JHEPIHH, SBOJIONMOHHBIN TPEK ITPOTO3BE3/bI JOBOJIHLHO KPYTO ITOBEPHET HAJIEBO,
T. €. TIPOJIOJIZKasd CXKMUMATHCS, 3Be3/1a OYJIeT COXPAHATH MOYTH HEU3MEHHON CBOIO CBETUMOCTD,
CJIeZI0BaTeNIbHO, ee TeMIiepaTypa OyeT Bce BpeMd pacmu. Ha puc. 5.12 mpescraBieHbl Teope-
THYEeCKN PACCUNTAHHBIE BOIOIMOHHBIE TPEKU ITPOTO3BE3]] PA3HOW MaccChl, Ijie 3TOT 3DdeKT
MPOSIBJIAETCs ¢ OOJIBIION HAIAIHOCTBIO. VIM, B 94aCTHOCTU, OOBICHAETCA TO OOCTOSTEIHCTBO,
uro cpeau 38e3 Tutia T Tesbiia HAOII0MAI0TCS He TOJIBKO XOJIOIHbBIE 00BEKTHI ¢ TEMIIEPaTypOil
~ 3500 K, no u 3naunTebHO HOJIee TOpdUne.

[IpencraBisger 09eBUIHBII HHTEPEC PACCMOTPEHNE CAMBIX PaHHUX cTa it 9oy CoJrH-
a.

Takue pacderst Obun BoimoHeHBI B 1980 1. McXOoMHBIM ITYHKTOM STHX BBLIYUCJICHUI $IB-
JISIeTCS BBIJIeJIEHNE U3 MEPBUYHOTO Ta30BO-IIBIJIEBOTO KOMILTIEKCA <«ITPOTO3BE3THOIO» O0JIaKa C
Maccoit, om3koi K macce CostHITa, KOTOPOE IO/T JIEHCTBUEM TPABUTAIIMOHHOTO TTPUTAKEHIS CO-
CTABJIAIONINX €r0 YaCTUIl C2KIMAJIOCh K IIEHTPY CO CKOPOCTBIO CBOOOIHOIO NaJieHus. B mporiecce
TAKOT'0 C2KaTUsl PE3KO BO3pacTaJia IJIOTHOCTh B IIEHTPaIbHOM dacTu obsiaka. Korma obako cra-
JIO HEIIPO3PavdHO K COOCTBEHHOMY MH(MPAKPACHOMY U3/IyYeHNI0, TeEMIIEPaTypa IeHTPAIBHOM ero
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Puc. 5.11. Cxemarmdeckoe n3obparkeHne CTPYKTYPbI CZKUMATOIIEr0Csl IIPOTO3BE3THOIO 00IaKa.

qacTu («siipay) craja PacTh — CKUMaroIieecs: 06JaKo cTauo npomodse3dot. 1lo mepe pocra
TeMIlepaTyphl siJpa B HEM HadaJUCh MPOIECCHl aucconnarnuu u normsarmu. OHaKo TeMmiepa-
Typa sapa ele He ObLIa JOCTATOTHON /I TOro, YTOOBI TaM IOILIN SAePHbIE PEaKIIHH.

Ha Hapy:KHYIO MOBEPXHOCTH $JIpa IPOTO3BE3JbI ¢ BGOJIBINON CKOPOCTHIO (CBODOIHOE Majie-
Hue!) majaer rasz ee cxKuMaromieiics 06010uKK. B 1poriecce TOPMOKEHUsT ITOrO Tra3a MpPU ero
CTOJIKHOBEHHH C HAPYKHOI IOBEPXHOCTHIO SIIpa BOBHUKAET yAapHAasi BOJHA U BBIIEISIETCS Tell-
n0. Cremyer 3aMeTuTh, uTo pasmepbl sjpa (~ 10 cm, 1. e. pamuyc Connna) B MULIMOH
pa3 MeHbIIe TePBOHAYAIBHBIX PAa3MepoB CxKuMarorerocs obsaka. [lo mepe BoimaieHns raza us
objaka Ha SpPO Macca TOCe Hero HelnmpepblBHO pacreT. COracHO TeOPeTHIeCKUM OIEHKAM
€KerOJIHBII IPUPOCT Macchl sjpa cocraisger ~ 107° M. C pocToM Macchl sipa CBA3aH POCT
€ro TeMIepaTypbl, KOTOpas Yepe3 HEeCKOJBKO TBICAY JIET JOCTUTAeT MHOTHX JECITKOB THICSIY
rpajiycoB. Hakonerr, ciycrst 20 000 Jier mocsie obpa3oBaHus sipa €ro TeMIepaTypa IMPEeBbICUT
10% K u B HeM HauHYTCS IEPBLIC SePHbIC PEaKINy IPeBPAIleHId JIeiTepua B re/Iiil. DHeprus,
BBIJIE/TSTIIOIIASICS B IIPOTIECCE ITOM peakIu, Oy/IeT IePEeHOCUThCST B HAPY»KHbBIE CJION TTPOTO3BE3IbI
IIyTeM KOHBEKIIHH.

Ha puc. 5.11 cxemarndeckn nmpuBeieHa CXxeMa CTPYKTYPbI CZKUMAOIIEr0Cs TPOTO3BE3THOTO
obaka. DTa CTPYKTypa COXpaHsIeTCs B TeUeHHe BCero BpeMEHN POCTa MAaCcChl sijipa obsaka. 1o
Mepe BBINAJIEHU ra3a Ha /PO pa3sMepbl HAPY>KHON IPOTIKEHHOH 000JI0UKH YMEHBIAIOTCS, a
ee TeMIepaTypa Jep:KuTcs 6osee mim MeHee nocroguuoil. Ha paccrogamm ~ 10 e or ampa
IIaJaionye K IMeHTPY IIbIJIMHKW Har'PEBalOTCA IIOTOKOM MAYIIEro USHYTPU U3y YCHU . TaK 06pa—
3yeTcsl MOBEPXHOCTD, N3/Iydarolias HH(paKpacHble KBAHTHI. JTY MOBEPXHOCTh MOYKHO HA3BAThH
«ITBLIEBO# hoTocdepoiiy, u3Iydenre KoTopoit 1 Hab/IogaeTcsd y nHPpaKpacHbIX 3Be3/1. Temire-
paTypa IBLINHOK B 3TOI cBOeoOpa3Hoil «dorocdepes J0cTUraeT HECKOJIbKUX COTEH KEeJTbBHHOB.

B 6o1ee 1iry0oKHX CJI09X TTPOTO3BE3/bI MBIIMHKY U3-3a BBICOKOW TEeMIIEpaTypPhl pa3pyIIaioT-
cs. DTo MPOUCXOIUT Ha paccTogrnu ~ 103 cu ot menTpa npu Temneparype ~ 2000 K. «®pont
paspylleHns» IbLIMHOK OIIPeIe/isieT BHY TPEHHIO IPaHuILy IbLIeBoil ¢porocdepnl. [1yoxKe 310~
ro (bpoHTa BEIIECTBO MMPOTO3BE3/IbI CTAHOBUTCSA IPo3padHbiM. Ha ermre OoOJIbIINX TyIyOMHAX B
CBS3U C POCTOM ILJIOTHOCTU MPO3PAYHOCTH BEIIECTBA MIPOTO3BE3/Ibl KOHYACTCS, U MOXKHO T'OBO-
pPUTH O «ra30Boii poTocdepes, KoTopast, mpas/ia, He HAOIIOIaeTC s, OYIyun 3a39KPaHUPOBAHHOMN
IbLIeBOI oTocdepoii.

Yepes ~ 10° jier npomnecc akkperuu («oceganus» ) 000JOUKH Ha siJIPO, OBIBIINI BCE 3TO
BpeMsI OCHOBHBIM MCTOYHUKOM SHEPTHH W3JTyUIEHUsI IIPOTO3BE3IbI, IPEKPATUTCSI. DTO TPOU30ii-
Jer aubO0 W3-3a IIOJIHOI'O BBINAJIEHNUS BeIecTBa 0DOJO0YKN Ha SApOo, Jub0 m3-3a (pOTOHHOIO U
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Puc. 5.12. DBomonuonnbe TPEKH MPOTO3BE3.L Pa3HOil Macchl; (DB CIpaBa 03HAYAIOT MACCHI
nporosses B Mq). (Pacuerst 1. 6ena. )

KOPITYCKYJISPHOI'O W3JIyY€HHUsI [TOC/IEeIHEN0, KOTOPOe BBITOJIKHET HAPYZKY BEIIeCTBO ODOJOUKH.
Kak mokaspiBaioT pacuersl, yepe3 ~ 10 jer Bcs 000J109Ka «CCHITETCA» Ha SJIpPO, CBETUMOCTh
IPOTO3Be3/1bl Oy/ieT nmpuMmepHo B 70 pas, a pajuyc mo4uTu B 5 pa3 O60JIbIle, YeM Y COBPEMEHHOTO
Counra. B sty snoxy remmeparypa dporocdepnl gocruraer 7300 K.

[Ipekparenue BoImaeHNs Ta3a 000JOYKI HA TIOBEPXHOCTH «IIPOTOCOJIHIIA» ITOBJIEYET 38 CO-
0011, BO-IIEPBBIX, «IIPOCBETJIEHUE» BCEll KAPTUHBI 00PA30BaHUs HAIIETO CBETUJIA, TAK KAaK OKPY-
JKAIONIUI €ro «KOKOH» pacceeTcd. Bo-BTOPBIX, CBETUMOCTDL €ro yMeHbIuTcs ~ B 10 pa3 B co-
oTBeTCcTBUU ¢ ToHMXKeHueM TeMmirepaTypbl 10 4200 K. B nocsemytornume HeCKOBKO ThICAY JIET
M3JIydeHre IPOTOCOTHIIA, MO/IIepyKIBaeMoe SIepHO peakineil Ha Jefirepun, OyeT MMeTh I10-
CTOSTHHYIO MOITHOCTE. Korma nefitepnit «BbITOPUT», MEHTPAJIbHBIE YaCTU MTPOTOCOJIHIIA HAYHYT
MeJIJIEHHO CXKUMAThCs, & CBETUMOCTH yMeHbINaThcs. Hakomer, B 1meHTpaJbHON 4YacTU MIPOTO-
COJIHIIA TeMIIepaTypa JOCTUTHET ~ 15 MUJLIMOHOB KEeJIbBUHOB, & IJIOTHOCTH CTAHET JJOCTATOYHO
OOJIBITION JIJIsT TOrO, YTOOBI BKJIIOYUINCH dJIePHBbIC PEaKIIUU MPEBPAINCHUS BOJIOPOJia B TesIuit
(em. § 8). OkoHYATETHHO MPOTOCOJIHIIE «CTaOMIM3UPYETCsI» HA COOTBETCTBYIOIIEH ero macce
TOYKe TJIABHOI TOCJIe0BaTEeIbHOCTH Yepe3 ~ 30 MuuIHoHOB JieT. B atoMm cocrosnun CoHile
Oy/eT M3JIydaTh C MOYTU MOCTOSHHON MOITHOCTHIO MHOTO MUJITHAPIOB JIET.

Anajioruvunbie pacderhbl OBLIN BBIIOJIHEHBI HEKOTOPBIME aBTOpamu, B dacTHocTu, V. V6e-
HOM, JIJII TIOCTPOEHUS SBOJIOIMOHHBIX TPEKOB IIPOTO3BE3]], PA3HOU Macchl. Pe3ymbraThl BHIYUNC-
JIEHUi IpUBeJIeHbl Ha puc. H.12. PacdeTsl TpoBOMIMCH OT MOMEHTa IIPEeKpAaIeHnsl BbIaIeHNs
raza 000JIOUKHU Ha (POPMUPYIONLYIOCS IIPOTO3BE3/LY JI0 MOMEHTA BCTYIJICHUS Ha IVIABHYIO I10-
ciresioBaTesIbHOCTD. [udphl Ha TIABHOM MOC/I€0BATEIBHOCTH (OTMEUYEHHO TTYHKTUPOM) JIAIOT
BpEMsT 9BOJIIOINK (0T HAYAJA KOHJICHCAIINH JI0 BCTYILJICHHs Ha TJIABHYIO IIOCJIE0BATEIHLHOCTS ),
BBIpa’KeHHOE B MUJIJIMOHAX JIeT. DTO BpeMsi CHUJIBHO 3aBUCHT OT MAacCChl MPOTO3BE3/bl. Kcm,
nanpumep, B ciaydae M = 15Me ono pasno 62 000 ner, To npu M = 0,5M ¢ BO3pacraer 110
155 - 10° set.

Kak BujHO 13 puc. 5.12, MaccuBHBIE TPOTO3BE3/IbI HA 3aK/JIIOYNTETHLHON CTaIMN CBOEH 9BO-
JIIOIIAY, KOT/Ia UX CBETUMOCTD IOYTH He MeHseTcs, 00/IaJal0T BCEMU XapaKTEPUCTUKAMI 3BE3/I-
ruranToB. MOKHO HO9TOMY IIpe/irosiaraTb, YTO 9acTh 3BE3/I-TUTAHTOB B MOJIOJIBIX CKOIIJIEHUSX
3BE3/] Ha CAMOM JieJie ABJISIOTC 1poTo3se3namu. Clie/ryeT, OJHAKO, UMeTh B BUJLY, UTO HOC/IEI-
HIOIO «TOPU30HTAJIbHYIO» YACTh CBOErO IBOJIIOIMOHHOTO TPEKa MPOTO3BE3bI «ITPOCKAKNBAIOT»
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9. SBOJHOL[I/IH ITPOTOSBE3/ 1 ITPOTO3BE3JHBIX OBOJ/IOYEK

OYeHb OBICTPO, BCETO JIUIIh 38 HECKOJBKO ThiCdad JjieT. [loaroMy ux J0/IKHO OBITH JIOBOJIBHO
MauJIo.

B zakmiouenue sToro naparpada Mbl OCTAHOBUMCsI Ha MHTEPECHOM BOIIPOCE, KACAIOIIEMCS
BO3pacTa pa3jMYHbIX MPOTO3BE3/l B OJHOI M TOIl Ke acconuanuu. Teopus 3BOIONUNA IIPOTO-
3B€3J], KPaTKO U3JIOXKEHHAasd BBIIIE, cefiyac JOCTUIIA TAKOI'0 YPOBHHA, YTO yrKe MOXKHO J1ejIaTh
OIIEHKHU WX BO3pacTa 10 HaOJIOJaeMbIM XapakTepucTukaM. V BOT, oKa3bIBaeTCd, 9TO BO3PACT
IIPOTO3BE3/T CDABHUTETHLHO MaJIOl MACChI BCET/Ia 3aMeTHO IIPEBBINIAeT BO3PACT 00JIee MACCHBHBIX
nporo3ses, a Takxke O—B 3Be31, HaxoadmuUxcsd B TO# ke accoruarmu. Kak 570 00bACHUTD !
Bejib, kazasioch Obl, B IpoOIiecce TPABUTAIIMOHHON KOHJIEHCAIINN CHAYAJIA JIOJIZKHBI ObLIH 00pa3o0-
BaTbhCS U3 I'a30BO-1ILLIEBOI CpeJibl O0Jiee MacCUBHBIE 3Be3/Ibl. /[e10 B TOM, 4TO B caMOM HadaJe
nporiecca «pparMmenTanuny cpeHgsd IJIOTHOCTH Fa30BO-IILLIEBOTO KOMILIEKCA ObLIa HUXKE, a U3
TEOpPUU I'PABUTAIMOHHON HEYCTONYMBOCTHU CJIEJYyeT, YTO MEHbIIe! cpejiHeil IIJIOTHOCTU COOTBeT-
CTBYIOT OOJIbIIIE MAacChl «(PparMeHToB», Ha KOTOPbIE pachajaeTcs KOMILIeKCc. B camom Jere,
dbopmysy (3.4), npuBesieHHYIO B § 3, MOXKHO [EPENUCATH B TAKOM BHJIE:

1 [ AN 132

5 \ue "k (5.3)
OTcrofa cirejiyet, 9To NpH JIaHHON TeMmIiieparype macca (GparMeHTOB, SBOJIOIMUOHUPYIONUX B
[IPOTO3BE3/1bI, OyJieT TeM OOJIbIlle, YeM MEHbIIE CPeJIHss IIOTHOCTD. B jeiicTBuTe/ IbHOCTH HEOO-
XOJMMO YUYUTBIBATH €Ie HEIPEPBIBHBI POCT KUHETHYECKON TeMIepaTyphl B ra30BO-ILLIEBOM
KOMILJIEKCE. DTOT POCT OIPEJIEISIeTCS TOCTEIIeHHBIM YMEHbBIIIEHNEM KOJIMIeCTBa YT/IePO/Ia B KOM-
IJIEKCE U3-3a €ro «IPUINMAaHUA» K IbIIHHKAM. DTO OY€Hb MeJJIEHHBIN MPOIECe, JJIATINNACS 110
Kkpaitueit Mmepe 10 MmusinoHoB Jiet. B § 3 MbI Bujiesin, 910 yriiepoJ sBasieTcss OCHOBHBIM «T€PMO-
PEryJIATOPOM» B XOJIOJIHBIX IJIOTHBIX Ia30BO-IIBLIEBLIX KOMILIeKcaxX. [loaTomy, eciaun ero comep-
JKaHe YMEHbBIAeTC s, TEMIIEPaTypa ra3a JI0/KHA HeN30eKHO MOBBIMATHCA. TaK KaK COTJIACHO
dbopmyre (5.3) macca obpasyromuxcst GparMeHToB, MPEBPAIIAIOIINXCS TOTOM B IIPOTO3BE3/IHI,
JIOBOJIBHO CHJILHO 3aBUCUT OT TEeMIIEPaTypbl U €/1ab0 OT IJIOTHOCTH, TO ¢ T€UYEHUEM BPEMEHU
Macca MmpoTo3Be3 s Oyaer pactu. Eciau, Hamnpumep, mepBoHava/bHasd TeMIEpaTypa XOJIOIHOTO
rasa B IIOTHOM TIa30BO-TIBLJIEBOM KOMILIEKCe ObLia ~ 6 KeJbBUHOB, TO 00pa30BBIBAIUCH IIpe-
IMYIIECTBEHHO 3Be3Jbl ¢ Maccoil menbieit, dem y Cosaia. Jas obpasoBanus O—B 3Be3x ¢
MacCoii, B JIECATKY pa3 IPEBBIMIAIOIIEH COTHETHYI0, TeMIIepaTypa ra3a JIOJKHA MOHITHCA J10
40—50 KeTbBUHOB, JI/TA Y€T0 CO/IepKaHNe OXJIaXKIAIOMIETO Ta3 YIJIePo/Ia JOKHO YMEHBITUTHCS
npumepro B 10 pas. CrelyeT uMeTh B BUJLY, UTO U3JIyUeHNE BHOBH 00PA3YIONINXCs ITPOTO3BE3]T
TaKzKe IMOCTEIIEHHO HarpeBaeT MexK3Be3JHblll ra3. Takum obpa3om, HaxXOAUT OObsSICHEHUE TOT,
Ka3aJI0Ch Obl, ApaJOKCAJIbHBIN (DAKT, 9TO B OJIHOM U TOM K€ KOMILJIEKCE MAaCCHUBHBIC 3BE3JIbI
0Opas3yTCs 037Ke.

Korma cymiecTBerHas 9acTh MacChl ra3a IPEBPATUTCS B 3BE3JIbI, MEXK3BE3/IHOE MAIHUTHOE
110J1e, KOTOPOe CBOUM JIaBJIEHHEM IOJAEPXKUBAJIO T'a30BO-IIBLIEBOI KOMILIEKC, eCTeCTBEHHO, He
Oy/IeT OKa3bIBATh BO3/EICTBIE HA 3BE3JIbI I MOJIOJIbIE TPOTO3Be31bl. 1101 BimsiHeM rpaBuTaIiu-
OHHOI'O IPUTsyKEeHNs ['aJaKTHKNI OHI HAYHYT Ia1aTh K FaJaKTHIeCKOl IIocKocTr. Takum obpa-
30M, MOJIOJIbIE 3BE3/HBIE aCCOIMAIINN BCET/Ia JIOJIZKHBI NPUOAUNCAMBHCA K TaTAKTUIECKON T110C-
KOCTU. DTOT Teoperndecku npejiackazanubiii C. B. [Mukenbuepom adhdekT ObLT MOATBEPXKICH
AHAJIN30M PEe3yJIbTATOB HAOJIIOJEHN, 9TO HAIVISIHO JIEMOHCTPUPYET IIPOUCXOXKICHUE 3BE3/] U3
MeK3Be3/HOM cpejibl. [lomaepkueM, 4T0 pedusb uaeT o mMoa0dvix acconuarusx. Crapbie xKe acco-
[UAIIH TIOCTIE TIePeceveHnsl TaTaAKTHIECKOH TIJI0OCKOCTH Oy Iy T COBEPIATEH OKOJIO Hee KOJeOaHusT
¢ teprogioM 30—5H0 MULTMOHOB JIET.

Takum obpazom, B mocieaneit Tpetn XX CTOJIETHA aCTPOHOMUsI OKa3aJiach B COCTOSHUN
[POCJIE/INTH 38 BCEMH dTallaMK BayKHEUIIEro Iporecca 00pa30BaHUsS 3BE3J U3 MEXK3BE3/IHOM
cpepl. B otmmame oT acTpOHOMOB MUHYBINIX JIECATUIETHN, pa3pabaTbIBaBIIIX BeChbMa CJ1abo
000CHOBAHHBIE KOCMOI'OHUYIECKUE THIIOTE3bI, COBPEMEHHbIE aCTPOHOMBI IIPU pa3pabOTKe TPY/I-

84
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HBIX IIPOOJIEM SBOJIIOMUU KOCMUYIECKUX OOBEKTOB OAa3MPYyIOTCsl Ha MPOYHOM (DyHIAMEHTE Ha-
ostroTaTeTbHBIX JaHHBIX. OCO0YI0 TIEHHOCTD MPEICTAB/ISIOT (DAKTHI, JTO0OBIThIE OJIaroapsi ycie-
XaM «aCTPOHOMHE HEBUJIMMOIO», T. €. pajuo- u mHppaxkpacHoit acTrpoHoMur. MbI majexku oT
TOr0, YTOOBI NPEHEOPEKUTETBHO OT3BIBATHCS O BBIJIAIONINXCS HCCIETOBAHUAX KJIACCHKOB KOC-
moronnu — Jlamnaca, Ilyankaps u ocobenno /IxKuHca, dbsi OCHOBOIIOJIArAOIIAsT TEOPUs I'PABU-
TAIMOHHOW HEYCTONYINBOCTH KPACHON HUTBHIO IMPOXOIUT Uepe3 BCIO COBPEMEHHYIO0 KOCMOT'OHMIO.
ABTOp MPOCTO XOTEJI CKA3ATh, UTO KaKJasd HaydHAs [IPOD/IeMa PENIaeTcsi B CBOE BPEMs U UTO
BpeMs JIJIs PEIIeHus K/JIaCCUIeCKUX ITpo0/ieM KOCMOTNOHUU HACTYIUJIO TOJIBKO ceifdac. Brepe-
JIi, KOHEYHO, ere MHOTro paboTsl. O6 3ToM 1m0 1poOHO pedsh muia Bbimie. Ho ocHOBoOMOTararorast
njiest O MPOUCXOXKICHUH 3Be3/1 n3 Iuddy3HON MeK3BE3/IHON CpeIbl MOy In/Ia TOATBEPXK JICHUE
Ha 00JIBIITOM (paKTHIECKOM MaTepHajie U ceifidac MOXKeT PacCMaTpPUBaThCA KaK ITPOTHOE 3aBOe-
BaHUE HAYKU.
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Yacte 11

3Be3/Ibl N3J1y4aloT
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§ 6. 3BE3/IA — I'ABOBBII IIIAP, HAXOJISIIUIICS] B COCTOSIHUN
PABHOBECUSI

...Tak mpomosKaa sI TepeIBUTATHCI II0 BpeMe-
HA OTPOMHBIMU IIIaraM¥, KaXKIbIii B THICSIIY JIeT
u OoJbllle, yBJEKAEMbIl TailHOM MOCIETHUX HE
Semiin u HabIIOAAsT B COCTOSHUN KAKOTO-TO THII-
HO3a, Kak B 3anajHoil dactu neba CoJIHIE CTAHO-
BHUTCSI BCE OI'POMHEe W TyckJjee... Hakomer, 60/b-
I1e 9eM 4epe3 TPUIIATh MAJLIMOHOB JIET OTPOMHBIIA
KpacHbiit Kymos CosTHITa 3aCIOHIT CODOH TeCaTyIO
JacTh IOTEMHEBINNX Hebec...

(I Voance, «Mammna Bpemenn» — rermasbHoe
npenBuenne B 1895 romy, erie 10 OTKPBITUS 3a-
KOHOB W3J/IyYeHUs, CTaJUA KPACHOTO TUTaHTa KakK
3aKJIIOYUTEIHLHOrO dTana sosonun CosiHia)

[IpescraBagercd MOYTH OYEBUIHBIM TOT (DAKT, YTO MOJIABJIAIONIEE OOJBITMHCTBO 3BE3]1 HE
MEHSIET CBOUX CBOWCTB B TeUYEHHE OIPOMHBIX ITPOMEKYTKOB BPEMEHU. DTO YTBEDKICHUE CO-
BEPITIEHHO OYEBUIHO JIJIT MHTEPBaJIa BpeMeHU 110 Kpailiaeit Mepe B 60 j1eT, B TedeHne KOTOPHIX
ACTPOHOMBI Pa3HbIX CTPaH BBINOJHIIM OY€Hb OOJIBIIYI0 paboTy, 110 U3MepeHnto OJiecka, IBeTa
U CIEKTPA MHOXKECTBa 3BE3/l. 3aMETUM UTO XOTs HEKOTOPbIE 3BE3/IbI MEHSIIOT CBOM XapaKTe-
PHUCTHKH (TaKie 3Be3/bl HA3BIBAIOTCS MMEPEMEHHBIMU; CM. § 1), H3MEHEeHUsT HOCAT JIMOO CTPOro
epuoInIecKuii 1mbo OoJiee MM MeHee TepuoInIecKuit xapakrep. Cucmemamuveckue n3MeHe-
HUs OJlecka, CIIEKTpa WJIN IBeTa Yy 3Be3J HAOJIIO/Ial0TCd B OYeHb peJIKUX ciaydasx. Harmpumep,
U3MEHEHHS MEePUOIOB IYIbCUPYIOMNX 3Be3/I-1Ieden ] X0Tsd U 00HapyKeHbI, HO OHU HACTOJIHKO
MaJIbl, 9TO TpebyeTcs 10 KpaiiHell Mepe HECKOJ/IbKO MUJIJIMOHOB JIET JIJIst TOrO, YTOObI N3MEHEHUST
Hepro/ia MyIbCalnii cTaim 3HaquTeabHbIMA. C IPyToii cTOPOHBI, MBI 3HAeM (cM. § 1), uTo cBeTH-
MOCTB Tlepeni MeHAeTCs ¢ n3MeHenneM nepuoja. MoKHO, cieJIoBaTe/IbHO, ¢JIe/IaTh BBIBOJL, YTO
B TedeHUe 110 KpaliHell Mepe HECKOJIbKUX MUJIJIMOHOB JIeT Y TaKUX 3Be3/] UX BaKHeMNIast Xxapak-
TEPUCTUKA — MOIIHOCTD U3JIyvIaeMOoil SHepTUn — MeHsdeTcd MaJjo. Ha aToM mpuMepe MbI BIIIM,
YTO XOTS JIJTUTEILHOCTh HADJIIOJEHUN COCTAB/ISIET BCErO JIUIIb HECKOJIBKO JIECATKOB JieT (CpoK
COBEPIIIEHHO HUYTOXKHBIH 110 KOCMIYeCKIM Maciitabam! ), MOYKHO CJIeJIaTh BBIBOJL, O TIOCTOSIHCTBE
CBOMCTB Tiedpen)] B TeUeHne Hen3MepuMo OOJIBIITNX UHTEPBAJIOB BPEMEHHU.

Ho B mamem pacnopsizKeHUN eCTh eIlle OJIHa BO3MOYKHOCTDH OIEHUTH BpPeMsd, B TedeHUe KO-
TOPOr'0 MOIITHOCTH M3JIyUeHUs 3Be3J1 MOUYTH He MeHsieTcd. V3 Teo/lormyecKux JIaHHBIX CJIEJIYeT,
4TO Ha IPOTSKEHUU 110 KpaiiHeil Mepe IOCJIeIHUX JABYX-TPeX MUJJIUAPIOB JIET TeMIlepaTypa
SeM/ ec/ii U MeHsLIaCh, TO He OOJIbINE, YeM Ha HECKOJBKO JIECSITKOB TPAIyCOB. DTO CJIEIYeT
13 HENPEPBIBHOCTH IBOJIIONUE KU3HN Ha 3emite. A ecsm tak, To COJHIE 3a 9TOT OIPOMHBIA
IIPOMEKYTOK BPEMEHHU HUKOIJIa He M3JIydajio HU B TPHU pas3a CUjbHee, HU B TpU pasa ciabee,
geM ceitgac. [loxoxke Ha TO, YTO B CTOJIb JJIUTEIHLHON HCTOPUK HAIIErO CBETHIA ObLIN IIEPHOIHI,
KOTJIa €ro U3JIyYeHrne 3HAYUTE/IbHO (HO He OYeHb CUJIBHO) OTJIMYAJIOCH OT HBIHEIIHErO YPOBHS,
HO TaKWe 3I0XU OB CPABHUTEIHHO KpAaTKOBpeMeHHBbIMU. Mbl uMeeM B BUJLY JI€IHUKOBBIE ITe-
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6. BBES,ELA — TA3O0OBBIN IIIAP, HAXOJAIINNCSA B COCTOSAHUU PABHOBECUS

pPUOJIbI, 0 KOTOPBIX peub Oyier uaru B § 9. Ho B cpednem momaocTs uziydenus CoJthiia 3a
MOCJIETHUE HECKOALKO MUAAUAPOOE JIET OTJINIATIACH YINBATETHHBIM TIOCTOSHCTBOM.

B 1o xke Bpems CosiHIle — JIOBOJILHO THUIMYHAsA 3Be3ja. Kak mbl 3HaeMm (cM. § 1), ono
IpeJicTaBiseT coboil »KeJNThIl KapJiMK ciieKTpajabHoro kiacca G2. Takux 3Be3q B Hareit [a-
JJAKTHUKE HaCUYHUTbIBaETCA IIO KpaﬁHeﬁ Mepe HECKOJIBKO MHHHHapI[OB. BHO.HHe JIOTHUYHO TaKzKe
caeJiaThb BBIBO,H, 9gTo " 6OJIBHII/IHCTBO ILPYFHX 3BE3/ TJIABHOM HOCJIG,HOB&TGJH:)HOCTI/I, y KOTOprX
CHeKTpaHbeIe KJIaCCBhI OTJIMYHBI OT COJ’[He“IHOFO7 TaKzKe JTOJIZKHBI 6bITb BeCbMa «,ZLOHFO}KI/IByH_H/I—
MHI» OOBEKTAMIU.

Nrak, momasiistioriee OOJIBITUHCTBO 3Be3]] OYeHb MaJIO0 MEHAETCA CO BpeMeHeM. DTO, KOHeU-
HO, HE O3Ha4YaecT, YTO OHM B «HEU3MEHHOM BHIE» MOI'yT CyHI€eCTBOBAaTL CKOJIb YI'OJHO JIOJIT'O.
Haobopor, HuxKe MBI HOKakeM, 9TO BO3paCT 3Be3/l XOTs U OYeHb BeJNK, HO KOHedeH. Bosiee
TOI0, 3TOT BO3PACT BeCbMa pas3jIndeH JIJIsi Pa3HbIX 3BE3J U ONpPEIesseTcs B MEPBYI0 0Yepe/ib
ux maccoit. Ho mazke camble «KOPOTKOXKHBYIIHE» 3BE3JIbl BCE-TAKU IIOYTH HE MEHSIIOT CBOUX
XapaKTePUCTUK B TeUeHne MUJLIHOHA JieT. Kakue ke BBIBOIBI OTCIO/IA CJIELYIOT?!

YiKe M3 MPOCTeIero aHaJn3a CIeKTPOB 3Be3]] BBITEKAET, UTO UX HapPYXKHBIE CJIOW JOJIZK-
HBbI HAXOJIUTHCS B 2a43000pa3Hom COCTOSHUU. B MIpOTUBHOM citydae, OUE€BHIHO, B 9TUX CIIEKTPaX
HUKOTJ[a He HAOJIIOA/INCh Obl PE3KWe JIMHUK TIOTJIONICHNS, XapaKTepPHbIe JJIs BEIeCTBa, HAXO-
JIAIIErocsl B ra3000pasHoM cocToduuu. JlajbHedmuil anam3 3Be3/IHBIX CIIEKTPOB IO3BOJIIET
CYIIECTBEHHO YTOYHUTH CBOMCTBA BEIeCTBa HAPYKHBIX CJIOEB 3Be37 (T. €. «3BEe3JHBIX aTMO-
cdep» ), OTKyIa K HAM [IPUXOUT UX U3JIYIEHHe.

Vzydenne crieKTpoB 3B€3/ IO3BOJISET C IIOJIHOM JIOCTOBEPHOCTHIO C/I€JIATh BBIBOJI, ITO 3BE3/I-
Hble aTMOC(EPDI MIPEICTABISIIOT OO0 HArPETHIH JI0 TEMIIEPATYPBI B THICAYN U JIECATKU THICAY
IPaJIlyCcOB MOHM30BAHHBIN a3, T. €. mia3My. CleKTpasbHbBIN aHAII3 O3BOJISIET ONPEIETUTD XU-
MHUYECKUI COCTaB 3BE3/HBIX aTMOCdep, KOTOPBIH B OOIBIMTUHCTBE CJIyYaeB MPUMEDPHO TAKOI
ke, kak 'y Cosnia. Hakonerr, n3ydasi 3Be3/iHble CIIEKTPBI, MOXKHO OIPEJIEJIUTH U NAOMHOCTND
3BE3/IHBIX aTMOChep, KOTopasl i Pa3JIUIHbIX 3BE3/] MEHSETCH B OUCHBb IMUPOKUX IIPeesiax.
Nrak, Hapy»KHbIe CJIOU 3Be3]l — 3TO I'as.

Ho B 9TuX 109X 3aK/II09€Ha HIYTOKHO MaJiag JI0JIs MACChl Beeil 3Be3/Ibl. XOTd Henocpeo-
CM6eHHo ONTHICCKIMI MEeTOIaMI HeIpa, 3BE3/T H3-3a X OTPOMHOI HEIIPO3PAadHOCTH HabII0IaTh
HeJIb3s, MBI MOYKEM ceifdac co Beeil OIpeJe/IeHHOCTBIO YTBePXKIaTh, YTO U 6HYMPeHHUe CIION
3Be3J] TAKKE HAXOAATCA B Ia3000pa3HOM COCTOSHIH. DTO yTBEPIKICHHE OTHIONL HE ABJISCTCA
ogesnaHbIM. Hampmvep, momemus maccy Commma, pasmyio 2 - 1033 1, ma ero oobem, paBHEBI
~ 1,4 - 10% cM3®, serko naiitu cpednroro naommocms (MK yIeIbHBINH Bec) COMHEYHOrO Belle-
cTBa, KoTopas 6yaer okoso 1,4 r/cM3, T. e. GoJibIie I0THOCTH BOJbL. SICHO, YTO B MEHTPAIbHbBIX
obsactax CoJHIa MIOTHOCTD JOJIZKHA OBITH 3HAYUTE/ILHO BLIIIE cpeineil. Y GoJIbLIIMHCTBA Kap-
JIMKOBBIX 3BE3J1 CPE/IHSSA IIJIOTHOCTH MIPEBOCXOUT COTHEUHYIO. FCTECTBEHHO BO3HUKAET BOIPOC:
KaK COIJIacoBaTh Hallle yTBep:Kaenue, uto neapa CoJHIA U 3Be3 HAXOAATCA B ra3000pa3HOM
COCTOSIHIH CO CTOJIb BHICOKUMH IJIOTHOCTSME BerecTsa? OTBeT Ha 9TOT BOIPOC COCTOUT B TOM,
4TO TemIlepaTypa 3Be3/IHbIX HeJIp, KaK Mbl CKOPO YOeJuMcsl, O9eHb BBICOKa (3HAYMTEILHO BbI-
11e, YeM B IIOBEPXHOCTHBIX CJIOfX ), YTO UCKJIIOUACT BO3MOKHOCTD CYMIECTBOBAHMS TaM TBEPIOil
WJIA KUJIKOM (ba3bl BEIIeCTBA.

Wrak, 3Be3/1bI — 9TO OI'POMHBIE Ta30BbIe MIapbl. BecbMa CyImecTBeHHO, YTO TAKON Ta30BbIi
map «IeMEeHTUPYETCS» CUJION BCEMUPHOTO TATOTEHUs, T. €. 2pasumanuetl. Ha Kaxprit ssiemMent
O6'bel\/[a 3BE€3/bI ,Z[eIU/ICTByeT CuJia I'PAaBUTAITUOHHOI'O IIPUTA2KEHNA OT BCEX OCTAJIbHBIX 9JIEMEHTOB
3Be3/1bl. VIMEHHO 9Ta Ccujia MPEendaTCTBYeT PA3/IeTy Pa3IndHbIX YacTeil ra3a, 00pa3yronero 38e3-
JIy, B OKpYyzKaloIee MMpocTpancTBo. Ecym Obl He ObLIO 3TOW CHUJIBbI, ra3, 0Opa3yIoIuii 3Be31y,
BHAYaJIE PACILIBLICS ObI, 00pa30BaB HEYTO BPOJIE IJIOTHON TyMAHHOCTH, & TIOTOM OKOHYATE/IHHO
paccesjics ObI B O'POMHOM, OKPY2KAIOIIEM 3Be3/ly Me¥K3Be3HOM IpocTpancrie. CreraeM oveHb
rpyOyIo OIEHKY, CKOJIBKO ObI TOTPEOOBAJIOCH BPEMEHU, ITOOBI IPU TAKOM «PACILIBIBAHUUY Pa3-
Mep 3Be3/Ibl yBemuuiicd Obl, ckaxkeM, B 10 pa3. [Ipumem, 4To «paciibiBannes ITPOUCXOJUT C

88



6. BBES,ELA — TA3O0OBBIN IIIAP, HAXOJAIINNCSA B COCTOSAHUU PABHOBECUS

TEILIOBOI CKOPOCTHIO aTOMOB BOJIOPOjia (M3 KOTOPOIO B OCHOBHOM COCTOUT 3BE3/IA) MPH TEM-
nepaType HapyKHbIX CjI0eB 3Be3jbl, T. €. okojo 10 000 K. Dra ckopocrs 6mska xk 10 KM/c,
T. e. 105 cm/c. Tak Kak paJuyc 3Be3/(bl MOXKHO IIPUHSATH OJIM3KUM K MUJLTMOHY KHUJIOMETPOB
(T. e. 10! cm), To JUIst UHTEPECYIONEero HAC «PaCIIbIBAHUs» C JIeCATUKPATHBIM YBeIMYeHueM
pasMepoB 3Be3/Ibl MOTpebyeTcst HUIToKHO Majioe Bpems ¢ = 10 - 10M /106 = 10° cexymny ~ 10
CyTOK!

DTO0 03HAYAET, UTO €C/ii ObI HE CUJIa TPABUTAIIMOHHOTO IPUTSZKEHUST, 3BE3/Ibl PACCESITUCH ObI
B OKPYZKAIOIIEM IIPOCTPAHCTBE 33 HIUYTOXKHO MaJsioe (110 aCTPOHOMUYECKHUM IIOHSITUSIM) BPEMs,
UCIHC/ISIEMOEe CyTKAMU JIJTsl 3BE3/-KAPJIMKOB UJIU TFOJAMU JIJId TUTAHTOB. 3HAYUT, O€3 CUJIbI BCE-
MUPHOT'O TATOTeHUS He ObL1o Obl 3Be3/1. [leiicTBysT HEPepBIBHO, 9Ta CHJIa CTPEMHUTCHA COAUSUMD
MezK/JIy CODOI pa3/IuvHble 3JIEMEHTHI 3Be3/bl. QueHb BaXKHO MOIYEPKHYTh, UTO CUJIA I'DaBUTa-
[UU 110 CaMOii CBOEI IIPUPOJIE CTPEMUTCS HE02PAHULEHHO COIM3UTH MEXKLY COOOI BCE UACTHUIIBI
3BE3JIbI, T. €. B Ipejiesie KaK Obl «coOpaTh BCIO 3Be3/y B TOUKYy». Ho ecyim Obl Ha YacTUILHI,
obOpasyroliue 3Be3/1y, JAefiCTBOBaJIa MoAbKO CHIa BCEMUPHOI'O TATOTEHUsI, TO 3B€3Jla CTaja Obl
KaTacTpodudeckn ObICTPO CKUMaThCA. ONEHNM ceifuac BpeMst, B TeIeHNE KOTOPOTO 9TO CXKATHUE
cTaHer cyriecTBeHHbIM. Ecin Obl HUKaKkasi Cujia He MPOTUBOEICTBOBAIA I'PABUTAIINN, BEIIIECTBO
3BE3/IbI MaJ1aJ10 OBbI 110 HAIIPABJICHUIO K €€ IEHTPY 0 3aKOHAM CBOOOJHOTO majeHus Tei. Pac-
CMOTPHM 3JIEMEHT BeIleCTBa BHYTPHU 3BE3JIbI TJie-HUOY/Ib MEXK/Iy €€ IMOBEPXHOCTHIO U IEHTPOM
Ha paccrognuu R ot mociegnero. Ha 3ToT s/eMeHT AeficTByeT yCKOpPEHUE CUJIbI TATOTCHUS
g= %—J‘{I, rjae G — rpaBuTanuoHHast mocrostaHas (eM. crp. 16), M — macca, Jexainasi BHyTPH
cdepnr pagmyca R. [lo mepe najyenust Kk nentpy kak M, tak u R OyJayT MeHATHCSH, CJe10Ba-
TeJIbHO, OyeT MeHATbcs u g. Mbl, ojHako, He ciemaeM OOJIBINON OMMOKU B HAIEH OIEHKE,
ecsn penosioxkumM, 9to M u R octatoTcd rnoctogHubiMu. [IpuMenuB K perenuio Harreit 3a/1a-
Y1 3JIEMEHTAPHYIO (DOPMYJTY MEXAHUKH, CBA3BIBAIOILYIO TPOHIEHHDIN IPU CBOOOIHOM A/ ICHUN
nyTh R ¢ BEJIMYUHON YCKOPEHUsI ¢, MOJIYIUM y2Ke BBIBEJCHHYIO B § 3 mepBoil yactu hopMysy
(3.6)

3
= (Z;iM ~ 10° cexkyn ~ 20 MuHyT,
rjae ¢ — BpeMd HaJeHusd, IpudeM Mbl Hosoxum R ~ Rqy, a M ~ Mq). Takum obpasom, ecin
Obl HMKaKas CUJIa He IMPOTUBOCHCTBOBAJIA TPABUTAIINN, HAPYXKHBIE CJIOU 3BE3JIbl OYKBAJIBLHO
PYTHYAU OBI, & 3Be3/a KaTacTpopUIecKn Obl CxKaIach 3a KaKym-HIOYIb J0J10 Jacal

Kakag xe cmiia, HenmpepbIBHO JIefiCTByIOMAs BO BCeM OObeMe 3Be3Ibl, MPOTUBOEHCTBYET
cusie rpaBuTanun’ 3aMeTuM, UTO B KAHCOOM INEMEHMAPHOM 003eMe 3BE3/IbI HAIPABJIEHUE TOM
CUJIBL JIOJIZKHO OBITH HMPOTHUBOIIOJIOZKHO, & BeJUYMHA paBHA CHUJIE NMPUTdAXKeHus. B mpoTuBHOM
cJIydae MpOuCXoIuIu Obl JIOKAJIbHbIE, MECTHBIE HAPYIIIEHUsT PABHOBECHUS, IPUBOJIUBIINE 38 OUE€Hb
KOPOTKO€ BpeMsI, KOTOPOe MBI TOJIBKO YTO OIEHWJIN, K OOJIBIINM U3MEHEHUSM B CTPYKType
3BE3/IbI.

Cuoit, nmporusoseiicTByomeil TpaBuTauy, apjiserca dasaerue rasal. Ilociennee nerpe-
PBIBHO CTPEMUTCS PACULUPUMD 3BE3/LY, «PaccesiThby ee Ha BO3MOXKHO OOjbInuil obbem. Boiie
MBI y2Ke OIEHH/IN, KaK OBICTPO <«paccesdachb» ObI 3Be3/la, €Cju Obl OT/Ie/IbHbIE €€ YacTh He
CIeP2KUBAJINCh CUJIOl rpaBuTaruu. Mtak, u3 Toro mpoctoro ¢gpakra, 9To 3B€3/Ibl — ra30BbIe I1a-
PBI B IIPAKTUYECKU HEM3MEHHOM Buje (T. €. He CKUMASACH U He PACIHIUPSIACH) CYIIECTBYIOT 110
MeHbIIIell Mepe MUJITMOHBI JIET, CJIEJLYEeT, UTO KaHCIbl INemMenm BEIeCTBa 3Be3/bl HAXOIUTCS
B PaBHOBECHH II0JI JIEWCTBUEM ITPOTHBOIIOJIOKHO HAIPABJICHHBIX CHJI I'DABUTAIUU W A30BOTO
naBjienns. Takoe paBHOBecHe HA3BIBACTCS «THIAPOCTATHIECKUM». OHO MIIPOKO PACIPOCTPAHE-
Ho B npupojie. B wactHocTu, 3emuasg arMocdepa HAXOJUTCA B THIPOCTATUICCKOM PABHOBECUU
OJT, JICCTBUEM CUJIbI TPABUTAIIMOHHOTO TIPUTSYKEHUsT 3eMJIN U JIABJIEHUS HAXOJISIINXCS B HEll
ra3oB. Ecyin 661 He ObLIO JTaB/IeHUs, 3eMHas aTMocdepa 0UeHb OBICTPO «yIlajay Obl Ha ITOBEPX-
HOCTB Harleil mraneTsl. Crelyer moIepKHYTh, 9TO I'UJIPOCTATHIECKOE PABHOBECHE B 3BE3/IHBIX

!Tounee, pasHnna B JABJICHUN Ta3a Ha PA3HON TJTyOGHHE BHYTPH 3BE3.IBI.
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aTMocdepax OCYyIIECTBSIETCS ¢ OIPOMHOI TOYHOCTBIO. Mauteiiiiee ero HapyIlleHHe Cpasy Ke
IIPUBOJIUT K TOABJEHUIO CUJI, MEHAIONINX paclpejieJieHre BeIeCcTBa B 3Be37€, MOCJe Yero mpo-
HCXOUT TAaKOe ero IepepacipeeseHne, Ipu KOTOPOM PABHOBECHE BOCCTAHABINBAETCA. 371€Ch
MBI BCET/Ia TOBOPUM 00 OOBIYHBIX «HOPMAaJIbHBIX» 3Be3jlaX. B UCKIIOYUTENTHHBIX CIydasdX, O
KOTOPBIX B 3TO#l KHHUIe OyJeT WJATH Pedb, HAPYIIEHHEe PABHOBECHsI MEXKJLy CHUJION T'DaBUTAIIN
U JIaBJIEHHEM Ta3a IPHUBEIeT K BeCbMa CEPhE3HBIM, JarKe KaTacTPOMUIeCKUM IOC/IE€ICTBUSIM
B KU3HU 3Be3/bl. A ceffdac MBI MOXKEM TOJIBKO CKa3aTh, 9TO MCTOPHUSI CYyIIECTBOBaHUs JIFOOOI
3Be3/Ibl — 9TO IIOUCTHHE TUTaHUYecKas OOpbOa MeXKJy CHUJIOW TI'DaBUTAIMU, CTPeMsIIeics ee
HEOT'PAHWYEHHO CXKaTh, U CUJIOU Ia30BOI0 JlaBJIEHUsI, CTPEMSIINENCS ee «PACHbLINTBY, PACCesaTh
B OKPY2KaIOIeM MeXK3Be3/IHOM MPOCTpaHcTBe. MHOTHE MULIMOHBI U MULIHAP/ILI JIET JJTATCS
sTa «bopbbay. B TedeHne 3TUX IyI0BUIIHO OOJIBIITNX CPOKOB CUJIbI paBHbl. HO B KOHIE KOHIIOB,
KakK MbI YBUJIUM JIaJIbIle, 100e/1a Oy/ieT 3a rpaBuTanueii. Takosa Jipama 3BOJIIOIUN 000 3BE3-
1. Huzke MbI OyJ1eM JI0BOJIBHO TIOIPOOHO OCTaHABIMBATHCS Ha OTAEJbHBIX dTallaxX 3TOM JIPaMbl,
CBA3aHHBIX C (DUHAJBHBIMU CTAIUSIMU SBOJIONNNA 3BE3T.

B nienTpaibHoit YacTu «HOPMAaJIbHOI» 3BE3/IbI BEC BEIIECTBA, 3aKII0UEHHOIO B CTOJIOE, TII0-
3/Ab OCHOBAHUS KOTOPOT'O pPaBHA OJHOMY KBaJPATHOMY CaHTUMETDPY, & BBICOTa — PaJUyCy
3Be3/IbI, Oy/IeT PaBEH JIABJIEHUIO ra3a y ocHoBaHus ctosiba. C mpyroit CTOPOHBI, Macca CTOJI0a
paBHa cmje, ¢ KOTOPOU OH NPUTATUBAECTCH K IIEHTPY 3BE3bI.

Mpr ceffyac mpoBejieM BecbMa YIPOIIEHHBII pacdeT, KOTOPbI, TeM He MeHee, BIIOJIHE OT-
parkaeT CyIIecTBO BOIpoca. A MMEHHO, MOJIOKUM Maccy Harero crojba M; = PR, tae p —
CpeJilss TJIOTHOCTD 3BE3/Ibl, U OyJIeM CUUTATh, 9TO «3(P(OEKTUBHOE» PACCTOTHUE MEXKITY IEH-
TPOM 3Be3JIbl U OCHOBaHUeM cToJiba paBHo R /2. Torma ycioBue ruipocTaTiiecKoro paBHOBECH ST
BAIUIICTC TaK:

»_GMp-R _4GMp
- (B2 R

CrestaeM Terepb OIEHKY BEJIMYMHBI Ia30BOTO JaBjeHus P B IMEHTPAJIBHON YacTh TaKOM
3Be3/Ibl, Kakoil sapisgerca name Comure. [logcraBus unciennoe 3HadeHre BeJUYUH, CTOAIUX
B IIPaBOil YacTH 3TOro ypapHenus, Haiigem, uro P = 10 xun/cm?, wimm 10 mMummapios ar-
Mocdep! DTo HecbIXaHHO OOJIbIasg BeandnHa. CamMoe BBICOKOE «CTaI[MOHAPHOE» JIaBJICHUE,
JOCTUTAEMOE B 3eMHBIX J1aO0PATOPHAX, TTOPAIKa HECKOILKIX MIULINOHOB aTMocdep!.

(6.1)

W3 snemenTapaoro Kypca (hu3nku U3BECTHO, UTO JABJIEHIE Ta3a 3aBUCHT OT €0 IIOTHOCTU
p u Temueparypbl 1. PopMmyiia, CBA3BIBAIOIIAS BCE STU BEJIMINHBI, HOCUT Ha3BaHUe «(HOPMYJIbI
Knaneiiponay: P = ﬁpT. C apyroit CTOPOHBI, IJIOTHOCTD B IEHTPAJIBHBIX 00/IACTIX «HOPMaJIb-
HBIX» 3B€3J], KOHEYHO, OOJIbINe, YeM CPeIHASA IJIOTHOCTh, HO He CYIIeCTBEHHO OoJibIe. B Takom
ciaydae, n3 opmyabl KiameiipoHa HEMOCPEICTBEHHO CJEIYeT, 9TO OJIHA JIUIIH OOIbINAas MI0T-
HOCTB 3BE3/IHBIX HeJIp caMa 1o cebe He B COCTOSTHUU O0ECIIeUHNTh JIOCTATOYHO BBICOKOE JIABIEHUE
raza, 9ToObl BBIIIOJIHSIOCH YCIOBUE I'UJIPOCTATUYECKOro paBHoBecus. Heobxomumo mpexkie Bee-
ro, YTOOBI TeMIilepaTypa rasa Obljaa JIOCTATOTHO BHICOKA.

B dbopmyny Kiameitpona BXoguT Tak»Ke CpejHsis MoJieKyigpHas Macca . OCHOBHBIM XU-
MHUYECKUM 3JIEMEHTOM B aTMmocdepax 3Be3[l siBJIeTCs BOJOPOJ, U HET OCHOBAHUIl IOJiaraTh,
YTO B HeJIpax 10 KpaiiHeil Mepe OOJIBIMUHCTBA 3Be3/] XUMUYECKUN COCTAB JIO?KEH CYIIeCTBEH-
HO OT/IMYaThCd OT Ha6.HIO,ZLaelVIOFO B HapYy2KHbIX CJIOAX. B TO 2Ke BpeMd, TaK KaK OXKHuIaeMad
TeMIlepaTypa B HEeHTPaJIbHbIX O6HaCTHX 3Be3/1 JOJIZKHa 6I:>ITb JA0CTaTOYIHO BeEJIMKa, BOJOPOI TaM
JOJIZKEeH 6bITb IIOYTH IIOJIHOCTBIO MOHU30BaH, T. €. «paCHICIlJICH» Ha IIPOTOHLI 1 3JIEKTPOHLI. TaK
KaK Macca MOCJIeHIX MMPeHeOPeKNMO MaJjia M0 CPABHEHHIO ¢ ITPOTOHAMHY, & KOJUYECTBO IPOTO-
HOB PaBHO KOJIMYECTBY 9JIEKTPOHOB, TO CPEJIHSS MOJIEKY/IAPHA MACCa ITOM CMECH JIOJIZKHA ObIThH
6imska kK 1/2. Torga u3 ypasuenuii (6.1) u dopmysnsr Kianeitpona ciiejryer, aro remrmeparypa

13amernm, omHako, 9To MpHu HOKYCHPOBKe MOIIHOTO Ja3epHOTO JIyda Ha MEIIEHb (KOTOpas, KOHEWHO, MPH
3TOM MTI'HOBEHHO HCHapuTcs) B Tedenne 10™° ceKyHIBI MOXKeT BOSHUKHYTH JaBIeHIE OTJaql Ha Hee (06yC/I0B-
JIHHOEe WCTaPSIONAMUCA aToMaM), gocturaiomee 1012 arvocdep!
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B HeHTpaHbeIX O6JIaCTHX 3Be€3/ 110 HOpH,[LKy BeEJIMYNH paBHa
20 MG

~ — . 2
" p. AR (6:2)

Besnmuanna p/p. moxer 6biTh mopsaka 1/10. OHa 3aBUCHT OT CTPYKTYDPbI 3BE3/HBIX HEJD
(em. § 12). Uz dopmyast (6.2) ciemyer, 4ro Temieparypa B IeHTpaabHbIX obaactax CosHia
JIOJIPKHA OBITH MOPSIJIKA JIeCATH MUJITHOHOB KeJIbBUHOB. BoJiee TOUHBIE PACUIETh OTIHIAIOTCS OT
HOJIyYeHHO HaMu ceitaac omenku Beero juiib Ha 20—30%. HrTak, TeMueparypa B HEHTPaIbHBIX
00J1aCTIX 3B€3/T UCKJIIOUUTEILHO BEJIUKA — IIPUMEPHO B THICATY pa3 O0JIbIlle, YeM Ha MX ITOBEePX-
Hoctu. Temephb 0OCYyIMM, KAKOBBI JOJIKHBI OBITH CBOHCTBa BEINIECTBA, HATPETOTO JI0 TAKOI BbI-
coKoit TeMrrepaTyphl. [Ipekie Bcero Takoe BeIecTBO, HECMOTPs Ha CBOIO OOJIBIIYIO TJIOTHOCTD,
JIOJIPKHO HAXOJIUThCA B Ta3000pa3HoM coctosinuu. O6 3ToM pedb ykKe 1ia Beiire. Ho Mbl Mozkem
Ternepb YTOUYHUTD 3TO yTBep:Kienne. [Ipu Takoit BLICOKOI TemMIiepaType CBOCTBa ra3a B HeIpax
3BE€3/1, HECMOTPsI Ha €0 BBICOKYIO IIJIOTHOCT, OY/IyT MOYTU HEOTJUIUMBI OT CBOHCTB UdeaAbH020
2a3a, T. €. TAKOTO Ta3a, B KOTOPOM B3aMMOJEHCTBUAS MEXKTY COCTABJISIONIIME €T0 JaCTUIAMU
(aToMamu, JIEKTPOHAMHE, HOHAMHU) CBOJSITCA K CTOJKHOBEHUAM. VIMEHHO JIJI MeaIbHOTO rasa
crpase B 3aKoH Kiranefipona, KOTOPBIM MbI BOCIIOJIBL30BAJIUCH IIPU OIEHKE TeMIepaTyphbl B
[IEHTPAJIBLHBIX 00JIACTIX 3BE3I.

[Ipu TemmepaType MopsijiKa JIeCATH MUJITMOHOB KEJIbBUHOB U IIPH IVIOTHOCTSIX, KOTOPBIE TaM
CYIIECTBYIOT, BCE aTOMBI JIOJI)KHBI OBITH MOHU30BAHbI. B camoMm Jiesie, cpejHss KUHeTUIeCKast
SHEPIUs KaXKJI0f JIacCTHUIbI ra3a mT# = %k‘T Gynet okos1o 1072 apr mmm ~ 1000 2B.

OTO O3HAYAET, UTO KayKJ/I0e CTOJKHOBEHUE 3JIEKTPOHA C ATOMOM MOYKET IPUBECTH K MOHU-
3aIUU TTOCJIETHErO, TAK KAK SHEPIHsl CBSI3W 3JIEKTPOHOB B aToMe (TaK Ha3bIBACMBI <«IIOTEHIH-
aJ1 MOHU3AIUN» ), KAK IPABUIO, MEHLULE THICIIN JIEKTPOHBOJILT. TOJBKO camble «rIybOKHe»
9JIEKTPOHHBIE 000JIOUKHN Y TAKETbIX aTOMOB OCTAHYTCSl «HETPOHYTBIMUY, T. €. OVIAYT yIeprKaHbI
ceomMu aroMamu. COCTOsTHME MOHMUBAINK BHYTPHU-3BE3THOTO BEIECTBA OIpeesseT ero Cpe-
HIOIO MOJIEKYJIIPHYIO MACCy, BEJIMYMHA KOTOPOil, KAK MbI y2K€ NUMeJI BO3MOKHOCTH YO IUThCH,
urpaet OOJIBIIYIO POJIb B HeJIpax 3Be3/1. Fcyim Obl BEIeCTBO 3BE3/bI COCTOSIIO MOABKO U3 TIOJTHO-
CTHIO HOHM30BAHHOTO BOJOPOJIA (KAK MbI MOJIOXKUJIHM BBIIIE), TO CPEJIHssT MOJIEKY/IPHAs Macca
W, paBHsach 06l 1/2. Ecii 661 TaM OBLT TOJIBKO MOJHOCTHIO HOHU30BaHHBIH Tesmii, To h = 4/3
(Tak Kak Mpy MOHHU3AIMHE OJHOTO ATOMA TeJHsi ¢ ATOMHO Maccoil 4 06pa3yioTcst mpu dacTu-
bl — SIJIPO TeJIvsl ITIOC JIBa dJ1eKTpoHa). Hakowrerr, ecyin Gbl BEIECTBO HEJP 3BE3JIbI COCTOSLIO
MOABKO U3 TAKEJIBIX FJIEMEHTOB (KUCJIOPOJIA, YIIEPOJIa, XKeJle3a 1 1Ip. ), TO CPEIHsIs MOJIEKYJIsip-
Has Macca ero Ipu MOJTHON MOHU3AINKI BCEX aTOMOB OblLia Obl OIM3Ka K 2, TaK KakK JJIs TaKuX
9JIEMEHTOB aTOMHAas Macca MPUOJIU3UTETHLHO BJIBOE OOJIbINE, YeM YHCJIO JIEKTPOHOB B ATOME.

B jeficTBUTEIBHOCTH BEIIECTBO 3BE3/IHBIX HEJIP MPEJICTaBsgeT cO00il HEKOTOPYIO CMeCh BO-
JIOPOJIA, TeJIUS U TAXKEJIbIX 3/IeMeHTOB. OTHOCUTEILHOE COJIEPXKAHUE ITUX OCHOBHBIX KOMIIOHEHT
3BE3/IHOTO BEIecTBa (He MO YHCJTy aTOMOB, & 110 Macce) 0ObIMHO 0603HavYaeTCst depe3 OyKBbI X
Y u Z, KoTopble XapaKTepu3yIoT TUMUYECKULT cOCMa6 3Be3/bl. Y TUINYHBIX 3Be3/1, O0JIee Wian
menee cxomuabix ¢ Comanem, X = 0,73, Y = 0,25, Z = 0,02. Ornomenue Y/X ~ 0,3 o3Ha-
yaer, 9To Ha Kaxkjble 10 aToMOB BOJOpOJa MPUXOJUTCH TPUOJIUBUTENIHHO OJIMH aTOM TeJTHs.
OrHOCUTE/ILHOE KOJIMYECTBO TAXKEJIbIX 3JIEMEHTOB BechbMa MaJsid. Harmpumep, aTroMoB KUCJIOpPO-
Jia IPEMEPHO B THICAYY Pa3 MEHbIIe, 9eM BOJI0pojia. TeM He MeHee PoJIb TAKETbIX JIEMEHTOB B
CTPYKTYype BHYTPEHHUX 00JIaCTell 3Be3/1 JIOBOJLHO 3HAYUTE/IHHA, TAK KAK OHU CUJIBHO BJIUSIOT
Ha HENPO3PAHOCMb 3BE3THOTO BerecTBa. CPEeHIOn MOJIEKYIAPHYIO MACCY 3BE3/IbI MBI MOYKEM
Terepb OIPeIeTUTh ITPOCTOH (HPOPMYJIOi:

1
2X +3/4Y +1/,7°

M= (6.3)

Ponb Z B onenke [l HesHaunTebHa. Peraloree 3nadenue Jijisd BeJIMIUHBI CpeTHEH MOJIEKY-
nsgpHoit Maccel uMetor X u Y. 1 3Be31 MeHTpaIbHOM YacTH TUIABHOM MOC/IEI0BATETHHOCTH
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6. BBES,ELA — TA3O0OBBIN IIIAP, HAXOJAIINNCSA B COCTOSAHUU PABHOBECUS

(B wactrocTu, jyist Cosara) fL = 0,6. Tak kax Besmunna [l j1j1st GOJIBITTHCTBA 3B€3/ MEHSIETCS B
OYeHb HE3HAUUTE/IbHBIX IIPe/iesiax, Mbl MOXKEM HAITUCATH IIPOCTYIO (DOPMY/TY JJjIsl TIEHTPAIbHBIX
TeMIlepaTyp Pa3/IMYHBIX 3Be3], BhIPa3UB UX MaCChl U PaJIMyChl B JOJIAX COJIHedHOl Maccehl M

1 COJIHETHOTO pajmyca Re:
M R
T=1, (_) (_) | (6.4
Mg ) \ERo

rae Tz — TemnepaTypa neHTpasbhbix obsacreit Conna. Beime, Mbr rpy6o onenunu 1oy B 10
MIJITHOHOB KeJIbBUHOB. To4HbIe Bbruucienus Jaror snadenne 1) = 14 MUJJIMOHOB KEJIHLBUHOB.
U3 opmyiet (6.4) creryer, HATpUMED, 9TO TEMIIEPATYPa HeJIp MACCHBHBIX NOPAYNX (HA IIOBEPX-
HOoCTH!) 3BE3]| CHEKTPAJBHOTO Kjacca B paza B 2—3 BBl TeMIepaTypbl COJHEIHBIX HEJD, B
TO BpeMs KaK y KPaCHBIX KapPJUKOB IEHTPAJIbHbIE TEMIIEPATYPhl Pa3a B 2—3 HUXKE COJTHEIHDIX.

CymecTBenno, uro Temueparypa ~ 107 K xapakTepHa He TOJIBKO IS CAMBIX IEHTPAIBHBIX
obJtacTeil 3Be3/, HO M JIJIT OKPY2KAIOIIEro IEHTP 3Be3JbI OOJIBIIOro obbeMa. Y UNThIBasd, 9TO
IIOTHOCTH 3BE3JIHOI'O BEIECTBa PACTEeT 110 HAIIPABJIEHUIO K IIEHTPY, Mbl MOYKEM CJIeJIaTh BBIBO/I,
9TO OCHOBHAA JaCTh MACCHI 3BE€3/IbI MMEET TEMIIEPATYPY, BO BCAKOM CIyYae MMPEBBIIAIONTYIO ~ D
MUJIJTHOHOB KeJIbBUHOB. K¢/ MBI errie BCrmoMHUM, 9T0 O4JIbINas 9acTh MacChl BeereHHOM 3aKTi0-
YeHa B 3Be3JlaX, TO HAIPAIIUBAETCA BBIBOJ, YTO BEIIeCTBO BceieHHol, KaK IpaBUjIo, ropsyee
u mioraoe. Crie/lyer, OHAKO, K 3TOMY J00aBUTh, UYTO peUb UJET O cospemennoli Beerennoit: B
JIAJIEKOM IIPOIILJIOM 1 OYIIyIIIeM COCTOsiHMe BellecTBa Beesiennoit 06110 1 Oy/1eT COBCEM JIPYTHUM.
O6 3TOM pedb IIa BO BBEJIEHNN K 9TOH KHUTE.
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§ 7. KAK U3JTVUYAIOT 3BE3/1HI7

[Ipu TemmepaType MopsiJika JeCATH MUJIJIUOHOB KEJILBUHOB U JIOCTATOYHO BBICOKON IIJIOTHO-
CTH BEIECTBa HeJIpa 3BE3/IbI JIOJI?KHBI OBITh «HAIIOJHEHBI» OIPOMHBIM KOJTHIECTBOM H3JIy YCHUSI.
KBanTbI 9TOTO M3JIyUeHUsT HEIPEPBIBHO B3aUMOJIEICTBYIOT C BEIIECTBOM, IIOIJIONIASACH U IIepe-
nz3jydasgch uM. B pesysbrare TaKMX IMPOIECCOB IOJI€ U3JIyUYEeHHd TPUOOPETAET PasHOGECHbL]
xapakTep (CTpOro roBopsi, nowmu PaBHOBECHBII XapakTep — CM. HUXKE), T. €. OHO OIHCHIBALT-
cs u3BecTHOM bopmyitoit [Lnanka ¢ mapamerpom 1, paBHBIM Temiepatype cpejbl. Hampumep,
IJIOTHOCTH U3JIyUeHUs] Ha JacToTe V B eJIMHUIHOM MHTEPBaJEe IaCTOT paBHA

B SThv3 1

Uy =
v 3 /KT _ 1’

(7.1)

B TO BpEMd KaK IIOJIHasd IIJIOTHOCTb M3JIYYICHUA 3a/JaCTCdA M3BECTHBIM 3aKOHOM CTeraHa. -

Boabmmana

4
w=971 (7.2)

c
BazxHoil XapaKTepUCTUKON TOJI U3JIyUYeHUSA SABJIAETCHA €r0 UHMEHCUSHOCTMb, OOBITHO 0003HAYA-
eMag cumBosioMm [y. Ilociennsasa omnpesernsgercsa Kak KOJHYECTBO SHEPTHH, MIPOTEKAIOIIee Yepe3
IJIOMIAJIKY B OJIMH KBa/JIPATHBINI CAHTUMETD B €IWHUYHOM WHTEPBAJE YaCTOT 3a OJIHY CEeKYyH-
JIy BHYTPH TeJIECHOTO yIJia B OJIMH CTePaJMaH B HEKOTOPOM 3aJlaHHOM HAIIPABJIEHUU, TPUIEM
IJIONTQ/IKa TEPIEHINKYIIpHA K 9TOMY HalpaBjeHuto. Ecim jij1g Bcex HapaB/IeHn BeJIMYNHA
WHTEHCUBHOCTHU OJIMHAKOBa, TO OHA CBA3aHa C IJIOTHOCTHIO U3JIyYeHUs ITPOCTHIM COOTHOIIEHUEM

C
= —Uy.
410"

AH&J’IOFI/I‘{HO, [IOJIHAs MHTEHCUBHOCTDL | CBA3aHa C IJIOTHOCTBHIO N3JIydeHusd U BbIpazKCHHUEM

Iy (7.3)

c
I =—u. (7.4)
4m
Haxkomner, ocoboe 3uavenme 71 mpoOIeMbl BHYTPEHHETO CTPOEHUS 3BE3]] UMEET NOMoK U3AY4e-
HuA, obo3HaUaeMblil OykBoit H. Mbl MOXKeM OIpee/TUTh 9Ty BAXKHYIO BEJIUUUHY Yepe3 MOTHOe
KOJIMYECTBO SHEPIUH, IMPOTEKAOINIEl HApYykKy dYepe3 HEeKOTOPYI0 BooOparkaeMyio cdepy, OKpy-

JKAIONTYIO TIEHTP 3BE3/IhI:
L = 410%H. (7.5)

Ecyii sueprus «pou3BoUTC» TOJBKO B CAMBIX BHYTPEHHUX 00/IACTAX 3BE3JIbI, TO BeJImIuHa L
OCTaeTCs IMTOCTOSIHHOM, T. €. He 3aBUCUT OT IIPOU3BOJILHO BhIOpaHHOTo pajnyca r. [lonaras r = R,
T. €. PAJINYCY 3BE3JIbl, MbI HaEM CMBICT L: OUE€BUIHO, STO IMPOCTO CEEMUMOCMH 3BE3AbI. ITO

JKe KacaeTcs BeJIMYMHbI HoToKa H, To oHa MeHsgeTcs ¢ TIyOHHOI Kak 1~ 2.

Ecii 6bI MHTEHCUBHOCTD U3JIyUYeHUs [0 BCEM HAIPABJIEHUsIM ObLIa cmpozo 00unakosa (T.
€., KaK TOBODAT, TI0JIe U3JIydeHus ObLIO Obl uzomponuwvim), TO MOTOK H ObL1 ObI paBeH Hy-
mol. DTo Jerko IOHATH, eCIi IPEeJICTABUTL, YTO B H30TPOITHOM II0jIe KOJIMUECTBO M3/IydeHusd,

1I/II\/IeHHO IO 3TOM OPpUYINUHE ITIOTOK PEJIMKTOBOI'O U3JIyIYCHUA Bcenennoix (KaK 9TO HU HapaAOKcaano) II04YTHU
paBeH HYJIIO. «Ilogarm» IIOTOMY, 9YTO MOT'YT OBLITHL HE3HAUYUTE/ILHELIE OTKJIOHEHUS OT CTpOI‘OfI HU30TPOIINH.
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7. KAK U3JIVYAIOT 3BE3/bI7

BbITEKaroIee depe3 cdepy MPou3BOJbHOIO PAUYCa HAPYHCY, PABHO KOJUIECTBY 6mekarouet
BHYTPb 3TOI BooOpazkaemoii cepbl sHeprun. B yc/IOBUSX 3BE3IHBIX HEJpP TOJIE U3JTydeHUs
nowmu WM30TPOIHO. DTO O3HAYaeT, 4TO BejaumunHa [ mogasistiomie mpeBocxoanT H. B srom
MBI MOXKeM ybeauThest Henocpejcrsenno. Cormacno (7.2) u (7.4) npn T = 107 K I = 10%
spr/cm? - ¢ - cTep, a KOJIMYeCTBO M3JIyUeHUs, IIPOTeKaolee B KAKOM-HUOY/Ib OJJHOM HallpaBJie-
Huu («BBEPX» WM «BHU3» ), OyJeT HecKoJabKo Gosbine: F = T = 3 - 10% spr/cm? - ¢. Mexy
TEeM BeJIMYMHa IIOTOKa M3JIYICHUA CO.HHL[& B ero L[eHTpa.HbHOfI qJacTu,. F,ZLe—HI/I6y,ZLb Ha pacCToA-
aun ~ 100 000 KM OT ero 1eHTpa (9T0 B ceMb pa3 MeHbIIe COJTHETHOIO paJiuyca), 6yaerT paBHa
H = L/410? = 4-10%/10*' = 4 -10'2 spr/cm? - ¢, T.e. B ThiCAYy MUJLIMADJIOB Pa3 MeHbIIIe.
D10 OOBSICHAETCS TEM, YTO B COJHEUHBIX HEJPaX MOTOK U3JIyYeHUs Hapy:Ky («BBEpX») IIOUYTH
B TOYHOCTU PaBeH MOTOKY BHYTDPb («BHU3» ). Bee jiesio B oM «mourns». Huuroxknasi pasuuia
B MHTEHCUBHOCTHU IIOJIA M3JIYHYCHHA W OIIpeJe/ideT BCIO KapTUHY H3JIyYeHU:d 3BE3bI. I/IMeHHO
110 9TOI MPUYMHE MbI CJIeJIAJIA BBIIIE OFOBOPKY, YTO T0JIe M3/Iy9eHUs OYTH paBHOBecHO. [Ipu
CTPOTO PaBHOBECHOM TI0JI€ U3JIy9YeHNsT HIKAKOIO ITOTOKa N3JIydeHns He Mo/KHO ObTh! Eie pas
[OTYEPKHEM, YTO OTKJIOHEHHS PeabHOIO IO U3JIyUYeHUd B HeJpaxX 3Be3J[ OT ILJIAHKOBCKOTO
COBEPINEHHO HUYTOXKHBI, YTO BUHO U3 MaJocTh oTHomenusa H/F ~ 10712,

[Ipu T ~ 107 K MakcuMyM 9HEPTUN B IJIAHKOBCKOM CIIEKTPE HPUXOIATCA Ha PEHTTEHOBCKTIl
JINAITA30H. DTO CJIEYeT U3 XOPOIIO U3BECTHOIO M3 JEMEHTAPHON TeOpHM W3JIydeHWs] 3aKOHA
Buna:

AT = 0,288, (7.6)

rie A, — JUIMHA BOJIHBI, Ha KOTOPYIO HpUXoauTca MakcuMmyM dbynkuun Ilnanka. [Ipu T = 107
KA, =3-107% cM nwom 3A — TunmusbIil peHTreHOBCKHil jnanas3oH. KosmdecTBo JIy4ncroit
SHeprun, 3akjodeHHoil B Hegapax CosHia (MM KaKOH-HUOY/Ib JAPYToil 3Be3/bl), CUIbHO 3aBHU-
CHT OT pacIpeJieIeHIs TeMIIepaTyphl ¢ TIyounoil, Tak Kak v o< 1. Todnas Teopus 3Be3HBIX
HE/JIP TO3BOJIAET MOJIYUYATh TaKyI0 3aBUCHMOCTD, OTKY/Ia CJIeIYeT, 9TO y HAIEro CBETHUJIA 3aI1ac
ayuaucroit speprun okos1o 10%° spr. Ecim 661 HUYTO He CIep:KUBAI0 KBAHTHI 9TOTO YKECTKOIO U3-
JIy9eHUsI, OHU 3a Tapy CeKyH MoKuHy i Obl COJTHIE 1 9Ta TIy/I0BUINHAS BCIIBINIKA, HECOMHEHHO,
COKTJTa OBI BCE JKUBOE Ha TIOBEPXHOCTH 3eMJIU. DTO HE MIPOUCXOUT TIOTOMY, UTO U3JIydeHne OyK-
BaJIbHO «3arepTo» BHyTpu Cosaia. Orpomuas ToJia BerectBa COTHITA CIYKUT HAJIEKHBIM
«Oydepoms. KBaHTbHI n3stydenns, HEIPEPbIBHO U OYEHb YACTO MOTJIONIAACh ATOMaMU, HOHAMHU U
9JIEKTPOHAMH ILJIA3MbI COJTHEYHOT'O BEIECTBa, JIUITb YPE3BBIYAITHO MEJIJIEHHO ITPOCAYMBAIOTCS »
Hapyxky. B mporiecce Takoii «uddy3un» OHE CYIIECTBEHHO MEHSIOT CBOE OCHOBHOE Ka4eCTBO —
sHepruio. Eciin B HeJipax 3Be3/I, KAK Mbl BUJIEIN, UX SHEPIUA COOTBETCTBYET PEHTTEHOBCKOMY
JIMAIa30Hy, TO C HOBEPXHOCTH 3Be3/Ibl KBAHTHI BBIXOJAT YK€ CHJIBHO <«OTOIIABIIMMHU» — HX
SHEPIUs yKe COOTBETCTBYET IPENMYIIECTBEHHO OINTUYECKOMY JIMAIa30HY.

BosHEKaeT OCHOBHOH BOIIPOC: UeM OIPEJIe/ISeTCs CBETUMOCTD 3Be3JbI, T. €. MOITHOCTD ee
usinyyenns? IlogeMy 3Be3/a, UMelolas OIPOMHBIE PeCypChl SHEPIHH, TaK <«9KOHOMHO» PacXo-
JIyeT WX, Tepss U3 9TOTO «3allaca» Ha 3JIydeHHe JIUIIb MAJIylo, XOTs U BIIOJIHE OIpe/Ie/IeHHYIO
yacTh? Bble Mbl ONEHUIN 3alac JIydUcToll sHeprun B Heapax 3pes. CielyeT UMeTh B BULY,
YTO 3Ta HEPIHUd, B3AUMOJIEHCTBYS C BEIeCTBOM, HEIIPEPLIBHO MOIJIOMACTCS U B TAKOM Ke KOJIH-
JecTBe BO300OHOBIIAeTCH. «PesepByapoMy /I «HAJIMYHON» JTyHHCTOH SHEPIUU B HEIpax 3BE3T
CIY’KUT MenA06as dHEePrus dacTHl] BemecTsa. He mpejcrabisger ocoboro Tpya ONEHHTDL Be-
JUYUHY Menao6oti snepeuu, 3amacentoil B 3sese. s onpeaenennoctu pacemorpum CostHire.
Cunras, 11 IPOCTOTHI, 9TO OHO COCTOUT TOJIBKO U3 BOJOPOJA, M 3HAA €ro Maccy, JIerKo HalTH,
9TO TaM HUMeeTcs IpHbM3UTeNsHo 2 - 10°7 gacTur, — mpoToHoB U 31eKTponos. IIpn Temmepary-
pe T' ~ 107 K cpeanss sHeprus, IPUXOJAIIAsACcS Ha OJHY YaCTHUILy, OyJIeT paBHa ng =2-107"
3pI, OTKy/a ciIejyer, uTo 3amac Tersosoit sneprun Cosnna Wy cocTaBiger BechbMa COJIUIHYIO
Besmniy ~ 4 - 10 spr. IIpu naGiioaeMoit MOIHOCTH COHEIHOrO u3iydenus Le, = 4 - 10%
spr/c sroro 3amaca xparaer Ha 10 cekyng mmm ~ 30 mummmonor Jer. Bonpoc cocrout B
tom, nogemy CoJIHIIE UMeeT UMEHHO Ty CBETUMOCTH, KOTOPYIo Mbl Habmogaem? Vi, 1pyruMu
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7. KAK U3JIVYAIOT 3BE3/bI7

CJIOBaMHu, IIOYEMY H&XO,HHMHﬁCH B COCTOAHHUN THAPOCTATUICCKOI'O PaBHOBECUA ra30Bblii arap
¢ Maccoit, paBaoii macce CoJiHITa, UMEET COBEPINEHHO OIpPEJeJeHHbBIN PajuyC U COBEPIIEHHO
OTIPEJIEJIEHHY IO TEMITEPATYPY MMOBEPXHOCTHU, ¢ KOTOPOI M3JIydeHne BBIXOIUT HapyxKy?! V6o cBe-
TUMOCTB JTI000# 3B€371bl, B TOM ducye u COJIHIA, MOXKHO MPEJCTABATH IIPOCTHIM BhIPAXKEHUEM

L = 4TR*aT?, (7.7)

rie T, — TeMIepaTypa coMHedHoi mosepxHocT' . Benn, B npuanune, CosHIle Ipy Tex ¥Ke Macce
U pajimyce Morjio 6ol mMeTh Temieparypy, ckaxkem, 20 000 K, u Torjma ero cBerumocTh ObLIa
66l B coTHE pa3 bosbire. OHAKO 9TOr0 HET, 9T0, KOHEYHO, He ABJISIETCA CIyJIailHOCTHIO.

Beriire MbI roBOpHIIN O 3altace TEIJIOBOW dHepTruu B 3Be3je. Hapsily ¢ TersoBoit sHeprueit
3Be3Jla pacroJjaraeT TakKKe COJUJIHBIM 3allacoM JIPYTUX BHJIOB Hepruu. lIpexk e Bcero pac-
CMOTPUM 2pasumayuontyto suepruto. [locaeanss onpepensercd Kak SHEPTUs I'PaBUTAIMOHHO-
ro MPUTSKEHUsT BCEX YACTUIL 3B€3/IbI MexK Iy co00ii. OHa, KOHEUHO, SIBJIAETCA NOMEHUUAALHOT
SHEprueil 3Be3/bl U UMeeT 3HAK MUHyc. UHCJIEeHHO OHA paBHA PadOTe, KOTOPYIO HYKHO 3aTpa-
TUTH, 9TOOBI, IPEOJIOJIeBas CUJIY TATOTEHUsI, «PACTAIUTH» BCE YACTU 3BE3/bl Ha OECKOHEYHO
0oJIbITIOE paccTosinue OT ee TeHTpa. OIEeHKY BeJIUYUHBI 9TOW SHEPIUM MOYKHO CJIe/IaTh, €CJIN
HafTH SHEPIUI0 IPABUTAIIMOHHOIO B3aUMOIEHCTBHS 3BE3/bI C CaMoii coboii:

GM?

48

Wy ~ ~ 410" spr. (7.8)
TounbIil pacdeT ¢ UCIOIB30BaAHUEM ITPOCTHIX METOIOB BBICIIEH MATEMATHKH JIA€T TPUMEPHO

BJ[BOE OOJIbINICE 3HAYUCHUE, IPHYEM CTPOTO BBINOJHACTCS COOTHOIICHNE, H3BECTHOE B MEXAHHUKE

KaK «Teopema O BUPUAJIe»:

oMy = —W,. (7.9)

PaccmorpuMm Tereph 3Be3/1y He B paBHOBECHOM, CTAITMOHAPHOM COCTOSHUU, & B CTaJIUNA ME/I-
JIEHHOTO CKaTug (Kak 9TO MMeeT MeCTO Jjisi IIPOTO3Be3/bl; cM. § 5). B mporecce cxkatus rpa-
BUTAIIMOHHAST SHEPTUsI 3BE3/bI MEJIJIEHHO YMeHbwaemcs (BCIIOMHUM, YTO OHa OTPUIATEIHHA).
Onnako, Kak 970 BUIHO u3 HopMmysbl (7.9), TOJBKO N0A06UHG BBIIEIUBINEHCS IDABATAIMOH-
HOIl SHEeprum NepeiieT B TEIIO, T. €. Oy/eT 3arpadena Ha Harpes BemiecTBa. /[pyras mojioBuna
BBIJIE/IUBINENCS SHEPTUN 00s3aTe/IbHO JIOJKHA NOKUHYMb 3Be31y B Buje naaydeHus. Orcroma
CJIEJTyeT, YTO €CJIU NUCTOYHUKOM SHEPTUU 3Ty UeHU s 3BE3/IbI SIBJISIETCS €€ C2KaThe, TO KOJTUIECTBO
U3JIyIeHHOI 3a BpeMs IBOJIIOIUN SHEPTUHU PABHO 3aI1aCy €€ TEIJIOBOU SHEPTHUU.

OcTapiisis IOKa B CTOPOHE OYE€Hb BarKHBIN BOIIPOC O IMPUYMHAX, 10 KOTOPBIM 3BE3/a UMEET
COBEPULEHHO ONPEIENeHHYI0 CBETUMOCTDb, CPa3y Ke IMOJYePKHEM, UTO €CJIM CUYUTATh MCTOYHU-
KOM 3HEPIUH 3Be3/IbI OCBOOOXK/ICHUE ee I'PABUTAIIMOHHON SHEPIUU B MIPOIECCe CXKATUSA (KaK 9TO
nosrarasn B KoHie XIX Beka), TO MbI CTOJKHEMCsI C OY€Hb CEPhe3HbIMU TPyAHOCTSIMU. Jleto
HE B TOM, UTO I obecriedenust HabJromaeMoi ceeTuMocTr paanyc CoJTHITA €3KeroHo TO0JKeH
YMEHBIIIAThC pUMepHO Ha 20 METPOB — TaKoe HUUYTO:KHOEe m3MeHeHue pasmepoB CoJiHIa co-
BpeMeHHasl TeXHUKa HabJIIogaTe IbHON acTPOHOMUN OOHAPYKHUTh HE B COCTOsHUM. TPyIHOCTH B
TOM, YTO 3amaca rpaBuTannoHHoi sHeprun CoJsHia XBaTHIO Obl JiMidh Ha 30 MUIIKOHOB JIET
U3JIyYeHns HAIlero CBETUJIA IPHU YCIOBUM, KOHEYHO, YTO OHO M3/IYyYa/iO B MPOIIJIOM ITPUMEPHO
Tak ke, Kak cefiuac. Ecim B XIX Beke, Korya ussecTHblil anrauiickuii usuk Tommcon (sop
KebBrUH) BBIIBUHYJI 3Ty «TPABUTAIMOHHYIO» IHIIOTE3Y MOJJIEPIKAHKS COJHETHOIO U3/Ty YeH s,
3HaHus 0 Bo3pacre 3emyn u CoJstHIIA OBLIM BeCbMa TYMaHHBIMH, TO ceiidac 9TO yKe He Tak.
[eosroruveckue ganubie ¢ OOJIBIION HAIEKHOCTHIO MTO3BOJISIIOT YTBEPKIATE, 9TO Bo3pacT CoJtH-
11a UCUNCJISIETCs 110 KpaiiHeil Mepe B HeCKOJIbKO MUJLINAPIOB JIET, 9TO B COTHIO Pa3 IIPEBBIIIAeT
«KEJIbBUHCKYIO MIKAJIY» JIJIS €0 *KIU3HHU.

!Tak Kax W3IydeHHe BBHIXOAUT HAPYXKY M3 CJIOEB 3Be3THON aTMocdephl ¢ HeCKOJLKO DPas3HON TiIyOGHHOL,
TeMIIEpPATyPbl KOTOPHIX HEMHOI'O OTJINYAIOTCS, 1, UMEET CMBICH «3(PDEKTUBHOI TeMIEPATYPhI».
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7. KAK U3JIVYAIOT 3BE3/bI7

Orcrosa ciieflyer OYeHb BAXKHBIN BBIBOJ, UTO HU TEIJIOBas, HU I'DABUTAIIMOHHASI SHEPIUs
HE MOTYT ODECIIednuTh CTOJb JauTe/bHoe u3nydenne COJHIA, & TaKKe IMOIAB/ISIIONEro 00Jib-
IITUHCTBA, IpyTruX 3Be37. Hal Bek y2Kke 1aBHO yKa3asl Ha TPETUil NCTOUYHUK SHEPIUU W31y ICHUST
CouHIla 1 3Be37, UMEIOIIMI pelnatoliee 3HaYeHne s Beeil Hameil nmpobsembl. Peub maer o
adeproti anepzuu (cMm. § 3). B § 8 Mbl Gosiee moJpoOHO U KOHKPETHO GyjIeM TOBOPUTH O TEX
SJIEPHBIX PEAKIINAX, KOTOPhIE TPOTEKAIOT B 3BE3/HBIX HEJIPaX.

Bemmunna samaca aiepnoit sueprun Wy = 0,008 Xc2M ~ 1052 spr npesbimaer cymmy
rpaBUTAIMOHHON U TerioBoit sueprun Cosaia 6osee gem B 1000 pas. To ke camoe oTHOCUTCS
U K IMOJIABJIAIONIEMY OOJIBIMUHCTBY JPYTUX 3BE3J. DTOrO 3araca XBATUT /IS MOJJCPKAHUS
m3ayuenus Cosnna na cro musummapaos jer! Konedno, orcioga me cieayer, To Costriie Oymer
U3JIydaTh B TEUYEHUE CTOJIb OIPOMHOIO IPOMEXKYTKA BPEMEHU Ha coBpeMeHHOM yposhe. Ho BO
BCSIKOM CJIydae siCHO, 9TO 3aI1acoB sijepHoro ropiotero y CosiHia u 38e371 6071ee 9eM JJ0CTATOIHO.

BaykHo 1m0/1M€pKHYTH, UTO sJIEpHBIE PEAKINH, MPOUCXosdime B Heapax CosHIA U 3BE3I,
SIBJISTIOTCST MEPMOAIEPHULMYU. DTO O3HATAET, UTO PEArMPYIOT XOTs U OBICTpbIe (& MOITOMY JI0-
CTATOYHO SHEPTUIHDIE) 3aPI?KEHHBIE TaCTUIIBI, HO BCE YK€ Menaosuvie. J1eio B TOM, ITO 9aCcTUITbI
raza, HarpeToro Ji0 HEKOTOPOl TeMIIepaTyphbl, IMEIOT MaKCBEAN060 pacnpedeseHue cropocmed.
[Ipu remmeparype ~ 107 K cpeinss sHeprus TeILIOBBIX ABUKeHHi udacTul, 6/mska K 1000
5B. Dr1a sHEprust CAUMKOM MaJia Jjis TOTO, YTOOBI, IIPEOJI0JIEB KYJTOHOBCKHAE CUJIbI OTTAJIKNBA-
HUsI TIPW CTOJIKHOBEHWW JIBYX $JI€p, TOMACTh B JAPYroe siIpO W TeM CaMbIM BBI3BATH SIJIEPHOE
npespartienne. Heobxommast sHeprus J10/2KHa ObITH 110 KpaiiHeil Mepe B JecaTKH pa3 OoJIbIIe.
Cy11ecTBeHHO, OJTHAKO, YTO IIPU MaKCBEJJIOBOM PACIIPE/IEJIEHUN CKOPOCTEl Beera HailyTCs da-
CTHUIIBI, SHEPIUsI KOTOPBIX OY/IET 3HAYUTEILHO MIPEBBINIATEL cpeinion. x, mpasa, OyaeT Malio,
HO TOJIBKO OHU, CTAJIKMBASICH C JIPYTUMU SIIPAMU, BBI3BIBAIOT sIICPHbBIE TTPEBPAIIEHUS U, CIe0Ba~
TeJIbHO, BBIJeJIeHne sHeprun. KomaecTBo TakKuX aHOMAJIBHO OBICTPBIX, HO BCE YK€ «TeILTIOBBIX»
SATIEP 6ECHMA YYBCMBUMEALHDIM 00PA30M 3AB8UCUM OM Mmemnepamypu. eeuiecmea. Kazamoch
Obl, P TAKOW CUTYAINH SJIePHbIE PEAKIINN, COITPOBOXK IAIONINECS BbIJIeJIEHUEM SHEPIUU, MOTY'T
OBICTPO MOBBICUTDH TEMIIEPATYPy BEIIECTBA, OTYEr0 B CBOIO 0YEPE/ib UX CKOPOCTb PE3KO yBEJIU-
YUBAETCS, U 3BE3J[a CMOIJIa Obl 38 CPABHUTEIBHO KOPOTKOE BPEMs M3PacXO0BATh CBOI 3arac
SITEPHOTO TOPIOYEro IyTeM YBeJWTeHUs] CBOel CBETUMOCTH. Bejb SHEpPTrust He MOXKET HaKamAU-
68aMbCA B 3BE3JE — ITO MPUBETIO ObI K PE3KOMY yBETUYIEHWUIO JABJIEHN ra3a W 3Be3/la IIPOCTO
B30pBaJIach Obl KaK MeperpeTrlil maposoit kores. [losroMy Bes BblieuBIIascd B HeJIpax 3BE3]
siJlepHasi SHePrusl JOJKHA IIOKUJIATH 3BE3/LY; 9TOT MPOIECC U OIPee/iseT CBETUMOCTD 3BE3/IbI.
Ho B ToM-TO 1 sieJ10, 9TO Kakue Obl HU OBLTN TEPMOsIJIEPHBIC PEAKITNH, OHU HE MOTYT UJITU B 3BE3-
Jie C TIPOU3BOJILHOM CKOPOCTHIO. Kak TOJIBKO, XOTst ObI B HE3HAUUTEIHHON CTEIeHH, TPOU30iiIeT
JIOKAJIBHBIHA (T. €. MECTHBI) pa3sorpeB BEIECTBA 3BE3JIbl, MOCJIe/IHee U3-3a BO3POCIIETO JIaBJIe-
HUS PAcwupumcs, oTaero coriacHo gpopmysie Kianeitpona nmpousoiifer oxaastcdenue. Ilpu sTom
CKOPOCTH SIJIEPHBIX PEAKIINIl cpa3y Ke yHaJieT U BEeIIeCTBO, TAKMM 00pa30M, BEPHETCHA K CBO-
eMy IE€PBOHAYAIHLHOMY COCTOSIHUIO. DTOT MPOIECC BOCCTAHOBJIEHUSI HAPYIIEHHOTO BCJIEJICTBUE
JIOKAJTBHOTO PA30TrPeBa TMIPOCTATHIECKOTO PABHOBECHS, KAK Mbl BUJIEIU PAHBIIE, HJIET BEChMa,
OBICTPO.

Takum 06pa3oM, CKOPOCTD AJIEPHBIX PEaKINil KaK Obl «IIOJCTPANBAETC» K PACIIPE/IETIEHUIO
TeMIlepaTypbl BHyTpH 3Be3/1bl. Kak 9T0 HE 3ByUHT NapaoKCcaJbHO, BEJIMYNHA CBETUMOCTHU 3B€3-
JIBI HE 3G6UCUM OT SITIEPHBIX PEAKITUil, IPOUCXO/ISINNX B ee Hepax! 3HaueHue sijiepHbIX PeaKIuii
COCTOUT B TOM, 9TO OHU KaK ObI n000epotcu6aom yCTAHOBUBIIHUIICS TEMIIEPATYPHBIN PEXKUM Ha,
TOM yPOBHE, KOTODBIN OIIPEeIe/IsieTCsl CTPYKTYPOil 3Be3/Ibl, obecrievdnBasi CBETUMOCTD 3Be3] B
TedeHne <«KOCMOTOHUYECKNX» HMHTEPBAJIOB BpeMeHHU. Takum oOpa3oM, «HOpMaJIbHAd» 3Be3Ja
(manpumep, CoJtHIe) SIBJISIETCS BEJTMKOJIEIIHO OTPEryTMPOBAHHON MAIMHOM, KOTOpas MOXKeT B
TeYeHUEe OIPOMHOIO BpEMEH! PAabOTATh B CTAOUIBLHOM PEXKUME.

Teneps MBI JIOJIKHBI TOJAORTH K OTBETY HA TOT OCHOBHOW BOIIPOC, KOTOPBIH OBLIT MOCTaB-
JIEH B HadaJje 3TOro maparpada: eciim CBeTUMOCTh 3BE3/bI HE 3aBUCUT OT HAXOJSIINXCA B Heil
HUCTOYHUKOB SHEPIUU, TO YeM Ke OHa ompejessiercsa’ UTobbl OTBETUTH HA ITOT BOIPOC, Ha-
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JIO TIPEK/JI€ BCEI'O MOHATH, KAKUM 00Pa30M B HEJIpaxX 3BE3/l OCYIIECTBIISCTCS TPAHCIOPTUPOBKA
(mepeHOC) SHEPIUM OT MEHTPATBHBIX dacTell K nepudepnu. VI3BeCcTHBI TpH OCHOBHBIX CIIOCO6A
[IepEeHOCa SHEPIUN: a) TeIIOIPOBOHOCTh, 6) KOHBEKIIUS, B) JIyYeHCIlyCKaHue. Y GOJIbINTHHCTBA,
3Be371, B ToM uncye u'y CostHita, MeXaHU3M IIePEeHOCa SHEPTUH Iy TEM TEIIOIIPOBOHOCTU OKA3bI-
BaeTCs COBEPIIEHHO He 3(MEKTUBHBIM 110 CPABHEHUIO C JIpyruMu Mexanuzmamu. Mckiouenue
COCTABJISIIOT HEJpa Oeavir Kapaukos, 0 KOTOpPbIX peub Oyiaer uaru B § 10. Konekius nmeer
MECTO TOTJIa, KOTJIa TEIIOBas SHEPIusl MePeHOCUTCA BMecTe ¢ BerecTBoM. Hampumep, conpu-
Kacalolluiicgd ¢ ropgdeil IIOBEPXHOCTHIO HAI'PETHIA I'a3 paclIupdAeTcd, OT 3TOI'0 €ro IIJIOTHOCTh
YMEHLWAEMCA U OH yJIAJIAETCs OT HArPEBAIOIIETO Tejla — MPOCTO «BCILIbIBaeT». Ha ero mecro
OIIyCKAaeTCs XOJIOJIHBIN ra3, KOTOPHIN ONSITh HarpeBaeTCs M BCIJIbIBaeT, U T. J. Takoil mporecc
MOXKET IIPU HEKOTOPBIX YCJIOBUSX MTPOUCXOIUTD JOBOJLHO OYypHO. Kro posib B caMbIX IEeHTpAJIb-
HBIX 00JIACTAX CPABHUTE/IHLHO MACCUBHBIX 3BE3]1, & TAKZKE B UX HAPYKHBIX, «I10/I(DOTOCHEPHBIX»
CJIOSTX MOXKeT OBITh BeChMa 3HAYMUTE/IFHON, O YeM pedub moijer Huke. OCHOBHBIM IMTPOIECCOM
IIepeHOCa SHEPTUN B 3BE3/IHBIX HEJIpaxX fABJISIETCSI BCE YKe AYUEeUCNYCKAHUE.

Mpr y2Kke TOBOPHJIM BBIIIE, UTO MOJIE U3JIYUCHHUS B 3BE3/HBIX HEJAPAX NOYMU U30TPOITHO.
Ecm mb1 BooOpaszum cebe maJiblii 00beM 3BE3IHOI'0 BEIecTBa IJie-HuOy/Ib B HEJIpax 3BE3JIbI, TO
MHTEHCUBHOCTD U3JIy9IeHUs, UIYIIEr0 «CHU3Y», T. €. 10 HAIIPABJIEHUIO OT IEeHTPa 3BE3/IbI, Oy1eT
IyTh-4yTh OOJIbINlE, YeM U3 MTPOTUBOIOJIOXKHOIO HanpaByeHus. VIMeHHO 110 9Toil MpuvinHe BHYT-
pU 3Be3bI UMeeTcst nomok usitydenus. OT 4ero 3aBUCUT Pa3HOCTh HHTEHCUBHOCTEH U3JTyIeHNS,
UJIYIIEr0 «CBEPXYy» U «CHHU3Y», T. €. MOTOK u3Jjyuenusi! BooOpaszum Ha MUHYTY, UTO BEIECTBO
3BE3JIHBIX HEJIP TOYTU Tpo3padHo. Torya depe3 HAIl 00beM «CHU3Y» OyJIeT MPOXOJUTL U3JIy-
JeHue, KOTOpoe BO3HUKJIO JIaJIEKO OT HEro, IJie-TO B caMOil MEeHTPAJILHOM 00/1acT 3Be3/1bl. Tak
KaK TeMIlepaTypa TaM BBICOKA, TO W MHTEHCUBHOCTBH OyJ/leT BechbMa 3HaunTes bHOU. Haobopor,
WHTEHCUBHOCTD, UJIYIIAas «CBEPXY», OyJIET COOTBETCTBOBATH CPABHUTETLHO HU3KOW TeMITepaType
HAPYKHBIX CJIOEB 3Be3/Ibl. B 3TOM BOOOparkaeMoOM cjiydae pa3sHOCTb MHTEHCUBHOCTEN M3JIyte-
HUS «CHU3Y» U «CBEPXY» OyJEeT BeCbMa BeJNKa U eif OyJIeT COOTBETCTBOBATH OIPOMHBIN N0OMOK
U3JTy YeHUS.

Teneps npencraBuM cebe JPYryio KpailHOCTh: BEIIECTBO 3Be3/bI OYeHb HermpospadHo. To-
rJla U3 JIAHHOTO OObeMa MOXKHO <«BHJIETh» TOJBKO HA PACCTOsIHEE HOpsiiKa [/xP, T1e »x —
K03 DUIIEHT TOTIIONEeHN, PACCUNTAHHBIN Ha euHnIy Macchl'. B menpax CosHIa BesmdnHa
[/»p 6mmska K ofgHOMY MuIIMeTpY. Jlaske cTpaHHO Ha MEPBBINA B3IVISI, YTO Ia3 MOMKET ObITh
HACTOJIBKO HEeIpo3padHbIM. Beab MBI, HAXO/IICh B 3eMHOI aTMocdepe, BUIUM IIPEIMEThI, Vila-
JIEHHBbIe Ha JecaTku KujgomeTpos! Takast orpoMHas HEIPO3PAaYHOCTH Ia3000Pa3HOTO BEIECTBA
3BE3/IHBIX HEJP 00bSCHSIETCS €ro BBICOKOH ILJIOTHOCTBHIO, a TJIABHOE — BBICOKOI TeMIlepaTypoii,
KOTOpas JeJIaeT ra3 MOHU30BAHHBIM. fICHO, YTO pa3Huiia B TEMIIEPATyPe Ha TPOTIKEHUT OTHOTO
MUJLIIMETPA JI0JI2KHA ObITh COBEPIIEHHO HUITOXKHOM. e MoxKHO rpy0o OlleHUTh, cunuTas mnepe-
a1 TeMrepaTypbl oT 1eHTpa CoJiHIa K ero MOBepXHOCTH paBHOMEpPHBIM. Torma mosydaercs,
YTO Pa3HOCTH TEMIIEPaTyp Ha PacCTOsHUM 1 MM OJIM3Ka K OJIHOI CTOThICAIHOM rpajyca. CooT-
BETCTBEHHO 3TOMY, HUUTOXKHO# Oy/IeT U PasHUIla MeXK/ Iy HHTEHCUBHOCTBIO 3Ty IeHHST, UTYIIEro
«cBepxy» u «cHuzy». CJie/IoBaTeIbHO, MIOTOK M3JIyueHus Oy/1eT HUYTOXKHO MaJl 10 CPABHEHUIO
C UHTCHCUBHOCTDBIO, O 9Y€M D€Yb y2Ke€ IIIJIa BbIIIC.

Takum 0Opa3oM, MBI IIPUXOINM K BayKHOMY BBIBOJLY, UTO HEIIPO3PAYHOCTH 3BE3/IHOIO BeIlle-
CTBa OIPEJIeIsieT MPOXOAANINNA Yepe3 Hero nomok U3AyUdeHUs, a CIeJ0BaTe/IbHO, CBETUMOCTh
3Be3/1bl. UeM OO0JIbIlle HEeIPO3PATHOCTh 3BE3IHOIO BEINecTBa, TeM MEHbBIIe MOTOK W31y YeHHs.
KpOMe TOr'o, IIOTOK M3JIYYEHHUA JOJI2KECH, KOHECYIHO, €Ile 3aBUCETh OT TOI'0o, KakK 6bICTpO MEHIET-
¢ TeMmIepaTypa 3Be3/Ibl ¢ riyouHoii. BooOpasum cebe HArpeTblil ra30BbIi I1ap, TeMIieparypa
KOTOPOT'O CTPOTO TocTosinHa. COBEPIIEHHO OYEBHTHO, UTO B 9TOM CJIydae MMOTOK U3JTyUeHUsd ObLT

'KoshdUIuenT morIomeHns BelecTBa OmpeIeIseTcs cJeAyIomuM o6pasoM. IIycTh MBI IMeeM HeKOTOPHIH
CJIOi BeIeCTBa C OY€Hb MaJjoi TOMIMMUHON [ 1 mwIoTHOCTHIO P. Ilocite mpoxXoXKeHst 9TOro €10 MHTEHCUBHOCTH
M3JIy9eHNs YMEHBINUTCA Ha Beauanny [ sl. [Ipu aTom mpesmosaraeTcss, 970 caM CJIOM He U3JIyTIaeT.
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Obl paBeH HYJII0 OE30THOCUTEILHO K TOMY, BEJIUKO WJIA MAaJIO MOIJIOIIeHNE u3/iydeHus. Bejb mpu
JIIOOOM 3¢ MHTEHCUBHOCTD U3JTyYEHUsI «CBEPXy» OyJIeT paBHA MHTEHCUBHOCTH W3JIyYEHUS <«CHU-
3y», TaK KaK TeMIIEpaTypbl CTPOTO PaBHBI.

Terepb MbI BIIOJIHE MOXKEM IOHATH CMBICJ TOYHON (DOPMYJIbI, CBA3BIBAIOIIEH CBETHMOCTH
3B€3/Ibl C OCHOBHBIMH €€ XapaKTEePUCTUKAMU:

L, =4m?=— (=), (7.10)

i€ CUMBOJI Cfi—f O3HAYaeT U3MEHEHHE TEeMIIEPATYPBI [P IIPOJIBUKEHUK HA OJUH CAHTUMETDP OT
1enTpa 38e3/bl. Kem Obl TemmiepaTypa Oblia CTPOTo IMOCTOSHHOM, TO ‘fl—:: ObLI0 OBl pAaBHO HYJIIO.
®opwmysia (7.10) BBIpazkaer TO, 0 YeM yiKe IIa pedb Bbie. [IoTok mamydenns or 3Be3jpl (a
CJIeJIOBATEJIBHO, €€ CBETUMOCTD) TeM GOJIbIIe, YeM MEHbIIe HEITPO3PavYHOCTDb 3BE3/IHOIO BElecTRa,
U CUJIbHEe Mepernaji TeMIepaTypbl B 3BE3/IHbIX HeIpax.

@opwmyita (7.10) O3BOJISIET TIPEKJIE BCETO TIOJIYYUTh, CBETUMOCTD 3BE3/IbI, €CJIU OCHOBHBIE €€
XapaKTEePUCTUKHU W3BeCTHBI. Ho mpexk e 4eM rnmepeiiTu K 9ucIeHHBIM OIeHKaM, MbI 9Ty (DOPMYJTy
npeobpasyem. Boipasum T 4epes M, ucnosbzys dopmyay (6.2), u npumenm, uto p = 3M /4TR3.

Torxa, nomaras 2L ~ L Oy1eM uMeThb

dr r’
I 160Gt
 9A%¢

XapakTepHOoil 0COOEHHOCTBIO MOJIYIeHHOM (POPMYJIBI SIBJISIETCS TO, UYTO U3 Hee BbIIAJIA 3aBU-

M?. (7.11)

CUMOCTH CBETUMOCTH OT PAJIUYCa 3Be3/Ibl. XOTdA 3aBUCUMOCTDb OT CPEJIHET0 MOJIEKYIAPHOTO Beca
BeINeCTBa 3BE3/IHBIX HEJIP JIOBOJILHO CUJIbHAS, caMa BeJInInHa WU, 771 OOJILIITMHCTBA 3BE3.1 MEHsI-
eTcs B He3HAUYUTEbHBIX ITpejestax. Herrpo3padHocTh 3B€3HOTO BEIECTBA ¥ 3aBUCUT B IIEPBYIO
odepesb OT HAJNYNSA B HEM TSZKeJIBIX 3JIEMEHTOB. /[es10 B TOM, 4TO BOJIOPOJI U TeJINil B YCTIOBUAX
3BE3/IHBIX HEJIP NOAHOCMBI0 NOHU30BAHBI U B TAKOM COCTOSHUU IOIJIOIIATH U3JIydYeHHUe IOYTH
He MOryT. Besib jijist TOro, 9TOOBI KBAHT W3JIyU€HUsI OBL IMOTJIOIIEH, HEOOXOIUMO, ITOOBI €ro
SHEPrus ObLIa MOJTHOCTHIO U3PACXOI0BAHA Ha OTPBLIB JIEKTPOHA OT sijipa, T. €. Ha MOHUBAIIHIO.
Ecnum ke aToMBI BOJIOPOJa U TeHs MOJTHOCTHIO NOHM30BAHbBI, TO, BBIPAyKasdCh MIPOCTO, U OTPHI-
BaTh Hedero!'. Muoe sesio Tsizkesble sneMeHThbl. OHE, KaK Mbl BHIEIH BbIIIE, COXPAHSAIOT elle
YACTh CBOUX JIEKTPOHOB Ha CBOUX CAMbBIX BHYTPEHHUX 00O0JIOYKAX U MOITOMY MOTYT JIOBOJIHLHO
s dexTuBHO nOTIOMATHL U3AyUeHne. OTCIO/Aa CIE/YeT, YTO XOTs OTHOCUTEIbHOE COJIEPIKAHUE
TSI?KEeJIbIX 3JIEMEHTOB B 3BE3/IHBIX HeJpax MaJlo, UX POJib HEIIPOIIOPIIMOHAJIBHO BeJIUKa, TaK KakK
B OCHOBHOM MMEHHO OHM OIIPEENSAIOT HEIIPO3PAYHOCTh 3BE3/THOI'O BEIECTBA.

Teopust TPUBOAUT K MIPOCTOI 3aBUCUMOCTHU KOIPDUITNEHTA ITOTJIOINIEHNs OT XapaKTEPUCTUK
BemectBa (opmyna Kpamepca):

BameTum, oJHAKO, 9TO 3Ta (hopMyJIa HOCUT JIOBOJIBHO IPUO/IMKEHHBIN XapakTep. Bee ke u3
Hee CJIEJYeT, UTO MBI He CIIeJIaeM OYeHb OOJIBIION OMMMOKM, €CJIU ITOJIOKIM BeJIMYUHY > HE OYCHb
CUJILHO MEHSIONIEHiCs OT 3Be3/1bl K 3Be31¢e. ToUHbIe pacyeThl MOKA3LIBAIOT, UTO JJId TOPSAUNX Mac-
CUBHBIX 3B€3, > ~ 1, MEXKJy TeM Kak JJIs KPACHBIX KapJIMKOB 3HadeHue s pas3 B 10 Gosbie.
Takum obpazom, uz dopmyssl (7.11) ciemyer, 9T0 CBETHMOCTh «HOPMAJIbHOI» (T. €. HAXO/Id-
Imieficsi B pABHOBECHH HA DJIABHOI TI0CTIEI0BATEIHLHOCTH ) 3BE3/IbI B IIEPBYIO OY€Pe/Ih 3aBUCHT OT
ee Maccel. ECam oacTaBuTh YUCIeHHOE 3HAYeHNE BCeX BXOAANMX B hopMy sy KO3(hPUIMEHTOB,
TO ee MOYKHO IIePEIICATh B BUJIE

L LMY
= o~1o00t () (7.13)

LCymectByer eme cnenuduuecKnil MEXaHU3M IIOIVIONCHHA U3JIyYeHNs IIOJHOCTHIO MOHH30BAHHBIM I'a30M
(«cBOGOIHO-CBOBOIHBIE [IEPEXOJIbI» ), HO Y 3Be37, cXoAHbIX ¢ COJIHIEM, 9TOT MEXaHU3M HECYIIECTBEH.
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Puc. 7.1. Cxema, mosicCHATOMAS KOHBEKITMIO Ta3a B HEJPAX 3BE3JIHI.

Ota dopmysia JaeT BO3MOKHOCTD OIPEJIETUTh a0COA0MH0e 3HATEHNE CBETUMOCTHU 3BE3/IbI,
ecin m3BecTHa ee Macca. Hampumep, g CostHIIA MOXKHO TPUHSATH, 9TO KOI(MD@UIIMEHT TTOTJI0-
menns s ~ 20, a cpejHaa MoseKynspHas Macca M = 0,6 (cm. Beme). Torna L/Lg = 5,6.
Hac He jio/KHO cMyImaTh TO 00CTOATENLCTBO, 4TO L/Lc) He 1OJIyYHIoch PaBHBIM €JIIMHHMIIE.
DT0 00bICHSIETCsT IPEe3BbIUaitHON IPyOOCTBIO Hareil Mojesn. TouHble pacueTsl, yINThIBAIOIINIE
pacupe/esenue Temreparypbl CosnIia ¢ riybuHoit, naoT 3uadenne L/ Lz 61m3Koe K eIHHuIe.

OcHosHo# cMbIcs dopmyiibl (7.13) cocTouT B TOM, YTO OHA JIAET 3aBUCUMOCTH CBETHMOCTH
3Be3JIbI TJIABHOM TOC/IE0BATEILHOCTU OT ee Mmacchi. 11oaromy dopmyna (7.13) obbdHO HA3BI-
BAaeTCsl «3aBUCUMOCTbH Macca — CBETUMOCTh». Eie pas obOpaTum BHUMaHHE HA TO, 9TO TaKasl
BayKHellIIas XapaKTepUCTUKa 3Be3/Ibl, Kak ee paduyc, B 3Ty dhopMmysty He Bxoaut. Her n namexa
Ha 3aBUCHUMOCTb CBETUMOCTH 3Be3JIbI OT MOITHOCTU UCTOYHUKOB HEpruu B ee Hegpax. [locre-
Hee 0OCTOATE/ILCTBO MMEeT MPUHIMIHAJIbHOE 3HadeHne. Kak Mbl yzKe MOTYEepPKUBAJIA BBIIIE,
3Be3/la JIAHHOM Macchl KaK Obl caMa peryjupyer MOIIHOCTh MCTOYHUKOB SHEPIUHU, .KOTOPbIE
«TIOJICTPANBAIOTC» TI0JT €€ CTPYKTYPY U «HENPO3PATHOCTDY.

3aBUCHMOCTD «MacCa — CBETHMOCTh» ObLIa BBIBEJCHA BIIEPBHIE BBIIAIOIIUMCS aHTTUHCKIM
ACTPOHOMOM 3 JIJIMHI' TOHOM, OCHOBOIIOJIOYKHUKOM COBPEMEHHBIX TEOPHil BHYTPEHHETO CTPOCHUA
3Be3/. DTa 3aBUCUMOCTD Oblla HafiJeHa UM TEOPETUYEeCKU U TOJBKO BIIOCJIE/ICTBUU ObLIa TOI-
TBEp2KJieHa Ha obmupHOM HabJojaTesbuoM Marepuase. Coryiacue 3Toit (hOPMYJIbI, TOJIYUI€H-
HOM, KAK MBI BU/JIEJIA BBIIIE, U3 CAMBIX IIPOCTBIX ITPEJIIOIOKEHUN, C pe3yabTaTaMu HabJIIoIeHU
B OCHOBHOM Xopoiree. HekoTopbie pacxoxKIeHus UMEIOT MeCTO JIjI OY€Hb OOJIBIITNX U OYeHb Ma-
JIBIX 3BE3JIHBIX Mace (T. e. /I POJyObIX TUTAHTOB M KPACHBIX KapsmkoB). OHAKO JajibHeilee
YCOBEPIIIEHCTBOBAHUE TEOPUH TTO3BOJIMJIO 3TU PACXOXKJIECHUA YCTPAHUT...

Bblie MbI IpUBEIN 3aBUCUMOCTD MEKY IMOTOKOM U3JIy9eHUsT U HepenaioM TeMIepaTyphl,
UCXOJIl U3 IPEIOI0KEHUS, ITO SHEPIUs IIEPEHOCUTCA U3 HEJP 3BE3/bI HAPY2KY TOJBKO ITyTeM
aydenciyckauus (em. dopmymy (7.10)). B Heapax 3Be3/] pH 9TOM BBITIOJHSAETCS YCIOBUE AY-
YUCMO20 PAGHOGECUA. DTO O3HAUAET, UTO KazKJIbIi 3JIEMEHT 0ObeMa 3B€3/IbI HOJIOMAET POBHO
CTOJILKO SHEPI'MH, CKOJILKO u3/rydaer. OHAKO TaKoe paBHOBECHE HE BCETJIA sIBJISIETCS YCmotiuu-
evim. 1logicaum 310 HA 1TpocTOM TTpuMepe. BoiaenM HeOOIBINON 31eMeHT 00beMa BHYTPU 3BE3-
JIbI U MBICJIEHHO TIEPEHeceM ero BBepx (T. e. OJIMrKe K MOBEPXHOCTH) Ha HeGOJIBINOE PACCTOSHUE.
Tak Kax 110 Mepe yJaJeHus OT IEHTPa 3Be3/bl U TeMIEpaTypa U JaBjeHne o0pasyolero ero
rasa Oy/IyT YMEHBIIATHCs, HAIl 0OObEM IIPU TAKOM HEePEMEIIEHIN JIOJIZKEH PaCIIupUThCsA. MoxkK-
HO CYMTATh, 9TO B IIPOIECCE TAKOrO HEPEMENICHIs MEeKLy HAIIUM OObeMOM M OKpPYIKaromiei
CpeJIoit He MPOUCXOAUT oOMeHa SHeprur. JIpyruMu cjioBaMu, paciiupenue o0bema o Mepe ero
[epeMeIeHnsi BBePX MOXKHO CUUTATh aduabamuueckum. DTO paciiuperue OyIeT MPOUCXOIUTh
TaKKM 00pa30M, UTO €ro BHyTPeHHee JIaBJIeHHe BCe BpeMsl Oy/IeT PaBHO BHEIIHEMY JIABJICHHUIO
okpyzKaoreil cpenpl. Ecam Mbl, 1ocjie nepeMernenns, MpejicTaBuM HaIll 00bEM ra3a «CaMOMYy
cebe», To oH JnbO BepHeTCs 0OpaTHO B IEPBOHAYAILHOE TIOJOKEHHE, JIUOO OYIeT MPOI0/IKATh
JaBuraThbesd Bepx. OT 9ero »Ke 3aBUCUT HAIllpaBJIEHUE JIBUXKEHHsT o0bema’

Ha puc. 7.1 npuBesena cxema, WLTIOCTPUPYIOIIAs HAIITY 3a/a9y ¢ 00beMOM ra3a. 3HadeHne
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7. KAK U3JIVYAIOT 3BE3/bI7

XapaKTEePUCTUK 00beMa U OKPYZKAIOIIEH CPeJIbl B IEPBOHAYAILHOM COCTOSTHUNA OOO3HAYMM WH-
JIEKCOM «1», & B KOHEYHOM — WHJIEKCOM «2». XapaKTepUCTUKUA 00beMa OTMETUM 3BE3JI0YKOIL.
Tak kak nepBoHavaIbHBIC XaPAKTEPUCTUKU 00bEMa, COBEPIIIEHHO HE OTJIUYAIUCH OT XapaKTepu-
CTHK OKPYKaIoIIeil cpeJibl, TO OYIyT UMETh MEeCTO PABEHCTBA

pT:pl, Pl*zph (714)

rie P u P obo3HavyaoT mI0THOCTL U JaBjenue. [locie Toro Kkak oObeM IepeMecTu/ics BBEPX
(myn, APYrUMU CJIOBAMU, «IIpeTepIieSl BO3MYIIEHUEe» ), TIPHYEM ero BHYTPEHHee JIaBJIeHIe yPaB-
HOBEIIIEHO JIABJICHUEM OKPY2KAIOIIEe CPe/Ibl, INIOTHOCTD €ro JIOJIZKHA, OTJINYATHCS OT IJIOTHOCTH
YKa3aHHOM CPeJibl. ITO O0bSICHIETCS TEM, UTO B IIPOIECCE MOIHEMa U PACIIUPEHUs HAIIEr0 00b-
eMa ero IJIOTHOCTh MEHsJIaCh 10 0COOOMY, TaK HA3BIBAEMOMY <«aHadaTUIecKOMy» 3aKOoHY. B
9TOM cirydae OyneM NMeTh

P, 1/y

— 1
= (7.15)

2* = P27 p; =P
riae Y = ¢,/¢, — OTHOIIEHHE YJEeJIbHBIX TEIJIOEMKOCTEll IIPU IIOCTOSHHOM JABJIEHHN U IIOCTO-
sSHHOM oObeMe. [[is mjteasbHOTO Ta3a, U3 KOTOPOI'0 COCTOUT BEIIECTBO «HOPMAJbHBIX» 3BE3],
¢p/¢y = 5/3. A Teneps mocMorpuM, 4TO y Hac Hosty4dmiocs. Ilocie mepemenienust oobema BBEPX
JIEHCTBYIOIIEe HA HEero JaBjIeHe OKPYKAaIOIIeil Cpe/ibl MO-1IPeKHEMY PDABHO BHYTPEHHEMY, MEK-
JIy TeM T'DaBUTAIMOHHAA CHUJIA, JEHCTBYIONAd Ha €JIUHUILY O0beMa, CTaja JIPYroil, TaK Kak
U3MEHUJIACHh NA0MHOCMb. Teneph sICHO, YTO €CIM 9Ta IMJIOTHOCTH OKaYKeTCd 60AbULe TIOTHOCTH
OKPYZKAIOIEell Cpejibl, 00beM HAYHET ONYCKAMbHCA 6HU3, TIOKa He 3afiMeT CBOEro IepBOHAYAJIb-
HOTO TOJIOYKeHus. Feyin Ke 9Ta IJIOTHOCTh B IpOIecce anadaTUIecKOrO PaCIINPEHUs] CTaJia
MeHbUE TUIOTHOCTU OKPYZKAIOIIEH CpeJibl, 00beM OyIeT npodoadtcamsb CBOE JBUKEHUE 66EPX,
«BCILTBIBas» TOJI eficTBueM CujIbl Apxumesa. B mepBoMm ciydae cocTosiane cpeibl Oyier yemoti-
YUBHLM. ITO O3HATAET, 9TO JII0OO0E, CJIyIailHO BOBHUKIIEE JIBUKEHUE Ta3a B cpejie OyaeT Kak Obl
«TIOJIABJIATLCS» U SJIEMEHT BEIeCTBa, KOTOPBIN Havyal ObLIO IMepeMeIaThCes, Cpa3y ¥Ke BepHeT-
cs HA CBOe IIpekHee MecTOo. Bo BTOPOM Ke Cjiydae COCTOSHUE CPEJIbl OYIET Heycmotuusim.
Maureiitiiee Bo3MytiieHne (0T KOTOPOro HUKOT/IA HEJIb3sl «3aCTPaXOBAThCs» ) Oy/Ier Bee OOJIbIie u
OoJIbIIIe yCcuIuBaThcd. B cpejie BOSHUKHYT OeCopsi/IOUHbIE JBUKEHUA I'a3a «BBEPX» U «BHU3Y.
JBrzKymmecs Macchl Ta3a OyIyT MEePEeHOCHTDH ¢ COOOU COeprKallylocsd B HUX TEIJIOBYIO SHEP-
ruto. Hactynur cocrosinue xonsexyuu. KonBekius odenb 9acTo HaOJIIOIA€TCA B 3eMHBIX YCJIO-
BusIX (BCIIOMHHUM, HAIPIMEP, KaK IPeeTcs Bojia B YaiiHUKe, TOCTaBJIeHHOM Ha mmTy ). [lepenoc
QHEPI'uun IIyTeM KOHBEKIUKW Ka4€CTBEHHO OT/IMYa€TCdA OT O6CY?KI[&BH.I€FOCH B IIpeAblAyHIIEM IIa-
parpade mepeHoca SHEPTruu IMyTeM JIydIenCIyCKaHus. B mocieneM ciiydae, Kak Mbl BUJICH,
KOJIMYECTBO MEPEHOCUMOI B TIOTOKE M3JIyUEHUsT SHEPIUU 02PAHUYeH0 HEITPO3ZPATHOCTHIO 3BE3/I-
HOro BemecTBa. Hampumep, eciim HepO3pavyHOCTh OYEHb BeJNKa, TO MPU JIAHHOM IIeperaje
TeMIIepaTypbl KOJMYECTBO IMEPEHOCUMON SHepruu OyaeT ckoJib yroguo mand. He tak obcrout
JIEJIO € TIEPEHOCOM SHEPIUU IIyTeM KOHBEKIH. VI3 caMoil CyIHOCTH 9TOr0 MeXaHu3Ma, CJIe/IyerT,
9TO KOJIMYECTBO HepeHOCI/IMOﬁ KOHBeK]_[I/IeIU/I OHEPIrn HUKaKUMH CBOMiCTBaMU CpeJbl HE OI'paHM-
IEHO.

B nepax 38371, KaK MpaBUIO, IEPEHOC SHEPTUH OCYIIECTBIIAETCS OCPEICTBOM JIYYEHCITYC-
KaHusg. DTO O0DACHICTC YCMOUUUBOCMbI0 CPEBI TI0 OTHOIIEHUIO K BO3MYIICHUSAM €€ <«Hero-
JaBrzkHOCTH> (eM. BBIIE). Ho ecTh B Hejpax psijia 3Be37] Takue CJIOM U JIazKe Tiejible GOJIbIIe
00J1aCTH, TJIe YCJIOBUE YCTONINBOCTU, KOTOPOE OBLIO MOJIYyYEHO BBIIIE, HE BBINOIHAETCA. B 3Tnx
CJIydasdX OCHOBHad YaCTb IHEPIruU IIEPEHOCUTCHA ITyTEM KOHBEKIIUU. O6BI‘-IHO 9TO 6bIBaeT TO-
T'Ja, KOI'la IIEPECHOC HEPIruu IyTeM JIYICUCITYCKaHUA I10 KaKI/IM—.HI/I6O IIpUIrHaM OKa3bIBaCTCA
OTpaHUYIEHHBIM. JTO MOXKET MPOM30NTH, HAIPUMED» TPHU CJUIIKOM OOJIBITION HEIIPO3PATHOCTH.

Bertite 661710 10Ty I€HO OCHOBHOE COOTHOIIIEHUE «MACCa — CBETUMOCTBY» M3 MPEJIITOIOXKEHNSI,
YTO MEPEHOC SHEPTUH B 3BE3JIaX OCYIECTBJIAETCS TOJIBKO IyTeM JIyYenCIycKanus. BosHukaer
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7. KAK U3JIVYAIOT 3BE3/bI7

BOIIPOC: €CJIN B 3BE3JI€ MMEET MECTO TaKKe IEePEHOC SHEPIUH IIyTeM KOHBEKIIUU, He HAPYITUTCS
Jin 91a 3aBucuMOCcTh? OKasbiBaercs, HeT! Jle1o B TOM, 9TO «IIOJTHOCTBIO KOHBEKTUBHBIX 3BE3]T»,
T. €. TAKUX 3BE€3]], Y KOTOPBIX ITOBCEMECTHO, OT IEHTPA JI0 MIOBEPXHOCTH, MEPEHOC SHEPTUU OCY-
IECTBJIAJICH OBl TOJTHKO ITyTeM KOHBEKITHIH, B IPUPO/IE HE CYIIECTBYET. Y peabHbIX 3B€3]] UMEIOT-
cst IubO JIMIIB OoJiee WM MeHee TOHKHE CJI0OU, JTUO0 OOJIbIITe 00JIaCTU B IEHTPE, I/ie KOHBEKITUS
Urpaer JOMUHUPYIOILYIO PoJib. Ho gocTtaTouno umeTh XOTs Obl Jlazke OJIUH CJIOW BHYTPHU 3BE3-
JIbI, TJIe ObI MEPEHOC SHEPIUU OCYIIECTBIIAICS JIYIEUCITYCKAHUEM, ITOOBI €ro HEelmpo3pPadHOCTh
CAMBIM pPaJINKAJIbHBIM 00PAa30M OTpa3m/Iach Obl HA «IIPOITYCKHOM CIIOCOOHOCTH» 3BE3/IBI 110 OT-
HOIIIEHUIO K BBIJIE/IsIIONIelicss B ee Heapax sHeprun. OaHAKO HaJIUINe KOHBEKTUBHBIX ODJ1acTei
B HeJpax 3Be3/[, KOHEYHO, U3MEHUT JYHCJIeHHOe 3HaueHue koaddunuentos B dopmyie (7.13).
DT0 006CTOATETHCTBO, B YACTHOCTHU, SIBJIAETCS OJIHOM M3 IIPUYHH, IIOUEMY BBIUUCIECHHAS HAMU 110
91oit hopmystie cBeruMocTh COTHITA TIOUTH B IISTh Pa3 MIPEBBINIaeT HADIIOIAEMYIO.

WNrak, 1Mo nmpuyduHe ONMUCAHHON BBIIIE CHEIU(MUICCKON HEYCTONINBOCTH, B KOHBEKTHBHBIX
CJIOSIX 3BE3JI MPOUCXOIAT KPYITHOMACIITaOHbIE JIBUXKEHUs ra3a. bojiee Harperble Macchl rasa
IIOJIBIMAIOTCSI CHU3Y BBEPX, B TO BpeMs Kak 00Jjiee XOJI0Hble omycKaroTcs. [IponcxoquT nHTEH-
CHUBHBII IIPOIECC IIepeMeNnBaHud BellecTBa. PacdeThl MOKa3bIBAIOT, OJIHAKO, YTO Pa3HUIA B
TeMIlepaType JABUKYIINXCA IJIEMEHTOB ra3a W OKPYZKalollell Cpeibl COBEPIEHHO HUYTOXKHA,
Bcero Jinib 0koyio 1 K — u 910 1ipu Temimepatype BelecTBa HeJIp MOPsIKa JeCATH MUJIIMOHOB
KeJIbBUHOB! DTO 00bICHSIIETCS TEM, 9TO caMa KOHBEKIIUS CTPEMUTCSI BHIPABHIUBATDH TEMIIEPaTypy
cioeB. CpesHsisi CKOPOCTD TOJHUMAOIIUXCS W OIIYCKAIOIIUXCsI Ta30BbIX MacC TaKyKe He3HaU-
TeJbHA — BCETO JINIIh TOPSAIKa HECKOJIbKUX JIECATKOB METPOB B ceKyHy. Ilojie3Ho cpaBHUTH
9Ty CKOPOCTDH C TEMJIOBHIMHU CKOPOCTAMH MOHU30BAHHBIX aTOMOB BOJIOPO/Ia B HeApax 3Be3], KO-
TOpBIE MTOPSIKA HECKOJIBKUX COTEH KIJIOMETPOB B CeKYH/Iy. Tak Kak CKOPOCTH JIBUKCHUS T'a30B,
YHaCTBYIOIUX B KOHBEKIINHU, B JIECATKH THICSIY Pa3 MEHbBIIE TEIJIOBBIX CKOPOCTEN YaCTHIL 3BE3/1-
HOT'O BEIECTBA, TO JaBJeHNE, BLI3bIBAEMOE KOHBEKTUBHBIMU ITOTOKAMU, TTOUTH B MUJLIUAP/L pa3
MEHBIIE OOBIYHOTO T'a30BOI0 JABJIEHUs. JTO O3HAYUAET, UTO KOHBEKIINSA COBEPIIEHHO HE BJIMIET
Ha TUJIPOCTATUYECKOE PABHOBECHE BEIECTBA 3BE3JIHBIX HEJNP, OIPEJie/ITeMOoe PABEHCTBOM CHJI
ra30BOr0 JIaBJIEHUS U I'DABUTAINU.

He ciieyer npejicraBisaTh cebe KOHBEKIINIO KaK HEKUN YIIOPsIOYEHHBIH Ipotiece, rie ob-
JIACTH TIOJTbeMa ra3a PEryyIspHO YepeayloTcs ¢ 0OJIACTSME €ro OIlyCKaHUs. XapaKTep KOHBEK-
THUBHOT'O JIBUZKEHUS HE «JIAMUHAPHBINY, & «TypPOYJICHTHBIN»; T. €. HOCUT KpailHe XaOTHICCKUII,
OecropsiIOYHO MEHSIONINIICA BO BPEMEHU W IIPOCTPAHCTBE XapaKTep. XaoTHIECKHil XapaKTep
JIBUKEHUS TA30BBIX MaCC MPUBOJIUT K ITOJTHOMY II€PEMENTUBAHUIO BEIIECTBA. DTO O3HAYAET, UTO
XUMUYECKUil cocTaB 00JIaCTU 3Be3/Ibl, OXBAYEHHOI KOHBEKTUBHBIMY JIBUKEHUSAMHU, JIOJI2KEH ObITh
onaopoaabiM. [locienee o6CTOATETHLCTBO UMeeT BechbMa OOJILITIOE 3HAYEHUE JIJIsT MHOTUX ITPO-
Os1em 3Be3/1HO# 3BoJTIOIMN. Hanpumep, ecyin B pe3ysbrare gepHbIX peakiinii B caMoil ropgyeit
(IeHTpaJIbHOl) YacTH KOHBEKTHBHON 30HBI XUMUIECKHUil COCTAB M3MEHUJICS (HAIIPUMED, CTAJIO
MeHbIIIe BOJIOPO/Ia, YacTh KOTOPOIO MPEBPaTHIACh B TeJHil), TO 3a KOPOTKOE BPEMs 3TO U3-
MEHEHUE PACHPOCTPAHUTCH Ha BCIO KOHBEKTUBHYIO 30HY. TaKMM 00Opa30M, B «30HY sJIEPHBIX
peakiuity — MEeHTPAIbHYIO 00J1aCTh 3BE3/Ibl — HEIPEPBIBHO MOXKET MOCTYIIATh «CBEXKEE» siIep-
HOE ropsyee, YTO UMeeT KOHeIHO, pelialonee 3HaueHue JIJ1s 9BOJTIONNHT 3Be3/1bl . B To e BpeMs
BIIOJIHE MOT'YT OBITh M TaKUE CUTYAIINH, KOTJIA B IEHTPAIBHBIX, CAMBIX TOPIYINX 00/IaCTAX 3BE3/TbI
KOHBEKIIMN HeT, YTO HPUBOJUT B IIPOIECCE IBOIOINU K PAJUKAIbHOMY U3MEHEHUIO XUMUYECKO-
ro cocraBa 3Tux obsacreit. O6 sTom OoJiee OAPOOHO OyIeT UaTH pedb B § 12.

13aMeTrM, ITO IPH TaKoi CHTYAIIH BOZOPO, «BEITOPAET» TONHKO BHYTPH KOHBEKTHBHON 30HDLI, MEXKIY TeM
KaK HapyzKHBbIE CJIOM 3BE€3/Ibl, IJie COCPEeIOTOYEHA OCHOBHAS YaCTh €€ MacCChl, He IIePEMEeNINBaIOTCA ¢ KOHBEKTUB-
HBIM JIPOM.
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§ 8. AJEPHBIE UICTOYHUKU SHEPTIMU U3JIVUEHNSA 3BE3/

B § 3 wmbr y2ke roBopmim 0 TOM, 4TO mcrouHukamu suepruu CoJiHIIA U 3Be3]1, obecredn-
BAIOIIUMHU X CBETUMOCTH B T€UEHUE TUTAHTCKUX «KOCMOTOHUYECKUX» IPOMEXKYTKOB BPEMEHH,
UCYUCJISIEMBIX JIJIsI 3Be3/[ HE CJUIIKOM OOJIBINON MACChl MUJITUAD/IAME JIET, sABJISIOTCA TEPMO-
syiepuble peakiyu. Ceffyac MbI OCTAHOBUMCSI Ha 9TOM BaXKHOM BOIIpoce 0oJiee TTOAPOOHO.

OcCHOBBI TeOpUU BHYTPEHHErO CTPOEHUsT 3BE3J1 OBbLIN 3a/I0YKEHBI D JJIMHITOHOM eIle TOT/IA,
KOI'J[a MCTOYHUKU WX SHEPrUu ObLIM He U3BECTHBI. MbI y2Ke 3HAeM, UTO Psij BayKHBIX Pe3YJib-
TaTOB, KAaCAIONIUXCS YCJIOBUS PABHOBECUS 3BE3J], TEMIIEpATypbl W JIaBJEHUd B UX HeEJIpax u
3aBUCHMOCTH CBETHMOCTH OT MaCChl, XUMHIECKOIO COCTaBa, (OMPEIETISAIONIEro CPeIHIA MOJIEKY-
JIPHBII BEC) W HEMPO3PATHOCTH BEIECTBA, MOT OBITh TIOJIYUeH 1 6e3 3HAHUsI TPUPOJIbI HCTOUHM-
KOB 3Be3/IHOIT Heprun. Tem He MeHee TOHUMAaHUE CYIIIHOCTU HCTOYHUKOB SHEPIUH COBEPIIIEHHO
HEOOXOIUMO It O0'bsICHEHUS JITUTETHHOCTU CYIIECTBOBAHUS 3Be3/l B MOYTH HEM3MEHHOM CO-
crosinuu. Ere 60jiee Ba2KHO 3HAYEHUE TPUPOJIbI HCTOYHUKOB 3BE3/IHOM SHEPIrUn Jjist TPOOJIEMBI
SBOJIIOINH 3BE3JI, T. €. 3aKOHOMEPHOI'O M3MEHEHHsI NX OCHOBHBIX XapaKTEePUCTHK (CBETUMOCTH,
pajimyca) ¢ TedeHHeM BpeMeHH. TOJBKO TOCIe TOro Kak CTaja sICHOW HPUPOJa MCTOYHUKOB
3BE3/IHON YHEPIUU, OKA3aJIOCh BO3MOXKHBIM MOHATH auarpammy leprmmpynra — Peccema,—
OCHOBHYIO 3aKOHOMEPHOCTDb 3BE3/IHOII ACTPOHOMUM.

Borpoc 06 ncToannkax 38e3/IHOM SHEPIUN ObLI TOCTABJIEH TTOYTH CPA3y Ke TOC/Ie OTKPBITUS
3aKOHA COXPAHEHUs SHEPTHUH, KOIJ/Ia CTAJIO sICHO, YTO U3JIydeHne 3Be3] 00yCIOBIEHO KAKUMU-TO
SHEPTreTUYECKIMU ITPEBPAIIEHUSIMU U He MOXKET ITPOUCXOIUTH BeuHo. Hecryuaitno nepsas ruro-
Te3a 00 ICTOYHUKAX 3BE3/IHOMN SHeprun npuHa ie:kut Maitepy — 1eioBeKy, OTKPBIBIIIEMY 3aKOH
coxpaunenns suepruu. OH mojiaraJs, 9T0 HCTOTHUKOM n3/tyderus COJIHIA sIBJISI€TCsI HEITPEPBIBHOE
BBITIQ IEHUE HA €ro IMOBEPXHOCTh METEOPHBIX Tes. PacdeTsl, 0JiHAKO, MOKa3aJ/l, YTO 9TOr0 UC-
TOYHHMKA STBHO HEJIOCTATOYHO J1jid obectievuerus Hab o aeMoit ceetumoctu Costita. [ebMrosiby
n KebBUH NBITATNCH OOBLACHUTD JINTE/bHOE n3srydenne COJIHIIA ero MeJJIEHHBIM CyKaTHeM,
COTIPOBOZK JIAIOIIMMCsT OCBOOOXK/ICHHEM T'DABUTAIMOHHON SHEPIUun. DTa OYeHb BaykKHas jaxKe (1
0cobeHHO!) JIJIs1 COBPEMEHHON aCTPOHOMUHU I'MIIOTE3a OKA3aJIaCh, OJIHAKO, HECOCTOSITEIbHOMN JIIsi
oObsicuennst u3ydenust CoJIHIIA B TeUeHNE MUJLIHAPIOB JIET. 3aMETUM elle, 9TO BO BPEMEHa
lenmsmrosbiia 1 KenbBuna HuKakux pa3yMmHBIX njeit o Bodpacte CosHIla erie He ObLI0. JInmb
HEJIABHO CTaJIo $ICHO, UTO BozpacT CoJiHIA U BCell MJIaHETHOI CUCTEMbBI OKOJIO D MUJLINAPIOB
JIeT.

Ha py6exke XIX u XX BB. ObLTIO CJieJIAHO OJIHO U3 BEJIUYANIINX OTKPBITUN B UCTOPUU Ue-
JIoBeYecTBa — OOHAPYKeHa PaINOaKTUBHOCTE. 1eM caMbIM OTKPBLICS COBEPIIIEHHO HOBBIN MUD
aToMHBIX sijiep. [lorpeboBasioch, o/iHAKO, HE OJTHO JecaTuIeTre, YTo0bl (PU3UKA ATOMHOTO sIIpa
cTaja Ha MPOYHYI0 HAYYHYIO OCHOBY. Y:Ke K 20-M rojam HaIllero BeKa CTaJIO sICHO, YTO HUC-
tounuk sHeprun CosTHIA U 3Be3]] CJIeyeT NCKATh B siJIEPHBIX IpeBpatenusx. CaMm DIuHI TOH
TOYKE TaK CYUTAJ, OJTHAKO YKa3aTh KOHKPETHDIE SIePHBIE ITPOIIECCHI, ITPOUCXOIAIINE B PEATHHBIX
3BE3/IHBIX HEJIPAaX M COIMPOBOYKIAEMble BbIJEJIEHINEM HYKHOTO KOJTUYECTBa SHEPIUU, TOTJIA EITe
He ObL10 BO3MOXKHOCTH. HacKoJIbKO HecoBepIIeHHbI ObLIN TOTJIa 3HAHUS TPUPOLI HCTOUYHUKOB
3BE3/IHON SHEPruu, BUJIHO XOTd Obl U3 Toro, uro Jlxkunc — Kpynwueitiuit anriniickuit hbusuk
U aCTPOHOM HadaJjla HaIlero BeKa,— IMOJIaraj, 9TO TaKUM UCTOYHHUKOM MOXKET OBbITb... PaJIHO-
AKTUBHOCTB. DTO, KOHETHO, TOXKE sJIEPHBII TPOIECC, HO OH, KaK JIETKO IMOKAa3aTh, COBEPIIEHHO
HEIPUToJIeH [t 00bsicHenusi ndsydenns CoJHIA U 3Be3/I. ITO BHJIHO XOTA ObI U3 TOTO, UTO
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

TaKO#l MCTOYHUK IHEPIUHU COBEPIIEHHO HE 3aBUCUT OT BHEITHUX YCJIOBUIl — BeJib PaJIMOAKTUB-
HOCTb, KaK XOPOIIIO MU3BECTHO, €CTh Iporecc cnonmarmsid. 1lo 3Toit mpuvunne Takoit ICTOYHUK
HUKAK HE MOT OBl «II0JICTPAMBATLCA» 10 MEHSIONLYIOCS CTPYKTYPY 3Be3/bl. Apyrumu cioBamu,
OTCYTCTBOBaJIa ObI «PEryJINPOBKay U3JTydeHUs 3Be3/Ibl. Besd KapTUHA 3BE3/IHOTO U3JTyYeHUs Pe3-
KO IIpoTHBOpeynia Obl Hab oieHusM. [lepBbIM, KTO 9TO MOHS, OBLT 3aMevYaTe/ IbHbII SCTOHCKII
ACTPOHOM . DIUK, KOTOPBII HE3a/I0JIT0 JI0 BTOPOHl MUPOBOil BOWHBI IIPUIIEJ K BBIBOJLY, UTO
ucTouHUKOM dHeprun CoJIHIIa U 3B€3]] MOT'YT ObITH TOJIBKO TePMOsIJIePHbIE PEAKIINN CHHTE3A.

Tospko B 1939 1. m3BecTHBIN aMepuKaHCKU (HuU3MK Bere mga/i KOJIMYeCTBEHHYIO TEOPHIO
sIJIEPHBIX UCTOYHUKOB 3Be3/IHO sHeprun. UTo ke 310 3a peakiuu?! B § 7 Mbl yKe ynomMuHaJu,
YTO B HeJpax 3Be3/l JIOJXKHBI IIPOUCXOIUTDL mepmoadeprvie peakimuu. OCTaHOBUMCS Ha, 3TOM
HEMHOr0 1ojipobHee. Kak mM3BeCTHO, silepHBIE PEaKIINN, COIIPOBOXKIAIOIINECs IIPEBPAIIEHIAMI
AJ€Pp 1 BbIJC/JICHUEM dHEPIruu, IMPOUCXOoJAT IIPKU CTOJIKHOBCHUHN YaCTHIL. TaKI/IMI/I YJaCTUIlaMM MO-
r'yT OBITH ITPEKJIe BCero camu sjipa. Kpome Toro, sijiepHble peakiini MOT'YT IIPOUCXOIUTH U TTPU
CTOJIKHOBEHHUSIX sAJIep ¢ Hetimponamu. OHako cBoboIHbIe (T. €. He CBsi3aHHbIe B s/Ipax) HeATpo-
HBI SBJISIOTCS HEYCTONYIMBBIMU dacTuiiaMu. [[09TOMy MX KOJMYIECTBO B HeJpax 3Be3/I JIOJIZKHO
6LITH HHUTOKHO Mastol. C JApyroif CTOPOHBI, TaK KaK BOJOPOJ, ABIACTCS CAMBIM OOMILHBIM 3JIe-
MEHTOM B 3BE3/IHBIX HEJIpaxX M OH IIOJTHOCTHIO MOHM30BaH, OCOOEHHO YacTO OYIyT IIPOUCXOIUTH
CTOJIKHOBCHUA AJ€p C IIPOTOHaAMM.

[t TOro 9ToOBI TPOTOH MOT MIPU TAKOM CTOJTKHOBEHHH TPOHUKHYTH B 5JIPO, C KOTOPBIM OH
cTaJKUBaeTcs, eMy HaJ0 HpUO/IM3UThLC K HocaeAHeMy Ha paccrognue okoso 10712 cm. Mmen-
HO Ha TAKOM PACCTOSHUU JIEHCTBYIOT CHEIU(PUIECKUE CUJIbl IPUTSZKEHUS, «IIEMEHTUPYIOIIHEs
SJIpO W TIPUCOEUHSIONINE K HEMY <«9yXKOil», crajKuBalomuiica nporon. Ho jjig Toro, 9To0b
NpUOIU3UTHCA K sIJIDY Ha CTOJIb MAJOoe PacCTOsHEE, ITPOTOHY HEOOXOJUMO IPEOI0JIETh BECh-
Ma 3HAYUTETHHYIO CUJTY JEKTPOCTATHYECKOrO OTTAJKUBAHUSA («KyJIOHOBCKUIT Gapbep» ). Beb
SIZTPO TOXKE 3aPsi?KeHO TOJI0KUTETHbHO! JIerko mocanTaTh, 9To Jjis MpeoI0JIeH s TOM 9JIeKTPO-
CTATUYECKOI CUJIbI ITPOTOHY HY?KHO UMETh KMHETUYECKYIO SHEPIUIO, MTPEBIIAIONTYI0 TTOTEHITU-
AJILHYIO SHEPTUIO JIEKTPOCTATHYECKOTO B3aUMOJICHCTBUS

2
E = 276 =2-107% spr ~ 1000 x9s.

Mexk 1y TeMm, Kak Mbl yOIUINCH B § 7, CpeTHSISI KWHETHIeCKas: SHEPIUs TeIJIOBBIX ITPOTOHOB
B COJIHEYHBIX HEJIpaX COCTaB/IgeT Becero Jiniib okosio 1 k9B, T. e. 8 1000 pa3 menbine. [Iporonon
¢ HY2KHOI JJIs siJIEPHBIX peakIuil sueprueil B HeJpax 3Be3[ NpakTuiecku He Oyaer. Kazamoch
Obl, IPU TAKON CUTyalluu HUKAKUX SAEPHBIX PEAKIINl TaM MPOUCXOJUTh He MoxKeT. Ho 310 He
Tak. /leslo B TOM, YTO COIVIACHO 3aKOHAM KBAHTOBON MEXaHWKHU MPOTOHBI, SHEPTIUT KOTOPLIX
nake 3HadnTenibuo Menbine 1000 k3B, Bce Ke, ¢ HEKOTOPOIT HEOOJIBITION BEPOITHOCTHIO, MOTYT
[IPEOJI0JIETh KYJTOHOBCKIE CHUJIbI OTTAJKMBAHUS U TONMACTH B SIIPO. DTA BEPOATHOCTH OBICTPO
YMEHBIIAETCS ¢ YMEHbIIIEHNEM SHEPTUH TPOTOHA, HO OHA He PaBHa HYJII0. B TO Ke BpeMs 9uc/Io
[IPOTOHOB 10 Mepe MPUOJIMKEHUsT UX SHEPIUH K CPeIHell TeIIOBON OY/JIeT CTPEMUTETLHO PACTH.
[TosToMy Jt017KHA CYIIECTBOBATH TaKas <«KOMITPOMHUCCHAs» SHEPIrUd IIPOTOHOB, IIPU KOTOPOit
MaJiasg BEPOATHOCTD UX IPOHUKHOBEHUS B AP0 «KOMIICHCUPYETCA» UX OOJIBITUM KOJTUIECTBOM.
OkazbIBaeTCsA, UTO B YCJIOBUAX 3BE3IHBIX HEJp 3Ta ueprus Osmska K 20 k3B. Tonabko mpu-
OJIM3UTEHLHO OJIHA CTOMUJLIMOHHAs JI0JI IPOTOHOB MMeeT TaKyio sHepruio. I Bce ke 3Toro
OKa3bIBAETCs KaK pa3 JOCTATOYHO, YTOObI s/IePHbIE PEAKIINH ITPOUCXOJIMIIA C TAKOW CKOPOCTDIO,
YTO BBIJE/ISIONIASICS SHEPIUsl TOTHO COOTBETCTBOBAJIA ObI CBETUMOCTH 3BE3/I.

MpbI ocTaHOBU/IM CBOE BHUMAHUE HA PEAKIIUAX C IPOTOHAMHU HE TOJIBKO ITOTOMY, YTO OHH —
camas OOMJIbHAs COCTABJIAIONIAs BEIeCTBA 3BE3/IHBIX HeP. Fem cTaiknBaloTes 0oJtee TszKeble
S7Ipa, Y KOTOPBIX 3aps/Ibl 3HAYUTETHHO DOJIbINE 3JIEMEHTAPHOIO 3apsijia MPOTOHA, KYJIOHOBCKHUE

!B oTIenbHBIX PeIKHX CAydasx IPH KATaCTPOMUIECKIX IIPONeccax, ABIIONIXCS IPITHHON B3PhIBa 3BE3],
peaknuu ¢ HeTpoHaMH, II0-BUJUMOMY, MOI'YyT UMeTh CyIleCTBEHHOEe 3HadYeHue.
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

CUJIbI OTTAJIKMBaHUs CyHIeCTBEHHO yBesuuupaiores, u aipa upu 1T ~ 107 K yxe ne umeror
NPAKTHYECKN HUKAKOW BO3MOXKHOCTH TPOHUKHYTH JIPYr B Jpyra. TOJIbKO NpU 3HAYUTETHHO
0oJiee BBICOKUX TeMIIEpaTypax, KOTOpbIe B HEKOTOPBIX C/IyYasX PEaJM3YIOTCHd BHYTPH 3BE3/I,
BO3MOXKHBI f/IepHbIe PEAKIINU Ha TAZKEJIbIX dJIeMeHTaX.

Mpur yke roBopusin B § 3, 9TO CyIIHOCTDb siJIepHBIX peakiuii BayTpu CoJHIIA U 3Be3J CO-
CTOUT B TOM, UTO Yepe3 PsJ MPOMEKYTOUHBIX TAIlOB YeThIPe sJIpa BOJAOPOIa O0bEIMHIIOTCS
B OJIHO siZIpO Tesus (O-9acTHUIbl), TpUIeM H30bITOUHAsT MAcca BBIJAEIAETCS B BHJE SHEPIHH,
HArpeBaloIeil cpejy, B KOTOPO IMPOUCXOJAT peakIuu. B 3Be3/IHbIX HeJpax CyHIeCTBYIOT JBa
IIyTU IIPeBpallleHus BOJOPOJia B Ielnil, OTJIMYaloluecsd Pa3Hol II0C/IeI0BATE/IbHOCTBIO fJ1ep-
HbIX peakiuil. [lepBblil 1yTh OOBIMHO HA3BIBAETCHA <«ITPOTOH-IIPOTOHHASA PEAKIUS», BTOPONH —
«yIJIEPOAHO-230THAS PCAKIIAA».

Ormumem cHavasa MPOTOH-IIPOTOHHYIO PEAKIIUIO.

OTa peakis HAUUHACTCS C TAKUX CTOJKHOBEHUN MEXKIy IIPOTOHAMU, B pe3y/ibTaTe KOTO-
PBIX MOJIyYIaeTCs S9IpO TKEJI0T0 BOJopojia — Jeiirepud. /laxe B yCJOBUAX 3BE3/IHBIX HEJIP 9TO
MIPOMCXOIUT OYeHb PeIKo. Kak mpaBmIo, CTOJKHOBEHUS MKy MPOTOHAMHU SIBJISAIOTCS YIIPYTHU-
MU: II0CJI€ CTOJIKHOBEHUS YaCTHUIIbI ITPOCTO PA3JIETAIOTCA B Pa3Hble CTOPOHLI. [ TOro 9To0bI
B pe3yJibTaTe CTOJIKHOBEHUS JIBa IPOTOHA CJUIUCH B OJIHO SIJPO JIEUTEpHs, HEOOXOIMMO, ITOOBI
IIPU TAKOM CTOJIKHOBEHWU BBITIOJTHSIOCH JIBa, HE3ABUCUMBIX YCJIOBUdA. Bo-TIepBBIX, HAJI0, 9TOOBI
Y OIHOI'0 U3 CTAJKUBAIOIINUXCA IPOTOHOB KUHETUYECKad JHEPIrud pa3 B ABAALATH IIPEBOCXO/IU-
J1a OBl CPeJHIOI0 SHEPIHUIO TEIJIOBBIX JBUXKEHUI NPH TeMIlepaType 3Be3/HbIX Heqp. Kak yike
POBOPUWJIOCH BBIIIIE, TOJILKO OJiHa CTOMWIJIMOHHA: YaCTh IIPOTOHOB MMeeT TaKyl0 OTHOCUTE/Ib-
HO BBICOKYIO SHEPIHI0, HEOOXOIUMYIO JIJIsI IPEOJI0JIEHNs «KYJIOHOBCKOTO bapbepay. Bo-BTOPBIX,
He0OXOUMO, YTOOBI 38 BpeMsI CTOJTKHOBEHUSI OJIMH U3 JBYX ITPOTOHOB YCIIeJI ObI TPEBPATUTHCA B
HEWTPOH, UCITYCTUB IMO3UTPOH U HeUTpuHO. 160 TOBKO TPOTOH ¢ HEUTPOHOM MOTYT 00pPa30BaTh
a1po jeitrepus! 3aMeTuM, 9TO JIUTEIHLHOCTh CTOIKHOBEHHS BCETo JIMITh 0KoI0 1072 cexyH bl
(OHO HOPsIJIKa KJIACCHIECKOTO PAJINyca MPOTOHA, TIOJIeJIEHHOTO Ha ero CKOpocTh). Ecim Bee 310
Yy4€eCTb, TO IOJIy4YaeTCd, YTO KarKJbIIl IPOTOH MMeET peasibHbIe IMAHCHI IPEBPATUTHCA TaKUM
CIocobOM B JIeTepuil TOJBKO pa3 B HECKOJBKO JIECATKOB MUJLIUAPJIOB JieT. Ho Tak Kak mpo-
TOHOB B HeJlpax 3Be3/[] JJOCTaTOYHO MHOI'O, TAKME PEaKIUy, U IIPUTOM B HY?KHOM KOJIMYECTBE,
Oy/IlyT UMETb MECTO.

[To-apyromy ckiaipiBaeTcs cyabba BHOBb 00pa30BaBIIIXCs sijiep geiirepusi. OHU «XKaIHO»,
BCEro JIMIIb Yepe3 HECKOJIbKO CEKYHJI, «3aIrvIaThIBAIOT» KaKOW-HUOYIb OJIM3KUII ITPOTOH, IIpe-
Bpamasck B u3oton remus SHe. [Toce 9TOro BO3MOMKHEI TPH IIyTH (BeTBH) SJIEPHBIX PEAKITHIA.
Yarre Bcero n30Toi rejius Oy/1eT B3auMoIefiCTBOBATD ¢ TIOJIOOHBIM cebe SIpOM, B pe3yJIbTaTe de-
ro obpasyercst siipo «0OBIKHOBEHHOTO» I'eJiisl U JIBa IPOTOHA. Tak KakK KOHIEHTPAIUs N30TOIa
3He upesBbIuaifHO MaJia, 3TO IPOU30HIET Uepe3 HeCKOJIbKO MUJIMOHOB JeT. HamumeM Tenepnb
IIOCJIEAOBATEIBHOCTD 9TUX PEAKIINI U BBLICIAAIONIYIOCA IIPU HUX SHEPTHIO.

TABIMIIA 8.1

"H+'H - 2D +et + vV +1,44 MsB (~ 10'° ner),
D + 'H — %He + vy +5,49 MsB (~ 5 cekynn),
SHe + *He — *He + 'H + 'H +12,85 MaB (~ 10° ser).

3/tech OyKBa V 03HAYAET HEUTPUHO, & Y — raMMa-KBaHT.

He Bes ocBobomuBITIasiCsT B pe3y/IbTaTe TON MENN PEeAKINil SHEPrus epeIaeTcs 3Be3/1e, TaK
KaK 9acTh SHEPIUH YHOCUTCsI HeHTpuHO. C yIeToM 3TOro 00CTOATEIbCTBA SHEPIHUsI, BbLIE/IsieMast
IpH 0OPA30BAHUN OJHOTO Apa rems, pasHa 26,2 MaB mmm 4,2 - 107° spr.
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

BTopas BeTBbL IIPOTOH-IPOTOHHON peakIuy HAuYMHAETCA ¢ coeAuHeHus spa SHe ¢ gapom
«obbIKHOBeHHOTO» Teqma ‘He, mocse gero obpasyercs sipo Gepuimms Be. Slapo Gepuimms B
CBOIO OUYepe/h MOYKET 3aXBaTUTE IIPOTOH, TIOCJIE Yero obpasyerca aapo 6opa 8B, niam 3axBaTuTh
9JIEKTPOH U TPEBPATHUTHCA B sIJIpO JINTUsA. B 1mepBoM cirydae oOpa3oBaBIIniics paItOaKTUBHBIN
uzoron 8B nperepuesaer 6era-pacna: B — 8Be + et 4 v. Bamerum, 4T0 HeHTPUHO, 06pPa30BaB-
IIIecs IPU 9TON peakIun, KaK pa3 U OOHAPYKUIU IPU ITOMOIIU YHUKAJIHHON T0POroCTOSIIE
yctaHoBKH. OO 5TOM BarKHOM SKCIIEPHUMEHTE IIOJPOOHO OYyIeT paccKaszaHO B CJELYIONIEM IIa-
parpade. Pamnoakrusueiii Gepmiamit SBe BechbMa HeycTONYHB 1 GBICTPO paclagacTcsd Ha B
asbda-gactuiibl. Hakoner, rmocje/iusisi, TpeThsi BETBb IIPOTOH-IIPOTOHHON PeaKIny BKIIOYAET B
cebs cIleIyIoNHe 3BeHbs: ' Be MociIe 3axXBaTa 3JIeKTPOHA TPEBPAIIACTCA B ' Li, KOTOPHIl, 3aXBa-
THB IIPOTOH, IIPeBpalaeTcsa B HeycToiuuBbIil nzoron SBe, paciajatonuiics, KaK U BO BTOPOI
IIEITH, Ha JiBe ajib(da-dacTuIlbl.

Eme pa3 ormernm, 9TO TOMaBJIAIONICE OOJIBIMTUHCTBO PEAKIUi HIET 10 IEPBOil IeNu, HO
POJIb «IIODOYHBIX» Ieleil OTHIO/Ib He MaJia, 9TO CJIeIyeT XOTs Obl U3 3HAMEHUTOrO HEHTPUHHOTO
9KCIIEPUMEHTA, KOTOPbIi OYIeT OIUCAaH B CJIEAYIONEeM maparpade.

[lepeiimem Temepb K PaccCMOTPEHHIO YTJIEPOIHO-a30THOTO IUKJIA. DTOT UK COCTOUT U3
IMECTA PEAKITUA.

TABJINIIA 8.2

120 4 1 — BN 4y 41,95 MsB (1,3 - 107 sier),
BN - BC 4+ et 4+ v +2,22 M5B (7 munyT),

BCO+'H— YN 4y +7,54 M3B (2,7 - 106 ner),
UN +'H - %0 +vy +7,35 MaB (3,2 - 10® sier),
B0 — BN + et +v +2,71 M5B (82 cexyn/pi),
BN 4 'H — 12C 4 “He 14,96 MsB (1,1 - 10° ster),

[Tosichum conepxkanme droit Tabsmipsl. [IpoToH, craakuBasch ¢ gapoM yryiepoja, IpeBpa-
maercd B paJIloaKTUBHBII u3oTon azora PN. [Tpu aToil peakiuu usiydaerca Y-KBanT. Mzoron
13N, nperepnesas B-pacia ¢ HCIycKaHreM IIO3UTPOHA U HEHTPUHO, IPEBPAIIAETCS B H30TOII YT-
nepoga BC. Tlocaeanuii, cTaaKuBasch ¢ IPOTOHOM, IpeBpallaeTcsa B obbluHoe A1po azoTa 1N,
[Ipu T0il peakium Takke UCIycKaeTcsd Y-KBaHT. /lasee, siipo a30Ta CTAJIKUBACTCA C TTPOTOHOM,
nocJjie 4ero obpasyerca paJIuoakTUBHBII u3oTon Kucjaopoda °O u y-kpant. 3aTeM 3T0T H30TOI
nyTeM [B-paciiaja npespainaercsa B uzoron aszora °N. Hakomern, mociemnnii, IpucoeuHuB K
cebe BO BpeMs CTOJIKHOBEHHS ITPOTOH, PACIa IaeTcd Ha OOBIYHBINA yriiepo u resmii. Bes renb
peaknuii mpeJicTaBiIsgeT coOo0il MOCIe/I0BATEIbHOE «yTAKeJIeHNe s/pa YIIepoa IyTeM IIPUCO-
eJIMHEHUsI IIPOTOHOB ¢ TocjemyomuMu B-pacragamu. TlocaeaanM 3BeHOM 3TOM 1NN ABIAETCSI
BOCCTaHOBJIEHNE TIEPBOHAYAILHOTO Spa yTJjiepojia u obpa3oBaHUe HOBOTO fpa Tejus 3a CueT
YeThIpex NIPOTOHOB, KOTOPbIe B Pa3HOe BpeMsd OJMH 3a JIPyTuM Ipucoeaunumich K 2C u obpa-
3YIOIIUMCs U3 Hero uzoronaM. Kak BUIHO, HUKaKOro usMeHenus uncia siuep 2C B BemecTse,
B KOTOPOM IIPOTEKAET 3Ta PeaKInd, He ITPOUCXOIUT. Y TJIEPOJT CIIYKUT 3/1eCh «KATAJIM3aTOPOM»
peakuuu.

Bo BTopoMm cTosiO1ie MpUBONTCS SHEPIUs, BBHIIE/IAIONATCT Ha KaXKJIOM STalle YIJIEPOHO-
a30THOI peaknuu. JacTb 9TOI SHEPIUU Bhlje/sgeTcsd B (hopMe HEHTPUHO, BOZHUKAIOIIUX [IPU
pacma/ie paaoakTBHbIX u30To1oB BN 1 1°0. Heltrpuno cBo60HO BHIXOIAT U3 3BE3IHBIX HEJIP
HapyXkKy, CJIeJ0BaTeIbHO, UX YHEPTrHUsd He MJIeT Ha HarpeB BelnecTBa 3Be3jbl. Hampumep, mpu
pacmaze O sHeprus obpaszyolerocst HeiiTPUHO cocTaB/IseT B cpejHeM okoso 1 MsB. Okonua-
TEJILHO TIPU 00PA30BAHMY OJIHOTO siJ/Ipa I'eJius IIyTeM YTJIEPOIHO-a30THOI PEAKIINH BbIJIE/IsIeTCS
(6e3 yuera Heitrpuno) 25 M»sB suepruu, a HeliTpuHO yHOCAT OKOJIO 5% TOi BEJUINHEL.
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

B tperbem crosibie tabsunnt 11 npuBesensl 3HaYeHUS CKOPOCMU PA3JIMIHBIX 3BEHBEB YT-
JIEPOJTHO-a30THOM peakiwn. st B-1iporieccoB 9T0 MPOCTO TMEPUOJ, MOy PACTIAIA. SHATUTEIHHO
TPY/IHEE OIPeJeSNTh CKOPOCTh PEaKINM, KOTJa ITPOUCXOIUT YTAKEeJTeHNe sdapa IIyTeM ITPUCO-
eJIMHEHNS TPOTOHA. B 3TOM cirydae HaJI0 3HATH BEPOATHOCTH MPOHUKHOBEHUs IIPOTOHA, Yepe3
KYJIOHOBCKHUIT ODapbep, a TaKKe BEPOATHOCTH COOTBETCTBYIOIINX s/IEPHBIX B3AUMOJIECHCTBUI, TAK
KaK caMmo 10 cebe TPOHUKHOBEHNE TPOTOHA B SJIPO ellle He 00ecleunBaeT MHTEPECYIOIIero Hac
SIJIEPHOTO TIpeBpallienns. BeposaTHOCTH s1/IepHBIX PEAKITUI Oy aloTCs U3 JJabOPaTOPHBIX JKCITe-
PUMEHTOB JITOO BBIYUC/IAIOTCH TeopeTndecKu. J[is nx HajeKHoro omnpeaeeHus moTpedOBaINChH
TOJTbI HAIIPSYKEHHOH PabOThl (PU3UKOB-IEPIITUKOB, KAK TEOPETUKOB, TAK U SKCIIEPUMEHTATOPOB.
Yucsa B TpeThbeM CTOJIONE TAI0T «BPEMs XKI3HUY PA3IMIHBIX sJep JJIs [EHTPAJbHBIX 001acTel
3Be3JIbl C TeMIepaTypoil B 13 MUJIIMOHOB KeJbBUHOB M ILIOTHOCTBIO Bojopoia 100 r/cm®. Ha-
puMep, /IS TOro 9TOOLI IPU TaKuX ycaosusx sjupo 2C, 3axBaTuB IIPOTOH, IIPEBPATUIOChH B
PaJIMOAKTUBHBIN M30TOIl yIJIEpOJa, HAJI0 «IMOA0XKIaThy 13 Mumonos Jier! CienoBaTeibHO,
JJIsT KazKJIOr0 «aKTUBHOTO» (T. €. yIacTBYIOIIEro B IMKJIE) siipa PeaKIiu MPOTEKAI0T IPe3Bbl-
YaitHO MedAeHH0, HO BCe JIeJI0 B TOM, UTO SJepP JIOCTATOYHO MHOTO.

Kak y»ke HEOJHOKPATHO MOYEPKUBAJIOCH BBIIIE, CKOPOCTh TEPMOSIEPHBIX PEaKIil qyB-
CTBUTEJILHBIM 00PA30M 3aBUCHUT OT TEMIIEPATYPBI. DTO U IMOHITHO — Jlayke HEOOJIbIITNE U3Me-
HEHUS TeMIIepaTypPbl OYeHb PE3KO CKA3bIBAIOTCH HA KOHIIEHTPAIUNA HEOOXOIUMBIX JIJIsI PEAKITIH
CPaBHUTEJIbHO SHEPTUIHBIX ITPOTOHOB, SHEPIUs KOTOPBHIX pa3 B 20 IPEBBIMIAET CPEIHIO Tell-
JIOBYIO Hepruio. /[y MpoTOH-TIPOTOHHONW PeaKIuu MPUOIMKeHHasds (popMysia Jjisd CKOPOCTU
SHEPTrOBBIJIE/IEHNS, PACCINTAHHOTO Ha I'PAMM BeIeCTBA, UMeeT BUJ

£e=10"-p-X%.T* spr/r-c. (8.1)

Ota dhopmysa crpaBe/JInBa /Il CPABHUTEILHO Y3KOr0, HO BaXKHOI'O0 MHTEPBaJa TeMIepa-
Typ 11—16 MwuinonoB KeabBuHOB. st Gosee Huskux temmneparyp (or 6 g0 10 MuuimoHOB
KeJIbBUHOB) CIIPaBEJINBA JIpyras GhopMyJia;

e=10%-p- X%.T° opr/r-c. (8.2)

OcaoBHBIM HcTOYHUKOM 3Heprun CoJIHIIa, TeMIepaTrypa IeHTPaJIbHBIX 001acTeil KOTOpOoro
Omm3Ka K 14 MUJITMOHAM KeJIbBUHOB, SIBJIIETCSI ITPOTOH-ITPOTOHHAs peakmus. [lyst Gostee mac-
CUBHBIX, a CJIEJIOBATEILHO, U H0JIee TOPSINX 3BE3/JI CYIECTBEHHA YIJIEPOJIHO-a30THAS PeaKIlus,
3aBUCHMOCTH KOTOPOI OT TeMIlepaTypbl 3HAUNTEJILHO OoJiee cuibHas. Hampumep, 1jis1 nHTED-
BaJja Temieparyp 24—36 MUJITMOHOB KEeJIHBUHOB

£=35-10""-p-X-Z-T" apr/r-c. (8.3)

[TousaTHO, TTOUYEeMYy 3Ta (hOpMy/Ia COAEPKUT MHOKHUTETEM BEJIUIUHY / — OTHOCUTEIHHYIO
KOHIICHTPAITUIO TSKEJIBIX 9JIEMEHTOB: yIJIepoa U a30Ta. Besb saapa 9TUX 3JIEMEHTOB SBJIAIOT-
¢ KaTaJM3aTOPAMU YIJIEPOIHO-a30THON peakiuu. OObIYHO CyMMapHasi KOHIEHTPAIUS ITUX
9JIEMEHTOB MPUOJIU3UTETHHO B CEMb pa3 MEHbIIIEe KOHIIEHTPAIIUN BCEX TAXKeJbIX 31eMeHToB. [lo-
ciiejiHee 06CTOATEIHCTBO YUNTHIBACTCSA B YUCIeHHOM Koadbdurmente (opmyist (8.3).

HenpepbiBao ujyriue B IEHTPAIbHBIX O0JIACTAX 3Be3JI sAEPHBbIE PEAKIUU «MEJIJIeHHO, HO
BEPHO» MEHSIOT XMUMHUYECKUl COCTaB 3BE3/HBIX HeJp. | J1aBHAS TEHJEHIUS ITONH XUMUIECKOI
9BOJIIONINN — MpeBpallienne Bojopoa B reuii. [Tommmo sToro B mporecce yriiepoiHo-a30THO-
ro IUKJIa MEHSETCS OTHOCUTETbHAST KOHIIEHTPAINs PAa3JIMIHbIX U30TOIOB YIJIEPOJIa U a30Ta, JI0
TeX TOop, I0Ka He YCTAHOBUTCS HEKOTOPOE OlpejiesieHHoe paBHoBecue. [Ipu TakoM paBHOBeCHM
KOJIMYECTBO PEAKIINl 38 €JIMHUILy BPEMEHU, IMPUBO/ISAININX K 00Pa30BaAHUI0 KAKOTO-HUOY/Ib 30~
TOIA, PABHO KOJIMYECTBY PeaKInil, KOTOpPbIe ero «pa3pymamTy. OHaAKO BpeMs yCTAHOBJICHUS
TAKOTO PABHOBECHS MOYKET OBbITh OYeHb 0OJIbINM. A TTOKa paBHOBECHE HE YCTAHOBUTCS, OTHOCH-
TeJIbHbIE KOHIIEHTPAIMHA PA3JIMIHBIX U30TOIOB MOTYT MEHSTHCS B CAMBIX NMIUPOKUX IIPEJIEIaX.
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

[IpuBo/inM 3HaYEHUS PABHOBECHBIX KOHIICHTPAIUN M30TOIIOB, IOJIyYEeHHBIEC IIPU TEeMIIEpaType
13 MUJITHOHOB KeJIbBUHOB! :

[14N]
[15N]

[14N + 15N]
[12C + 13C]

= 2800; =20,... (8.4)

Breraucennble paBHOBECHBIE KOHIICHTPAIIUNA U30TOIOB HE 3aBUCAT OT IJIOTHOCTHU BEIECTBA,
nbO CKOPOCTHU BCEX peakIlnii IPOIOPIMOHAIBHBI IJIOTHOCTU. [lepBble jBa M30TOIHBIX OTHOIIIE-
HUs He 3aBUCAT TaKxKe U OT TeMIeparypbl. OMUOKN B BHIYUCIEHHBIX PABHOBECHBIX KOHIIEHTPA-
X JOCTUTAI0T HECKOJIBKHX JECATKOB IIPOIEHTOB, 9TO OObSICHSIETCSI HEYBEPEHHOCTHIO B 3HAHUT

B i L — g9, LN — 270

BEPOATHOCTH COOTBETCTBYIONHX peakmun. B semuoii kope orromenne ma = 89, myy = :
J1J1st IpOTOH-ITPOTOHHOI PeakIny PaBHOBECHOE COCTOSHUE HACTYIAET 110 UCTEYEeHUN OI'POM-
HOT'O CpoKa B 14 muynapmaoB jieT. Berauciaenus, BoItoHeHHbIE g 1 = 13 MULINOHAM KeJlb-

BUHOB, Jal0T SHa4YeHUA

*D] 17, [He] —4

—=3-107"% ~ 107", 8.5

H [ (5
Bamerum, uTo J1a Gojiee Hu3Koit Temieparypol 1 = 8-10° K [[31}11;}] ~ 1072, T.e. IOYTH B CTO

pa3 6osbmre. CregoBaTesbHO, 00pa3yOMTiica B HeJpaxX CPaBHUTEIBLHO XOJIOIHBIX KaPIHKOBBIX
3Be3/1 n3orolr “He BecbMa 0OHMIIEH.

Kpome poToH-TIPOTOHHON U YTJIEPOTHO-a30THON PEAKITUH, IIPU HEKOTOPBIX YCIOBUAX MOT'YT
UMEThb CyHIeCTBEHHOC 3Ha4YCHHE U JAPYyIrue dAJ€pHbIC pEeaKInn. Hpe,ZLCTaB.HHIOT, HallpuMep, UHTE-
pec peaKIy IIPOTOHOB C SPAMHE JIEIKHX 3JIEMEHTOB — JlelTepHs, TATHs, bepusid u 6opa: °Li
+'H — 3He + *He; "Li + 'H — 2*He; 1B + 2'H — 3*He u nexkoropsie apyrue. Taxk Kax 3aps
siJipa, — «MUIIEHU», ¢ KOTOPOI CTAJIKUBAETCsI IIPOTOH, HEBEJIMK, KYJIOHOBCKOE OTTAJKUBAHNIE HE
TaK 3HAYUTEIbHO, KaK B CJIydae CTOJKHOBEHHII ¢ spamMu yriaepoja u azora. [losromy ckopocTh
ATUX peaKHHﬁ CpaBHUTEJIbHO BEJIMKA. y}Ke Ipu TeMilepaType OKOJIO MUJIJIMOHa KEeJIbBUMHOB OHU
UJIYyT JOCTATOIHO OBbICTPO. OJIHAKO, B OTJIMIHE OT sijiep yIVIepoja W a30Ta, sjipa JIETKUX 3jIe-
MEHTOB He BOCCTAHABJINBAIOTCS B IIPOIIECCE TATBHEHIINX PeakInil, & HeOOPATUMO PaCcXOyOTCS.
Vmenno mosroMy obuine jierkux 3;emenToB Ha CoJTHIE U B 3Be3/1aX TaK HUITOXKHO MaJio. OHn
y2Ke JTaBHO «BBITOPEJIM» Ha CAMBIX PAHHUX CTa/INsIX CYIeCTBOBaHUs 3Be3/1. Korma TeMiieparypa
BHYTpU C}KI/IMaIOHleI';ICH 110, ,Z[eflCTBHeM CUJIbI TAXKECTHU IIPOTO3BE3Abl JOCTUT'HET ~~ 1 MNJIJINO-
Ha KeJbBUHOB, TIEPBbIE sJIepHbIE PEAKITNU, KOTOPbIe TaM OyJ/IyT MPOTEKATb,— 3TO PEAKIUU Ha
jgerkux gapax. Tor dakr, aro B armocdepe CosHIa 1 3B€3] HaOIIOAAI0TCA CIa0bIe CIIEKTPAIhb-
Hble JIMHUHM JIUTUS U Oepusus, Tpedbyer oObscHeHus. OH MOXKET yKa3blBaTh HA OTCYTCTBHUE
[IepEeMEINBAHUS MEXK/Ly CAMBbIMU HAPYKHBIMU cJ1osiMu COJIHIIA U «TJIYOUHHBIMEUY CJIOSIMU, TJI€
TeMIlepaTypa y:Ke IPeBbIaeT 2 MIJIJINOHA KeJILBUHOB — 3HAYEHHe, IIPU KOTOPOM 3THU 3JIeMEH-
Thl «BBITOpesny Obl. Cjie/yer, 0JlHAKO, UMETh B BUJIy U COBEPIIEHHO JIPYTI'YIO BO3MOXKHOCTb.
Heno B ToM, 9TO, Kak ceifdac J0Ka3aHO, B aKTUBHBIX obsracTax CosHna (TaM, rje mpoucXosiT
BCIIBIIIKH) 3apsi?KeHHbIE YaCTUIIBI YCKOPSIOTCSI JI0 BeCbMa, BBICOKUX 3Hepruil. Takue dacrurpl,
CTAJIKUBASICH C JIPAMU aTOMOB, OOPA3YIOIIIX COJHEIHYIO0 arMocdepy, MOTYT jaBarh (u jamor!)
passuunble saepHble peakmnuu. Csbirne 10 jieT Ha3a | IPU ITOMOIIU TaMMa-JIeTeKTopa, YCTaHOB-
nennoro Ha 3amyrieaaom B CITA cnenmasmsupoantnom ciytauke «OSO-7» («Cempmast opou-
TaJIbHAsI COJTHETHAsT 1abopaTopusi» ), ObLIN OOHADYKEHBI BO BpeMsi spKOil Benbimku Ha CoJtHIle
4 aBrycra 1972 r. 1Be crieKTpaJsbHbIE JTUHUU B 9TOM guarnaszoHe. OJHa JIMHUS, UMEONas SHep-
ruto kBaHTOB 0,511 M»sB, oToxecTBisieTcs ¢ u3jaydeHneM, BOSHUKAIONMIUM TIPU aHHUTUIATIIN
9JIEKTPOHOB C IMO3UTPOHAMU, JpyTras ¢ sueprueit 2,22 MsB uznyqdaercs npu obpazoBanun jgeiire-
pust U3 IIPOTOHOB U HEUTPOHOB. DTHU BarKHbIE SKCIIEPUMEHTHI KaK pa3 U JIEMOHCTPUPYIOT, UTO B
AKTHUBHBIX O6HaCTHX CO.HHL[a 1, KOHCYHO, 3Be3 UAYT AJCPHbIC DECaKIIUN. TOJIbKO TaKHUMU peak-
IUSIMIA MOYKHO OObSICHUTH aHOMAJIBHO BBICOKOE OOMINE JUTHUsI B aTMOocdepax HEKOTOPBIX 3Be3]]

LCumBos [] 3mech 03HAUAET KOHIEHTPAIMIO JTAHHOTO COPTA TACTHIL.
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8. AJEPHBIE UCTOYHUKU SHEPTUU U3JTYUYEHUS 3BE3

U HaJIMYUe JIMHUN TEXHeNWs y 3Be3J PEJKOro CIEKTPaIbHOrO Kjacca S. Beab cambrii j10r0-
JKUBYIIMI U30TOII TEXHEIMS UMeeT Iepuo,i noypactasga okosgo 200 000 jrer. MimenHo 1o 3Toit
npuvnHe ero HeT Ha 3emiie. TOJBKO sijIepHBIE PEAKIMH B MIOBEPXHOCTHBIX CJIOSIX 3BE3J[ MOTYT
O00ObACHUTD HAJIMYUE JTUHUN TEXHEIUA B CIIEKTPaX YHOMSHYTBIX BBIIIE 3BE3/I.

Ecnu Temmnieparypa 3Be3/IHBIX HEJIP 110 KAKUM-JIMOO0 TTPUIUHAM CTAHOBUTCSI OYeHBb OOJIBIION
(mopsijika COTeH MUJLIMOHOB KEJIbBUHOB), YTO MOYKET CJIyYUThCs MOCJE TOrO, Kak MpaKTude-
CKI BECh BOJIOPOJI «BBITOPUTY, UCTOUYHUKOM JICPHON SHEPIUU CTAHOBUTCS COBEPINEHHO HOBast
peaxiusi. DTa peakiidsd IOJIyUniIa Ha3BaHUe «TPOHO#N aabda-tporeccs. [Ipu ¢rob BBICOKUX
TeMIepaTypax CPaBHUTE/IbHO OBICTPO MJIyT PEAKIUU MKy ajibda-dacTUIiaMu, TaK KaK <«Ky-
JIOHOBCKUIT Oapbep» y2Ke Jierde mpeojioJieTb. B 9ToM cirydae «BbIcOTa» KYJIOHOBCKOTO HGapbepa
COOTBETCTBYET SHEPIUU B HECKOJIBKO MUJIJIMOHOB 3JIEKTPOHBOJIBT. [Ipn cronkHoBeHMsAX 3hhek-
THBHO IPOCAYUBATHCA depe3 Oapbep OyayT aibda-gacTHIlbl ¢ SHEepPrueil mopsjka cTa ThICTd
9JIEKTPOHBOJIBT. 3aAMETHM, UTO SHEPI'Usl TEIJIOBBIX JBUKEHUI YACTUIL IIPU TaKOW TeMIIepaType
MOPSIJIKA JIECATH ThICSY 3JIEKTPOHBOJIBT. [Ipn Takux yCI0BUSX CTAJTKUBAIOMINECS aThda-dacTu-
IIBI MOT'YT O0OPa30BLIBATH PAMOAKTHBHBIN M30TON Oeprums SBe. DTOT M30TOII 0YeHb OBICTPO
ONATH paclajiaeTcd Ha JiBe ajbda-dactuiibl. Ho MoXkeT Tak cIyduThes, 9TO He YCIeBIIee eIne
pacnacThbca s/Ipo SBe cToJIKHeTcs ¢ TpeTheil aibda-dacTulieil, KOHeuHo, IIPH YCJIOBHHU, UTO Y
ocjie Hell TOCTATOYHO BBICOKAsl SHEPIHUsl, UTOOBI «IIPOCOUUTHCI» Uepe3 KYJOHOBCKUN Oapbep.
Torna 6yaer nmers Mecto peakima ‘He + 8Be — 2C + vy, Beaymas K 0o6pa3soBaHUIO YCTO-
YUBOI'O M30TOMA YIJIEPOJa C BBIJIE/JIEHNEM 3HATUTEILHOTO KomdecTBa dHeprun. [Ipm kak 1o
TaKO peakIuu BBIAEIAETCS 7,3 MIJLINOHA 3JIEKTPOHBOJIBT.

Xorsi paBHOBecHas KOHIIEHTpaIlusl M30TOINa SBe coBeplIeHHO HUYTOXKHA (Hampumep, IpH
TeMIiepaType CTO MUJIITHOHOB KEeJIbBUHOB Ha JIECSITHh MUJLIHAP/IOB O-9aCTHUIl TPUXOUTCA BCETO
JIIIL OJTMH U30TON SBe), Bee e CKOPOCTh «TPOMHOI» peakIMi OKa3bIBACTCA JJOCTATOMHOMN J1ist
BBIJIeJICHUS B HEJIpax OYeHb TOPSAUINX 3Be3] 3HAYUTETHHOIO KOJIMYECTBA SHEPTUH. 3aBUCUMOCTh
SHEPIOBBIJIE/IEHUS OT TEMIIEPATYPhl UCKJIOUYUTEIHLHO BejtnKa. Hampumep, /s TeMiepaTryp Immo-
paka 100—200 MU/LIMOHOB KEJTbBUHOB

30

£3q = 10%0%Y3 - [ —
s =10°p 108) 7

(8.6)
rje, KaKk U paHbiine, Y O3HA4YaeT HapluajbHYIO0 KOHIICHTPAIMIO Te/ins B HeJpaxX 3Be3ibl. B
caydae, KOrjJa MOYTH BeCh BOJOPOJ «BBITOPE/I», BeIUYIUHA Y JIOBOJIBHO OJIM3KA K €IUHUILE.
3aMeTuMm erre, 9To SIHEPreTHIECKN «TOPEHNEe» BOJOPO/IA SIBJIIETCs 60JIee BBITOIHBIM ITPOIIECCOM,
TaK KaK B 9TOM CJIydae Ha TPAMM <«IOPIOUero» Bbijessgercs B 10 pa3 60JbIlie SHEPIUH.

Ha puc. 8.1 B sorapudmudeckom maciirade IpuBeIeHa 3aBUCUMOCTh SHEPIOBBIIEIEHIA OT
TEMIIEPATYPHI JJId TPEeX BaKHEUINX PeaKInil, KOTOPble MOTYT IPOXOJWTH B HEJIPAX 3BE3JI:
MPOTOH-TIPOTOHHOM, YIJIEPOIHO-a30THON U «TPOIHOr0» CTOJTKHOBEHUS AJIb(Da-IaCTHI], KOTOPOEe
TOJIBKO 4ITO 00Cy)1a/i0ch. CTpe/iKaMu yKa3aHO IOJIOYKEHHE PA3JIMIHBIX 3BE3/I, JJIs KOTOPbIX
COOTBETCTBYIOIIAs sIJIePHAsT PeaKIus UMeeT HauOOoJIbIliee 3HAUCHUE.

Pestomupys sToT naparpad, Mbl JOJKHBI CKa3aTh, 9TO yCIIEXU sJICPHON (DU3UKHU TIPUBEIN
K TIOJTHOMY OObSICHEHUIO TIPUPO/IbI HICTOYHUKOB 3BE3/IHON SHEPIUn.

[Ipunsaro gymaTs, 910 Oorareidniuit MUp aTOMHBIX sJIep CTaJ U3BECTEH UeJI0OBEYECTBY HOC/Ie
BBIJIAIOIIETOCsT OTKPbITHA Bekkepesnem pagnoakTuBHOCTH. C 9TUM (PaKTOPOM, KOHETHO, TPY/I-
HO criopuTh. Ho Ha MpOTsSKEeHNN BCeit CBOel MCTOPUHU YeI0BEYeCTBO KyHayioch B jydax CosH-
na. /laBHo yxKe craso GaHAJbHBIM YTBEPXK/IEHUE, YTO UCTOTHUKOM YKU3HU HA 3E€MJIE SBJIACTCS
Cosnnie. Ho Besp comHednble jiyun — 3TO nepepaboTaHHas sijiepHasl SHEPrus. JTO O3HAYAET,
4TO He OyIb B IPUPO/IE SIACPHON sHepruu, He ObLI0 Obl XKu3HU Ha 3emiie. Byayan ecem obst3a-
HBbI ATOMHOMY SIJIPY, JIIOJIU Ha MPOTSKEHUN JIOJITUX THICTIeTUHl Take He MTOI03PEBAJIA O €ro
cymectBoBanuu. Ho, ¢ Apyroit cTopoHbl, cmMompems — 9TO elle He 3HATUT omKpuimsb. V1 Mbl He
MOKYTITaeMCsl Ha CJIABY 3aMedaTeIbHOro (DPAHILy3CKOrO YUIEHOrO. .
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Puc. 8.1. 3aBuCHMOCTD s1/IEPHOTO YHEPTOBBIJIEIEHNsT OT TEMIIepaTyphl JIJI TPEX PeakKIlnii.

S nepHbIe MPOIIECChl UI'PAIOT, KaK MbI BUIEIN B 9TOM maparpade, GyHIaMeHTaIbHYIO POJIb B
JIJINTEJIbHOM, CIIOKOWHO 9BOJIFOINY 3Be3]1, HaXO/IAIINXC s Ha IVIaBHOI 1ocjeoBareabHocT. Ho,
KpPOMe TOTO, UX POJIb SIBJSIETCA OIPEJIEISIONIeil Mpu ObICTPO IMPOTEKAIONINX HECTAIIMOHAPHBIX
[IPOIECCaX B3PBLIBHOI'O XapaKTepa, SIBJIAIONIMXCS TOBOPOTHLIMHI 3TallaMi B 3Bo o 38e311. 06
9TOM OyeT UATH pedb B TpeTheil dactu Toit Kauru. Hakomer, gazxe, Ka3aJaoch Obl, JJIs TAKOM
B BBICIIEH CTelleHN TPUBUAJILHON U OUeHb «CIIOKOMHOI» 3Be3/1bl, KaKOi siBjsieTcs Hatre CoJTHIIE,
siJIepHbIE PEAKIINY OTKPBIBAIOT BO3MOXKHOCTb O0bACHEHUS sIBJIEHUI, KOTOPhIE ITPEJICTABIISTIOTCS
OYeHb JaJeKuMu OT sijiepHoit pusnukn. 06 9TOM peds MOiIeT B cjeayoomeM naparpade.
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§ 9. IIPOBJIEMBI HEITPUHHOI'O U3JIYUEHNST COJIHIIA

Jlo cpaBHUTE/ILHO HEJIABHEIO BPEMEHU OJHA U3 BaXKHEHIINX MPOOJIEeM aCTPOHOMHUH — IIPO-
OJieMa BHYTPEHHEIO CTPOEHUSI M IBOJIOIUU 3BE3/[ PEIajach COBMECTHBIMU YCUJIUSIMU aCTPO-
PUBUKOB-TEOPETUKOB U aCTPOHOMOB-Hab I01aTes eil. Kak y:Ke HEeOJIHOKPATHO MO IEPKUBAJIOCH,
9Ta MpodIeMa HUKOUM 00pa3oM He Moryia ObITh pereHa 6€3 HeIPEePbIBHOIO KOHTPOJISI BHIBOJIOB
TEOPHUHU acTpOHOMUUecKUMHU HabromeHnsaMu. OcobeHHO GOJIhINIoe 3HAYEeHNEe JIJIsi TEOPUU MMeT
aHaIN3 MPEIU3NOHHBIX HAOJII0/IeHnit OJIecKa U IBeTa 3BE3J, BXOJMAIINX B COCTaB CKOILICHUI
(cm. § 12). Cunrasmoch U CIUTAETCsI, 9TO CHPABEJIMBOCTh TEOPUH BHYTPEHHEIO CTPOEHMUsI U 9BO-
JIIOTTVY 3Be3]1 O0bACHAETCH BOZMOXKHOCTBIO HA OCHOBE 3TOI T€OPUU OOBLICHUTD PsAJi TOHKUX OCO-
Oennocreit uarpamMmbl [eprimmpynra — Peccesna it pa3imaHbIX CKOTIJICHUN 3B€3]1, TMEIOITNX
pa3m4HbIii Bo3pacT. Bee ke HeonpeiesieHHOe Oy IIeHNnEe HEeYI0BJICTBOPUTETHLHOCTH, HECOMHEH-
HO, ocTaeTcd. B uease ObLI0 ObI HEIIOXO UMETH BO3MOXKHOCTH HenocpedcmeeHto Moy IuTh
OCHOBHBIE XapPaKTEPUCTUKHU 3BE3IHBIX HEJP IIyTeM IPIMbIX HAOJIIOIEeHUIA.

Eme cpaBHUTE/IBHO HEJABHO caMa BO3MOXKHOCTH <«3alVITHYTb» B HEJIpa 3Be3] IPEeJICTaB-
JISIJIACH TI0 MEHbINeil Mepe coBepiieHHO (haHTacTudecKoii. OrpoMHasi TOJIIA BENECTBa, 3BE3JIbI
JleaeT ee HENMPO3PAvdHON I BCEX BUJIOB IJIEKTPOMATHUTHOIO M3JIYYeHWd, BKIIOYAd CaMmble
JKECTKHE TaMMa-T1ydu. MUuIinoHsl jieT TpebyeTcsd KBaHTaM, FeHEPUPYEMbBIM B IIEHTPAJIBHBIX 00-
JacTsx 3Be37 (6aromapst TPOUCXOASIIUM TaM SIJIEPHBIM PEAKITHSIM ), 9TOOBI «[IPOCOYUTHCI» K
[MOBEPXHOCTHBIM CJIOSIM UM BBIATH HAPYXKY B MEXK3BE3/IHOE ITPOCTPAHCTBO. 3& 3TO BpeMs KBaH-
TBI, B3AaUMOJIEHCTBYS C BEIECTBOM 3BE€3/Ibl, HCIILITHIBAIOT OI'POMHOE KOJIMYECTBO IOTJIONEHNN 1
[epen3/IyYeHnii, peTepieBas Ipu 3TOM cepbe3Hble Tpancdopmaruu. Eciin nepsonadaibHO UX
JaCTOTHI COOTBETCTBOBAJN PEHTTEHOBCKOMY JTUATIA30HY, TO, BBIXOJS M3 MOBEPXHOCTHU 3BE3IHI,
OHU CTAHOBSTCA T'OPA3JI0 «Msrdey» W JaCTOTHI X JIeXKAT yKe B ONTHIECKOM M HEITOCPEICTBEHHO
IPUMBIKAQIOMNUX K HeMy HH(MPAKPACHOM 1 YIbTPaduoIeToBOM Jnama3onax. Jpyrumu ciaoBamu,
UX CBOMCTBaA y2K€ COBCEM HE OTParKalOT CBOWCTB Cpebl, B KOTOPON OHU HEPBOHAYAJILHO BO3-
nuk. Kazamoch Obl, HET HUKAKON BO3MOYKHOCTHU IOJIYUUTH KaKyIo-Tu00 WHMOPMAIUIO HENOo-
cpedcmeenno 3 Heap 3Be3bl. OHAKO CTOJIb OoraToe «dyjgecaMuy pasBUTHE (DU3UKHU B HAIEM
CTOJIETHH COBEPINEHHO HEOXKUJIAHHO OTKPBLIO BO3MOXKHOCTH XOTs OBbI B IPHUHIUIE TOJONTH K
PEIeHnIO 9TOM, CUnTaBIIelcs Hepa3pennMoi PO IeMbI.

B 1931 r. mBeiinapckuit husuk-reoperuxk Bosbdranr [aymm, ncxo/is u3 TBeproro yoex ie-
HUS B BBITIOJTHEHUN 3aKOHOB COXPaHEHUS JIJTs SJIEMEHTAPHBIX IIPOIECCOB U aHAJIM3UPYS TOTJIa BO
MHOI'OM €Ille He sICHOe sIBJIeHne [3-paciajia, BhIIBUHYJ CMEIYIO THIIOTE3Y O CYNIECTBOBAHUU HO-
BOIi 9JIEMEHTAPHON JaCTHUIIbI. DTa YaCTUIIA, TTOJIYIUBINAd Ha3BAHUE «HEHTPUHOY , JIOJI?KHA TMETh
BeChbMa, YJIUBHUTE/IbHBIE CBOMCTBA. Byayun sjnekTpudecku HefiTpaabHOM, OHa JIOJIzKHA 00/1a/1aTh
MacCoil IMOKOsl HUYTOXKHO MaJIoil, CKopee Bcero, jaxke HyseBoitl. [lo aTum npuunnaM HelTpUHO
JIOJIZKHBI 00/18/1aTh COBEPIIEHHO UCKJIIOYUTETHHON CIIOCOOHOCTHIO MTPOHUKATD Yepe3 OrPOMHbIE
toJimu BerecTBa. [logcanTano, 4To 6€3 3aMETHOrO TOTJIONMIEHHUS IIy9YO0K HEHTPUHO C dHEprueit
B MUJLJIMOH 3JIEKTPOHBOJIBT MOXKET IMMPOUTH depe3 CTAJIbHYIO ILTUTY, TOJIIINHA KOTOPOU B COTHIO
pa3 MPEeBOCXOJIUT PACCTOAHME OT 3eMJIn JI0 Oymkaimux 3Be3a! ZIcHO, 9To JUIst TaKUX YaCTHII
IPONTH «HACKBO3b» Uepe3 JII0OYI0 3Be3/y, KaK TOBOPHUTCS, «IIYCTOE JeJIo»... Ho cToib yauBu-
TEeJIbHO cj1adasi CIOCOOHOCTh HEHTPUHO B3AMMOJIECTBOBATH C BEIECTBOM HMMEET U CBOIO «00-
parnyio cropony». [lorpeboBasioch 25 jeT mocje reHuaJbHOTO TEOPETUIECKOrO TPeICKa3aHUs
[Taysu, aTo0OBI 9Ta HeOObIYAliHasS YacThIla ObLIa OOHAPYXKEHa B JTA0OPATOPHOM SKCIIEPUMEHTE U
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9. IIPOBJIEMBI HEUTPUHHOI'O U3JIVUEHUS COJIHIIA

TEM CaMbIM U3 pa3psjia THIOTETUIECKNX TePeNIa B pa3ps/] BIOJIHE PEaJbHBIX 3JIEMEHTaPHBIX
JaCTHII.

[Tocsie aToro oTKpbITUs (DU3NKA HERTPUHO 3HAUUTEILHO IIPOABUHY/IACh Biiepen. Kak u Bes-
Kasl «IOpsiJIOYHAsy dJeMeHTapHas JacTulla, HeHTpuHO 00JIaJlaeT «IBOMHUKOMY — aHTUYaCTH-
1Ieii, MMOJIyIuBIIeil Ha3BaHUe «aHTUHEHTpuHO». Bblmarommuiicss coBeTckuili hpusuk akajgeMuk bB.
M. IToHTEKOPBO TEOPETHIECKH IIPE/ICKA3A/I CYIIECTBOBAHUE JIBYX «COPTOB» HEHTPUHO — «IJIEK-
TPOHHBIX» M «MIOOHHBIX». OYeHb CKOPO 9TO IpeJicKa3aHne OJIECTSINE OIpaBIa/oCh Ha, OIBITE.
B. M. IloaTekopBo ObLI Tak:Ke MEPBBIM, KTO yKa3aJ Ha Ba*XHOCTb HEUTPUHO JJIs U3y UIEHUS
3BE3/IHBIX U B TIEPBYIO 0Yepe/Ib COJTHETHBIX HEJIP.

Teopust TepMOsIIEPHBIX peaKInii, IMPOUCKOISIIINX B IEHTPAIbHBIX 0bstacTsax CoJrHIla, 0CHO-
BBl KOTOPOI OBLIN U3JI0KEHBI B § 8, IO3BOJISIET JOBOJIHLHO HAJIEXKHO OIEHUTH BEJIUYUNHY ITOTOKA
COJTHEUHBIX HEMTpHUHO Ha 3emiie. B camMoMm serte, Kak y»Ke HEOTHOKPATHO MOTIePKUBAIOCH BHIIIIE,
CyTh TEPMOSIJIEPHBIX PEAKITNil, TPONCXOIANINX B HeIPaX HAITETO CBETUIA, CBOUTCA K TOMY, 9TO
YeThIpe MPOTOHA 00bEIMHAIOTC B OJIHY ajibda-dacTtuity. [Ipu 3ToM uciycKkamoTes 1Ba HEHTPUHO.
[Ipu KaxK7a0M TakoM «OObeJMHEHUN» BhIJeasdeTcsd 0KoJio 25 MsB sHeprum, koropas B KOHEY-
HOM pe3yJIbTaTe BBIAEISIETCS B ME:K3BE3IHOE IIPOCTPAHCTBO, obeciievunBas ceeTuMocTh CoJTHIIA.
[Tosromy 1OJ/IHOE KOJIMYeCTBO HEHTPHHO, obpasytomuxcs B Hejpax Comnna, N = 2L /25 MsB
= 10% ¢!, a morok ux ma Bemne N/410? = 10 cm™2 - ¢™'. D10 orpomuas Bemuunna. Mbl
OYKBAJIbHO «KYIIAeMCsi» B IIOTOKE COJTHEUHBIX HEHTPHUHO.

OHAKO HUYTOXKHO MaJjas BEPOSTHOCTH B3aMMOJIEHCTBUS COJHEYHBIX HEHTPHUHO C BeIle-
CTBOM JIeJIA€T SKCIIEPUMEHTBI 110 UX OOHAPYKEHUIO0 MCKJIIOUYUTEIbHO TPyaHbIMU. ies Takoro
9KcIepuMenTa ObLia npejoxkena eme B 1946 r. B. M. [lontekopso. ObHapy:KeHne HEHTPUHO
MOKeT ObITh OCHOBAHO Ha PEaKIINH

Veomn + 27ClL — 3TAr + ¢, (9.1)

rae *"Cl — ycToifuuBbIil H30TOI XJI0Pa, a 3’ AT — paIMOaKTHBHEII N30TON aproHa. JTa PeaKIHs
HA3bIBAETCS «OOpaTHBIN OeTa-pacia/iy. XOTs BEPOSTHOCTDH IOIJIONIEHUS] HEHTPUHO U30TOIOM
XJIOpa BeCbMa MaJia, BCE YKe Ha MPAKTUKe OHA OKa3bIBAETCH MOKA €JIMHCTBEHHO BO3MOYKHOM JIJTs
oOHapy»KeHUs COJIHEYHBIX HEHTpUHO. B KadecTBe «pabodero BeIecTBay, JJOCTATOYHO OOraToro
HU30TOIIOM «XJIOP-37», HaunHas ¢ 1955 1. ucHoJib3yeTcs mpo3padtas XKUJIKOCTh HEePXJIOPITUICH
(MM «9IETBIPEXXJIOPUCTDIH yrIeposly ), xumudeckast (popmysa koropoit CoCly. Dra j0BOJIBHO
JleleBasi XKUIKOCTh MIHPOKO HCIIOIb3YeTCsd B «OBITOBOI» XUMHUH KaK CPEJICTBO OYUCTKH IIOBEPX-
nocreil. [lepBbie ONbITHI IO OOHAPYKEHUIO HEUTPUHO STHUM METOJIOM OBLITN «HAIEJIEHbI» OTHIO/Ib
ne #Ha CoJTHIE, a Ha sJIEpHBIE PEaKTOPBI, N3/IyJaolne OIPOMHOEe KOJIMIeCTBO HEHTpUHO. 3a1a-
4eil 9TUX OIbITOB, MOCTABIEHHBIX BBIJIAIONIUMCI aMEPUKAHCKUM (PU3UKOM-9KCIIEPUMEHTATOPOM
JIsBrCOM, OBLIO «HAyUHTbCsA» pa3jndarb HeHTpuHO n anTuHeiTpuuo. [lociennune m3oTorom
37C1 me norsomatores. B kauecTse jierekTopa JI9BUC HCHOIBL30BAT CPABHUTEIHHO HEOOJIBIITYIO
eMkocTb B 3900 surpoB nepxsopaTuiieHa. CyIIHOCTb SKCIEPUMEHTa COCTOs/Ia B OIEHKE KOJIU-
JecTBa dAjep PaJAMOAKTUBHOTO W30TOIa ' Ar, KOTOpBIE 00pa3yloTcs B eMKOCTH, HAIOJTHEHHOI
nepxJaopaTusienoM. Takas orneHka IMpou3BOIUTCSA METOJAMHU COBPEMEHHOMN PaIMOXIUMUMN.

XO0Tsl OCHOBHAs TI€JIb SKCIIEPUMEHTa U He UMeJjia OTHOIICHUS K aCTPOHOMUU, TeM He MeHee,
KaK <«IOOOYHBIN TPOJYKT», /[9BUC BIepBble MOJIYYUI OIEHKY BEpPXHEH T'DAHUIIBI TOTOKA COJI-
HEYHBIX HEHTPUHO, KOTOpas, KOHEIHO, ObLIa ele CJUIIKOM I'pyba. YyBCTBUTEIBHOCTH ITEPBOTO
sKcrepuMenTa J[Buca OblLiia MPUMEPHO B THICAYUY pa3 HUXKE OXKHUIAEMOIr0 IOTOKa COJTHEUHBIX
HefITPHHO B TOM JHalla30He SHEPIuH, KOTOPLI Horytomaercs uzoromnom > Cl.

[Tocnensisi oroBopKa BechbMa CyIIeCTBEeHHA. BbIIe Mbl ONEHWIN BEJIUUNHY OXKUIAEMOTO
[IOJTHOT'O TIOTOKA COJIHEYHBIX HeHTpuHO. OJIHAKO MEePXIOPITUIEHOBBIN JIETEKTOP CIOCOOEH II0-
IJIOMIATH JIAJIEKO He BCE COJIHEYHBbIE HEUTPUHO C OJIMHAKOBOH 3 deKTuBHOCTHIO. Mex 1y Tem
SHEPreTHYCCKUI CIIEKTP COJTHEYHBIX HEHTPUHO BEChbMa YYBCTBUTEIBLHBIM 00pPa30M 3aBUCUT OT
dusnaeckux ycaouit B Hegpax CoJHIA, T. €. OT TeMIepaTyphl, IJIOTHOCTH W XUMHIECKOTO
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Puc. 9.1. /TerekTop HEATPUHHOIO M3JTyUeHUsT (CXeMATUIECKN ).

cocTtaBa. Ipyrumm cjaoBaMu, SHEPreTHYECKHUIl CIEKTP COJTHEYHBIX HEHTPHUHO, & CJIe/I0BaTe/Ihb-
HO, CKOPOCTH 0OPa30BaHms B IEPXJIOPITUIICHE PaIHOAKTUBHEIX A1ep > AT CHIBHO 3aBUCHT OT
MO/JIEJIN COJTHEYHBIX HEJIP.

Havunas ¢ 1955 1. /IsBuc. u ero coTpyfHUKN YIIOPHO pabOTaIn Ha/l TOBBIITIEHUEM YYBCTBU-
TeJIbHOCTH [I€PXJIOPITUIIEHOBOTO JIETEKTOpa HEUTPUHO. B pe3ysibTaTe nx yCUanii B 9TOM HAIIPaB-
JIEHUH 9yBCTBUTEIHLHOCTD JIETEKTOPA YBEININIACH K HacTodmeMy Bpemenn moarn B 30 000 pas!
B ero coBpemMeHHOM BHjie HEUTPUHHBIN JETEKTOP IPeICTaBIdAeT cOO0il TPAHINO3HOE COOPYIKe-
uue (puc. 9.1). TuranTckuii pesepByap, HATIOJHEHHBIH KUJIKUM [IEPXJIOPITUICHOM, UMEET 00b-
eM oko0J10 400 KybomMeTpoB, 4TO OJIU3KO K 00bEMY HOPMAJIHLHOTO 25-METPOBOIO ILIABATEILHOTO
Oacceiina. YcTaHOBKa PACIIOJIOXKEHA Ha JIHE TUIYOOKOI CTapoil MaxThl, IMPOOUTON B CKAJIHLHOM
rpyaTe. ['mybnHa maxThl npeBbimaeT 1,5 KM, 9YTO COOTBETCTBYET SKPAHUPOBKE yCTAHOBKH K-
BUBAJIEHTHBIM CJIOEM BOJIBI TOIMMHON okojo 4,5 KM. Pacrosnoxkenne jeTekTopa TUIyOOKO MO,
3eMJIeil TUKTyeTCsl HeOOXOIMMOCTBIO CBECTH K MUHUMYMY ITOMEXH, IPUBOJIAIINE K 00PA30BAHIIO
PaJIMOAKTUBHBIX U30TOIOB aproHa 0e3 IOTJIOMIEHU siJIPAME XJIOpa HEUTPUHO. Y Ka3aHHbIE 110~
MeXH BBI3BIBAIOTCS ITPOHUKAIOIIEH KOMIIOHEHTON KOCMUYECKHUX Jiydeil. Mro-Me30HbBI, BXO/IITe
B COCTaB 3TOIl KOMIIOHEHTBI, B3aMMOJIEICTBYS C BEIIECTBOM, MMOPOKIAIOT OBICTPBHIE ITPOTOHHI,
KOTOPBIE, CTAIKUBAsACh C AJPAMHI XJI0pa, 00pasyloT paJMoakKTHBHLIN n3oTom 37 Ar.

CoBpemenHast IyBCTBUTEILHOCTh HEHTPUHHOIO JIETEKTOPA OIPEIC/IACTCS TIPEZK/IE BCETO Be-
JIMINHOM «KOCMHYECKOro» (boHA, MPUBOJLINEr0 K 00PA30BAHUIO OIMMCAHHBIM BBIIIE CIOCOOOM
«IIapasUTHBIX» sjep 5 Ar.

HekoTopoe mongaTne 0 4yBCTBUTEJBHOCTU STOU THTI'AHTCKON YCTAHOBKH MOYKET JIaTh TOT
dakT, 9T0 U3-3a 00JIyUEHUs COJHEIHBIMU HEATPUHO BO BCEM OI'PDOMHOM Oacceiine MepXJIopITu-
JIeHa OJTHOBPEMEHHO IPUCYTCTBYIOT BCETO JIUIIb HECKOJBKO JECATKOB SJeP Pa/INOaKTHBHOIO
usoToma 3" Ar. 3aMeTuM B 9TOfi CBs3H, UTO IIePUO/I, HOIYPACIaia TOI0 U30TOIIa OKOJIO 35 JIHei.

DTO HUYTOKHOE KOJIMIECTBO 3/ AT yaeTcs BbIIEIUTh U3 «bacceiiHay IyTeM <«IIPOJLyBaHUs»
€ro TejieM, T0Ce Yero M30TOMbl aproHa BBIJIESIOTC U3 TeJIdsl XUMIYeCcKIM ITyTeM. Bes sra
IIPOIIETyPa, KOHEYHO, CONPSZKEHA C CEPbE3HBIMI KCIIEPUMEHTAIBHBIMU TPYIHOCTIMU, KOTOPbIE
9BUC 1 €ro KoJuIern yCHenrHo MpeoJIoIesu.

EnBa sim He caMbIM ITapa/IOKCAJIBLHBIM CJIEJICTBUEM OIBITOB J[9BHCA M €ro KoJLIer sBJIseTcs
HEOXKWMJIAHHO MaJIoe 3HAYeHMe TOTOKa COJIHEYHBLIX HeiiTpuHo. [lo cocrosgnuio Bonpoca na 1982
I. MOYKHO OBIJIO yTBEPZKJIATh, YTO KOJMIECTBO HOIVIOMEHHBIX COJTHEYHBIX HETPUHO 3a OJIHY Ce-
KyHJLy, PACCUMTAHHOE Ha OJIMH TIOTJIOMAIONTMiT aToM XJ10pa, pasHo (2,24 0,4) - 1073¢ (zamernm,
gro BesmuuHa 10730 mosyunna crnenmanbHoe HazBaHMe «S. N. U.» — «@IUHHIA COJTHEIHBIX Hefi-
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TpUHO» ). Mexk 1y Tem, ecii Obl IPUHATASI B HACTOSIIEE BPEMsi MOJIEJIb COJIHEUHBIX HEJp ObLiIa
TOYHOM, 3Ta BeJIMYNHA JIOJIZKHA Obli1a Obl OBITH B TPU pa3a OoJIbIIIe.

DTO PaACXOKJICHIE MEXK/Iy OKUJIAeMbIM PEe3yIbTaTOM U JAHHBIMU HAOJIIOJIEHUN TTPEeJICTAB/Is-
eTcsi JJOBOJIbHO OOJIbINM. KOHEUHO, YaCcTh 9TOr0 pacXoxKICHHS CJIe/lyeT UCKATh B HECOBEPIIEH-
CTBE TEOPHUil, KaK YUCTO (PU3HMIECKUX, TAK U aCTPOHOMUIECKHX. UMCTO (PU3UIECKON SABIISIETCS
3a/1a9a BBIYUCICHUS BEPOSATHOCTH TIOTJIOMICHUS XJI0OPOM COJTHEIHBIX HEHTPUHO. DTa BBIUYUC/ICH-
Has BEPOSATHOCTD, OJHAKO, IMOIKPEILIAETCH Pe3yIbTaTaMu MPAMBIX JTA00PATOPHBIX SKCIIEPUMEH-
TOB, TaK 9TO HET OCHOBAHMI COMHEBATHCs B €e IIPaBUIbHOCTH. BO3MOXKHbIE OMMMOKHY 3/1€Ch BPSI/T
mu upesbimaior 10%. Bosee cepbe3HbIM SBISETCS BOIPOC O TOYHOCTH HBIHE MPUHATON MOJIE/IN
BayTpennnx obsiacreit Cosnna. Kak Mbl yke yIIoMuHAJIM BBIIIE, OT 9TOM MOJIEIN 3aBUCUT SHEP-
FeTUYECKUl CIIEKTP COJIHEYHBIX HEHTPUHO, & CJIeJI0BATEILHO, U KOJINIEeCTBO 00Pa30BABIINXC B
Dacceiine IepPXJIOPITUICHA U30TOIIOB PaJIMOAKTUBHOTO aprona. Hampumep, ckopocTs 0oOpa3oBa-
HUe HefITpUHO IIpu GeTa-pacnaje SB (obpasyrormuxcest Ipu OJIHOM U3 BeTBell IPOTOH-IIPOTOHHOT
peaxiuu; cM. § 8) 3aBUCHT OT TemmepaTypbl T npubausuTebHo Kak T3 T. e. 0YeHb CHIIBHO.
Mezk 1y TeM MepXJI0P3TUIEHOBBIN JIeTEKTOP PErUCTPUPYET IPEUMYIIECTBEHHO HeHTpuHO, oOpa-
30BaBIIMECS P pactajie S B, Tak Kak oHn objiajaior Haubosibiieii sueprueii (~ 14 MsB). 3ame-
TUM, 9YTO KOJIMIECTBO TAKUX HEUTPUHO COCTABJISET HUITOXKHYIO JIOJTI0 OT TIOJTHOTO HENTPUHHOTO
[MOTOK&, KOTOPBII ouTH He 3aBucuT oT Mojean CotHIA.

B npunnuiie npu coBpeMeHHOM YpPOBHE TEOPUU MOJEJb JII0OO# 3BE3Ibl, HAXOJIIENcS Ha
IJIABHOM MTOCJIEIOBATEILHOCTH, MOYKET OBITH IIOCTPOEHA, JIOCTATOYHO TOYHO, €CJIN U3BECTHA Macca
3BE3/IbI- U PACIIpeJIeIeHne ee XUMIIeCKoro coctaBa 1o Beeit Tosrme. g CosHila Macca m3BecT-
Ha C BBICOKOI TOYHOCTBIO, B TO BpEMs KaK MMEETCs JIOCTATOTHO OOJIbIlas HEOIPEIe/IEHHOCTh B
pacrpejie/IeHny ero XuMu4IecKoro coctasa. Ilociienee 3aBucuT OT XapaKTepa IepeMelTnBaHus
BerecTBa B Heyipax Costaiia. Ckopee Beero, oTHOCUTE/IbHOE obuine rejus B sijipe CoJHIa BhIIIE,
JeM B OoJiee HAPYKHBIX CJI0sIX. PasHuIia B oOM/IMSX Teiid B IeHTPAJIbHBIX 00JIaCTAX U Ha IIepH-
depun 3aBucuT Takxke or Bozpacra CoJiHIIA, KOTOPBIH MpUHUMaeTcd PaBHBIM 4,7 MULIAAPIA
qetr. JIg moctpoeHust Mojiesieit MMEIOT TakkKe OOJIbIIoe 3HaYeHue MOJIydeHHbIe U3 J1adopaTop-
HBIX JAHHBIX CKOPOCTH Te€X WJIN MHBIX SAJIePHBIX PEAKINil, TPOUCKOAAIINX B COJTHETHBIX HeIPax.
Hamnpumep, mepeorienka BpeMeHH »KU3HU CBOOOJIHBIX HEHTPOHOB, KOTOpasl Ipousoinia B 1967
I., ¥ yTOUYHEHHue JIabOpaTOPHBIX JIAHHBIX O CKOPOCTH HEKOTOPBIX BAXKHBIX JIjIs acTPOMUBUKHI
SJIEPHBIX PeaKIii 3aCTaBUIN HECKOJIBKO TIEPECMOTPETh 3HAYeHNE CKOPOCTH TTPOTOH-ITPOTOHHO
peaxknun — BaKHeMIeil TepMosiepHoit peakiuu B Hegpax CoJtHIA.

[Ipeyioxkennnie B mocsienume rojibl Mosesn CoJTHIIA JAI0T BeChbMa Pa3Hble 3HAUEHUS OXKU-
JlaeMoro B 3KclepuMeHTax JI3Buca KosmmdecTBa MOIVIOMIEHHBIX HeiiTpuHo — oT 30 10 6 s. n. u.
OjtHako Jaske TOC/e Hee, HAMHU3INee 3HAYEHNe BCe YK€ B HECKOJIBKO pa3 IMPEBOCXOINT HaDJIIO-
JTaeMyI0 BEPXHIOIO T'DAHMUILY.

OsHagaeT JIi CTOJIb HeOXKUTAHHBIN PE3yJIbTAaT SKCIIEPUMEHTOB 110 00OHAPYKEHUIO COTHETHBIX
HEHTPUHO, YTO HAIWU MIPEACTABJICHUA O BHYTPEHHEH CTPYKTYpPE M IBOJIONUN 3BE3J, HEBEPHBI
1 HYXKJIal0TCcsi B KopeHHOM mepecmoTpe? Iloka gy Takoro BbIBoga ocHOoBaHmit Her. Ho ecThb
pobsieMa 00bsICHEHUsT PE3Y/IbTaTOB ONLITOB JI3BUCA.

[Ipexk e Bcero He Bce BO3MOXKHOCTH TTocTpoerust mojean CosiHia ncaepanbl. B npuHImme
MaJioe 3HaUeHne HeHTPUHHOTO TIOTOKA, (PUKCUPYEMOe TIePXJIOPITUIIEHOBBIM JIeTEKTOPOM (pearu-
PYIOIINM, KaK MbI YK€ FOBOPHUJIN BBIIIIE, IJIABHBIM 00Pa3oM Ha HEATpUHO, 0Opa3yioIuecs mpu
paImoaKTUBHOM OeTa-paciaie B B «G0KOBOI» BeTBU IIPOTOH-IPOTOHHOMN PEAKIINH ), MOKHO 00'b-
SICHUTB IIPEJIIIOJIOXKEHNEM, YTO OTHOCUTEIbHOE O0M/INe TAXKEJIBIX dJ1eMeHTOB B Hespax CoJiHia
1o Kpaitneir Mepe B 20 pa3 MeHbIIIe HAOIIOJAEMOr0 3HAYEHUS Ha ero rnmoepxuHoctu. llpu mamom
OOMINN THAXKEJIbIX 3JIEMEHTOB BEIEeCTBO COJTHEUHBIX HEJIP CTAHOBUTCS OOJiee MpO3padHbIM, TEM-
repaTypa yMeHbBIIIaeTCs, a CJIeJIOBATeTbHO, YMEHBIIIAETCS ITOTOK HEHTPUHO, BOSHUKAIOIIUX IIPU
pacnage 8B. Cpasy ke, 0JHAKO, BO3HUKAET TPYIHOCTH: BBIYMCJICHHOE Ha OCHOBE 9TOrO IIpe;i-
[IOJIOYKEHUsT TIepBOHAYAIbHOE ODM/INE Tejus B BEIIEeCTBE, U3 KOTOporo obpazoasioch CoJIHIIE,
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JIOJI?KHO OBITH B HECKOJILKO Pa3 MEHbIIle HabJII0/IaeMOro OOM/Ins rejius B MEXK3BE3/IHOI Ccpe/ie.
Henterko Tak:ke npejicraBuTh cede, KAKUM CIIOCOOOM 00pa30BaJICs CTOJIb OOJIBITION «1eOUIIUT»
TSIZKeJIbIX 9J1eMeHTOB B Hejpax CoJHIIA 10 CPABHEHHWIO C er0 TMOBEPXHOCTHIO. Bee ke MOXKHO
HE COMHEBATBCS, YTO MONBITKA OObACHUTH PE3yJIbTaThl IKCIEPUMEHTOB /[9BHca pasHoro poma
MO/IMUKAIUSAMU COJTHETHON MO OYIyT TPOJIOJIZKATHCA U, KTO 3HAET, BOSMOXKHO, IIPUBEIYT
K YCIIEXY.

JIpyrast BO3MOKHOCTH OO'bsICHEHHS OTPUIATETLHOIO PE3Y/IbTaTa ONBITOB 10 OOHAPYKEHUTO
COJIHEYHBIX HEHTPUHO COCTOUT B PEBU3MH OCHOBHBIX IIPEJICTABIEHUN O IPUPO/ie HEUTpUHO. Tak,
HAIpUMeD, OblLjIa BbICKA3aHa TUI0Te3a, YTO HEHTPUHO — HeCTAOUIbHAS YACTHUIIA. JTa TUIOTe3a
TpebyeT mpu3HAHUsS Y HEHTPUHO XOTd U MAJIOH, HO KOHEYHO# Macchl 1oKos. Kciu mpemnosio-
JKHATDb, YTO TEPUOJI MOIypPacaja HEUTPUHO MEHBINE HECKOJIbKUX COTEH CEKYHJI, TO $CHO, YTO
obpaszoBaprmecss B Hejpax CoJiHIIA HEATPUHO MPOCTO He JIOHIyT 10 3emin. Pa3sHOBUIHOCTHIO
9TOTO THUITA THUIIOTE3 SABJSIETCS «THUIOTE3a OCIWLIANNNY, npeioxkenHasd b. M. Ilonrexopso.
CyTb 9TOil IMIIOTE3BI CBOJUTCA K TOMY, UTO UcHylleHHble COJHIIEM <«3JIEKTPOHHBIEY HENTPH-
HO MOI'YT IIPEBPAIIATLCS B «MIOOHHBIE» , HA KOTOPBIE JileTeKTop J[9Buca ne pearupyer. OHako
TaKue TUMOTE3bI TPEOYIOT KOPEHHOTO U3MEHEHUs CYIIECTBYIONIUX ITPEJICTABIEHUI O CBOMCTBAX
9JIEMEHTAPHBIX YaCTHUIL. YK CJUIIKOM BEJUKA IeHa, KOTOPYIO HaJIO 3aILIATUTH 38 00bICHECHUE
OTPHIATEJILHOTO pe3ysbrarta onbToB JIsBuca. Bpsa jm s1a rumoresa (Tak ke, Kak U Jpyrue

POJCTBEHHLIC eﬁ) COOTBETCTBYET ﬂeﬁCTBHTeﬂbHOCTHI.

CoBepIiteHHO JIPYTOii ITO/IXO/T K 00CY 2K /1aeMoit 371ech mpodyeme coep:kutcs B runoreze Day-
Jlepa, BbICKazaHHOI B KoHIle 1972 r. OH IpeamooKuI, 9TO HECKOJIBKO MUJIIMOHOB JIET HA3a,l
BO BHYTpeHHUX cj10sx CoJIHIIa MPOU30III0 CPAaBHATEIHHO OBICTPOe, Kak Obl «CKaIKOOOpasHoes
IepeMeInBaHe BerecTBa. Takum o0pa3oM, B TeIeHHUe TOC/IeTHIX HECKOJIbKIUX MUJLJTHOHOB JIET
uejipa CoJiHIla HaXOIATC B HEOOBIMHOM, KaK ObI IIEPEXOTHOM COCTOAHUN. depe3 HeCKOIbKO MUJI-
JINOHOB JIeT pusnvdeckue ycjioBus B Hejapax CosiHIIa BEPHYTCS K TePBOHAYATBHOMY COCTOSTHUIO,
JIO TOrO KaK TaKoe BHe3aIHoe repeMernuBanue mpon3onnio. OTBIeKasCch MOKa OT aHAJIN3a PU-
YMH, MOBJIEKINNX 3a CO00# Takoe «KaTacTpoduUueckoe» IMepeMeNninBaHie, pacCMOTPUM, KaKue
9TO IOBJIEYET 3a OO0 IOC/IeACTBHS JIJIsd ITPOOJIEMbI COJTHEUHBIX HeHTpuHO. Besd cyTh rumore-
3p1 Paysiepa COCTOUT B TOM, UTO HMOTOK HeWTpuHO OT COJHIIA OIPEIe/IsieTcs «MIHOBEHHBIM»
COCTOSTHMEM COJIHEYHBIX HEJIP. DTO O3HAYAET, UTO €CJIU 110 KAKOW-M00 MpUIrnHe N3MEHUJIACDH
TeMIiepaTypa COJHEUHBIX HEJP, 9TO Cpady otce OTPA3UTCS Ha BhIxosmeMm n3 CoJHIA TMOTOKe
neiirpuao. CoBceM m0-JpyroMy Oyjer Bectn cebst OTOK (poToHHOrO m3aydenns ot CosHIA.
Kak y»ke HEOJHOKPATHO MOTYEPKUBAJIOCH BBIIIE, 0OPA30BABIINMCH B IEHTPAIbHBIX 00J1aCTIX
Couaria ¢poroHaM TpeOyIOTCsT MUJLIMOHBI JIeT, 9TOOBI IPOCOYUTbCST HAPYXKY U BBIATH B MeEXK-
3Be3/IHOE MTPOCTPaHCTBO. Takmm oOpa30M, B IPUHIUIIE, BO3MOYXKHA TaKasl CUTYaIUs: BHE3AITHO
Temriepatypa B rnenTpe CosTHIIA TaIaeT, cpa3y Ke Pe3KO yIajeT MOTOK HEefTPUHO, B TO BpeMs
Kak cBeTuMocTh COJIHIIA OCTAHETCsT HEM3MEHHOTA.

N nes @aynepa mpeicrapisgeTcs HaM B BBICIIEH CTEIIEHN ILIOA0TBOPHOI. PaszBuTne rumores3nt
Qayiepa comep:KuTca B padbore I3epa n Kamepona. Ecimm npeamosioxKuTh, 9T0 0 KaKOH-1160
[pUYNHE PE3KO yBEINYIN/IOCh SHEPTOBbLIeeHne B 1meHTpe CosHIa, 00YCIOBIEHHOE SIePHBIME
peaxImsiMi, TO TO MOBJIEUET 3a cODOil OBICTPOE pacuwuperue COJTHETHOIO SIpa, TeMIIeparypa
KoToporo noxusumcsa. [lonmxkenne Temreparypsl HeJp CosHIIa MOBJIEYET 3a COOON yMmeHbuLe-
HUue CKOPOCTH BCEX TepMOsiIepHBIX peakiuii. Ilocie Toro Kaxk m30BITOYHAS SHEPIUsl MTOKHHET
[peJIesIbl EHTPAIbHBIX obs1acTelt CoJtHIa, TTOCIeHIEe BEPHYTC K CBOEMY TIePBOHAYATLHOMY CO-
CTOSTHUIO U MIOTOK COJTHEYHBIX HEHTPUHO BOCCTAHOBUTCH. KaknM 2Ke 06pa3oM MOXKeT ITPOU30UTHI
pe3Koe yBeJmdeHrne HEeProBblIe/IeHns B IeHTpa bHoit obsactu Costana? OKasbiBaeTCsI, 3/1€Ch
0O0JIbITIOE 3HAYEHHE MOXKET UMEeTh TaKas HUITOXKHO MaJias MPUMECh K BEIECTBY COJTHEYHBIX

!B mocnemane ronst B. A. JIioOUMOB U €ro KOJUIErH SKCIHEePUMEHTAILHO HAILIH, ITO MACCA MOKOS HEeHTPUHO
KoHeuHa u Gumska K 20 9B. Dror pesyibrar (3HaUeHEE KOTOPOIO TPYIHO ObLIO Obl IEPEOIEHUTb, OCOOEHHO JIJIsd
KOCMOJIOTUH) HY?KJAETCsl B HE3ABUCUMOM IIOJITBEDIK ICHUM.
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9. IIPOBJIEMBI HEUTPUHHOI'O U3JIVUEHUS COJIHIIA

Heap, Kak peaxuit uzoron remus SHe. B o6brunbix yerosusax B Hegpax CoJlHIa KOHIEHTPAIHST
9TOr0 M30TOIa MOJJIEPKUBACTCA JTUHAMUYECKIM PABHOBECHEM MEXKTy SAEPHBIMU PEaKIMIMU,
BEJIYIIIUMHI K €ro 00pa30BaHMI0 W YHUUTOXKEHWI0. Mex Ty Tem, Kak y»Ke 00CYKIaa0ch B § &,
koHIenTpanua °He mmeer Gosbloe 3HadeHne 11d uiymieit B Hegapax CoHIA TPOTOH-ITPOTOH-
HOIT peakiuu, obecriednBarolieil mouTu Bcio ceeruMoctTb Costaia. OKa3bIBAETCs, UTO YeM BbIIIIe
TeMIepaTypa, TeM HIKe paBHOBecHas KoHieHTpaius °He. OTcrona HelocpeIcTBeHHO CIeIyerT,
4TO paBHOBeCHast KoHIeHTpanus *He Jo/KHa pacmu 1o Mepe yiaasenust ot nentpa CosHia, oJi-
HaKO, HadMHasA ¢ HEKOTOPOTO PACCTOAHNUS OT IEHTpa, POCT KOHIeHTpanun °He mpexparmaeTcs:
TeMIlepaTypa OKa3bIBAETCS Y Ke CJIMINKOM HU3KON JIJI TOTO, 9TOOBI PaBHOBECHAs KOHIIEHTDA-
IUsl yCIesia YCTAHOBUTHCA 3a Te ~ 5 MUWIJINAPJIOB JieT, KoTopble cymiectByer Costnre. Pacue-
ThI IOKA3bIBAIOT, YTO MaKCUMaJlbHas KOHIleHTpanus uzorona “He mocruraercs Ha paccTosHUT
0,6 comneunoro pajsmyca. llpejcraBum cebe Terepb, 9TO MO KAKOH-JIMOO0 MPUYMHE MTPOU3OIILIO
BHE3AITHOE ITIepeMeInBaHIe COMHeIHbIX HeJp. OHO JIOJKHO MOBJIeYb 3a CO0O0W 3HAUUTE/IHLHOE
yeemryenne Kounenrparun SHe B o6mactu nenrpa CosHila, Tak Kak Ty/a HOCTYIINT MaTepuall,
riae kounentpanus SHe seime. Tak Kak KOHIEHTPAIUs 9TONO H30TOIA ONpEIeIdeT CKOPOCTh
IIPOTOH-TTPOTOHHOU PEAKITNH, SHEPrOBbI/IeJIEHIE PE3KO BO3PACTAET, U MbI ITOJIyIUM CUTYAIIHIO,
00CyKJIABITYIOCS BBIIIIE.

[IpwyuHoil BHE3AIIHOIO IEepPeMEIUBAHNUS COJHEYHBIX HEJIP MOYKET ObITh IOCTEleHHOe Ha-
KOILJIEHHEe HEKOTOPOH «HEYCTONYINBOCTH», KOTOpast, JION A JI0 OIPEJIEIEHHOIO Ipejiea, Kak Obl
«cOpacbiBaeTcs». Hampumep, 3Ta npudmHa MOXKeT OBITH CBsI3aHA C IUPKYJIAIUEl BerecTsa
COJTHEYHBIX HEJP B MEPUIUAHHOM HAIIpaBJIEHUH, KOTOpad Oy/IeT KaK Obl «TPaHCIOPTUPOBATH»
BpammareabHbIil MoMeHT CoJIHIIA OT ero nepudeprdecKux CJI0eB K IEeHTPy. B pesynbrare 1eH-
TpajbHble obacTu CoJIHITA HATHYT BPAIaThCs 3HAUUTE/IBHO ObICTpee, deM mepudepust. Takas
CUTYyaIUs JOJKHA ITPUBOJIUTH K HEYCTONIMBOCTU, KOTOpasi OYIET «COPachIBAThCS» IEepeMeln-
BaHueM. ['unoresa paccmarpuBaJiach SoHCKHEM TeopeTukoMm Cakypan. BazkHoit 0cOO€HHOCTBIO
9TOT0 MEXaHU3Ma BHE3AITHOI'O ITEPEMEITUBAHUS ABJISIETCSA €ro nepuoduunocms. Bemasb mocite To-
r'o KaK HAKOIUBIAACA HEYCTOUIMBOCTD OYJIET «COpOIeHay, OHA ONATh HAYHET HAKAILIUBATHCS,
TaK KaK «MepUIuaHHasy MUPKYJISIUS B COMHETHBIX Hempax OyaeT npogoskarhes! [To onmenkam
O3epa u Kamepona Bpems MexKIy TAKHMU CPaABHUTE/IHLHO OBICTPBIMU ITPOIECCAMU TIepeMeITnBa-
HUS COJTHEUHBIX HEIP MOPSIKa COTHU MHUJIJIHOHOB JIET. DTO O3HAYAET, UTO 3a BPEMs BOJIIOIUN
HAIlero CBETHUJIa TaKhe IMPOIECChl IMPOUCXOININ HECKOJIBKO JIECITKOB pa3. Tak Kak IInTesb-
HOCTb Cba:%bl, KOorJa IIO IPUYMHE BHE3AIIHOI'O IIepeMeElInBaHNA TEMIIepaTypa COJHCYHBIX HEIpP
CTAHOBUTCA HIZKE «HOPMAJIBHOI», MOpAIKa JecaTH MUJLUIMOHOB JieT, To npumepno 10% Bcero
BpPEMEHHU CBOEHl IBOJIIOIUN COJIHEYHBIC HeJIpa JOJXKHBI HAXOJIUTHCA B TAKOM «MUHUMAJIHLHOM»
COCTOsTHUM. BBIXOIUT, 9TO HAM OCODEHHO «ITOBE3JI0», Pa3 MbI KUBEM B TaKyIO 3TOXY SBOJIIOIUI
Couaria. 910 3aMedanne, KaK Mbl YBUINM HUKE, MOKET UMETh ropas3 o 60j1ee TJIyOOKHi CMBICT,
geM 9TO KazKeTCd Ha HepBbIﬁ B3IJIAI...

AMeprKaHCKIe aBTOPBI BBITOJTHUIN UUCEHHBIE PACcYeThl Bapualdii HEHTPUHHOIO U3JTy1e-
nug CoJTHIIa CO BpeMeHeM B IIPOIecce TaKoro repeMertuBanus. Pe3yibraTbl BHIYUCICHUN TPU-
BesleHbl Ha puc. 9Y.2. Kak Mbl BUIMM 13 9TOro rpaduka, mepe/i mepeMenmBaHueM «HOpMaJIbHOe»
CouHIle M3/Iy9aeT MOTOK HEHTPUHO, KOTOPBIA COOTBETCTBOBaJ Obl mpuMepHOo 10 emmHUIIAM S.
n. U. Ha IepxJop3TuieHoBoM gerekTope /IsBuca. B cepenumbe dhasbl mepemMernnBaHusi MOTOK
naJjiaeT JI0 3HaUYeHusd, KOTOPOe HEMHOI'O, HO BCe-TaKU HUXKe HAOJIIOIaeMOTO IPEJIEIA.

Oprako 93ep u Kamepon He orpaHMYMBAIOTCS TOJHKO KOHKperusammeil mmen Paysrepa.
OHu Wy T 3HAYNUTENBHO fajbiine. Jlego B ToM, 9T0 paciupenue IeHTpa bHoit obsactu CostHIa
JIOJIPKHO Hem30eKHO OTPA3UTHhCA Ha €ro CBETHMOCTH, T. €. Ha IIOTOKE ero (JomoHH020 M3JIyte-
Hus. Kpome Toro, J0/2KeH HEMHOTO YMEHBITUTHCS €TI0 PAJINYC. XOTs TeMIIepaTypa MOBEPXHOCTU
CoutHIla MOYTH HE U3MEHUTCHA, €r0 CBETUMOCTD Oy/IeT 3aMETHO YMEHLWaAMbCA BO BpeMsl (as3bl
nepeMenmuBanug. Pe3ysibTaTbl COOTBETCTBYIONINX BHIYUCIEHN TpuBe/ieHbl Ha puc. 9.3. Kak Bu-
AWM, USMEHEHUd CBETUMOCTHU JOJIZKHDBI 6bITb BeCbMa 3HAYUTEJIbHBIMU. BO3HI/IK3.€T COBEpPIIEHHO
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Puc. 9.3. IIpeanonaraemast Bapuarus ceerumocTu COJIHIIA CO BPEMEHEM.

€CTECTBEHHBIN BOIPOC: a HE OTPA3UJIUCH JIM 9TU IUKIUICCKUE «IIPOBAJIBI» COJTHEYHONW CBETUMO-
CTU HA Te0JIOTUIECKON UCTOPUN 3eMJIH !

Ecinn npennaraemoe @aysepom 0O0bsiCHEHIE OTPUIIATEILHOTO Pe3yJIbTaTa OIBITOB 110 00HA-
DYKEHUIO COJTHEYHBIX HEWTPUHO MPABUJILHO, HBIHENTHUI YPOBEHb COJHEYHOTO U3JIyUeHUs CJie-
JIyeT CUMTATh 3HAYUTEIbHO O0jiee HU3KUM, UM «HOPMAaJIbHbBIN» ypoBeHb. Ciiemyoliee u3 puc.
9.3 yMeHbIIIeHe YPOBHSI COJTHETHOM CBETUMOCTHU MIPOTUB «HOPMAJIBLHOTO» JOJIZKHO COOTBETCTBO-
BaTh yMEHDBIIEHHIO DABHOBECHOH TeMmiepaTypbl 3emun B ornomennn (Li/Le)Y*, tne L1 —
«HOpMaJIbHasI» CBeTUMOCTD, L) — cospemennas. OTciofia BhITEKAeT, YTO B HACTOAIIEE BpeMs
TeMIlepaTypa Halllell IJIAHEeTHI JIOJIKHA OBITh IrpajiycoB Ha 30 HUXKe, YeM B «HOPMAJIbHbIE» IIe-
PUOJIBI, KOT/Ia MOIIHOCTb COJIHEUYHOTO u3jydenus: Oyim3ka K Lq. Ciemyer, mpaBja, 3aMeTUTD,
YTO HAJIMIHe Ha 3eMJIe MOIIHOrO OOJIATHOIO CJIOs M aTMOCGhEpPHON MUPKYJIAINN JIOJYKHO 3HAa-
YUTEJIHHO CIVIQJINTh PA3HUILY CPEIHUX TEMIIEPATyP 3eMJIH B «HOPMAJILHOE» W B HAIIE BPEMs.
[To-BuamMoMy, ¢ yIeTOM 9TOr0 0O6CTOATETHCTBA Pa3HUIa J0/KHa ObITh paBHa 10—15 K. A 3T0
O3Ha4YaeT, YTo ceifuyac 3eMiisd MepeKuBaeT AeoHuKosbil nepuod!

Ho Bemn 310 coorBercTByeT neiicrBurenbHocTH! [0 reosornaecknM JTaHHBIM Jie THUKOBBII
MePUO/T Ha HAINEH TIJIaHeTe JJTNTCS BOT y7Ke aBa MuLroHa JjieT. Ceifvac Ha 3eMjie OTHOCUTETHHO
TEIIO, TIOTOMY YTO MbI KHBEM B CPABHHUTEJILHO KOPOTKOe (JymTesbHoCTh okosio 15 000 Jser)

MeACACOHUKO0B0E BpeMH1 .

! JIro60IIBLITHO OTMETHTE, UTO IIPeIBIYINee MEKJICTHIKOBOE BpeMs, ObIBIIee Ha 3emye okoso 100 000 jer
Ha3aJl, 32KOHIMJIOCh OYE€Hb OBICTPO, IO NeO0JIOTMYECKUM MACIITadaM Jake BHE3AMHO. 3a KaKy-HUOYIb COTHIO
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9. IIPOBJIEMBI HEUTPUHHOI'O U3JIVUEHUS COJIHIIA

TosibkO cpaBHUTEIHLHO HEJABHO T'€OJIOTU JTOKA3AJIM, UTO OJICJICHEHNS 3eMJIU BCErJla HOCUIIN
24000.4bHVIT XaPAKTED, T. €. IPOUCXOUIN 00H08peMerHo HA 00ErX ee MOJTYIapHusIX.

OTO O3HAYAET, YTO MPUUUHON JIEITHUKOBBIX MEPUOJIOB MOYXKET OBITH TOJTBKO HEKOTOPBII KOC-
Mudeckuit pakrop. Eciu ceffuac HaunHaOT MOHUMATD, 9TO JIayKe 3eMHas MEeTeOPOJIOTHs YIIPAB-
JISIETCsl COJTHEYHON aKTHMBHOCTBIO, MOYKHO JII COMHEBATHCA B TOM, YTO BEJIMKHUE OJIeICHEHUS
Bemyt ObLTH OOYCIOBJIEHBI TOPA3/0 OOJIee 3HATNTETbHBIMUA U3MEHEHUSIMU YPOBHS COJTHETHOIO
n3ydenns! Mbl TOBOPUM «OJie/IeHEHUST» BO MHOXKECTBEHHOM Yucje. Bespb yKe JaBHO N3BECTHO,
9TO B JIAJIEKOM I'e0JIOPMYECKOM IPOILIOM 3eMiin (HampuMep, B apXeiicKoe BpeMsi) Takzke ObLn
BestmKue ojefieHeHus. Jloka3aHo, 4TO Takue OJie/IeHeHNsI Ha HaIlllell TJIaHeTe MPOUCXO/IIIN Tie-
puondeckn Kaxkjble 200—300 MUJLINOHOB JIEeT, ITPUYEM JIJIUTETbHOCTD JIEJHUKOBBIX TIEPUOJIOB
obL1a okosto 10 MummonoB Jiet. Kak BHIMM, UMEHHO K TaKOW KapTUHE MPUBOJUT Pa3BUTHUE
umen Daysepa, BoioiHEHHOE D3epoM n Kameporom!

[IpuxoauTesd TOJBKO YAUBIATHCS HEOXKUJIAHHBIM XapaKTepaM B3auMOCBSA3U SBJIEHUI B IIPU-
pojie. YIUBUTE/JBHBIM U COBEPIIEHHO HEOXKWJIAHHBIM 00Pa3oM IMpOOJIEeMbl HERTPUHHON acTpo-
HOMUU MOTYT OBITh CBA3aHbI ¢ (PYyHIAMEHTAJbHENIeH MpodIeMOoil Te0JIOTUH, JI0 TOCJIETHErO
BPEMEHH, HECMOTPs Ha MHOT'OYHCJIEHHBIE TTONBITKH, OCTaBaBIIIeliCsT HEPEIIEHHOM.

Crout erre mojymMarTb O TOM, UTO JIEJHUKOBBIN TEPUO ObLI «KOJIBIOCTBIO» YEJIOBEYECTBA.
Bpst sim Ob1 aBCTpaJIONUTEKN CTaJId B UTOTE JIJIMTEIHHOIO ITPOIECCA IBOJIIOIUU JIIOJLMU, €C-
i Obl He ObLIO JIeIHMKOBOTrO Tiepuosia. Jlaxke ecyim jasbHeiiniee pa3BUTUe HAYKU MPUBEIET K
JIpyToMy OObICHEHHIO OTPUIATEHFHBIX PE3YIbTATOB ONBITOB /[9BNUCa, 00bsICHEHNE JIe THITKOBBIX
MIEPUOJIOB, KOTOPOE MBI Ceiidac 00CYZKJIaIl, MOXKET OCTATHCA BEPHBIM U MTOPAXKATh HAC CBOUM
U3SIIECTBOM.

JIET TeIJIOIOOMBbIE BU/IBI KUBOTHBIX MOKUHYIH BOAbI 'pernnananun n Heiodaymmienga. Vmerorcss HEKOTOpbIE
OCHOBaHWUSI 110JIaraTh, 9TO HAIle MEXKJIEJIHUKOBOE BPEMsI IIOIXOJIUT K KOHILY, II0-BUJUMOMY, CTOJIb YKe OBICTPO.
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§ 10. KAK YCTPOEHBI BEJIBIE KAPJIUKUN?

B § 1, korga mbr 00cy2k1au dhusntdeckne CBONCTBA PA3JIMIHBIX 3BE3/1, HAHECEHHBIX HA JUa-
rpammy ['eprmmpynra — Peccena, ObL10 y2Ke 0OpallieHo BHIMAHUE Ha TaK Ha3bIBaeMble «Oesbie
Kap/IuKny» . TUNUYIHBIM TIPEJICTABUTEIEM STOTO KJIAcCa 3BE3J] ABJIAETC 3HAMEHUTBIN CITyTHUK
Cupuyca, Tak HasbiBaeMblit «Cupuyc B». Torma ke mogaepKnBajIoch, 9T0 3TH CTPAHHBIE 3BE3-
JIbI — OTHIO/Ib HE peJiKast KaTeropusi KaKnX-To HaTOJOINIEeCKUX «yPO/IIeBy» B Haleil [amakTuke.
Haoboport, 310 Bechma MHOTOUMC/IeHHas TpyIa 38e3. 1x B [amakTuke q0/12KHO OBITH 110 Kpaii-
Hell Mepe HECKOJIbKO MUJIIMAP/IOB, & MOYXKET ObITh, U BCE JIeCATh MULIUAPIOB, T. €. 10 10% Beex
3Be3/] HaIlleil TUTaHTCKOH 3Be3iHOi cucTembl. Crie/10BaTeIbHO, OesIble KAPJIUKN JTOJIXKHBI OBLITH
00pa30oBaThCsd B pe3yJIbTaTe KAaKOr0-TO 3aKOHOMEPHOI'O ITPOIECCa, KOTOPBII UMeJT MECTO Y 3aMeT-
HOI YacTw 3Be31. A OTCIoa CJIeJlyer, YTO Hallle IOHUMAaHIe MUPa 3Be3.1 Oy1eT BechbMa, JAJIEKIM
OT TIOJIHOTBI, €CJIM Mbl HE TOWMEM IMPUPOJY OeJIbIX KapJUKOB U He BBISICHUM BOIPOca 00 mx
npoucxoxjeHnn. Bripodem, B 3ToM naparpade Mbl He Oy/1eM 00CYKJ1aTh BOIIPOCOB, CBA3aHHBIX
¢ mpobJieMoit 0bpazoBaHUs OEJIBIX KapJIuKOoB,— 3T0 Oyaer caenano B § 13. Hamma 3amada moka
YTO — TOMBITATHCA MOHATH MPUPOY STUX YAUBUTENBHBIX 00beKTOB. OCHOBHBIE 0COOEHHOCTH
OeJTbIX KapIUKOB TaKOBBI:

a) Macca He cimmikoMm orimdaercs: or Macehbl COJTHIIA MPH PaJIyce, B COTHIO Pa3 MEHBIIEM,
geM y Cosania. PazMepbr 6e/1bIX KapJIMKOB OJIHOT'O TOPSAJIKA ¢ pa3sMepaMu 3eMHOIO Iapa.

6) Orcioza ciiejyer orpoMHasi CpeJiHssl INIOTHOCTD BEIECTBA, JOXOJAIIAs JIO 105107 r Jem?
(T. e. JI0 JecsITKa TOHH, «3allPECCOBAHHBIX» B KyOHUIecKOM caHTumeTpe!).

B) CaeTruMocTb 6€JIBIX KapJIMKOB OY€Hb MaJla: B COTHH U TBICAYN pa3 MEHbIIC COJIHEYHOA.

[Ipu mepBoii ke MOIBITKE IPOAHAIN3MPOBATH YCIOBHUS B HeJApax Oe/IbIX KapJIUKOB Mbl CPa3y
JKe CTAJIKMBAEMCS ¢ O9eHb OOJIBINON TPy IHOCTRIO. B § 6 ObLIa ycTaHOBJIEHA CBA3b MEXKLy MACCOit
3BE3JIbI, €e PAJIyCOM W IEeHTPaJbHON TeMuepaTypoii (cM. dopmymy (6.2)). Tak Kak mocseHsist
JTIOJIKHA OBITH OOPATHO MPOMOPIMOHAIBHA PAINYCy 3BE3/IbI, TO MEeHTPaJIbHbIE TEMIIEPATYPhI Oe-
JIBIX KapJIMKOB, Ka3aJI0Ch Obl, TOJI?KHBI JJOCTUTaTh OIPOMHBIX 3HAYEHHI TOPSIJIKA MHOIUX COTEH
MUJLIMOHOB KeJIbBUHOB. 1Ipy TaKuUX 9yIOBUIIHBIX TEMIIEpATypax TaM J0JKHO ObLIO BbIIE/ISATh-
Cs1 HETIOMEPHO OO0JIBIIOE KOJIMYIECTBO siJjiepHO sHeprun. [lake ecyin mpeosioKuTh, ITO BECh
BOJIOPOJ TaM <«BBITOpEJI», TPOHAsl TejiueBas Peakiius J0/KHa ObITh BecbMa, 3(MD@EKTHUBHOIM.
BbIILeJIHIOH.IaHCH Ipu AJePHBIX PEaKIUAX SHEPIud O6ﬂ3aHa «IIPOCavIMUBATLCA» Ha IIOBEPXHOCTDH
U YXOIUTH B MEXK3BE3JIHOE IIPOCTPAHCTBO B (pOpMe HM3JIyUeHHUs, KOTOPOe JOJIZKHO OBLIO OBIThH
HCKJIIOYNTEIHHO MOIIHBIM. A MeXKJIy TeM CBETUMOCTH O€JIbIX KapIMKOB COBEPIIEHHO HUYTOXKHA,
HA HECKOJIBKO IOPSIJIKOB MEHBIIIE, YeM Y «OOBITHBIX» 3BE3J TOI Ke Macchl. B uem TyT 1e/10?

[TombiTaemcst pa3obpaTbcst B 3TOM IapaIoKce.

[Ipezkte BCero CTosib CHJIBHOE PACXOXKIEHNE MEXKIY OXKMIaeMOil 1 HabJII01aeMoii CBETIMO-
CTBIO 03Ha4aeT, 910 hopmyiia (6.2) § 6 monpocTy HempuMeHnMa K 6€IbIM KapmkaMm. BenoManM
Ternepb, KAKUe OCHOBHBIE JIOYIIEHUsT ObLIN CJIeJIaHbI IPU BBIBOJIE 9T0# (hopmyiibl. [Ipex e Bee-
r'O TIPEJIIIOJIATAIOCh, 9TO 3Be3/1a HAXOUTCS B COCTOSHUN PABHOBECHUS O] AEHCTBUEM JIBYX CHJT:
I'paBUTallil U I'a30BOI'0 JaBJICHMA. He IIPUXOJAUTCA COMHEBATBLCHA, ITO 6eJIbIe KapJIMK1 HaXOJAT-
¢ B COCTOSTHUU THIPOCTATHYIECKOIO PaBHOBECHSI, KOTOPOE MbI MOAPOOHO obcyx)aaan B § 6. B
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10. KAK YCTPOEHBI BEJIBIE KAPJIUKU?

IIPOTUBHOM CJIydae 3a KOPOTKOE BpeMsi OHHU IIepecTasn Obl CYIIEeCTBOBATD: PACCEA/INCh B MEK-
3BE3JIHOM IIPOCTPAHCTBE, €CJIM JlaBJI€HUE IIPEBBIIIAI0 Obl IPABUTAINIO, JIMOO CXKAJIUCH «B TOY-
KYy», €CJIU T'paBuTaIus He Obljia Obl CKOMIIEHCHPOBaHA JlaBjieHreM ra3a. He npuxogurces Takzke
COMHEBATBCSA B YHUBEPCAJTHLHOCTU 3aKOHA BCEMUPHOTO TATOTEHUS: CUJIa IPABUTAIUN JIEHCTBYET
[IOBCEMECTHO M OHa, He 3aBUCUT HU OT KaKUX JIPYTUX CBONCTB BEIecTBa, KPOMe ero KOJIMIecTBa.
Torma ocTaercss TOJIBKO OJ/IHA BO3MOYKHOCTD: YCOMHUTBCSI B 3aBUCUMOCTH T'a30BOTO JIABJIEHUS OT
TeMIlepaTypbl, KOTOPYIO MbI TIOJIYUMIN C IIOMOIIBIO XOPOIIIO U3BECTHOIO 3aKOHa KirareitpoHa.

DTOT 3aKOH CIIPABEJJINB I UJIeabHOTO Ta3a. B § 6 Mbl yOeauanch, 910 BEmecTBO HeJIp
OOBITHBIX 3BE3]1 C JIOCTATOYHON TOYHOCTHIO MOYKHO CINTATD 1A bHBIM ra3oM. Ciie1oBaTeIbHO,
JIOTHYECKUIT BBIBOJ COCTOUT B TOM, 9TO OYEHBb ILJIOTHOE BEIIECTBO HEJP OEJIbIX KapJUKOB YiKe
HE ABAAECMNCA UDCANOHDIM 2A30M.

[IpaBma, pe30HHO BOOOINE YCOMHHUTLCH, SIBJISETCS JIM 9TO BEIecTBO ra3oM?! MoxKeT ObITb,
9TO YKUJIKOCTb WM TBepmuoe Tejo?! JIlerko ybeauThest, 9T0 9TO He TaK. Bemp B JKUIKOCTAX U
TBEPJIBIX TeJIaX IJIOTHO YIAKOBAHBI GMOMbl, KOTOPbIE COIPUKACAIOTCSA CBOUMU SJIEKTPOHHBIMU
060JI09KaM1, UMEIOIUMI He TaKhe VK MaJleHbKHe pasMepbl: nopsjka 107% cm. Bimzke gem
Ha TaKoe PACCTOSHUE aTOMHBIE siJipa, B KOTOPBIX COCPEIOTOYEHA TPAKTUYIECKN BCA Macca aTo-
MOB, «IIPUJIBUHYTHCSA» APYT K APyTry He MoryT. OTCro/1a HEIIOCPEICTBEHHO CEIYeT, UTO CPEIHSIsT
IJIOTHOCTD TBEPJIOTO WM YKUJIKOTO BEIEeCTBa He MOYKeT 3HAYMTEIbHO IPeBOCXoauTh ~ 20 /e,
Tor dakT, 9T0 CpeiHsIsI IIOTHOCTD BeIecTBa B OEJIbIX KapJImKaX MOYKeT ObITh B J€CSITKU ThICTT
pa3 00JIbIlle, O3HAYAET, 9TO sSJIpa TaM HAXOJATCsd JAPYT OT JIPyra Ha PACCTOAHUAX, 3HAUUTETHHO
Mmenbinux, deM 1078 cm. OTciofa ciejiyeT, 9To 37eKTPOHHBIE 000JIOYKN aTOMOB KakK Obl «pas-
JIABJIEHBI» W s1JIpa OTJIEJIEHBI OT 3JIEKTPOHOB. B 9TOM CMBbIC/IE Mbl MOXKEM I'OBOPHUTH O BEIIECTBE
HeJip 6eJIbIX KapJIMKOB KakK 00 OoYeHb IJIOTHOH 1ra3zme. Ho mra3zma — 3To mpekjie Bcero ras,
T. €. TAKOE COCTOSHHUE BEIECTBA, KOIJa PACCTOSTHAE MEXKJIy O0OPa3yIOIMMU €ro YaCTUIIAMU 3Ha-
YUTEJBHO MPEBBIACT pa3Mephbl MOCIeIHIX. B HallleM ciydae paccTossHUE MEXKJy s/IpaMy He
menbine deM ~ 10710 cm, B To BpeMs Kak pasMmephbl sjep HHYTOKHO MaJjbl — Iopska 10712
CM.

Nrak, BemecTBO HeAp OEIbIX KAPJIMKOB — 9TO OY€Hb ILJIOTHBI MOHM30BaHHBIM ra3. OIHAKO
13-3a OI'POMHOI IIOTHOCTH ero (pu3mvuecKkre CBOMCTBa PE3KO OTJIMYAIOTCS OT CBOWCTB H/Ieaslb-
Horo raza. He cjejiyer myTaTh 3TO OTJIMYHE CBOMCTB CO CBOMCTBAMU PEANOHBILT 24306, O KOTOPBIX
JIOCTATOYHO MHOT'O TOBOPUTCS B Kypce (DUBUKU.

Cruernudnyeckne cBOCTBA NOHU30BAHHOI'O Ia3a IIPU CBEPXBBICOKUX ILJIOTHOCTSIX OIIPEIe/Isi-
I0TCS 8LIPOHCIEHUEM. DTO sIBJICHUE HAXOIUT cebe OObsICHEHUE TOJIBKO B paMKax KEaHMOGOU
mexanuru. Knaccnaeckoil ¢pusnke NMOHATHE «BBIPOKICHUEY IyK10. dT0 ke 310 Takoe? Uro-
OBbI OTBETUTH HA TOT BOIPOC, HAM IPHUIETCI CHadaJa, HEMHOTO OCTAHOBUTHLCA HA OCOOEHHOCTAX
JIBUKEHUsT JIEKTPOHOB B aTOMe, OIMCHIBAEMBIX 3aKOHAMU KBAaHTOBOH MexaHuwKu. CocTosiHue
KaxKJ0r0 3JIEKTPOHA B aTOMHOI CHCTeMEe OIPEJIe/IsieTcsl 3a/[aHneM KBAHTOBBIX JUCE. DTU YNC-
JIa CYTh 2/4a6H0€ KBAHTOBOE YUCJIO 1, OIPEIe/ISIONee SHEPTUi0 JIEKTPOHA B aTOME, KBAHTOBOE
YUCIIo [, JTatonee 3HaYeHre OPOUTATHLHOTO BPAIATE/IHbHOTO MOMEHTa, JIEKTPOHA, KBAHTOBOE YUC-
JIO M, Jlalolee 3HaYeHue MPOEKIUU 3TOTO MOMEHTa Ha (PU3MYECKU BbIJICJICHHOE HAITPABJICHUE
(HampuMep, HallpaBJIeHHe MATHUTHOIO MOJIsl), U, HAKOHEIl|, KBAHTOBOE YUC/IO S, JIAIOIee 3HaYe-
HEE COOCMBEHH020 6PAULAMEALHO020 MOMEHMEG dJIeKTpoHa (cruH). DyHIaMEHTATEHBIM 3aKOHOM
KBAHTOBOI MEeXaHUKH ABJIAeTCS npunyun [layau, 3amperaioniuii Jijis 000l KBAHTOBOW CUCTe-
MBI (HAIIPIMED, CJI0KHOTO aTOMa) JIBYM KaKUM-JIH0O0 3JEKTPOHAM HUMETh BCe KBAHTOBBIE THC/IA,
OJIMHAKOBBIMH. [[OFCHIM TOT TPUHIIUIT HA ITPOCTOM MOJTyKJIACCHIECKON DOPOBCKOI MOJIE/IN aTO-
Ma. COBOKYIMHOCTb TPEX KBAHTOBBIX YHCesl (KPOMe CIIMHA) OIpeie/isieT OPOUTY 9JIEKTPOHA B ATO-
Me. [puaiun [aymm, npuMeHUTEIEHO K 9TOW MOJIE/IM aTOMa, 3allpeniaeT HaXOUThC Ha OJIHOM
1 TOI »Ke KBaHTOBOI opbuTe Oojiee UeM JIBYM 3JIeKTpoHaMm. Ecianm Ha Takoit opOuTe HaXOIsIT-
csI JIBa, 9JIEKTPOHA, TO Y HUX JOJIZKHBI OBITH IIPOTUBOIIOJIOKHO OPHEHTUPOBAHHBIE CIIMHBI. DTO
O3HAYaeT, YTO XOTS TPU KBAHTOBBIX YUC/IA Y TAKUX JEKTPOHOB MOTYT COBIIQJIATh, KBAHTOBBIE
YqucJia, XapaKTepU3yIoIue CIUHbI JIEKTPOHOB, JTOJ?KHBI ObITH PA3JIMIHBI.

119



10. KAK YCTPOEHBI BEJIBIE KAPJIUKU?

[Ipunnum [Tayaun umeer orpomuoe 3unadenue Jijist Beeit aromuoii husuku. B yacraocTu, To/b-
KO Ha OCHOBE 3TOT0 MPUHITUIIA MOYKHO MOHSATH BCE OCOOEHHOCTU MEPUOIMIECKON CUCTEMBI 16~
mentoB Mengeneesa. [Ipuanun [layim mmeer yHuUBepcasibHOE 3HAUEHNE U MPUMEHNM KO BCEM
KBAHTOBBIM CHUCTEMaM, COCTOSIIUM U3 OOJIBIIIONO YUC/IA TOXKJECTBEHHBIX dacTull. [Ipmmepom
TaKOW CHCTEMBI, B YACTHOCTH, ABJISIOTCA OOBIKHOBEHHbBIE METAJIIbI IIPH KOMHATHBIX TeMIIepaTy-
pax. Kak u3BecTHO, B MeTajl/1aX BHEITHUE 3/IEKTPOHBI HE CBSI3AHBI ¢ «COOCTBEHHBIMUY SIPAMH,
a Kak Obl «00001ecTBIeHbly. OHU JBUKYTCS B CJIOZKHOM 3JIEKTPUIECKOM T10/1€ HOHHOH PeneTKn
MeTasa. B rpybom, moIyK/IaccuIecKoM TPUOJIMAKEHUN MOXKHO IMPEICTABUTH, UTO J€KTPOHBI
JIBUZKYTCs 110 HEKOTOPBIM, IIpaB/ia, BeCbMa CJIOXKHBIM TpaeKTopusiM, I KoHedHO, JjIsd TaKux
TPAEeKTOPHil TOXKE JIOJIZKEH BBINOJIHATHCA npuHiuil [layan. 9To o3HavaeT, 9TO 10 KaxKI0i u3
YIOMSIHYTBIX BBIIIE 3JIEKTPOHHBIX TPAEGKTOPUI MOXKET JBUraThCs He OOJIBINE JIBYX JIEKTPO-
HOB, KOTOPBIE JIOJI?KHBI OT/INYAThCs cBouMu crimaamu. Heobxomumo o iaepKHy Th, 9TO COTJIACHO
KBaHTOBOMEXQHMIECKUM 3aKOHAM UNCJIO TAKUX BO3MOXKHBIX TPAEKTOPHIl XOTS U OYeHb BEJINKO,
HO KoHeuHO. CJ1e/10BaTEIbHO, JTAJIEKO He BCe TeOMETPUIECKH BO3MOYKHBIE OPOUTHI Pean3y0TCs.

Ha camowm jiesie, KOHEeUHO, Hallle PACCyKJIE€HUE SBJIA€TC BeCbMa YIIPOIIEHHBIM. MbI TOBO-
PUJIM BBIIIE O «TPACKTOPHUSAX> I HATJIAJIHOCTH. BMeCTO KJIacCHIecKOil KapTUHBI JIBUKEHUS
[0 TPAGKTOPUU KBAHTOBas MEXaHUKA TOBOPUT TOJIBKO O COCMOAHUU JJIEKTPOHA, OMUCHIBAEMO-
IO HECKOJIBKUMIE COBEPIIEHHO OIPEETeHHBIMI («KBAHTOBBIMUY ) ITapaMeTpaMu. B KaxKIoM u3
BO3MOYKHBIX COCTOSTHUI 9JIEKTPOH MMeeT HEKOTOPYIO OIPeIeIEHHY IO SHePTHio. B pamMkax Harmei
MOJIEJIN JIBUKEHUs 110 TpaeKTopusM npunnui [laynmm MmokHO chopMy/IMpoBaTh ere Tak: 1o O/l
HOI U TO¥i YK€ «JJ03BOJIEHHOI» TPAEKTOPUHM MOIYT JIBUTATHCSA C OJMHAKOBBIMU CKOPOCTSIMHE (T.
e. IMEeTh OJINHAKOBYIO SHEPIUI0) He OOJIbIIE JBYX 3JIEKTPOHOB.

[IpumennTETHHO K CJIOXKHBIM, MHOTO3JIEKTPOHHBIM aTomMam tpunnuil [laymm mossosisier 1mo-
HSITh, TIOYEMY Y HHUX 9JIEKTPOHBI HE «CCHIMAINCh» Ha caMble «TJTyOOKHe» OpPOUTHI, SJHEPIHUs KO-
TOPBIX MUHUMaJIbHA. Ipyrumu cjioBaMu, OH JaeT KJII0Y K IIOHUMAHWIO CTPOEHUA aToMa. TOYHO
TaK »Ke OOCTOHUT JIeJI0O U B C/Iydae JIEKTPOHOB B MeTaJljie, U B CJaydae BellecTBa HeJp Oesbix
KapJIuKoB. Ecu ObI OMHO U TO K€ KOJIUIECTBO 9JIEKTPOHOB U aTOMHBIX SIJEP 3aIlOJIHSIIO JOCTa-
TOYHO OOJIBIIION 00bEM, TO «JJIsi BCeX XBaTWJI0 ObI MecTay. Ho mpejicraBuM cebe Temnepb, 9TO
9TOT 00bEM O2paruver. Toraa TOTBKO HEOOIBINAd YacTh SJIEKTPOHOB 3aHs/1a ObI BCE BO3MOXKHDIE
JUTST X JIBUZKEHUsI TPAEKTOPUHU, UHCJIO KOTOPBIX M0 HEOOXOanMOCTH orpanmdeno. OcrajbHble
9JIEKTPOHBI JOJIZKHBI OBLITH ObI ABUTATHCS TI0 MEM JHCE CAMbBIM TPACKTOPHUAM, KOTOPBIE YKe «3a-
HaThl». Ho B cuty npunnumna [Tayan onn OymayT ABUTAThCS 110 3TUM TPAEKTOPUAM € OOIBITIMUI
CKOPOCTSIMH U, CJIeJI0BaTeIbHO, 00J1aJaTh Ooavwet sHeprueil. /leio o6CTOUT COBEPIIEHHO TaK
’Ke, KaK B MHOTO9JIEKTPOHHOM aTOMe, IJIe U3-3a TOT'O YK€ IMPUHITAIA, «U30BITOYHBIEY JTEKTPOHBI
0043aHb. TBUTATHCS IO OpOUTaM ¢ OOJIbINEl SHEPTHEI.

B kycke merasiia njim B KaKOM-HUOYIH 00ObeMe BHYTPU O€JIOro KapJinKa, 9icjIo JIEKTPOHOB
00JIbIIIEe YUC/Ia JO3BOJIEHHBIX TPaeKTopuil JpuzkeHus. VIHoe /1eJ10 B OOBIYHOM ra3e, B 4aCTHOCTH,
B HeJIpaX 3Be3/[ IJIABHOI 1Ocje10BaTe/ IbHOCTA. TaM 9rc/Io 9JIEKTPOHOB BCETJIa MeHbULE TUCIIa,
JIO3BOJIEHHBIX TpaeKkTopuit. [109ToMy 371eKTPOHBI MOTYT JIBUTQTHCSI TI0 PA3HBIM TPACKTOPUSIM C
PA3JIMIHBIMIA CKOPOCTSIMU, KaK Obl «He Mermasi» apyr apyry. puanun Ilayan B sTom caydae
He OTpazkaeTcsd Ha UX JBMKeHHH. B TakoM raze ycTaHaBJIMBAETCA MaKCBEJIJIOBO pacipeieeHne
CKOPOCTEl U BBITIOJHAIOTCS XOPOIIIO U3BECTHBIE U3 IIKOJbHONW (DU3UKK 3aKOHBI T'a30BOT0O COCTOSI-
HUsI BEIECTBA, B YacTHOCTH, 3akoH Kiraneiipona. Ecyin «00bIaHbIily ra3 CUJIBHO CKATh, TO YHUCJIO
BO3MOYKHBIX TPAEKTOPHUI /I 9JIEKTPOHOB CTAHET 3HAYUTETLHO MEHBINE U, HAKOHEIl, HACTYIIUT
TaKOe COCTOSTHEE, KOTJla Ha KaXK/Iyi0 TPaeKTOPHIO IIPUIeTCs DOJIbINE ABYX 9JeKTPOHOB. B cmy
npuniuna [laymm 3Tu 371eKTponbl 00g3aHbl UMETh Pa3/JIUnIHbIe CKOPOCTH, IPEBBIMIAIONINE HEKO-
TOpOe KPUTHIECKOEe 3HaUeHHe. Ecin Tenepb CHIbHO OXJIAIUTh 9TOT C:KATBIN ra3, TO CKOPOCTU
9JIEKTPOHOB OTHIO/H HE yMeHbIarTcst. B IpoTuBHOM ciiydae, Kak JIErKO MOHSTh, npuHmui [layn
nepectaj Obl BBITOJHATHC. Jlaxke BOM3M abCOIOTHOTO HYJId CKOPOCTH 3JIEKTPOHOB B TAKOM
rase ocTaBaJuch ObI OostbuMu. ['a3, obJra raonuit TaKuMI HeOObIYatHBIMEU CBOMCTBAMU, HA3BI-
BaeTcsa eupostcdennvim. [loBeeHne TaKOro ra3a MmeJJMKoM OObSICHSIETCsT TeM, 9TO €r0 JaCTHUIIhI
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(B HAIIEM CJlydae — 9JIEKTPOHBI) 3aHUMAIOT BCE BOZMOXKHBIE TPACKTOPUU U JIBUMKYTCS 110 HIM
«I10 HEOOXOIMMOCTH» C BEChbMAa OOJIBITUMU CKOPOCTAMU. B MPOTUBOMOJIOZKHOCTDH BBIPOZK IEHHO-
MYy Ta3y CKOPOCTHU JIBUXKEHUSA YACTHUI[ B «OOBITHOM» Ta3e IMPHU YMEHLIICHUN €ro TeMIEePaTypbl
CTAHOBSATCS OY€Hb MaJIeHbKUMU. B COOTBETCTBHUHM C 3THUM yMEHBIAETCS W ero janjenne. Kak
’Ke 0OCTOUT JIeJI0 C JIaBJIEHHEM BbIPOXKIeHHOTO ra3a? i 9Toro BCIIOMHUM, 9TO Mbl Ha3bIBAEM
JIaBJIEHHEM ra3a. JTO UMIIYJIbC, KOTOPBII YACTUIIBI ra3a MepelaloT 3a OIHY CEeKyH/Iy BpeMeH!
[IPU CTOJTKHOBEHUSIX HEKOTOPOI «CTEHKe», OrpaHnvduBarolieil ero oobem. OTcro/ia siCHO, 9TO JIaB-
JIEHE BBIPOXKJICHHOTO Tra3a JIOJI2KHO ObITh OYeHb BEJIMKO, TaK KaK CKOPOCTH OOPa3yIOIIHUX ero
JacTull BeJinKu. Jlaxke Ipu oUeHb HU3KUX TeMIIepaTypax JaBjeHue BbIPOXKJICHHOTO ra3a, JI0JIkK-
HO OCTaBaThCsA OOJIBIINM, TaK KaK CKOPOCTU €ro YacTHIl, B OTJIMIHE OT OOBIYHOTO Ta3a, MOYTH
HE YMEHBINAITCS ¢ YMeHbIeHneM TeMieparypbl. Creyer 0XKuJIaTh, ITO JTaBjIeHHe BbIPOK IEH-
HOT'O Ta3a MaJio 3aBUCUT OT €ro TeMIIEPATYPhl, TAK KAK CKOPOCTDb JIBUKEHUsT 00pa3yIONUX ero
YaCTHUIL OTIPEJIETIsieTCs TTpexk/ie Beero rnpuHIimnom [laymm.

Hapsiy ¢ ssiekTpoHamMu B Hejipax OesIbIX KapJIMKOB JIOJI?KHBI ObITh «OIOJIEHHBIE» sjipa, a
TaKKe COXPAHUBIINE «BHYTPEHHUE» 3JEKTPOHHBIE ODOOJOYKU CHJILHO MOHU30BAHHBIE ATOMBI.
OxkasbIBaeTcs, 9TO JIjIsi HUX KOJUYECTBO «J03BOJICHHBIX» TPACKTOPHil Bcerja OOJIbIlle HUnC/Ia
qactutl. [losTomy oHE 006pa3yroT He BBIPOXK/IEHHBIN, a «HOpMaJbHbIH» Ta3. CKOPOCTH WX OIpe-
JIEJIAIOTCS TEeMIIEPaTypoil BelecTBa OeIbIX KapJIMKOB U BCErJia MHOI'O MEHBIIE, YeM CKOPOCTU
9JIEKTPOHOB, 00ycI0BaeHHbIX puHIuIoM Iayu. [TosTomy B Herpax OebIx KapJnKoB JaBIeHUE
00yCJIOBJIEHO TOJIBKO BBIPOXKIEHHBIM JIEKTPOHHBIM razoM. OTCIojia CIe/yeT, YTO PaBHOBECHE
OeJIbIX Kap/IMKOB IMOYTH He 3aBUCUT OT UX TEMIIEPATyPhI.

Kak moka3piBaloT KBAHTOBOMEXaHUYECKNE PACUYeThl, /IaBJIeHIe BBIPOXKIEHHOTO 3JIEKTPOHHO-
ro ra3a, BbIpakKeHHoe B armocdepax, orpeiesisercs hopMysIoit

P = Kp°/3, (10.1)

rie nocrosgunag K = 3-10%, a mioTHocTh P BhIparkeHa, Kak 00bIYHO, B IPaMMax Ha KyOUdecKuit
caarumerp. Popmysta (10.1) 3amensier Jijis BBIPOXKICHHOIO ra3a ypasHenue Kiamneiipona u sB-
JISIETCSl €r0 «YPaBHEHUEM COCTOSIHUAY . XapaKTePHOI 0COOEHHOCTHIO STOTO YPABHEHUS SABJISIETCS
TO, 9TO TeMIlepaTypa B Hero He BXoguT. Kpome Toro, B oTiimune or ypaBHeHus Kiameitpona,
I7le JiaBJIeHne IIPOIOPIIMOHAIBHO II€PBOM CTENeHN IIJIOTHOCTHU, 3/1eCh 3aBUCHUMOCTH JIaBJIEHUS
OT IJIOTHOCTH 0oOJiee CUJIbHAsg. DTO HETPYIHO MOHATH. Beb jaBjienne mporoprmoHaaIbHO KOH-
MEHTPAIMN YaCTUIl U X CKOpocTu. KoOHIeHTpaIms 4YacTull, eCTeCTBEHHO, MPONOPIMOHAIbHA
IUIOTHOCTH, & CKOPOCTH YaCTHUI] BBIPOXK/IEHHOT'O T'a3a pacTeT ¢ POCTOM ILJIOTHOCTHU, TaK KaK IIPHU
9TOM, corJiacHo npunIiuiy [laymu, pacreT KoaumdecTBO «U30BITOYHBIXY YaCTHUIL, BHIHYKJIEHHBIX
JIBUTQTHCS ¢ OOTBIMTUMU CKOPOCTSIMU.

YesoBuem npuMeHEMOCTH hopmydibl (10.1) siBsgieTcst MajIoCTh TEIIOBBIX CKOPOCTEl 9J1eK-
TPOHOB 110 CPABHEHUIO CO CKOPOCTSMHE, OOYCJIOBJIEHHBIMU «BBIpOXKIeHNEM . [Ipn oueHb BhICOKIX
remiieparypax dopmymna (10.1) momkaa nepexonuts B dhopmyny Kianeiipona (6.2). Ecian nas-
JIeHEe, TOJIyYeHHOe JJisl Ta3a ¢ IIoTHOCThI0 P 1o dopmyite (10.1), 6oavwe, wem o dopmyste
(6.2), sHauuT, ra3 BeIpozKIeH. OTCIO/A MOTYIaeTCsl «YCJIOBUE BBIPOK JICHUS»

ApT
Koot > 2PL (10.2)
nJIn
P> uK )

riae U — cpeaHsisd MoJIeKyJIdpHad Macca. quy 2Ke paBHO [l B HeJIpax OeJIBIX KapJH/IKOB? Hpemge
BCEro BOJOpPOAa TaM IIPaKTUYECKH HE IJOJI2KHO OBbITD: IIpu TaKUX OI'POMHBIX IIJIOTHOCTAX WU HO0-
CTaTOYHO BBICOKHX TEeMIIEpaTypaX OH /JJaBHO y2Ke «CropeJji» Ipu dJepPHbIX peaKIUAX. OcHOBHBIM

121



10. KAK YCTPOEHBI BEJIBIE KAPJIUKU?

9JIEMEHTOM B HEeJApax 6eﬂbIX KapJIMKOB JTOJI2KEH 6bITb resuii. Tak Kax ero aroMHoas Macca, paBHa
4 ¥ OH IIPY MOHW3AINH JAeT JIBa SJEKTPOHA (IIPU STOM HAJO YIATHIBATH eIlle, YTO IaCTUIAMH,
IIPOU3BOAAINIMMEI JaBJICHUE, TaM ABJIAIOTCA TOJIBKO 9H€KTpOHbI), TO CpedHdd MOJIEKYJIdPHasA
Macca JOJKHA ObITh 0ueHb Osin3ka K 2. HucsenHo yciosue Buipoxaenus (10.2) sanucbiBaercs

TaK:
3/2

p > m F/CM?’. (103)

Ecmu, nanpumep, temneparypa T = 300 K (komuatHas Temneparypa), To p > 2,5 - 107*
r/cm3. DTo oueHb HU3Kast IJIOTHOCTD, U3 KOTOPOii Cpasy Ke CJIelyeT, YTo 3JIeKTPOHbI B MeTa/llax
JIOJIZKHBI OBITH BBIPOXKJIEHBI (HA CAMOM JIejie B 9TOM CjIydae IIOCTOsiHHbIe K U |1 UMEIOT JIpyroe
3HAYeHNe, HO CYTh JieJia P 9TOM He MeHsiercsi). Eciu Temmeparypa T’ 6sin3Ka K TeMIiepaType
3BE3JIHBIX HEJP, T. €. 0KoJI0 10 MUILIMOHOB KebuHoB, To P > 1000 r/cm3. Otciona cpasy ke
CJIEJTYIOT JIBA BBIBOJIA!

a) B Heapax o6bIYHBIX 3BE3/1, TUle IJIOTHOCTH XOTs U BBICOKA, HO 3aBeoMo Huzke 1000 r/cm?,
ra3 He BBIPOXKJICH. DTO 0OOCHOBBIBACT IIPUMEHIMOCTb OOBIYHBIX 3aKOHOB Ia30BOI'0 COCTO-
SHUS, KOTOPBIMU MBI IITHPOKO TIOJIE30BAJIHICH B § 6.

6) Y GesibIX KapJIMKOB CpeJHUe, a TeM 0oJiee IeHTpasbHbIe IJIOTHOCTH 3aBEIOMO GOJIbIIe
1000 r/cm?. TTosTOMY OOBIMHBIE 3aKOHBI FA30BOI0 COCTOAHUS JI/Il HUX HEIPUMeHuMBbL. Jljis
MOHUMaHHUsT OeJIbIX KapJUKOB HEOOXOIMMO 3HATH CBOMCTBA BBIPOXKJIEHHOI'O T'a3a, OIHMCHI-
BaeMble ypaBHeHueM ero cocrosiuus (10.1). V13 aroro ypaBHeHUsT IPEXKJIe BCETO CJIEIYeT,
9TO CTPYKTYPa Oe/IbIX KapJUKOB IIPAKTUIECKU He 3aBUCHUT OT UX TeMIilepaTyphl. Tak Kak,
C JIPYTOii CTOPOHBI, CBETUMOCTb ITUX OO'bEKTOB OIPEJIeISIeTCsI, UX TeMIepaTypoii (Hampu-
Mep, CKOPOCTb TEPMOSIJIEPHBIX PEAKIINIT 3aBUCUT OT TEMIIEPATYPBI), TO Mbl MOXKEM CJIEJIaTh
BBIBO/I, UTO CTPYKTYyPa OEJIbIX Kap/IMKOB He 3aBUCUT U OT CBETUMOCTHU. B nipuHItuie, 6eblii
KapJIMK MOYKET CYIEeCTBOBATH (T. €. HaXOJUThCS B PABHOBECHOW KOH(DUIYDAIMN) U [PH
TeMIiiepaType, OJIM3KOI K aOCOTIOTHOMY HYJIFO. MbI TpUXOIUM, TAKUM 00pa30M, K BBIBOJLY,
YTO JIJI O€JIbIX KAPJIUKOB, B OTJIMYHME OT «OOBITHBIX» 3BE3]I, HE CYIIECTBYET 3aBUCUMOCTD
«MAacca — CBETUMOCTDY.

JL1st 9TUX HEOOBITHBIX 3BE3/I, OJIHAKO, CYIIECTBYET creluduiecKkas 3aBUCUMOCTb «Macca —
pajuycs. [Togob6HO TOMY Kak cjie/laHHbIe U3 OJIHOI0 KaKOro-In00 MeTaJlia Iapbl paBHON MacChl
JIOJIKHBI UMETh paBHbBIE JIMaMeTPhI, PadMephbl OeJIbIX KapJUKOB C OJIMHAKOBON Maccoil TakxKe
JIOJIZKHBI OBITH OJUHAKOBBI. DTO YTBEPKIECHUE, OUEBUIHO, HECIIPABEIJINBO /I APYTHUX 3BE3/I:
3BE3AbI-TUT'aHTblI U 3BE3bl rJIaBHOM II0CJICI0BATCJIbHOCTH MOI'YT MMETH OJMHAKOBBLIEC MaCChI,
HO CYIIIECTBEHHO Pa3HbIE JIHaMETPDI. TaKOG oT/imamne 6e.HBIX KapJIMKOB OT OCTaJIbHBIX 3BE€3/]
00bsCHAETCS TeM, YTO TeMIlepaTypa IMOYTH He UI'PAeT HUKAKON PO/ B UX I'MJIPOCTATUIECKOM
paBHOBECUN, KOTOPOE U OMPEJIENIAET CTPYKTYPY.

Kosb ckopo 3T0 Tak, JOKHO OBITHL HEKOTOPOE YHUBEPCAJbLHOE COOTHOIIEHUE, CBIA3bIBAIO-
1ee Macchl OeJIbIX KapJIMKOB M UX paJuychl. B Hallly 3ajady He BXOJIHUT BBIBOJ 9TOI BarKHOi
3aBUCHMOCTH, KOTODBI JIAJIEKO He siBJsieTcs syeMeHTapHbiM. CaMa 3aBUCHMOCTH (B Jiorapud-
MHUYECKOM Maciitabe) npejcrasiena Ha puc. 10.1. Ha sToM pucyHKe KpyKKH U KBaJpPATUKU
OTMEYAIOT TOJIOYKEHIE HEKOTOPBIX OEJIBIX KaPJIUKOB ¢ U3BECTHBIMU MaccaMu U pajuycamu. [Ipu-
BeJJ€CHHAasd Ha 3TOM PHUCYHKE 3aBUCUMOCTL MacCChbl U pPaJuycCa JIJId 68.HI:>IX KapJIMKOB UMEET IB€
JIFOOOIIBITHBIE 0COOEHHOCTHU. Bo-11epBbIX, U3 Hee cjejyer, 9To 4eM OoJibllle Macca 0ejioro Kap-
JIMKa, TeéM MEHbIIE €ro paJnyc. B 9TOM OTHOIIECHUN 6eﬂble KapJIMK1 BEIYT Ce6ﬂ nHa4de, 9eM
IIAaPhI, BBIIOJTHEHHBIC U3 OJIHOrO OJIOKA MeTaJuia... Bo-BTOPBIX, y O€JIbIX KapJUKOB CYIIECTBYET
peJieIbHOe JOIYyCTIMOe 3HadeHne Macchl. Teopus 1pe/icKasbIBaeT, 4To B IPUPOJIe He MOTYT Cy-

'Ha 3T0 06CTOATENLCTBO BIIEPBEIE yKa3aJ COBETCKHit dusnk-Teopernk S1. V. Openkensr B 1928 1. 3a mpa
roja 10 3Toro anrauiickuit pusuk P. Paysiep BriepBble TPUMEHNT TEOPHUIO BBIPOXKIEHHOTO Ta3a JIIsI O0bICHEHUST
IpUPOJIbI HesTbix KapIukoB. [loHas Teopust 6eIbIX KapJauKoB Obliia pa3BuTa JaHpaceKapoM.
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Puc. 10.1. 3aBucuMocTh Macchl OEIBIX KAPIUKOB OT UX PAJIIyCa.

MIECTBOBATD HeJIble KapJINKH, Macca KOTOPBIX IIpesbimaJa 65l 1,43 maccel Comanal. Ecm macca
0eJ10ro KapJimKa IPpUOJIMKaeTCsd K 9TOMY KPUTUIECKOMY 3HAYEHUIO CO CTOPOHBI MEHBIINX Macc,
TO €ro paJilmyc OyJeT CTpPeMuThcd K HyJo. [[pakTudeckn 9TO O3HAYaET, YTO HaUMHas C HEKO-
TOPOIl Macchl JaBjieHne BHIPOXKJIEHHOTO ra3a yzKe He MOKET YPaBHOBECUTH CUJIY I'PABUTAIUN U
3Be3/1a KaTacTPOPUIECKH COKMETCSI.

DTOT Pe3y/IbTaT MMeeT UCKIIOIUTETHHO OOJIBIoe 3HAYEHHE IJIsT BCelt TPOOJIEMbI 3BE3THOM
sBosrtoruu. [loaToMy cTonT ocTaHOBUTHCS Ha HEM HECKOJILKO MojipoOHee. [lo Mepe yBenmuenus
Macchl OeJIOro KapJinKa ero rnenTpalibHas IJIOTHOCTE Oyier Bce Oostee u bosiee pactu. Buipoxk e-
HUE JIEKTPOHHOTO ra3a Oy/IeT CTAaHOBUTLCS BCE CUJIbHEe. DTO 3HAYUT, UTO HA OJHY «J03BOJIEH-
HYIO» TPAeKTOPUIO OyJIeT MPUXOIUThCA Bce Oosbinee uncio dactuil. VM Oysier odenb «TecHO»
u onu GyayT (1abbl He HapymiaTh npuHIwn [laymm!) nBuratbes Bee ¢ GOMBIIMME 1 GOJIBITIMI
CKOPOCTSIMH. DTHU CKOPOCTU CTAHYT JOBOJBHO OJM3KUMU K CKOPOCTH CBeTa. BO3HUKHET HOBOE
COCTOSTHHE BEIEeCTBa, KOTOPOE HA3BIBAETCH <«PEJIATHBUCTCKUM BBIPOXKIEHUEM». Y DaBHEHUE CO-
CTOSIHUS TaKOTO ra3a M3MEHUTCsT — OHO yzKe He OyJeT 6oJiblie onuchiBarbest dopmyltoit (10.1).
Bwmecto (10.1) 6yaer nMerb MECTO COOTHOIIEHUE

P o p*3, (10.4)

Jst onieHKY CcO3MABITeficst CUTYaIy MOJI0XKIM, KaK 9TO Je1aioch B § 6, p ~ M/ R3. Torna
IIPH PEeJISITHBHCTCKOM BBIpOZKIenHun P oc M*/3 /RY, a cua, IpoTHBOjIeHCTBYONAs TPABUTAIIIN

U paBHas IepenajLy JaB/IeHnsd,
P M4/3

R> R

Mexty Tem cuia rpasuTaiuu pasia PGM/R? ~ M?/R®. Mul Bugum, 9T0 06€ CHIIBI —
rpaBUTAIlAS U TEpena/l JaBIeHNs — 3aBUCAT OT Pa3MepPOB 3Be3/Ibl OJMHAKOBBIM 00Pa3oM: KakK
R™°, u mo-pasnomy 3aBucaT ot Macchl. Clie0BaTe/IbHO, IOJKHO CYIIECTBOBATh HEKOTOPOe, CO-
BEPIIIEHHO OIIPEJIe/IEHHOE 3HAUEHNE MACCHI 3BE3/IbI, IIPU KOTOPOM 00€ CIJIbI YPABHOBEITUBAIOTCS.
Ecin yke Macca MpeBbIaeT HEKOTOPOe KPUTUIECKOE 3HAYEHNE, TO CUJIa TPABUTAIINN BCeTIa Oy-
JIeT 1Ipeo01a1aTh HaJl CUJIO, 00yCJIOBJIEHHOI ITePETaIoM TaBJIeHN, U 3Be3/1a KaTacTpOpunIecKn
COYKMETCS.

LVyer «meiirporusamums» BemecTsa pu GOJIBIIOH MIOTHOCTH (cM. § 22) CHEZKaeT 3TOT TpeJiest JI0 1,2Mq).
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Puc. 10.2. Dvmupudeckast 3aBUCHMOCTh CBETUMOCTHU O€JTBIX KApPJIUKOB OT UX TeMIIepaTyphl.

JlomycTum Terepsb, 9TO Macca MeHbIe KpuTudeckoii. Toria cuja, obycIoB/IeHHAST JaBICHI-
eM, OyjieT OOJIbIIE IPABUTAIIMOHHOI, CJIe/IoBaTE/IbHO, 3B€3/1a HAUHET PaclupaThed. B mporecce
paCIIIpPeHus PEeJIATUBUCTCKOE BHIPOXKICHUE CMEHUTCS OOBIYHBIM «HEPEJIATUBUCTCKUM» BBhIPOK-
nenneM. B sToM ciydae u3 ypasuenns cocroamua P oc p°/3 crenyer, uro P/R oc M°/3 /RS, 1. e.
3aBUCHMOCTH CHJIBI, IPOTUBOEHCTBYIOIEH rpaButaiuu, or R Oyuer 6osiee cuibHoit. [losTomy
[IPU HEKOTOPOM 3HAYEHUH PaJIUyCa PACITHPEHUE 3BE3/Ibl ITPEKPATUTCS.

DTOT KadeCTBEHHBII aHAJN3 WJLIIOCTPUPYET, ¢ OJHOW CTOPOHBI, HEOOXOIUMOCTH CYIIECTBO-
BaHUs 3aBUCUMOCTH Macca — Pajuyc Jisi 6eJIbIX KapJIMKOB U ee Xapakrep (T. €. TO, YTO Pajyc
TeM MeHbIIe, YeM OOJIbIIe Macca), a, ¢ JAPYroil CTOpOHBI, 0OOCHOBBIBAET CYIIECTBOBAHUE ITpe-
JIEJTBHOI MACChI, UTO SBJISIETCS CJIEJICTBHEM C HEN30EKHOCTHIO HACTYTIAIOIIETO PEIITUBUCTCKOTO
BBIPOXKIeHusA. JIo KaKnUX 1Op MOTYT C2KUMAaThCA 3BE3/IbI ¢ MACCOit, OoJIbIeit, ueM 1,2 costHevHoit
Macchl? DTa yBJIeKaTe/IbHasd, CTaBIlas B IIOCJEIHUE MOJIbI BeCbMa aKTYyaJIbHOIl, mpobsema Oyaer
0bcy)KaaThbed B § 24.

BermiectBo Hep 6€/IbIX KAPJIUKOB OTIMYAETCA BBICOKOH MTPO3PAYHOCTHIO M TEILIOPOBOHO-
cThi0. XOopoIlas ITPOo3padHOCTb TOTO BEIIeCTBa, ONATh-TaK 00bsACHAeTca npuHiuioM Ilaymn.
Benp morsionienne ceeta B BeIECTBE CBA3aHO C¢ U3MEHEHHEM COCTOsIHUSA JIEKTPOHOB, OOYCJIOB-
JIECHHOM WX IepexojiaMu ¢ OJiHO¥ opbuThl Ha Jjpyryio. Ho eciu momasiistiomee OOJIBITMHCTBO
«opbuT» (WM «TPAEeKTOPHUii») B BBIPOZKIEHHOM ra3e «3aHsATO», TO TaKHe [ePeX0/Ibl BEChMa 3a-
TpyaHenbl. ToibKO 0OYeHb HEMHOTHE, OCOOCHHO OBICTPBIE SJICKTPOHBI B IIa3Me OEJIOro KapJmKa
MOT'YT IIOIJIOMATH KBAHTHI U3JIydeHUs. TerIonpoBoIHOCTb BHIPOXKICHHOTO r'a3a BeJIMKa — TO-
MY IPUMEPOM CJIy2KaT OOBIKHOBEHHBIE MeTa libl. [0 mpuunne oveHb BHICOKUX MPO3PAIHOCTH U
TEILIONPOBOHOCTH B BEIIECTBE OEJIOT0 KapJ/nKa He MOT'YT BOBHUKATH OOJIBIIIIE [IEPEIa bl TeMIIe-
patypsl. [louTn Bech mepenaj TeMepaTyphbl, €CJIM JIBUTATHCS OT MOBEPXHOCTHU OEJIOr0 Kap/IiKa,
K ero IEeHTPY, MPOUCXOIUT B OY€Hb TOHKOM, HAPYKHOM CJIO€ BEIEeCTBa, KOTOPBI HAXOIUTCS B
HEBBIPOKICHHOM COCTOSIHUU. B 9TOM cJioe, Tommaa KOToporo nopsaaka 1% ot paamyca, Tem-
repaTypa BO3pacTaeT OT HECKOJIBKUX THICSIY KeJTbBHHOB Ha ITOBEPXHOCTU HMPUMEPHO JI0 JIECATH
MUJJIMOHOB KEJIbBUHOB, & 3aT€M BILJIOTH JO IEHTPA 3BE3/Ibl IOYTH HE MEHSETCS.

Benbie kap/imku XoTst 1 ¢j1abo, HO BCe-TaKu U3JIydaioT. dTo ABJIsA€TC HCTOTHUKOM SHEPTIUU
sroro m3aydenus? Kak yke 1o/ [9epKuBaJjioch BbIIe, BOJIOPO/ia, OCHOBHOI'O fJIePHOI0O TOPIOYEro,
B HeJpax OesIbIX Kap/JuKOB IpakTudecKun HeT. OH IMOYTH BeCh BBINOPE HA CTAANAX JBOJIIOIUI
3BE3/IbI, MPEJIIIIECTBOBABIINX CTauu Oesioro kapJymka. Ho, ¢ apyroit ¢TOpoHBI, CIIEKTPOCKOIIHU-
qecKue HabJTIOJIEHNsT C OYEBUIHOCTBIO YKA3BIBAIOT HA TO, 9TO B CAMBIX HAPYZKHBIX CJIOSIX OEJTBIX
KapJIMKOB BOJOPOJ uMeercst. OH J00 He ycres BhIropeTh, Jinbo (d4ro Gosiee BEPOSITHO) MOTAJ
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Tya U3 MEXK3BE3HOI cpeibl. He MCKI/II0YeHo, YTO UCTOUYHUKOM SHEPruu Oe/IbIX KapJUKOB MO-
I'yT OBITH BOJOPOJHBIE AJ€PHbIE PEAKITUHU, ITPOUCXOJIAIINE B OY€Hb TOHKOM C(EPUIECKOM CJIOe
Ha IpaHuUlle IJIOTHOI'O BBIPOXKJIEHHOTO BEIECTBa UX HeJAp u arMmocdepbl. Kpome Toro, Gesbie
KapJIMKU MOTYT IOJIJIEPYKUBATH JOBOJBHO BBICOKYIO TEMIIEPATYPY CBOEN IOBEPXHOCTHU IIyTEM
OOBIYHOI TEIJIOIPOBOJIHOCTHA. DTO O3HAYAET, UTO HE UMEIOIINE NCTOTHIUKOB SHEPIUu OejIbie Kap-
JIMKJ OCTBIBAIOT, U3JIydas 3a CUeT 3allacOB CBOEro Telia. A 9TH 3alachl BeCbMa COJIUIHBI. Tak
KaK JIBUXKEHUs JIEKTPOHOB B BEIECTBE OEJIbIX KapJIMKOB OOYCJIOBJIEHDBI SIBJIEHUEM BBIPOK/Ie-
HU¢, 3aIac TeIlIa B UX HeJIpax COJACPXKUTCI B fpaxX M MOHM30BAHHBIX aToMax. llojaras, 4ro
BeIeCTBO OeJIbIX KaPJIUKOB COCTOMT B OCHOBHOM M3 reJjins (ATOMHBIH Bec paBeH 4), JIerko HaiiTu
KOJIMYECTBO TEILJIOBON SHEPIUHU, COJIepKaIeiicss B 6€JIOM KapJIiKe:

3 M
Er = —kT——, (10.5)
2 3mH
e my — Macca aTroMa BoOJIopoja, k — mocrosiHHas Bosbiivana. Bpewms oxirakjgeHus: 6esio-
o KapjuKa MOXKHO OIEHUTH, MOJIEJNB & Ha ero cBeTuMOCTb L. OHO OKa3bIBAeTCS MOPSIIKA
HECKOJIbKIX COTE€H MUJIIMOHOB JIET.

Ha puc. 10.2 qjis pgaiaa 6e1bIX KapJuKOB IIPUBE/ICHA SMINPUYECKasd 3aBUCUMOCTb CBETUMO-
CTH OT ITOBEPXHOCTHO# TeMIieparypbl. [IpgMble TUHUM CyTh TEOMETPUYIECKIE MECTa, TIOCTOSTHHBIX
pajgmycos. llociieiHre BhIpakeHbI B JOJISIX COJTHEYHOrO pajmyca. [loxoxke Ha TO, YTO SMIUpPHU-
YecKre TOYKU XOPOIIO YKJIAIbIBAIOTCH BJOJIb THX HMPAMBIX. DTO O3HAYAET, YTO HAOIIOIaeMble
OeJible KapJIMKU HAXOJATCH Ha PA3HBIX CTAIUSX OCTHIBAHUS.

B nociteiame rojipt A gecaTka 0eIbIX KapJnKoB ObLIO 00HAPYKEHO CUJILHOE pacIIelIeHue
CIEKTPAJIbHBIX JIMHUI TIOTJIOIIeHH s, 00ycIoBIeHHOe Y dhekToMm 3eemana. V3 BeTMInnbl paciier-
JIEHUS CJIeJIyeT, UTO HAIPSKEeHHOCTh MarHUTHOTO I10JIsi Ha ITOBEPXHOCTU THUX 3BE3]I JIOCTUTAET
OIPOMHOTO 3HAYEHUST TOPSIJIKA JeCATH MILIHOHOB dpctes (D). Crosb 6osIbIoe 3HAUCHNE MAar-
HUTHOTO TI0JIs1, TIO-BUJUMOMY, OO'bACHAETCS YCJIOBUAMU 00paszoBaHus Oe/bix KapaukoB. Hampu-
Mep, €CJIN TPeIIOM0KNATh, 9TO 06e3 CYIIeCTBEHHOW MOTePH MacChl 3BE3/a CKUMAETCs, MOYKHO
OXKUJIaTh, YTO MATHUTHBIA TTOTOK (T. €. TIPOU3BeJ/IeHNe ILIONIA/ U TIOBEPXHOCTH 3BE3/Ibl HA HAIIPS-
JKEHHOCTb MArHUTHOT'O TI0JIs1) COXpaHsieT cBoe 3Hadenune. OTCIo/a CJIeyeT, 9To HAPIKeHHOCTh
MarHUTHOIO II0JIsl TI0 Mepe CXKATHSI 3Be3/bl OyaeT pacTu 0OpaTHO IPOIOPIMOHAIBHO KBaJIpaTy
ee pajuyca. CjieoBaTe/IbHO, OHA MOYKET BBIPDACTH B COTHU THICSIY pa3. ITOT MEXAHU3M yBEJIU-
YeHUsI MArHUTHOTO IOJIT OCOOEHHO BaXKEH I HeUmpoHHolLr 3Be3, 0 1eM OyJeT AT Pedb B §
22!, VInTepecHO OTMETUTD, UTO OOJIBIINHCTBO HEJIBIX KAPJINKOB HE NMeeT II0JIg 60Jlee CHIBHOTO,
YeM HECKOJIBKO ThicAd 3pcTei. Takum obpa3oM, «HaMarHudeHHbIe» Oefible KapJIMKu 00pasyioT
0CODYIO IPYIIITY CPeIn 3BE3/ STOI'0 THIIA.

1 M3-3a HATMYMS CHUILHOIO MAIHITHOTO HOJIS H3JIyYeHne 6esIbIX KAPJIHKOB JO/KHO ObITh CJIETKa IIOJIAPI30Ba-
HO 10 KpyTy. V3ydast 3aBUCUMOCTD 3TOU MOJAPUIAIIN OT BPEMEH!, MOXKHO, B IPUHITAIIE, OMPEJICTUTD ITEPUOIHI
BpaIeHus OeJbIX KapJnKOB. B Tex HEMHOrWX CiydasiX, /JIsi KOTOPBIX 9TH OYEHb JEJIMKATHBIE HAOJIOICHUS
OBLIN BBITOJIHEHBI, TIEPUOJIBI OCEBOTO BPAIEHUsT OKA3aJIMCh JOBOJIBHO 3HAYUTEIHHBIMA, TOPSIKA CYTOK. DTOT
pe3yJIbTaT J0JIKEH UMETh CYIIECTBEHHOE 3HAYEHUE I IPOOJIEMBI 3BE3/IHOM IBOJIIOIUN.
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§ 11. MOAEJIN 3BE3/

B § 6 MBI [IOJTy91/IM OCHOBHBIE XaPAKTEPUCTUKHU 3BE3/IHBIX HEJP (TeMIeparypa, IJI0THOCTD,
JIABJIEHIE ), UCIIOJIb3YsI METO/] IPYOBIX OIEHOK BEJIMIWH, BXOJSIINX B YPABHEHMUSI, OIMICHIBAOIIIE
COCTOSTHMSI PABHOBECHUSI 3BE3J[. XOTd ITH OIEHKHN JAI0T ITPaBUIbHOE TpeJCTaB/IeHne O (pusnte-
CKHUX YCJIOBHUAX B IIEHTPAJbHBIX 00IaCTIX 3BE3]1, OHI, KOHEYHO, COBEPIIEHHO HEIOCTATOUHDI IS
[MOHUMAaHUsI CXOJICTBA M PA3INIH MKy PasHbIME 3Be31aMu. Hampumep, j1j1s1 pereHnst BazKHO-
o BOIIPOCa, KaKast IMEHHO si/iepHasi Peakius (IPOTOH-TIPOTOHHAS WU YIJICPOHO-a30THAS ) OT-
BETCTBEHHA 3a W3JIyUeHne TOW W/ WHOM KOHKPETHON 3Be3/1bl, HeOOX0MMMO 00Jiee COBEPIIIEHHOe
3HAHWE YCJIOBUiIl B ee Hempax. Hakomerr, ocTaercs MmoKa He PacCMOTPEHHO OCHOBHAS 3ajada:
KaKOB (pu3mIecKuil cMbicy1 guarpaMMbl Leprmnpynra — Peccena? Drta 3ajiada, Kak Mbl YBU-
JIMM HIZKe, TeCHEHIIIM 00pa3oM CBsI3aHa ¢ IPOobJIEMOit 960410UUL 36€30. XOTs 3alachl sIepHO
SHEPIUM B HEJIpax 3Be3J] OUeHb BEJIMKH, BCE K€ UX HeJIb3s CUUTaTh HercdepriaeMbIMU. PaHo
WJIN TIO3/IHO (B 32BUCHMOCTH OT MACCBI 3BE3JIbI) OHU MOJONIYT K KOHILY. UTo Oyaer mpu 3moM
MIPOMCXOIUTD €O 3Be30i! Kak oHa Oyer MeHsaThH cBOM cBOCTBA?

YT00bI IOHATD CBSI3b MEXK/LY PA3HBIMU 3BE3JIaMU U ITPUINHBI HAOIFOTAEMbIX PA3JIHIUN MEK-
Ay HUMHK, HQJO XOPOIIO 3HaThb MI'HOBEHHOE COCTOAHHNE PAa3HBIX 3BE31, KaK 6])1 «MOMEHTaJIbHYIO
dororpaduro» cTpyKTyphl ux HejJip. TouHO Tak »Ke Kak peasibHble (PU3NTECKUE NPOUECCH, MOXK-
HO IIPEJICTABUTH KaK IMOCJIEI0BATEIbHOCTD «KBA3UCTATUICCKUX» COCTOAHUMN, OUE€Hb MeJIICHHBII
[POIIECC IBOJIIONNY 3B€3/IbI (00YCIOBIEHHBIN UCTOIIEHNEM 3aIIaCOB €€ JIePHOTO TOPI0YEro) MOXK-
HO IIPEJICTABUTH KaK IOC/IeI0BATEIbHOCTD €€ PaBHOBECHBIX KoH(puryparmuii. Takue Kondurypa-
ouu, IoJiydacMbl€ TEOPETUYICCKUM, PACIYE€THBIM IIyTEM, HOCAT Ha3BaHUE «3BE3IHBIX MO,ZLe.HeI';I».

[Tox «3Be3/HOI MOJIEIBIO» TIOHUMAETCsI COBOKYMHOCTb TabJuil (uiu rpaduKoB), JArOmx
«HMJIeaJIM3NPOBAHHOEY PacIIpejieieHne TJIOTHOCTH, TeMIIEPATYPHI, JIABJIeHUd, XUMUIECKOTO CO-
cTaBa BeIecTBa 3BE3bI M1 PA3HBIX IVIYOUH, BBIpAsKEHHBIX B JI0JIIX ee pajauyca. Creayer mo/-
YEepKHYTh, UTO TakKas MOJEJb OTHIOJAb HE TOXKJECTBEHHa peasibHOIl 3Be3je. Bcee ke xoporo
paccunTaHHas MOJIE/b, [IPABUILHO YIUTHIBAIOIIAsl OCHOBHBIE (DU3MIECKNE 3aKOHBI, OIIPeIe IS0~
Ipe CTPYKTYPY 3BE3/Ibl, MOKeT (1 J0JI7KHA!) 1aBaTh B OCHOBHOM BEPHOE IPEJICTaBJIEHNE O CBOTi-
CTBaX BEIIECTBA 3BE3/IHBIX HEJIP. BbII0 Obl ONIMOOYIHO CUUTATDH, YTO PACUET 3BE3IHBIX MoJesei
COJIEPKUT B cebe aieMeHT mpousBoJia. HaobopoT, oH HEIPEPBIBHO U YKECTKO KOHTPOJUPYETCS B
Ipoliecce caMuxX BbIauc/jeHuil. I, HakoHeIl, OH II0CjIe CBOEro 3aBepINeHus JIOJKEH HAXOTUThCS
B IIOJIHOM COTJIACUM C HaOJ/II0JIaeMbIMU CBOMCTBaAME «MOJIeJIMPyeMbIx» 3Be31. Hampumep, eciu
pedb UJeT O pacueTe MOJIeN 3Be3/bl IJIABHOU IIOC/IET0BATE/BHOCTH, Y PACCUNTAHHON MOJIEJN
JIOJI?KHO BBITIOJIHATHCS COOTHOIIIEHNE «MacCa — CBETUMOCTb».

Ecim 6b1 ObLIa BO3MOXKHOCTH Henocpedcmeerio HabJI0JaTh BHYTpPeHHHE 00JIacTH 3BE3I,
He ObLI0 OBl HAJIOOHOCTH B ITOCTPOEHNN MX Mojiesneil. Benb cTpyKTypy TyMaHHOCTEl, KOTOPBIE
«BUJIHBI HACKBO3b», MbI TIOJIy9aeM HEIOCPE/ICTBEHHO M3 OINTUYECKUX W PATHOACTPOHOMUIECKUX
HabJIro/IeHuil. YBBI, HeJipa 3Be3J, CKPBITHI OT HAC THI'aHTCKON TOJIIIEHl 3Be3HOIO BEIeCTBa U
nowMU HET MIAHCOB «YBHIETb», 9TO TaM IIPOUCXOAUT. MBI MOIIEPKHYIN CJIOBO «IIOYTH», TaK
KaK BCE-TaKN MMEETCsl OJTHA BO3MOXKHOCTH HeNnocpedcmeerozo HabIIOICHNs 3BE3THBIX HEIP, O
KOTOPOIt OBLI0 pacckazano B § 9. MTak, mocrpoenne 3Be3IHBIX MOIEEH eCTh IIPOIe/Iypa BhIHY K-
JICHHAs1, UHAa9e MbI HE MOIJIU OBl JIeJIATh KOAUYECTNGEHHHIL BBIBOJOB 00 OCHOBHBIX TEHJICHITHIX
pas3BuTHsI OOJIbIIEll YacT BelecTBa BO BeeaeHHoil.
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11. MOJEJU 3BE3Q

Kak ke paccuntbiBaroTcs 3Be3nbie Mojen’! [Ipexke Bcero ocHOBOI TaKuX PacIeTOB sIB-
JISTIOTCsT (pU3UYIECKUe 3aKOHBI, OIPEIEISIONIINe PAaBHOBECHY IO KOH(MuUryparmo 3e3/1bl. 00 3Tux
3aKOHaX yuKe Ia pedb B § 6 u 7. DT0, BO-TIEPBBIX, YCJIOBHE I'MIPOCTATHIECKOTO PABHOBECHSI,
KOTOPOE JIOJIZKHO BBITIOJIHATHCS sl KasKJI0r0 3jIeMeHTa 00beMa BHY TP 3Be3/1bl (eM. (hopMyIty
(6.1)). Bo-BTOpBIX,— Tak HA3bIBAEMOE <«YCJOBHE JIydUCTOIO DABHOBECHsI», OIUCHIBAIOIIEE TIepe-
HOC M3JIy9YeHUs U3 HeJp 3Be3Jibl, K ee noBepxuoctu (cM. ypasuenue (7.10)). Tasee nHeobxomaumo
Y4IUTbIBaTb, KaK MEHAETCA HEIIPO3PavYHOCTDb 3BE3JHOI'O BeIlleCTBa B 3aBUCUMOCTU OT USMCHCHU A
TEMIICPATYPhI U IIJIOTHOCTU, a TaKzKe 3aBUCUMOCTD JIaBJICHUA OT IIJIOTHOCTU U TEMIIEPATYyPbI, T.
€. «ypaBHEHUEe cOCTOsiHUsA>. J[J1s1 BelecTBa « HOpMAJILHBIX» 3BE3/I ITOCJIeTHEE OIUCHIBACTCA YPaB-
nenunem Kianeiipona, a jjis 6esbix kapiaukos — ¢opmydioii (10.1). Heobxoaumo yaurbiBaTh u
OYeHb CHJIBHYIO 3aBUCHMOCTb CKODOCTH BbIJIEJEHUS $JIEPHON SHEPIUH OT TeMIepaTypbl (CM.
crp. 106). Kpome Toro, canraiorcs 3a/JaHHBIMA TaAKHE OCHOBHBIE TTAPAMETPBI «MOJIETUPYEMBIX»
3Be3JI, KAK UX Macca, CBeTUMOCTb U PaJInycC.

BBuy c10:KHOCTH CHCTEMBI YpaBHEHU{T, ONMMCHIBAIOIINX COCTOSTHUE 3BE3/1, PACIET MOJIE/IN He
MOXKET OBbITh CJIeJIaH GHAAUMULECKU, T. €. TI0O TOTOBOH, IyCTh JlayKe 0UeHb I'POMO3JIKOI, (hopMy-
Jie. YCIex JIOCTUTAETCS TOJIBKO YUCAEHHbLM METOJIOM PEIeHUsT ITUX YPABHEHUl (ABJISIONIXCH,
kcraru, auddepernuanbabivu). [Ipeanonaraercsi, 9To Mojeb 3Be3/bl ChHepUIeCcKr-CUMMeT-
pUUHas, T. €. BCe XapaKTEePUCTUKH KaKOro-HUOY b JeMeHTa ee obbeMa (TeMieparypa, ILIoT-
HOCTH 1 Hp) 3aBUCAT TOJILKO OT PACCTOAHMNA 3TOI'O 3JIEMEHTa OT IIEeHTPa 3BE€3/1bI. B YeM 2Ke naed
qucjaeHHoro Merojia pacdera’ IIpemcraBum cebe, 9T0O 3B€3/a COCTOUT U3 OYeHb OOJIBIIONO IHUCJIa
KOHI[EHTPUIECKUX ChHepudecKux cJioeB. B mpejenax Kazkmoro cjiosi (€cjoum OH TOJBKO BBIOpAH
J0CTaTOYHO TOHKI/IM) SHa4YeHUA YKa3aHHbIX XapaKTEPUCTUK MO2KHO CHUTATH ITOCTOAHHBIMU. 3&—
JAaJUM 3Ha4YCHUA JaBJICHUA W TeMIIEpaTypPbl B IEHTPE 3BE3/bI. yC.HOBI/IH IrmaApoOCTaTUIECKOI'O
paBHOBeCHsI MO3BOJISIT TOIJIA HAfiTU JaBJieHHe Ha MOBEPXHOCTH TEpBOii (caMoil BHyTpeHHeil)
cdepnl. Hagee, myTeMm pacueToB olpejiesiseM, MoIb3ysach ¢popmysoit Kiraneiipona, Temiepary-
Py B IIeHTpe. 3aTeM, 3Has 3aBUCHMOCTb CKOPOCTH SIJIEPHOTO SHEPIOBBIJIEIEHUsT OT TEeMIIEPATYPhI
U UCIIOJIb3Ysl yPaBHEHUeE Jisl epeHoca Jiydnctoii suepruu (7.10), MbI Oy IuM TeMIiepaTypy Ha
[IOBEPXHOCTHU TIApOBOil cdephl, a 3areM, oIb3yAch dopMmysioit Kianeitpona,— mmornocts. Ta-
Kad 1mponueaypa (KaK BU UM, JOBOJIBHO CHO}KHaH!) IIO3BOJIAET 110 JaHHBIM TeMIIEpAType, IIJIOTHO-
CTH U JIABJICHUIO B UeHMpe 3BE3IbI MTOJYIUTh T€ YK€ OCHOBHBIE XapaKTEPUCTUKH HA HEKOMOPOM
OTHOCHUTEJILHO MaAAOM PACCTOTHUU OT IeHTpa. Ilociae aToro TeMm ke MeTOIOM IIpole/Lypa Io-
BTOPLAETCA U I0JIyIaeTCsI 3HaYeHIe XapaKTePUCTUK 3BE3/IHOTO BEIECTBAa, Ha ITOBEPXHOCTH 61M0-
poti cepbl, paJIyc KOTOPOIl BJ/IBOe OOJIbINE, YeM Yy TepBoil. Tak, mar 3a marom, moJydaeTcs
«pa3pe3» BCel 3B€3/1bl, T. €. 3Ha9YCHUA OCHOBHBIX XapaKTEPUCTUK €€ BeIleCTBa B 3aBUCUMOCTU
OT paccTodHuA OT TeHTpa. J[jsi Toro 4TodbI pacder MOJE/NH YBEHUYAJICA YCIEXOM, TOJIITHHBI
BooOparkaeMbIX cep, Ha KOTOpble pazdUBaeTCs 3Be3/1a, JOJXKHBI ObITH JIOCTATOIHO MaJjibl. C
JIPYTOii CTOPOHBI, KOHEYHO, HEIIPAKTUIHO JEJATh X CJIUIIKOM MAJEHBKUMH, UTO IIPUBEIO Obl
K HEOIpaB/IaHHO OOJIBITIOMY YBeJIUYeHnI0 00beMOB pacuera. [[pakTudeckn KoJMYeCcTBO TaKUX
cdep ObIBaeT Mopsijika HECKOJIbKUX COTEH, MHOIJIA JIaXKe HECKOJIbKUX ThICAY.

Macca paccanTaHHON MOJIE/IN TTOJTyYaeTCsd KaK Pe3yJIbTaT CYMMUPOBAHUS «IaPIUATHLHBIX»
Macc, 3aK/II0UEHHBIX B IIpe/ie/Iax JIeMEeHTapHbIX cep. Y IuThIBasi «IIPOU3BOJICTBO» TEPMOsiIED-
HOI SHEPrUM B PA3HBIX CJIOSIX, MOKHO 110 OKOHYAHUHU pacUeTa MOJYyIUTh TEOPETUUIECKYIO C6e-
MUMOCTb 3BE3THON MOJIEIN.

Panbire Takue pacuersl Mojesieil BBIIOIHINCH BPYUIHYIO, Ha apudmomerpax. OmgHAKO MO-
cjeanne Tpu JeCATUIETUA pacdeThl MO,[LeI[eI;'I IIPOU3BOJATCA IIPEUMYIIECTBEHHO Ha 3JICKTPOH-
HBIX BBIYHC/IUTE/ILHBIX MaIlllMHAX. Pe3Kkoe yBeudeHne «Ipou3BOAUTEILHOCTA TPY/Ia», TTOMUAMO
obJierdennss pabOThl BHIYUC/IMTE/IsI, TO3BOJIMJIO IITUPOKO BAPbUPOBATH PA3JIMIHBIE TTAPAMETPHI,
BXO/ISIIME B PACUET, ¥ BBIOMPATH U3 HUX TE€, KOTOPbIE JIAIOT pa3yMHbIE U HEIPOTUBOPEUMBLIC
MOJECJIN. B JaCTHOCTHU, YCJIOBUEM HEIIPOTHUBOPEYUBOCTHU MOIEJIN, ,ILaIOH_LeIU/I HEKOTOPbIEC 3HAYCHU A
paanyca, MaCCbl 1 CBETUMOCTU 3BE€3bI, ABJISACTCA BBIIIOJIHECHUE 3aKOHa «MacCCa — CBETHUMOCTbLY,
ecJIM pedb MJeT O pacuere MOJEIN 3Be3Jbl TJIABHOM mocienoBaTeabHOCTH. OTYero ke MOryT
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Puc. 11.1. Monens MaccuBHOI 3Be3/bI TVIABHOI IIOC/IEI0BATEILHOCTH.

MOJIyIUTHCS B IIPOIIECCE PACYETOB MOJIE/N, SBHO HECOOTBETCTBYIOIINE PeaJbHBbIM 3Be3nam?! B
3HAYUTEJILHON CTEIeHN 3TO MPOUCXOIUT M3-3a OOJIBLINOI HEYBEPEHHOCTH B 3HAHUHA XUMIIECKOTO
cocTaBa HeJp 3Be3/Ibl, MOJIe/Ib KOTOPOil paccuntwiBaercs. [Ipuxonures npu pacderax padoraThb
«MEeTOJIOM TIPO0 1 OMmubOK», 0OTOpAChIBas TAKUE IIPEJIIOJIOKEHIS O XUMUIECCKOM COCTaBe, KOTO-
pble TTPUBOJAT K SBHO HeCypa3HBbIM pe3y/braraM. VMeeTcs m erie JIOBOJBHO crerudmyecKas
IPUYUHA PACXOK/IEHIUS MEXK/TY OCHOBHBIMU PACTYETHBIMU XaPAKTEPUCTHKAME MOJIEN 3Be3/1bI (T.
€. ee MacChl, CBeTUMOCTH M PaJnyca) U HAbJIIOIAeMBIMI XaPAKTEPUCTUKAME COOTBETCTBYIOIIEH
peabHOI 3Be3/bl. /les10 B TOM, YTO IIpU HEKOTOPBIX YCJIOBHUAX IIPOIECC IEPEeHOca SHEPTUH B
HeJIpax 3Be3/Ibl MOXKET MeHATh CBO# xapakTep. Hampumep, nepenoc sHepruu myTeM JIy9ercIryc-
KaHUsT MOYKET CMEHUTHCSI KOHBEKTUBHBIM MIEPEHOCOM. DTO OBIBAET 10 PA3HBIM MpUYMHAM. TaK,
€CJIM TI0 Mepe TOrpyKeHus B TVIyOMHY TeMmIleparypa HadMHAeT PacTH JIOBOJLHO PE3KO, JIyde-
UCITyCKaHWe, BO3MOXKHOCTH KOTOPOTO «OTDAaHUYEHBI», y?Ke He B COCTOSHHUH ODECIIeYNTH TPAHC-
MIOPTUPOBKY BCeil BBLIESIONIENcS B HeJpaxX 3Be3/bl sHepruu. Hacrymaer HeycTONYMBOCTH, U
JIOMUHUPYIOIIIM MEXaHU3MOM IE€PEHOCA SHEPIUU CTAHOBUTCH KOHBeKIUs. OO 9TOM pedb Iuia
yxke B § 8. [losromy B mporiecce BbIMUC/IEHUN, KOTOPhIE BBIIOJHAIOTCS «IMAT 38 MATrOM», CJIEJLy-
€T BHUMATEJILHO CJICUTH U KOHTPOJHMPOBATH, KaK BeJeT ceOd MEXaHU3M IePEHOCa SHEPIUuu B
CTPOSAIIENCT MOJIENTN 3BE3IBI.

Cireyer Tak»Ke UMETh B BUJLY, YTO XUMUIECKUIT COCTAB 3BE3/IbI, OLIPEJIC/ISIEMbIil ITapaMeTpa-
v X, Y, Z (cm. § 7), He ocTaHETCsI TIOCTOSIHHBIM JIJTsT BCEil 3BE3JIbI, & MOXKET CHCTeMATHIECKN
U IIPUTOM PAJTUKAJIBHO 0MAUAMbCA B €€ pa3HbIX dacTdax. Hampumep, B meHTpaaIbHONE 00J1acTH
3Be3/IbI, U3-3a «BBITOPAHWA» BOJOPOJA y CPABHUTEIHLHO CTapbIX 3Be3, X MOXKeT ObITh 3Ha-
YUTEJIbHO MeHbllle, ueM Ha repudepun. Momen 3Be3/1, yIUTHIBAIOIIIE 3TO O00CTOSTEILCTBO,
HOCAT HA3BaHUE «HEOIHOPOIHBIX». TaKne MOJIENH MMPeICTaBIdI0T 3HAYNTEIHLHBIN HHTEepeC, TaKk
KaK XOpOIIO OTPayKaloT JeHCTBUTEILHOCTD.

[IpuBosi mpuMep, KaK CTPOUTCH MOJETb 3BE3/IbI, Mbl PAaCCMATPUBAJIN TaKOe IMOCTPOEHUe
UJIYIIAM OT IeHTpa K repudepun. MoxKHO u gazke gacto 6ojee ya00HO PACCIUTHIBATE MOJIE/Th
OT MOBEPXHOCTHU K IEHTPY. B 3TOM ciyuae 3a/1at0TCsl pajiyC U CBETUMOCTH (UM TeMIIepaTypa)
3Be3/1bl. EcTecTBEHHO, YTO 10 OKOHYAHUN pacdeTa CyMMapHas Macca cpepruIecKux CJIOEB JIOJIK-
Ha OBITH paBHA Macce 3Be3/bl. HeBepHble METO/IBI pacdeTa MOTYT IPUBECTU K «UCUYEPIAHUIO»
MacChl MOJIEJIM 3Be3bl 3aJI0JIM0 JI0 TOTO, KaK pacderhbl JOHIyT /10 IeHTpa. ABTOpP KOIa-To
HabJIIO/Ta/T TAKOH JTIOOONBITHBIN (hbeHOMEH B paboTax HEKOTOPHIX HAUMHAIOIIUX CIIEIUAINCTOB B
006JtacT BHYTPEHHETO CTPOCHUS 3BE3I. ..

B pesysibraTe 60/1b1110# pabOThI, TPOJIEIAHHON acTPOMUNKAMU-TEOPETUKAMU, CIICITHAJIICTA~
MM 110 BHYTPEHHEMY CTPOEHUIO 3BE3/I, B HACTOSIIEE BPeMsi IMEETCsl MHOTO MoJIesieil 3Be31. DTu
MOJIEIN OXBaTBIBAIOT 3BE3/Ibl, 3aHUMAIOIINE Pa3/JInIHble MecTa Ha auarpamme [eprimmnpynra —
Peccenra. Mbr1 ceituac obcy M OCHOBHBIE OCOOEHHOCTH MOJIEJIEN, COOTBETCTBYIONINE 3BE3THOMY
Hacesernio Hamneil [amakruku. [Ipexke Bcero mpeacTaBiIgioT HHTEPEC MOIEIN 3BE3/I IJIABHOI
[IOCJIETIOBATETbHOCTU Ha jauarpamme leprmmpyrra — Peccea. Oka3bBaercsi, 9T0 CTPYKTY-
pa 3Be3J; BepXHell 4acTu TOH MOC/Ie0BATEIHLHOCTH (rOpsAvre MAaCCUBHBbIE OOBEKTHI BBICOKON
CBETUMOCTH) 3HAYUTEIHHO OTJIMIAETC OT CTPYKTYPhI KPACHBIX KapPJIUKOB, 3allOJHSIONINX ee
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HIKHIOIO ITpaByio 4acThb. Ha puc. 11.1 HarIssiHO 1IpejicTaBieHa CTPYKTYpa MacCUBHOM Topsideit
3BE3/IbI. DTa MOJIEb ObLIa paccuuTaHa JjIs 3Be3/bI, Macca KoTtopoit B 10 pa3 OosbIie coJ-
HEYHOM, pajuyc B 3,6 pasa Goblie, a ceeruMocThb (6osomerprdeckasi) B 3000 pa3 mpeBOCXoauT
cBeTMOCTh COJTHITA. DTO O3HAYAET, ITO MOJIe/IMpyeMast 3Be3/a NMeeT CleKTpaIbHbIi Kiaace B0,
npuyeM Temieparypa ee nmopepxHoctu okoso 25 000 K. Kak moka3bsiBaloT pacdeTsl, B IIeHTPaJIb-
HOI 9aCTH 3BE3JIbl IIEPEHOC SHEPTUH OCYIIECTBISIETCS ITyTeM KOHBEKIUN. Pajinyc KOHBEKTUBHOI
30HBLI COCTaBJIsAeT OKoJI0 25% pajamyca 3Be31bl. DTa 30HA COUEPKUT B cebe TakzKe 0KOIo 25%
IIOJIHOM MacChl 3Be3/Ibl. XapaKTepHa J0BOJILHO 0OOJIbIasi KOHIIEHTPAIUs ILJIOTHOCTH BeIecTBa
110 HAITPABJIEHUIO K IEHTPY. B caMOoM 1eHTpe MI0THOCTh TPUMEPHO B 25 pa3 MPEBOCXOIUT CPE/I-
HIOIO IJIOTHOCTD 3Be3/16l U 6yinsKa K 7 v/cm®. IlenTpanbHasg TemMiepaTypa JOBOJILHO BBICOKA —
OKOJI0 27 MWUJIJTMOHOB KE€JbBUHOB, T. €. IPUMEPHO B JBa pas3a Oosibiie, dem y Cosna. Kade-
CTBEHHO 3TOTO W CJIEJIOBAJIO OXKUJATH COIJIACHO TIpocToil opmyse (6.2), xors Temieparypa
oKaszaJjiach HECKOJIbKO HHUKe, 9eM pacCuuTaHHasl 110 3Toit dpopmyse. Mojesib He 09eHb CUJIBHO
3aBUCHT OT IIPUHSITONO XUMHUYIecKoro cocrasa 3e3ael (X = 0,90, Y = 0,09, Z = 0,01). JIwo6o-
IIBITHO, B KAKOM HAITPABJIEHUU OY/IET MEHATHCA CTPYKTYpa 3BE3/1 TAKOI'0 TUIIA, €CJIU YMEHbIIaTh
Maccy? Pacdersl moKasbIBaroT, 9TO IPU 9TOM, BO-TIEPBBIX, B cOOTBeTCTBUU ¢ (hopmyioit (6.2)
OyIeT yMeHbIIAThCs IeHTpaIbHas TeMIIepaTypa, BO-BTOPBIX, OYIyT yMEHbIIATHCS OTHOCUTEIhb-
HbIe pa3Mepbl KOHBEKTUBHOTI'O sijipa. ¥ TaKUX 3B€3/l OCHOBHBIM UCTOYHUKOM SHEPIUM ABJIAETCS
YIJIEPOIHO-a30THAA peakind. Kak Mbl BUJIEIN, CKOPOCTb 3TOW PeaKIMi OYeHb CUJIBHO PACTeT
¢ pocroMm temmeparypbl (cM. dopmyiy (8.3)). Tlosromy st «0TBOJA» BBIIEJSIONErOCs IPU
9TOI peaKIuy OTPOMHOTO KOJIMYECTBA SHEPTUN yrKe HEJIOCTATOYHO OJIHOTO JIUIIb JIyIUCTOTO €€
mepeHoca. B aToMm ciiydae TpaHCIOPTUPOBKY SHEpPrunm OepeT Ha cebsi KOHBEKIUsl. DTO U 00b-
sICH{AET CYIIeCTBOBaHHUE y TaKUX 3Be3]] DoJiee WIN MeHee NPOTIKEHHBIX KOHBEKTHUBHBIX SIJIED B
IeHTpabHbIX obsracTsax. Cxema Ha puc. 11.1 mpejcraBiisier cTPYKTYpPy TUIIMYHBIX 3BE3]T BEpX-
Hell 9acTu TJIaBHOM mocienoBarenbuoctu. Ha puc. 11.2 cxemaTndecku IpeJicTaB/IeHA MOJIE/Tb
KpacHoro KapJ/nka c¢ maccoit 0,6, ceerumoctbio 0,56 u pajamnycom 0,64 cosrreunoro. CiiegoBa-
TeJIbHO, Pedb UIeT O MOJE/N Kap/JIUKOBOI 3Be31bl creKTpasbHoro kiaacca K — M. Obparaer
Ha ce0sI BHUMaHHE TO OOCTOSITEIbCTBO, UTO CTPYKTYPa TAaKOW 3BE3JIbI 3HAYUTEIbHO OTJINIAeT-
cd OT CTPYKTYPBI MAaCCHBHBIX, TOPAYNX 3Be€3]l BEPXHEN YacTH TJIABHOI IOCJIE/I0BATEIHHOCTH.
[Ipexke Bcero, B IEHTPAIbHBIX 9aCTAX KAPJIUKOBBIX 3BE3J Y2Ke COBCEM HET KOHBEKTHUBHOI 30-
ubl. Hao0opoT, B HApYKHBIX CJI0SIX TAKUX 3BE3]I IEPEHOC SHEPIUH OCYIIECTBIIACTCH IIPEUMYIIe-
CTBEHHO IIyTeM KOHBeKInn. B npuBeieHHoit Ha puc. 11.2 Mojie/in KOHBEKTUBHAs 30Ha 3aHUMAET
HApPY?KHYIO YaCTh 3BE3JIbI, IpUIeM TaM cocpenorodeno npumepno 10% ee maccor. Ilpuunna
OTJIMYHS B CTPYKTYpe 3Be3J] HUKHEIl 9acTH TJIABHOU TOCJIEI0BATEILHOCTH OT CTPYKTYPhI Mac-
CHUBHBIX TOPSINX 3BE3]] KPOETCS B CPABHUTETHHO HU3KOI TeMIlepaType HeJIp Kap/JIMKOBBIX 3BE3/I.
N3-3a 9TOr0O pacrer HEMPO3PAaTHOCTDH 3BE3THOIO BENIECTBA W IEPEHOC BhIpabATHIBAEMOI B IIEH-
TPe 3BE3/Ibl SHEPIUH IIyTEeM U3JIyHYeHUs] CTAHOBUTCA 3aTPYAHUTE/IbHBIM. Ha momors npuxoant
KOHBeKITNs. KoHIleHTpalns BelecTBa K IMeHTPY Yy KapJIMKOBBIX 3Be3] HEe TaK BeJIMKa, KaK y I'o-
psianxX ruranToB. [leHTpasibHas IJIOTHOCTD y2Ke TOJBKO B 20 pa3 IMPeBOCXOIUT CPEIHIOI, XOTSI
abCoOIIOTHOE 3HAUeHHe TIeHTPAIbHOl ILII0OTHOCTH ropaso Bbimre, okoso 60 r/cv?. B cormacun c
dbopmyioii (6.2) neHTpasbHAsI TEMIIEPATYPA B PACCMATPUBAEMOIl MOJIEJIN KAPJIUKOBON 3BE3/1bI
CpaBHUTEJIbHO HU3KA — OKOJIO 9 MUJIIMOHOB KeJIbBUHOB. [Ipm Takoil Temmeparype sHepreTuka
KapPJIMKOBBIX 3Be3]1 00eCIIeInBAETCA TOJBKO IIPOTOH-IIPOTOHHON PeaKITheii.

CoutHIle sBJsSIETCS HOBOJIBHO THIINYHOI 3BE3/I01 CpeIHel JacTh IVIaBHOM ITOCIeI0BATEILHO-
ctu. Bmecte ¢ Tem Mosiesib BHyTpeHHEro ctpoerns CoJTHIIA 10 TOHATHBIM MIPUYIUHAM ITPE/ICTAB-
JIieT JIJIg Hac OCOOBIil MHTEpecC.

B mocneame rojibl OBLIO paccuuTaHO HECKOJBKO Mojeseit CosHIa, OTIUYAIONIIXC THC-
JIEHHBIMU 3HAYEHUSIMI HEKOTOPBIX [IapaMeTPOB pacueTa (IIPexK/Ie BCero XMMUIECKOTO COCTaBa).
Nneercs eme omHa BakHast 0cOOEHHOCTH pacdera Mmogesneit Cosaia. OcoOeHHOCTBIO MOoeeit
3B€3/ BepxXHell 1 HUXKHEeH 4JacTell INIaBHOW I10CJIe10BaTe/IbHOCTU, KOTOPhIC IIPUBE/ICHBl Ha PHUC.
11.1 m 11.2, aBistercst ux 00HOPOOHOCMb. DTO O3HAYAET, UTO XUMIUIECKUN COCTAB 3BE3.IbI IIPEJIIIO-
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J/VE,UZI/A/\\
STy ERUEN,

Puc. 11.3. Mojens Conia.

JlaraeTcs NocmoAHMHbM BO BceM o0beMe 3Be3/1bl. [locie iHee mpe IoioyKeHune BIOIHE eCTeCTBEH-
HO JIJIsi KAPJIUMKOBBIX 3BE3JI MaJIONl MacChl U CPABHUTEIBHO HU3KOIH CBETUMOCTHU, BpeMs IPeObI-
BaHUs KOTOPBIX Ha TVIABHOH IOCJIEI0OBATEILHOCTH TIpeBbIaeT Bo3pacT amakTuku. [lostomy B
IIEHTPAJIBHBIX YaCTAX 9TUX 3BE3J[ M3PACX0JI0BaHa TOJbKO MaJiasd 4acTh ITePBOHAYAJIBLHOIO «3a-
rmaca» BOJIOPOJIHOTO «roproderos. UTo KacaeTcsd MAacCUBHBIX 3Be3J] BEpXHeEil JacTu TJIaBHOM I10-
CJIeJIOBATEILHOCTH, TO TIpUBeeHHAd Ha puc. 11.1 Mo/ie/ b OTHOCUTCS K CPABHUTEIHLHO MOJIOIBIM
3Be3aM 3toro tuma. Muoe jgemo Comnmne. Bozpacr CosHila m3BeCTEH — OKOJIO 5 MUJLTHAPIOB
JeT. 3a Takoil OTPOMHBIN CPOK yiKe MOXKHO OXKHJATh HEKOTOPOI'O YMEHBIIEHUS COJIeprKaHUs
BOJIOPO/ia B IEHTPAJILHON YaCTU HAIIEro CBETHJIA, TaK KakK 3aMeTHas JacTh IIepPBOHAYAILHOIO
3arraca BOJIOpojiHoro ropiovero CosHIa yke m3pacxojoBana— Bce-taku CoOJIHIIE CBETUT OY€HD
J1071r0... TyT-TO M Kpoercss n3BecTHasi HEOIIPEIeJIEHHOCTh B pacuere Mmoaean CoJtHIa, KOTopas
JIOJI2KHA OBITH HEOTHOPO,IHOM. Kakoil MPOIEHT COTHEIHOTO BOJIOPOJIA «BBITOPEI» U B KaKOM
obbeme? Bejib MOXKHO BapbUpOBaTbh U 00bEM, U IPOIEHT <«BBIIOPEBIIETO» BOJIOPOJia, 9TO U
JleJIaeTCsl B PA3JINIHBIX MOJIE/sX. JIF0O0IbITHO, 9TO HeHTpaabHas TemiepaTrypa CosiHia mory-
JaeTcs MOYTH He 3aBHUCAIIE OT KOHKPETHBIX OCOOEHHOCTEH pa3indHbIX Mojeseil. Ona O/m3Ka
K 14 MUIIHOHAM KEJIBBHHOB — 3HAYEHUIO, KOTOPBIM MbI IOJIB30BAJIMCH B § 9. DTO 03HaYaeT, 4TO
OCHOBHOIT TepMosiJiepHOil peakimeir B Hegapax CoJIHIIA ABJISIETCsST IIPOTOH-IIPOTOHHAS PEAKITHSI,
XOTsI HEOOJIBINON BKJIA JJACT TaKKe YIJIEPOTHO-a30THBIN UK. [lj1d Mojiesin, n300paskeHHoit Ha
puc. 11.3, npuHATO, 9TO B HeHTpasbHoi obactu X = 0,50 u mIaBHO pacTeT JI0 TeX IOop, MOKa
Ha PACCTOSHUU OT LEeHTpa, pasuoM 0,25 paauyca, CTAaHOBUTCS PaABHBIM OKOJI0 75%), mocye dero,
BILIOTH JIO CAMOIl IOBEPXHOCTH, OCTAETCs IOCTOSHHBIM. TaK »Ke KaK W Yy KPaCHBIX KapJIMKOB,
y 91oit Mmogenn CoJiHIIa HET KOHBEKTHUBHOIO SIAPa, OJHAKO pas3Mepbl HAPYKHOI KOHBEKTHBHOI
30HBI 3HAYATEILHO MEHbBIIE. 3aMETUM, UTO 3Ta 30Ha COAEPKUT Beero okouto 2% maccwr ComHiia.
HenTpaabhas maoTHocTb COJHIIA JOBOJILHO BeJIMKa — OHa, OOJIbINe, YeM y MOoJIe/Iel 3Be3]1 KakK
BepxHeil, Tak U HUXKHeil JacTeil TJIaBHON Moc/eI0BaTeIbHOCTH U paBHa 135 r/cM®) uTo mouTn
B 100 pa3 mpeBOCXOUT CPEIHIOI IIOTHOCTD. Takas Oosblias KOHIEHTPAIUA MAaCChl K IIEHTPY
€CTeCTBEHHO O00bsICHAETCSI YaCTUIHBIM «BBITOPpAHUEM» BOJIOPOJa B IEHTPAJIbHBIX 00JIACTIX Ha-
mero ceetmia. B cusbHeiieit crenenn 3tot 3pdeKT, KaK Mbl YBUIUM, ITPOSIBIACTCH Y KPACHBIX
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Puc. 11.4. Monenb KpacHOIO TUTaHTA.

Boypom:
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Puc. 11.5. Mojens 6eoro Kapinka.

ruranToB. Pa3Burue HayKu B HAIly 310Xy OTKPBLIO COBEPIIEHHO HEOXKHUIAHHYIO BO3MOYKHOCTH
YTOYHEHUA MOJIE/IN CO.HHLLa, O 9€eM y2Ke IlJla pedb B § 9

Cruernuduyeckoit 0COOEHHOCTHIO CyOKAPJIUKOB SABJIAETCS OYeHb HUBKOE COJIEPYKAHME THAYKe-
JIBIX 371eMeHToB. 00 3TOM yiKe roBopmioch B § 1. ITosromy mpu pacdere mojesieil TakKux 3Be3/1
BeJINYNHa Z IT10J1IaraeTcd paBHOfI HYJIIO. TaK KaK COAEpzKaHUeE TA2KEJIbIX 3JIEMEHTOB MMEET pe-
IAOIIee 3HAYEHNE JIJIsT HEITPO3PATHOCTH 3BE3/IHOTO BEIeCTBa, TO MPU MAJIOM Z MPO3PATHOCTD
BeIlecTBa CyOKapJIMKOB JIOJI?KHA OBITH OYE€Hb BBICOKOM, JaykKe eCjIu TeMIlepaTypa CPaBHUTETHHO
Huska. [losromy Jydenciyckanme J0CTaTOIHO 3(MPEKTHBHO MEPEHOCUT SHEPTHIO U HET HEOOXO-
JIMMOCTHU B Pa3sBUTHUHU KOHBeKInu. [leHTpasbHas TeMiieparypa TakKuxX 3Be3]1 JI0BOJIbHO 1yBCTBH-
TEJILHO 3aBHCHUT OT IIPUHSITOIO COIEP:KAHUS TeJIMs, KOTOPOe TOJKOM He M3BECTHO.

Otrako, moxasyil, caMoil MHTEPECHON CTPYKTYpoii 00/1a al0T KpacHble TuranThl. Ha puc.
11.4 mpuBeneHa MOJI€JIb JOBOJIBHO THIIUMYHOI'O KPACHOI'O TMTAaHTa, Macca, PaJyC U CBETUMOCTD
KOTOPOT'O IIPEBOCXOAT COJTHEUHBbIE COOTBETCTBEHHO B 1,3, 21 u 225 pas.

B camoil neHTpaabHONl YacTU 3BE3JbI-TUTaHTa HAXOJIUTCS MAJCHLKOE sJIpO, TeMIIeparypa
KOTOPOT'O OYeHb BbICOKa — 40 MUJIJIMOHOB KeJILBUHOB. B 3TOM sjipe TPaKTUIECKN HET BOJOPO-
Jla — OH y7Ke BeChb «BBIT'OpEJI», IPEBPATUBIINCH B Tresmii. BmecTe ¢ TeM TemIlepaTypa TaMm elre
HEJIOCTATOYHO BBICOKA JIJIsi «TPONHOI» resimeBoil peakimu (cM. § 8).

N3-3a oTcyTCTBUSA UCTOYHUKOB SHEPTUU TEMIIEpaTypa B 00J1acTH sijipa noctosinua. [losromy
TaKoe s/IpO Ha3bIBaeTCs «M30TepMudecKuM». HecMoTpst Ha oueHb MaJible pa3Mephl H30TepMude-
CKOrO sijpa (OKOJIO OJJHON THICAIHON pajinyca 3Be3/1bl), B HEM COJEPIKUTCS IPUMEDHO YE€TBEPTh
Beeit Maccenl 3Be3/1bl. OTCI0/Ia HEITOCPEICTBEHHO CJISIYET, YTO IJIOTHOCTH U30TEPMHUIECKOTO s1/Ipa
orpomua — nopsijika 3-10° r/cm®. D10 o3HauaeT, 4TO 3IEKTPOHHDII ra3 B A/1pe BLIPOKICH (CM. §
10). CuretoBaTesIbHO, 110 CBOMM CBOWCTBAM BEIECTBO H30TEPMUYECKOTO $/Ipa KPACHOI'O M'UTaHTa
HE OTJIMYAETCA OT BeIecTBa Oestbix KapaukoB. OHU CXOIHBI He TOJBKO IO CPeJHel IJIOTHO-
CTH, HO U 110 XUMHYECKOMY COCTaBY M OTCYTCTBHIO s/IepHBIX peakiuii. [loaTomy MBI nmeem Bce
OCHOBAHUSI YTBEPXK/ATh, UYTO B IEHTPE KPACHOIO I'MTaHTa HAXOAUTCS ... Oesblii Kapauk! Dot
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pe3y/IbTAT UMeeT OOJIbIIOE 3HAUEHUE JIJIst ITPOOJIEMbI IIPOUCXOXKICHUS OEJIbIX KAPJIUKOB, O YeM
pedb OyJeT uITU B CieIyomeM maparpade.

Bokpyr BBIPOXK/IEHHOTO M30TEPMUYECKOTO sJIpa KPACHOI'O THUTaHTa MMeeTCsl OYeHb TOHKAas
000J109Ka, TJIe ITPOUCXO/IAT TEePMOsIIepPHbIE PEAKIINU YTJIEPOIHO-A30THOTO MUKJIa. ToJIIuHa 9TO
000JIOYKM HAMHOT'O MEHBIIE PaJInyca N30TEPMUIECKOTO djipa. B mpejiesiax 9Toro TOHKOTO CJ10s
TeMIiiepaTypa BelecTBa pe3ko najaer ot 40 10 25 MuLIMoHOB KeJibBUHOB. [1J10THOCTE BerecTBa
B 000JI0YKe yKe B HECKOJIbKO THICAYT pa3 MEHbINe, YeM B IeHTpe N30TepMudeckoro siapa. O6o-
JIOUKa, B KOTOPOW IPOMCXOJAT sjIepHbIE peaKInu, OKPyKeHa B CBOIO OYepelb CPaBHUTETHLHO
HeGo IbIoN TosmuHbl (0010 10% pajinyca 3Be3/1bI) CJIOEM, TJIe BBIAEIAIONIAACT B OMUCAHHOM
BBIIIIE CJIO€ SHEPIHS IIEPEHOCUTCH ITyTeM Jiydencityckanus. OCHOBHAsS YKe 9acTh HAPYKHBIX CJIO-
eB KpacHOI'o THraHTa, cojepzkamias moaru 70% ero Macchl 1 HAUMHAIOMIASICS IIPUOIM3ATEILHO
Ha paccroguuu 0,1 ero pajmyca or IeHTpa, HAXOJUTCd B COCTOAHUU KoHBeKIuu. [[puunna o6-
pPa30BaHUS CTOJIb MPOTSIKEHHOI KOHBEKTHBHO 30HBI — OOJIbINIas HEIPO3PAYHOCTH BEIECTBA —
Ta 2Ke, YTO U Y KPACHBIX KapJUKOB. TakuM 00pa3zoM, CTPYKTYypPa KPACHBIX TUTAHTOB OT/IMIAETCS
Kpaiueil HeoIHOPOIHOCTLIO.

B mpoTuBOMOJIOXKHOCTD OY€Hb CJIOYKHOI CTPYKTYype KPacHBIX THTAHTOB CTPYKTYpa OesIbIxX
KapJIMKOB OTJIMIaeTcsi O0JIbIoit mpocroToit. O6 910l cTpyKType peub yxke 1uta B § 10. B aByx
caoBax: 6eJIbIil KapJIMK— 9TO OY€Hb IIOTHBIN Ia30BbIil AP, JIEKTPOHBI KOTOPOT'O BBIPOXKJIEHBI,
OKPY2KEHHBIii CDABHUTEJILHO TOHKOI 060JI0UKOIA, 13 «00baHOro» rasa (puc. 11.5). ITapajokcasib-
HOCTL CUTYAIUU, OJHAKO, COCTOUT B TOM, YTO, Ka3aJOCh Obl CTOJIb Pa3IMYHbIe OOBEKTDI, KaK
KpACHBIE TUTaHTHI U OeJTble KapJIMKW, TEHeTUIEeCKN CBA3aHbI MeXK Ty coboit. O6 3ToM pedb Oyer
uaru B § 13.
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§ 12. DBOJIIOLIMA 3BE3/1

Kak yxke momuepkuBajoch B § 0, momapJsioniee OOJIBIIMHCTBO 3BE3J, MEHSIET CBOM OCHOB-
HbIE XapaKTEePUCTUKH (CBETHUMOCTH, PaJMyC) OYeHb MeJJIeHHO. B KazK/Iblil TAHHBIA MOMEHT X
MOXKHO PacCMaTPUBATh KaK HaXOJAIINECs B COCTOSHUU PaBHOBECHS — OOCTOATE/IHLCTBO, KOTO-
PBIM MBI IIUPOKO TOJIL30BAJIMCH JIJIsi BbISICHEHUsI TIPUPOJIBLI 3Be31HbIX Hejip. Ho meieHHOCTh
U3MEHEHHII — 9TO elle He O3Ha4YaeT OTCYTCTBUE UX. Bee €10 B cpokax IBOJIIONUU, KOTOpast
JIJIST 3BE3/I IOJIZKHA OBITH COBEPIIEHHO Henm30e:kHOoi. B camom obiem Bujie 3a1a1a 06 3BOJIOINN
KaKOW-HUOY/Ib 3Be3/Ibl MOYKET OBITH IIOCTaBJIEHA, CJIeYIONNUM obpa3oM. [lormycTum, 9To nMeeTcst
3Be3/1a C JJAHHOW Maccoil u pajimycoM. Kpome Toro, n3BecteH ee nmepBOHAYAIbHBIN XUMIICCKUT
COCTaB, KOTOPBIH Oy/IeM CUUTATH MOCTOSIHHBIM 10 BCEMY 00beMy 3Be3JIbl. 10ra ee CBeTUMOCTh
ceJlyeT U3 pacdeTa MOJEIN 3Be3Jbl. B mmporiecce 9BOIONNN XUMUYIECKUNH COCTaB 3BE3/Ibl HEN3-
OEKHO JOJKEH MEHATBHCsI, TaK KakK M3-3a IMOJIEPXKUBAIONINX €€ CBETHMOCTb TE€PMOSIEPHBIX
peakIuii cojepkaHue BoIOpojia HeoOpaTUMO YMEHBINAETCs cO BpeMeHeM. Kpome Toro, Xxummde-
CKHil cocTaB 3Be3/bl IlepecTaHeT ObITh OHOPOIHBIM. Ec/i B ee 1leHTpaJIbHOI TacTH IPOIEHTHOE
coJIep;KaHie BOJOPO/a 3aMETHO YMEHDBIIUTCH, TO Ha Iepudepru 0HO OCTAHETCS MPaKTHICCKU
HensMeHHBIM. Ho 9T0 03Ha4aer, 4To 10 Mepe SBOJIIONUH 3BE3/Ibl, CBI3AHHONW C «BBITOPAHUEM»
ee siJIEPHOr0 TOPI0Yero, JOJKHA MEHSIThCI caMa MOJE/Ib 3BE3JIbl, a CJIeJ0BATEIbHO, €€ CTPYK-
rypa. Cienyer oxKujiaTh U3MEHEHHsI CBETUMOCTH, PAJINYCa, IIOBEPXHOCTHON TeMIreparyphl. Kak
CJIEJICTBUE TAKMX CEPbE3HBIX M3MEHEHU, 3Be3/1a IMOCTEIEHHO Oy/IeT MEHATH CBOE MECTO Ha, JIha-
rpamme Leprimmpynra — Peccesra. Creryer cebe mpeicraBuTh, 9TO OHA Ha JIAHHON JHATDAMME
OTIHUIIET HEKYIO TPACKTOPUIO WJIH, KaK IPUHATO TOBOPHUTH, «TPEK».

[IpoGiiema sBoOJIONMHU 3BE3/], HECOMHEHHO, PUHAIEIKAT K IUCIY (DyHIaMeHTaIbHeRImx
npobsiem actpornomuu. [lo cymecTBy, BOIPOC 3aK/IIOYAETCA B TOM, KaK POXKJIAIOTCHA, KUBYT,
«CTapeoT» W YMUPAIOT 3Be3/bl. VIMeHHO 5TOi mpobiieMe MOCBSAIIEHA HACTOSIIAS KHUTA. JTa
pobJieMa 1o camMoil cBoeil CYIIHOCTH sSBJIdgeTca komnaekcrot. OHa peraercs IeseycTpeMIeH-
HBIMH HUCCJETOBAHUSIMU IIPEJICTaBUTE/eH Pa3sHbIX OTpacjeil acTpoHOMUH — HabJrogareseil u
TeopeTUKoB. Besb m3yvast 3Be3/1bI, HUKAK He/Ib3sd Cpa3y CKa3aTh, KaKHe U3 HUX HaXOJATCS B
reHeTHIeCKOM pojicTBe. Boobie sta rnpobsiema oKa3aJiach O9eHb TPYJIHON U HECKOJIBKO JIeCATU-
JIETHl COBEPIIIEHHO He TI0/JIaBajIach PelleHunio. boJjiee Toro, BIJIOTH JI0 CPABHUTE/ILHO HEIABHETO
BpPEeMEHHU YCUJIHS UCCJIe/IoBaTe/ el 3a9acTyIO IJIK B COBEPINEHHO JIOYKHOM Harpapjennn. Tak, Ha-
[IpUMep, caMo HaJIMYne IJIABHOM MOc/eI0BaTe/IbHOCTH Ha, auarpamMe [epiimmpysra — Peccena
«BJIOXHOBMJIO» MHOTMX HAUBHBIX UCCJIE/IOBATE N HA TTPEJCTABIEHNE, YTO 3BE3/IbI SBOJIOINOHNU-
PYIOT BIIOJIb 9TOH JuarpaMMbl OT TOPSTIUX FOIYyOBIX THTAHTOB JI0 KPACHBIX KapankoB. Ho Tak
KaK CYIIEeCTBYEeT COOTHOIIEHNE «MACCa — CBETUMOCTb», COIVIACHO KOTOPOMY Macca 3Be3/1, PacIo-
JIOXKEHHBIX 6004% TJIABHOM T0CJI€/I0BATEIbHOCTH, JIOJI?KHA HEIIPEPBIBHO YOBIBATH, YIIOMSHYTHIE
HCCIEI0OBATE/IN YIIOPHO CUUTAJIN, YTO BOJIONKS 3BE3/ B YKa3aHHOM HallpaBJIEHUH JIOJIZKHA CO-
OPOBOXKJIATHCA HEIIPEPBIBHON U IPUTOM BECbMa 3HAYUTEJILHON ITOTEPEA UX MACCHI.

Bce 310 0Kazamoch HeBepHBIM. [locTermeHHO BOIIPOC O My TSX IBOJIIONUN 3BE3]] TPOSICHIICS,
XOTs OTJIeJIbHbIE JIETAJIM TPOOJIEMBI BCe elrle Jjiajieku oT pertenns. Ocobasi 3aciiyra B OHUMa-
HUU TIPOIECCa BOJIIONNN 3BE3]T IPUHAJIEKUT ACTPOMDUINKAM-TCOPETUKAM, CICIUAJIACTAM 110
BHYTPEHHEMY CTPOEHUIO 3BE3/I U MPeXKJie Bcero amepukanckomy ydenomy M. IIBaprimmmiby u
€ero IKOJIe.
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12. DBoJIIOLINSA 3BE3/[

Pannuit sran sBoJoruu 3Be371, CBA3aHHBINA C ITPOIECCOM UX KOHJIEHCAIIMU U3 MEXK3BE3/I-
HOIT cpejibl, ObLI PACCMOTPEH B KOHIIE IepBOil YacTu dTOW KHHUIHU. Tam, cOOCTBEHHO T'OBOPH,
pedb muIa jJaxke He O 3Be3nax, a 0 npomodseddax. llociennne, HETPEPBIBHO CXKUMASICH IO,
JIEICTBUEM CHJIBI TS2KECTH, CTAHOBATCS Bce DOJlee KOMITAKTHBIME O0ObeKTaMu. TemmepaTypa ux
HeJ[p [IPH 9TOM HenpepbiBHO pacter (cm. dopmyiy (6.2)), HOKa He CTaHeT MOPsJIKA HECKOJIb-
KX MUJIJTHOHOB KeJIbBUHOB. [Ipu Takoii Temieparype B IEHTPAJbHBIX O0JIACTIX IIPOTO3BE3
«BKJIIOUAIOTCST» [EPBBIE TEPMOsIJIEPHBIE DeaKIK Ha JIETKUX sijpax (jefirepuit, sutwii, Gepusi-
qmit, 60p), y KOTOPBIX «KYJIOHOBCKHII Gapbep» CpaBHUTEIbHO HU30K. Korma moiayT 3Tu peax-
U, C2KATHe MPOTO3Be3/Ibl 3amMeiuTcd. OIHAKO JIOBOJIBHO OBICTPO JIETKHE s/IPa «BBITOPATS,
TaK KakK uxX oOm/ine HEBEJIMKO, U CXKaThe IMPOTO3BE3IbI OYAET MPOJI0JIZKATHCA MOUTH C TPEXKHEH
cKopocThio (cM. ypaBHenue (3.6) B 1epBoii 9acTu KHUTH), IPOTO3BE3/Ia «CTaOMIN3yeTCs», T. €.
repecTaHeT CKUMAaThCHA, TOJIBKO IOC/Ie TONO KaK TeMIlepaTypa B €€ IEeHTPaJbHON YacTh TO/I-
HUMETCH HACTOJIBKO, YTO <«BKJIIOYATCSI» IMPOTOH-TIPOTOHHASA WJIN YIJIEPOJIHO-a30THAS PEAKITHH.
Omna mpuMer paBHOBECHYIO KOHMUTYDPAIUIO MO/ IeHCTBUEM CHJT COOCTBEHHON IPABUTAINN U TIe-
perajia ra3oBoro JaBjieHusi, KOTOpble TPAKTHIECKU TOYHO CKOMIIEHCUPYIOT JIpYT JApyra (cM. §
6). CobCcTBEHHO TOBOPs, C 9TOrO MOMEHTa IIPOTO3BE3/1a U CTAHOBUTCS 3Be310i. MoJtosast 3Be31a
«CaJUTCs» HA CBOE MECTO TJie-TO Ha IVIABHOI moc/ieioBaTe/ ibHOCTU. TodHOE ee MecTo Ha TJIaBHOMN
MIOCJIEIOBATEILHOCTH OIPEIe/IAeTCA 3HAUYECHNEM ITepBOHAYAIBHON Macchl TPOTO3Be3/1bl. Maccus-
HBIE ITPOTO3BE3/IbI «CAIATCA» HA BEPXHIO YaCTh TOMN IOCIEI0BATE/THHOCTH, TPOTO3BE3/IbI CO
CPABHUTEIBHO HEOOJIBINON MacCOii (MEHbIIe COTHEUHOI) «CaaTcsi» Ha ee HUXKHIOK JacTb. Ta-
KM 00pa30M, IPOTO3BE3/IbI HEMPEPHIBHO «BXOJAT» B IVIABHYIO IMOCJIEIOBATEILHOCTH Ha BCEM
ee MPOTSKEHUN, TAK CKA3aTh, «IITUPOKUM (PPOHTOM».

«IIporossesaHasi» crajus SBOJIONUN 3Be3] JOBOJbHO ObicTpoTedna. Camble MacCHUBHBIE
3BE3/IbI ITPOXOJAT Ty CTaJIMIO0 BCEro JIMIIb 3a HECKOJIBKO COTEH Thicdd JieT. HeynuBureabHo
MIO9TOMY, YTO YHCJIO TaKWX 3Be31 B [asakTnke HeBesmko. [losTomy He Tak-TO mMpOCTO WX Ha-
6J110/1aTh, OCOOEHHO €CJIN yYeCThb, YTO MeCTa, IJle IIPOUCXOJIUT IIPOIECC 3BE3000PA30BAHM, KAK
[IPABUJIO, TIOTPY?KEHBI B TOIVIOMIAIONINE CBET IbLIEBbIe 00/IaKa. 3aTO MOCIe TOrO KaK OHU «IIPO-
MUY TCS HA CBOEH MOCTOSHHON TIJIOMA/ > Ha TJIABHOM IOC/IE/I0BATEIbHOCTU JuarpaMMbl [eprr-
mmpynra — Peccena, cuTyarus pe3ko m3MeHHTCd. B Tedenme BecbMa JITUTE/ILHOTO BPEMEHU
OHM OY/IyT HAXOJUTHCS Ha 9TOH YacTW JuarpaMMBbl, IOYTH He MeHss cBOMX CBOHCTB. [losaTomy
OCHOBHAs YaCTh 3Be3]] HAOJIIOJIaeTCs Ha YKA3aHHOW MOC/IeI0BATEILHOCTH.

CrpykTypa MoJieseil 3Be3/Ibl, KOrjla OHa eIlle CPABHUTEIbHO HEJABHO «Cejlay Ha TJIABHYIO
MIOCJIEIOBATEILHOCTD, OIPEIEIIETCd MOJIE/IBIO, BRITUCICHHON B TIPEJIITOIOKEHNN, YTO €€ XIUMU-
YeCKUil COCTaB OJIMHAKOB BO BCeM 00beMe («OTHOPOHAS MOfIeb>; cM. puc. 11.1, 11.2). ITo mepe
«BBITOPAHUs» BOJOPOJ/a COCTOSHNE 3Be37bI OyIeT OYeHb MeJJIEHHO, HO HEYKJIOHHO MEHATHCH,
BCJIEJICTBUE Yero M300parkarolias 3Be3/ly TOUKa OyJ/IeT ONUCHIBATH HEKOTOPBII «TpeK» Ha Jiia-
rpamMe lepmmmpynra — Peccesra. XapakTep m3MeHeHUs COCTOSHUSI 3BE3/IbI CYIIECTBEHHBIM
00pa30M 3aBHCHT OT TOTO, IepPEMENTNBAETCd JIM BEIIeCTBO B €€ HeJapax Win HeT. Bo BTopom
crydae, KakK Mbl BUJICJIH JIjI HEKOTOPBIX MOJIeJIell B IIpebIIyIneM naparpade, B eHTpaIbHO
00J1acTH 3Be3/1bI OOUINE BOJIOPO/Ia CTAHOBUTCS U3-3a SAJACPHBIX PEAKIINi 3aMEeTHO MEHBIITUM, 9eM
Ha nepudepun. Takas 3Be3/1a MOXKET OMUCHLIBATHCA TOJIBLKO HEOIHOPOIHOM Mojiebio. Ho Bosmo-
JKEeH U JIPYTOil Iy Th 3BE3/IHO IBOJIIOINN: IIePEMEITUBAHIE ITPOUCXO/IUT BO BCEM 00beMe 3Be3/IbI,
KOTOpasl 10 ITOI NMPUYNHE BCErJa COXPAHAET «OJHOPOIHBINY XUMUYECKHI COCTaB, XOTs COJIED-
JKaHIe BOJOPOJia CO BpeMeHeM Oy/eT HelPEPBIBHO YMEHBINAThCA. 3apaHee CKa3aTh, KaKas U3
9THX BO3MOXKHOCTEHl peaju3yercd B IPUPOJIE, OBLIO HEBO3MOXKHO. KOHEYHO, B KOHBEKTHBHBIX
30HAX 3Be3]] BCerJia M/leT NHTEHCUBHBIH MIPOIECC NTepeMENNBAHNS BEelleCTBa U B IIPeJeiaX 3TUX
30H XMMUYECKHII cOCTaB J0JIzKeH ObITh noctoguen. Ho u jyis Tex obsacreii 3B€371, rie JIOMUHU-
pyeT MepeHoc SHEPTUH IIyTeM JIYUEeHUCITyCKaHus, IepeMelTnBaHnue BelecTBa TaKzKe BIIOJIHE BO3-
MOKHO. Bejib HUKOT/1a HeJIb3d UCKJIIOUATD CUCTEMATUIECKUX JIOBOJILHO ME/IJIEHHBIX JIBUKEHUT
OOJILIITX MACC BEIIECTBa € HEOOJILITUMU CKOPOCTSAMU, KOTOPBIE IPUBEIYT K MEPEMENTNBAHUIO.
Takne ABUKEHUS MOT'YT BOSHUKHYTH U3-33 HEKOTOPBIX OCOOEHHOCTEN BpAIEHUS 3BE3/IHI.
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Borauciennbie Mojenn Kakoi-HUOYIb 3BE3bI, Y KOTOPOH IPHU IOCTOSHHOW Macce CHCTe-
MaTUYIEeCKH MEHsSIeTCsl KaK XUMHUYEeCKHUil cocTaB, TaK W Mepa HEeOJHOPOJHOCTHU, 00Pa3yoT TakK
Ha3bIBAEMYIO «3BOJIONMOHHYIO TI0C/IE/I0BATE/ILHOCTy. Hanocs wa quarpammy leprimmpynra —
Peccena Toukm, COOTBETCTBYIOIINE PA3HBIM MOJIE/ISIM SBOJIIOIIMOHHON ITOCIEIOBATETHLHOCTH 3BE3-
JIbI, MOXKHO TIOJIYIUTDH €e TeOPEeTUIeCKuil TpeK Ha 9Toit guarpammve. OKas3bIBaeTCs, ITO €CJii Obl
9BOJIIOIHST 3BE3/IbI COIIPOBOXKIAJIACH TIOJHBIM II€PEMENNBAHIEM €€ BEIecTBa, TPEKU ObLIN Obl
HaIpaB/JeHbl OT IVIABHOM IT0CJIE/IOBATEILHOCTU 64e60. HaobopoT, TeopeTnyeckne 3BOJIONMOH-
Hble TPEKU JIJIs HEOJHOPOIHBIX MOJIe/Ieil (T. e. P OTCYTCTBUH HOJHOTO TIEPEMEINBAHNs) BCe-
IJIa YBOJAT 3BE3JLy Hanpaso OT IJIABHOM 1ocieioBaTe IbHOCTH. KaKoil 2Ke U3 JIByX TeOpeTHIeCKU
BBIYUCJICHHBIX IIyTel 3Be3/THON 9BOJIIOIUN PaBUILHBIN! Kak n3BeCcTHO, KpUTEPUT HICTUHDBI €CTh
pakTuKa. B acTtpoHoMun mpakTuka,— 3T0 pe3yJbTaThl Habmogaeruit. [locmorpuMm Ha guarpam-
my ['eprmmmnpynra — Peccena i1 3Be3IHBIX CKOILIEHUI, n300pakKeHHyto Ha puc. 1.6, 1.7 u 1.8.
Mpbr TaM He HalijieM 3Be3]I, PacCIOJIOXKEHHBIX BBEPXY U CA€68G OT TJIABHON I10C/I€/I0BATETHHO-
cTi. 3aTO UMeeTcs O9eHb MHOTO 3BE3]1 Cnpasd OT Hee — ITO KpacHble TUTaHTHI U CYOTUTaHTHI.
CireroBaTe/IbHO, TaKne 3Be3/Ibl Mbl MOYKEM PACCMATPUBATH KaK IMOKUIAIOIINE TJIABHYIO TOC/IE/10-
BaTEJLHOCTD B ITPOIECCE CBOEU IBOJIIONUN, HE COIMPOBOYKIAIONIENCS TTOJTHBIM TIEpEMENTUBAHNEM
BemecTBa B uX Hempax. OObsaCHeHHe MPUPOIbl KPACHBIX THTAHTOB — OJIHO U3 KPYIHEHIINX 10-
cTrkeHnit Teopun 3Bosmonnu 38e3’. CaMm 1o cebe daKkT CYIMECTBOBAHUSA KPACHBIX THTAHTOB
O3HAYAEeT, ITO IBOJIIONUSA 3Be3]T, KaK IIPABUJIO, HE COTPOBOXKIAETCS ITepeMeNTMBaHIEM BEIECTBA
BO BceM ux oObeme. PacdeTnl MOKa3bIBAIOT, UYTO [0 Mepe IBOJIIOIUN 3Be3/Ibl Pa3Mephbl U Macca
ee KOHBEKTUBHOTO sJ[pa HEIPEPhIBHO yMEHBINAIOTCA>.

OueBnHO, YTO caMa IO cebe IBOJIIONMOHHAS IOC/IEI0BATEILHOCTD MOJIEel 3BE3/IbI elle
HUYEro He TOBOPUT O MeMnar 3Be3/HOH Boonun. BpeMenHas IkaJia 9BOJIIOIUN MOXKET ObITh
ToJIyvdeHa u3 aHaJn3a U3MEHEHUs] XUMUIEeCKOT0 COCTaBa y Pa3HbIX WJIEHOB IBOJIIOIUOHHON I0-
CJIEJIOBATE/ILHOCTU MOoJiesieit 3Be3/1bl. MOKHO ompe/ie/inTh HEKOTOPOe CpeJiHee CojiepzKaHue BO-
JIOPOJia B 3BE3JIe, «B3BEIIEHHOEe» TI0 ee 0bbemy. ODO3HATMM 9TO CpejiHee cojepKaHue depes X .
Torna, oueBUIHO, M3MEHEHUE CO BPEMEHEM BEeJTUYUHBI X OIpeesisdeT CBeTUMOCTD 3BE3/IbI, TaK
KaK OHa IPOINOPIMOHAJIbHA KOJMIECTBY TEPMOSIEPHON SHEPTHUHU, BBLIJIEIUBINEHCT B 3BE3JIE 3a
oHy cekyHy. [losToMmy MOXKHO HanmcaTh:

dX
L=—-aM|—|, (12.1)

dt
rage 0 — KOJIWYECTBO SHEPIHUU, BBLOCIAIONEHCA IIPU AACPHOM IIPEBPAIICHUN ONHOIO I'paMMa
BEIIECTBa, CUMBOJI % O3HaYaeT M3MEHEHNe BeJIUYINHBI X 3a OJIHY CeKYHy. MBI MOxKeM ompe-

JIETUTH BO3PACT 3Be3/bl KaK MPOMEXKYTOK BpPEMEHHW, ITPOIIEITNil ¢ TOT0 MOMEHTa, KOT/ia OHa
«cejlay» Ha TJIaBHYIO TIOCJIEJIOBATEILHOCTD, T. €. B ee HeJpax HadaJluCh sjiepHbIE BOJOPO/IHBIE
peakiuu. Ecaum Jiis pasHbIX YI€HOB SBOJIIOIMOHHON TOCTIE/I0BATEILHOCTA W3BECTHBI BEJIMYHHA
CBETHUMOCTH U CpeJHee CcojieprKaHue BOJIOpo/a X, TO He IpeJICTaB/IsgeT TPY/a U3 yYpPaBHEHUS
(12.1) majiTu BO3PACT KaKoi-HUOY/b ONpe/IeJeHHON MOJIEIN 3Be3/bl Ha ee IBOJIIOIHMOHHOI Mo~
CJIeJIOBATE/IbHOCTU. 'TOT, KTO 3HAET OCHOBBI BBICIIIEH MaTeMaTHKH, MONMET, YTO U3 YpaBHEHUS
(12.1), aBusiomerocst TPOCTbIM JiudbepeHInaIbHbIM yPABHEHIHEM, BO3PACT 3Be37bl T Olpe/ie-

JdeTcd KaK UHTerpaJl
Xo
aM
1= /—dX, (12.2)
X

!'Hexoropast 4acTh KPacHBIX I'MTAHTOB y MOJOIBIX 3BE3IHBIX CKOILUICHHH MOMKET GBITH IPOTO3BE3IAMH, Ha-
XOJSAIIMMUCS B CTQIMM CXKATHS U JBUXKYIIUMUCS K TJIABHOI mocsenoBaresbHocTr. OMHAKO, B MPUHIIAIE, UX
MOXKHO OTJIMYHUTH OT <«HACTOSIINX» KPACHBIX TUIAHTOB, SIBJIAIONIUXCH 0OOJiee MJIM MEHee «CTapbhIMU» 3Be3JaMu
(cm. § 5).

2MBIC/Ib O TOM, YTO KPACHBIE IUTAHTHI 00PA3YIOTCs U3 3BE3.1 INIABHOM HOCJIe0BATEILHOCTH TI0C/IE BHIFOPAHI
sIJIEPHOTO M'OPIOYEro B HeJpax IOC/IEIHUX, BIEpBble Oblla BhICKa3aHa D. JnukoM emie B 1938 r.
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Puc. 12.1. Teoperndeckne 5BOJIONNOHHBIE TPEKU MaCCUBHBIX 3BE3I.

rie Xy — HadaJbHOE O0M/IME BOJIOPOJa B 3Be3/le, KOIJla OHa TOJILKO «Ceja» Ha IVIABHYIO II0C/Ie-
J0BaTEJIbHOCTD. ﬂﬂﬂ HE3HAaKOMBIX C BbICHIEH MaTeMaTUKON duTaTeJell MOXKHO HallICATh YIIpPO-
IIeHHOE€ BbIpazKCHHE [IJIgd IIPOME?KYTKa BpEeMeEHHU, IMPOIICAIIEro ME2K/Ay ABYM COCTOAHUAMU .
3B€3/1bl C Pa3HbIMHU, XOTd U MaJiO OTJIMIAIOIUMUCA 3HAYCHUAMN X:

GM(Xl — Xg)

T2 = I . (123)

CyMMupyst TpOMEKyTKIA BPEMEHU Tqo, Mbl, OY€BUIHO, TIOJIyIUM HHTEPBAJ BPpeMeHH T, IPOIIe -
Uit OT Havasa IBOJIONUH 3Be3/bl. VIMEeHHO 9T0 06CTOATEILCTBO U BhIpazkaeT dhopmyna (12.2).

Ha puc. 12.1 npuBeieHbl TEOPETHYECKU PACCIUTAHHBIE SBOJIIOIMOHHBIC TPEKU JIJIsi CPABHU-
TeJIbHO MaCCUBHBIX 3Be3/1. HaunmHaoT OHU CBOIO 9BOJIIONUIO Ha HMXKHEH KPOMKE TJIaBHOM TOC/Ie-
JnoBaTe/ibHOCTH. [1o Mepe BhIropaHus BOJOPO/Ia TaKKUe 3BE3/IbI IIEPEMEIAI0TCs 110 CBOUM TPEKaM
B 00II[eM HAIIPABJIEHUN NONEPer TJIABHOMN MOC/IeI0BATE/IbHOCTH, HE BBIXO/IS 3 €e MpeJIesibl (T. e.
OCTaBasiCh B TIPEJIEJIaX ee IMUPUHBI). DTOT TAIl IBOJIIONNH, CBSI3aHHbI ¢ IPeOBIBAHIEM 3Be3]] Ha,
IJIABHOM ITOCJIIOBATEIbHOCTH, SABJISETCS caMbIM JIJIMTEIbHBIM. Korta cojepzKaHue BOJIOpo/ia B
Spe TaKOi 3Be31bl cTaHeT OJmM3KuM K 1%, TeMIbl spomonun yekoparcesd. g moageprKanust
SHEPrOBBIJIE/IEHIA Ha HEOOXOMMOM YPOBHE IIPU PE3KO YMEHBITUBIIEMCS COJIEP:KAHIU BOIOPO/I-
HOT'O «TOILJTUBa» HEOOXOJNMO B KaUeCTBE «KOMIIEHCAITMUY» YBEJIMYEHUE TeMIepaTypbl djapa. U
3/1eCh, KAK M BO MHOI'HIX JPYTUX CJIydasx, 3Be3/a caMa Peryaupyer cBo CTpyKTypy (cM. § 6).
YBeunuenne TeMIepaTypbl gapa JIOCTUTACTCH IIyTeM Ccocamus 3Be3Jbl Kak 1enoro. [lo sroit
IIPUYMHE SBOJIOIUOHHBIE TPEKW KPYTO TOBOPAYMBAIOT HAJEBO, T. €. TeMIIepaTypa IOBEPXHO-
cTH 3Be3/bl Bo3pacTaeT. OUeHb CKOPO, OJHAKO, C2KATHE 3BE3JIbl IIPEKpAaIaeTcs, TaK KaK BeCh
BOJIOPOJL B si/ipe€ BBIFOPAET. 3aTO «BKJIOYAETCS» HOBasl 00JIACTH SJIEPHBIX PEAKIMil — TOHKAasI
060JI0UKa BOKPYT' YK€ «MEPTBOrO» (XOTsl U O4eHb ropsavero) siapa. [lo mepe jasbheiineii 380-
JIIOTIMH 3Be3JIbI 9Ta 000JIOUKA BCE JAJIBINE U JIAJIBIIE OTXOIUT OT IEHTPA 3BE3JIbI, TEM CAMBIM
YBEJIMYINBasi MacCy <«BBITOPEBIEro» rejineBoro sijpa. OJIHOBpeMeHHO OyIeT MPOUCXOAUTD IIPO-
[IeCC CXKATUs 9TOro sijipa W ero pasorpes. OgHAKO IIPU 3TOM HAPYKHBIE CJIOM TAaKOH 3BE3IbI
HAYUHAIOT OBICTPO U OYEHb CHJILHO «Ppa30yXaTby. DTO O3HAYAET, UTO MPU MaJO U3MEHSIOIEM-
¢ TIOTOKE MOBEPXHOCTHAdA TeMIIepaTypa 3HAYNTE/ILHO yMEHbIIaeTcs. e 3BOTIONMOHHbIN TpeK
KPYTO TIOBOPAYMBAET HAIIPABO U 3Be3/la MPUOOpPETAET BCe MPU3HAKU KPACHOI'O CBEPXTIUTAHTA.
Tak Kak K TaKOMY COCTOSHHUIO 3B€3Jla I0CJIe TPEKPAICHUS CKATHA MPUOJINKACTCH JTOBOJIBHO
OBICTPO, TIOUTHU HET 3Be3]1, 3alI0JHSIONINX Ha JuarpamMe leprmmnpyara — Peccesta pa3pbiB Mek-
JIy TJIABHOM IIOC/I€I0BATE/IbHOCTBIO U BETBHIO IMTAHTOB U CBEPXIUIAHTOB. DTO XOPOIIO BUIHO
Ha TAKWUX JHarpaMMax, MOCTPOEHHBIX JJis OTKPBITHIX cKorutennii (em. puc. 1.8). [laspreiimmas
cy/ibba KPaCHBIX CBEPXTI'UTI'AHTOB €Ille HEeJO0CTaTOYHO XOPOIo m3ydeHa. K 3Tomy BaKHOMY BO-
IIPpOCY MBI BEpHEMCs B cJiejiytoeM naparpade. Pazorpes sjipa MoKeT TPOUCXOJUTD BILIOTH JI0
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OYeHb BBICOKUX TEMIIepaTyp, MOPsKa COTHU MUJLJIMOHOB KeJbBUHOB. lIpu Takmx Temmepary-
pax «BKJIIOYaeTCsi» TPOiiHast remeBas peakims (cM. § 8). Beuiessitomnasicst mpu 9Toit peakiym
SHEPIUsl OCTAHAB/IUBACT JlajibHeiinee cxkatue sijipa. [loce sToro d1po ciierka paciumpuTcsd, a
paJinyc 3BE3/Ibl YMEHBIINTCA. 3BE3J1a CTAHET ropsdee U CABUHETCA BJIEBO Ha juarpamme [eprr-
mmpyHra — Peccesa.

Heckonbko mHave mpoTekaeT 3BOJIONUS y 3Be3J[ C MeHbIel Maccoil, Hanpumep, M ~
1,1 + 1,5M¢). 3ameruM, 9TO SBOJIOIUIO 3BE3J, Macca KOTOPLIX MeHblne Maccel CosmHna, Bo-
o0I1e Here/IecooopasHo pacCMaTpPUBATh, TaK KaK BpeMs MPeObIBaHUA UX B IIpejesax IIaBHOM
MIOCJIEIOBATEIHHOCTH TIPEBBINIAET BO3pacT ['ajakTuKu. DT0 06CTOATENIBCTBO JejiaeT IpodemMy
9BOJTIOIUY 3Be3/I C MAJION MacCOil «HEMHTEPECHO» W, JIyUIlle CKa3aTh, «He aKTYaJbHOW». 3a-
METHM TOJIBKO, UTO 3BE3/bl ¢ MaJioil Maccoii (MenbIe gem ~ (0,3 COJIHEUHOI) OCTAIOTCS OJTHO-
CTBIO «KOHBEKTHUBHBIMU» JIaZK€ TOTJIa, KOTJIa OHU HAXOJATCA Ha IVIABHOM ITOCIEI0BATETHLHOCTH.
«JIyaucroes s1po y HUX TaK HUKOT/IA U He 00pa3yeTcs. DTa TeH IEHIINsT XOPOIIO BUJIHA B CJIydae
SBOJTIOIUE 1TPOTO3Be3 T (eM. § 5). Ecsn Macca mocyieTHIX CpaBHUTENBLHO BETUKA, JIYIHCTOE SIIPO
obpasyeTcs elre JIo TOro, KaK IPOTO3BE3/Ia «CAJIeT» Ha TVIABHYIO ITOC/IEI0BATEILHOCTE. A MAJIO-
MacCCHUBHBIE OObEKTHI KAK Ha IIPOTO3BE3IHOM, TaK U Ha 3BE3/IHON CTa MU OCTAIOTCS MOJIHOCTHIO
KOHBEKTUBHBIMU. Y TAKUX 3BE3]] TEMIIEPATYPa B IIEHTPE HEJOCTATOTHO BEJIMKA, JIJIsT TOT'O, YTOOBI
IPOTOH-TIPOTOHHBIH UK/ TIOJHOCTBIO paboTan. On obpeiBaeTca Ha obpasopanum nzorona “He,
a «HopMasbubii» He yxke He cunrtesupyercsa. 3a 10 Mumapaos jer (4To 6IM3KO K BO3pac-
Ty crapeiimux 3Be3 sroro Tuna) B SHe npesparurca okosno 1% Bogopoga. CieosarebHo,
MOKHO O¥KHJIaTh, uTo obunne He no otnomenuio k 'H Gyner anomasibHo Beko — 0koJio 3%.
K coxkaJjienuio, oka HeT BO3MOXKHOCTHU IIPOBEPUTH ITO IMPEJICKA3AHIE TEOPUU HADJIIOIEHUSIMU.
3Be3J1bl ¢ TaKOM MaJIoif Maccoit — 9TO KpacHbIe KApPJIUKU, TEMIIEPATYPa IIOBEPXHOCTA KOTOPBIX
COBEPINIEHHO HEJIOCTATOYHA JIJId BO30YXKJICHUS JIMHUI Teiusd B OITU4YecKoil obyractu. B mpun-
IUIIe, OJIHAKO, B JJAJIEKON YIbTPadnoIeTOBOI YacTH ClIEKTPa PEe30HAHCHBIE JIMHUH TTOTJIOEHUS
Mo Obl HAOJIONATHCA METOJaMu pakeTHo#l actpornomuu. OiHAKO Ype3BblvaiiHas CJIab0CTD
HEIPEPBIBHOTO CIEKTPA UCKJIIOYACT JIazKe 3TY IPOOIeMAaTHIHYI0 BO3MOKHOCTE. Cie/tyer, ojiHa-
KO, 3aMETUTh, YTO CYIIEeCTBEHHAH, €CJU He OOJIbINAd YacTh KPACHBIX KAPJIUKOB IPEJICTaBIAET
coboit senvizusarouyue 3ee3npt Tra UV Kura (em. § 1). Cam deroMeH GbICTPO TOBTOPSIIOIINX-
CsI BCIIBIINIEK y TaKNX KapPJMUKOBBIX XOJIOJIHBIX 3Be3]] HECOMHEHHO CBf3aH C KOHBEKIHEN, KOTO-
poit oxBaveH Bech UX o0beM. Bo Bpems Bcmblliek HaOJIIOMAIOTCA JIMHUKA u3JydeHusd. Moxker
ObITh, yaacTes HabmogaTh 1 muaun SHe y Takux 3ses3n? Ecim Macca IIpOTO3Be3/IbI MEHbIIe deM
0,08 M), To TemnepaTypa B ee HeApax HACTOJILKO MaJla, YTO HUKAKHEe TePMOsICPHbIC PeaKIuu
y’Ke He MOTYT OCTAaHOBUTBH CyKATWE HA CTAJIMM TJIABHOMN ITOCJIEI0BATETLHOCTH. Takme 3Be3 bl
Oy/1yT HEMPEPHIBHO CKIUMATbHCH, TIOKa, He CTAHYT OeJIbIMU KapuKaMu (TOYHee, BBIPOXK IeHHBIMU
KPACHBIMU KapJiukamu). BepHeMcsi, 0JJHAKO, K IBOJIIONUK O0Jiee MACCUBHBIX 3BE3]I.

Ha puc. 12.2 npusesen sBoIONMOHHBIA TPeK 3Be3/bl ¢ Maccoil, pasHoit 5M) coryiacHo
HanboJiee JIeTaJIbHBIM pacdeTaM, BBIIOJHEHHbIM ¢ moMotnbio 9BM. Ha stom Tpeke mudpamvu
OTMEYEHbBI XapaKTepPHbIE 3Tallbl IBOJIIOIUN 3Be3/bl. B mosicHennax K PUCYHKY yKa3aHbl CDOKHU
ITPOXOKJIEHNS KarKJO0r0 Tara SBOTIONUU. YKayKeM 371eCh TOTBKO, YTO YYACTKY 9BOIOINOHHO-
ro Tpeka 1—2 coOTBeTCTBYeT IJIaBHas I1OCJIE0BATEIHHOCTD, yIaCTKy 6—7 — cTa/us KpacHOTO
ruranTa. IlnTepecHO yMeHbIIEHNE CBETUMOCTH Ha yYacTKe 5—0, CBI3aHHOE C 3aTPATON SHEPTUU
Ha «pa3byxaHue» 3Be37bl. Ha puc. 12.3 aHaioruvnbie T€OPETUIECKN PACCINTAHHBIE TPEKH TPHU-
BeJICHBI JII 3Be3]1 pa3uoit macchl. [ pol, oTMedalonue pasmdaibie (pa3bl 9BOJIIONUN, TMEIOT
TOT YK€ CMBICJI, 9TO W Ha puc. 12.2.

W3 mpocToro paccMOTpeHNUs SBOTIOIMOHHBIX TPEKOB, N300PaykKeHHbIX Ha puc. 12.3, ciemyer,
4TO 0OJIee WIN MeHee MaCCHUBHBIE 3BE3/IbI JOBOJILHO «M3BUJIUCTBIM» IIyTEM YXOJST C TJIABHOM
[IOCJIE/IOBATEILHOCTH, 00pa3ys BETBb I'MTAHTOB Ha juarpamme leprmmpynra — Peccena. Xa-
paKTepeH OYeHb OBICTPBII POCT CBETUMOCTHU 3B€3][ ¢ MEHbIIEHl Maccoil 110 Mepe UX SBOJIIOIIN
B HAIIPABJICHUU KPACHBIX I'MTAHTOB. Pa3sHUIA B 9BOJIONNNA TaKUX 3BE3/I 110 CPABHEHUIO ¢ DoJiee
MaCCHBHBIMU COCTOUT B TOM, YTO y TEPBBIX 00pa3yeTcs O9eHb IUIOTHOE, BBRIPOXKIEHHOE A/1po. Ta-
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Puc. 12.2. Opomonuonneiil Tpek 3Be3/1bI ¢ Maccoit SM ), (1—2) — ropenue BOJOpPOia B KOHBEK-
TUBHOM sijipe, 6,44 - 107 jer; (2—3) — obmmee cxkaTue 38e3.61, 2,2 - 10° jer; (3—4) — Bosropanue
BOJIOPOJIa B cioncToM ucrounuke, 1,4 - 10° jer; (4—5) — ropenne Bojopoja B TOJCTOM CJIOE,
1,2-10°% ser; (5—6) — pacimupenne KOHBeKTHBHOI o6ooukn, 8- 105 jet; (6—7) — dbasza kpacHo-
ro ruranta, 5 - 10° jier; (7—8) — Bosropanue reqmsg B ape, 6 - 10° jer; (8—9) — ucuesnosenue
KOHBEKTUBHOM obojouku, 10° jer; (9—10) — ropenue requs B aape, 9 - 105 nper; (10—11) —
BTOPHYHOE pacHIupeHne KOHBeKTHBHOI obosouxu, 10° jer; (11—12) — cxkaTue sjipa 1o Me-
pe Beiropanust reus; (12—13—14) — cooucrsiii requesslii uctodnuk; (14—7) — HefiTpuHHbIE
[OTEPH, KPACHBI CBEPXTUTAHT.

KOE€ sIJIPO, M3-3a GOJIBIIOrO JIaBJIeHNs BBIPOKIeHHOTO Ta3a (cM. § 10), ciocobHO «yIepKuBaTh»
BeC JIEZKAIIUX BBIIIE CJI0eB 3Be3/bl. OHO TOYUTH He OYyIeT CKUMATHCS, & CJIEJIOBATETLHO, CUILHO
HarpeBaThbcsd. [losTomy «TpoitHas» Te/reBasi peakiiusl €CJIu U BKJIIOUUTCs, TO TOPA3JI0 TO3Ke.
3a uck/oueHrneM (hU3NIeCKux yCJIOBU, B 00JaCTU OKOJIO IEHTPA CTPYKTypPa TaKuxX 3Be3/] Oy-
JIET TTOXO02Ka Ha, CTPYKTYPY 60s1ee MaccuBHbIX. Cire/10BaTEILHO, UX IBOJIONUS MOCIE BHITOPAHUS
BOJIOPO/Ia B IEHTPAJbLHON 00JIACTH TaKzKe OYJEeT COMPOBOXKIATHCA «pa30yXaHHeM» HapyKHOI
000JIOUKH, UTO IPUBEJIET UX TPEKU B 00JIACTD KPACHBIX r'UranToB. OJHAKO B OT/IMYHE OT DoJiee
MaCCHUBHBIX CBEPXIUTAHTOB, UX spa Oy/IyT COCTOATH U3 BEChMa IJIOTHOTO BBIPOXKIEHHOI'O Ta3a
(M. cxemy Ha puc. 11.4).

[Toxkasryit, HanboJiee BBIJAIONINMCH JIOCTHUKEHHEM Pa3BUTON B 3TOM mnaparpade Teopun
3BE3/IHOI IBOJIIOINU SIBJIIETCsl O0ObsICHEHNE €10 BCeX 0cOOeHHOcTel quarpammbl [eprmmpynra —
Peccena st ckoruiennit 3se3n. Onucanue 3tux guarpamm 0buI0 yake jaHo B § 1. Kak yixke ro-
BOPHUJIOCH B YKa3aHHOM Taparpade, BO3pacT BCeX 3BE3/L B JIAHHOM CKOILIEHUU CJIeIyeT CUUTATD
OJIMHAaKOBDBIM. TaK 2Ke OIMHAaKOBDBLIM JIOJIZKEH 6bITb HepBOHaanIbeIﬁ XUMHMYECKHNI COCTaB 3TUX
3Be3J1. Belib Bce OHI 00pa30BajMCh U3 OJIHOIO U TOTO Ke (IpaBJia, JIOCTATOYHO KPYITHOTO) ar-
peraTta MeyK3Be3J[HOI CPeJibl — I'a30BO-IILLIEBOIO KOMILIEKCA. Pa3ndHbie 3Be3/Hble CKOILICHUS
JIOJIPKHBI OTJINYATHCS JPYT OT JIpyTa IPEe¥K e BCErO BO3PACTOM U, KPOME TOr0, IEPBOHAYATLHBII
XUMHYECKHII CcOCTaB IIapOBbIX CKOILJICHUIA JOJIZKEH PE3KO OTJINYaTbCd OT COCTaBa PAaCCEAHHbIX
CKOILJICHU.

Jluanm, Bob KOTOPBIX Ha JuarpamMe leprmmpynra — Peccesra pacronaraiorcs: 3Be3/1bl
CKOHﬂeHHﬁ, HUKOUM 06pa30M HE O3Ha4aloT UX 3BOJJIIOIMOHHBIEC TPEKU. 9TI/I JIMHUU CYTb I'eOMEeT-
puUIeCKoe MeCTO TOYEK Ha YKa3aHHOﬁ JAuarpaMme, rjae 3Be31bl C pa3/IM9YHbIMU MaCCaMWu UMEIOT
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Puc. 12.3. DBosonmonnable TPeKN 3Be3/1 Pa3HOil Macchl. Uncia o3HAYA0T Te Ke (ha3bl IBOJIIO-
UM, 9TO 1 Ha puc. 12.2.

Puc. 12.4. 9BoJionoHHbIe TPEKN 3BE3/1, «IIPUBI3aHHbIE» KO BPEMEHH.
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Puc. 12.5. Teoperuueckas auarpamma ['eprmmnpynra — Peccesa Jijist 3Be3/IHBIX CKOILJICHHIT.

0dunaxoewili sospacm. Eciin Mbl XOTUM CPABHUTH TEOPUIO 3BE3/IHOI SBOJIIOIUN C PE3y/IbTaTaMu
HabJIIOJIEHIHT, TIPEK/IEe BCErO CJIeyeT TIOCTPOUTD TEOPETUIECKU «JIMHUU OJIMHAKOBOT'O BO3pacTas
JUUTS 3BE3]T C PA3JIMIHBIMIA MAaCCAMU U OJMHAKOBBIM XUMUYIECKIM COCTaBOM. Bo3pacT 3Be3/bl Ha
PasIMYHBIX TAlaX ee BOJIONMU MOYKHO OIPeJIeJINTh, BOCIOJIL30BaBIICL (dhopmystoit (12.3).
[Ipu 3TOM HEOOXOIMMO MOJIHL30BATHCA TEOPETUIECKUMU TPEKAMU 3BE3/IHO IBOJIIONNN TUIA TeX,
KOTOpble m300pazkeHbl Ha puc. 12.3. Ha puc. 12.4 npusejieHbl pe3ysIbTATbl BHIYUCIEHUN I
BOCBMU 3Be3J], MACChl KOTOPBIX MEHAIOTCH B Ipejenax oT H,6 g0 2,5 conmmeunoit maccel. Ha
9BOJTIOIMOHHBIX TPeKaxX KayK/ION M3 3TUX 3Be3]] OTMEYEeHbI TOTKAMU TOJIOYKEHNA, KOTOPBIE COOT-
BETCTBYIOIINE 3BE3/IbI 3aiIMyT Yepe3 CTO, JBECTH, YETHIPECTa M BOCEMbCOT MUJIJIMOHOB JIET CBOETt
9BOJIIONUH OT ITEPBOHAYAIBLHOTO COCTOSAHUS HA HUXKHEH KPOMKE IJIaBHOM ITOCTIeI0BATETHHOCTH.
Kpusble, mpoxojisiue gepe3 cOOTBETCTBYIONINE TOYKHU JIJIsI PA3JIMIHBIX 3BE€3/I, U €CTh «KPUBbIE
OJIMHAKOBOTO BO3pacTar. B HaleM cjydae pacdeTbl BEJTUCH JJId JIOCTATOYHO MACCUBHBIX 3BE3I.
PaccunTanable TpoOMeXKyTKH BPEMEHH UX BOJIOIUE OXBATBIBAIOT 10 Kpaiineir mepe 75% cpoka
X «aKTUBHOH YKU3HU», KOTJ@ OHU M3JIyYaloT BHIPAOATHIBAEMYIO B UX HEJIpaX TEPMOSIEPHYIO
sHepruio. /g caMbIX MACCUBHBIX 3Be3]] IBOJIIOIUS JOXOIUT IO CTaJIUN BTOPUYIHOI'O CKATUSI,
HaCTYMAIOMIETO TIOCJIEe TTOJTHOTO BBITOPAHUSA BOJOPOJIA B MX MEHTPAJIHHBIX YaCTHIX.

Ecim cpaBHUTH TOJIYIEHHYIO TEOPETHYECKYIO KPHUBYIO PABHOTO BO3pacTa C JMarpamMoit
Feprmnpynra — Peccesa jijist MOJIOIBIX 3BE3/HBIX CKOILIeHUH (cM. puc. 12.5, a takxke 1.6), T0
HEBOJILHO OpocaeTcs B IVIa3a ee MoPasuTeIbHOe CXOJCTBO ¢ OCHOBHOM JIMHUEH 3TOTO CKOTLJICHUSI.
B mosiHOM cOOTBETCTBUU € TVIABHBIM IIOJIOXKEHHEM TEOPHUH SBOJIIOIUHU, COIVIACHO KOTOPOMY 060-
Jlee MacCUBHBIE 3BE3JIbl ObICTPEee YXOJAT C IJIABHOM I10C/Ie/I0BAaTE/IbHOCTH, JUarpaMMa Ha PHUC.
12.5 gcHO yKa3bIBaeT, UTO BEPXHAA YaCTh ITOU ITOC/IEIOBATETHHOCTH 3BE3/ B CKOILJIEHUN 3a-
eubaemcsa enpaco. MecTo TIIaBHON IIOCIEI0BATEIHLHOCTH, IJIe 3BE3/Ibl HAYMHAIOT 3aMETHO OT
Hee OTKJIOHSTBHCs, HAXOIUTCS TEM <«HUXKe», UeM OOJIbIe BO3PACT CKOILIEHUs. Y Ke OIHO 3TO
00CTOSITE/IHCTBO TO3BOJIAET HEIIOCPEICTBEHHO CPABHUBATDL BO3PACT PA3/IMIHBIX 3BE3/IHBIX CKOII-
JIeHuil. Y cTapbIX CKOILJIEHUI TJIaBHAasl II0CJIE€/I0BATE/IbHOCTh OOPBIBAETCS CBEPXY IJIE-TO OKOJIO
CIIEKTPAJILHOTO Kjacca A. Y MOJIOABIX CKOILIEHMI ITOKa eIle «Ilejia» BCs IVIaBHAsS IIOCJIeI0Ba-
TeJbHOCTD, BILIOTH JI0 TOPSIIMX MACCHUBHBIX 3Be3]l CIeKTpaabHOro Kiaacca B. Hampumep, Takast
curyalys BuHa Ha juarpamme Jyisi ckorienust NGC 2264 (puc. 1.6). U peficTBurebHO, BbI-
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Puc. 12.6. Teopernueckne Tpeku 3pesfpl ¢ M = 1,2M) ¢ pasHbIM COJlepZKaHUEM TAMKEJIbIX
9JIEMEHTOB, 1 — TUTaBHAA TOCIEI0BATETbHOCTD, 2 — 3Be3/iHoe Hacesenne 11 Tuna, 3 — Haceyrenue
I Tuma.

YUCJIEHHAS JIJIs1 9TOTO CKOIJIEHUS JIMTHUS OJIMHAKOBOI'O BO3pacTa /laeT cpok ero 3BOJIIOIUN BCETO
qumib B 10 musmmonos jieT. Takum oOpa3oM, 3TO CKOIJIEHUE POJIMIOCH «HA MaAMATU» JIPEBHUX
[IPEJIKOB YeJI0BEKA — PaMAIUTEKOB... SHAYUTEJIHHO 0oJiee cTapoe cKolienue 38e3/] — [lespr,
JimarpamMMa KOToporo m3o0OparkeHa Ha puc. 1.4, mMeeT BIIOJIHE «CpeHuit» Bo3pacT okojo 100
MUJITHOHOB JieT. TaM ele COXpaHuInCh 3Be3/Ibl CIeKTpaabHoro Kiacca B7. A BoT ckorurenune
B ['majax (cm. puc. 1.5) 10BOJBHO cTapeHbKOE — €ro BO3pacT OKOJIO OJIHOIO MUJLIHAP/IA JIeT, U
[IO9TOMY TJIABHAsI ITOCJIEIOBATEILHOCTh HAYMHAETCS TOJBKO CO 3Be3]1 Kacca A.

Teopust 3BoJIIONIY 3BE3] O0bACHSAET €I1le OJIHY JI0OOIBITHYI0 0COOEHHOCTD JinarpaMMbr ['eprr-
mmpyara — Peccesta it «MOJIOJBIXy CKOTIeHHit. Jlej10 B TOM, 9TO CPOKM IBOJIIOINN I Ma-
JIOMACCUBHBIX KapJIMKOBBIX 3Be3]l OUYeHb BesnKu. Hampumep, MHOrMe 3 HuxX 3a 10 MUJJIMOHOB
ner (cpok sBosoru ckorteHnst NGC 2264) eme He TPOIUIN CTJIUI0 TPABUTAIMOHHOTO C7Ka-
THS U, CTPOrO TOBOPs, ABJISIOTCA JIayKe He 3Be3JaMU, a ITPOTO3Be3JaMu. Takue o0beKThl, KaK
MBI 3HaEM, PacHojiaraioTcs cnpasa ot auarpammbl Leprmmnpysra — Peccena (em. puc. 5.2, ve
SBOJIIOIMOHHBIE TPEKH 3B€3/] HAYMHAIOTCS Ha PAHHEel CcTa (i IPaBUTAIIMOHHONO cxKaTus). Bem
[IO3TOMY y MOJIOJOIO CKOILIEHHUsSI KApPJIMKOBBIE 3BE3/bI €Ile <«He CeJiMy» Ha IJIABHYIO ITOCJIeI0-
BaTE/JbHOCTH, HUXKHsISI 9acTh IOCJeIHEell OYJIeT y TaKOoro CKOILIEHUS CMeWw,eHad BIIPABO, U4TO U
nHabsmonaercs (cm. puc. 1.6). Hame CouHile, Kak Mbl yzKe TOBOPHJIH BBIIIE, HECMOTpPs Ha TO,
YTO OHO YK€ «HMCUEpIIajgo» 3aMEeTHYI0 9aCTh CBOUX <«BOJIOPOJIHBIX PECYPCOB», €Ile He BBIILIO
13 TIOJIOCHI TJIABHOM IOCJIEI0BATEILHOCTH JauarpaMmMbl Leprimmpynra — Peccena, xoTs oHO 1
9BOJIIOIIOHUPYET OKOJIO D MUJIIAAPJIOB JieT. PacdeThl MOKa3bIBAIOT, ITO «MOJIOA0E», HEIABHO
«CeBIIee» Ha IVIABHYIO mociegoareabHocTs Comnne usiydano Ha 40% menbine, dem ceiiuac,
IPUYEM €ro paJinyc ObLI BCEro JIMNIb Ha 4% MeHbIe COBPEMEHHOr0, a TeMIepaTypa MOBEPXHO-
cru pasustach 5200 K (ceitaac 5700 K).

Teopust 3BOJIIOIUN HENIPUHY XK JIECHHO 00bsICHSIET OCOOEHHOCTHU JarpaMmbl eprummpysra —
Peccena misa maposbix ckormtenmii. IIpexkiae Bcero 3To ovueHb crapble 00beKThI. X Bo3pacT
JINIITb HEHAMHOI'O MEHBIIIe BO3pacTa lajakThuKu. DTO SICHO CJAeayeT U3 HMOYTH IOJHOI'O OTCYT-
CTBHS Ha TUX JArarpaMMax 3Be3]] BepXHell JacTH IJIaBHOI IToc/iefoBaTe/ IbHOCTH. HiKHsist yacTh
[JIABHOM TIOC/IEIOBATE/IHHOCTH, KaK yKe TOBOPHUJIOCHh B § 1, cocTonT m3 cyOKapmkos. V3 crek-
TPOCKOITMYIECKUX HAOJIIOIEHNI U3BECTHO, ITO CYOKAPJIUKU OYEHDb O€JIHBI TAXKEJIBIMU dJIEMEHTAa-
MH — HUX TaM MOXKET OBIThb B JECATKH Pa3 MeHbIe, YeM y <«OOBIYHBIX» KapukoB. ITosTomy
HEePBOHAYAJILHBIA XUMUYECKUNA COCTAB MIAPOBLIX CKOILJICHUI CYIIECTBEHHO OTJINYAJICA OT COCTa-
Ba BeIeCTBa, U3 KOTOPOro 00pa30BajiiCh PacCessHHbIE CKOILJIEHHS: TaM OBLJIO CJIUIIKOM MaJjio
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Puc. 12.7. Teoperndeckne Tpeku 3B€3/1 MaJIoil MacChl ¢ HEOOIBIITUM OOMJIHEM TSI?KEJIbIX JJIeMeH-
TOB.

Ta2KeJbIX y1eMeHTOB. Ha puc. 12.6 npejgcTaBieHbl TeopeTudecKre 3BOTIONNOHHbBIE TPEKN 3BE3/T
¢ Maccoit 1,2 costHevHoit (9710 6JIM3KO K Macce 3Be3/Ibl, KOTOpasl yCIiesia IPOIBOJIIOIMOHIPOBATE
3a 6 MUJTMAPIOB JIET), HO C Pa3HBIM [EPBOHAYAJIBHBIM XUMUYECKUM COCTABOM. OTUYeT/InBO
BUJTHO, 9TO IIOCJIe TOTO KaK 3Be3/[a «COILIay C TJIABHOW MOCJIEI0OBATETbHOCTH, CBETUMOCTD IS
OJIMHAKOBBIX (ha3 IBOJIOIIH IPU MAJIOM COJIEPXKAHUN METAJIOB Oy1eT 3Ha4nTe/bHO Bbirre. OJ1-
HOBpPeMEHHO 3(PEeKTUBHBIE TEMIIEPATYPBI TOBEPXHOCTH Y TAKUX 3BE3J1 OY/IyT BBIIIIE.

Ha puc. 12.7 nokazanbl 9BOJIIONMOHHBIE TPEKU MAJIOMACCUBHBIX 3BE3]], C MaJIbIM COJIePXKaHU-
€M TSKeJIbIX JIeMEHTOB. Ha 3TuX KpUBBIX TOYKAMU YKA3aHbI ITOJIOKEHUs 3BE3]] TOCJ/Ie IIeCTU
MUIJLIAAP/IOB J1eT dBosoruu. CoeuHSIoNas 3TU TOYKH 0oJiee XKUPHAs JTUHUA, OYeBUIHO, €CTh
JIMHUS OJIMHAKOBOT'O Bo3pacTa. Ec/in cpaBHUTH 3Ty JIMHUIO ¢ guarpamMoii [eprmmpynra — Pec-
cesta Jyist maposoro ckomiaenust M 3 (em. puc. 1.8), To cpasy ke 6Gpocaercs B Iiia3a MMOJTHOE
COBIAJIEHUE ITON JIMHUU C JIMHUEN, TI0O KOTOPOIl «YXOJAT» € IVIABHOM MOCIeI0BATETbHOCTH 3BE3-
JIbI 9TOT'O CKOILJIEHUS.

Ha npusesnennoii na puc. 1.8 jquarpamme BHUIHA TaKyKe NOPU30HTAJILHASA BETBb, OTKJIOHIIO-
MAsCs OT MOCJEI0BATEIbHOCTH TUTaHTOB HaJieBO. [lo-BuaInmMOMy, OHA COOTBETCTBYET 3BE3JIaM,
B HeJ[paX KOTOPBIX WJIET «TpoifHasi» resimeBas peakiust (cM. § 8). Takum obpasom, Teopust 3B0-
JIIOIIAU 3Be3]T 00bICHAET BCe 0OCOOEHHOCTHN uarpaMMbl Leprimmpynra — Peccesta jj1st mapoBbIx
CKOILICHMI UX <«JIPEBHUM BO3pACTaM» U MaJIbIM OOHIMEM TAXKe/IbIX JIeMEHTOB!.

Ouenb JIOOOIBITHO, YTO y CKOILIeHus B ['majiax HabJ110/1aeTCsi HECKOJIBKO OEJIbIX KAPJIMKOB,
a B [lnesmax — met. Oba CKOTJIEHNST CDABHUTE/IHHO OJIM3KU K HAM, TOITOMY PA3JIUIHBIMU «YCJIO-
BUSAMU BUJIUMOCTH» 9TO UHTEPECHOE PAa3INIne MEXK/TY JIBYMS CKOILICHUAMU OObICHUTD HEJIH3S.
Ho wmbr yxe 3HaeMm, uTo Oesble KapauKu OOPa3yIOTCA Ha 3aKIIOYNTENHHONW CTa UM KPaCHBIX
TUTAHTOB, MACChl KOTOPBIX CPaBHUTEIbLHO HeBesnKu. [loaTomy sis moJiHO# 3BOJIIOIUN TAKOTO
ruraHTa HeoOXO/IMMO HEMaJioe BpeMs — II0 KpaiiHeil Mepe MULINAPJ JIET. DTO BPEMs <«IIPO-
10> y cKotjieHus B ['majiax, HO «erie He HacTynuao» B [liesamax. MiMenno nmostomy B mepBom
CKOILJICHUU €CTb YK€ HEKOTOPOe KOJUYECTBO OEJIBIX KAp/IUKOB, a BO BTOPOM — HET.

!Cnenyet, onnako, IMeTh B BHJIY, ITO COAEPIKAHNE TAYKEILIX 3JEMEHTOB Y PA3HLIX IMAPOBBIX CKOILICHMIH
MeHsSIeTCsI B JIOBOJILHO MIUPOKUX IpejiesiaX. bojiee TOro, Jaske y OJIHOTNO CKOIJIEHWsI PA3Hble 3BE3JbI MHOTIA
UMeIOT pa3Hble Z. JlelcTBUTEIHHOCTD Beerja boratde Jiio00M CXeMbI.
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Puc. 12.8. Ceonnasa guarpamma [eprmmmpykra — Peccena st pa3mnaHbIX 3B€3HBIX CKOILIE-
HUM.

Ha puc. 12.8 npejcraBieHa cBojHas cxemMaTudeckas auarpamma leprmmpynara — Pecce-
Jla JIJIsi psijia CKOIIEHMil, pacCessHHBIX M IMapoBbiX. Ha 3Toit numarpamme sddexkT pasimdaus
BO3PACTOB Y PA3HbBIX CKOILJICHUI BUIEH BIIOJHE OTUYETIHBO. TakuM 00pa3oM, IMEIOTCS BCe OCHO-
BaHUA yTBEPXKIATh, UTO COBPEMEHHAasI TEOPUs CTPOEHUs 3BE3Jl W OCHOBAHHAs Ha HEHl Teopus
3BE3/THOI HBOJIIOIUN CMOIJIM HEIIPUHYKJIEHHO O0bsICHUTH OCHOBHBIE PE3Y/IBTATHI aCTPOHOMUIE-
ckux HabsoeHnii. HecoMHeHHO, 9TO sB/IgeTCS OJTHUM U3 HambOoJIee BBIJIAIONIUXCS JTOCTHKEHU I
acTpoHOMHU XX CTOJIETHS.
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§ 13. [INTAHETAPHBIE TYMAHHOCTU, BEJIBIE KAPJIMK U KPACHBIE
I'MI'AHTBI

Ha mocseaux sTamax 9BOJIONNHE KPACHBIX THTAHTOB (Tak YK€ KaK M CBEPXIHIaHTOB) CTa-
HOBUTCSI CYIIECTBEHHON IMMOTEPsI MacChl HAPYKHON O0OJOYKON. DTOT 3aKJIIOUIUTETHHBIN Tl
9BOJIIOIUU OY€Hb TPYJ/IHO PACCUUTHIBATH TEOPETUIECKH BBUJLY OOJIBINION €ro HEeOIpe 1€ IEHHOCTH.
Besib MBI He 3HAaeM TOYHO, KAK OCYIIECTBJISETCs BHIOPACHIBAHIE BEIECTBA U3 000JIOUEK TAKUX
3Be31. [IpuxoauTces moka orpaHUYNTHCH KA9eCTBEHHBIM PACCMOTPEHUEM.

Ha Bcex mpe/ by X sramnax 3Be3/HOi 9BOIONNE (IPaBUTAIIMOHHOE C2KATHE TIPOTO3BE3/IbI,
npedbIBaHNE Ha IVIABHOMN MOCJIEIOBATEILHOCTH U YXO/I C Hee IOC/Ie NCUEPIIAHNS 3aIacoB sIePHO-
IO TOPIOYEro B MEHTPAIBHBIX 00JIACTSX) MPE/II0JIArAI0Ch, YTO CKOJIBKO-HUOY/Ib CYIIeCTBEHHON
morepu Macchl He mpoucxoant. Creyer, nmpas/ia, 3aMeTUTh, 9TO Y MACCUBHBIX TOPSTINX 3BE3]T
[VIABHOI TIOCTIEJIOBATEHHOCTH, KaK [TOKA3BbIBAIOT TOCIIETHIE CIIEKTPOCKOINYIECKIe HaOTIOIeHNS,
BBITTOJTHEHHBIE B YJILTPA(UOIETOBLIX JIydaX ¢ paKeT U CIIyTHUKOB, IMeeT MeCTO JIOBOJILHO 3Ha-
qnuTeabHas norepsa Maccel. Ho 3To sipyroit Borpoc. YTo Kacaercss KpacHBIX TUTAHTOB, TO YUCTO
SMIIMPUYECKUE apryMEHThI FOBOPAT O TOM, YTO OHHM IIPEKPAIalOT CBOE CYIIECTBOBAHME KakK
3B€3JbI OTHIOJb HE U3-3a UCYEPIIAHUd AJICPHOTO IOPI0YEro, & NpoCcTO IO MPUYUHE ITOTEPU CBOUX
HapPYKHBIX, O0TaTHIX BOJOPOJIOM 000JIOYEK.

MprI ceifyac ykaxKeM Ha OJIMH IIPOCTON apryMEHT, KOTOPBIN ObLIT MPEIIozKEeH aBTOPOM ITO
kauru eme B 1956 r. Peub mper o gaBHO m3BECTHOM acTpOHOMaM (eHOMeHe, Ha3bIBaeMOM
«IJTAHETAPHBIMU TYMAHHOCTSMEY. JTO JIOBOJILHO IIOTHBIE Ta30Bble 00PA30BAHUS, OKPYKAIO-
Ie HEKOTOPbIe BeChbMa ropsiune 3Be3/1bl Hu3Koit ceerumoctu. Gororpadun IByX IraHeTapHBIX
TYMaHHOCTe mpuBeJieHbl Ha puc. 13.1. Ha mporszkennn HECKOTBKUX JIECATUIETAN 3TU TyMaH-
HOCTU PACCMATPUBAJINUCHL aCTPOHOMAMU KaK IIPUPOJIHas JIabopaTopus, B KOTOPOil ¢ O6OJIbIIIM
YCIIEXOM MOYKHO U3ydaThb crernuduieckue (pusndecKue Mporecchbl, TPOTEKAIONINE B MEXK3BE3/I-
HOIT cpejie. V3ydenne miaHeTapHBIX TyYMaHHOCTeN 00OTaTUIO aCTPOCIEKTPOCKOIHUIO PSJIOM OT-
KPBITHIT IeEPBOCTENIEHHON BayKHOCTH. CTOUT yHOMAHYTH XOTS ObI 00 NU3yUYeHUN OYeHb HHTEPECHO-
ro rporiecca (JIyoOpPeCcIeHIny aTOMOB IO/ BO3IEHCTBUEM YKECTKOTO M3JIyU€HUs, UCCIIeI0OBAHIN
«3alpeNnieHHbIX» IePEeX0JIOB JIMHUI MOHU30BAHHBIX KUCJI0PO/Ia U a3oTa u jp. Menno jid mia-
HETAPHBIX TYMAHHOCTEH ¢ OOJIBINON TOYHOCTHIO OBLII ONPE/Ie/IeH XUMUIECKUIT COCTaB, YTO UMEET
UCKJTIOYUTENILHO OOJIbITIoe 3HadeHne /i Beeil acTrpoHomun. OiHAKO TaKON HEN30€KHO «yTUIIH-
TapHBIT» MOJIXO0J K 9TUM [TOPA3UTEIbHBIM 00beKTaM OCTaBJ/Is 63 BHUMAHUS IJIABHOE: OTKY/Ia
o B3sinch! KakoBo ux npoucxoxienue? Creayer 3aMeTUTh, IIPaB/ia, YTO HEJIOCTATKA B TUIIO-
Te3ax He ObLI0, HO BCe OHU ObLIN 10 CBOEMY XapaKTepy BeCbMa IMPOU3BOJIbHBI U UCKYCCTBEHHBI.

[Ipu mosixojie K pereHuio mpod/IeMbl IIaHeTAPHBIX TyMAaHHOCTel s 00paTu/ BHUMaHue Ha
OCHOBHOE, C MO€il TOUKHU 3peHusi, 00CTOATE/ILCTBO. A MUMEHHO, ra3, 00pa3yomuil TyMaHHOCTD,
He CJIEPXKUBACTCA CUJION MPUTHAXKEHUSA, TOITOMY 3TU OOBEKTDI JOJIZKHBI HEOIPAHUIECHHO PACULU-
PAMBCA CO CPABHUTEIHHO HEOOJIBITION CKOPOCTHIO M JIOBOJIBHO OBICTPO, BCETO JIUIIH 38 HECKOJIBKO
JIECATKOB TBICSY JIET, PAcCesaThCd B MEXK3BE3JHOM IPOCTpaHCcTBe. B mporiecce Takoro pacmmpe-
HUs TJIOTHOCTD Ta3a OyjieT OblcTpo naaTh. Kire ObicTpee JI012KHA TOITOMY 1a/IaTh CBETUMOCTD
IJIAHETAPHBIX TYMAHHOCTEH, TaK KaK U3/IyIeHne UX eIUHUIBI 00beMa, 00YCI0BJICHHOE CTOJIKHO-
BEHUAMU 3JIEKTPOHOB C MOHAMHU, IIPOIIOPIIMOHAILHO KBaJIPATY IJIOTHOCTH Ta3a. Kak e BbITIs-
JIAT 9T OO0BEKTHI, KOIJIa OHU €Ie COBCEM <«MOJIOIbIC», T. €. MX BO3PACT MOPSIKA HECKOJIbKIX
ThICAY JieT? AHaJN3 MOKa3aJ, 9TO TaAKUEe «CBEPXMOJIOJIbIEy TYMAHHOCTH, «TOJBKO YTO» OT/IE-
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Puc. 13.1. Beepxy dororpadus mianeraproit tymannoctu B cossesaun Bogoies (NGC 7293),
BHU3Y: (poTorpadus IIaHeTapHoil TyMaHHOCTU B CO3Be3uu JIUphI.

JINBITUECHA KAKUM-TO 00Pa30M OT CBOUX IEHTPAJIbHBIX 3BE3]1, BO-IIEPBBIX, HMEIOT KpaiiHe MaJjible
pa3Mepbl, BCEro JIUMIb B HECKOJIBKO THICAY aCTPOHOMUYECKUX €IMHUI], BO-BTOPBIX, OHU JIOCTa-
TOYHO IJIOTHBI, 8 B-TPETHUX, U ITO CAMOE MHTEPECHOE,— UX HapyKHbIE CJIOU JIOJIZKHBI MPEJI-
CTaBJISATH COOOU CPABHUTEIBLHO XOJIOJIHBIM HEMOHU30BAHHBIN ra3. B To ke BpeMs CBETUMOCTH
TaKUX CBEPXMOJIOJIBIX TYMAHHOCTEH TPUMEPHO B ThICAYy pa3 60JIbllle cotHedHOl. Pazymeercs,
HUKaKOI IeHTpaJbHOl Topsveil 3Be371bl (Bpoje n300pazkeHHbIX Ha puc. 13.1) 3a TOJCTBIM CJI0-
eM rasa y»Ke He BHIHO. Ha 9TO Ke MOXOXK Takoil crpaHHBbI 00bekT? Herpymno ybemuThbes,
YTO OH IO BCEM CBOMM OCHOBHBIM CBOIICTBaM COBIJIAET C MPOTSIKEHHO, XOJI0HON aTMocde-
poit KpacHOro ruranTa. BaxKHbIM JIOTOJHUTEIHLHBIM TOJTBEPZKIEHIEM OCHOBHOTO BBIBOJIA, UTO
IJIaHETAPHBIE TYMaHHOCTH — 3TO HAPYKHbBIE CJIOM KPACHBIX T'MTAHTCKUX 3BE€3Jl, YTPATHUBIINE
CBA3b € 060JIe€ BHYTPEHHUMHU TOPAYUMEI 00JIACTAME, B KOTOPBIX COCPEI0TOYEeHA OOJIbIas 9acTh
[IEPBOHAYAJIBHON MacChl 3BE3/Ibl, SBJISIETCS aHAJIN3 MPOCTPAHCTBEHHOI'O PACIIPE/IEIEHUs STUX
00bekToB. OKa3bIBaeTCs, IIaHeTapHble TYMAHHOCTH CPABHUTEIHLHO C1a00 KOHIIEHTPUPYIOTCA K
raJIAKTUIECKOH TIJIOCKOCTH M OOHAPYKUBAIOT 3HAYUTEIHLHYIO KOHIIEHTPAINIO K IEHTPY HAaIlei
3BE3/IHON CUCTEMBI. Y2Ke OJIHO 3TO YKA3BIBAET, YTO 3TU TYMAHHOCTU SIBJISIOTCS KOHEYHBIM ITPO-
JIYKTOM JIJTUTETLHON SBOJIIOIUU OYE€Hb CTAPbIX 3BE3/ MAJIAKTHYECKOTO JIUCKa. TOYHO TaKoe Ke
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[IPOCTPAHCTBEHHOE pacIpejie/ieHne NMEIOT U HEKOTOPble KPacHbIe TMTAHThI BHICOKON CBETUMO-
CTH.

[Ipu Takoii mHTEpPIpPETAIINN TIJIAHETAPHBIX TYMAHHOCTEH ¢ HEOOXOJIUMOCTBIO CJIEJIyeT ecTe-
CTBEHHBII BBIBOJI, YTO OYEHb I'OPSvUe siJIpa IJIAHETAPHBIX TYMAHHOCTEH — 39TO «OOHAXKUBIIHU-
ecsd» HeJpa KPAcHOIO IMranTa. lakoe «OOHaXKeHWe» MPOU3OILIO TOC/e TOro, KaK HapyKHbIe
CJIOM KPACHOTO TMTaHTa 110 KAKUM-TO IIPUYIUHAM TOTEPSIN C HUM CBA3b U, MEJIJICHHO PACIIUPS-
SICh, «PACIIOJI3JIACHY TI0 JOCTATOTHO OOJIBITOMY 00beMy. 3aMeTUM, UTO TI0 MOeil OT[eHKe, HbIHe
ABJIATONIENCS OOIIENPU3HAHHON, CPeTHSIs Macca IIaHeTapHO TyMaHHOCTH paBHa 0koJio 0,2 co-
HedHOI. A Temepb mpejictaBuM cebe, KaK ObI BBITJIsIIE/a 3Be3/1a — KPACHBIA TUTaHT C MacCoii
1yTh OOJIBIIIE COJTHETHOM, ec/in Obl «BJPYT» OHA JIUIIUJIACH CBOEI CTOJIb «MOIIHO» CPaBHUTE b
HO XOJIOIHOMN «I1yObl». DTO ObLT ObI OYeHb MAJIEHBKUI 00BEKT ¢ BeCbMa BBICOKON TemIiiepary-
pOii, HApyZKHBIE CJIOM KOTOPOI'O HAXOJATCS B COCTOSHUM OYPHOIT KOHBEKIIUH (CM. CXEMY MOJIEJIN
Ha puc. 11.2). I3 pacuera Mojie/i KpacHOrO TUTAHTa CJIEJYeT, U4TO IJIOTHOCTh BEIIeCTBA HA.
ypoBHe, Bbile KoToporo umeercs 0,2 maccwl Cosnna, nopsiika 1074 r/em®) uro B coTHio pas
bosbiie, dem B costHedHoit (porocdepe. Ha stom yposae Temmeparypa Oyaer oxosio 200 000
K, B TO Bpems Kak pajinyc 3TOrO CJI0s MPUMEPHO B JeCsaTh pa3 mpesbimraeT pajunyc CosHIA.
[To-BuMOMY, OJITHOBPEMEHHO C OTJICJICHHEM HAPYKHBIX CJI0€B KPACHOI'O THUT'aHTa IMTPOUCXOJIAT
JIOBOJIBHO ObICTPOE (HO He KaTacTpodUIecKoe) CxKaThe ero BHyTPEHHHUX 00J1acTeil 10 pa3MepoB
JINIIIb B HECKOJILKO pa3 MPEBBIMIAIONINX pa3Mepbl 3eMHOTO Iapa. Brpodem, BIIOIHE BO3MOXKHO,
4To KpacHble ruranThl Tuna RV Tesbia, mo-BugmMomy, BISIONINEC «POJUTEIAMUy TIIaHeTap-
HBIX TYMAHHOCTEH MMEIOT Ha 3aK/II0YUTETHLHON CTaIun CBOEH 9BOJIIONUN CTPYKTYPY, OTJIMIHYTO
oT omnmucaHHoil Bbie. Hanpumep, y HuX MoxKeT ObITH ropas/io Oojiee CuibHasi KOHIEHTPAITUST
BellleCTBa K IEHTPY.

Heobxo/1nMo O 14epKHY Th, UTO OT/Ie/IeHNEe HAPYKHBIX 000/I0UEK OT OCHOBHOI'O «T€/Iay 3Be3-
JIbl HE HOCHUT B3PBIBHOH XapakTep (KaK 9TO HMeET MECTO, HAIPUMED, B CJydae CBEPXHOBBIX
3BE3JT; CM. CJIEJIYIONIYIO [JIABY ), & IIPOMCXOIUT CNOKOUHO, TPAKTHIECKH «C HYJIEBOIH CKOPOCTHIOY.

Kaxkosa ke npuunna orienenus odosiouku? Crieyer 3aMeTUTDb, UYTO 3a/lada 9Ta eIle OUeHb
JlajieKa oT perreHusi. Bo3MOKHbBIE BAPDUAHTHI OY/IyT PACCMOTPEHBI HUKE.

ObpaszoBaBiuiics 1mocsie oTAeIeHIA HAPYKHON 000J0OYKN OY€Hb TOPSYIuil 00HEKT J0JIZKEH
OBITH B HEYCTOMYMBOM <«ITPOMEXKYTOYHOM» cocTosHuu. O Oy/eT OBLICTPO IBOIONNOHIPOBATD,
epexo/isi B HEKOTOpoe crabuiibHoe coctosinme. Urto ke 310 3a cocrosinue? He mosexur co-
MHEHUIO, 9TO TAKUM CTAOMIHLHBIM OOBEKTOM, B KOTOPBIH BOJIIOIUOHUPYIOT S/IPa ILJIAHETAPHBIX
TYMaHHOCTEI, TOJI?KHBI OBITH OejTbie KapIuKu. J[J1st OTIeIbHBIX si7iep 9TOT BBIBOJI CJIEYeT Hero-
cpesicrBenHo. Harpumep, ovuenb ciaboe spo n3odparKeHHoi Ha puc. 13.1 mranerapHoii TyMaH-
soctt NGC 7293 (kcraru, 510 caMmblil Oiu3Kuil K HaM 00bEKT ITOrO TUIIA) UMeeT abCOTIOTHYIO
Besimanny 13,5 u remiieparypy 6osbie 100 000 K. Orcioma ciiejtyer, 9To ero JinHelnble pa3MephbI
JIUIITb HEMHOTUM IIPEBBINIAIOT Pa3Mepbl 3eMHOTO IIapa, UTo Mpu Macce okojo 1 macchl CostH-
1A JIAeT CPEeHIOK IJIOTHOCTh B HECKOJIBKO COTEH THICSY I'PAMMOB Ha KyOMYECKWil CAaHTUMET].
9T0 TUIWYHAS IJIOTHOCTE Oestoro KapJymka! Habrogaercss Takske JT00ONBITHAS TEHIEHIINS: TeM
«crapiies IJIaHeTapHas TyMaHHOCTD (& UX BO3PACT OLEHUTH JOBOJIBHO JIETKO), TeM OOJIbIIe uX
sJIpa TOX0/IAT Ha Oestble Kapsuku. [loxoxke Ha TO, 9TO 38 CPABHUTEILHO KOPOTKOE BPEMs, KOTO-
poe «KHMBYT» ILJIaHETAPHbIE TYMAHHOCTH, UX SIPa JAJIEKO He BCErJa yCIIEBAIOT «yCIIOKOUTHCS»
U cTaTh 0OJiee WU MEeHee «HOPMaJbHBIMU» OE/IbIMUA KapJIUKAMA.

Baskuefiimmm apryMeHTOM B TOJIB3Y HAIIEro BBIBOJIA O T€HETHYECKOW CBS3M IJIaHETAPHBIX
TYMaHHOCTEl, KPDACHBIX I'MT'AHTOB U OeJIbIX KapJIUKOB SBJISIETCS aHAJU3 CTATUCTUYECKUX JIaH-
ubiX. Beero B Harreit ['ajakTike 0JITHOBPEMEHHO CYIIECTBYIOT HECKOJILKO JTECSITKOB THICAY ILTa-
HETAPHBIX TYMAHHOCTEH, MPUIeM TOJBKO MaJjias WX YaCTh JIOCTYITHA IIPSIMBIM HAOJTIOIEHISM.
C npyroit cTOPOHBI, Cpe/iHee BpeMsl XKU3HU UX BCErO JIUIID MOPSIKA HECKOJILKUX JIECATKOB ThI-
CAY JIET. DTO O3HAYAET, UTO U3 KAKOI'O-TO MCTOYHUKA KaKJIBbIIl IO/l BOSHUKAET ITPUMEPHO OJIHA
IJIAHeTapHas TYMaHHOCTh. U Kak «IMOOOYHBIN MPOILYKTY IMOSAB/ISETCH €XKEr0JIHO TOYHO TaKOe
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Puc. 13.2. DMmupudeckast 3aBUCHMOCTb CBETUMOCTH SJI€p IIJIAHETAPHBIX TYMAHHOCTEH OT TeM-
IepaTypbl UX MOBEPXHOCTEN.

JKe KOJIMIEeCTBO OEJIBIX KapJIMKOB — KOHEUYHBIN TPOJIYKT SBOJIIONUH siIep ITUX TYMAHHOCTE.
910 oveHb 3P HEKTUBHBIN MEXaHU3M, KOTOPBIN 38 BpeMsl BOJIOINN HAIIEl 3Be3/IHON CHCTEeMBI
IIPpUBEJT K 00Pa30BaHUI0 HECKOJIBKIX MUJLIAP/I0B Oe/IbIX Kap/uKoB. Ho mMMeHHO TaKOB HOPsiI0K
BEJIMYMHBI IIOJIHOI'O KOJIn4YecTBa 6e1bix KapukoB B [amakruke! C npyroit cTOpoHBI, CTATHCTHU-
Ka KpacHbiX ruranTos tuna RV Tesbiia yKasbBaeT, 9TO WX MOJIHOE KOJIMYECTBO B [ajakTnke
0K0J10 MujLTHOHA. OTCIO/Ia MTOIyIaeTCst, ITO €CJIU CINTATh UX «POJINTE/IAMIy IIJIAHETAPHBIX TY-
MaHHOCTEl, TO BpeMs »KU3HU 3BE3J B 9TOW CTaJIUA OKOJIO MUJIJTMOHA JIET — BEJIMIUHA BIIOJTHE
HpreMJjIeMasi.

B § 11 yxe ObLIo oOpallleH0 BHUMaHUE Ha TO, YTO BEIECTBO CAMBIX IEHTPAJIbHBIX 00J1a-
cTell KpACHBIX TUTAHTOB IO CBOUM CBOHCTBaM (BBIPOXKJieHUE!) TOXKIECTBEHHO BEIECTBY OEJIbIX
kapJinkoB. Ceiffyac MbI BHJIMM, 9TO 3TO He cjydaiinoe cosrajenue. [lomobuo sitiy B Kypurie,
OeJIbIit KapJIMK TOCTEIIEHHO BBI3PEBAET B IEHTPE 3BE3/bl C TeM, UTOOBI «B TOIXOJANINN MO-
MEHT» <«BBLIYIUTHCST». HOBOPOXKIEHHBIN <«IBIIIJIEHOK», T. €. OeJIbIil KapJnK, OKPYKeH Pa3HOro
pPOJia «CKOPJIYIIOiy» U IMPOYUMHU aTPUOyTAMU CBOEro PozKieHusA. Mbl €ero Ha3bIBAEM «siJIpOM ILIa-
HeTapHO#l TyMaHHOCTH». [IpoxoauT, OgHAKO, HECKOJBKO JIECSITKOB MJIM COTE€H THICAY JIET — U
[IOJIyYaeTCsl HOPMAaJIbHBIN OeJIbIil Kap/InK, B TO BpeMs KaK 00pa30BaBIIAsICA OJHOBPEMEHHO C
HUM TIJIAHETapHasi TYMAHHOCTD y7Ke JIABHO PACCEesIaCh B MEXK3BE3IHOM ITPOCTPAHCTBE.

HapucoBanHnast TOJIbKO UTO KadeCTBEeHHAS KAPTUHA 3aKIFOUUTETbHO (ha3bl IBOJIIONNNA KPAC-
HBIX TUTAHTOB K OJTHOBPEMEHHOMY OOPA30BAHWIO IJIAHETAPHBIX TYMAHHOCTEH U WX siIep — Ma-
JIEHHKUX, TJIOTHBIX TOPAINX 3BE3]1, OBICTPO IBOIOIUOHUPYIONINX B O€JIble KAPJIUKU,— B ITOC/IE/I-
HUEe TOJIbI TOJIyYnIa OOJIBIIIOE Pa3BUTHE B Psjie padOT, ONMUPAIOIINXCA Ha JIOCTHXKEHUS TEOPUN
3Be3iHON 3Bosrorun. Ceiidac y:Ke MHOTHE JieTajid 3TOrO BasKHEUIero Jjisi 3Be3IHOi KOCMOIO-
HUU TIPOIECCA CTAJU SICHBIMH.

[Ipexkie Bcero ciejyer 0oJiee MOJPOOHO OCTAHOBUTHCS Ha ITPOIECCE SBOJIIONMU Spa ILIa-
HeTapHON TYMaHHOCTH B Oesiblil Kapsiuk. B coe Bpems (1956 r.) aBrop 9Toit KHUTH 0GpaTILI
BHUMAaHHUE Ha TO, YTO B IPOIecce OBICTPOI IBOJIIOIUN SAJIep TeMIEPaTyPhl UX MOBEPXHOCTHBIX
cJ10eB BHaYaJ e pacTyT. Tak Kak Ipr 9TOM CBETUMOCTH MEHSIOTCSA HE OU€Hb-TO CUJIHHO, TO MOYKHO
OBLIO CAEeJATh BBIBOM, YTO sIApa OBICTPO CXKUMAIOTCsI. BoJiee TOUHBIE TEOpETUUIECKUE PACUETHI,
onmparonecss Ha HabJIIOIeHus IIaHeTapHLIX TyManHocTeil B Mareaianosnix O6akax!, mpu-
BeJIN K YCTAHOBJICHUIO SMIIMPUIECKON 3aBUCUMOCTU MEYKJIy CBETUMOCTBIO siJIep TLIaHEeTAPHBIX
TYMaHHOCTe ¥ TeMIIEPATyPOil X MOBEPXHOCTHBIX CJIOEB T,. DTa 3aBUCHMOCTH CXEMATHIECKH

1HJIaHeTapHI)Ie TYMaHHOCTH B 3TUX OIKaMIINX K HaM TaJJaKTUKAaX yVAaJIeHbl OT HaC Ha IPaKTUICCKH OO1-
HaKOBO€ PaCCTOAHHNE, IIO3TOMY HMX CBETHUMOCTHU CPAaBHUTE/ILHO JIETKO OIIPEACTAIOTCA U3 BUIUMBIX 3BE3/IHBIX BE-
JIMIUH.
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Puc. 13.3. TeopeTnueckas: 3aBUCUMOCTH CBETUMOCTH sJIep IJIAHETaAPHBIX TYMAaHHOCTEH OT TEeM-
IepaTypbl UX ITOBEPXHOCTH.

npejicrapiena Ha puc. 13.2. Ha Tom ke pucyHKe TPEpPBIBUCTO JIMHKUEH TTOKa3aHa aHAJIOTUIHAS
3aBUCUMOCTD JIJII OCTBIBAIONIUX OEJIbIX KapJIMKOB. Tam ke NpuBejieHa 3aBUCUMOCTL «CBETHU-
MOCTh — TeMIlepaTrypay JJid 3Be3J IJIABHON ITOCIeI0BATEIbHOCTH, KPACHBIX I'MTAHTOB U TakK
Ha3bIBAEMOM «TOPU30HTAJILHON BeTBU» JuarpaMMbl [eprmmmpynra — Peccena s mapoBbIx
CKOILJIGHUII. YMEHBITIEHNE CBETUMOCTH sJiep ILUIAHETAPHBIX TYMAHHOCTEH IOocje JTOCTUKEHUS
MaKCUMyMa, TIPU POCTE TeMIIepaTyphbl O3Ha4daeT WX ObIcTpoe cxKaTwe. B obsactu jauarpaMmbl
MEXKJIYy CAMBIMU TOPAYUMU sJIPAMHU U OCJIBIMU KapJUKaMU TaKzKe HabJIIOIAI0TCA caadble 3Be3-
Jibl. B ux criekTpax OTCYTCTBYIOT JIMHUHM W3JIyYE€HUd U TIOIVIONIEHUS W OYeHb YyCuJieHa (huo-
JleToBasd dacThb. [louTn HaBepHSKA 9TO CUJIBHO MPOIBOJIIOIMOHMPOBABIIHE /Ipa ILTaHEeTAPHBIX
TYMaHHOCTEH, Yy KOTOPBIX CaMU TYMaHHOCTH, 10 IPUYINHE UX PACITUPEHUS, PACCEeATUCh. Takum
o6pa30M, uarpaMma «CBETUMOCTb — TeMIIepaTypay HAIVISIHO JIeMOHCTPUPYET (IIPUTOM IHCTO
SMIUPUIECKH!) TeHeTHIECKYIO CBsI3b si/Iep IIAHETAPHBIX TYMaHHOCTEl 1 GeJIbIX KapJIUKOB.

OCHOBBI TEOPHUH TAKOM IBOJIIOIUN MOI'YT OBITH IMOHSATHI U3 CJACIYIONINX Paccy:Kaennii. Pac-
CMOTPHM OJTHOPOJTHYIO TIO CBOEMY XUMHUYECKOMY COCTaBY 3BE€3/Ly, KOTOpasl, NCUYePIIaB CBOU siJIeP-
Hble UCTOYHUKHU SHEPIUM, CXKUMAETCH 3a XapaKTepHoe BpeMsd, ompejesdemoe Tkasoit Keb-
suna (cM. § 3). IIpu 3TOM ILIOTHOCTL BellecTBa B ee IeHTpe OyJeT pacTé 1o 3akoHy R73.
Teoperuvecknii pacder 3BOJIIOIUN TaKON MIeaJU3UPOBAHHON 3BE3/IbI II03BOJIsIeT HalTH ee 0o-
JIOMETPHUYIECKYIO CBETUMOCTb, IIEHTPAJIbHYIO TEMIIEPATYPY, & TaKKe TeMIIepaTypy MOBEPXHOCTH
KaK (PYHKIIUU IEHTPATBHON 1JI0THOCTH. KpoMe TOro, MOKHO TE€OPETUYIECKHU IOy IUTh 3aBUCHU-
mocTb L — T,. CooTBercTBYyIOINEe KpUBBIE CM. Ha puc. 13.3. MbI BuauM, 1To 3aBucuMOCTh L —
T, i Takoil MOJIE/I XOPOIIO TPEJICTaB/IAET IMINPUIECKYIO 3aBUCUMOCTD, ITPUBEJICHHYIO HA
puc. 13.2. B BBITIOJTHEHBI TaK¥Ke JleTaJbHbIe pacdeThl /I 0oJiee CJI0KHBIX MOojeseil 3Be3/I,
JIUIIEHHBIX $JIEPHBIX UCTOYHUKOB (HAIIPUMED, [P OYEHb BBICOKUX IEHTPAJbHBIX TEMIIepaTy-
pax clielyeT yUUTBhIBATH ITPOIECCHl 00pa3oBaHus OOJIBIIOrO KOJUYIECTBA HEHTPUHO, CBOOOIHO
VHOCSIIIIX 9HEPTUIo u3 Hexp 3Be3/b1). Ha puc. 13.4 npuBejieHa BbIUMCI€HHAS 3aBUCUMOCTE L —
T, nimsa Mojean 3Be3Abl ¢ Maccoil 1,02 coHedHOl, coCcTodIel eJINKOM U3 OJTHOPOIHON cMecHu
yryepojia u Kucjaopoja. Mojesb, B KoTopoii 5% BelecTBa 3Be3/1bI 00pa3yoT HapyKHYIO 000-
JIOUKY, COCTOSIIIYIO U3 TeJIUsl, CUJILHO MEHsieT pacCIMTaHHyio KpuByio (cM. puc. 13.4). Bee ke B
IIUPOKUX IIpe/iesiaX U3MEHEHH TapaMeTpoB MOJIEIN XapaKTep 3aBUCUMOCTH O0JIOMETPUIECKO
CBETUMOCTH OT ITOBEPXHOCTHON TeMIIepaTypPhl MEHSIETCS MaJio U COOTBETCTBYET SMIUPUIECKON
JauarpaMMe, TpuBeAeHHON Ha puc. 13.2.

[Ipu KaKkux Ke yCIOBUAX HPEITOI0KEHNE O TOM, YTO 3B€3/1a IBOJIOIUOHUPYET 6€3 sIIePHBIX
HMCTOYHUKOB, BBITOJIHSIETCsI? DHEPTOBBIACICHUE TIPU FAAePHBIX PEAKITUSIX IIPEK /e BCETO 3aBUCUT
OT TeMIIepaTypbl U IPUTOM OUYeHb cuibHO. CJie/0BATE/IbHO, YCIOBHEM TOTO, UTO siIEPHbIE Peak-
UK «HE PabOTAIOT», SABJLIETCI CPABHUTEIbHAas MaJOCTb IIEHTPAJIbHON TeMIepaTypbl. dem ke
OTIPEJIE/ISIETCST 9Ta BEPXHsAS TPaHUIa TeMIIEPaTyPhl 3Be3HBIX Heap?! [Ipek e Bcero nx xummde-
CKHM cocTaBoM. Ecji, nanpuMmep, IeHTpa/ibHasg TeMIepaTypa paBHa b MUJLIMOHAM KeJTbBUHOB,
a 3Be3/1a COCTOUT U3 OJHOIO JIUIIb I'eJIdsl, TO, KOHEYHO, HUKAKUX SIAePHBIX peakiinii TaM He Oy-
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Puc. 13.4. Teopernyeckas 3aBucuMoctb L — T, Jj1s1 Macchl sjipa «yTJIepoIHO-a30THOWY ILTaHe-
TapHOil TymannocTH, pasnoit 1,02Mq,.

Puc. 13.5. Cxema 3Be3bI € «IBYXCIOMHBIMY UCTOYHUKOM SIJIEPHON SHEPIUU.

Jer (cM. § 8), HO ecy 3Be371a COCTOUT W3 BOJOPOJIA, TO MPH TaKoil TeMieparype y:Ke HauHeTC s
IPOTOH-TIPOTOHHAsA peakind. C Jpyroit CTOPOHBI, KaK MbI BUJE/H B § 6, MeHTpaIbHas TeMIIe-
paTypa orpe/ieJisiercst Maccoii 38e371b1 (em. dopmyity (6.2)). Takum o6pazoM, et XUMAIECKHi
COCTaB 3BE3JIbI JIaH, TO JIJIT TOTO, YTOOBI €€ IBOJIONKS ONMUCHIBAJIACH TPEKAMU, TIPUBEIEHHBIMU
Ha puc. 13.3, HeoO6X0MMO, YTOOBI €e Macca He IMPEeBbBIIaia HEKOTOPOe KPUTUIECKOe 3HaYCHUE.
Hanpumep, ecm 3Be3a 9nucTo BOJOPOAHAsA, ee Macca JoJKHa ObiTh Menbmre 0,08Mq), ecin
rejmesast — 0,35M ), yriaeponnaa — menbine 1,04M ). CoorsercTBylomue NeHTpaIbHbIe TeM-
neparypsl pasabl 4 - 109, 1,2-10% u 6 - 10® K.

Ha ocnoBanum TOJILKO 9TO M3/I0KEHHOTO MBI JIOJIZKHBI CUUTATD sIJIpa IJIaHeTapHBIX TYMaH-
HOCTEl 00 bEKTaMU, Y KOTOPBIX MTOYTH BECh T'eJTUil IpeBpaTu/icd O/1aroaps sjJepHbIM PEaKIIM
B yIJIEPOJ, KUCJIOPOJI, UK HeOH. B mpoTuBHOM cjydae uxX Macchl ObLm Ob1 MeHbIe 0,35 cosHed-
HOI1, a 9TO IPOTUBOPEYNT HAOIIOTAEMBIM cpaBHUTEIbHO HeGosbimuM (0,2M ) MaccaM ILTaHe-
TapHbIX TyMaHHocTeil. 160 Macca KpacHOTO TUTaHTa, U3 KOTOPOTO 00PA30BaJIUCh sJIpO U caMa
IJIaHeTapHasd TYMAHHOCTD, JIOJI?KHA ObIThH HEMHOTO 0OJIbIle cosHednoit. Kpome Toro, corsacuo
HabJmoIeHnsIM (TpaB/ia, JOBOJBHO CKY/IHBIM ), OOJIbIIas 9aCTh MACC OeJIbIX KapIUKOB JIEXKHUT B
npejenax 0,5—1,0 comneunoit maccol. Ckopee BCero sijpa IJaHeTapHBIX TyMaHHOCTEH MTOKPbI-
Thl TOHKOW «KOPKOI1» HE YCIIEBIIEI0 «CIOpeTb» IeJiisd, W BO3MOXKHO, BOJOPO/Ia. YUeT 3TOro
00CTOATE/ILCTBA B TEOPETHYECKUX pacydeTax JieJlaeT TeMIEPATYPhI f/ep He TAKUMH BbICOKUMU.

Nrak, coBpeMeHnHasi TeOpUs BHYTPEHHETO CTPOEHUSI 3BE3/T IIPUBOJIUT HAC K BBIBOJLY, UTO 3BE3-
JIBI, JIUIIEHHBIE $JIEPHBIX MCTOYHUKOB SHEPIUU (KAKUMU, HECOMHEHHO, SIBJISIOTCS $/Ipa IIaHe-
TApPHBIX TYMAHHOCTEI ), JIOJIZKHBI 9BOJIIOIUOHIPOBATH B «HOPMaJIbHbIe» Oesble Kapymku. Ocra-
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eTCsl KOJIMYIECTBEHHO PAaCCMOTPETh BTOPOMl, HE MeHee BarKHBIN, BOIIPOC: Kak Ke 00pas3yroTcs
Takue 3Be37bI7 UTo OBLIO HpeIecTByoIeil craaneir ux sposrorun’! Tor dakt, 9To siapa mia-
HETAPHDLIX TYMAHHOCTEH COCTOAT B OCHOBHOM M3 CMECHU YIJIEPO/ia, KHCJI0POoIa 1 H60JIee TAXKEIBIX
9JIEMEHTOB, CaM 10 cebe 03HAYaeT, YTO Mbl UMEEM JIeJI0 C CHJIBHO MPOIBOIONMOHNPOBABITNMHI
obbekTamu. He 10/y1e2KUT 1109TOMY COMHEHUIO, ITO «IIPEJIKU» ILJIAHETAPHBIX TyMaHHOCTEH He
MOT'YT IPUHA/JIEXKATH K 3BE3aM TJIABHOM IOC/Ie0BATEIbHOCTH. SHATUT, OHU 3HAUUTEIBHO OT
Hee oTonu. Ho TakuMu oObekTaMu MOTYT OBITh KpacHbIe TUTAHThI JIMOO 3BE3/Ibl «'OPU30HTA b~
HOIT BeTBHU» juarpamMmbl [eprmmpynra — Peccesa 1jist J0CTATOYHO CTapbiX CKOILIEHH (CM. §
12). B HacTodIIyo 310Xy ¥ CTapbIX CKOIUIEHUI «CXOMASIT» € 9TOI AUarpaMMbl 3BE3/bI ¢ MacCoii
okoso 1,1Mq, (st 3Be3yt I Tuma HaceseHusi, Y KOTOPBIX TSAYKEJIbIX 3JIEMEHTOB CPABHUTEILHO
muoro) u 0,85M ) (Jy1s GeIHBIX TezKeIbIME /1eMenTamMu 38e371 11 moxosienns (maposbie cKol-
nenws)). st MomopIx ckoruteHnii 38e3/ | Tuma 9t Maccsl 60JIbINe, HO, KaK IIPABIIIO, HE IIpe-
BBIAIOT 1,5 coHevuHo. Mbl MOXKeM, TaKIM 00pa3oM, CJieIaTh BBIBOJ, UYTO MACChI «IIPEIKOB»
IJTAHETAPHBIX TYMAHHOCTEH, TTPUHAJJICYKAINNX ITPEUMYIIECTBEHHO K | TUIy 3Be3/IHOr0 Hacee-
HUsl (JIUCK), JIOJIKHBI ObITh 3aK/i04YeHbl B npeienax 1,1—1.5 conneunoii. [Tpu rakoii macce y
HUX JIOJI2KHBI 00PA30BBIBATHCST BHIPOXKJICHHBIE SIIPA.

Kaxk MbI Buen B IpebLayIineM naparpade, craaus 3BOIIONNNA KPACHBIX THTAHTOB 3aKaHI1-
BaeTCd «TeJIMEeBO BCIBIITKOM», KOT/Ia BO BCEM T'€JIMEBOM SIJIPE «3aropaeTcsdy TPOWHAs peaKIlus
IIPEBPAIIEHNU TeJInd B yIjiepos. PacdeThl MOKa3bIBAIOT, YTO Macca T'eJUEBOTO sijipa K TOMY
MomenTy Haxoaurced B nupejenax 0,4 -+-0,5M ) 1 nouTn He 3aBUCHT OT HOJIHON MacChl 9BOJIIOIHO-
HuUpyIomeit 38e3/161. [loce Havaaa «re/imeBoil BCIIBIIIKI» 3BE3/1a BOJIOIUOHUPYET BIOIb TOPH-
30HTAJILHOI BeTBU juarpammbl [eprmmnpynra — Peccemna. Yepes HeKoTopoe BpeMsi I1OC/I€ TOTO
KaK 3Ha4YUTeJIbHAs YaCTh I'eJIs B sIJIpe IMPEBPATUTCS B YIVIEPOJ U 0OJiee TsizKeJIble 3JIeMEeHTHI,
siJIEpHBIE TeJTUeBbIe PEAKITNU OyJIyT COCPEJIOTOYEHbI B TOHKOM CJIOE€, OKPYZKAIOIIEM y2Ke BTOPOit
pa3 «BbIropeBIee» sjipo. Kpome Toro, y Takmx 3Be3]I UMEETCS eIlle OJUH HapyKHbIN CJION,
B KOTOPOM ITPOUCXOIAT BOJOPOIHBIE djIepHbIE PEeaKIUn. 3Be3JIbl ¢ TAKUMU «JIBYXCJIOWHBIMU»
HCTOYHUKAMU SIJIEPHON SHEpruu (cxema CTPYKTYPhlI TaKoil 3Be3/bl m300paykeHa Ha puc. 13.5)
3HAUYUTEJHHO YBEJMUINBAIOT CBOIO CBETUMOCTD, KOTOPad JIOCTUTAET MOPSIKA HECKOJIBKUX ThICAY
cBetuMmocTeii CosTHIA, B TO BpeMsl KaK Ha TOPU30HTAJIBHON BETBH CBETUMOCTH TOJIBKO B COTHIO
pas mpeBbIIaia coaaednyio. CTpyKTypa TaKuX 3Be37], Y KOTOPBIX B CAMBIX IEHTPAJIbHBIX «BbI-
TFOPEBINUX» YACTAX HUKAKUX sJIEPHBIX peaKInii OOJIbINEe He TTPOUCXOJINT, JOKHA HAIIOMUHATH
CTPYKTYPY KpPacCHBIX T'HTAHTOB. DTO O3HAYAET, YTO 3BE3JIa OISTh «Pa3/yBaeTCsI» U €€ PAIHIYC
JIOXOJIAT JIO Pa3MEepPOB 3€MHOI OpOUTHI, B TO BpeMsl KaK PaJIyC 30HbI «[OPEHUI» BOIOPO/Ia BCETO
b ropsaaka 3 - 102 em. K KoHIy 9Toil das3bl 9BOTONAN 3Be3/a ONATH CTAHOBUTCA KPACHBIM
ruranToM. Ee cBeTMMOCTH MOXKET B JIECATKU TBHICAY Pa3 MPEBOCXOJIUTH COJTHEYHYIO, a Macca
TOHKOT'O I'e€JINEBOTIO CJIOsI B €€ HeJIpaxX He MPEBOCXOIUT HECKOJIbKUX COTHIX COJTHETHON. 30Ha «T'O-
peHUs» BOJIOPO/Ia 3HAUUTEIBHO ITOJHIMAETCS HAPYKY, TaK 9TO 00/1aCTh BHYTPU 9TOH 000JI0TKI
yzKe comepKut ~ 70% maccenl 3Be31bl. Bes ara dasa 3BoJonun ¢ AByMsl CJIOAMHI SACPHOTO SHEP-
TOBBIJICJIEHAS 3aHUMAET BpeMsl IOPsJiKa MUJJIMOHA JieT. Ha caMbIX 3aKJIFOUATE/IbHBIX dTalax
9TOi (pa3bl 3Be3/a yKe BIIOJHE <«IIOJrOTOBJIEHA», YTOOBI OT Hee OTOIIa HapyzKHasd, Ooraras
BOJIOPOJIOM 000JIOYKA 1 TEM CaMbIM 00pa30BaJjach ObI IJIaHETAPHAA TYMAHHOCTD ILTIOC s1/1po. B
CaMOM JieJIe, CBETIMOCTD MOJIOJIBIX f/Iep ITaHeTapHBIX TyManHocTei B 10* paza GosbIne cosaet-
HOI ¥ TPAKTUIECKH COBIIQJIAET CO CBETUMOCTBIO «JIBYXCJIOWHOI» T'MIaHTCKOI 3Be3/1bl. Pajtnmychr,
CTPYKTypa U MaccChl fgJiep IPaKTUYeCKU COBIIQJAIOT C PAAUyCOM, CTPYKTYPOU M Maccoil 3Toi
3BE3JIBI [10]] CJI0EM «IOPEHHsI» BOJOPOJa (T. €. «MHEPTHOI», COCTOSAIIEl U3 TIKeJIbIX 9JIEMEHTOB
MEeHTPAJILHO YacTH, TTOKPBITOI TOHKON TeJINeBoii «KOPOUKOii» ), ceJoBaTeIbHO, Oy/IyIiee siji-
PO ILIaHETAPHON TYMaHHOCTH Yy K€ «CBapUjIOCh» B HEJIpaX CHUJIBHO ITPO3BOJIIOIMOHUPOBABIIEN
3Be31bl. OcTaeTcss TOJBKO IMOHATh MEXaAHU3M OTIEIECHUs IIPOTIKEHHON HapyKHOi, OoraToil Bo-
JIOPOJIOM ODOJIOUKHU.

[Ipexke Bcero obpaTuM BHUMaHME Ha HU3KYIO HAOJIIOIAEMYyIO CKOPOCTH PACIIUPEHUs ILIa-
HeTapHBIX TyMaHHOCTel — B cpegneM okoso 30 kM/c. EcrecTBeHHO cliesaTh OTCIOa BBIBO/,
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YTO BEIIECTBO TYMAHHOCTU «OTOPBAJIOCH» OT 3BE3/IbI TaM, Ijie apado/imiecKas CKOPOCTb TO-
ro ke nopska. Orcioa, mojaras Maccy BHYTPEHHEH YacTh 3Be3/bI PABHOM 0,8Me), Haiigem
4TO «OTPBIB» MPOM30IIE Ha PACCTOSHUE OKOJIO OJIHOI acTponoMuyeckoit ejunuibt (1,5 - 1013
CM) OT IIEHTPA 3BE3/Ibl, YTO KaK Pa3 COOTBETCTBYET PAJMYCy TMTAHTCKO 3BE3JIbI — «IIPEIKa»
TYMaHHOCTH. XOTsI KOJIMYECTBEHHON TEOPUU «OTPBIBa» ODOJIOUKH y MPOTIAKEHHOIN CUJIBHO IIPO-
9BOJIIOIMOHUPOBABIIEN 3BE3/IbI TIOKa €Ille HeT (9TO OUeHb TPY/HAs 3ajadal), MOXKHO yKa3aTh
10 KpaifiHeii Mepe Ha TPU NPUYUHBI STOrO siBjieHus: &) 13-3a 0ocoboro xapakrepa HeyCTONYN-
BOCTH B IPOTSYKEHHOIN 000JIOYUKE JIOJIZKHBI BOBHUKATH CUJIbHBIC KOJIEOATEIbHBIE TTPOIECChI, CO-
IIPOBOYK/Ia€Mble M3MEHEHNSIMI TEIJIOBOTO pezKnMa 3Be3/Ibl. [lepnoj Takux KosrebaHuit mopsiiKa
JecaTn Thicad Jiet. 6) V3-3a noHu3anum BoJ0po/ia B HEKOTOPOI 30HE 3Be3/bl 101 ee hoTocde-
pOii MOYKET Pa3BUTHCS CUJIbHASI KOHBEKTHBHASI HEYCTONIMBOCTH. AHAJIOTMYHOE SIBJICHUE UMEET
MecTo Ha COJIHIE U CJIYKUT [IEPBOIMPUINHON €r0 aKTUBHOCTU. Y XOJIOIHBIX THTaHTCKUX 3BE3]T
MOIITHOCTh KOHBEKTHUBHBIX JIBUXKEHUIT MOKeT ObITh HecpaBHEHHO GoJibine, dem Ha CoJtHIe. B)
M3-3a OrpoMHOII CBETHMOCTH 3BE3/IbI — IPEIKa ILIAHETAPHON TYMaHHOCTH — C6emosoe 0a6-
A€HUE ee TIOTOKA M3JIyYeHUsl Ha Hapy»KHbIe CJIOM MOYKeT MPHUBECTH K UX «cOpocys. Pacuersr,
KOTOPBIE MBI 3/IeCh ITPUBECTU HE MOYKEM, ITOKA3bIBAIOT, YTO 110/l BO3/IEMICTBIEM CBETOBOTO JIaBJIe-
HUsI BENIECTBO 000JIOUKHU OY/IET BBITEKATD, IIPUIEM MOIIHOCTD 3TOTO MIOTOKA MOXKET JIOCTUTHYTh
10%1—-10%2 r/c. DTo 03HAYAET, YTO 33 HECKOJILKO TBHICSY JIeT MOYXKET «UCTeUb» IIPAKTHICCKH BCs
000JI0YKa, 3BE3JIbI, UTO MPUBEIET K 00PAa30BAHUIO TIaHeTapHOi TymanHOoCTH. CKOpee BCero, B
JIECTBUTEILHOCTU JEHCTBYIOT BCe TPU MeXaHM3Ma cOpoca 000JI0UKH, KaK Obl «IIOMOras» JIpyT
JAPYyTYy.

BaxkubiM aprymeHTOM B 110J163y 00pa30BaHUs ILJIAHETAPHBIX TYMaHHOCTEH U3 HaPYZKHBIX
CJIOEB KPACHBIX TUTAHTOB BJIIETCd OOHApyKeHNe 3HAYUTETHLHOrO N30BITKA MHMPPAKPACHOTO U3-
JIy9eHUsT TPAKTUIECKN OT BCeX IJIAHETapPHBIX TyMAaHHOCTEH. DTO M3/TydeHne oO0YCIOBICHO Ha-
XOJAIIMMUCH B TYMAHHOCTU NbAEBLLMU YGCMULAMU, KOTOPBIE DoJlee MJIn MeHee PaBHOMEPHO
HepeMeIIanbl ¢ ropsanM ra3oM. PusndecKne yCaoBUs B IJIAHETAPHBIX TYMAHHOCTSX (IIPEKJie
BCEr0 — BBICOKAs TeMIIepaTypa HaXOJSIIecs TaM IIa3Mbl) UCKJII0YA0T BO3MOYKHOCTH 00pa30-
BaHUs BLIMHOK U3 TA30BOi CPE/Ibl. DTO O3HAYAET, UTO MMBLIMHKN, HAXO/IAIINECS B IJIAHETAPHDBIX
TYMAHHOCTSX, UMEIOT PEAUKMO60€e TIPOUCXOXKJICHHUE, T. €. OHU TaM CYIIEeCTBYIOT ¢ Hada/ia odopa-
30BaHUsI TYMAHHOCTH U MEJJIEHHO pas3pyliarorTcs (HAlpuMep, B pe3ysbTaTe CTOJKHOBEHHI C
IPOTOHAME ¥ YKeCTKUMHU KBauTaMu). C Jpyroif CTOPOHBI, B XOJIOJHBIX, MPOTIKEHHBIX ATMO-
cdepax KpacHBIX T'MTAHTOB, IJIe 3HAYUTEbHAA YACTh I'a3a y2Ke HAXOIUTCS B MOJIEKYJISIPHOM
COCTOSIHUM, UMEIOTCS BCE YCJIOBUS JId 0Opa3oBanud MbLIMHOK. [lo-BuamMomy, ocHOBHASA YacTh
KOCMUYECKON ITBIIN TOTaIaeT B MEXK3BE3JIHYIO CPeJly MMEHHO TaKUM CIIOCOOOM, T. €. IIyTeM
paccednud B Hell IJIaHETaAPHBIX TYMaHHOCTEH.

B 1975 r. 6bu10 obHapyxkeHo uziaydenue B pajguosuaun CO (A = 2,64 mm — cm. § 3) or
nndpaxkpacubix 06bekToB CRL 2688 u CRL 618. Amaus 3T0il JTUHUN W3JIyYeHUsT TO3BOJISET
¢/IeJIaTh BBIBOJI, UTO B 9TUX CJAydasX HADJIIOMAIOTCS JOBOJIBHO IJIOTHBIE TA30BbIE 00OJTOUYKH, PAC-
MIUPSTIOIIHECs: o CKOpocThio ~ 20 kM /c. Orcrofa ciejyer, 9ro HaOIOIaeMble B MEHTPATBHBIX
JacTIX 3TUX OOBEKTOB JIOBOJILHO TOPAYNE 3BE3/IbI CTAJHM «ITPOTJIS/IBIBATbY Yepe3 COOTBETCTBY-
1o1e 000JIOYKHU TOJIBKO HECKOJIBKO THICSY JIET TOMY Ha3a . B Ty 310Xy 3Tu 00beKTh JTOIKHBI
ObLIN OBITH TOYXKJECTBEHHBI KPACHBIM T'MTaHTaM, aTMocdepbl KOTOPBIX 6oraThl yriepoaom. Ho
9TO Kak pa3 u o3Hadaer, 910 00beKThl CRL 2688 u CRL 618 aBjsrorcs mpoTOIIaHeTAPHBIME
tymanaocTamu. Coscem HegaBao (1982 1.) Ha Besmdaiinem B Mupe pajuoresneckorne VLA Obi-
JIO BIIEPBBIE OOHAPYZKEHO IOIJIONEeHNEe Ha BoJiHe 21 ¢M HEHTPaJILHOTO BOJIOPO/IA CPABHUTETHHO
MOJIOION, apKoii mraneTaproit TymanHocT NGC 6302. DTn Hab/II01eHNsT BBISBUIN JIBE KOMIIO-
HEHTBI JINHUU TOTJIOIIEHNs, COOTBETCTBYIOIIHE JIydeBbIM cKopocTsiM +6 u —40 kmM/c (cMm. puc.
13.6). [lepBast KOMIOHEHTa, BbI3BaHA MOMJIOIIEHIEM 00JIaKa MEYK3BE3/IHOIO BOJIOPOJIA, HAXOJISIIIE-
rocst MEXKJIy HUMU U IIJIAHETAPHON TYMaHHOCTBIO, MEXK/Iy TeM Kak JimHusg —40 KM /c obpasyercs
B HAPY2KHBIX CJIOSIX 9TON TyMAHHOCTH, OOpaIlleHHbIX K Habogare io. 3 ananmmsa sTux HaOJII0-
JIEHNIT MOYKHO CJIeIaTh BBIBOJI, UTO 9TU HAPYKHBIE CJION MPEJCTABISIOT COOON PaCIIIPSIONIEecs
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Puc. 13.6. Beepxy — paauocnexTp mianerapsaoii rymannoct NGC 6302 B obmactu A = 21 cwM.
BuiHbI j1Be JIMHUU TIOTJIONIEHNUST, COOTBETCTBYIOIINE JIyIeBbIM CKOpocTsM —40 KM/c u +6 KM/ c.
Crpesika yKa3bIBaeT Ha CKOPOCTH PACHINPEHUS STOM TYMAHHOCTH, MOJIYIYEeHHYIO U3 HAOJIIOIEeHU
onrmaeckux jguanii [N II|. Bunsy — takoit ke pajnoCieKTp «UCTOYHUKA CDABHEHUs» — SPKOM
kommakTHOi obsract H 11T XGC 6334, naxomsmeiics B aByx rpagycax or NGC 6302. Bunna
ToIbKO JinHus +6 KM/ ¢, npuaaexaias (kak u' y NGC 6302) mexx3Be3aHOil cpeje.

K Connyy
rr——.

Puc. 13.7. IlpocTpancTBeHHOE pacIpe/iesieHIe HeHTPAJIbHOTO U HOHIM30BAHHOTO BOJIOPO/IA B TITa~
umerapuoit tymanaoctu NGC 6302.

co ckopocTbio 10 KM/C KOJIBIIO, B TO BpeMsi KaK BHYTPEHHsIS YaCTh ITOTO KOJIbIA COCTOUT
U3 ropsAvero, MoJTHOCThIO MOHM30BaHHOTO rasa. Ha puc. 13.7 npuBesena cxema cTpoeHUd 3TO
TYMAHHOCTH Ha OCHOBE OIMCAHHBIX BBIIIE PAIMOACTPOHOMIYECKUX HaO0/Iennii. Macca Hapyk-
HOI YaCTH KOJIbIIA, COCTOLAIIEN M3 HENTPATLHOTO, CPABHUTETHHO XOJIOTHOTO BOJIOPO/IA, OKOJIO
0,06 M. Takum obpasom, ciycTd 25 JieT, Hallla MOJIe/Ib ILJJaHeTapHON TyMaHHOCTH IIOJIyYHIa
[IOJTHOE 3KCIIepUMeHTaIbHOEe MOATBepKAeHne. [lo Mepe pacmmpenus TYMaHHOCTH Pa3MeEPHI ee
HAPYKHOI HEHTPaJIbHON YacTu Oy/IyT JIOBOJILHO OBICTPO COKPAIIATHCH, [TOKA OHA HE UCUYE3HET
COBCEM.

[To-Bumumomy, ¢ mpob/IeMOoil TIaHeTAPHBIX TYMAHHOCTEN CBA3aHbI OOHApYy?KEeHHbIE HeJIaB-
HO METO/IaMU BHEATMOC(EPHOI ACTPOHOMUU «TOUEUHBIE» UCTOYHUKHU MATKOI'O PEHTT'E€HOBCKOT'O
U3JIydeHns, OKa3aBIluecsa oueHb ropsuuMu (TemiepaTypa nosepxuoctu T ~ 10° K) Gesbivu
kapyukamu. [loka Taknx o0bekTOB m3BecTHO 4. CKOpee Bcero — 3TO sijpa IJIaHeTapHBIX TY-
MaHHOCTEl, Yy KOTOPBIX ODOJIOUKW BCJIEJCTBHE PACIINPEHNs] NMEOT HUUTOXKHO MaIyio TOBEepX-
HOCTHYIO SIDKOCTh. BBI7I0 ObI MHTEPECHO, C OJIHOM CTOPOHBI, OOHAPYKUTH ONTUIECKIE «CJIEbI»
IJIAHETAPHBIX TYMaHHOCTEH OKOJIO TaKUX OOBLEKTOB, & C JIPYTOil CTOPOHDI, IMOMBITATHLCS U3Me-
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PUTH IOTOK MSI'KOI'O PEHTI€HOBCKOT'O M3JIyUYeHUs OT OJIMKafIIuX IJIaHeTapHbIX TYMaHHOCTEI,
nanpumep NGC 7293, dororpadust Koropoii mpuBenena Ha puc. 13.1 BBepxy.

Takum 0O6pa3oM, ¢ TOYKU 3pEHUs COBPEMEHHON TEOpHWH 3BE3/IHOM IBOJIIONNN 0Opa3oBaHUe
IJIaHETAPHBIX TYMaHHOCTEN U UX /P €CTh 3aKOHOMEPHBIN TTPOIIECC SBOJIIONNYT KPACHBIX TUTaH-
TOB.

SBnsiercst mu Takoii myTh 0Opa3’oBaHUs OEJIBIX KAPJIMKOB €IMHCTBEHHO BO3MOXKHBIM? MOXKHO
TOJILKO YTBEPKJIATh, YTO TaKoii IyTh (depe3 oOpasoBaHUe IJIAHETAPHBIX TYMAHHOCTEN) sABJIisi-
eTcsi BeCbMa paclpoCTpaHeHHbIM. Bpsi i, oJHaKO, OH IPHUBEJ K 00pa30BaHUIO 6cexr OeJIbIX
kapmkos. Hanpumep, MoxkHo cebe 1mpecTaBuTh nocmenenHoe NUCTeYeHne BellecTBa U3 Hapy K-
HBIX CJIOEB HEKOTOPBIX KPACHBIX TMTAHTOB, B IIPOTHBOIIOJIOXKHOCTD «JIUCKPETHOMY» OT/IEJIEHUIO
000JI0YKH, TIPUBOJILIIEMY K 00pa30BaHUIO IJIAHETAPHBIX TyMaHHOCTel. Hakownerr, «Kjiaccude-
CKUIi», pAHbIIIe BCEX OTKPBITHIN OE/IbIil KapJuK — 3HAMEeHUTHIH ciyTHUK Cupnyca — BXOJUT B
coCTaB JIBOIHOI cucTeMbl. A B TaKMX CHCTEMAaX YCJIOBHS 3BOJIIOIMK 3BE3] BEChbMa CIIeIN(PUIHbI.
06 sroMm Oyjzier uarTu peysb B § 14.
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§ 14. DBOJIIOLIMS 3BE3/] B TECHBIX /IBOMHBIX CUCTEMAX

B npenpiaymem naparpade J0BOJIBHO MOAPOOHO paccMaTpuBasiach 3BOONNA 3Be3/1. Heob-
XOJINMO, OJTHAKO, CJIeJIaTh BasKHYIO OTOBOPKY: Pedb ILj1a 00 9BOJIIOINHA OJUHOYHBIX, H30TMPOBAH-
HBIX 3Be37. Kak ke Oyner mpoTeKaTh 9BOJIONM 3Be3/1, 06pa3yomuX [BOiHYI0 (Ui BooOIIe
KparHyio) cucremy? He Gyser i npu 9TOM OfiHA 3Be37a «MEIIaThby HOPMAJIBHON SBOJIOIIN
cBoeit cocenkn? Bompoc 3TOT mMeeT TPUHIUIINAIBHO BaykKHOE 3HAYEHUE IPeXKe BCero MoTO-
MY, 9TO KPATHOCTh — YPE3BBbIYAIHO PACIIPOCTPAHEHHOE sBJ/IeHNE B 3Be31HOM Mupe. [1pubiusu-
TEJILHO ITOJIOBUHA BCEX 3BE3/I IVIABHOMN II0C/IEI0BATEILHOCTHA BXOJUT B COCTAB KPATHBIX CUCTEM.
J11s1 BepxHeil 9acTu 3TOil MOC/1e10BaTe/IbHOCTH, COEPIKAIIel MaCCUBHbBIE, TOPAIHE 3BE3/IbI CIIEK-
TpaabHBIX KiaaccoB O u B, mo/ist 3B€371, BXOJASAIMNUX B KPaTHBIE CUCTEMBI, COCTABJISIET IO KpaifHeit
mepe 70%. 3amernm, uto y 3Be3 11 Tuna Hacesenust (cM. § 1) KpaTHOCTH — sIBJIEHUE JIOBOJIBHO
peJiKoe.

Nurepec uccaenopareseil K 9BOIIONNNA 3Be3]1 B ABOMHBIX CHCTEMaX, 0COOEHHO TECHBIX, CTHU-
MYJIMPYETCHd ene n1 TEM O6CTOHT€JII)CTBOM, 9TO HEKOTODPLIE B BBICIIIEN CTEelleHU JHO6OHI31THI)I€ 3BE3-
JIbI HAOJTIOIAI0TCA TOJIBKO B JIBOMHBIX cucreMax. [Ipexkie Bcero — 3T0 HOBBIE 3Be3/Ibl, BCIIBIIIIKI
KOTOPBIX y2Ke JIABHO TMPUBJIEKAIOT K cebe caMoe MpUCTaJbHOe BHUMaHMe acTPOHOMOB. OcoObIi
HUHTEPEC MPEJICTABIAIOT ceiiaac penmeenosckue 36e30v,, O KOTOPBIX pedb OYJIeT UJITH B KOHIIE
sroit Kauru. Iloxoxke Ha TO, YTO OHU TaKzKe BCEIJ/Ia BCTPEYAIOTCA TOJBKO B TECHBIX JIBOMHBIX
cucremMax. He MeHee IIpuMedaTesIeH U TOT CbaKT, 9TO HEKOTOPbIE KaTCropunu KOCMHUYICCKUX 06']3—
€KTOB sIBHO u30€2a10m JBOWHBIX CUCTEM. SHAYUUT, YTO-TO UM TaM «mewaemy. [Ipumepom Takux
00BEKTOB ABJIAIOTCA 3HAMEHUTBIE NYALCAPDL, O KOTOPBIX OyJIeT UJITH PeUb B Y€TBEPTOI YacTu
9TON KHUTH.

OcCHOBHOIT XapaKTEPUCTUKOM 3BE3/IbI, OIPEJIC/IAIONIEil BeCh €€ 9BOJIIOIMOHHBIN 1Ty Th, sIBJISET-
cst Macca. dem OoJibIlie macca, TeM ObICTpee SBOJIIOIUOHUPYET 3Be3/1a, TeM ObICTPee B ee HeJpax
BbIT'OpaeT BOJOPOA UM OHa IIEPpEeXOoJUuT B CTaJWI0 KPAaCHBIX T'MI'AHTOB W CBEPXI'UI'aHTOB. O,ILH&KO
B 1951 1. coBerckme yuennie II. II. [Tapermaro u A. I. MaceBudu obpartuiun BHUMaHUE HA TO,
YTO Y TECHBIX JIBOWHBIX CUCTEM KOMIIOHEHTA ¢ O0AbWE CBETUMOCTDBIO, KaK IIPaBUIIO, 00/IaaeT
menvwed maccoit. Hajo 3aMernTh, 910 B TO BpeMsi TeOpHsi 3BE3JHON IBOJIIONUU (O KOTOPOi
peub nuta B § 12) coepiienHo He Oblia pazpaborana. Curyarnus B TECHBIX JIBOWHBIX CHCTEMAX
BCe JKe IIPEJICTABJISLIACh CTPAHHO: O0JIee MaccHBHAsI KOMIIOHEHTa TaM HAXOJIUTCS Ha TJIABHOI
[IOCJIeJOBATEILHOCTH, B TO BpeMsI KaK MeHee MacCHUBHasi 00J1a1aeT M30bITOYHON CBETUMOCTHIO,
T. €. SBJSETCI <«IIOYTH TUTAaHTOM», WK «cyorurantom». [lo Mepe pa3BuTus Teopun 3Be3/IHOI
9BOJIIOIHU CTAJIO sICHO, YTO CYOIHIaHThI — 3TO 3BE3/IbI, YK€ YCIIEBIIHE TPOJIBUHYTHCA B CBOE
9BOJIIOIMU HACTOJIBKO, YTO OHU MOKUHYJIA IVIABHYIO II0C/IeI0BaTe/IbHOCTD. Ho Torma Bo3HUKaeT
BIIOJIHE 3aKOHOMEPHBI BOIIPOC: IIOYEMY K€ 3BE3IbI C 3aBEJIOMO MEHbULET, MACCOI ITPOIBUHYJINCH
B CBOEil 9BOJIIONNH JAJIbIIe, 1eM 060J1ee MaCCUBHBIE 3B€3/IbI7 DTOT U3BECTHBIN B 3BE3IHOI acTPO-
HOMUU DPE3YJIbTaT IIOJIy4YUJI Ha3BaHUE <«IIapaJd0KC AJIFOJIH»’ II0 UMEHU 3HaMEeHUTON 3aTMEHHOI
3BE3JIHOM AP, IJI€ ITOT HAPAJIOKC sIBHO BhIPAYKEH.

B 1955 r. 6b110 JaHO BIIOJIHE Pa3yMHOE O0bsICHEHHE YKa3aHHOMY IapajioKCy. 3Be3/1a BhICO-
KOIf CBeTUMOCTH B ITape obJ1a1aa 0oblieit Maccoit snavase. OaHAKO, HCUEPIIaB CyIIECTBEHHY IO
JacTh CBOErO SJIEePHOI0O TOPIOYEro, OHa CTaJia «pasmayBaTbest». [Ipu 3TOoM T0BOJIBHO 3HAUNTEh-
Hasl YaCTh €€ MAaCChl «IIepeTeKIay» Ha COCEIHIOI KOMIIOHEHTY, OTYEro Macca IOCJIeIHel craJia
IIPEBBIMIATE Maccy 00Jiee OBICTPO IBOJIONMOHUPYIONIEH 3Be3/Ibl. TakuM 00pa3oM, BasKHEHIITIM
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14. DBOJIIOLUS 3BE3/] B TECHBIX JIBOMHBIX CUCTEMAX

~1,781

Puc. 14.1. Cxema nosepxuoctu Porra.

[IPOIIECCOM, OIIPEJIEISIIONTUM BOJIIOINIO 3BE3J1 B JIBOWHON cUCTEME, sBJISIETCH 00MEH MACCAMU
Mexk Ty HuMu. [loaToMy Hesb3d paccMaTpuBaTh IBOJIIONUIO 3BE3J] B JBOMHBIX CHCTEMAaX Kak
HPOXOIAIILYIO C IIOCTOAHHON MaCCOW.

Kaxk ke mpoucxosut mporecc obMeHna MaTepueil MexK 1y KOMIIOHEHTAMU JIBONHON CHCTEMBbI?
PaccemorpuM JiBoitHYIO crcTEMY, Macchl KOMIIOHEHT KOTOpoit My u My, a opburta Kpyrosas paiu-
yca a. Torma w3 mpocToil TeOpun TATOTEHHUS CJIEIYET, YTO CYMIECTBYIOT /IS KarKJ0i M3 KOMIIO-
HEHT TaKue MOBEPXHOCTH, 3a IpeJieJlaMi KOTOPBIX YaCTHIIbI BEIIEeCTBA yKe He CJIePKUBAIOTCS
IPABUTAIIMOHHBIM IIPUTS?KEHUEM COOTBETCTBYIOIIEH 3Be3/Ibl. DTO O0bsACHIETCS JIefiCTBIEM Ha
yKa3aHHbIE YaCTUIIBI TPABUTAIIMOHHOTO TPUTAKEHUsT OT BTOPOI 3BE3JIbI, a TaKXKe IEeHTPOOeK-
HOl CUJIBI, OOYCJIOB/IEHHON OOIIUM BpaIlleHuEeM CHCTEMBbI. Kcim 9acThIhl HAXoIsATCd Ha CaMUX
9TUX MOBEPXHOCTSAX, JOCTATOYHO UM COOOIIUTH CKOJIb YTOTHO MAJIyI0 CKOPOCTD, HAIIPABIECHHYTO
«HAPYIKY», © OHU YIAYT U3 chephbl IPUTIKEHNS 9TOH 3Be3/Ibl. Ky yKe 9acTUIhbl HaXOIATC B
obJtactu, okpyzkarorieit Touky L; (puc. 14.1), To oHU, MOKHUIAs TEPBYIO 3BE3.1y, OYIyT 3aXBa-
YeHbl IPUTsKeHneM ee coceJiku. [loBepxHocThb, 00s1aat01as TaKUMI CBONCTBAMU, HA3bIBAETCS
«IIOBEPXHOCTHIO HYJIEBON CKOPOCTU», WJIM «KPUTUYECKOI MoBepxHOCTHIO Porray, a Touka Lq,
Jepe3 KOTOPYIO BEIIEeCTBO MOXKeT IlepeTeKaTh M3 OJHON 3Be3Jbl B JAPYTYIO,— «BHYTPEHHel Ja-
I'PaHZKEBON TOYKON» .

[TosepxnocTh Poma cocTonT m3 JABYX 3aMKHYTBIX HOJIOCTEN, OKPYXKAIOMIIX 00e 3BE3IbI 1
nMeromux obmryo Touky L. Pamgmyc KaxKjaoit m3 TakuxX MOJIOCTENl MOYXKET OBITH IMPEJICTaBIIEH
npubJIMKEeHHOM (hopMyJIoit

T 0384021z 0 (14.1)
a M2

@opwmyita (14.1) maer BHOIHE YJIOBIETBOPUTEIbHYIO TOUHOCTD yisi 0,3 < M /My < 20.

PaccmorpuM Terneps cite Iy oniyo Mojiesb SBOJTIONIH 3B€3]1 B TECHOM JIBOIHOI cucteme. [Toka
00€e KOMITOHEHTBI JIBOMHON crcTeMbl TPEOBIBAJIM Ha IJIABHOM MOCIEI0BATETBHOCTH, UX PAJITYChI
OBLIN MEHbIIE PAJIyCOB COOTBETCTBYIONINX HosiocTeit Pora, onpenessiembrx dopmystoii (14.1).
Kora ncuepriaercs 3HadnTe/IbHAs 9aCTh BOJIOPO/IHOIO IOPIOYEro B NEHTPAJILHON YacTu ObICT-
pee IBOJTIOIMOHUPYIOITIEel OoJiee MACCUBHOMN 3BE3IbI, PAJINYC ITOCIETHEN CTAHET YE8eAUNUBAMbCA,
B TO BpeMs KakK PaJInyC BTOPOl KOMIIOHEHTHI OCTaHeTCs Hem3MeHHbIM. Takum obpazom, OoJiee
MacCHUBHasl KOMIIOHEHTa CTAHET «Pa3dyXaTby, MOKA ee HapyKHas YacTh HE 3AII0JTHUT CBOIO I10-
nocteb Pomra (em. puc. 14.1). TTocse sToro pacmupenne riiaBHO# KOMIOHEHTBI TPEKPATHTCS, TAK
KaK M30BITOYHAS ee Macca, BBIXOIAMAS 3a MpeJesIbl ToJOCTH Porra, HaYHeT «IepesnBaThCT»
BO BTOPYIO KOMIIOHEHTY, Macca KOTOPOil HAYHET Pacmau.
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Puc. 14.2. Teoperndeckas 3aBUCHMOCTDb PajInyca 3Be3JIbI OT BPEMEHH.

CKOpOCTB IMOTEPH MACChHI IBOIIOIIMOHUPYIOIIEi 3B€3/10i1 01UeHb OBICTPO PaCTeT IO Mepe POCTa
pajmyca 3TOI 3Be3JIbI IOC/E JIOCTUXKEHUsT UM BeJIMYHHBLI pajimyca mosioctu Porra. PacdeTn
[MOKA3bIBAIOT, YTO YOBLIb MACCHI 3a €JIUHUILY BPEMEHU ¢ JaeTcsd (pOPMYJIOoif

R—Rl n+1/2
—_— 14.2
ox (M) (142)

rJie BEJINYMHA 7 3aBUCUT OT CTPYKTYPBI 3Be3JIbl (TaK HA3BIBAEMBIil «IIOJUTPOIHBII WHIEKCS ).
Mo»KHO TPUHSATD, YTO N = 3, U TOTJIA JIJIsT TOTO, YTOOBI OOMEH MaccaMu MeXKIy KOMIIOHEHTaMU
JIBOMHOIT cHCTEMBI I11eJI B 0oJiee MJIM MeHee IIPUeMJIEMOM TeMIle, HeOOXOIMMO, ITOObI % OBLIO
Menbire (,03. D9To o3Ha4YaeT, YTO HA CTAJIUU SBOJIONUU, KOTJA MACCA IEPEeTeKaeT OT OJIHOIM
KOMIIOHEHTBI KO BTOPOM, PaUyC SBOJIOIMUOHUPYIONIEH 3BE3/IbI JOJIZKEH BCE BPEMSI OCTABATHCS
oYeHb OJIM3KUM K pajiycy moJioctu Porra.

B nepBomM mpuOIMKeHNN MOYKHO HTPUHSATH, YTO B IPOIECCE SBOJIIONMH T'a3, BHIOPOIIEHHBII
9BOJIIOIUOHUPYIONIEH 3BE3/10i, HE TIOKUHET IMPEJIEsIbl IBOMHON CUCTEMBI, T. €. ee MMOJHasd Macca
M = M; + M, coxpansiercd. [Ipu TakoMm BIIOJIHE €CTECTBEHHOM ITPEIIOIOKEHUN PACCTOTHUE
MEXKTy KOMIIOHEHTaMU OyJIeT B IIPOIECCE IBOJIIONUU MEHITHCS COTJIACHO (hopMyJie

_ const
MM — M,)?

a

(14.3)

MozkHO yOeuThCsd, 9TO MUHUMAJIbHOE PACCTOAHIE MEK/Ly KOMIIOHEHTaMU JBOMHOI cucTe-
MBI OYJIeT TOr/a, KOT/Ia B IPOIECcce «IIEPEKAIKI» MACChI OT 3BOIIONUOHUPYIONIEH KOMIIOHEHTDI
K HEIBOJIIOINMOHUPYIOINIEH MacChl 00enX 3Be3]] CPABHAIOTCS.

Kak ke OysieT mpoucxoauTh 3BOJIONNS B TaKOi cucteme? J[1si KOHKPETHOCTH PACCMOTPHUM,
HallpuMep, cjaydail, Korja Macca 3BOJIONMOHUPYIONel KOMIIOHEHTHI paBHA ISTH COJIHEYHBIM
MaccaM, a OTHOIIEHUEe MacC KOMIIOHEHT paBHO 2. Teopermyeckasi 3aBUCUMOCTD PAJINYCa TAKOM
3Be3/1bl (ecsm Obl OHa ObLIA OJIMHOYHON) OT BpeMeHH IpuBe/ieHa Ha puc. 14.2. MoxHO BuieTs,
9T0 «pasbyxaHue» 3Be37bl B IpoIlecce 3BoJonnu mpoxoaut tpu cragun: A) Ilepsast cramus,
CBsI3aHHAs C BBITOPAHMEM BOJIOPOJIa B IIEHTPE 3BE3/Ibl U MeJJIEHHBIM YBeJIMYEeHUEM ee Pa/iny-
ca TI0oCJIe TOrO KaK 3Be3ja CTajia YXOIUTh C [VIABHOMW mocjenoBaTebHocT (cM. puc. 12.2). B)
Bricrpoe pacmupenne 0607109KN 3BE3/bI, CBA3AHHOE CO CXKATHEM ee sIpa II0Ce TOro, KaK TaM
BBITOPEJT BOJOPOJI. DTa CTa U IIPOIOJIZKAETCS JI0 TeX MOP, TIOKA BCJIEICTBUE TIOBBIIIIEHUST TEMITe-
paTyphl C2KUMAIOIIETOoCs Spa BKIIOUATCI TPOWHAs refreBas peakinsd, 0 KOTOPOi pedb Tja B
§ 8. C) Dra crajust HACTYIIAET TIOCJIE BBINOPAHUS IeJIvsl, KOIJIA siIPO HAYHET OISATh CKUMATHCS
1 HarpeBaTbhCd, IOKa HEe HAUYHYTCH fJlepHbIE PeaKIunl Ha YIJIepo/ie.

Orncannast 9BOJTIONUST OJUHOIHON 3Be3/bI Oy/1eT HapyIlleHa TeM paHbIle, YeM OJImKe pac-
MIOJIO?KEHBI KOMIIOHEHTHI JIpYT K npyry. Hampumep, ecam B Halem ciaydae MEpPUOJ] JIBOWHOIM
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14. DBOJIIOLUS 3BE3/] B TECHBIX JIBOMHBIX CUCTEMAX

CHCTEMBbI OKOJIO OJHOIO JHsI, TO yKe Ha CTaJauud A 3Be3a 3al0JHUT CBOIO I0JIOCTH Porra u
HavyHeTCd OOMEeH Maccoil co BTOpoit KoMIoHeHTo. Ecu repuot mopsijika HeCKOJIbKUX JIECSITKOB
JTHEei, To 9To npousoiiger Ha crajaun B. U, Hakoner, ecin mepuos O00JIbIe TpeX MecdAleB — Ha
cragmun C. Bripouewm, cieyer 3amMeruTh, 910 asa C, KOTOPYIO JTOCTUTAIOT B OJMHOIHOM COCTO-
AHUM JIAJIEKO HE BCE 3BE3JIbl, UCCJIEIOBAHA OYEHb ILJIOXO, U MbI 3/I1€Ch ITOU CTa el 3aHUMAThCA
He OyIeM.

B mocnemanne ropl ObLIO BBIIIOJHEHO JIOBOJIBHO MHOI'O YHCJIEHHBIX PACueTOB SBOJIIOIUAK C
0OMEHOM MAacCC B JIBOMHBIX CHCTeMaxX. DTU PacdeThl MOKA3BIBAIOT, UTO CJIEAYeT pa3Indarh JIBa
sTana B TaKOM oOMeHe Macc. BHadajie CKOpOCTh IepeTeKaHusl MacChl OT BOJIIOIMOHUPYIOIIEH
KOMIIOHEHTBI KO BTOPOH O4Y€Hb BEJIMKA; CYILIECTBEHHAd YaCTh MACChl TE€PAETCA IBOJIOIMOHUDPY-
IOIIell KOMIIOHEHTO! 3a BpeMs, Oyin3koe K «imnkaje Kembsuna — Lesbmrosbiay (oM. § 3):

GM? M*

=3-107

t, =
T URL R*L*

JIeT, (14.4)

€ BEJIMYMUHDBI CO 3BE30YKaMU BbIpazKalOTCdA B COJTHECYHbLIX €IMHUIIAX. STO JaeT JJId Cpe,H‘HQIL/'I
CKOpPOCTH obMeHa Macc 3Ha4YeHUe

* * *

M JRL

2 310
1= M

COJIHEIHBIX Macc/TOo/, (14.5)

[To-BupmMomy, B Takoil crajun «ObICTPOro oOMeHa MaccaMHuy» HAXOJIATCA JBONMHDBIE CUCTEMbI
Tumna 3HamMernToit cucrembl [3 JIupel. K Konity sToro 6ypHOro mepuoja B 9BOJIOIUU JBOWHOI
CUCTEMBI OTHOIIEHUE MACC 00enX KOMIIOHEHT CTaHOBUTCs oOpaTHbiM. Ecin BHaYa/e, HATTpUMED,
9BOJIIOIIMOHUPYIOIIAsl KOMIIOHEHTa CUCTEMbI ObLIa BJIBO€ MacCHBHEE BTOPOW KOMIIOHEHTBI, TO K
KOHITYy 9TOTr0 TMePHo/ia OHA CTAHET BJBOE MeHee MACCHUBHOM.

B nmasnpHefieMm sBoJIIONUs B TaKOil cHUcTeMe IOWAeT 3HAYUTE/ILHO MeJJIEHHee U CKOPOCTh
nepeTeKaHnsl MacChl CJIBHO YMEHBIUTC. BMecTe ¢ TeM CBETUMOCTD y2Ke CTaBIeil MeHee Mac-
CUBHOI1, 9BOJIIOIIMOHUPYIOIIEH KOMIIOHEHTHI U3MEHUTCs MaJio. /yimresbHocTh 9T0# (hasbl 9BOITIO-
1 06Pa30BABIIIETOCH TAKIM 00pPa30M «CyOTHraHTa» MPUMEPHO TaKas ¥Ke, KaK U JJINTETbHOCTh
9BOJIIOIMH [T€PBOHAYAJILHO 00JIee MaCCUBHON 3BE3JIbI, KOTJIa OHA <«CIIOKOWHO» CHJesia Ha IJ1aB-
HOI1 nocsegoBarenbHoCTH. OIHAKO IO CPABHEHUIO CO 3BE3/I0i TOM »Ke MacChl, IIPUHAIIeXKaIeit
K TJVIABHOI MOCJIeI0BATE/LHOCTH, KOTOPas MOJIYUYHIach Mocje «oOMeHay, CyOruranT nMeer pas
B 10 GOJIBIIIYIO CBETHUMOCTb.

MpI ceitgac ommcasii 9BOJIIOIUIO IBOMHOI cucTreMbl Ha ctaauu A. Ctaausa B mporekaer mo-
pa3HoMy y 0oJiee MACCUBHBIX U Y ME€Hee MaCCUBHBIX 3Be3/1. Pas3uuria oobsacHsaeTcsd TeM, 9To, KaK
MBI BUJIETN B § 12, B IIpoIecce 3BOJIIONIE y MeHee MaCCHBHBIX 3Be3]1 00pa3yeTcs CBEPXILIIOTHOE
BbIpO2KienHoe 1po. Paza ObicTporo obMeHa Maccoi OyJieT obIeil JIisd BceX 3Be3I, ecJin OOMeH
HAaUYMHAeTCd Ha ctaauu B. 3areMm, o/lHAKO, HACTYHAIOT pasjudus. ¥ 0ojiee MACCUBHBIX 3BE3]L
TEMII JIaJIbHEIIel SBOJIIOIUN MTPOTEKAeT 3HAYUTE/ILHO OblcTpee. Ecu repBoHavdabHag Macca
SBOJTIONMOHUPYIOIIEN KOMIIOHEHTHI ITPEBBIIIAET TPU COJTHEUHBIE MACCHI, TO MOC/Ie BKIIOYEHNSA B
sJIpe TPOMHOI re/TMeBOit peaKIny pacIImpeHe 3Be3/Ibl OCTAHABINBAETCS U CKOPOCTh BHITEKAHUS
MacCChI C ee TIOBEPXHOCTH PE3KO 3aMeJIJIsIeTCs U JlazKe ITPEKPAIAeTCs] COBCEM.

Takas 3Be3na, Kak moJaraet nojbckuii acrponom B. Ilaumuckuii, Mmuoro paborasiiuii B
9TOi obJ1acTu, Oy/IeT MOX0oXKa Ha TaK Ha3blBaeMylo 3Be3jy Tuiia Bosbda — Paite — BecbMa ro-
paUnii OOBEKT, B CIIEKTPE KOTOPOT'O HAOJIOIAIOTC MUPOKUE TIOJIOCHI n3rydenusd. Ecimm ke mac-
ca MEepBUYHON 3Be3/Ibl CPABHUTEILHO HEBEJIMKaA, OBICTPOE paciiupeHue ee 000J0UKH Ha CTaUU
KPACHOI'O T'MT'aHTa OCTAHABJIUBAETCH 110 JIPYTOil MPUYUHE: HACTYIAeT BLIPOXK/IEHUE B 00JIACTH
snipa 3Be3/bl. U B 9TOM cilydae CKOPOCTb BBITEKAHMS MacChl PE3KO 3aMEJJTUTCS. 3Be3/a OyIeT
U3/Iy9aTh 3a CYeT BOJOPOJHBIX DeakIuii B TOHKOH 000JI019Ke, OKpyzKaromeil sapo (cm. § 12).
CBeTrMOCTD IBOJIIOIUOHUPYIOINIEH 3Be3/1bl Oy/1eT mocTaToqHO Besmka: pa3 B 100 Gosbine, dem
CBETUMOCTD 3BE€3/Ibl TAKOU K€ MAaCChI, HAXOAAIENCA Ha TJIABHOW MOCIEI0BATEAbHOCTH.
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Puc. 14.3. CxemaTudeckoe IpejIcTaBIeHNe Ma30BbIX [TOTOKOB U JUcKa B cucteme [3 JIupsor.

NuTepecHo oTMETHTD, YTO K KOHILY 9TOi (ra3bl Macca MPpO3BOJIIONHOHUPOBABIIEH KOMIIOHEH-
ThI CUJIBHO YMEHBIIAETCsT: OHA MOYKET ObITh B IIATH U Jiazke B 10 pa3 MeHbIIe MacChl BTOPUYIHOI
KOMIIOHEHTBI, «BOOpaBIeil» B cedsA CYIIECTBEHHYIO YacTh IepPBOHAYAIBLHON MACChl CBOEH «CO-
cesikny. «Harorasimascsy coceJICKUM BeleCTBOM BTOPUYHAS KOMIIOHEHTA BCe elre OyJIeT ocTa-
BaTbCd Ha IVIABHOH IIOCJIEA0BATEJIbHOCTH, IPUYEM N3-3a CYIIECTBEHHO YBeJIMYUBIICHCA MacChl
€€ CBETUMOCTb MOZKET JIa2Ke [IPEBOCXOAUTH CBETUMOCTD IIPO3BOJIIOIIMOHUPOBABIICHT KOMIIOHEHTHI.
Vmenno Takasi cuTyarus HaOJII0JaeTCsd B TECHBIX JBOMHBIX CHCTEMaX TUIa AJINOJIsd.

Ha zakmounTesbHOM 3Tare, KOrja B SBOJIOIMUOHUPYIONICH 3B€3/1e OCTAHETCS COBCEM MAaJIO
MacChl, €€ PaJINyC HATHET YMEHbINIATHCA U OHA, MO-BUIUMOMY, IIPEBPAIIACTCA B OEJIBI Kap/ UK.

HabpocanHasi BbIllle KapTHHA SBOJIIONNN JIBOWHBIX CHCTEM Ha cTajuax A u B momrsep:kia-
eTCsl OIPOMHBIM KOJIM4YecTBOM Habsrojienuii. B wacTHOCTH, 9TA KapTUHA HEIPUHYKJIEHHO 00b-
SICHSIET JITABHO U3BECTHBIN SMIIMPUIECKUil (DAKT, 9TO N3OBITOYHAS CBETUMOCTD IBOJIIOIUOHUPYIO-
1mieli KOMIIOHEHTBI TeM GoJIblle, YeM MeHbIie oTHomenne Mace My /Ms. ViaTepectbie mpobiemMbl
BO3HUKAIOT IIPU aHaJIN3e TaJIbHEHNIeil 9BOIOIUN BTOPUYHON KOMIIOHEHTHI. [les10 ocsioxKHsaeT s
TEeM, UTO MEPETEKAIONNN Ha BTOPUIHYIO KOMIIOHEHTY T'a3 HECeT ¢ CODOM OOJIBINON BpalaTe/ib-
HBIII MOMEHT, OOYCJIOBJIEHHBIHI OPONTAJIbHBIM JIBUXKEHUEM, TEPSIONIE Maccy dBOJIIOIUOHUPYIO-
meit 38e3/1bl. [1o 9Toit mpuyunHe BOKPYT BTOPUYHON KOMIIOHEHTBI MOYXKET 00pa30BaThCs OBICTPO
BPAIAIONIUICA Ta30BbIil JIUCK, KOTOPBIII KaK Obl «aKKyMYJUpPyeT» B cebe OOJIBIIYIO YacTh W3-
Opirounoro Momenrta (puc. 14.3). B mpeiesbHOM ciiydae, KOrJa CYIIECTBEHHAsI YacTh MacChl
9BOJIIOIMOHUPYIOIIEH KOMIIOHEHTBI 1 ee OpOUTaIbHOIO BpallaTe/bHOIO MOMEHTa Iepeiiaer Ko
BTOPOII KOMIIOHEHTE U B OKPYZKAIONIUI ee OBICTPO BPAIIAIONINNCI Ta30BbIi JIUCK, PACCTOTHUE
MezKJIy KOMIIOHEHTaM# 3HAYUTeTbHO (B 3—4 pasa) yMmeHbITCA. [Ipu 95TOM MOKHO OIEHUTH,
YTO CBBIIIE TOJOBUHBI MAaCChI JIBOMHON CUCTEMBI U IO KPaWHER Mepe MOJOBUHA €€ BPaIllaTe/IbHO-
o MOMEHTa OYIyT COCPEOTOUYECHBI B TA30BOM JIUCKE. 3aMETHUM, UTO HAJUYIHE TIJIOTHBIX Ma30BbIX
JINCKOB U KOJIEI[ B JIBOMHBIX CUCTEMaX JIOKA3bIBACTCsI HADJIIOIECHUSIMHU.

Berrirre 66111 06prcoBaHbl OCHOBHBIE TEHJICHITMH IBOJIIOIUU 3BE3]] B TECHBIX JIBOWHBIX CUCTE-
Max. Bripodewm, ciiejlyeT OroBOpUTBCS, UTO MOHATUE «TECHBIN» BOBCE HE O3HAYAET «I'€OMETPHU-
9eCcKyI0» OJIM30CTh KOMIIOHEHT. «TecHOlt» MbI Ha3bIBaeM TaKyIO CUCTEMY, Y KOTOPO IBOJIIOIHU-
OHHUPYIOIIAsa KOMIIOHEHTa Ha KaKoi-HHOyIb (hase 3aIl0JHUT CBOIO 1010cTh Porma. Ho Mbl yike
Bugiesn, ato #Ha craqun C (eMm. puc. 14.1) 970 MOXKeT IPOU30ATH, KOT/Ia PACCTOSTHUST MEK Ty KOM-
MMOHEHTAMU MOPAIKA aCTPOHOMUYECKON €JIMHUIIBI, & TIEPUO/IbI OOPAIEHUs 110 OPOUTAM UCUIUC/TS-
10Tcd rojaMu. 11loaTomy, ¢ TOYKN 3peHusi 3BE3/IHON SBOJIIONUHU, OOJIBIITMHCTBO JIBOWHBIX CUCTEM
SIBJISTIOTCS «TeCHbIMU». CYIIECTBEHHO MOTIEPKHYTh, YTO PACCMATPUBABIIASICS BBIIIE IBOJIIOIUS
TaKUX CHCTEM HOCHT MEJIJICHHBIH, CIIOKOWHBIH, OTHIOAb HE KATaCTPOMUIECKUN XapaKkTep.

Mexk 1y TeM acTpoHOMaM yzKe JaBHO M3BECTHBI KJIACCHI PE3KO HECTAIIMOHAPHBIX 3BE3]1, KO-
TOpBIe 6ce2da BXOJIAT B COCTAB JIBOMHBIX CHCTEM W He HabJIIOIAl0TCS KAK «OJMHOIHUKHY». DTO
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HOBBIC U HOBOIIOJ0OHBIE 3BE3/Ibl, a TaKKe BCIbIxuBatomue 38e3/bl Tuna U Biunsnenon. J[Boii-
HbIE CUCTEMBI, KyJa BXOJSIT 9TU CTPAHHBIE OObEKThI, OTJIMIAIOTCS PSIJIOM JIFOOOIBITHBIX 0COOEH-
Hocreii. IIpexkie Bcero orn, Kaxk mpaBuyio, 00JIa1al0T 09eHb KOPOTKUMHU ITEPUOJIAMI — OOBITHO
MOPsiJIKa HECKOIBKNX dacoB. O0e KOMIIOHEHTHI — KapJIMKOBBIE 3BE3JIbI, PACIIOIOKEHHBIE O9I€Hb
O/IM3KO JAPYyr OT Jipyra. JacTo CIeKTp TakKuxX 0O0bEKTOB JOBOJIBHO <«IO3/HUIT», Kiaacca K wmin
M, Ha KOTOpBIi HAKJIAJIbIBAIOTCH MUPOKUE JTMHUN U3JIYyUEHUS, & TaKKe HElPEPHIBHBIN CIIEKTP
OYeHb Tropsiveil KOMIIOHEHThI. Bce rOBOPUT O TOM, UTO «KpacHasi» KOMIIOHEHTa TaKO CHCTEeMbI
(kapsmk!) 3am0JHSIET CBOIO MOJIOCTh Polla 1 depe3 «BHYTPEHHIOI JIArPAHZKEBY TOUKY» Tepsi-
eT Maccy, KOTopas IepeTeKaeT Ha TOpsavyio KOMIIOHEHTY JIBOWHOI cucteMbl. Kak u B cirydae
«CIIOKOMHOIT» 9BOJIIONNK B JIBOITHOM cucTeMe, BOKPYT 9TOM KOMIIOHEHTHI 00pa3yeTcsi ObICTPO Bpa-
IIAIOTITUICST, JIOCTATOYHO MACCUBHBIN T'a30BbIN JINCK, KOTOPLIM W3/yvdaeT SMUCCUOHHBIE JIMHUM.
«AKTHUBHOIT» KOMIIOHEHTOI B TaKOii CHCTEMe SIBJIIETCS KOMIIAKTHAsSI ropsidasl 3Be3/a, OKPYKeH-
Hasl YKa3aHHBIM JIMCKOM, Ha KOTOPYIO U3 IIOC/IEIHEro IajiaeT IMOTOK BerlecTBa. Iloxoxke Ha TO,
9TO 3Ta KOMIIOHEHTa Y2Ke ITPOIILJIa CBOIO IBOJIIOIMIO U KOT/IA-TO Mepefaia 3HAUUTETbHYI0 YaCTh
CBOEr0 BeIecTBa COceIHell 3Be3se. A Temepb «coceakay B IMOPsJIKe «B3aMMHON JTFOOE3HOCTH
«BO3BpAaIlaeT 0OPaTHO» IIPOIBOJIIOIMOHUPOBABIIEHl 3Be3/le B3ATOE Yy Hee MHOTO MUJIIMOHOB JIET
Ha3a/T BEIIECTBRO.

OTIMInuTeIbHBIM CBOMCTBOM BCIIBIIIIEK HOBBIX M HOBOIIOAOOHBIX 3BE3/I SIBISIETCS UX MTOBTO-
PSIeMOCTh ( «PEKYPPEHTHOCTH» ). IHTepBaIbl MeXK Ty BCIBIIIKAMU Y HOBOIIOJOOHBIX 3BE3]1 OKOJIO
100 ner. MoxkHO moJ1araTh, 9T0 y 00JI€€ MHTEHCHBHO BCIIBIXUBABIIMX HOBBIX 9TH WHTEPBAJIBI
UCYUCIISAIOTCS CPOKAMU IOPs/IKa HECKOJIBKHUX ThICAY JieT. [IoBTOpPsSeMOCTh BCIIBIIIIEK HOBBIX CJle-
JIyeT XOTs ObI U3 TOT'O HPOCTOro hpaKkTa, UTO €:KErojlHOe UX KOJUIeCTBO B ['alakTuKe MMopsiaka
HECKOJIbKUX JIecATKOB. Cle0BaTeIbHO, eciu Obl He OBLIO IOBTOPSIEMOCTH, 33 ITapy MULIAapI0B
ger B ['ajakTuke BCHBIXHY/IN ObI KaK HOBBIE BCE 3BE3JIbI — BBIBOJ, SIBHO aOCYp/IHBIA. SHAUNT,
CYIIIECTBYET HEKOTOPBIN KJIACC 3BE3/l, KOTOPble MHOT'OKPATHO BCIIBIXMBAIOT.

Bpsan nu cireryer comHeBaTHCS B TOM, UTO ITPOIBOJTIOIMOHMPOBABIIIAs, ropguasd KOMITaKTHA
3Be3/1a [IpeJICTaBIsgeT cO00i 00BEKT, CXOIHBIN ¢ OEIbIM KapJIUKOM U BeChbMa OeIHBII BOIOPOIOM
(cm. § 12). Mexkry TeM OT 3aIoJIHAONIEH CBOKO 110JI0CTh Pola KpacHON KOMIIOHEHTBI Ha IIPO-
SBOJIIOIMOHIPOBABIIYIO 3BE3/y BCe BpeMd HajaeT OoraTwlil BomopogoM raz'. I'asz sror, mocie
TOTO KaK OH HaKOIIUTCS B IOBEPXHOCTHOM CJIO€ TOpsveil 3Be3/bl B TeUeHNe COTEH W ThICAY JIET,
MOXKET CTaTh IPUIUHON TEILJIOBOI'O B3PHIBA, HOCSIIETO KaK Obl «JIOKAJbHBI» XapakTep, T. €. He
OXBaTBIBAIOIIETO BCIO CTPYKTYPY 3Be3/bl Kak 1esoro. [Ipu TakoMm B3pbIBe BBIOPACHIBAETCS J10-
BOJILHO 3HAMNTEJILHOE KOJTMIECTBO Macehl, Topsaaka 1041075 macen Cosnia, Kak 3To cieyeT
13 CHEeKTpaJbHBIX HAOJIOMEHNIT HOBBIX 3BE3Jl. 3aMETHM, YTO IIPUMEDPHO TaKas K€ Macca <IIe-
peTevdeTs» Ha TOPAIYI0 KOMIAKTHYIO 3B€3/y OT COCeTHElT KOMIIOHEHTHI 3a BPeMS MKy JIBYMS
BCIIBITITKAMH.

B »T10it uncTo KavecTBEHHOI KapTUHE BCIIBIIIIEK HOBBIX 3BE3]] ellle MHOTOe He scHO. [Ipex e
BCEr0 — YTO 3TO 3a SAJePHbIE PEaKINH, «ITUTaeMbley» HAKAIJIMBAIOIINMCS B MTOBEPXHOCTHBIX CJIO-
X TIPOIBOJIIOIMOHIPOBABIIEH 3Be31bI BogopoaoM? Ha cKOJIbKO BCIBINIEK XBATUT «PECYPCOB»
nBoitHOI cucTeMbl! Ha wro Oymer moxorka Takas cucTeMa, Koraa ¢a3a BCIBIIIKA OKOHIUTCS?
Bce stu mHTEpECHBIE BOIIPOCHI MTOKA €IIe TOJIHKO YKJIYT OTBETA.

Beesapr Tunta U BimsHenoB xapakTepu3yoTesd 3HAYUTETbHO OOJIbIINell 9acTOTO MOBTOPSI-
eMOCTH BCIIBIIIIEK W WX MeHbleil ammymrynoi (puc. 14.4). Tak e Kak U HOBbIE 3Be3/bl B
[epUoAax MEXKJIy BCIBIIIKAME, 3BE3Jbl 9TOI'0 THUIA — OYEHb KOMIIAKTHBIE MOPAIHEe O0ObEKTHI
HU3KON CBETUMOCTH.

[IpumeuaTenbHO, OJIHAKO, YTO NPH BCIBIMKaX 3Be3/1 Tuita U bBiunsnernos ne nabiiomaercs
HUKAKAX CJIEJIOB BBIOpOMIEHHOTO ra3a. C Jpyroit CTOPOHBI, B CIIEKTPaX TUX 3Be3JI, MOJIYYIeH-

! TmaTeapHBIe TOATPUMETPIYECKIe HAOIIOICHIS TOKA3aIN, ITO OBIBINAS HOBAS, BCIBIXHYBIIAS B CO3BE3INH
Tepkyseca B 1934 r., Bpamaercs BOKPYT ocu ¢ epuofoM 142 ceKyHbl, TpUIeM CKOPOCTb BPAIEHUS TOCTEIIeH-
HO pacrer. Takoe GbICTpOe BpallleHUE JIEMKO OObICHSETCs IIOTOKOM Ta3a OT BTOPOH KOMIOHEHTHI (KPACHOrO
KapJIMKA), IPUHOCSIIEr0 GOJIBIION BpAIATebHBIT MOMEHT.
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Puc. 14.4. Kpupas 6secka 3Be3anl SS Jlebensa tuna U Bansnenos.

HBIX B «CIIOKOHMHOE» BPEMsI MEXKJIy BCIIBIIIIKAME, TaK K€ KaK U Yy HOBBIX, HaOJIIOAIOTCA JIMTHUU
n3JIyUeHns, YKa3bIBAIOIIue Ha CYIeCTBOBaHME ra30BOro jucka. [loxoxke, 4To MexaHU3M OBICT-
PO UepeyIonuxcs B3pbIBOB Y 3Be3/ Tuna U BimsHenos coBceMm He Takoil, KaK y HOBBIX. DTHU
3BE3/IbI €I KJIYT CBOUX MCCJeioBaTe el — HabJ/o/1aTeeil 1 TEOPETUKOB.

Takmm 0Opa3oM, IBOJIONNSA B TECHBIX JBOWHBIX CHCTEMAX MOYKET IMPHUBECTH K POKJICHIIO
«CHaMCKUX OJIM3HENOBY , HEKUX MATOJOTMYECKUX <«yPOJIOB», KOTOPhIe MbI HAOJIIO/IacM KakK HO-
BbIe 3Be3Jibl, 3Be3bl Tuna U Biusnenor (cuamckux?) u np. B derseproil wactu 3moit KHUTH
OyayT 0OCYyXKIaThCs erne Oojiee yIMBUTEIbHbIE JIBOMHBIE cucTeMbl. CKa3aHHOIO JOCTATOYHO,
9TOOBI 3aKJIFOYUTh, UTO JBOWCTBEHHOCTH 3BE3/Ibl €CTh PEIIAoNnil (paKToOp, OIpeaessIonuil ee
9BOJIIOTIHIO.

Bompoc o mponcxokieHnn TeCHBIX JTBOWHBIX CHCTEM yrKe JABHO, ellle B KOHIE MPOIILIOTO
BeKa, ObLI TPEeJIMeTOM MHOTOYUCJEHHBIX JucKyccuii. KOHKypupoBaau JiBe TUIOTE3bI: &) COB-
MecTHOe 0OpaszoBaHue 00enX KOMIIOHEHT CUCTEMbI U3 TEPBUYHOIO ra30BO-IIBLIEBOrO obJiaka; 6)
JIeJIEHHe OJIHOM, IepBOHAYAIBHO OUeHb OBICTPO Bpallaloleiicss 3Be3/bl Ha JiBe JacTu. Bropas
TeOpHUsi, KOTOPOI HEKOI[Aa MPUACPKUBAINCH MHOIHE BBIIAONINECS MATEMAaTHKU U MEXaHUKI
(mampumep, I[lyankape), HOCHIA TOBOJIBHO (bOPMAJIBHBIN XapaKTep U CTAJKHBAJIACH CO 3HAUM-
TEJIbHBIMU TEOPETUIECKUMHE TPYAHOCTAMU. [lodTOMY B IMOCIEIHAE JTECATUICTHS TPAKTHICCKU
BCE aCTPOHOMBI MPUJIEPKUBAJINCH, KA3a/JI0Ch OblI, BIIOJIHE €CTeCTBEHHOI I'UIIOTe3bl 00 OHOBpE-
MEHHOM 00pa30BaHuN 00enX KOMIIOHEHT cucTeMbl. [IpaB/ia, Ipu 9ToM BO3HUKAJIA KIaCCHIecKast
TPYJAHOCTb — KakK M30aBUTHCA OT CJIMIIKOM OBICTPOIO OCEBOTO BpaIlleHhsi 00pa3yIOIUXCs U3
mcdysHOoi cpenpt 38e3717 Beab 3Be3bI ¢ Maccoit, Menbieit yem y CosIHIIA, COMIACHO HaOJIIOIe-
HUAM, BpaIlAlOTCsd 04eHb MeJjieHHo. [Ipejaraaoch HeCKOIBKO JOBOJIBHO OCTPOYMHBIX TUIIOTE3
00BbACHSIONINX 3TO 00CTOSTEIHLCTBO, HO OILyIIEHIE HEKOTOPOI HEOIPEIeIEHHOCTH OCTABAJIOCH.

OpHako B camoe IOoC/ejiHee BpeMs, TOUHee, OoceHbio 1982 I. Ha 3TOM, Ka3aJochb Obl, CO-
BEPIIEHHO «CIOKOMHOM y4dacTKe (ppoHTa» MPOU3OILIN OypHbIe coObITud. ['pyIina roytanickux
ACTPOHOMOB C ITOMOIIHIO CKPOMHOT'O TeJIecKona ¢ JiuamerpoMm 3epkaJja 0,9 m na EBporeiickoit 00-
cepBaropun B Uuu mposesia THaTeabHoe (hOTOMETPUIECKOE UCC/IeI0BAHNE 3BE3]1, BXOIAIINX B
coctaB u3BecTHOTO cKotieHus [Lnes. VI3 HecKoIbKUX COTEH 3BE3/1, HAXOSAIIUXCS B 9TOM CKOII-
JIEHUW, U3YYaJIUCh CPABHUTEIHLHO SIPKUE 00BEKTHI IMO3IHUX CIIEKTPAJIbHBIX KjaccoB G U paHHUX
K. Maccpl Takux 3Be3/1 JIMIIb HEMHOrO MeHbIie cosnednoii (1—-0,8 M), B TO BpeMsi Kax TeMIze-
patyps! ux noepxuocteit o3k K 5000 K. CoepiiteHHO HEOKUTAHHO OBLITO OOHAPYKEHO, ITO
BCE 9TH 3Be3JIbl MMOKA3BIBAIOT CTPOTO MEPUOINIECKNe U3MEHEeHHs OJIecKa ¢ aMILIUTY/I0H OKOJIO
0,01 3Be3HOI BeJUYMHBI U C MEpHOJAMU B Ipejesiax OT YeTBepPTH N0 OJHUX cyToK. OjHo-
BpeMeHHbIE CIIEKTpaJIbHbIe HAOIOIEHNsT HEKOTOPBIX U3 9TUX 3BE3]I, BBIITOJHEHHbIE Ha OOIBIITOM
3-MmeTpoBoM pedirekTope JIMKCKOit 0bcepBaTOpU, MMO3BOIUIN IPURTH K OJHOSHAYHOMY BBIBOJLY,
YTO IPUYINHON CTPOTO MEPUOINIEeCKNX Bapualuil Orecka 38e3/1 B 1les1ax siBasieTcss nX 0CeBoe
Bparenne. OJIHO TOJTyTIIapue 3Be3/bl, KaK OKa3bIBAETCsI, HEMHOTO 00JIee sipKO, 9eM JIPYToe, ITo
1 O0bSACHSAET NEePUOIMICCKIEe U3MEHEHUs OJIecKa NPYU BPAIEHUN 3Be3I.

Yo ke gBjIgeTcd NMPUINHON TAKOTO HEPABHOMEPHOI'O pacipeeseHust SPKOCTH 110 JIUCKAM
3Be31! [lepBoe, 9TO IPUXOIUT B TOJIOBY,— MCKATH IPUIUHY B OOJIBIIMX HATHAX (BPOJIE COTHEY-
HBIX, HO TIO0OJIBIIE), MOKPBIBAIOIINX TOBEPXHOCTH 3Be31. OIHAKO, KAK 9TO BUJIHO HA IPUMEPE
Cosana, ITHA BOBHUKAIOT OOJiee MJIM MeHee CIydaitHO, TIO9TOMY CTPOrO TEePHOIMIECKOl Kap-
THHBI Bapuaruii 6jiecka 3Be37] oHn He JiajyT. Mexiay Tem Kpubble OJiecka 3Be3n B [Liesmax
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ocratorcst HemsMeHHbIME 3a 1500 3Be31HBIX 000poTOB! Kpome Toro, amiuturyia Bapuaimii 6Jiec-
Ka He CBA3aHa C BEJIMYMHON 3BE3/IHOIO0 MATHUTHOIO TOJIS, YTO MOXKHO OBLIO OXKHUJIATh, €CJIU Obl
NPUIHHON HAOJIIOIaeMOil TlepeMeHHOCTH ObLI ObI cojtHevnble maTHa. U HakoHer, 061710 0OHAPY-
JKeHO, YTO TeMIlepaTypa MOBEPXHOCTH 3Be3/bl MeHseTcsa npuMepro Ha 100 K 3a muki, Mex Ty
TeM KaK HaJUYINe TEMHBIX ISTEH IPUBEJIO Obl TOJIHKO K 9 MDEKTUBHOMY YMEHBIIEHIIO U3JLy 9ato-
el MoBepxXHOCTU 6€3 U3MEHEHHs €€ TEMIEPATYPhl. DTU 3BE3/Ibl BPAIAIOTCA PUOTH3UTETHHO
B 100 pa3 ObICTpee «HOPMaJIbHBIX» 3BE3J] TOI'O YK€ CaMOI'0 CIIEKTPaJbHOIO KJjacca. Beero ymu-
BHUTEJIbHEE, UTO B Tex ke [Lnesnax cirerka 6ojiee MacCUBHDBIE 3BE3/IbI BPAIIAIOTCA «HOPMAJIBLHOY,
T. €. 3HAYUTETHLHO 0OJiee MeJJIEHHO.

Coziaercs BIeYaT/I€eHUE, UTO 3BE3/IbI POXKJAIOTCS U II€PBOE BPEMsI YKUBYT B COCTOSHUU
OYeHb OBICTPOTO BPAIIIEHUs, & 3aTeM Ha KAKOM-TO 9TAIe BOIIONNN OBICTPO TEPSIOT CBOI Bpalia-
TEJIbHBIII MOMEHT, KOTOPBIil IIepeX0/IUT B OpOUTAIbHBIN. 3-3a OBICTPOro BpallieHus STH 3BE3/IbI
UMeIoT (POPMY CHJIBHO CIUTIOCHYTBIX TPEXOCHBIX IJITUIICOUJIOB, U JaxKe, BO3MOYKHO, IPYIIEBU/I-
HBIX (DUTYD PABHOBECHS, IPUBJIEKABIINX BHIMAHIE HEKOTOPBIX TEOPETUKOB MHOT'O JeCATUIETHI
TOMY Ha3a/I.

DTN UCC/IeIOBAHNS HAXOATCA, KOHETHO, B caMoil parHei cragun. OdeHb BayKHO MIPOBECTU
aHaJIOrUYIHble HAOJIIOJIEHN I APYTUX CKOIJIEHWI M acCOIUAINii, B YACTHOCTH, JJI accoIla-
nun B Opuone. Bozpacr sroit acconmarun npumepno B 10 pa3 menbiie, yem [Liesm. TlosTomy
MOKHO OKH/JIATh, YTO B CTAJMU JIeJIEHUsI TaM Oy/LyT 3Be3/bl HECKOJBLKO Oojiee MacCHUBHbIE (M,
cJIeIoBaTeJIbHO, DoJiee PAHHUX CIEKTPAJBHBIX KJIaccoB), ueM B [lnesmax. U, koneuHo, BO3HU-
KaeT WHTPUTYIOIIAsT BO3MOXKHOCTD TO-HOBOMY TIOJONTH K ITpobsieme obpasoBarus CoJTHETHOM
CHACTEMBI.
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§ 15. OBIIUE CBE/IEHUSI O CBEPXHOBBIX 3BE3/IAX

...B aBajnare BTOpOit JeHb cembMoit JIyHBI mep-
Boro rojma mnepuoma Ilu-Xo dAur Beiits ckaszau:
«IIpocrupaio cBotO IEpCOHY HUIL: 5T HAOJIIOJA B CO-
3esun TBeH-Kyan siBjienne 3Be3jbl-roctbu. OHa
Obura ciierka pajrykHoro 1Bera. CorjiacHO pac-
MOPSAKEHUIO UMIIepaTopa s MOYTHUTEJIbHEllle cle-
JlaJl UpejcKa3aHue, CBOJMAIIEeCs K CJEIYIONEMY:
3Be3sa-rocTbsi He HapymuT AjbaebapaHa. To
YKa3bIBAET, ITO CTPaHa 00peTeT BeJUKYIo cuiry. Z
[pOoIITy, ITOOBI 9TO IMpeJICKa3anmne ObLIO MEPEIAHO
Ha, XpaHEHUEe B JIEITaPTaMEHT UCTOPUOTPAdDUMN. ...

(Xponuka Cynb XaHbsi0, cojepzKaliast J0KJIa/] Ha-
JaJbHIKA aCTPOHOMUYIECKOTO JlelTapTaMeHTa NMIIe-
paropckoro Kuras Aur BeliTs o ero nabsronenusax
Csepxuosoii 1054 roma. VMcropust jeiicTBUTEILHO
COXPAHMJIA CJIEJbI ITOM BCIBIIIKHU, HAOII0aeMO B
Harmu q1an Kak KpaboBuaHass TyMaHHOCTh — II0XKa-
JIyil, caMblii HHTEpeCHBI 00bekT B [aakTuke...)

C He3allaMATHBIX BpeMEH aCTpOHOMaM H3BE€CTHO, YTO BpeMsdA OT BPEMCHH Ha He6e IIOABJIA-
I0TCS 3Be3/IbI, JI0TOJIe He HabJogaBImecsd. B Tex ciydasx, KOrja HEeOKHJIAHHO BCIBIXHYBITAs
3Be3/1a OBIBAET JOCTATOYHO SIPKOil, OHA «HAPYIIACT» MPUBLIYHYIO KOH(MDUTYPAIUIO CO3BE3INA, B
KOTOPOM OHa, BCIIBIXHYJIA, U HEBOJILHO OOpaIaeT Ha cebs BHUMAHUE JIIOJIeH, XOTS U JIAJEeKIX OT
ACTPOHOMUY, HO 3HAIONIMX 3Be3/iHOoe HeOO. 3aMeTuM, OJHAKO, UTO TAKUE sIPKUE BCIIBINIKU ObI-
BalOT PEIKO. I/ICTOpI/IquKHe XPOHUKH JOHECJIN A0 HaC CBUAETEJILCTBa O TaKUX YIANBUTEJILHBIX
SIBJIEHUSIX, CJIYIUBIIMXCST MHOTO BEKOB Haza [ (cM. snurpad K 9Toil yacTu KHUTH). B GosbinmH-
CTBE Ke CJIydaeB CTPAHHBIE 3Be3/bI OBIBAIOT CAAOBIMU U PEIKO WX MOYKHO BHJIETH HEBOODY-
JKeHHBIM 171a30M. C JIAaBHUX BPEMEH 3TH YIMBUTE/ILHBIE 3BE3/IbI IOy YU/ HA3BAHUE «HOBBIXY.
Kak y:ke JlaBHO yCTaHOBJIEHO, HOBBIE 3BE€3/IbI — 9TO TaJlaKTUYECKUE O0ObEKThl. B Makcmmywme
OJtecka X abCOTIOTHAS BEJIMYINHA JOCTUTACT 3HAYCHUS —7 U JlaXKe gpdue. ITO 03HAYAET, ITO UX
CBE€THUMOCTDb B JECATKHN M COTHHU TBICAY pa3 IIPEeBLIINIacT CBETUMOCTD COHHH&. qepe3 HECKOJIb-
KO MeCAIeB ux 0JIeCK CUJIBHO MAaJIaeT U HAKOHEI[ OHU «CTaOUIHM3UPYIOTCA» KaK KapJIUKOBBIE,
ropsvne 3Be3/I0YKN OYeHb HU3KOI CBETUMOCTHU. Y2Ke JIOBOJILHO JABHO OBLIO MOKA3aHO, UTO I10-
JIABJISTIOIee OOJIBIIMHCTBO (€C/IM He BCE) HOBBIX 3BE3J] IPEJCTAB/ISIOT COOON TeCHbIe JBOHbIE
CUCTEMBEIL. E}KGFO,Z[‘HO B HalIei 3Be3,[[‘HOI7‘I cucremMme — FaHaKTI/IKe — BCIIBIXUBaCT HECKOJIbKO JeCAT-
KOB HOBBIX 3B€3/1, [IpUY€M TOJIbKO MaJlasd UX 9aCTb JOCTYIIHa aCTPOHOMUYICCKUM Ha6.HIO,ZLeHI/IHM,
TaK KakK OOJIBINMMHCTBO UX BEChbMa YJIAJIEHO M CKPBITO OT HAC ITOTJIOMIAIONIEH CBET MEK3BE3IHOI
nbLIeBoit cpegoit. B § 14 Mbl y2ke HeMHOrO OecemoBasi 06 9TUX 3BE3/aX B CBA3U C MPOOJIEMOi
9BOJIIOIUU B JIBOMHBIX 3BE3HBIX cucTeMax. HarmoMHUM, 9TO OJHU U Te YK€ HOBBIE 3BE3IbI BCIIbI-
XUBalOT MHOI'OKPATHO, Y€epe3 JOBOJIbHO 3HaYUTEJ/IbHbIC ITPOMEXKYTKU BpeMeHU, HUCUHUC/IdeMbIe
COTHAMU U ThICAYaMHM JIET. CyHleCTBeHHO IIOYEPKHYTh, OJJHAKO, 9YTO IIpU BCeit I'PaHJIMO3HOCTU
SIBJIEHUS TAKOW BCIIBIINKU OHO HE CBA3AHO C KOPEHHBIM M3MEHEHHEM CTPYKTYPhI 3BE3J/Ibl U TeM
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boJtee ee paspyirerueM. [locie odepeHO BCIIBINIKK 3Be3/1a BO3BPAIAETCSA IPUMEPHO B TO K€
COCTOsTHIE, B KOTOPOM OHa, IIpeObIBaJia JI0 BCIBIMKHA. VI3peiKa, 0HAKO, acTPOHOMBI HaO/II0Ia10T
Henm3MepuMo OoJjiee IpaHIMO3HOE SIBJIEHIE — B3PBIBBI 3BE3]I, COIPOBOXKIAaeMble PaInKaIbHbIMI
U3MEHEHUSAMHU UX CTPYKTYPhI. K 5TOMY BBIBOLY, OJTHAKO, ACTPOHOMBI TIPUIILIN JAJIEKO HE Cpasy.

Hagasiocs ¢ Toro, uro 31 aBrycra 1885 1. Ha crapeiimieit obcepBaTOpun Halleil cTpaHbI,
HaxojdIeiicss B ropojge Tapry, actponom [apTBur oOHapyKua1 HOBYIO 3BE3/Ly, HAXOIALYIOCS
JIOBOJIBHO OJIM3KO OT sA/Ipa TyMaHHOCTH AHIpOMeIbl. DTa 3Be3/1a uMesa 0JecK 0KoJo 6,5 3Be3 -
HOIl BeJIMYMHBI, T. €. JIOJAU C OCTPBIM 3PEHHeM MOIVIN Obl ee BUJETh 0€3 BCSIKHUX OINTHUIECKHX
UHCTPYMEHTOB.

Bummmast 3Be3Hast BeimanHa Beeil TymMaHHOCTH AHIpoMeasl 6Jin3Ka K 4,5 BeJIUIUHBI. DTO
O3HAYAET, YTO IOTOK M3JIyUEeHHs OT BCIILIXHYBIIEl HOBOI 3Be3/bl OBLT BCero Juiib B 6,25 pasa
MeHbIIIe, YeM OT Bceil TymaHHOCTH. Tak Kak He I0JIJIeXKaJi0 COMHEHUIO, YTO 3BE3/1a BCITBIXHY-
JIa 6 Camotll MYymMarHocmu, TO 3TO O3HAYAET, UTO ee ceemumocms Oblia B 6,25 pasa MeHbIIe
CBETMMOCTH TYMaHHOCTH AHIPOMEJTHI.

Hu lapTBur, Hu ero coBpeMeHHUKH eIlle He 3HaJIi, 9TO TYMAHHOCTh AHJIpOMeIbl — 3TO He
IIPOCTO «KJIOYOK CBETHINNErOCs BEIIeCTBa», PACIIONOKEHHbBIH cpaBHUTEIbHO O/1u3K0o o1 CoJiHila,
a TUTAHTCKUI 3Be3/THBINT OCTPOB, HACUUTHIBAIOININI HECKOJIBKO COTEH MUJLINAP/IOB 3Be3/1. Toria
caMO CJIOBO «TaJlaKTHKa» ele He cylecTBoBaso. [lpasna, eme co Bpemen JlamGepra (XVIII
BeK) B ACTPOHOMWH IOJIY9IH/Ia PACIIPOCTPAHEHNE KOHIIEIIINS «OCTPOBHBIX BCEJIEHHBIX», COTTIAC-
HO KOTOPOW y2Ke U3BECTHBIE TOIJA CIUPAJIbHBbIE TYMaHHOCTU IPEJICTABJIAIOT OO0 OrpOMHDIE
KOJIJIEKTUBBI 3B€3/I, IIOTPY2KEHHBIE B Ta30BO-IIBLIEBYIO, BeCbMa pa3pexkeHHyto cpeay. CoraacHo
9TOI KOHIenun Hamma [asakTuka, Hab/rogaeMast B Buje 1mosiocbl Miuteanoro IlyTu, Takas »xe
«OCTPOBHAsI BCeJIeHHasA», KaK M BeCbMa yIaJeHHble OT Hac cuupajbHble TymManHocTH. OIHAKO
riryookas ujes JlambepTa HOCHIIA YUCTO YMO3PHUTEIbHBIN XapakTep. Pusmiyeckn 000CHOBAHHO-
r'o METOJIa OIPEJICJICHUsT PACCTOAHUI 70 CIIUPAJIBHBIX TYMaHHOCTEl TOr/Ia ere He ObL10. ToIbKo
B HadaJie 20-X T'OJIOB HAIIEro CTOJIETHS KOHIIEIIUsT «OCTPOBHBIX BCEJIEHHBIX» ObLIa JIOKa3aHa 1
craJjia TPOYHBIM 3aBOCBAHUEM HAYKU.

[TosTOoMy MBI JIOJIZKHBI IIPEXKJIE BCEI'O YAUBUTHCS I'DAH/IMO3HOCTHU siBJIEHMSI, HaOJIIO/IaBIIIe-
rocst TapryckuM actpornomoM. Ilomymars Tosibko! Benp TymanHOCTE AHIpOMETBI, KaK ceidac
M3BECTHO, yjajeHa oT Hac Ha paccrosaue 600 000 1c, T. e. ¢BBIIE 2 MIJJIMOHOB CBETOBBIX JIeT!
M BOT Ha TAKOM UYJIOBUIIHO OOJIHIIIOM PACCTOSIHUM BCIIBIXUBAET 3Be3J1a, KOTOpas UyTh JIK HE
BHJIHA IPOCTBIM TJiazoMm! 3aMeTwM B 9TOH CBs3HM, YTO Jarke caMble FPKHE 3Be3/Ibl, KOTOPbIE
ObLIN OOHAPYKEHBI B 9TO TyMaHHOCTH (4YTO, KCTATU CKAa3aTh, MOCIY?KUJIO OCHOBHBIM JIOKA3a-
TEJIbCTBOM CIPABEJIMBOCTU KOHIIEIIINE «OCTPOBHBIX BCEJICHHBIX» ), MMEIOT HIHUTOXKHO MAaJIyIO
BUJINMYIO 3Be3/HYI0 BeJnduHy mopsiika 20. A Bce 3Be3/Ibl 9TOI IMTaHTCKON TaJaKTHKH (mpe-
BOCXOJIAIIEl Hamly [amakTuKy, TakyKe gBJSAIONLYIOCS TUTAHTCKUM OOBEKTOM), YHUCJI0 KOTOPHIX
COCTABJISIET COTHU MUJLIUAP/IOB, U3JIydasu Bcero Jiiib B 6,25 pasa OoJiblie, ueM OjHa 3Be3/1a.
Bor 3ro ¢eitepsepk!

U3 nabsrojenuit lapreura MOxKHO OBLIO BOCCTAHOBUTHL Kpusylo baecka (T. €. 3aBUCUMOCTD
3BE3IHOI BEJMUYMHBI OT BPEMEHH) 9TOi 3Be3ibl. Tak, HampuMep, 3a JBe HeJeJn J0 MaKCUMyMa,
ee OJIeCK cOOTBETCTBOBaJ 9-i1 3BE3/IHOI BeJIMYUMHE, B TO BpeMs KaK 3a I'oJl JIO 9TOI'0 Ha MeCcTe
9TOM 3BE3/bI HUYEro HeJIb3sI OBbLIO OOHAPYKUTh — 3HAYHUT, OHA ObLIa ciadee 15-if BeJIMIUHBI.
Hauunast ¢ mapra cieayiomiero, 1886 1. 3Ty 3Be3/ly yKe HeJb3sl ObLIO OOHAPYKUTH JaKe B
caMble DOJIBIIINE TEJIECKOIIbI.

B nocsieiame necatuiieTrst B TMTAHTCKOM yIa/IeHHON 3BE3/IHOM CUCTeMe TYMaHHOCTH AHIPO-
Me€/IbI CUCTEMATUIECKH HAOIIOIAIOTCS OOBIYHbIE HOBBIE 3Be3/Ibl. B MakcuMyMme Oj1ecKa OHE ObIBa-
10T 17—18-ii 3Be31HOI BesimauHbI. VX HAOII0/1a€TCS €3KEroIHO HECKOJIBKO JIECITKOB — ITPUMEPHO
CTOJIBKO K€, CKOJIbKO BCIbIXuBaeT B Hameil [amaktuke. Orcionga ciaemayer, aro Hosast 1885 1.
JIeficCTBUTEIBHO TIPeJICTaBIIsiyia cOO0I COBEPIIIEHHO HE3ay Psi/IHOE sIBJIEHHE — OHa ObLjIa ITPUMEPHO
Ha 12 BeJTM9IuH sipue OOBIYHBIX HOBBIX. DTO O3HAYAET, UTO €€ CBETUMOCTb B MaKCHMyMe OJiecKa
OblIa B JIECATKH THICAY pa3 OOJIbINE, 9eM Y OObIUYHBIX HOBBIX.
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Mexkmy 1885 u 1920 rr. HabJ110/1a/I0Ch HECKOJIBKO BCIIBIIIEK SPKUX HOBBIX B OJIMZKAMIIINAX
K HaM BHETaAJaKTUIEeCKNX TYMAHHOCTAX — TraJlakKTHKax. B BbICIIEll cTelleHn MHTepecHOi ObLIa
BCIIBIINKA TakKoil 3Be3/1bl B miosie 1895 1. B Tymannoctu NGC 5253. Dta 3B€371a, MOy IUBIIAL
nasBanue 7Z llenraBpa, B MakcuMyMe OJjiecKa mMesIa 3BE3IHYIO BeJIMIuHy, paBHyio 7,2. Becbma
J06O0IBITHO, uTo caMma rajakTuka NGC 5253 na usth Besnuun (1. e. B 100 pas!) ciabee. Ipas-
Jla, 9TO KapJIMKOBasl TaJlaKTUKa, He YeTa TyMaHHOCTH AHJpome bl win Hameil [ajakTuke, HO
BCe K€ TaM MMEeeTCsl HECKOJIbKO MUJLIMAPIOB 3Be3J. 3HAUUT, OJHA 3Be3/la B T€UE€HUE KOPOTKO-
ro BpeMmenu usiaydasia B 100 pas Oosblle, deM MULIHAPILI 3Be3]1 Beeil 9Toil rajgakTukn! Ecth
gemy yauBisiThes. Vcropus mosropsiercs: B 1972 1. B Toit ke rajaktuke NGC 5253 Bebixmy-
JIa Jipyrad 3Be3ja, OJecK KOTopoil goxoami 1o 8™. DTa 3Be37a Chir'pajia BbIIAIONIYIOCH POJIb B
Pa3BUTUU HAIKMX IPEJICTABICHUN O MPHUPOJE TaKuxX 00beKToB. MI60 B HAIM JHU TEXHUKA aCT-
pOHOMUYECKUX HAO/IIO/IeHn Hen3MepuMo Boite, deM B 1895 1. ... Hosas 3Be3na B8 NGC 5253
cTaja 00bEKTOM SPOCTHOM aTaKu Ie/I0il apMUU aCTPOHOMOB, KOTOPbIE TIIATEILHO UCCIIEI0BAIN
ee M3JIyUeHrne B CAaMbIX PA3JIMUHBIX YIACTKax crekTpa. Omyb/mKoBaHHbIE PE3YIbTaAThI TPUBETH
K 3HAYUTETLHOMY IPOI'PECCy B MOHUMAHHUH ITPUPOJIBI STUX OOHEKTOB.

Bcero 3a nepuos 1885—1920 rr. 66110 00HAPYKEHO B Pa3HBIX TaJaKTUKaX 0K0JI0 10 Takmux
BCIIBINICK. BenbImKkn HaO/TIOMa/IMCh B TAJIAKTHKAX CAMON pas3IndHoil (pOPMBI — SJITUNITUYIECKUX,
CIUPAJIBHBIX, HEMPABUIBHBIX. YK€ U3 3TOr0 HECOBEPIIEHHOIO Psijia HaOJIIOJEeHNI MOXKHO Cclle-
JIATh OYeHb BarKHBIN BBIBOJ: TaKue (DEHOMEHATBLHOW MOITHOCTU BCIIBIIIKH TPOUCXOAT IPE3BbI-
vyaitHo pegko. ['pybasi oreHKa 1MoKa3bIBAET, YTO B OJIHON raJIAKTUKE OJHA BCIIBIIIKA CJIYJIaeTCs
B CP€JIHEM OJIMH Pa3 3& HECKOJILKO COTEH JIeT.

Ha ocnoBanum onmcaHHbBIX BbIIIE OCHOBHBIX HaO/II0aTEeIbHBIX JaHHBIX B 1919 1. n3BecTHBIH
MBEJICKUIT acTpoHoM JIyHAMApPK BBIJIBUHYJ THIIOTE3y, UTO B TaJIAKTHUKAX, KPOME «OOBIUHBIX
HOBBIX 3BE3]I», YaCTOTa BCHBINIEK KOTOPBIX JOBOJILHO BEJINKA, U3PE/IKA BCITBIXUBAIOT 3BE3/IbI,
CBETUMOCTh KOTOPBHIX B MaKCUMyMe B JIECATKH ThICSAY pa3 OoJIbIIIe.

B 1934 r. amepukanckue acrponombl L[Bukku n Baane npenmoxkuim takue 3Be3bI HA3BI-
BaTh «CBEPXHOBBIMHU». XOTsd 9TOT TEPMHH, 110 MHEHUIO aBTOPa HACTOAINEH KHUIH, JTOBOJHLHO
OecCcMbIC/IeH, OH TOJIYUMI IMUpoYaiiliiiee pacpocTpaHeHne U ceidac siBJISIeTCsI OOIIeIPUHITHIM
J1J1si 0003HAYEHUsT T'PAHINO3HOIO sIBJIEHUSI B3PhIBA 3BE3/I.

B nameit ['anaxTuke, sBIIgOMIEiCS TUTAHTCKOM 3BE3HOM CUCTEMOIA, JINIIIL HEMHOTUM YCTY-
HaroIeil TyMaHHOCTH AHIPOMEIBI, TAK¥Ke BPeMsl OT BPEMEHU JIOJIZKHBI TTPOUCXOIUTE BCIIBIITKH
CBEpPXHOBBIX 3Be3s. Ho, Kak y»ke yKa3bIBaJIOCh BBIIIE, 9TO OYEHb pejikoe sBjeHue. C apyroii
CTOPOHBI, €CJIN JlayKe ¢ TAKOTO OIPOMHOIO PACCTOSHUS, KaK PACCTOSHHE JIO0 TyMaHHOCTH AH-
JIPOMEJIBI, BCIBIIIKA CBEPXHOBOI IMOYTH YTO OBLIA BHUJIHA HEBOOPYKEHHBIM I'JIa30M, TO YTO XK€
MOXKHO OYKUJIATh, €CJI OHA BCIIBIXHET «PsJIOM», B IIpejiesiax Harmeil ['anaktuku? 3mech, npas/a,
HaJI0 CJIeJIaTh OJTHO HEMAaJIOBaXKHOe 3aMedaHue. V3-3a moryonenns MexK3Be3/IHBIMU TTBLJIEBBIMU
YACTHUIAMHU CBET OT YJAJEHHBIX OT HAC FAJIAKTUICCKIX 00bEKTOB OY/IET OU€Hb CUJIBHO OCIa0ICH.
YV HENOCBAIIEHHOTO YUTATEsId MOYKET, KOHEYHO, BOSHUKHYTH BOIIPOC: a IOYEMY 3TO HE ITPOUC-
XOJUT B CJIy4ae, €CJIU CBEPXHOBBIC BCIIBIXUBAIOT B YJIAJEHHBIX «IyKHUX» TajakTukax! Orser
COCTOUT B TOM, 4TO HaIa [‘ajakThKa 1moo0HO JIPYTUM CIIUPAJIAM IIPEJICTaBIsgAeT coOOi BechbMa
yIjoneHuyo cucreMy, a CoJtHIle HAXOJUTCS BCEro JIUIIL B JIECATKE MAapCeK OT ee IJIOCKOCTH
CUMMETPHH. XOPOIIeil MOJIETbI0 MOXKET CJIYKUTh OYeHb TOHKUN JUCK, HAIIpUMED, HaTedOoHHasT
macTuHKa. [lorsomaronas cBeT mpLIeBas cpejia PAcHoJIoXKeHa B OUeHb TOHKOM cjoe. [losro-
MY, €CJTH CBEPXHOBas BCIIBIXHET Ha, «TOM KOHIIE» JIUCKA, €€ CBET OyJIeT MPOXO/UTh MHOT'O ThICAY
rapceK 4Yepe3 MbLIEBOI CI0M M MOYKET COBCEM IOTTIOTUThCA. JIpyTHe Ke raJakTuKy, KaK IIpaBu-
JIO, HAXOJIAITCS B HAIIPABJIEHUSX, 00Pa3YIONINX OOJIBIINE yIJIbl C IJIOCKOCTAMU TaJaKTHIECKOrO
nucka. [losromy cBer Oy/ieT MPOXOIUTH Yepe3 IMOIVIOMIAOILYIO CPE/y CPABHUTEILHO KOPOTKUE
OTPE3KH, IIOPANKA COTEH IIAPCEK.

Hecmorpst Ha 9TO, BCHIBINIKa CBEPXHOBOI JOJ2KHA B HaIlleil ['ajakTuke, Kak IpaBujio, COIIPO-
BOXKJIATHCA CUIbHEHM onTudeckuM 3ddexkroMm. Tor ke JlynaMmapk crienuajibHo UCC/IeI0BA
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Puc. 15.1. Kpusasg 671ecka cBepxHOBOii, Bcubixaysmeit 8 1937 r. 8 NGC 1003.

CTapUHHBIC NCTOPHUYECKHNE XPOHUKU C IEJIbIO HaliTu B HUX YKa3aHus Ha BHE3aIIHO BCIILIXMBaB-
e 3B€3/1bl, KOTOPbIE€ B HEKOTOPLIX CJIy4dadX MOI'JIN 6bITb CBE€PXHOBBIMMU. STI/H\I YBJIEKaQTCJIbHBIM
JleJIoM 3aHnMasich u 1o Jlyuamapka (Bua, I'ymGoasar u ap.). Ho Toabko mBegckuii actporom
3HAJI, YTO HAJIO0 MCKATh — OH MCKAaJ JIPEBHUE BCIBIIIKNA CBEPXHOBBLIX 3Be3JI. B CBOUX ITOMCKAX
OH JIOOUJICS BBIIAIOIINXCS PE3YIHTATOB.

Paboramu JIyramapka u ero rocjegoBaTesieil goKa3aHO, 9TO B Halmeil ['ajlakTuke 3a 10-
ciemgane 1000 Jsier HaO/IOMAMCH IO KpaiiHeil Mepe mmecTb cBepxHOBBIX: B 1006, 1054, 1181,
1572, 1604 u 1667 rogax. Ocobyio pojib B UCTOPUH aCTPOHOMUU ChirpaJjia cBepxHoBas 1054 r.,
Ha MecTe KOTOPOI HaxoJuTcs 3HaMeHnTast KpaboBumaHas TymanHocTh — cM. §§ 17 u 19. Ho,
KOHEYHO, sICHO, UTO JIJIsi U3YyUYEeHHUs 9TOI0 YHUKAJIBHOI'O SIBJICHUS JIPEBHUX XPOHUK COBEPIIIEHHO
HEJIOCTATOYHO — HEOOXOMMO OBLIO HAJIAIUTh CIENUAIbHYI0 HAOII0IATEIbHYIO CIIyKOY, YTOOBI
«ITOIKAPAYIUTH» BCIBIIIKIA CBEPXHOBBIX B JIDYTUX 3BE3HBIX CUCTEMAaX, IJIe OHU IIPOUCXOIAT Ha
HaIux riaasax. Mmesd Takmx IMOMCKOB OYeHb IIPOCTA: €CJAN B KayKJI0W KOHKPETHON TajlaKTUKe
BCIIBIIIIKA, CBEPXHOBOM ITPOUCXOIUT BCET'O JIMIITH pa3 B HECKOJIBKO COTEH JIET, TO CUCTEMATHICCKU
«IIATPYJIUPYSI» MHOIO COTEH TaJIAKTUK, B CPEJIHEM KayKJbIA I'Oj MOXKHO HaJeAThCs (ecou He
po3eBarhb!) HAOJIIOIATH OJIHY-/[BE CBEPXHOBbIE. TPYJTHOCTH TAKOIO ITOMCKA, OJHAKO, COCTOUT B
TOM, UTO 3apaHee COBEPULEHHO HE U3BECTMHO, B KAKOW NMEHHO TaJIaKTUKe IIPOU30i1eT BCIBIIIKA.

Brepsbie «ciy»kKOy BCIBIIIEK CBEPXHOBBIX» ocymiecTBuI B 1933 1. LIBUKKM, KOTOPBIN st
9TOM IEJIN UCIOIB30Ba BecbMa CKpOMHBIN 10-110iiMOoBEIi Temeckorr. OH IPOBOINMII CUCTEMATH-
JecKue moucku B 175 miomiaakax Heba, B KOTOPBIX HAXOIMJIOCH OOJIBITMHCTBO CPABHUTE/IHHO
O/IM3KUX K HaM rajakTukK. Takum obpa3om, oH BHUMaTe bHO cjeami 3a 3000 rajakTuk gpue
15-it Bemmunnbl, n3 KOTopbix 700 ObLM spue 13-it BesmauHbl. Pe3ynbTarsl 3Toi MIaHOMEpHOM
paboThl He 3aMeJTUIN cKa3zarThcd. Beero 3a nepuojy 1936—1939 rr. on nabiiiojiast B pasHbIX
raJjaKkTUKax 12 BCIIBIIIEK CBEPXHOBBIX. Y YNThIBas HeM30€:KHbIE HECOBEPIITEHCTBA CUCTEMBI ITaT-
py/AupOBaHus, U3 cBoux HaOJ0eHnit [[BUKKM c/1es1a)r BaXKHBII BBIBO/I, UTO B CPEIHEM B KaXK 10
raJJaKTUKe TTPOUCXO/IAT O/THA BCIBIMKa B 360 jeT.

Pabory 1[Bukku mpoBou/I B caMoil TeCHO KOOIIEpaIny ¢ ApyruMu acrponomamu. Haiinen-
Hble UM CBEPXHOBBIE CO BCEH BO3MOXKHOI THIATE/THHOCTHIO UCCIEIOBAIUCH (DOTOMETPUIECKH U
CIIEKTPOCKONNYIECKU. Bbutn moJtydeHbl KpuBble GJeCKa 9TUX CBEPXHOBBIX (puc. 15.1), a Takike
ux cuekTpsbl. Ilocie mepepbiBa, BBI3BAHHOIO BTOPOI MIUPOBOil BOIHOM, HcceI0BaHnsd ObLIN BO3-
obnossieHbs! B 50-X romax ¢ 6oJjiee COBEPIIEHHBIME HAOJIIOIATETLHBIME CpeicTBaMu. KormdaecTBo
BHOBb OOHAPYKEHHBIX CBEPXHOBBIX PE3KO YBEJIUYUIOCH. TakK, HAIIPUMED, eC/id 3a IepHuojl, Bpe-
Menn 1885—1956 rr. Bcero ObLIO oOHAPY2KEHO H4 CBEpXHOBLIX, TO Mex 1y 1956 m 1963 rr. mx
ob110 obHapyKeHo yxke 82. K 1983 1. Bcero 6nL10 3aperucrpupoBano oKojio H00 CBEPXHOBBIX.

ODTHU UCCJIeJOBAHUS [IOKA3AJ/M, ITO CBEPXHOBBIE OTHIOAb HE IIPEACTABJISIIOT cOOOI OTHOPOI-
HYIO IpyIIy o0bekToB. [Ipexk e Bcero Kpusbie 6/1ecKa 00HAPYKUBAIOT OOJIBIIOE pa3HOoOOpa3ue.
B niepBom nipubsimzkennu, 1o ¢cBouM HabJII0IaTe TbHBIM OCOOEHHOCTSIMU, CBEPXHOBBIE JIE/ISATCS Ha
nBa tuna. Ha puc. 15.2 npuBejiena cxemarudeckas KpuBas Ojiecka csepxnoBoil [ tuma. Ilocite
OBICTPOTO MOIbeMa IPKOCThH B TeUYEHHe JIJIUTE/ILHOTO BPEMEHH HMOYTH IIOCTOsIHHA. 3aTeM OJ1ecK
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Puc. 15.2. Kpusas 6iecka cBepxHoBoii | Tumna (cxema).

237 —

- ‘\& -
. R

570 3\\ Sse B

7BOf S

B \\\\L\\» i
K | . 9 o
277N ™\

N N
5 Ne NBC4725
%0 . L«& \’Nsczfm
;-3
NN i
zyéf Sap,  \{ neo5907
7 NGC 5236 - ]
2y —
B \\
no
B \ NoD4559 .
] 1 | | 1 i S B i
a m 20 00
/14’4

Puc. 15.3. Kpusbie 6siecka cBepxuoBbix 11 Tuma.

CBEPXHOBOI1 JOBOJILHO OBICTPO AT, IOCJIE Uero JajbHeillnee yBeInvdeHne ee BUIIMMON BeJIi-
YUHBI UJET IIOYTH I10 ﬂHHeﬁHOMy 3aKOHY, 9YTO COOTBETCTBYET 9KCIIOHCHIINAJIbHOMY YMEHbIICHUIO
ceerumocTr. Obparraer Ha cebst BHUMaHME OOJIBIIIOE CXOICTBO KPUBBIX OJIeCKa Y Pa3HBIX CBEPX-
HOBBIX I10c/Ie MakcuMyMa. COBEpPIEeHHO JPYToil TUIT KPUBBIX OJIeCKa ITOKA3BIBAIOT CBEPXHOBbHIE
II Tuna (puc. 15.3). Oun ormmaatorest 6obmuM pazHoobpasuem. Kak mpaBmio, mx MaKCHMYMbI
«yxKe» (T. €. OHM 3aHUMAIOT MeHbIe BpeMenn). Ha 3akmounTesnbHO cTajuu KpuBble GJ1ecKa
CBEPXHOBLIX 9TOI'O THUIIa 3HAYUTEJIbHO KpPYy4Ye. MHOF,ZL& Ha6.HIO,ZLaIOTCH BTOPUYIHBIE MaKCHUMYMbI
u T. 1. OYeHb BEPOATHO, 9TO CBEPXHOBBIE 3TOIO THUIA HE IPEJICTABIISIIOT OJHOPOHON T'PYIIIIEI
00'bEKTOB.

SHas pacCTOSTHUS JIO TaJaKTUK, TJie MPOU3OIIIN BCIBIIKH CBEPXHOBBIX, MOXKHO HAWTU UX
abCOJIFOTHBIE BeJIMIUHBI B MakcumyMe Ostecka. Ouu 6ymskn Kk —20™, 9TO COOTBETCTBYET CBETH-
MocTH, Jloxojsmmelt 10 3 - 10 spr/c — mouTu B JecaTh MUILIHAPJIOB pa3 GoJIbINe CBeTUMOCTH
Cosanal! 3Has KpuBble Oj1ecKa, MOYKHO HAWTH, ITO BCEIO 3a BPEMs BCIIBIIIKHI TaKas 3BE3/a W3-
aygaer 70 10%° spr. YTobbl n31yauTh Takoe KojamdecTso sneprun, ColtIly HaJlo MUAIIAP/L JIeT,
a 3JIeCh OHa OCBODOXKJIAETCH 38 HECKOJbKO MECSIIEB.

OdueHb MHTEPECHON U, HECOMHEHHO, BayKHO SBJISIETCS 3aBUCUMOCTD THITA CBEPXHOBOI OT Xa-
PAKTEPUCTUKHU TaJaKTUKU, B KOTOPOil Mpou3oIiia Benbimka. CBepxHoBble [I Tuna BembxupaoT
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TOJIBKO B BETBIX CIUPAJIbHBIX FAJIAKTHK, MEXK/IY T€eM KaK B JIJTUITHIECKUX U «HEIPABUIHLHBIX»
rajlakK THKAX BCIIBIXUBAIOT TOJBKO CBEPXHOBBIE | THita. 3aMeTum, 0JIHAKO, ITO B CIIUPAIbHBIX T'a-
JakTHKax (HampuMmep, B Hameil [amakTuke) BeobIXuBaloT Kak cBepxHosbie 11, Tak u I Tumos.
Tot dakT, 9TO B JUIMITUIECKUX TAJAKTUKAX BCIBIXUBAIOT MOALKO CBEPXHOBBIE | THIta, cam 1o
cebe BecbMa MHOTO3HaunTe eH. Jles10 B TOM, UTO 110 COBPEMEHHBIM IPEJ/ICTABICHUSIM, OCHOBbI-
BAIOIINMCsI HA T€OPUU 3BE3JIHON IBOJIIONMU ¥ HABJIIOATeIbHBIX JaHHbIX (cM. § 12), B cocraBe
3BE3/IHOI0 HACEJEHUsI TAKUX TaJaKTUK MPAKTHYECKH HET 3Be3/l, MacCa KOTOPBIX IMPEBBIIIAIA
OBl HEKOTOPBIN Tpejiest, Oau3kuit Kk Macce Cosana. B sjamunTudecknx rajakTUKax MOYTH HET
MEsK3Be3/IHOH CpeJIbl, U TT0STOMY HPOIIeCcC 3Be31000pa30BaHns JaBHO YrKe TaM HMPeKPaTHIC .
Ciie1oBaTE/IbHO, 3BE3/IHOE HACEJIEHNE TAKUX IaJIAKTHK — 9TO OY€Hb CTapble 3Be3/Ibl ¢ MaJIioi (He
6ouibIiie costHevdHOi) Maccoit. Korma-To, okosio 10 Mujuinap/ios jier Ha3a/l, KOrJa B SJLIUIITHYE-
CKUX TajJJaKTUKaX OypHO MPOTEKaJ IIPOIece 3Be31000pa30BaHms, TaM POK/IAINCh U MACCUBHDBIE
3Be3/1bl. HO cpokm nx 9BOJTIONNN, KaK Mbl BUJEIU B § 12, cpaBHUTE/ILHO HEBEJIMKW, M OHU JIABHO
y2Ke TPOILIA CTAIUI0 KPACHBIX T'MTAHTOB, MPEBPATUINCH B Oe/ible KaApJIUKU U JIPYTHE «MepPT-
BbIe» OOBEKTHI, O KOTOPBIX pedb OyJeT WATH B HocaeaHeil dacTu sroit kKaurn. OTcioma ciieryer
BaxKHBIN BBIBOJI, YTO CBEPXHOBBIE | THIMA JI0 B3pbIBa — 9TO OYEHb CTapble 3BE3JIbl, Macca KOTO-
pbIX ecym u peBocxoauT Maccy CostHila, To odeHb HeHaMHOTO (ckazkeM, Ha 10—20%). Tak kax
KpUBBIe OJ1eCKa U CIHEKTPHI (CM. HUKE) BCEX CBEPXHOBBIX 9TOTO THIIA YIAUBUTEIHHO CXOITHBI, MbI
MOXKEM YTBEPIKJIaTh, 9TO U B CHHUPAJbHBIX TAJaKTUKax (HApuMep, B HaIlleil) 3Be3/bl, BCIIbIXH-
BaloIle KaK CBEPXHOBbIE | THIa, CyTh OYeHb cTapble OOBLEKTHI CO CPABHUTEIBHO HEOOJIBINOM
MacCCoil.

Yro KacaeTcs 3Be3]I, BCIBIXUBAIONINX KaK CBEPXHOBbIE Il THWma, TO JIOTMYHO C/ies1aTh BbI-
BOJI, UTO 9TO MOJIOJIbIe OOBEKTBI. DTO CJIE/LyeT U3 TOrO MPOCTOro (hakTa, YTO OHU HAXOMATCS B
CHUPAJIBHBIX PyKaBax, IVle U3 Ta30BO-IIBLIEBOI CPeJIbl POXKIAIOTCA 3Be3/bl. OHU HAOJIIOIAI0TCS
B CPABHHUTEJIBLHOM OJIM30CTU OT MeCTa CBOEIrO POXKJIEHUs IIPOCTO MOTOMY, YTO 3a BPEMs CBOeil
JKU3HU elne He ycresan orTyia yitu. [Ipunnvas Bo BHEMaHUE, 9TO OECIOPSIOUHAsA CKOPOCTD
3Be3 (1 00JIAKOB Tasa) B 00JACTH CHHMPaJIbHBIX PYKaBoB Oimska K 10 KM/c, a ToJImHA Py-
KaBa MOpsIJIKa COTEH MapceK, MOXKHO CJIeJIaTh BBIBOJI, ITO BO3PACT 3BE3J], BCIBIXUBAIOIINX KaK
cBepxHoBble 1] Tura, He npeBbINIaeT HECKOJIBKUX JIECATKOB MUJLINOHOB JeT. Ho, ¢ mapyroii cro-
POHBI, JlayKe HUYEro He 3Hasi 0O KOHKPETHOM MeXaHW3Me BCIBIIKU (BepHee, B3PbIBA) 3BE3/IHI,
MOKHO YTBEDPXK/IATh, YTO TaKasl «HEHPUATHOCTb» C HEHl MOXKET CJIyYUThCS TOJBKO II0CJIE TOTO,
KaK OHa COWJIET ¢ IJIABHOU IOCJIEIOBATEIbHOCTH U HAUHET BEChMa CJIOZKHBIN 3aKIIOUNTE/HHBIIHI
stall coeii sposmorun (eM. § 12). Kaxue ke 3Be3/1pl «XKUBYT» Ha TJIABHOI MOC/IEI0BATEIbHOCTI
HE JIOJIBINE, Y€M HECKOJIBKO JIeCATKOB MULTHOHOB JieT? OUeBUIHO, TOJBKO JOCTATOUHO MACCHUB-
HbIe 3BE3JIbI, ¥ KOTOPBIX MAacca BO BCAKOM ciiydae npesbimaer 10 cosnednbix mace (em. § 12).
Wrak, u3 o4eHb MPOCTBIX PACCYKICHUI MbI IIPUNLIA K BBIBO/Y, UTO 3BE3JIbI, BCIILIXUBAIOIINIE
KakK cBepxHoBble Il Tuma,— 9T0 MOJI0/IbIe, OYeHh MacCHBHBIE OOBEKTHI. Korjga oHn HaXOIMJINCh
Ha TJVIABHOH 11OCJIE/I0BATETLHOCTH, OHU MIPEJICTABIIIN CO0OH 3B€3/bI CIIEKTPAILHBIX KiraccoB O
u B, T. e. ropsiane royryosie rurantbl. OHaKO TOT (DaKT, YTO B HEIMPABUILHBIX TAJTAKTHKAX THTIA
MarennanoBbix OOJIAKOB BCIIBIXUBAIOT TOJIHLKO CBEPXHOBBIE | THIIA, IBHO He BIYKETCA C HAPUCO-
BaHHOIT ceiiuac KapTunoil. Be/b y 9TUX rajakTuK O4Ye€Hb MHOI'O TOPSYUX MACCUBHBIX 3BE3J —
[OYeMy Ke TaM He HabJroaTcs ceepxuoBbie 11 Tuma?

Kak y»ke nojuepkuBasoch BbIIIe, B CIydae CBEPXHOBBIX | THIIA BCIBIXUBAIOT OYEHb CMa-
Pole 3BE3JIbI, MACCa KOTOPBIX JIMIIL HEMHOTO TIpeBbIiiaeT Maccy Cosinia. 3aKOHOMEPHbBI KOHEIT
9BOJIIOIUOHHOIO IIyTH TAKUX 3BE3][ — ITO IIPEBPAIICHUE UX B O€JIbIil KAPJIUK C OJHOBPEMEHHBIM
obpasoBaHueM IjiaHeTapHoii Tymantnoctu (cm. § 13). Exeroaao B Hammeii [ajakTuke obpasyercst
HECKOJIbKO IIJIAHETaPHBIX TYMaHHOCTE, CIeJ0BATEIbHO, TAKOe YKe KOJIMIEeCTBO 3Be3]] C MaCCOil
YyTh HOOOJIbINE COJHEYHON KOHYAET CBOI YKU3HEHHBIN ITyTh, IPEBPAIAsCh B OesIble KapJ/IIKH.
U 10J1bKO TIPpUOIM3UTENIHO Pa3 B COTHIO JieT (MOXKeT ObITh, [IPaBJia, HEMHOIO Jaine; cM. § 16)

1I/ICKJ'IIO‘I6HI/I6 MOT'yT COCTAaBJIATH TOJIBKO CaMbl€ IIEHTPAJbHbIC 00/I1aCTH TAKUX TaJIaKTUK.
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IIPOUCXOJIUT BCIIBIITKA CBEPXHOBOI | Tuma, mprudeM BCIIBIXUBAIOINIAs 3Be3/1a JIOJIZKHA UMETh Ty
JKe Maccy, UTO W «IPeJKU» IJIaHeTapHbIX TymanHocteil. Ho 910 o3madaer, 9To TOJIBKO O/iHA
U3 COTHU 3Be3Ji C OJIMHAKOBBIMU (CPABHUTEIHHO HEOOJIBINNMU) MACCAMU KOHYAET CBOIl IyTh
kak ceepxuoBag | tuna. [louemy? B gem ee «marosoruss», T. €. KaKue MPUYUHBI ONPEIEIAIOT
COBEPIIIEHHO OCOOBIN (DUHAJ ee YKUZHEHHOIO IyTH, TaK JpaMaTHIeCKd He MOXOXKUI Ha CyJIb0y
IOJIABJISIIOIIETO DOJIBITUHCTBA ee «IoApyT» ! K 9ToMy BayKHOMY BOIIPOCY MBI BEDHEMCSI B KOHIIE
§ 18. Tam OyeT ciieiana MOMbITKA CBA3ATH BOEIUHO TAKKe, KA3AJIOCh Obl, PA3/JINIHbIE TIPOOIEMbI
acTpou3nKn, Kak oOpa3oBanue OE/IbIX KapJIMKOB B PE3YJIbTATE IBOJIIOIUN KPACHBIX TUT'aHTOB,
«IIOTyTHOE» 0Opa30BaHUe IIJIAHETAPHBIX TYMaHHOCTEN W MPUYNHA B3PbIBa 00Pa30BaBIINXCS Ta-
KM 00pa3oM OesIbIX KapJUKOB — B3PBIBOB, HAO/IIOMAEMbIX KaK sIBJIEHIE BCIBIIIKA CBEPXHOBBIX
I Tuna.

Tak ke KaK u KpuBble OJIeCKA, OTJIMYAIOTCA JIPYT OT Jpyra WU CNnexmpos, CBEPXHOBBIX | n
IT Tunos. Bojiee «IpUBBIYHBINY BUJI UMEIOT CHEKTPbl CBEPXHOBBIX Il Twma. Y uux Ha done
BeCbMa MHTEHCUBHOT'O HENPEPBIBHOTO CIEKTPa HAOIOIAIOTCH MIMPOKUE TTOJIOCHI M3JIyIeHUs 1
norsonienus. VI3 pacrpejiesienus Hepruu B HENPEPHIBHOM CIEKTPE OKOJIO MaKCHMyMa OJrec-
Ka 3Be3/Ibl CJIEJIyeT, YTO TeMIIepaTyphl M3JIydaronux ra3oB odeHb Bejaukn: Bbime 40 000 K.
B sTom orHOIEHUn CrieKTphl CBEPXHOBBLIX [l THIta HAIIOMUHAIOT TOpAYNEe 3BE3/Ibl CIEKTPAJIb-
Horo kjacca B. OcHOBHBIE TTOJIOCHI UBJIyYEHUS U IOTJIOMIEHUsT YBEPEHHO OTOXKIECTBIISIOTCA C
JIMHUSIMU BOJIOPOJIA, TeJIMdg M HEKOTOPBIX JIDYIUX 3JIeMeHTOB. VICKII0UnTeIbHO OOJIbIIas Iu-
puHa 1osioc obbacusgercsa 3hdexrom Jlonepa, BbI3BAHHBIM OI'DOMHBIMH, B Pa3HbIE CTOPOHBI
HAIPABJIEHHBIMUA CKOPOCTSIMU MACC ra3a, KOTOPBIil IPOU3BOINT U3JIyUYeHHEe U MOTJIONEHNE. JTH
ckopoctu JoxogasT j10 10 000 km/c. Crekrpbl cBepxHOBbIX 11 THIa IOX0XKKM HA CHEKTPBI 0ObIY-
HBIX HOBBIX 3B€3/I, KOTOPBIE XOPOIIIO UCCETOBAHBI U O0bACHAIOTCI BHIOPACBIBAHUEM BO BPEMs
BCITBIIIEK 3HAYUTE/IHHOTO KOJIMYeCTBa ra3a. PasHuiia, oJIHako, COCTOUT B TOM, UTO IIUPUHA, 110~
JIOC U3JTyYeHUs U MOTJIONIeHns y cBepXHOBBIX II Tuna ropasmao 6ombmie. [Ipuvenenne HatezKHBIX
acTpOPU3NIECKUX METOJIOB aHAJIM3a TAKUX CIIEKTPOB MO3BOJISIET OIEHUTH MACCY BBIODOIIIEHHO-
IO BO BpPeMsl BCIIBINIEK rasa. ¥ cBepxXHOBLIX I Tuma ona mpeBoCXoauT OJHY COJTHEYHYIO Maccy,
B TO BpeMsl KaK y OOLIMHBLIX HOBBIX BBIOpachbIBaeTcsa BO BpeMd benbimku 10741075 maccor
Comana. Camo yBenmdenne 6jiecka CBEPXHOBOI IOC/I€ HAYAJIA BCIIBIIKNA OOBSICHSIETCS HeIpe-
PBIBHBIM POCTOM H3JTyYalollell MIOBEPXHOCTU Y PACIIUPSIONIENCS ¢ OIPOMHOI CKOPOCTBIO MACCHI
raza npu Hempo3padHocTH rnocsearero. [loce MmakcuMyMma BBIOpOIIEHHAS 000JI0YKA CTAHOBUTCS
[IPO3PAYHO U ee JjajIbHelilee PaCIIupeHne BjIedeT 3a OO0l yMeHbueHue CBETUMOCTH, TaK KaK
IJIOTHOCTH 0060JI0YKY OyJ1eT ObICTPO Na1aTh. BhIOpoIenHast BO BpeMs BCIIBIIIIKY Macca ra3a Ha-
BCerJla MOPbIBAET CBA3b CO BCIBIXHYBINEH 3BE3/I0M U JIBUKETCS B MEYK3BE3/IHOM ITPOCTPAHCTRBE,
B3aMMO/IENCTBYS ¢ MeK3Be3IHOI cpefoil. Takme OrpoMHBIX pasMepoB ODOJOYKH — TyMAaHHO-
cTr, 00pa30BaBIINUECs IIOCJIE B3PbIBA CBEPXHOBBIX 3B€3]l, CYIIECTBYIOT JECATKH THICAY JIET W
[IPEJICTABJISIOT CODO0il BecbMa BarKHbIe O0OBEKTHI aCTPOHOMUYECKUX Hcc/ieoBanuii. Mbl 0 HUX
o IpobHO OymeMm paccKasbiBaTh B §§ 16, 17, a 1moka ToJIbKO 0OpaTUM BHUMaHHE Ha OOJIBIIYIO Be-
JIMYMHY MacChl, BLIOPOIIEHHOM BO BPEMs BCIIBIIIEK CBEPXHOBBLIX [I THITY; 9TO 9BHO JJOKA3BIBAET,
YTO BCIIBIXHYBIIUE 3B€3/IbI OBLIM JIOCTATOYHO MACCUBHBI — PE3YJIbTAT, KOTOPBII MbI TIOJIY TN
BBIIIIE KOCBEHHBIMU METO/IAMH.

Wuave BBINISAAAT CIIEKTPBI CBePXHOBBIX | Tura. OHU oveHb MOX0XKU JIPYT Ha JAPYra U, UTO
0COOEHHO JIFOOOIIBITHO, OJIMHAKOBO MEHSIIOTCSI CO BPEMEHEM y Pa3HbIX CBepXHOBBIX. MoxkHO j1a-
JKe OIPEJIEJINTh 110 BHUJIY TAKOTO CIEKTPA BPEMs, IIPOIIEJIINee MOCIe BCIBIIIKH. DTU CIEKTPEI
UMEIOT BHUJ] OYeHb MHUPOKUX, TJaCTUIHO MEPEKPBIBAIOIINXCS 0JI0C n3aydenns. CredeHneM Bpe-
MEeHU OTJETbHbIE TIOJIOCHI TIOCTENEHHO HCUYE3AI0T, MOABISAIOTCS HOBBIE MTOJIOCHI, & OTHOCUTETbHAS
X MHTEHCHUBHOCTH MeHseTcs. [lojiroe BpeMsi acCTPOHOMBI He MOTJIM PAa300paThCs B CIIEKTPaX
CBEPXHOBBIX | THla, X0Td HEIOCTATKa B TMIIOTE3aX, KOHEYHO, He ObL10. Tosbko JierT 25 Haza
amMepukaHcKuit actponom Mak Jladmn nanan na Bepublii myTh. [Ipeabiyiume ucciegoBaren
OBLIN «3arUITHOTU3UPOBAHBI» ITMPOKUMU MOJIOCAMU U3JIYUYEHUA B CIEKTPaX TUX CBEPXHOBBIX,
TIIETHO TBITAsCh UX OTOXK/JIECTBUTH. AMEPUKAHCKUN aCTPOHOM OODATH/I BHUMAHHE HA «IIPOBa-
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JIBI» MEXKJIy I10JIOCAMU, UCTOJIKOBAB UX KaK N0A0CH, NO2A0WEHUSA, «Bblealoluey HellpePbIBHbBII
crekTp. OH MOy Ir/T HECKOJIBKO HOBBIX CIIEKTPOIPAMM CBEPXHOBBIX | THIIA, Ha KOTOPBIX IIPUCYT-
CTBHE TI0JIOC TIONIONIEHNS HACTOIBKO IPKO BHIPAXKEHO, UYTO He BHI3BIBAET COMHEHHSI. DTHU IOJIOCHI
norstorieHust Max JladmuH 0TOXK IeCTBUIT ¢ JIMHUSIMA TeJINs, KaJbIUsd U HEKOTOPBIX JIPYTUX dJIe-
MEHTOB, TIPUYEM U3JIyJafolecs ra3bl OECIOPsIOIHO JABIKYTCA co ckopocTbio ~ 10 000 kwm/c.
B naspneitimem meto, npemioxerabiit Max Jladmaom, ObLT yerienno npuMeHeH st paciuind-
POBKH CIIEKTPOB CBEpXHOBBIX 3Be3/ | Tuma coerckmmu acrpornomamu FO. I1. TlckoBekum u 9.
P. Mycrenewm.

FO. I1. IlckoBckuit MCXOMUI U3 IJIOOTBOPHOM HJIeN, YTO CIEKTPhI CBEPXHOBBIX | THITa 10JI2K-
HBI OBITH CXOJIHBI CO CIIEKTPAMU IOPAYNX CBEPXTUIaHTCKUX 3Be3/1. OCHOBHAs YaCTh U3/IyICHUS
CBEPXHOBBIX JIOJI?KHA COCTOSITh U3 HEIIPEPBIBHOI'O CIIEKTPa, KOTOPBIN 110 Mepe PacIIupenns: 000-
JIOUKW CBEPXHOBOM JIOJIZKEH CTAHOBUTHCA BCe DOJIee «KpacHbIM». HabTioieHnst n3MeHeHnit 1sera
CBEpXHOBBLIX | THITa OOOCHOBBIBAIOT TY KAPTUHY. XapaKTEPHON OCOOEHHOCTBHIO CIIEKTPOB T'Opsi-
YUX CBEPXTUT'AHTOB SBJISIETCS TaK HA3bIBAEMbIH «3(dEKT aOCOTIOTHON BEJIMINHBI». DTO 3HAYNUT,
YTO B CIEKTPE CJIEJIyeT OXKUJIATH HPUCYTCTBUSA IPEXKJE BCErO JIMHUI TOTJIONICHUS OJIHAYK b
MOHM30BAHHBIX aTOMOB JIOCTATOYHO OOM/ILHBIX 9JIEMEHTOB. B clieKTpax CBEPXHOBBIX 9TU JIMHIH
13-32 O'POMHOIl CKOPOCTH paciiupenust 0601049KH, joxosieit 1o 20 000 kM /¢, JT0/I7KHBI ObITh
CUJIBHO PACIIUPEHbI (Pa3MbIThI) M 3HAYUTETHHO CMeIeHbl B «(buoaeToByo» (T. €. KOPOTKOBOJI-
HOBYIO) CTODOHY.

Habtoenust mocsie fHuX JIeT TMOJTHOCTBIO TTOATBEP/ININ 9Ty KOHIEHIN. BoJbioit yiateit
ObLIa BCIBIIKa APKOil cBepxHOBOi | Tuna B 6m3Koit kapankosoit ramaktuke NGC 5253 (cM.
BbIIIE). BBLIO MO/IyUeHo 3HAYUTEIHHOE KOJMYECTBO CIIEKTPOB 9TOi CBEPXHOBOI Ha PA3HBIX CTa-
JIASIX ee 9BOJIONuU. Perraionum noIrsepxKienuneM «abcopOIMOHHO» HHTEPIIPETAIINN CIIEKTPOB
cBepXHOBBIX | Tuma O6b17I0 OOHAPYIKEHHE B MX CIEKTpaX (B YaCTHOCTH, B CIIEKTPE CBEPXHOBOIl B
NGC 5253) suHuii TTONIONEeHNsT HOHU30BAHHOIO KaJIbIlist B OJM3KON mHMpPaKpacHoil obiacTn,
KOTOPBIE MMEJI TOYHO TaKoe Ke «(PUOJETOBOE» CMeIeHne, KaK U CUJIbHbIE JIMHUK IOTJIONIe-
HUs B OJIM3KOI yIbTPaUOIETOBOI YacTH CHEKTPA, OTOXKIECTBIIIEMbIE C XOPOIIO N3BECTHBIMU
pezonancubivu JinnusaMu H u K nonnzosannoro kasibius.

KpOMe ATUX J'II/IHI/II'?'I, ABJIAIOIINUXCA CaMbIMU MHTEHCUBHBIMU, B CIIECKTPaX CBEPXHOBbLIX I Tuna
HaJJE€2KHO OTOXK/IEeCTBJIEHA U3BECTHAA PE3O0HAHCHasAd JIMHUA HaTPpUd U HEKOTOPbLIE APYyTUE JIMHUU.
Boubiioe kosmuecTBo CIIEKTPpaJIbHBIX JUHANA B CIIEKTPE CBEPXHOBDLIX I Tuna moxa He YAdaeTcd
OTO2KJ/IECTBUTDL, TaK KaK 3THU JIMHUW CUJIBHO Pa3MbIThl 1 IEPEKPLIBAIOT JAPYT Apyra.

BaKHBIM OT/IMYMEM CIIEKTPOB CBEPXHOBBIX | THIA OT CIIEKTPOB CBepxXHOBBIX Il Tuma sB-
JIsIeTCs OTCYTCTBUE Y TEPBBIX CKOJIBKO-HHOY/Ib MHTEHCUBHBIX JIMHNN Bojopoja. [loxoxe Ha TO,
YTO OOUMJIME BOJIOPOJA IO OTHOIIEHWIO K JIPYTUM 3jIeMeHTaM B 000JIOYKAX CBEPXHOBBIX | TH-
11 3HAYUTEILHO HUXKE «HOPMAJILHOIO», XapaKTePHOTO i ¢BepxHOBBIX 11 Tumna. Dro jurramit
pa3 TOBOPUT B TOJIL3Y TPEJICTABIEHUA O TOM, YTO 3BE3/Ibl, BCIBIXUBAIOIINE KAK CBEPXHOBBIE |
THUIIA,— CTapble, CUJILHO ITPOIBOJIIOIMOHIPOBABIINE O0OBEKTHI CO CPABHUTEILHO MAJIONH MACCOM.

HoBast uaTepIipeTalins CleKTPOB CBEPXHOBBIX OTKPBIBAET BO3MOYKHOCTD PEIIUTH BaXKHYIO
KOCMOJIOTHIECKYO ITPODJIEMY — HAJIE?KHO OIPEIEIUTh PACCTOSHUSA JI0 TAJaKTHK U YTOUYHUTH Xa-
pakTep pacmupenusi Beesennoit. V3 criekTpaibHBIX HAOJIOIEHUI OIPEJIEISIeTCs CKOPOCTh Pac-
mupenns 000JI0YKH CBEPXHOBOIT; OTCIO A HEIIOCPEICTBEHHO MOXKHO TIOJTY YU Th JIMHEHHBIN painyc
dorocdepnr Ry,. Te xxe nabmonenns maror Temueparypy dorocdepnt 1. Orciona 1o dopmyiie
L= 4T[R(21)CIT4 oTIpeIesIIeTCs CBETUMOCTh CBEPXHOBOI, a cjieoBaTeIbHO, ee abCOTIOTHA BEJIH-
quHa. CpaBHenue ¢ BuuMoil BesmauHoil (M. dbopmyny (1.3) § 1) cpasy ke maer paccmosmue
JIO CBEPXHOBOIi, a CJIeJIoBaTE/IbHO,— JIO COOTBETCTBYIOMEH rajakTuku. Takum obpa3om, OBLIO
HaiiJIeHO, YTO TaK Ha3bIBaeMasl «[OCTOsiHHAst Xab0Jia» (OCHOBHAsI BEJIMUNHA, XapaKTePU3yoIasi
ckopocTh pacimpenust Beenennoit) H = 55 km/c - Miic; orciozia ciiepryer, 1uro Bospact Beesen-
HOIT oK0J10 15 MusInap/ 0B Jiet. [lo-Buaumonmy, 310 oj1HO U3 HAMbO/Iee HAJICKHBIX ONPEICICHII
BesimunHbl H.

170



§ 16. OCTATKU BCIIBIIIIEK CBEPXHOBBIX — MCTOYHUKU
PEHTI'EHOBCKOI'O N1 PAJINON3JIYVHEHN A

B pesynbrare B3pbIBa 3Be3Jbl, KOTOPBII HAO/IIOMAETCA KAK sIBJIEHUE CBEPXHOBOI, BOKPYT
Hee 00pa3yeTcsi TYMAHHOCTD, PACIIHPAIONIASICS ¢ OIPOMHOM CKOPOCTHIO: KAK IIPABUJIO, TTOPSITKA
10 000 xkM/c. Bosbinast cKopocTh paciipeHust eCTh IJIaBHBIH IPU3HAK, [0 KOTOPOMY OCTATKH
BCIIBIINIEK CBEPXHOBBIX OTJIMYAIOTCA OT JIPYTMX TYMAHHOCTEH, HAIpuMep, IaHetapHbiX. [lo-
CJIeTHUE PACIIUPSIOTCS C JJOBOJBHO YMEPEHHON CKOPOCTHIO, MOPS/IKA HEMHOTHX JIECATKOB KM/ C,
T. €. IPUMEPHO C TOU 2Ke CKOPOCTBIO, KOTOPYIO CJIE/lyeT OXKWUJIATh IIPU PACIIUPEHUN Topside-
ro raza B mycrore (cm. § 13). MHoe jie/10 ocTaTKi CBEPXHOBBIX: 3716Ch BCE TOBOPUT O B3PbIBE
OTPOMHOI MOTITHOCTH, Pa3MeTaBIlIeM HapyKHbIE CJIOU 3BE3JIbl B Pa3Hble CTOPOHBI M COOOIIIMB-
IeM OTJICJIbHBIM KYCKaM BBLIOPOIIEHHON 000JI0UKHM Or'poMHbBIe cKopocTH. [loToM, criycTs MHOTO
COTEH U THICAY JIET, BLIOPOIIIEHHBIE DY B3PhIBe 00JIaKa raza Ha9HYT TOPMO3UTHCS OKPYKAIOIIei
CpeJIoil, ¢ KOTOPOIl OHU B3aUMOJIENCTBYIOT, UX CKOPOCTU HAYHYT 11a/IaTh U CHU3ATCS JI0 COTEH U
Jlazke JIecsTKOB KMJIOMETPOB B CEKYHTy. EImie 3a/10/110 /10 3TOT0O HE OCTaHETCS HUKAKIX BUJINMBIX
(T. e. HAOITIOAEMBIX B OIITHYIECKOM JMAIIA30HE) CJIE/IOB B3opBaBIieiics 3Be3pl. Ho erme qosrume
TBICAYE/IETUS U JICCATKH TBHICAY JIeT OyJIeT CyIeCTBOBATb BeChbMa CBoeoOpa3Hasd TYMAHHOCTD,
obpas3oBaBIlagcs IIPU THMAHTCKON KOCMHUYIeCKOi KaracTpode — B3pbiBe 3Be3jbl. [Ipoitaer, om-
HAKO, COTHS TBICAY JIET, U CJIEJbI TAKOW KAaTaCTPOMbl B MEK3BE3/IHOI CpPeJie MOYTU COTPYTCS:
OCTATKU CBEPXHOBOI IMOJHOCTBIO PAcTBOPATCA B 9TOi cpeje. I Toabko Bo MHOrOM erne 3ara-
JIOYHBIE NYALCAPYL, B KOTOPBIE TIPEBPAIIACTCS CYIIECTBEHHAST YaCTh B30PBABIIIXCS 3BE31 (CM.
CJIEJLYOIILY IO YaCTh), €Ille MHOTHe MUJUIHOHBI JIeT OY/IyT U3JIy9aTh PaHOBOJIHBL.

MpI MozkeM paccMaTpUBaTh BCIBIIIKY CBEPXHOBOI 3Be3/1bl KAK CHJIbHElIIIee JIOKATbHOE BO3-
MYIIEeHIe OKPY2KAIOIIeil ee MeyK3Be3HOI cpeibl. s 9Toro coBepIento neodsA3aTeIbHO 3HATD,
KAKOBBI OBLJTM IPUYUHBI B3PbIBA 3BE3JIbl U KAKOBBI KOHKPETHbIE 0COOEHHOCTH B3phiBa. Hao
TOJILKO 3HATH IMOJIHOE KOJIMYECTBO SHEPTHH, BBIJIEIUBIIEECT BO BpeMs B3pPbIBa B (hopMe KMHETHU-
YeCKOI SHEPIUU BBIOPOIIIEHHON Ta30Boil 060109k, Kpome Toro, HeoOX0IMMO 3HATDH ILJIOTHOCTH
OKPYKaIoIeil MeK3Be3HON cpeJibl. AHAJOTUYHYIO 3aJ1a4qy JIJIs CHJILHBIX B3PBIBOB B 3€MHOI
armocdepe (HbIHE, K CYaCTbhIO, 3alPENIeHHbIX GOJIBITMHCTBOM CTpaH) permui akajemuk JI. U,
Cenos eme B 1945 1. ABrop sroit kauru npumenna B 1960 r. pemenune CenoBa K 3aj1a4e BCIIbIIII-
KU CBEPXHOBOW 3Be3Jbl. DyJleM cUnTaTh OKPYKAIONIYIO MEXK3BE3JIHYIO CPeJly OJHOPOIHON ¢
OCTOAHHOM IJIOTHOCTEIO raza n, atomoB B 1 cv®. Teopusa Cemosa mpeamosaraeT, 9To B3PLIB
SIBJIETCS a0UabAMUYeckum, T. €. SHEPTUA He TOKNIaeT 00/IacTh B3PhIBA Uepe3 MOCPEICTBO M3~
Jydenus. BenbIKy CBEPXHOBOI MOYKHO PACCMATPUBATh KAK MIHOBEHHOE BbIJI€JIEHNE TEILIOBO
sHepruu F B TOYKe, KOTOPYIO MBI IPUMEM 3a Ha4YaJI0 KOOPJAWHAT B MOMeHT BpeMenu ¢t = (). B
HEKOTOPBIII MOMEHT BpeMeHU { BO3MYIIICHIEM OT B3PbIBA OYIET OXBadueHa MEXK3Be3Has CPe/ia,
HaxoJdInasca BHyTpu cdepbl pajimyca Ry, BuyTpu 3Toit cdhepbl Temmeparypa MexK3BE3HOTO
raza, 1o KOTOPOMY pacIpOCTpaHsAeTCd BbI3BaHHASA B3PBIBOM V/apHas BOJIHA, OYJIeT OYeHb Be-
JMKa. 3a IpejieslaMu CpeJibl OHa CKAYKOM MaJaeT J0 HOPMAJLHOTO (T. €. «HEeBO3MYIIEHHOIO» )
snavenusd. Ha camoii rpanutie cdepsl, T. e. ipu R = Ry, IJIOTHOCTb MEXK3BE3/THOTO I'a3a B YeThI-
pe paza MpeBbIIaeT HeBO3MYIIEHHYIO IJI0THOCTEL. CaMmo npumenenue Teopun CeioBa K HaIed
npobJieMe IPeIoaraeT, YTo MeXK3BEe3THYI0 CPey MOYKHO CYUTATH CILJIONIHBIM CZKUMAaeMbIM
KOHTHHYYMOM. Takoe mpejnosioyKeHne BIIOJIHE 3aKOHHO, TaK KaK JIIMHA CBOOOJIHOTO Tpobera
aTOMOB M MOHOB B M€K3Be3/THOI CpeJie, HECMOTPsI Ha OTPOMHYIO Pa3pPeKeHHOCTb, BCE-TaKM I'O-
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16. OCTATKU BCIIBIINIEK CBEPXHOBBIX — UCTOYHUKN PEHTTEHOBCKOI'O U PAIMONSBJIYHEHN A

70 T T T

4 5 7 52

Puc. 16.1. Cxema pacnpesesenus Temieparypsl (1) u mwiorHoctn (2) B yaapHOii BOJHE.

a310 MEHbIIIE, 9e€M RQ. Corsnacuo Teopun Cenosa 6 T BBIIIOJIHATHCA CJICAYIOIIME OCHOBHBIC
)

COOTHOIIICHUA: 1/ s
Ry = (22) AT () ® s,
=3 (35) By’ = 144107 (%Eo)% £6/5, (16.1)
P2 = 4p1,

rie Fy = 7,5 10% spr, k — mocrogunas BosbIMana, a IJIOTHOCTH MEXK3BE3IHON CPeJIbl

pP1 = mpyni. Bropoe n3 3Tux ypaBHEHUIl IMEET ITPOCTOIM CMBICJI: BCS BBIJIEJIUBINAACS IIPU B3PbI-
Be sHeprus F pacrpejensgercd MexKIy JacTUIAMU Ta3a, HAXOJAINIErocss BHYTPHU chepbl paiu-
yca Ry, Harpesas ero Jio temuepatypbl 1. Bojee jierajbabie pacdeThbl MO3BOJISIOT MOy YUTh
pacripe/iejieHue IIOTHOCTU W TeMIepaTypbl BHYTpU cdepbl, OXBaUeHHON BO3MYIIIEHNEM OT B30-
pBaBIIeiica 3Be3/Ibl. JTO pacipejiesienne npuseseno na puc. 16.1. V3 sToro pucynka BujiHO,
YTO B IEHTPAJIbHOI obsiacTu cepbl IJI0OTHOCTH ra3a oueHb MaJja. ['a3 obpasyer Kak Obl CJIOi ¢
TOJIIUHOIO OKOJI0 1 /19 Ry, TeMIepaTypa 3TOro raza pacrer 10 HAIIPABJICHUIO K HEHTPY c(hephl.

3 ypasuennii (16.1) MOXKHO MOJIy9IUTh CKOPOCTH yBesmdeHusi Ry, T. €. CKOPOCTh pacIiupe-

HUst (GPOHTA YIAPHOI BOJIHBIL:
2 (2.2E\"°

v=—

5 P1

OTCIO,IL& cjaeayer IIpocToe OTHOIIIEHHE:

t=3/%, (16.2)

[IpakTuueckoe 3HadeHuE 3TOH (POPMYJIbI OUEHb BEJIMKO, TaK KaK OHa MO3BOJIAET 110 U3MEPEHHOI
CKOPOCTH PaCIIMPEHUsT OCTATKOB BCIIBIIIIKI CBEPXHOBOIT (& 9TO MOYKHO CJIeJIaTh, CM. HUXKE ), 3HAsI
Ry, HaliTu 603pacm OCTATKOB, T. €. BpeMs, IIPOIIEJIIIee MOCIe B3PhIBA.

Heobxommmvo toaepkayTh, aTo Teopust CeqoBa HEIPUMEHNMa K CPaBHUTEIHLHO PaHHEH cTa-
JIMF BO3MYIIEHUsT MEK3BE3/IHOM cpeJibl B3pbIBOM. Ha 6oJiee 1Mo31HUX cTa/iusiX, KOTOPBIE BIIOJIHE
YJIOBJIETBOPUTEIBHO OIMCHIBAIOTCS TOIM Teopueil, Besakue caebl 00JaKOB ra3a, BHIOPOIIEHHBIX
€ OIPOMHOI CKOPOCTBIO BO BpeMsI B3PbIBa, y2Ke ucdesym. OHU «PACTBOPUINCH» B OKPY2KAIOIIEM
ME2K3BE3/IHOM Tase, IepejiaB UM CBoIo sHepruio. Macca rasza 3akJIl04eHHOTO BHYTPHU chephl pa-
guyca R, B JIeCATKU U COTHU Pa3 MPEBOCXOJIUT MACCy T'a3a, BHIOPOIIEHHYIO BO BpeMs B3PbIBA.
DTO B OCHOBHOM Macca MeXK3BEe3JIHON Cpejibl, BO3MYIIEHHONH B3PHIBOM. B TO ke Bpems u3Jy-
YeHHas FOPAIUM Ta30M 3a (PPOHTOM y/IapHON BOJIHBI SHEPIHUsl BCE €Ie 3HAYUTETHHO MEHBIIEe
E| neponavasbnoit sueprun B3pbiBa. Ha ere 6osiee mo3neit hase pacuimpenns TyMaHHOCTU
B3DBIB y2Ke HeJIb3sl PACCMaTPUBATh Kak ajnabarudeckuit u Teoputo CeoBa OnsTh HEJIb3s TPU-
MeHsITh. 3a (DPOHTOM YJIAPHOI BOJIHBI I'a3 yCIIeBAeT CPABHUTEIHLHO OBICTPO OCTHITE. [Ipn Takmx
YCJIOBUSIX COXDAHSETCS y2Ke He SHeprusl JIBUXKYIIerocs rasza (Kak B ciaydae aanabaTHdecKoro
B3PbIBA), a ero uMIyibe: 4/3TR3Pv = const. 3aBUCMMOCTb pajuyca OT BpeMeHH OyjieT oueHb
craabas: Ry oc t'/*. BOsIBIIMHCTBO PaJIHOTYMAHHOCTEH — OCTATKOB BCIIBIIIEK CBEPXHOBLIX —
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Puc. 16.2. ®ororpadus TOHKOBOJOKHACTHIX TYMAHHOCTEH — OCTATKOB BCIIBIIIKH CBEPXHOBO B
co3Be3un JIebes.

HaXOJIATCA MO0 Ha aInadaTHIecKON CTaJINM pacIIupeHus, JIMOO Ha «IIePeXOJIHOi», Korja Ha-
YUHAIOT UTPaTh POJIb MPolecchl n3nydenus. [loaromy B nepBoM npubinkennn Teopusi Cemnosa
K OCTaTKaM BCITHINEK CBEPXHOBBIX ITPUMEHUMA.

Kak MBI y2Ke mojiuepKuBasn BbIIE, 3a/lada BO3MYIIEHUS MEYK3BE3HOU CpeJIbl B3PHIBOM
CBEPXHOBOII paccMaTpuBaJiach HAMU HjleaJn3upoBaHHO. Hampumep, He y4nTBHIBAIOCH MArHUT-
HOe II0JIe, HaXOJdAIeecs B MEXK3Be3/JHOM cpeje, a TakzKe JaBJICHUEe PEeJTATUBUCTCKAX YaCTHIL,
HaXOJAIUXCA BHYTPU PaCHIUPLAIONIeiicd TyMaHHOCTH (CM. HI/DKe). MoxkHo, o7HaKO, TTOKa3aTh,
9TO Ha a,Z[‘I/Ia6aTI/IquKOI71 CTa /U1 paCIIUPEHUA 3HAYCHNE 9TUX Cb&KTOpOB HE ABJIAeTCA OlIpeaesId-
oM. ['opasno 6ombliee 3HaUYeHNE NMeeT TO OOCTOATENHCTBO, UTO, B OTJIMYNE OT HaIleil uie-
AJIN3UPOBAHHON CXeMbI, MEYK3BE3/[Has CPeJia He ABJISIETCS OJIHOPOJIHON. DTO MPUBOJIUT K TOMY,
YTO HAXOJANINECT B HEll YIUIOTHEHUS OyJIyT «O0KUMATHCS» PACIHPOCTPAHSIONIECs OT B3PhIBA
yaapHoii BosiHOi. OT 3T0ro0 OymyT 0O0pa30BhIBATHCA IIJIOTHBIE TA30BbI€ CI'YCTKH, 3a9aCTYIO BbI-
TAHYTOU, «HUTEBUIHOWY (PpOpMBI. V3-3a BHICOKOII IJIOTHOCTH I'a3a B TAKUX «HUTIX» OHU OYIIyT
6bICTp0 OXJIazKIaThbCd A0 TeMIIepaTypPbl B HECKOJIBKO JECATKOB TBICAY I'Da/IyCOB U IIPU 3TOM
cTanyT HabJIIOJIaeMbl METOJIAMH ONTHYECKON acTpoHOoMuu. Takmm obOpas3om, 00JIacCTh B3PhIBA
OyeT oKaifiMJiIeHA CHUCTEMOI TOHKOBOJIOKHUCTBIX TYMAHHOCTEH. DTH TYMaHHOCTH PACIIPE/Iesie-
HBI BOKPYI' o4ara B3pblBa BeCbMa HEPaBHOMEDHO, OTpaKad IIepBOHadaJIbHOE paclipeliesIeHue
HEOTHOPOHOCTEN B MEXK3BE3/IHON cpejie, OKpyzKarolieil B3opBasiyocs 3Be3ay. OOHapyKeH-
HbI€ HECKOJIBKO ILGCEITI/I.HGTI/H‘/)I Ha3a/J OIITUYECKHMMN aCTPOHOMaMM CHUCTEMbl TOHKOBOJIOKHUCTBIX
TYMaHHOCTel B co3Be3quu Jlebessi ObLIM MEPBBIM CBUJETETHCTBOM O CYIIECTBOBAHUU OTPOM-
HBIX BO3MYIIEHUI MEYK3BE3HON CPeJibl, 00YCJIOBIEHHBIX B3PhIBAME 3Be3/1. TaKyio nHTepIpeTa-
IIMI0 TOHKOBOJIOKHUCTBIX TYMAHHOCTEH! BIIEPBBLIC IPEJJIOXKNAJ U3BECTHLINA T'OJUIAHJICKAN acTpo-
wom Qopt, 0OpaTUBIINMKU BHUMAHUE HA OTCYTCTBUE MOPSYUX 3BE3JI, CIHOCOOHBIX BO3OYIUTH K
CBEYCHUIO 3TU TYMAHHOCTH «HOPMAJILHBIM» 00pa30M, T. €. IIyTeM YJIbTPapUoIeTOBOrO U3Jryde-
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Puc. 16.3. Tymannocts IC 443 (cosBesue Bamsmenos) — octaTok BCHBIIKN ¢BepXHOBOIT. BBep-
Xy — gpKas 3Be371a Y Bimsneros.

nus. Ha puc. 16.2 u 16.3 npuBeieHO HECKOJIBKO HanboJ1ee UCCAeTOBAHHBIX TOHKOBOJIOKHUCTHIX
rymannocteil. CucremMa Takux TyMaHHOCTElH B co3esjun Jlebems (puc. 16.2) mmeer orpoMHbie
YIJIOBBIE pa3Mepbl — 0koJ10 3°. Tak Kak paccrosiHue JI0 3TUX TyMaHHOCTel n3BecTHO (0K0710 800
1c), JUHEeHHbI quamerp 2Ry cucreMbl coctapisier 0koJio 40 1c — BeJudnHa BechMa 0OJIbIIasi.
Benb B cdepe pagmycom B 20 1IC HaXOAUTCsI HECKOJIBKO Thicsid 3Be3s! Ha srom mpumepe Mbl
BHUIUM, KaKUM OOJIBIIIMM sIBJISIETCSI BO3MYIIEHNE, KOTOPOE CBSI3aHO CO BCIIBIIIKON CBEPXHOBOIA.
CreKTp BOJIOKOH COCTOUT U3 Psijia JIMHUN MU3JIydeHUs BOJIOPOJA, MOHU30BAHHBIX KHCJIOPOJIA,
a30Ta, Cepbl U JPYTHUX 3JIEMEHTOB. AHAIN3 CMEIeHN JIJINH BOJIH 9TUX JIMHWUI, 00YC/TOBIEHHBIX
s dexTom orrepa, mO3BOIMII ClIeIaTh BBIBOJ, UTO BCsI CHCTEMa BOJIOKOH, M300parkKeHHasl Ha
puc. 16.2, pacmmpsiercst co ckopoctbio 710 400 kM /c. OTcrofa, 0TOKIAECTBIAS 9TY CKOPOCTH CO
CKOPOCTBIO (DPOHTA yIapHOil BOJHEL, 110 (hopmyste (16.3) MOXKHO HAHTH BO3PACT TOH CHCTEMBI
BOJIOKOH, KOTOPBIil oKa3biBaeTcd okoso 20 000 jetr. Y apyroit TyMaHHOCTH, N300paKeHHOU Ha
puc. 16.3, Bo3pacT mosryvdaeTcs IpUMepHO TaKoil Ke.

Temmeparypa rasa Ha nepudepun CUCTEMbl TOHKOBOJIOKHUCTBIX TyMaHHOCTEN B CO3BE3 N
Jlebes cornmacuo popmyite (16.1) mosmkHA OBITH OKOJIO 3 MUJITHOHOB KeTbBIHHOB. Ciiejryer mpeji-
CTaBUTDH cebe orpomMuyio pajumycoM B 20 1c 060JI0UKY, T/ie MeK3BE3/IHbII ra3 HarpeT JI0 TaKOi
BBICOKOII TeMIlepaTyphl, a B Heil 3aKJIFOUeHbl CPABHUTEIbHO XOJIOJHBbIE, IIJIOTHbIE HUTEBUIHBIE
BOJIOKHa, n300pazkerHbie Ha puc. 16.2. OcHoBHas Macca ra3a B 0b6os09ke pajumycom Ry = 20 1ic
UMeeT BBICOKYIO TEMIIEpAaTypPy, & XOJOJIHbIE HUTU — 3TO TOJBKO HEOOJIbIIHE <«BKPAILTICHUS>.
AHaJIOrUYHYIO CTPYKTYPY HMEIOT U JIPYIHE OCTATKM CBEPXHOBBIX. TakuM 0Opa3oM, BILIOTDH
JIO CPaBHUTEJILHO HEJABHETO BPEMEHM OCHOBHAs YacCTb T'a3a, HAXOJIAIIErocs B OCTATKAX BCIThbI-
IIIEK CBEPXHOBBIX, Obl/Ia HEHADJTIOIaeMa, TaK KaK ONTHYECKOEe U3JTyYeHNEe BeChbMa pa3pezKeHHOTo,
OYeHb TOPAYero raza HUITOXKHO MAJIo.

PaszBuTne peHTreHOBCKOIT acTPOHOMIUM KOPEHHBIM 00pa30M U3MEHUJI0 3Ty curyarnuo. B 1970
r. ObLI OOHAPY?KEH MCTOYHHMK MATKOI'O PEHTTEHOBCKOI'O U3JIy4YeHUsl HA MeCTe CHUCTEMbI BOJIOK-
HUCTBIX TYMaHHOCTeH B co3Be3un Jlebeas. DTOT NCTOYHUK UMEeT yTJIOBbIE Pa3Mephl, OJIN3KHUe
K YTJIOBBIM pasMepaM CHCTeMbI TyMaHHOCTell. 113 Buia peHTTeHOBCKOTrO CHEKTpa CJIELyeT, YTO
U3JIyYaloNuil ra3 UMeeT TeMIIepaTypy HECKOJIbKO MUJIIMOHOB KeJLBUHOB. JII0OOMBITHO, YTO
IJIa3Ma C TAKOH TeMIlepaTypoil M XUMUYECKUM COCTABOM, IOJO00HBIM XUMHUYIECKOMY COCTaBY
MEZK3BE3/IHOI cpeibl, JOJI2KHA U3J1y4aTh UHTEHCUBHbIE CIIEKTPAJIbHbIE JIMHUU U3J1yUYeHUs], [JIaB-
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HBIM 00pPa30M CHJIbHO MOHU30BAHHBLIX aTOMOB KHCJIOPOJA, Y KOTOPBIX OCTAJI0Ch TOJBKO 1—2
BHYTPEHHUX 3JIEKTPOHA. DTHU JIMHUU HAXOMATCS B MITKOH PEHTTEHOBCKON 0O0JIACTH CIIEKTPa U
mmetor amny okoso 20 A. OHn neifcTBUTeIbHO 0OHADY?KEHBI B PEHTTEHOBCKOM CIIEKTPE BOJIOK-
HUCTBIX TyMaHHOCTeR B co3Besun Jlebesst (cm. puc. 16.2). B 6uskoMm Oy/ryiemM peHTreHOBCKast
CIIEKTPOCKOIIHUS TAKUX OOBEKTOB MO3BOJIHUT IOJIYIUTh BEChbMa IEHHYI0 HH(MOPMAIINIO O husnde-
CKUX YCJIOBHSIX B OCTATKAX BCIIBIIIEK CBEPXHOBBIX.

XoTs1 paspemnaiomniast ClioCOOHOCTb COBPEMEHHBIX JIETEKTOPOB KOCMUYIECKOIO PEHTI€HOBCKO-
IO U3JIyYeHNs errle Hu3Ka (eM. BBEJEHHeE), O9eHb OOJIBIIIE YIJIOBbIE PA3MEPHI CHCTEMbI BOJIOKHI-
CTBIX TyMaHHOCTel B Jlebese mo3BOIAIOT MOJIYIUTh XOT U Ipy0oe, HO BCE 2Ke BIIOJIHE peabHOe
penmeeHosckoe uzobpastcenue 3toro ncrodnnka. OHo mpupeseno Ha puc. 16.4. 13 sroro pu-
CyHKa IIPEeXKJIe BCEro OTYETJIUBO BHUIHA 000404EYHAA CMPYKMYypPa W3JIydaroneil o0JacTu, ITo
HaXOJUTCSI B ITOJTHOM COIVIACUM C OIMCAHHOMN BBIIIEe Teopueiil. V3myuaroriee BEIecTBO HaXOIUT-
¢ Ha nepudepun OrPOMHOIM, KBasucepuIecKoil 00/IacTi, XOTs PaclpeIe/IeHe ero BechbMa
HEPETYISAPHO.

9TO O0bACHAETCSH, KaK Mbl YK€ TOBOPUJIM BBIIIE, HEOJHOPOJIHBIM PACIIPEJIeICeHHEM ILIOT-
HOCTH B OKPYZKaloIell B30PBaBIIYIOCS 3BE3Jly MEXK3BE3/HOI cpeje. MOoKHO 3aMEeTHTDh TaK:Ke
rpyb0oe COOTBETCTBUE MEXK/IYy PacIpeeeHueM PeHTTEHOBCKOIO U OINTUYIECKOrO M3JIyIeHHiA.

MpI y:Kke yIIOMUHAJIN O PEHTI€HOBCKOM TEJIECKOIIe, YCTAHOBJIEHHOM Ha 00cepBaTOpUn «DifH-
MTeiiH» . DTOT TpUOOP PabOTAT B MSITKOM PEHTTE€HOBCKOM JIMAIa30He, PErHCTPUPYS KBAHTHI
¢ sneprueit B uareppaje 0,1—4.5 ks3B. On 0018181 HECTBIXAHHON JI0 9TUX TOP IYBCTBUTEIb-
HocThio — 710 3 - 1071 spr/em? - ¢ (Ipu BpeMeHN HaKOIJIEHHS KBAHTOB OT MCTOYHUKA OKOJIO
CYTOK).

C moMoIIpIo 3TOr0 PEHTTEHOBCKOI'O TEJIECKOIIa OBLIT BBIIIOIHEH Psi/i BBILIAIOIIUXCS 110 CBOEMY
3HAYEHNIO HaO/IIoAeHnil. B 1acTHOCTH, TPOBOAMIOCH CHCTEMATHIECKOE NCCIEI0OBAHINE OCTATKOB
BCIIBIINIEK CBEPXHOBBIX. Bcero ObL1o mosydeno cBbiie 100 peHTreHOBCKUX U300ParKeHnit TaKnux
00bekTOB. JIpyrumu ciaoBamu, ObLIN UCCTEOBAHBI 6C€ N3BECTHBIE OCTATKN CBEPXHOBBIX B HAIIEl
lamakTuke n B Mare/ranosbix Ob/iakax. 9TO a0 BO3MOXKHOCTH IIOCTPOUTH IBOJIIOIUOHHY IO
[IOCJIeIOBATEIbHOCTh TAKUX OOBEKTOB, OKA3aBIIYIOCSI B IIOJHOM COIVIACHU C PA3BUTON HAMU
Teopueit, ocnosbiBatomnieiics na dopmyne Cemosa (16.1).

Jlo cux 1mop pedb ILIa 00 ONTUYECKOM U PEHTTE€HOBCKOM U3JIyUeHUN TYMAHHOCTEH, 06pa3o-
BaBIIIIXCS ITOCJIE BCIBIIMIEK CBEPXHOBBIX. Oba 3TU BUJa M3IYUYEHUS ABJISIIOTCA HMPOCTBIM CJIE/I-
CTBHEM BBICOKOI TeMmIlepaTypbl B ILIa3Me, ob0pas3yromieiicss 3a (hpoOHTOM PaCIpOCTPAHIONIEHCsT
OT ovara B3pbIBa YIAapHON BOJHBI B MeXK3Be3IHOI cpejie. OmHAKO yaKe Ha 3ape PaIroacTPOHO-
MHnn 6bI.HO O6Hapy}KeHO, YTO OCTaTKHM BCIIBIIICK CBEPXHOBLIX ABJIAIOTCA MOIIHBIMUA NCTOYHUKaMN
PaIMON3IyIeHnsT COBEPIIIEHHO 0co00i pupoabl. OOHaApyKeHne PaIMON3/IyIeHnsT OT OCTATKOB
BCIIBIIIIEK CBEPXHOBBIX, OECCIIOPHO, ABJISIETCS BaXKHEHIINUM STAllOM B UCTOPUU U3YUYEHUS] ITUX
00bekToB. Kak MbI yBUIUM JAJIbIIE, HCCIIEI0OBAHIE PAJIHMON3IYIeHAS SIBJIAETCA BechbMa Y dek-
THUBHBIM METOJOM aHaJIn3a CbI/ISI/I‘{eCKI/IX YCHOBI/Iﬁ B PpaCIINPAIOMINUXCA O6O.HOLIKaX — OCTaTKaxX
B30PBAaBIIHIXCS 3B€3/. A 9TO B CBOIO OUYepe/ib MPHUOJIMKAET HAC K IOHMMAHUIO CAMOI'0 IIPOIECca
B3phIBa 3Be3. OCOOBIT HHTEPEC PEICTABIISET eIlle U TO 0OCTOSATETHCTBO, UTO OTKPHIBAETCS BO3-
MOKHOCTb YHCTO PaJIH0aCTPOHOMUYECKIM METOIOM OIIPEJIE/INTh PACCTOAHUE I0 MCTOYHUKOB,
YTO UMeeT, KOHEIHO, OYeHb BaXKHOe 3HAYEHUE JIJIs IOHUMaHUs X Ipupoasl. [lepeitaem Terepb
K U3JIOZKEHUIO OCHOBHBLIX PE3YyJIbTaTOB Ha6ﬂIO,Z[eHI/IIU/I paauonsjiydeHnd OCTaTKOB BCIIbIIIEK CBEPX-
HOBBIX.

B 1948 1. anrmmiickue pajmoactpoHoMbl Paitn m Cvmut oOHapy:Kuin Ha ceBepHOM Hebe
B co3Be3un Kaccrornen HEOOBIKHOBEHHO SIPKUIT MCTOYHUK PAJMOU3JIYUCHUS, HA3BAHHBIN UMU
«Kaccuones A». B 1o BpeMst painoacTpoHOMUS IepeXKuBaJia HadaIbHBIA, «repoOrndecKuiiy Ie-
PUOJI, CBOErO Pa3BUTUA. BbIIaronmecs OTKPBITHsI, COBEPIIaeMble OBIBIIUMEI O(MHUIIEPAMHI PaJIHO-
JIOKAIIMOHHOM CJTIy?KOBI, CJIeI0BAJIM OJHO 3a APYTHM. 3a JBa roja J0 oTKpbiTusa Kaccumomen A
Jpyrad rpynia aHmIMACKAX PaIMoacTPOHOMOB OTKPBIJIA MEPBBIA « IMCKPETHBIINY» NCTOYHUK pa-
JIMOM3/IydeHnsT Ha HeDe — 3HaMeHHUTHIH «Jlebenb A», KOTOPBI, KaK BBISICHUIOCH depe3 5 Jier,
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Puc. 16.4. Pentrenosckue n3o00pazkeHus TOHKOBOJIOKHUCTBIX TYMAHHOCTEH B co3Be3un Jlebe s
B JIByX CIIEKTPAJIbHBIX yIacTKaX.

npejicTaBisier cobOi yIaJeHHYIO TaJIakKTUKy. DTO ObLia mepBas pajuorajaktukal Ha merpo-
BBIX BOJIHAX IOTOK pajuonsiyderus or Kaccuormen A mouru B JBa pasa IPEBBIIIAET IOTOK OT
Jlebensg A n 1oBOJIbHO OGJIM30K K MOTOKY DPaJIMOU3JIydeHust OT «crokoitnoro» Cosnria (T. €. B
[ePUOJIbI, KOTJIa HET MSITeH, BCIBIIEK U JAPYTUX MPOsBIeHUil akTuBHOCTH). TOT hakT, 4T0 BeCh-
Ma yﬂaﬂeHHbHU/I OT HaC KOCMHYECKU O6’beKT IIoChLJIaeT IIOTOK IIOUTH TaKoll 2Ke, KaK U «PAITOM»
Haxoggmeecs CojHie, caMm 1o cebe nopasurened. OH TOBOPUT O HEOOBIYHOCTH KOCMHIECKUX
sSIBJIEHUHN B pPaauouallia3oie m O KOPEHHOM OTJIMYHNU ITUX SIBJIEHUII OT OIITHUYECKUX. CeﬁqaC,
ciycrst 35 jieT mocsie oTKpbiTus Kaccuomen A, paamoacTpoOHOMES IMarHy/a gaaeko Brepea. Ha
IpeJiesie CBOMX BO3MOXKHOCTE OHA MOYKET 3aperuCTPUPOBATH IIOTOKHU PaHOU3JIy YeHI, B MUJI-
JIMOHBI pa3 Menbiue, deM oT Kaccuornen A. Ilogasisioniee 60IbITTHCTBO CJIa0bIX HCTOYHUKOB
[IPEJICTAaBIAIOT cOOOil MeTarajakTudecKne o0beKThl. ToJIbKO Majiag 9acTh CPABHUTEIBHO sIp-
KX U3BECTHBIX NCTOYHUKOB OTO2KAECTBJIACTCA C OCTaTKaMM BCIIBIIICK CBEPXHOBBIX. BepHeI\ICH,
onHako, Kk Kaccuomnee A.

Cpagzy ke 1ocje OTKPBITHS 9TOTO SAPUaiiiiero pajuouCcTOIHNKA HEBOJIHLHO MOPA3UI0 TO 00-
CTOATEIbCTBO, UYTO Ha €0 MeCTe PEIIUTeJbHO HUYEro IIPUMeYaTe/IbHOIO B ONTUYECKUX JIydax
He Habsrro1aeTcs. Co3aBaioch BIedaT/IeHne, ITO MOITHEHIINI TOTOK PaHOn3 Ty YeHIs TPUXO0-
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JINT K HAM, YTO HA3BIBAETCS, «U3 IycToro Mecras. Ouuako depe3 tpu roza, B 1951 r., Cvur
CYIIECTBEHHO YTOYHUJI KOOP/IMHATHI TOIO PAJIMOUCTOUYHHMKA, YTO MO3BOIUIO AMEPUKAHCKIM
acTpoHoMaM Baajie 1 MUHKOBCKOMY OOHapy’KUTH Ha 9TOM MECTE€ OYEHb CJ1abyI0, COBEPIIEHHO
HEOOBITHYIO TYMAHHOCTb, HECOMHEHHO, CBA3AHHYIO C UCTOYHUKOM pajuonsiydeHusd. /laapHeii-
e MCCJIEJIOBAHNS [TOKA3aJ/I1, YTO 3TOT UCTOYHUK UMeeT XOTd U HeDOJIbINe, HO BIIOJIHE Olpe-
JIeJIEHHBIE YIJIOBbIE PA3Mepbl — OKOJIO 5 MUHYT jiyru. Kjioubst u 0OpBIBKE €J1ab0i OITHYIeCKOi
TYMAHHOCTH KaK Pa3 3allOJHIIOT BCIO 00JIACTb, 3aHUMAEMYIO0 UCTOUYHUKOM PaJIMOU3/TY YeHUA.
BecbMma xapaxrepen pajmocnekTp Kaccromen A. OH XOpOIO IIPeACTaBISIETCsS] CTEIIEHHBIM
3akoHOM (cM. puc. 16.8 Ha cTp. 182)
F, x v, (16.4)

rje V — gacrora, a 0 =~ (0,8 Bo BceM uara3oHe 4acToT OT METPOBBIX JI0 CAHTUMETPOBBIX BOJIH.
Benuuuna O HasbIiBaeTCsl «CIEKTPabHBIM MHIEKCOM», a [, — «clekTpaJjbHas IIJIOTHOCTDb I10-
TOKay, ompejesgeMas KaK KOJUIeCTBO SHEPIUH, IMPOXOIdIee depe3 eJIUHUILY TOBEPXHOCTH 34
eJIMHUILy BPEMEHU B eJMHUIHOM WHTEpBaJje JacTOT. 3aMeTHM, UTO CTEIEeHHOW CITEKTD SBJIs-
eTCsl TUIUYIHBIM JIJIsT OOJIBITMHCTBA MCTOYHMKOB KOCMHUYECKOTO panou3jiydeHus. Pasiumdanbie
HCTOYHUKHU OTJIMYAIOTCSA 3HAYCHUSIMU CIIEKTPAJIbHOIO MHIAEKCa O, KOTOPBIi, BIIPOUEM, KaK IIpa-
BUJIO, MEHAETCA B HE CJIMIIKOM IMUPOKUX TpejiesiaX. Takoil XxapaKTep CIEKTPa TECHO CBA3aH C
METAHUZMOM PAOUOUIAYUEHUA, O TeM Pedb OyIeT UITH HUKE.

[Tocne 1948 r. B nameit ['amakTuke OBLIO OTKPBITO HECKOJBKO UCTOYHUKOB PaJIMOU3ITYUe-
HUs, CBSI3aHHBIX C OCTATKAMK BCIIBIIIEK CBEPXHOBBIX. B ciemyitomem, 1949 r. aBcTpasuiicku-
MH PaJHoacTPOHOMAMU OBLIO OOHAPYXKEHO pajguounsiyderue oT KpaboBuaHON TyMaHHOCTH —
ocTaTKa BCIBIIKN cBepxHOBOil 1054 r. Yepes 3 roja ObLIO 0OHAPYKEHO PAJIUOU3JIYyUCHUE OT
OCTATKOB BCIIbIeK ¢BepxXHOBBIX 1572 1. (Tuxo) u 1604 r. (Kemep). IToce sroro 6611 o6Hapy-
JKEH MPOTsI2KeHHBbIii (yIJI0Bble pasMepbl ~ 3°) PaJIHOUCTOYHUK Ha MECTe CUCTEMbl BOJOKHUCTHIX
TymMaHHocTel B co3pe3auu Jlebemda. [louru omHOBpeMeHHO OBLT OOHAPYKEH TaK:Ke MPOTAZKEH-
HBIIl UCTOYHHUK PaIMOU3JIyUeHUsI B cO3Be3un B/m3HeIoB, Ha MecTe BOJIOKHUCTON TyMaHHOCTH
IC 443. 910 OTKpBITHE U A0 OCHOBAHHE CINTATH 3Ty TYMaHHOCTb OCTATKOM BCIIBIIIKH CBEPX-
HOBoIi. B mocsemytomiue roapl ObLIO OTKPBITO JOBOJIBHO MHOI'O TaKUX 00beKTOB. Bece oHn Haxo-
JIATCSA OKOJIO TAJIAKTHIECKOI'O 9KBATOPA, UTO YKa3bIBAeT HA X BEChbMa BBICOKYIO KOHIICHTPAIUIO
K TaJJaKTUIECKON IJIOCKOCTH.

Kak mpaBujio, ocTaTKH BCIIBIIIEK CBEPXHOBBIX IIPEJICTABIAIOT COOOH B PEHTTEHOBCKUX U
pajmoydax HelpaBUIbHBIE, YACTO «HEMOJJHbIE» O0OJOYKH C 3aHUKEHHOW MHTEHCUBHOCTHIO B
neHTpasibHoil actu (cMm. puc. 16.5). Oxosno 10 jer ToMy HasaJ y OCTATKOB BCIBIINIEK CBEPX-
HOBBIX OBLJT BBIJIEJIEH HOBBIN KJTacC OObEKTOB, MOIYIUBIINX HA3BAHUE «ILJIEPUOHBI». DTO TaKHUe
OCTATKH, Y KOTOPBIX sIPKOCTb KOHIIEHTPUPYETCA K IeHTpaIbHONi dacTu. KiraccumieckuM 00bek-
TOM STOTO THUIIA ABJISIETCsI 3HAMeHuTast KpaboBuHasi TyMaHHOCTh (cM. puc. 17.2); Koropoii 6y-
JIeT TOCBAIIEH creayomuii maparpad. Beero B HacTosiee Bpems: B ['alakTuke n3BeCTHO OKOJIO
JecaTka 1iepuonoB. Hapsiyy ¢ KpaboujiHoit TymManHOCTBIO, GOJIBINON MHTEPEC TPeJICTaBIIsd-
er 00bekT 3C 58, OTOXKIECTBIIAEMBIN CO BCIIBIIIKON CBEPXHOBOI, HAOJIIOIABIIENCS B KadeCTBe
«3Be3abl-rocTby» B 1181 1. HemaBHo Ha obcepBaTopun «DUHINTENHH» B IIEHTPE ITOTO 00BEKTa
Kak Oy/1To Obl HAOJIIO/IAJICo TOUETHBIH HCTOTHUK.

Berpegatorest Takake «rubpujiHbley KOMOUHAIUN [LIEPUOHOB M 0DOJIOUEYUHBIX UCTOIHUKOB.
Xopomum mpuMepoM Takoit MopdoJsiorun sapisgerca oobekT [lapyca X. Iloxoxke na To, 9TO Yy
IJIEPUOHOB PAIMOCIEKTD 3HAUUTEIHHO O0JIee «ILIOCKUiT», YeM Y «000JI0UEeIHBIX> NCTOTHUKOB.
SHadeHune IePUOHOB JIJIsI PAJIMOACTPOHOMUN OIPEJIE/ISIeTCsl NX HECOMHEHHOM CBA3BIO € NYAbCA-
pamu (cm. § 20).

Cpeut JIOBOJTBHO MPOTSI?KEHHBIX, C HU3KOH MTOBEPXHOCTHON SPKOCTHIO PAIMOUCTOTHUKOB, —
OCTaTKOB BCIIBIIIEK CBEPXHOBBIX — PE3KO Bbijie/sieTcss Kaccuorest A. DTOT KOMITAKTHBIN 00bEKT
HMeeT OIPOMHYIO TIOBEPXHOCTHYIO sIDKOCTH (B PAJIHOJIydax, pasyMeeTcs), a CBA3aHHAS C HUM
onTUYeCKass TYMAHHOCTb PE3KO OTIMYaeTCsd OT TOHKOBOJIOKHUCTBIX TYMAHHOCTEH, HaOIIOTae-
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Puc. 16.5. Pearrernosckoe m3obpazkenne ncrounnka Kaccuomness A. Tlosrytueno wa obcepBatopun
«DUWHIITEAH .

Puc. 16.6. ®ororpadus rymannoctu Kaccuones A B KpacHBIX JIydax.
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MBIX B «CTapbIX» OCTATKAX CBEPXHOBBIX 3BE3JI. DTa TYMAaHHOCTH UMEET HACTOJILKO HEOOBITHBI
BUJI, 9TO IIEPBOE BPEMs OTKPBIBIIKAE €€ UCCJIEI0BATE/IN YIIOPHO HE YKeJaJM CINTaTh €e OCTaT-
KOM BCIIBIIIIKH CBEPXHOBOI. /lelicTBUTEIHLHO, BU/I 9TOI TYMaHHOCTHU U €€ CIIEKTP COBEPIIEHHO He
noxoxkKu HU Ha KpaboBUIHYIO TYMAHHOCTH M €e CIEKTp, HU Ha m300parkeHHble Ha puc. 16.2 u
16.3 cucTeMbl TOHKOBOJIOKHUCTBIX TyMaHHOCTel B JIebene n Binznenax. Ha puc. 16.6 nmpusee-
Ha dororpadus TymanHoctu Kaccuones A, mojiyueHHas B KpacHBIX JIydaX. BHIHO JTOBOJIBLHO
BBITSIHYTOE BOJIOKHO (IIPOTSI2KEHHOCTB €ro 0KoJ10 3') Ha paccroguun 2' OT MEHTpa TyMaHHOCTH
1 OOJIBINIOE KOJIMIECTBO «3BE3/I000PA3HBIX» IISITHBINIEK, MOKPBIBAIOIINX BCIO ILIOMIAIb, 3aHsI-
Ty pajuoncTodHnkoM. OJIHAKO 3TU HSTHBIIIKU OTHIONL HE 3BE3JIbI, a ra3000pa3Hble JI0BOJIb-
HO IUIOTHBIE KOHJeHcaluu. Kpome MsITHBINIEK UMEITCs Takyke MajeHbkue (10 20”) BbITAHY-
Thle BOJIOKHA. HekoTophble M3 HUX JIOBOJIBHO SIDKH, JPYTHE €/IBa pa3aInduMbl. Bece 5Tu «0OpHIB-
KU» TYMaHHOCTH PACIIOJIaraloTCs B IIPEJe/axX OKPY:KHOCTH C JIMAMETPOM HEMHOTo OoJblie 6.
OcobeHHO MHTEPECHBI CIIEKTPhI OT/IEIbHBIX KOHJIEHCAIMI BOJIOKOH. JIMHUN U3 Ty YeHns BOJIOKOH
« b dy3HOr0» BHUIA MOKA3BIBAIOT OI'POMHBIE JIYUEBBIE CKOPOCTH, joxojsdiiue modtu o 8000
kM/c HaoGopot, 3Be3/1000pa3Hbie MATHA CKOJIBKO-HUOY/Ib 3HAYUTEIbHBIX JIY9IEeBbIX CKOPOCTEH
He obHapy:KuBaoT. Besa HabiogaeMast KapTHHa ONTHYECKOi TyManHocTn Kaccnomess A MoxKer
ObITH 00bsicHeHa ciemytonuM obpasoM. [luddy3Hbie TyMaHHOCTH IPEICTAB/ISIOT COOO0T BHIOPO-
IMEHHbIE BO BPeMs B3PbIBa 3BE3/bI 00/IaKa rasa, JBUXKYIIHECd C OIPOMHON CKOPOCTBIO Yepe3
OKPY2KAIOIILYIO0 UX MEXK3Be3/HYIO cpe/ty. BayKHO MoMIepKHYTh, YTO XUMUYIECKU COCTAB OBICTPO
JIBUZKYIIIUXCS BOJIOKOH PE3KO OTJIMYACTCA OT XUMHUYECKOI'O COCTaBa MEXK3Be3JIHOW cpejibl. Ta-
KIe 3JIEMEHTBI, KaK KHCJIOPO/I, cepa U aproH B 9TUX BOJOKHAX B JECATKU pa3 60jiee 00MIbHbI
(110 OTHOIIEHUIO K BOJOPOJLY), YeM B MEXK3BE3JHOI cpejie. DTO 00CTOSITE/IbCTBO O3HAYALT, UTO
BBIODOIIIEHHBINT BO BpeMs B3PbIBA MATEPUAJ JIO STOTO IIPETEPIIes CJI0KHYI0 XUMIIECKYIO TPAHC-
dopmalnio, 00yCI0B/IEHHYIO d/iepHbIMU peakiuamu. Hadonenus nocteaaux 20 jieT nmokasaJim,
YTO 9TU BOJIOKHA BEChbMa HECTAOUJIbHBI: OHHU IMOABJAIOTCA KaK Obl B «IIyCTOM» IPOCTPAHCTBE,
CYIIECTBYIOT JIECSATOK JIET U UCUE3aI0T. BoJibIe BoJIOKHA MHOT/Ia PACIIaIaI0TCsd Ha MaJible, IIPHU-
YeM OTHOCHUTEJIbHBIE CKOPOCTHU OTJIE/IbHBIX dacTeil KPYITHBIX BOJIOKOH BecbMa Besuku. Boobie,
MHOTO€ B Tpupojie PpU3nIecKux IMPOIECCOB, MPOUCXOAAMUX B BojoKHax Kaccmoren A, moka
OCTAETCs €I HE sICHBIM.

M3 HabromaeMoii CKOpOCTH pacIiupenns: cucTteM BOJOKOH Kaccrornen A MOXKHO TOJIYINTH
BO3pACT 9TOro 00beKTa. OKa3bIBACTCA, YTO B3PHIB 3BE3/IbI, ABUBIIUNC TIPUINMHON 00pa30BaHUsI
Kaccuonien A, npousores okosio 1667 r. (nmpumepno mexay 1659 u 1675 r.). Ilpegcrasisercs
YJIMBUTETbHBIM, TIOYEMY €BPOIIECKIEe aCTPOHOMBI, KOTOpPbIe TaK YCIIEITHO HAOIONAIN TIOYTH
3a croserue 10 sroro Hoewie Tuxo u Kemepa, penmmrebHO HUYUEro He 3aMEeTUIN B CO3BE3IHMN
Kaccuomnen. [Touemy ke 910 Tak nmoayamiocsk? [logemy «mpo3eBajins BCIBIMIKY 9TO CBEPXHOBOM
B 110Xy, Koryia B EBporie yxke Ob11u oocepBaTopun’ Koneuno, Bujmmasi ApKOCTh 3B€3/IbI 3aBUCHT
HE TOJILKO OT MOIITHOCTHU €€ M3JIy9YeHHsI, HO U OT PacCTOsiHus 10 Hee. KakoBo Ke paccTosHue J10
Kaccuonen A?

[lepBas HajiezKHasI OIEHKA PACCTOSIHUSA JIO 9TOI'0 UCTOYHUKA ObLIa MOJTyYeHa PAJIMOACTPOHO-
MHYECKUM MeTO/IoOM. MeTo OCHOBBIBAETCA Ha M3YUEHUHU JIMHUH TOTJIONIECHUS B PA/IUOCIIEKTPE
HMCTOYHMKA Ha BOJIHE 21 cM. DTa JIMHUA 00pa3yeTcs B pe3y/bTare IMOIVIOMEHNs PaInON3/Ty YeHUs
MEeXK3BEe3IHBIMI aTOMaMK BOJAOPOIa. Tak Kak Imocje Hue KOHIEHTPUPYIOTCS IIPEUMYIIeCTBEHHO
B CIIUPAJIbHBIX PyKaBax [‘ajakTuKm, KOTOpble UMEIOT JIPYT OTHOCHTEILHO JPyTa pa3Hble CKOPO-
CTH, TO 9TO OTPA3UTCA Ha «IIpoduies JTUHUU, KOTOPasd pa3zo0beTcs Ha HECKOJIbKO KOMIIOHEHT,
COOTBETCTBYIOIINX BOJIOPOJIHOMY TOIJIOIIEHUIO B PA3JIMIHBIX PyKaBax. Tak Kak B HAIpaBJICHUU
na Kaccromero A cymmecTBYIOT mpu CIHpPaIbHBIX pyKaBa, a TpoMUIb JUHUKA TOTJIOMEHUS CO-
CTOUT W3 JIByX PE3KO BbIPpaKEHHBIX ITPOBAJIOB MHTEHCUBHOCTH, TO Cpal3y »Ke MOXKHO CjiejlaTh
BBIBOJI, YTO UCTOYHUK PAIMOU3IYICHUSA PACIOIOKEH IIe-TO MEXK/Iy BTOPBIM M TPETBUM pyKa-
BOM CITUPAJILHOM CTPYKTYDHI (puc. 16.7), OTKyma ciieayer, 9T0 pacCTOsiHAE JI0 HEr0 OKOJIO TPEX
TBICAY TTAPCEK (T. €. OKOJIO JIeCSITH THICSY CBETOBBIX JieT). Takoe ke paccTosiHue Moy IaeTcs n3
cpaBHEHUS HAOJIIOIAEMON CKOPOCTH «PACIIOI3aHUs» BOJOKOH TYMAHHOCTH 110 HeOecHOi cdepe
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Puc. 16.7. Cxema, mosicHSOMAas paHoacTPOHOMIUIECKUIT METO/T OIPE/IETICHIsT PACCTOAHUS JT0
rymanaHocTn Kaccuonest A.

(OHH, eCTECTBEHHO, OIPEJIENSIIOTCA B Y2A068bl €IHHUNAX, HAIIPUMED, CeKyH/IaX JyTU B TOJ) CO
CKOPOCTBIO BOJIOKOH TIO JIy1y 3peHus, OlIPe/ie/IsieMOil N3 N3MEPEHHOIO J0ILJIEPOBCKOTO CMETTIEHUS
CIIEKTPAaJIbHBIX JINHUN.

Urak, paccrosiaue ;10 Kaccuornen A okosio 3000 ric. Ecyin Ob1 He OBLIO Me2K3BE3/IHOTO TIOTJIO-
IIEHNsT CBETa, BUJINMasl BeJIMYNHA BCIIBIXHYBIIEl CBepXHOBOI (a0COIOTHAS BEJIMIHHA KOTOPOI,
KakK MOXKHO MoJjiaraTh, 6biia okoso —20™; cMm. § 15) Gbuia 661 —7™, T. €. OHa JOJKHA ObLIa
Ka3aTbhCs, OKAJIYH, JlaxKe dpde, deM cBepxuoBad 1054 1., Tak mopasuBIias KUTANIIEB, STOHIEB
u, Bo3MOxkHO abopureroB Ceseproit Amepuku. UToObl Takoe YIUBUTEIBLHOE SIBJIEHHE, CJTIYIHB-
meecd B obJjracTu Heba, KOTOpas HUKOT/Ia He OIMyCKAaeTCs 1OJI TOPU30HT, OBLIO ObI HE 3aMeYeHO,
cJiejtyeT MPUHSATD, UTO HOTJIONIEHIE CBETa JTOJIZKHO OBITh KAK MUHUMYM 7—8 BesindanH (T. e. 60J1b-
e, veM B 1000 pas), u elne JOMOTHATETHHO IPEJIIOIOKATE, YTO B TO BpeMst HaJT Beeit EBpomoit
CTOsIIa HECKOJIBKO HEJIeJIb TI0/Ipsi/l HEHACTHAS TI0r0/ia, KOTopas KaK pa3 CJIydunIach TOrJa, KOrja
cBepXHOBag ObLIa B MaKCUMyMe CBOero OJsiecka... Koneuno, B npunmuie 310 MoxKeT ObITh. Ho
IIOTJIOIIIEHNE CBeTa B HampapjeHnn Kaccromen A XOTs W BEJIMKO, HO HE HACTOJIBKO: OKOJIO 4,3
3Be3/1HOI BesimanHbl. ) BO3MOXKHON IpUYINHE HEHAO/II0IAeMOCTH STOW CBEPXHOBOI cM. § 18.

Belrie yke yHnoMuHAIOCH, 9TO, KPOME OBICTPO JBUKYIIUXCA BOJIOKOH, B Kaccuomnee A Ha-
OJII0/IAI0OTCS TTOYTU CTallMOHAPHbIE KOHeHcarn. CKopee BCEro, 3TU KOHJICHCAIUH [IPE/ICTABIIs-
10T cOOOI C2KATBIN YJIapHOI BOJIHON MeyK3Be3 b ra3. [loxoxke, ojiHaKo, Ha TO, 9TO XUMHIECKU
COCTAB ITUX KOHJIEHCAIUI He COBCEM OOBIYEH: a30T TaM aHOMAJbLHO OOMJIEH 110 OTHOIIEHUIO K
Kucaopoy. Ecam 3To Tak, To ocTaeTcs TOJBKO CIUTATh, UTO y/IapHas BOJTHA OT B3PhIBa PaCIIPO-
CTpaHsIach y2Ke He 10 MeK3Be3/IHOI cpejie, a Mo 000JI0YKe, «BBITEKINEel» 13 3Be3/Ibl, KOTOpas
B30PBAJIACh KAK CBEPXHOBasd. TakuM 00pa3zoM, Bce 0COOEHHOCTH BeChMa CBOEOOPA3HOIO OCTATKA
ceepxuoBoit Kaccronen A o0bACHSAIOTCA MOJIOJOCTBIO 9TOTO 0OBEKTA.

B 1966 1. 6b110 06HAPYXKEHO peHTreHoBCcKoe masydenne ot Kaccuomen A. B ormmame ot
PEHTIEeHOBCKOI'O U3JIyU€eHUs OT JIDYTUX, ropa3ao 060jiee «CTapbiXx» OCTATKOB CBEPXHOBBIX, PEHT-
reHOBCKOe m3jydeHue or Kaccmomen A 3HaumTebHO KecTde. Kak MOIIHOCTB, TaK M CIHEKTP
PEHTIeHOBCKOTO m3jydenns Kaccuoren A ecTecTBEHHO OObSICHSIETCS TeOpueil, pa3sBUTOI BbI-
me. 3aMeTuM B 9TOMI CBSI3H, 9TO B OKpeCTHOCTAX Kaccrmomen A TIOTHOCTH MEXK3BE3/IHOTO Ta3a
nosbimena (N, &~ 10—20 cvm™?), uTo obecneunBaer HEOGXOJAUMYIO MOMIHOCTH PEHTTEHOBCKOTO
U3JIydeHns, KoTopas nponopuuonanbia N2R?) rie R — pajuyc TyMaHHOCTH. Bosibliast xKect-
KOCTb TEILJIOBOI'O PEHTTEHOBCKOTO M3/iydeHusi or Kaccuornen A oObsiCHsI€TCS OIPOMHOI TeMIIe-
parypoit (~ 3-107 K) miazmbl 3a GPOHTOM BOJHBI, 4TO B CBOIO 04Y€Pe/Ib 00bLACHACTCS GOJIBIION
CKOPOCTBIO PACIIUPEHUS ITOW TYMAHHOCTH, T. €. B KOHEYHOM PEe3YJIbTaTe — €€ MOJIOJOCTBIO.

[lepeitiém Tenepb K OCHOBHOMY BOIIPOCY O IMPUPOJIE PAJIMOU3IYUEHUs] OT OCTATKOB BCIIbI-
IIIEK CBEPXHOBBLIX. B HacTosiiiee BpeMsi OOHAPYKEHO PAJIMOU3JIYyUYCHUE MPAKTUIEeCKH OT BCEX
MOHM30BAHHBIX MA30BBIX TYMAHHOCTEH, KaK «Iuddy3HbIX», TaK U m1aHeTapHbiX. OIHAKO 9TO
n3JIy9deHne, eCjiu MOKHO TaK BbIPA3UThCsI, HOCUT TPUBHAIBHBIN XapakTep. OHO sIB/ISETCS TUCTO
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TellJIOBbIM, U €I'O0 MHTE€HCUBHOCTDL U CHeKTp OHpe,ZLe.HHIOTCﬂ N3BECTHBIM 3aKOHOM KI/IpXI‘O(baZ
—35l
Iy = By(1 — =), (16.5)

re I, — nabmopgaemas unrencusHocTb, By(T) = 2kT /A? — uHTeHCUBHOCTD U3JIydeHus abco-
JIFOTHO Y€PHOTO TeJIa, 34, — KO3 MUIMEHT MOIIOMeHns Ha JIAHHO 9acToTe, | — IPOTAKEHHOCTh
HCTOYHVKA B HAIIPABJICHUH JIyda 3peHus. Beaudaunna sl HOCUT HA3BAHHUE «OITUIECKON TOJIIIIY.
[Ipu mocTtaTodHO OGOJIBIION ONTUYECKOI TOJIIIIE

2kTV?
Iy = By(T) = =~ (16.6)
T. €. BHE 3aBUCHUMOCTH OT (bI/ISI/I“IeCKI/IX CBOMCTB UCTOYHUKA OHA 6y,IL€T HNMETDH HeKOTOpOG COBep—
IIIEHHO OHpe,ZLeﬂeHHOG 3HadeHHne, 3aBUcdIee TOJIbKO OT 9aCTOThI 1 TeMHepaTypm I/ISJ'[ytIaIOHJ,eI‘O

HOHM30BaHHOIO rasa. Ecmm T, < 1, To dopmymra (16.5) npumer Bu
I, = BT, o< N*T~Y?], (16.7)

Tak Kak 34, < N2T /2, XapakrepHo, 4T0 B 9TOM CJTydae HHTEHCHBHOCTD H3/IydeHHs He 3aBUCHT
oT JacToThl. CaM 3j1eMeHTaApHbIN aKT U3JIy9YeHUs CBOJIUTCH K «CTOJIKHOBEHUSIM» MEXKJIY SJIEK-
TPOHAMY ¥ MOHAMM, JIBUKYIIUMUCI C TEIJIOBBIMU CKOpOCcTaMuU. TerioBoe pajinonsydenue ot
obnacreit H I mek3Be3/HOI cpejibl, 0 KOTOPOM Pedb Iijia B § 2, 00bICHSIETCHd UMEHHO TAKUM
CIIOCOOOM.

YaKe 0oJINH B3IVIAJ, Ha CHEKTP TyMaHHOCTEHl — OCTATKOB BCIIBIIIIEK CBEPXHOBBIX, HAITPUMED,
Kaccuorien A, rOBOPUT O TOM, 9TO UX U3JIyUeHHE HUIETO OOIIEro ¢ TerIoBbIM He nMeet. [Toces-
Hee Ha OIPAHUYEHHOM MHTepBaJe N3MEeHEeHUs V MOXKHO TaK2Ke IIPeJICTaBUTh CTEIIEeHHBIM 3aKOHOM
F, oc v 9 rye a mensiercst B npejieiax or 0 0 —2, MeXKIy TeM KaK y OCTaTKOB CBEPXHOBBIX
CHIeKTpaJIbHbIN HHJEeKC nosoxkuTeser (0 ~ 0,5 + 1,0) Ha GOJIbIIIOM HHTEpBaJe U3MEHEHUsI Ya-
crot (puc. 16.8). Tasee, cama BeJIMIMHA UHTEHCUBHOCTHU PAJIMOU3IIY YeHMsI, OCOOEHHO HA HU3KIX
4acToTaxX, JOCTUraeT OrpoMHOro 3Hadenus. [lo dopmyse (16.6) Mbr Beerjia MoxkeM J1t000ii UH-
TEHCUBHOCTHU IIPUBECTH B COOTBETCTBUE HEKOTOPYIO TeMmilepaTypy. [lociennsasa nocut nazsanume
«IPKOCTHOM TemiiepaTypbl» (cM. § 4). OKa3blBaeTCst, YTO Ha METPOBBIX BOJHAX MHTEHCUBHOCTU
Kaccuorien A cooTBeTCTBYeT APKOCTHAS TEMIIEPATypa B COTHU MUJIIMOHOB KEJILBUHOB. MeK Ty
TeM, Kak 1o ciaepyer u3 dopmyibl (16.6), B ciydae TEIIOBOrO U3JIyueHUs SPKOCTHAS TeMIie-
paTypa IpoCTO paBHa TeMIlepaType ra3a, KoTopas, KaK IIpaBUJIO, IIOP/IKa AECATUA ThICAY KeJlb-
BUHOB. Hesb3s Tak:ke cunTarh HAOJIIO/[aeMOe PaIMON3/IyYeHUE TEIJIOBBIM U3J/IyYeHUEM BEChbMa
ropsg4ero rasa 3a (ppoHTOM yJAapHON BOJIHBI, PACIHPOCTPAHSIONIENCd B OCTATKAX CBEPXHOBLIX
(cm. § 15). Borunciiennasi Ha OCHOBe HaOJIIOA€MOTO PEHTTEHOBCKOIO M3JIydeHust (KOTOpoe sB-
JII€TCS TEIJIOBBIM) MHTEHCUBHOCTD PAJIMOU3JIyYeHUs, OKA3bIBAETCs, UMEET HUITOKHO MAJIYIO
MHTEHCUBHOCTH. Kpome Toro, He cieyer 3abbIBaTh O IMOJTHOM HECOOTBETCTBUU HAOJIOIAEMbBIX
PaJIMOCIIEKTPOB OCTATKOB CBEPXHOBBIX CIIEKTPaM MCTOYHUKOB TEIJIOBOI'O PA/IMOU3/TYYEHUS.

HpaBI/IﬂbHaH niaed, O6'bHCHHIOH_IaH PaaIuonu3/IydeHue OCTaTKOB CBEPXHOBbBIX (TaK K€ KaK 1
GOJIBIIMHCTBA JIPYTUX UCTOYHUKOB KOCMIYECKOTO PaJInoOn3/IydeHust ), Oblta mpejiozkena B 1950
r. mBeICKUME (pu3nkaMu AJTbBeHOM U XepJIoCOHOM U, HE3ABUCUMO, HEMEIIKUM aCTPOMUITKOM
KunenxoitepoMm. B mocteyrornue rojipl 9Ta ujest Bo Beex JeTassx ObLia pazpaboTaHa TJIaBHBIM
obopazom B CCCP u joBesiena 0 ypOBHsI BeChbMa COBepIieHHON Teopuu. Ee mpumenenme K
KOHKPETHBIM aCTPOHOMHWYICCKUM O6'beKTaM7 B 9aCTHOCTHU, K OCTaTKaM CBEPXHOBbLIX, OKa3aJIOChb
OYeHb TJIOIOTBOPHBIM. Ha 0CHOBe HOBOIT TeOpHH y1a10Ch OObICHUTE OOJIBIIOE KOJUIECTBO acT-
POHOMHMYECKHUX HAOJII0IaeMbIX (haKTOB U IMPEJICKA3ATH Psijl HOBBIX, KOTOPBIE MMOJTHOCTBHIO IO
TBEPKIAJUCH CIIEIUATBHO [TOCTABJIEHHBIMU HAOIIOeHUsIMU. UTO YKe 9TO 3a Teopusi’

I/IS CbI/ISI/IKI/I yKe JJaBHO M3BECTHO, 9TO €CJIM JJIEKTPOH ABUZKETCdA BO BHEITHEM MaIl'HUTHOM
nosie H, T0 OH M3JIydaeT XapaKTepHYIO 4acTory Vy = eH /2Tim.c, rje e — 3apsij| 9JeKTpoHa,
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Puc. 16.8. Pagnocniektp Tymannoctun Kaccmorest A.

Me — €ro Macca. JTO Ta 4acToTa, ¢ KOTOPOil 9JIEKTPOH BPAIACTCA BOKPYT IEPIIEH UK YISIPHBIX
K HAITPABJIEHUIO €r0 CKOPOCTH CHUJIOBBIX JIMHUII MAarHuTHOTO ToJid. Eciau sueprug siekrpona F
OYeHb BeJIMKA U IPEBOCXOUT €ro SHEPIHI0 MOKOs M’ (TaKoil 3JIeKTPOH HAa3bIBACTCS «PeJIsATH-
BUCTCKHM> ), TO XapaKTep M3JIyUeHUs IIpeTepeBaeT KaueCTBeHHbIe n3MeHenus. [Ipex e Bcero
TAKOI JIEKTPOH OyJ/IeT M3JIydaTh He OJIHY OIPEJEJCHHYIO YACTOTY, & HEIPEPbIBHBINA CIEKTD, T.
€. OrPOMHO€ KOJIMYECTBO T€CHO MPUMBIKAIONIUX JIPYT K JIPYTY YacTOT, IpUYeM MaKCUMaJibHas
MHTEHCUBHOCTH €0 U3JIydYeHUs OyIeT MTPUXOIUTHCA HA YACTOTY

eH E \?

4Tm.c \ mec?

(16.8)

m

Co cTOpPOHBI HU3KHUX YACTOT, T. €. Jjisg V <K V,,, HHTEHCUBHOCTH OYJIeT MEJJICHHO PACTU C 9acTO-
Toit Kak V3, a st V > V,, KpyTOo 06pBIBaThCA. JIPyTOil BasKHOII 0COOEHHOCTHIO M3y UIeHMSs
PEJIATUBUCTCKUX JIEKTPOHOB $BJISIETCS €r0 HaIlpaB/IEHHOCTH. [louTu Bce m3iiydenue pesrdTu-
BHCTCKOTO 3JIEKTPOHa& OyJIeT COCPEe0TOYEeHO BHYTPH KOHYCa, OCb KOTOPOT'O COBIaJIaeT C Ha-
IpaBJieHueM MTHOBEHHON CKOPOCTH €ro JIBHKeHHsl, a yroJl pacTBopa © = m.c?/E. Uznydenne
TAKOI'0 TUIIA JABHO U3BECTHO (pu3ukaM, paboTaoiuM Ha ycKopuTe/isax. OHO MOy IuIo yIadHoe
Ha3BaHUE «CHHXPOTPOHHOTO.

st Toro 4To0Bbl «IMOYYBCTBOBATH» IMOPAJIOK BXOJANUX B (POPMYJIBI CHHXPOTPOHHOTO U3-
JIyYeHUs] BeJIMYMH, HAIOMHHM, YTO SHEpIrus IIOKOs 3JeKTpoHa mec? = 5 - 10° aB, vy =
eH/21m.c = 2,8 - 105H. TlycTb B MarHUTHOM TIOJIe JIBHKETCs 3JIeKTpoH ¢ sHeprueit £ = 107
5B, 4TO cooTBETCTBYET SHEPrUM MATKUX KOCMUYECKHX Jydeil. Torma on Oyier ns3jydaTh Helpe-
PBIBHBIN CHEKTP, MaKCUMAaJIbHAsd MHTEHCUBHOCTH KOTOPOrO OyJIeT MPUXOIUTHCA Ha YacCTOTY

2
V,, = 1,4 -10° (mE02> H = 108 H. Ecau Hanpsi>KeHHOCTh MarHUTHOIO II0JIsl HOPs/IKa Halps-
e

JKeHHOCTH MEK3Be3IHbIX nojeit, T. e. H ~ 107°, 1o V,, ~ 10® I'i, ueMy coOTBeTCTBYeT JIIMHA
BOJIHBI A = 3 M. DT0 XapaKTepHbII AUala3oH pajauonsiaydenns [ajgakruku. Ecim Obl 971eKTpoH
OBLIT HEPEJIATUBUCTCKUM, OH U3JIydaJl Obl TOJIBKO OjfHYy dacTtoTy Vg ~ 30 ['11, 9emy cooTBeTCTBY-
et jaauna BoJiHBI 0K0J10 10 000 kM. Takoe uziydeHue ¢ mOMOIIHIO HA3EMHBIX PaINnOTEIeCKOIIOB
HabJIIO/IATh HEJIb3sl — BCIIOMHUM, YTO MOHOC(Epa IPOITYCKAeT TOJbKO PaJInOBOJIHBI 0OJiee KO-
porkue, ueM ~ 30 M. Jla 1 KocMHYecKHue paJuoTeIeCKOIbl, KOTOPhIe, KaK MOXKHO II10JIaraThb, B
HeJIaJIeKoOM OyIyIneM Oy/lyT yCTaHOBJIEHBI Ha CIEIMAJIbHBIX CIyTHHKAX, TAKOE <«CBEPX/JIMHHO-
BOJIHOBOE» PaJIMOUIJIYIEHUE OT HEPEJITUBUCTCKUAX JEKTPOHOB BPSJL JIM CMOTYT 3apPEruCTpPH-
poBarb. MTak, camoil «II0JIe3HOI» OCODEHHOCTHIO PEITUBUCTCKUX JIEKTPOHOB SIBISIETCHA HX
CIIOCOOHOCTH M3JIydaTh CPABHUTEIBLHO BBICOKHUE, JIOCTYIHbIE HaOJIIOJICHUAM YacCTOTHI B OYEHb
CJIAOBIX MATHUTHBIX IOJISIX.
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MpbI paccMaTpuBaId CHHXPOTPOHHOE M3JIyYeHHE TOJIBKO 00H020 PEISITUBUCTCKOIO 3JIEKTPO-
Ha C JaHHOI sHeprueil. B neficTBUTEIbHOCTH, KaK MOKA3bIBAIOT PE3Y/IbTAThl UCCIIEIOBAHUI 11ep-
BUYHBIX KOCMUYECCKUX JIy4eil, COCTOAIINX TaKXKe U3 PEJIATUBUCTCKUX YaCTHULL, IIOCJICAHUEC pac-
IpeJIeIeHbl 110 SHEPTUAM 110 HEKOTOPOMY CTEIIEHHOMY 3aKOHY. DTOT 3aKOH MMeeT BU]T

N(E > Ey) = LE&‘V, (16.9)
rie N(E > Ey) o3Havaer 9ucjio YacTull B eIMHAIE 06'beMa, SHEPTUst KOTOPBIX 6oJibIie Fy. Beu-
YUHa Y XapaKTepu3yeT SHEPreTUIeCKUH CIIeKTD PEeJSTUBUCTCKUAX YacTHIl. B Ipenosokennn,
YTO CKOPOCTH PEISATUBUCTCKUX 3JCKTPOHOB OPUEHTHPOBAHBI 10 OTHONICHUIO K MATHUTHOMY
[OJIIO CJIYYaiHBIM 00Pa30M, TEOPETUIECKUM IIyTEM MOYXKHO IOJIYUYUTH (DOPMYJLY, JIAIOILYIO 3Ha-
YeHre MHTEHCUBHOCTH M CIIEKTD CUHXPOTPOHHOIO W3JIyYEHHs OT MHOXKECTBA PEISTUBUCTCKUX
YACTHIl, SHEPIeTUIECKUI CIIEKTP KOTOPBIX JaeTcs BbipazkeHueM (16.9). Dra BazkHas dopmyiia
uMeeT BUJL

—929 g\ Y—1 y+losy—1

I =13-1072(2,8- 105 u(y)KH'> IN'T (16.10)
rje u(y) — YUC/IOBOM MHOXKUTENb TOPSJIKA €JIUHUIbL, [, KAK W PAHbIIe, O3HAYACT MPOTSIKEH-
HOCTH O0JIACTH, IJIe JBUKYTCA PEJIATUBUCTCKUE 3JICKTPOHDL, 110 JIydy 3PEHUs; A — IJIMHA BOJIHLI
u3aydeHus. Fcm moacTaBuTh BMECTO IIOCJICIHE 9acTOTY, BOCIOIL30BABIINCH COOTHOIICHUEM
A = ¢/V, 10 MBI cpa3dy ke yBuauM, 9To (opmyra (16.10) maer creneHHON CIIEKTP CHHXPOTPOH-
HOTO M3JIyUeHHs B MOJHOM coryiacuu ¢ Habmogenusvu. CrekTpaabHblil nujgeke o (em. (16.4))
OKa3bIBAETCS PABHBIM X

y .

=1 - 16.11
a=1 (16.11)

®opwmyiia (16.11), BriepBble mosrydeHHast coBeTcKUM pajmoactpoHomoM A. A. Kopuakom, cBsA3bI-
BaeT MOKa3aTeJb CTEIIEHHOI'O0 SHEPTreTUYECKOrO CIIEKTPa PEIITUBUCTCKUX JIEKTPOHOB CO CIIEK-
TpaJIbHBIM UHJIEKCOM MX CHHXPOTPOHHOIO M3jydeHns. Tak, Hanpumep, B ciydae Kaccuomen A
o = 0,8, caegoBarenbio, Y = 2,6 — BeJMYUHA, TUNUYHAA JJId KOocMudeckux Jiydeit. Moo
CKa3aTh, YTO CTENEeHHOW CIEKTP PaJIMOU3JIydeHUs] OCTATKOB BCIIBIINIEK CBEPXHOBBIX OTPAXKAET
CTENEHHOI SHePTeTHYEeCKN CIIEKTP PeJIATHBUCTCKUX YaCTHUIl, OTBETCTBEHHBIX 33 HaOJII0IaeMoe
paImon3IyYeHue.

Taknm 06pazoM, MbI TIOJIONIIN K BayKHEHIIIeMY BBIBOY: B PACHIHPAIONINXCS TYMAHHOCTAX —
OCTATKaX BCIIBIIIIEK CBEPXHOBBIX 3BE3J] — COJEPXKUTCS OTPOMHOE KOJIMYECTBO PEJIATUBUCTCKUX
YaCTHUIL, T. €., JIPYTUME CJIOBAMHU, KOCMHUYecKuX Jiydeit! BriepBble oTKpbLIach BO3MOKHOCTH Ha-
6JII0/IATh IEPBUYHBIC KOCMUYIECKUE JIydn (TOUHEe, UX SJEKTPOHHYIO KOMIOHEHTY) He Y IOBEpPX-
HOCTH 3emin, a B ryiyomHax [ajmaktuku un jgaxke Bceenernoit, nbo pajguons iydeHne raJakTuK
OTKPBITBIX B 1963 I KBa3apoB MMEET CHHXPOTPOHHYIO MPHUPOJLY. YCTAHOBJICHUE STONH BO3MOXK-
HOCTH, OTKPBIBIIIEIl HOBYIO 9Py B U3YyYeHUU KOCMUYECKHUX JIydell, TIOKaJIyil sBJIsSeTCs OJHUM U3
BasKHEUINX JIOCTUZKEHUN PamoacTPOHOMUN.

[TpumeHsist TEOPUIO CUHXPOTPOHHOTO U3JIyUeHUs K PEAbHbIM MCTOYHUKAM (HAIIPUMED, OC-
TATKAM BCIIBIIIEK CBEPXHOBBIX), MOKHO HANTHU MOJHOE KOJIMIECTBO HAXOJSIIUXCI TaM PeJIsiTH-
BUCTCKHUX 3JIEKTPOHOB U UX SHEPIUIO, a TAKYKe HAIPIKEHHOCTh MAarHuTHOTO 11oJ1d. [Ipu 3Tom mo-
CTYIIAIOT cJeytonuM oopasoM. [Ipexk ie Bcero Hajio MMeTh B BUJLY, YTO B UCTOYHUKAX PAJIMOU3-
JIy9eHUsT HAPSAJLYy C 9JIEKTPOHAMHU JIOJI2KHBI ObITh U JIDYTUEe PEJIATUBUCTCKAE YACTHUIIBI, TJIABHBIM
obpazom npoTonbr!. Tszkenble peaTHBUCTCKIE YacTUIIbI, OJHAKO, IPAKTUYCCKN He H3/TyHaloT,
TaK KaK UX Macca CJAUIKOM BesnKa. [losromy B pajimoncrounnkax co3/iasach CBOeoOpa3Has Cu-
Tyallusi: U3 BCEX UMEIONINUXCS TaM PEIITUBUCTCKUX YaCTUIL O6Jiarofgaps UX CUHXPOTPOHHOMY U3~
JIyIEHUIO MOXKHO OBLJIO HADJIIOMATH TOJIBKO 3JeKTPOHbL. OJIHAKO B MOCJ/IEIHAE TOJIbI, OJ1arogapst
ycrexaMm BHeaTMOChEepHO raMMa-acTPOHOMUHN, BBIBUIACH BO3MOKHOCTD HAOIOJATH U POTOH-
HYIO KOMIIOHEHTY KOCMHYeCcKuX Jiydeii. [Iporpecc B 9Toit BaxKHOIT 06/IacTH CBA3aH € YCIIENTHOM

1I/ICKJ'IIOLIQHI/IG COCTaBJIAIOT ITO3UTPOHDLI.
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paboToil crienuaM3npOBaHHBIX CIIyTHUKOB «SAS-2» 1 «Cos-B», Ha KOTOPBIX JI€TAJIBHO UCCIIEI0-
BaJIOCh OOHAPYKEHHOE HE3a/I0JIM0 JI0 STOI0 Ha PaKeTaX KEeCTKOe KOCMUYECKOe raMMa-U3JIy deHue
¢ sueprueit kpautoB E > 15 M»sB. Oxka3zajoch, 9T0 9T0 m3/IyvdeHne pacipejiesieHo mo HeOy B
BH/IE TIOJIOCHI MMUPUHOM OKOJIO 3°, TAHYIIEHCA BIOIb TaJaKTHIECKOTO SKBATOPA Ha PACCTOSHUE
+60°0T rajlakTHYecKoro mneHTpa, naxojdiieroca B Crpesbiie. V13 criekTpa 9TOro Kectkoro ms-
nydenusilzaydenne!xxecTkoe@ « 2 KeCTKOE» CJIEyeT, IYTO CYNECTBEHHAs €0 YacTh 00yCIOB/IEHA
pacuaioM «IIU-HOJIb» (Tlo) ME30HOB Ha JBa TaMMa-KBaHTa, HPUYEM CaMH T -Me30HLI 00pasy-
I0TCd B pe3yJibTaTe CTOJIKHOBEHUA DEJIATUBUCTCKUX IIPOTOHOB, BXOAANINX B COCTaB IIEPBUYIHBIX
KOCMUYECKUX JIydeil, ¢ sapaMu aTOMOB MEXK3BE3/IHOIO Ta3a. JTO KaK pa3 U O3HAYaeT, UTO
raMMa-aCTPOHOMHUS, HAPsy C paJHOaCTPOHOMHUEH, siBJIsieTCsd BecbMa 3(PPEKTUBHBIM METOIOM
U3ydeHMs IePBUYHBIX KOCMUYECKUX Jiydeil B MecTax ux Jjokajnsanuu (1. e. B [ajakruke).

Anasinz pacripejiesienns UHTEHCUBHOCTA KOCMHYECKOTO raMMa-u3JIydeHus 1Mo HeOy M03BO-
JISleT C/IeJIaTh BBIBOJ|, YTO HEPBUYHBbIE KOCMHUYECKHE JIYIN KOHIEHTPUPYIOTCS K pyKaBaM CIIH-
PaJIbHOI CTPYKTYPHI ['alakTHKY, IJle NX NJI0OTHOCTB HOYTH B TPH pa3a 00JIbIle, YeM B OKPECTHO-
crsix Coutaia (pacIioyioXKEHHOTO, KaK M3BECTHO, MEXK/Iy pyKaBamu). VIHTepecHO, 9TO Ha ramma-
CIIyTHUKaX OBbIJI0O OOHAPYXKEHO 3HAYNTEHbHOE MOBBIINIEHNe NHTEHCUBHOCTH KOCMIYECKOI'0 raMMar-
M3JIy9YeHns B 00JIacTh rajlakTudecknx jgonaror 260°—270°. BaxxkHO oTMeTuTh, 9YTO B 9TO# 00JIa-
cTu Heba HAXOUTCs OJMH 13 Guzkaimux K HaM (1 = 450 1c) 0CTaTKOB BCIBIIIKU CBEPXHOBOIA.
Ceituac y»Ke JJOKa3aHO, YTO YIOMSHYTasl JIeTa/lb PACIpe/Ie/IeHlsl NHTEHCUBHOCTA KOCMUYECKOTO
raMMa-u3JIydeHns CBg3aHa C ITUM OCTATKOM, XOTd IPH TaKOM OTOXKJECTBJIECHHH OBLIN OIpe-
JleJIEHHbIe TPYIHOCTH. ['aMMa-acTpOHOMES TOJIBKO HaUYWHAET PA3BUBATHCSH, U, HECCOMHEHHO, MBI
OyeM CBHUIETEISIMI HOBBIX BBIIAIOIINXCS OTKPBITHII B 9TOI 00JIacTh.

O603HAYNM SHEPIUIO BCEX PEIATUBUCTCKUX YACTHIL, COJIEPKAIIUXCS B eJuHuIe 00beMa (T.
e. IJIOTHOCTH 3Heprum 3tux 4acrui) depe3 W,. Torga mIOTHOCTL SHEPrUN PETATHBUCTCKUX
9JIEKTPOHOB MOKHO IpejicTaBuTh Kak W, = kW, rine Bequunna k Menbine eguHuinl. Tpy-
HOCTDL IPOOJIEMBI COCTOUT B TOM, YTO 3Ha4YeHHe k, KaK NpaBUJIO, BecbMa Heompejeaenno. 13
aHaJIM3a COCTaBa MEPBUYHBIX KOCMUYECKUX JIyUeil, HAOTIOJaeMbIX B HEMOCPECTBEHHON OJIM30-
ctu ot 3emutd, cieayer, uto k ~ 0,01. 3ameTrum, B 3TOI CBSA3U, YTO MOUCKU PEJISITHBUCTCKUX
9JIEKTPOHOB B KOCMUYECKUX JIydax ObLIM MPEIIPUHATHI KAK Pa3 B CBA3U C YCIEXaMU [TPUJIOZKE-
HUsI CHHXPOTPOHHOMI Teopuu K pajuoactporoMun. O THAKO HUOTKY/IA HE CJIEIYET, 9TO BeJIMINHA,
k BO BCeX MCTOYHUKAX, B YaCTHOCTH, B OCTATKAX BCIIBIIIEK CBEPXHOBBIX, JIOJIZKHA OBITH TaKas
JKe, KaK U B OKPEeCTHOCTAX 3emyn. Bojtee Toro, B § 17 MbI IpuBeIeM apryMeHThI B [TOJIb3Y TOTO,
uro B KpaboBWHON TyMAHHOCTH OCHOBHYIO YaCTbh PEISATUBUCTCKUX YACTHIL JOJZKHBI COCTAB-
JISITH 9JIEKTPOHBI 1 TO3UTPOHBI. [Ipu pacyerax, 3a HenMeHUeM JIydIiero, OObITHO JIeJIAI0TCS JIBa
npejnonoxkenus: k = 0,01 u k = 1. K cyacTbio, Ha OCHOBHBIX BBIBOJIAX, KACAIOMIUXCS TPUPOJIHI
OCTATKOB CBEPXHOBBIX, TaKas HEOIPE/IeJIeHHOCTb B 3HAYEHUHN k OTpaykKaeTcd He OYeHb CUJIbHO.

CyIIecTBEHHBIM SIBJISIETCS TO OOCTOSITEIBCTBO, UTO ILIOTHOCTH SHEPIUHU PEIATUBHUCTCKUX
vyactul, W, ne MoKeT IpeBbINIaTh IVIOTHOCTH SHEPruy MarHuTHoro mousd Wy, KoTopas, Kak
u3BecTHO, pasHa H?/8TL B npoTuBHOM cjlydae MArHUTHOE IOJIe HE CMOXKET yJIepP:KUBATh pe-
JIATUBUCTCKUE YACTHIILI JJIMTEILHOE BPEMsI M OHH CO CKOPOCTDBIO, OJIM3KOI K CKOPOCTH CBeTa,
pasJiersiTcs 1Mo BceM HarpassieHnsiM. C JIpyroif CTOPOHBI, BIIOJTHE MOXKET ObITh TaKas CUTyallus,
korjga Wy > W,. MaremaTudecku ycioBue yjlep:KaHusd PeJIATHBUCTCKUX YaCTHUIl MarHUTHBIM
IOJIeEM 3alUIIeTCd TaK:

Wy=—=2W,= (16.12)

Mozxno nokasars, aro ec Wy ~ Wy, TO nosnasg sueprusa pejiaTUBICTCKIX YaCTHUI BMeCTe
¢ 9HEprueil MarHuTHOrO TOJIA JIocTUraeT MuHUMyMa. [losToMy mpm pacuerax, Kak IIPaBUIIO,
IPUMEHSAIOT JIONOJIHUTEbHOE yeaore (16.12) u, TakuM 06pa3oM, HAXOJST HUZKHIOK TDAHUILY
SHEPIUil PEJIATUBUCTCKUX YACTHUIL U 10JIs B ucrounuke. [loxoxke Ha TO, 94TO 7180 OOJIBIIMHCTBA
PaJIMONCTOMHNKOB BBIIONIHsAETCs yeaosne H2 /8Tt = W,
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16. OCTATKU BCIIBIINIEK CBEPXHOBBIX — UCTOYHUKN PEHTTEHOBCKOI'O U PAIMONSBJIYHEHN A

Pacnpenenenne nHTEHCUBHOCTH y TPOTAKEHHBIX PAMOUCTOYHIUKOB — OCTATKOB BCIIBIIIEK
CBEPXHOBBIX, JOBOJILHO ¢J10KHO. Ha puc. 16.9 nmpusejieno «pajimon3oOparkeHues TyMaHHOCTU
Kaccuonest A, mosrygeHHoe ¢ MMOMOIIBIO pauonHTepdepoMeTpa ¢ XOPOoIlei pa3pernaoneil cro-
cOOHOCTBIO. XOTs CTPYKTyPa PaInon300parkeHns, TpuBe/leHHasd Ha puc. 16.9, T0BOJBHO CI0K-
Ha U u300u/IyeT GOJILIIUM KOJIMIeCTBOM JeTajieil (TaM BUJIHO 10 Kpaifineit Mepe 10 MajieHbKIX
KOH/ICHCAIWIA), B II€JIOM OHA MMEET SIBHO BBIDAYKEHHBI «000JI0UeUHbIi» XapakTep. Pajnonsiry-
YeHHe COCPEJ0TOYEHO Ha mepudepru HEKOTOPOro cheponiaabHOro 00beMa, IIpUuIeM TOJIIIITHA
PaIMOM3/IYIAIOIIEr0 CJI0s COCTAB/IAET HECKOJIBKO JIeCAThIX ero pajauyca. [loceannii jerko ore-
HUTb U3 U3MEPEHHOTOo yIJIoBoro pauyca (okoio 2”.5) u paccrosuus 1o Kaccnonen A, kotopoe,
KaK Mbl BHjiesin, cocraiisgeT okoso 3000 nc. OkaszbiBaercs, 4To pagunyc cheponajabLHoro 00mb-
eMa, 3aI0JTHEHHOIO 10 Nepudepun PeIaTUBUCTCKIMHI YacTUIIAMU, HEMHOI'O ITPEBOCXOUT 2 TIC.
Ha puc. 16.10 npuseiernl 6osee rpyOble panon300pakeHnsT «CTaphIX» OCTaTKOB CBEPXHOBBIX,
[OJTyYeHHBIE ¢ MEHBINEl pasperralonieii crrocoOHocThio. U B 9TOM ciydae OTYeTIMBO BUIHA 000-
JIOU€YIHAs CTPYKTYPa paHonCcTOIHUKOB. Cle/yeT, OHAKO, O TICPKHYTh, ITO BCE 9T 0D0JIOUKH
UMEIOT BeChbMa HelPaBWIBHYIO CTPYKTYDY. JIuHeitHbie pazmepsl 0607101U€K MOXKHO OMPEIETUTD
[0 X M3BECTHBIM YIJIOBBIM pa3MepaM, €CJIi 3HATh PAaCCTOsHUs 0 HUX. B ciydae cucTeMbl
BOJIOKHUCTBIX TyMaHHocreil B Jlebeme (cMm. puc. 16.2) paccrosiHue HAJIEXKHO OHPEIE/ISieTcs 10
U3MEPEHHBIM JIY9eBbIM CKOPOCTSIM BOJIOKOH M CKOPOCTH MX «PAaCIOJI3aHUsI» 10 HeOY, BhIPayKeH-
HOIT B cekyHIax yru 3a o/ (em. § 15). Orcrofia cireyer, 9o paJimyc 3Toro HCTOYHIKA OKOJI0 20
Ic, T. €. B JlecdaTh pa3 bosibine, dem pajunyc Kaccuornen A. Y Apyrux HCTOYHUKOB, PAIHON300pa-
JKeHHsI KOTOPBIX MPUBEJIeHbI Ha puc. 16.6, pajinychl MOJIyYaJUCh 110 PACCTOSHUSIM, HAIeHHBIM
PAJIMOACTPOHOMUYECKIM METOJIOM, O KOTOPOM pedb OyeT uiaru HuKe. s 60o1bImHCTBa TaKUX
HUCTOYHHUKOB pajuychl 0/mm3ku K 10 11c.

Terepb B HaIlleM PACIOPSZKEHUN MMEIOTCsI BCe HEOOXOIMMBbIE JaHHBIE, ITOOBI OPE/IETUTD
SHEPIUIO PEJIITUBUCTCKUX YACTHUI] B OCTATKAX BCIBIIIEK CBEPXHOBBIX U BEJIUUUHY UMEIONIEroCs
TaM MarauTHOro nojs. Heobxomumast jjist pacteToB MHTEHCUBHOCTD PAJINOU3JIYI€HUST MOXKET
OBITH MTOJIyYeHa U3 U3MEPEHHOI'O 3HAYEHNUsI TOTOKA M YIJIOBBIX pa3MepoB. Eciu B mpeeiax jjaH-
HBIX YIJIOBBIX PA3MEPOB HHTEHCHBHOCTH (T. €. IPKOCTH) OCTAETCsT MOCTOSHHOMN, TO IPUOINKEHHO
OyeM uMeThb

rae () — TejecHBbI yroJ, Ioj KOTOPBIM BHUJIHA JaHHAdA JIeTajib HCTOYHHUKA, [, — IOTOK OT
9TOit meranu. 3Has Fy i Bcex merasieil, MOXKHO HaiiTu I, JUIst KaxKI0i U3 HUX, & IIOTOM, IIO-
cJie CyMMUPOBAHUS,— MOJTHYIO SHEPTHUIO PEIATUBUCTCKUX JaCTUIl B ncTouHnKe. OTHOBPEMEHHO
MOJIy4aeTcs paclpejie/ieHne MarHuTHOTO TOJId B ero mpejesiax. s rpyObIX pacdeToB MOK-
HO JaxkKe coBceM He oOpallaTh BHUMaHUE Ha CTPYKTYPY M300parkeHusi UCTOYHUKA, CIUTas ero
00BEKTOM IIOCTOSIHHON MHTEHCUBHOCTHU, KOTOPYIO B 9TOM CJIydae MOXKHO OIPEIE/INTh TaK:Ke 110
dbopmye (16.13). B arom ciryuae F, o3HauaeT H3MEpEHHBII IIOTOK OT BCETO MCTOYHUKA, a () —
TEJICCHBIN YTOJI, O/, KOTOPBIM OH BHJICH.

B ciayuae Kaccmonmem A mpu k = 1 Bbrumcienua gaior smadenme W, = 2 - 10% spr.
DToil Ke BeJMYNHEe PaBHA, [0 YCJIOBUIO, SHEPrus Wy MArHuTHOrO MOJI B UCTOYHUKE, OTKY-
na H = 2,5-107* spcren. Ecim ke, B OKpecTHOCTAX 3eMad Wid B uctounuke Ilapyca X,
PEATUBUCTCKAE JIEKTPOHBI COCTABIIAIOT TOJBKO OJIMH IPOIEHT OT IIOJTHOU SHEPTUU peadTH-
BUCTCKHX 4acTull, T. ¢. k = 0,01, To 3nauenue W, yBeanuuBaeTcs, COIIaCHO pacdeTaM, B CeMb
pas, B TO BpeMs KaK HaIPsSKEHHOCTb MArHUTHOIO T0JIs BhIpacTeT B 2,7 pasa. CiiejioBaTesbHoO,
B 3TOM ciydae W, ~ 10 spr, a H ~ 7-107* 9. O6paTuM BHEMAaHUE Ha OFPOMHYIO BEJIUUUHY
SHEPIUU PEJIITUBUCTCKUX YaCTHII, 3aKJTIOUYEHHBIX B O0JIACTU OCTATKOB BCIIBIINIKHA CBEPXHOBOIA.
Ona mouTn paBHa BCeil dHeprum, KoTopas OblIa M3JIydeHa 3a BPeMsl BCIBIIKHA 3Be3/Ibl. 3Ha-
YeHne MarHUTHOTO IOJI B ODOJIOUKE CBEPXHOBOW TaKXKe JIOBOJIBHO BEJIMKO: OHO B COTHIO pa3
IIPEBBINIAET BEJIUYNHY MEK3BE3THOI'O MArHUTHOTO TIOJIS.
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AnajioruvuHbie BBIYUC/IEHUS, BBIIOJTHEHHBIC JJISI JIPYTUX, 00jiee «CTapbiX» OCTATKOB BCIIbI-
IIeK CBEPXHOBBIX, JIAIOT CXO/HbIE 3Hauenust W, ~ 10" spr n 3aMeTHO MeHbIIMe 3HAYEHNs HAIIDSI-
JKeHHOCTH MarHUTHOTO TMOJIs. TaK, y NCTOYHUKA, CBSI3aHHOTO C BOJOKHUCTBIME TYMAHHOCTSIME
B Jlebene, mpu k=1 W, = W, =2,5-10% spr, H ~2-107° 9, a npu k = 0,01 W, = 1,7-10%
spr, H = 5-107° 9. Urak, pejsTUBUCTCKUE YACTUIILI U MAarHUTHbLIC II0JI ABJISIOTCS BEChMa,
CYIIECTBEHHBIM ATPUOYTOM OCTATKOB BCIIBIIIEK CBEPXHOBBLIX, BO MHOI'UX OTHOIIEHUSX OIPE/Ie-
JISTEOITIIM 9BOJTIOIUIO 9TUX O0BEKTOB. DTO, B YaACTHOCTHU, CBI3aHO C OOJIBIION POJIBIO, KOTOPYIO
UrpaeT B JMHAMUKE OCTATKOB Ja6.4eHue MATHUTHOTO TOJIsT U PEJITHBUCTCKAX dacTull. B3an-
MOJIEICTBHUE TIOCJIETHUX C ILIa3MOMN, MPUCYTCTBYIOMIEH B OCTATKAX BCIIBIIMIEK, OCYIIECTBIISIETCS
Yepe3 MArHUTHOE I0JIe: PEJIATHBUCTCKUAE YACTHIILI OKA3BIBAIOT JIABJIEHUE HA CUJIOBBIE JIMHUIH
MAarHUTHOTO II0JIs, & [OCJ/Ie/IHee YIIPABJIeT JIBUZKEHUEM ILIa3Mbl.

Murt BuuM, 9To (hu3MIecKne YCI0BUs B 000JI0UKAX — OCTATKAX BCIIBIIIEK CBEPXHOBBIX OIIpPe-
JEeNAI0TCA CJIOXKHBIM IepellieTeHeM B3auMOAeiCTBUN KOCMUYECKUX JIy4deil, MarHUTHBIX 110J1ei,
OYeHb Topsgdeil Taa3Mbl, oOpasyioreiics 3a GPOHTOM YIapHOI BOJTHBI, M MOTPYKEHHBIX B 3Ty
IJIA3MY TJIOTHBIX, CPABHUTEIHLHO XOJIOJHBIX I'a30BBbIX BOJIOKOH. TakuM 0Opa3oM, CHHXPOTPOH-
Has TEOPUs MOJHOCTHIO O0bsACHUIA BCE OCOOEHHOCTH PAIMOU3JIYIE€HUS OCTATKOB CBEPXHOBBIX.
B wactHocTH, cTasia noHdTHO! Hab/II0IaeMas AUHEUHAA NOAAPUIAUUS PATIOn3Iydenns oT Kac-
cuorien A, BOJIOKHUCTBIX TyMaHHOCTell B Jlebeae m pojaCcTBEHHBIX OOBEKTOB — OCTATKOB BCITbI-
IMIeK CBEPXHOBBIX. DTa MOJISIPUBAIASA JIOCTUTAET 3HATNTETHHON BeJIMIIHBI, JIOXO0/IsI B OTIETbHBIX
JIeTajIgX JO JeCITKa MPOIEHTOB. 3aMeTHM, UTO TEIJIOBOE DA IMOU3JIydeHUe B yCJIOBUSAX CPaB-
HUTEJILHO CJIaObIX MarHUTHBIX TOJIEN He MOYKET ObITh CKOJIbKO-HUOY/Ib 3aMETHO TIOJISIPU30BAHO.
Mexk 1y TeM CHHXPOTPOHHOE U3JIyUeHUEe, KaK MOYKHO MOHSATH, ITOYTU BCErJA JIOJI2KHO OBITH I10-
JIIPU30BAHO, TaK KaK B M3JIyYalONeM OObEeKTe BCerja mMeeTcss (DU3WUIECKH BbIJIEJIEHHOE Ipe-
NMYIIIECTBEHHOE HAIIPAaBJIEHNE, CBsI3aHHOE ¢ MAarHuTHBIM mojieM! To/bKO B TexX ciydasx, KOria
MarHUTHBIE [TOJI B UCTOYHUKE PACIIPE/IeSIEHbI XaOTUIHO, IPUYeM MacriTad OJHOPOIHOCTEN IMo-
Jisi HAMHOI'O MEHBIIIEe PAa3MEPOB UCTOYHUKA, MIOTOK CUHXPOTPOHHOI'O M3JIYUEHUs OT ITOCJIeTHEro
mouTu He OyJeT noJisipuzoBan. O0bsCHEHNE TOJIAPU3AINA UCTOTHIKOB KOCMUYECKOTO PaHON3-
JIy9eHUsI €CTh OOJIbINOE JTOCTUKEHNE CHHXPOTPOHHON TEOPUH.

Ojtrako Jiobast Teopusi TOJBKO TOTJIa MOXKeT ObITh NMpU3HAHA MMPABUJIBHON, KOT/Ia MCXOIsT
13 Hee MOXKHO IIPEeJICKa3aTh COBEPIIIEHHO HOBOE SBJIEHHE, KOTOPOE ITOCJIe STOrO0 HAOIIOTAETCS.
B ucropun actpodusuku u paJroacTpOHOMIH OOJIBITYIO POJIb CHIIPAJIO TPEJCKA3aHue MTOITPH-
3aIlUU ONTHIECKOro n3jydenns KpaboBuHOM TyMaHHOCTH, KOTOPOEe OJIECTSIIE TOITBEP/INIOCDH
HAOJIIOJICHUSIMEU. DTO MpeJICKa3anne ObLIO CIEIaH0 HA OCHOBE MCTOJKOBAHUS JABHO M3BECTHOTO
ONMUMECK020 M3JTYIEHUs ITONH TyMAaHHOCTHA KaK CUHXPOTPOHHOI'O, O 9eM IMOIPOOHO pedb OyaeT
uaTu B ciaefyiomnieMm naparpade. Ceiiqac MbI paCCMOTPHUM JIPYTO€ CJIEJICTBUE CUHXPOTPOHHOI
TEOPUH, TIO3BOJIAIOINIEe CIe/IaTh BaXKHOe IpeJCcKa3aHne, KOTopoe ObLIO MOATBEPKIEHO Ha OIbI-
Te.

OcraTkn BCIBIIMIEK CBEPXHOBBIX IPEJICTAB/SIOT COOO HEOTPAHUYEHHO PACIIUPSIONIIECs
00bEKTHI, B KOHIIE KOHIIOB PAaCCEUBAIOIIMECs B MexK3Be3Hoi cpeqe. Tymannocts Kaccuones
A, KoTOpast JOCTATOIHO TOIPOOHO OMUCHIBAIACH BBIIIE, SIBJISTETCS MOJIOABIM 00bekToM. Ob1aka
ra3a, BBIODOIIIEHHbIE MIPU BCIIBIINIKE CBEPXHOBOI, TOJIBKO €/IBa HAYMHAIOT TOPMO3UTHLCH MeEK-
3Be3/IHOM cpeoit. OHM TOYTH MOJTHOCTHIO COXPAHUIN CBOIO MEPBOHAYAJILHYIO CKOPOCTH, IPHU-
obpeTeHHY0, BO BpeMs B3pbiBa. Haobopor, Takue 00bEeKThI, KAK BOJOKHUCTHIE TYMaHHOCTH B
cozBe3un Jlebens, IC 443 u anajiornaHbIe UM, IPEJCTABIAIOT COOOM TOCTATOTHO CTAapPbIe OCTAT-
KU BCITBIIIIEK CBEPXHOBBIX. VX jmHeitHbIe pa3mepsl B 5—10 pa3 MpeBBINIAIOT JUHEHHbIE pa3Me-
pot Kaccuorren A. CkopocTh UX pacimupenus CHIbHO yraJja. Hakonerr, u 9To, moxKaJtyit, camoe
MHTEPEeCHOEe — MOIIHOCTb UX PAJIMOM3JIyUeHUs] 3HAYUTETbHO MEHBIIE, YeM MOIIHOCThH PaJIfo-
nzayuenus Kaccuomen A. MOITHOCTD HCTOYHUKA MPOMOPIIMOHAIBLHA TPOU3BEJICHUIO KBaIpaTa
PACCTOSTHUS IO HETO Ha BEJIUYUHY MOTOKA. TaK KaK PacCTOsiHUE JI0 BOJOKHUCTBIX TYMAHHOCTEH
B Jlebese mouTn B eThIpe pasa MeHbIle, deM ;10 Kaccnoren A, a OTOK PaInon3 Iy d9€HUsT TIOUTH
B CTO pa3 MEHbIIIE, TO MOIIHOCTh pajuonsiyueHus Kaccuomen A okasbiBaeTcs B MOJTOPDHI ThI-
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cs49n pa3 0oJIbIle, YeM y TAKOTO «CTaporo» oO0beKTa, KaK BOJOKHUCTBbIE TyMaHHOCTH B Jlebee!
Takum 0Opa3zoM, MbI IPUXOJUM K UHCTO SMIIMPUIECKOMY BBIBOJLY, UTO 110 Mepe PacCIIupeHus
OCTATKA BCIBIIIKIA CBEPXHOBON MOIIHOCTH €r0 PaJIMOU3/IyUeHnsd CUJIbHO yMeHbInaeTcd. Fie B
OOJIbINEll CTENEHN yMeHBITIaeTCs TOBEPXHOCTHAST IPKOCTh «CTapbIX» ocTaTkoB. Hampumep, mo-
BEPXHOCTHAad APKOCTb PAJUOMCTOUYHUKA, CBA3aHHOI'O ¢ BOJTOKHUCTBIMU TYMAHHOCTAMU, B COTHIO
THICAY pa3 MeHbIe, yeM Kaccuomnen A.

Mexk 1y TeM KOJMYeCTBO PEIATUBUCTCKUX JIEKTPOHOB, OTBETCTBEHHBIX 38 CHHXPOTPOHHOE
U3JIyYeHre 3THX 00bEKTOB, IPAKTUIECKN He YMEHbBIIaeTCd B TeUeHre X dBOJonuu. Bean pess-
TUBUCTCKUE YACTUIIBI KaK Obl «3alepPThl» B CAEPKUBAIOIIEM UX 3AIyTAHHOM MarHUTHOM IIOJIE,
HaKPEINKO IMPUBA3aHHOM K PACIIPAIONIMMCS T'a30BbIM BoJIOKHAM. [[o Kakoil ke mpuvnHe 1mpouc-
XOJUT CTOJIb PA3UTEIbHOE YMEHbITIEHUE MOIITHOCTUA U UHTEHCUBHOCTU PaJIUON3/IyYeHNsI OCTATKOB
BCITBIIIIEK CBEPXHOBBIX TI0 MEPe WX IBOJIFOIAN !

DTOT BOIIPOC UCCJIEIOBAJICS aBTOPOM Hactosieir Kauru B 1960 r. OkasbiBaeTcs, 4TO 10 Me-
pe paclupeHus paJuoTyYMaHHOCTH JIOJI2KHA YMEHbIIATbCA HAIPs?KEHHOCTh MAarHUTHOI'O IOJIS.
MoKHO 0KMJIaTh, UYTO B IPOIECCE PACIIUPEHUs] COXpPAHAETCHd 3HAYE€HWe MarHUTHOI'O TOTOKA,
T. €. IPOU3BEJICHUE KBaJpaTa pajuyca PaJuoTyMaHHOCTH Ha CPEJHIOI BEJINYMHY MarHUTHOIO
noJig. Ecim 910 Tak, TO MArHUTHOE IOJIE TAKOI'O O0OBHEKTA 0 Mepe ero PacIIupeHus JOJIZKHO
MEHATBCS B IIePBOM IIpUOIzKeHn Kak B2, rie R — paauyc paguoryMannoctu. EcTh eme e
NPUYWHBI, BeIyIIe K YMEHBIIEHUIO MOIITHOCTHU pajuonsitydennd. [lepsasg cocrout B ToM, 4TO B
IIPOIIECCE paCIIUPEHnst 00JIACTU, B KOTOPOH 3aKJIIOYEHBI PEIATUBUCTCKIE JIEKTPOHBI, KAXKIbIi
13 HUX YMEHBIMAeT CBOIO SHEPTUI0 0OPATHO IMPOMOPIMOHAIBHO PAINYCy 00JIaCTH. DTO STBICHUE
BIIOJTHE aHAJIOTMYHO OXJIAYKJEHWIO ra3a Mpu ero pacmupennu. Kpome toro, 6ymer HepepbIBHO
YMEHBIIIAThCA YIOJI MEK/ly HallpaBJIeHUeM JIBUXKEHUS PeJIATUBUCTCKUX 3JIEKTPOHOB U MarHUT-
Horo nosigd. Tak Kak Jijid CHHXPOTPOHHOI'O M3/IyYeHUd UMeeT 3HaYeHUe TOJTbKO COCTABJIAIONIA
MAarHUTHOTO 10/Is1, TIePIeHIUKY/IApHast K HAIPABJICHUIO JIBUKEHUS 3/eKTpoHal (Hanpumep, ec-
JII PEJIITUBUCTCKUI 3JIGKTPOH OYJIeT JBUTIaThCA CTPOrO BJIOJIb I0OJIsd, OH HUYErO U3JIy4YaTb He
6ysieT), TO ITO sIBJIEHNEe PABHOCHJILHO JIOTOJHUTEIBHOMY YMEHBIIEHUI0 MATHUTHOTO MOJIsI, YTO
TaKzKe NPUBEJET K YMEHBIIEHUIO MOIIHOCTU CUHXPOTPOHHOI'O U3JIyYEHU:A OCTATKOB BCIIBIIIEK
CBEPXHOBBIX.

Takum 0Opa3oM, eCcTh HECKOJIBKO JOCTATOYHO CEPhE3HBIX MPUYUH JIJIsi HEIIPEPBIBHOTO YMEHb-
IIEHUS MOIIHOCTU CHHXPOTPOHHOI'O U3JIyYeHUd PAJUOTYMAHHOCTEH 110 Mepe UX PaCIIMPEHUd.
Yder Bcex 3TUX NPUYUH MO3BOJISET MOJIYYUTH CJEIYIONIYIO MPOCTYI0 (DOPMYITY il 3aBUCH-
MOCTHM MOIIIHOCTH 3BOJIOIMOHUPYIONIEr0 UCTOYHUKA CUHXPOTPOHHOI'O M3JIyYEHUs OT PaJdyca
PaMOTyMaHHOCTU Ha aMadaTUIecKoil (hase pacimpeHus MOCIe/THen:

L oc R72(20+1) (16.14)

rae, Kak U paHbIIe, a o3HavaeT CHeKTpaHbeII'?'I MHICKC NCTOYHUKA. Cpe,ZLHHH IIOBEPXHOCTHaI
APKOCTDL PaCHINPAIOIIEToCda paJlOuCTOYHUKA JOJIZKHa y6bIBaTb 1o boJiee «KPYTOMY» 3aKOHY:

I oc R~2(20+2), (16.15)

Ota QopmyIa B MepBOM HTPUOIMKEHUN BIIOJIHE YIOBIETBOPUTEIHHO OIMCHIBAET YMEHbIIIEHIEe
[IOTOKA U SIPKOCTU PaIUOU3IYICHUS OT PACIHIUPAIONINXCA OCTATKOB BCIIBIIIEK CBEPXHOBBIX. M3
Hee, HAIPUMep, CJIeJIyeT, 9TO KOT/Ia B IIPOIecce pacllipeHns JIMHelHbe pa3Mepbl Kaccunomen A
CTaHyT paBHBI COBPEMEHHBIM pa3MepaM CHCTEeMbl BOJOKHHCTBIX TyMaHHOcTel B Jlebeme, mor-
HOCTh €e CHHXPOTPOHHOI'O M3JIyUeHHUs yIIaJleT BO MHOTO Thicsdd pa3. Haobopot, Korya octaTku
CBEPXHOBOIl, CBA3aHHBIE ¢ TOHKOBOJIOKHUCTHIMU TYMaHHOCTAME B Jlebeie, numen pasmepsl co-
Bpemennoii Kaccmorren A, To nmpwHMMasi BO BHUMaHWE, YTO JIJI 9TOTO MCTOYHMKA O = 0,47,

TTosToMy B dopMyIax mIsS CHEXPOTPOHHOTO H3JIyTIeHNs, IPUBEIeHHBIX Ha cTp. 182, BMecto H Hamo mocTa-
BUTh H | — COCTABJISIONIYIO IOJIsI, TIEPIEHIUKYJISPHYIO K CKOPOCTU PEJISITUBUCTCKOrO 3jiekTpona. O6brano H |
6/m3ko K H, n 9Ta nornpaska IPUHIUINAIHHOIO 3HAYEHUS HE MMEET.
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MOIITHOCTb €0 PaJHOU3JIyIeHHUs J0JKHA ObLIa OBITH B HECKOJIBKO Pa3 OO0JIbIlle, UeM y COBpe-
mennoit Kaccuoren A.

Takum oOpas3oM, Teopus IMPeJICKA3bIBAECT, YTO MOTOKU PATUOU3IYIEHUS OT OCTATKOB BCIIbI-
IIIeK CBEPXHOBBIX JIOJIKHBI HEIIPEPBIBHO yOBIBaTh. JlomycTuM Temnephb, 9TO paciiupeHne UCTod-
HUKa ITPOUCXOJIUT C ITIOCTOSTHHOM CKOPOCTBIO, UTO CIPABEJJIMBO JIJIs MOJIOJIBIX, €Ille HE 3aTOPMO-
BUBIINXCS HICTOYHUKOB, K YHCJIy KOTOPBIX puHaiexkuT Kaccuones A. B takom citydae paguyc
HCTOYHUKA TIPOMOPITMOHAIEH €r0 BO3PACTyY W Mbl MOXKeM Tepermcarh dopmyiay (16.14) B Bue

B, o 7220+, (16.16)

TaK KaK ITOTOK FV IIpoIopnuoHaJIeH MOITHOCTHU Lv, a pacCTodHue 1 10 UCTOYHHUKA 3a BpeMAd €ro
BOJIIOIINN HE MCEHACTCA.
O6OBH&‘II/IM Ion49HO€ YMEHbIICHUE IIOTOKa OT TaKOI'0 HCTOYHHUKA 4Yepe3 AF\, TOI‘,H‘a HE
IpeacTaB/IdAeT TPpyda IIOJIYIUTDb BbIpazK€HHUE JIJId OTHOCUTE/IbHOI'O YMEHbIIIECHUA IIOTOKa 3a I'OJI:
AF,  2(20+41)

= — 16.1
F, T (16.17)

rae 1" — BO3pacT UCTOYHUKA, BbIparKeHHbIN B rogax. s Kaccnonen A o = 0,8, a T' ~ 300 e,
orkyrna AF,/F, ~ 1,7% B roj, T. e. 0)k1j1aeMOe «BEKOBOe» yMeHblIleHue moroka or Kaccnonen
A jo/mKHO HecKoJIbKO npeBbimaTh 1,5% B rog! 91o odeHb Ooblilas, a rJIaBHOE — BIOJIHE W3-
MepuMas BenunHa. TakuM o6pa3oM, TOocIe0BaTe/IbHOe IPUMEHEHNEe TEOPUU CHHXPOTPOHHOTO
n3nydennsa K Kaccromee A mo3Bosm/Io mpeacka3aTh, YTO 9TOT CAMBIH SPKUH PaMONCTOTHIK
Ha Hebe JOo/KeH Kak Obl «TadgThby Ha rasax! Cpasy ke mocie omyOJUKOBAHUST TOTO MPEJI-
ckazanns B 1960 1. aHrimiickue paamoacTpOHOMBI HmoBTOpWIN Habsogenne Kaccuomen A wa
MOM 2ice CTapOM TeJIeCKOIe, Ha KOTOpOoM ObLT B 1948 1. 0OHApYKEH 3TOT 3aMevdaTebHbIN 1C-
TouHuK. Vcrnonb30Banme i Pa3HOBPEMEHHBIX HAOJIIOIEHNN OJHOTO M TOTO K€ MHCTPYMEHTa,
1 TOXKJIECTBEHHOW METOMKHU 3HAUYUTETHHO YMEHbIaeT Hem30eXKHbIe OMMOKN m3MepeHus. Pe-
3yJIbTATBI TUX HAOJIIOJEHNI HEBOJILHO MMOPa3W/Iu BooOpaxkenue: 3a BpeMsd ¢ 1948 mo 1960 .
IOTOK OT 3TOr0 ApdYaillllero NCTOYHNKA yMeHbmuiIca nodrn Ha 15%! Tonmunoe nsmenenue mo-
TOKa OKasasoch pasubiM 1,1 £ 0,14%. B nocieayromnme roasl Takue m3MepeHus: HeOJHOKPATHO
HoBTOPsNCh. Pasubre aBropsl gafor 3uadenune AF,/F, or 1,1 10 1,7% B rom. Ckopee Bcero,
sTa BesmunHa Ommska K 1,2% B rox, uro ma 30% MeHbIIE TEOPETHYECKOrO 3HAYCHMS, IIOJIy-
gennoro u3 dopmyisl (16.17). Cremyer, ofHaKo, UMeTh B BHIY, 4TO 9Ta (HhOPMyJa MOJIyIeHa,
[P YIPOIIAONIEM IPEIOI0OKEeHNN, YTo0 R o« t, T. €. TyMaHHOCTb COBEPIIEHHO HE TOPMO3UT-
cs1. Mexk 1ty TeM UMeIOTCs Olpejie/ieHHble HabJIrogaTe/ IbHbIE I0KA3aTeIbCTBA, UTO TOPMOKEHUE
BosiokoH Kaccuorien A Mexk3Be3/IHOM Ccpejolt y2Ke HAaYa/I0Ch. Tak, HApuUMep, MOJI0KUATEThHbIE
JIy9eBble CKOPOCTH BOJIOKOH 9TOH TYMAHHOCTU CHCTEMATHIECKH OOJIBINE OTPHUIATETHHBIX, ITO
O3HAYAET, UYTO oOpalleHHasd K HaM JacTh ODOJIOUKHU yzKe Hadaja TOPMO3UTbCd. ¥ UeT 3TOro 0b-
crosiTeJIbCTBa yMeHblnaer Bemauny AF,/F, 10 nabawogaemoro 3unadenus 1,2% B rog. Yepes
30 ster moToK pajuonsiyderust or Kaccuonen A ymenbinnrest modru B 1,5 pasa, a B cepejune
IIPOIILJIONO BEKa OH IPEBOCXOI coBpeMeHHoe 3Hadenne modtu B 10 pas! 2Kasko, mpasia, 9ro
TOr/1a He OBLIO PaIHOACTPOHOMUN. .

Ob6napyKeHne IpeICKa3aHHOTO Teopueil ObICTPOro yMEHbIIIEHUS TOTOKa PaInON3/Iy YeHUST
ot Kaccuonen A ecth mpsiMoe JI0Ka3aTeIbCTBO IPABUILHOCTH CHHXPOTPOHHON TEOPUH 1 BCEX €€
BBIBOJIOB. Y JIpyrux, 00jiee «CTapbiXy PaIHOUCTOYHUKOB — OCTATKOB BCIIBIIIEK CBEPXHOBBIX —
BEKOBOE YMeHbIIIeHIE TOTOKA OOHAPYZKUTH MOKA HEJIb3sI: CJUIIKOM MeJJIeHHO MEHSIeTC UX pa-
JIAYC.

Heckombko JjieT Ha3a,1 aMepuKaHCKHE PAIHOACTPOHOMBI IIOATBEPANIN HAOIOIEHIS TOPHKOB-
ckux pajmoacrponomoB CrankeBuda u llefiTinHa, ycTaAHOBUBIIMX, ITO IO MepPe PACITUPEHUST
Kaccuonen A mensiercst He TOJIBKO ee TIOTOK, HO u cnexmp. Ilocmemuuit cranoButcst Bce 6osee
«mtockuM». [Ipu Takom n3menenun 3a BpeMmsi ~ 1000 jieT criekrpasibablil nHIeKCe Kaccuomen A
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Puc. 16.11. 3aBucuMoCTh MOBEPXHOCTHOM SIPKOCTH OCTATKOB CBEPXHOBBIX OT PaJIIyCa.

YMEHBIIIUTCS ITOYUTU BJBOE U CTAHET OJIM3KUM K CIEKTPAJIbHOMY UHJIEKCY «CTapbIX» OCTATKOB.
[Ipuanna 9TOrO MHTEPECHOTO sIBJIeHNUsT TTOKa HesicHa. CKopee BCero OHa CBS3aHA C MOJIOJIOCTHIO
ncrounnka Kaccumomest A, BciieIcTBIE 9ero B HEM elle MTPOJIOJIZKAETCS IPOIECC YCKOPEHUsT pe-
AgTUBUCTCKUX dactull (cM. Huzke). Ha pue. 16.11 npusejieHa 3aBUCHMMOCTH MOBEPXHOCTHBIX
SIPKOCTEI OCTATKOB OT UX PaJINyCOB I BCEX 00BEKTOB € XOPOIIO U3BECTHBIMU PACCTOSTHUAMMU.
XOpOoIIo BUJIHO, YTO 3Ta 3aBUCUMOCTH MOXKET ObITH IIpeJICTaB/IeHA CTEIIEHHBIM 3aKOHOM, XOTs 1
6oJtee mosioruM, deM npu O = 0,8. IMIUPUIECKN Oy IeHa 3aBUCHAMOCTh

I, R (16.18)

Hac ne jgo/KHO cMyIIaTh, 9TO SMIMPUIECKU 3aKOH YObIBAHUA PAJIMOCBETUMOCTH II0 Me-
pe pocta pajmyca 6oJiee TIOJIOTHi, YeM TeopeTudecKuii, ornucsbiBaeMblii hopmysioi (16.15). Bo-
[IEPBBIX, HE BCE TYMAHHOCTH HAXOIATCS Ha aanabaTHIecKOil CTa uu pacIiiupeHusi, BO-BTOPHIX,
CIIEKTpaJIbHbIE UHIEKCHI OOJILITUHCTBA TYMAaHHOCTEH CpaBHUTE/ILHO HEBEJIUKH.

[Tostyuennoit sMoupraeckoii 3aBucuMocTbio (16.18) MbI BOCIOIB3yeMCsi JIJIsi TOTO, YTOOBI
pPa3BUTDH HOBBIIT METOJI OIIPEJIEJIEHNST PACCTOAHII JI0 OCTATKOB BCIIBIIIIEK CBEPXHOBBIX, KOTOPbIE
JIDYTHMH METOJIAMU OIIPEJIETUTD JINO0 HEBO3MOXKHO, JINOO BEChbMa 3aTPYIHUTETBHO. DTOT METO/T
HOCHT CTATUCTUYECKHUI XapaKTep U 110 Hjiee BIOJIHE aHAJIOTHYEH HAIlleMy MeTOY OIlpe/IeIeHUS
PaCCTOSHUI JI0 TJIAHETAPHBIX TYMAHHOCTEH, KOTOPBIi OBbLT 1mpejioxkeH B 1956 1. 1 BCKope craJ
obmenpu3HanubIM. B obonx ciiydasx CBETUMOCTH OOBEKTOB JIOBOJIBHO OBICTPO YMEHBIIAETCs €
POCTOM UX JIMHEHHBLIX pa3Mepos 110 Mepe paciupenus’. [losTroMy pasHulia B pazMepax pasHbIX
00bEKTOB OTHOCHUTEILHO HEBEJIMKA U B IIEPBOM MPUOJIMKEHNN PACCTOAHME OyIeT 0OpaTHO IIPO-
HOPIMOHAIBHO Y2a06bim pasmepaM ¢. Tak ke, Kak U B ciydae IJIaHETAPHBIX TYMaHHOCTEIH,
pasyimane B JINHEHHBIX pa3Mepax PaJInOTyMaHHOCTH YYHTHIBAETCS MHOXKHUTEIEM, 3aBUCSIIIM
OT U3MEPEeHHOI X MHTEeHCUBHOCTH (MM TIOBEPXHOCTHOI sipkocTn ). Kpome Toro, B OKOHUATE b
HYyI0 (POPMYITYy BOW/IyT TaKNe XapaKTEPUCTUKU B3PbIBa CBEPXHOBOI, KAK BBIJIEJIUBIIAICS TOJIHAS
sHeprus F u nepBoHava/ibHOE MAarnuTHoe mnoJsie Hy B 000J109Ke. DTU XapaAKTEPUCTUKU BIIOJTHE
AHAJIOTMYHBI Macce BHIOPOIIEHHON 000JI0UKH Y TIaHeTapHBIX TyMaHHOCTeH. OKoH4YaTebHO hop-
MyJIa JJIT PACCTOSHUI /10 PaIMOTYMaHHOCTEH UMeeT BU/I

o E0,20H50,15[\70,20¢717 (16.19)

1V nmamerapHbIx TyMaHHOCTeH W3JTyvdeHHe eIMHUIBI obbeMa Tponopimonaabiao N2, a CBeTHMOCTH Beeit
rymannoceru L o< N2R3. Tak xak N, o« M R™3 (rne M — macca Tymannoctn), To L oc M?R™3, a uHTeHCHBHOCTD
I < M?R~°. Orcioza ciiefyer, 4to paccrosuue jo Tymammoctn r o< M2/PT=1/5¢~1 rak xax r = R/¢.
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e nokasaresb B 3asucumoctu Ly o< R™P npunsr pasueiv tpem. B nacrosiee Bpems s1a dop-
Mysia (MM ee BUJIOM3MEHEHMsI) SIBJISIeTCsI OCHOBHOM 1IPH OIIPE/Ie/IEHIN PACCTOSHIN JI0 PaInoOTy-
MaHHOCTEH — OCTATKOB BCIIBIIIEK CBEPXHOBDLIX, U3BECTHOE YUCJIO KOTOPBIX Y2Ke IEPEBaJINIIO 34
COTHIO.

3Has PaCcCTOsIHUS JI0 OCTATKOB CBEPXHOBBIX, MOXKHO OIEHUTH IMOJIHOE KOJUYIECTBO TAKUX
00beKkTOB B [aakTuke. DT0 KOJIMIECTBO OKa3biBaeTcs mopsijka 500, mpudem cpeimre 100 Herro-
CPEJICTBEHHO HAOJIIOIAIOTCA U 3aHECEHBI B KaTajoru. Tak Kak cpeJHuil BO3pacT TaKUX OCTATKOB
630K K 20 000 rogam (cM. Hauasao 1oro maparpada), To OTCIoja MOXKHO OIEHUTh CPEJIHIO0
YaCTOTY BCIBIIIEK CBEPXHOBBIX B l'aylakTHKe: IPUMEPHO OJTHA BCIIBINIKA 338 COPOK JIET.

N3 Bcex ocTaTKOB CBEPXHOBBIX BBIJIEJISIETCS OJIUH 3aMevaTe/IbHbI 00beKT, IPUPOIa KOTO-
poro, mpaBJia, erie OKOHYATEJIbHO He yCTaHOBJIeHa. Pedb mjieT 0 3HAMEHUTOM TaJIaKTUIECKOM
Iy Pe». DTO CMEITHON «IIePeBOJI» Ha PYCCKUI A3bIK AHTJIMICKOTO CJIOBA «SPUTs, UTO ITOMPOCTY
O3HAYAET ... IIIOPa.

Vake niepBble pajanoHabroeHns ['ajJakKTUK, BBIIIOJIHEHHBIE Ha 3ape PalnoacTPOHOMUH, BhI-
SIBUJIM B PACIpEJIe/IEHUN PaInOAPKOCTH 110 HeOY OJIHY OYeHb KPYIIHYIO jieTaJib. VI3BecTHO, 9TO
MHTEHCUBHOCTb KOCMUYECKOI'0 PaJIMOU3/TyYeHNS UMEEeT 3HATUTETbHYIO KOHIIEHTPAIINIO K rajiak-
THYIECKOMY 9KBaTopy u 1eHTpy. Omgaako B 30° oT meHTpa n3 06/IacTH TaJakKTUIeCKOTo 9KBATOpa
IIOYTHU HEPIEHIUKY/ISIPHO K HEMY OTXOJIUT JOBOJIBHO sipKasi, CDABHUTEJILHO y3Kasl 110J10Ca PaIuo-
U3JIy9eHNs, KOTOpasl TSIHEeTCA Ha OIPOMHOE PaCCTOSHUE ITOYUTH O CEBEPHOI'0 raJJaKTUIeCKOro
[IOJTIOCA U, OIMCAB I'MIAHTCKYIO TETJII0, BO3BpAIaeTcd 00PATHO K raJJaKTHYCCKOMY SKBATOPY.
B memom «mmyps» mpejicraBiger coboit Ha HebecHoit cdepe Masblit KPyr JUaMeTPOM OKOJIO
110°. CekTp «IImypay yYKas3bIBaeT Ha TO, YTO €ro U3JIyUeHre UMeeT CHHXPOTPOHHYIO IIPUPO/LY.
Hukakux mpoTs>KeHHBIX, JlazKe OYeHb CJIADBIX ONTUYECKUX OOBEKTOB B OOJIACTH <IIIIypay He
OOHAPYKEHO.

B pasnoe Bpems 1pejiraraioch HECKOJIBKO THIIOTE3, B KOTOPBIX COAEPKAINCH HOITBITKNA 00b-
sICHEHUS TIPUPOIBI 9TOI BechbMa 3HAYUTE/ILHOM JeTan paanonsiydenns [amaktuku. Hanbosee
UHTPUTYIOIIEH SBJISETCS TUIIOTe3a, COIVIACHO KOTOPOM «IIIIyp» — 9TO HE UYTO MHOE, KaK OCTa-
TOK BCIBIIIKU CBEPXHOBOI, MMEBIIEl MECTO HECKOJIBKO JIECATKOB TBHICIY JieT Ha3aJl. Tak Kak
MTOBEPXHOCTHAS APKOCTh PAIUOUITyIeHN «IIypay MPUMEPHO Takasd Ke, KaK .y PajJuoTyMaH-
HOCTHU, CBA3aHHON C BOJIOKHUCTBIMU TYMAHHOCTAME B Jlebese, JTUHEHHDIN JuaMeTp <IIIIypay
[IpU TaKOi WHTEpIIPeTaly J0KeH ObITh 0K0J10 35—40 mc. CrieroBaTe/ibHO, BCIIBIIIKA CBEPX-
HOBOI1 mpoun3onuia odeHb 0u3ko oT COoJIHIIa — BCEro JIUIb Ha PACCTOTHUU OKOJIO 25 1I¢. DTO
MorJio cayunTbesd npuMepHo 20 000 geT Haza ] — Ha TaMATH KPOMaHbOHCKOT'O Ye/I0BEKA...

Cepbe3HbIM JIOBOJIOM B IOJIL3Y THUIIOTE3bI O «CBEPXHOBOI» MPUPO/IE <IIIIypay SBUJIOCH yBe-
pEeHHO OOHapy?KEeHHOE MSII'KOe PEHTIE€HOBCKOE M3JIyUeHHe BO Beeil ero mojoce. MbI yxKe 3Ha-
€M, 9TO TaKO€ PEHTI€HOBCKOC HU3JIyYE€HUE ABJIACTCA BazKHERIIINM anI/I6YTOM CTapbIX OCTaTKOB
BCIIBIIIKKN CBEPXHOBDBIX. OTcyTCTBI/Ie OIITHNYECKNX TOHKOBOJIOKHUCTBIX TyMaHHOCTeﬁ B O6.HaCTI/I
«IIIIypay He JOJKHO PACCMATPUBATHCA KaK CEPhE3HDIN apryMEeHT IIPOTUB 06CY 2K 1aeMOro 00bsc-
HeHus ero npupo/ibl. ONTUYeCKre OCTATKH CBEPXHOBBIX OTJINYAIOTCS OOJIBIIIIMM PA3HOOOPa3HEM.
B cymiaocTu, MBI TIOKa €I1ie TJI0XO0 MPEJICTaB/IsIeM, KaK 00pa3yoTcs YAMBUTE/ILHO TOHKUE ra30-
Bbl€ BOJIOKHA B yJIAPHOfl BOJIHE, PACIIPOCTPAHAIONIECd B ME2K3BE3/IHOM CpeJie 10C/Ie BCIBIIIKH
cBepxHOBOil. MIMeeTcd, ojiHako, OJIMH BaXKHBIN apryMEHT IIPOTUB TaKOW MHTEPIIPETAIINH: HUKA-
KOT'O TIOBBIIIEHNs] WHTEHCUBHOCTH KECTKOIO IaMMa-U3J/IyueHus B O0JIACTU «IIypay He OOHa-
PY?KeHO. DTO 03HAYAET, YTO PEJTHBUCTCKUX MPOTOHOB TaMm MaJjio. U Bce ke mpejcrasisiercs
BecbMa BeposATHBIM, 4T0 0K0J10 20 000 JieT Haza | B okpecTHOCTSX COTHITA TPOU3OIILIA BCIIBIIITKA
CBEPXHOBOH. DTO OUYeHb MAJIOBEPOSITHOE COOBITHE, TaK KaK 6 cpedHem TaKoe COOBITUE JTOJIZKHO
IIPOUCXOJUTH OAWMH pa3 B HECKOJIbBKO MUJIJIMOHOB JIET. KaK 2K€ BBLITJVIAJCJIO 3TO dBJIEHUE C TOY-
KU 3PEeHnsi «KPOMaHbOHCKOTO HabJoaresi»? [Ipex e Bcero oH Bujies1 HECOOBIKHOBEHHO SPKYTO
3BE3J1y, BUJINMAas BEJIUIHHA KOTOPOH 0KoJji0 —17. OcBerennocTh, co3iaBaeMas Ha 3eMyie IToil
3BE3/I0i, B CTO pa3 IMPEBOCXOJIIIa OCBEIEHHOCTD OT MMOJIHOM JIyHbI, XOTS BCe Ke ObLIa B JIeCATh
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Thicd pa3 mMenbIne, dem oT Cosaila. Tak Kak BO BpeMsi MakCHMyMa OJiecKa 1BEeTOBas TeMiiepa-
typa cBepxuosoii II Tuna oxkoso 40 000 K, To ocHoBHOE ee m3jryuenne OBLIO COCPETOTOYEHO B
YIBTPadUOIETOBOM JacTh CreKTpa. [IoToK 3Toro m3jydennsi, CliocCOOHOIO NOHU30BAThH BEPXHUE
ciion armocdepst 3emu, 6b11 ~ 1000 3pr/cm? - ¢, 9To B Thicsdy pa3 GoJiblie, YeM MOTOK TaKo-
ro mznydenus or Cosnia. V3-3a 91010 noHusarus BEPXHUX CJIOEB aTMOC(Epbl YBEININIACH B
jecaTku pa3. OHaKO 3TO ryduTebHOE JIJIsi BCErO YKUBOTO U3JIyUYeHHE JI0 TIOBEPXHOCTH 3eMJIn
He j1oxoim10. CAuIkoM Tojicta «OpoHst» aTMocdepbl HAIIEH TIIaHETHI.

Bazxueitmmum adpdexrom oT 0n3koit K COJIHILY BCIHBIIIKNA CBEPXHOBOW ABJIAETCH YBEJIUYe-
HUE YPOBHsI MEPBUYHBIX KOCMUYIECKHUX JIyUel. DTO MPOU30HIET TOI A, KOTJIa PaCIIUPSIIONIAICT
PAJMOTYMAaHHOCTE J0i1eT 10 COTHETHON CUCTEMBI, KOTOPasi TeM CAMbIM OKAXKeTCs BHYTPHU Hee.
W3 reomerpun «Iimmypas CJIeIyeT, 9To MOKa ITO elle He CaydIuiaock. Paccrosinue ot CostHeTHON
CUCTEMBI JI0 OJIMzKAMIIeil TOYKU PaJIMOTYMAHHOCTH JIOJIZKHO ObITH Beero H—10 1c, T. e. BecbMa
He3HaInTe1bHO. [loTpebyercs erne HECKOJIBKO JECATKOB THICSY JIET, 9TOOBI MBI OKa3aJIUCh BHYT-
pu pagumoTyMaHHOCTH. UTO »Ke mpu 3ToM mpousoiiger? Huduero ocobeHHOTro: MHTEHCHBHOCTD
MATKOH KOMITOHEHTBI ITEPBUYHBIX KOCMUYIECKHUX JIYIel YBEJIMIUTCS B HECKOJIBKO Pa3 — U TOJIb-
KO.

SHaUNTEIbHO 00JIee cephe3HbIE MTOCEICTBUS JIJId 3EMJIN UMeIU Obl MECTO, eCJIi Obl BCITBIII-
Ka CBEPXHOBOII 1poun3oiiLia osmxke, 9eM B 10 11c oT Hac. B 9T0M ciydae mIoTHOCTh KOCMUYIECKUX
Jiydeil MOKeT BO3PACTH B JIECATKHU Pa3. 3aMEeTUM, 9TO TaKue coObITus B ucropun narrero CosH-
1A CJIYYIAJNCH OY€Hb PEJIKO: MPUMEPHO OJINH pa3 B COTHIO MUJIJIMOHOB JIET. Y BEJIMYEHUE ILIOT-
HOCTHU KOCMHWYECKUX Jiydeil B okpecTtHOCTsX CoTHIA Oy/1eT JINThCA Tapy JIeCSITKOB ThICST JIET,
mmocJie 9ero 000JI0YKa PaIUOTYMAHHOCTH YIAJUTCS U 9epe3 COTHIO THICAT JIET «KOCMUYIECKH
doH» BepHETCS K CBOEMY II€PBOHAYAIHLHOMY «HEBO3MYIIIEHHOMY» 3HAYEHUIO.

Kakmue ke 1ocse/icTBUsS MOXKET UMETb CTOJIb 3HAYUTEJbHOE YBeJIUdeHUe ILJIOTHOCTHU Iep-
BIUYHBIX KOCMUYecKuX Jiydeii B okpectHoctsx Cosara? Tlpex e Bcero sTo Moxker (Moryio 6br!)
UMETh JIOBOJIbHO CE€Pbe3HbIe GHOIornyecKue (TouHee, FeHeTUIeCKue), TIOCAeCTBUST JIJI MHOIHX
BUJIOB KMBOTHBIX U DACTEHUIl, HACEJISIIONMX (MJIM HACE/ISBINNX) HAIly TiaHeTy. V3BecTHO, 9TO
SBOJIIOINS BUJIOB PETYJIMPYETCsl €CTECTBEHHBIM OTOOPOM, SIBJISIIONIUMCS €€ JIBHXKYIIEH CUJION.
BwMmecte ¢ Tem, ecrecTBeHHBINT OTOOD OlpesesisieTcs YCJIOBUsIMU BHeIHe#l cpejibl. HemszbexkHo
MIPOUCXOJIATIIAE MYTAITMU COXPAHAIOTCH B IOTOMCTBE, €CJIA OHU OJIATONPUATHBI JI/I BHIXKHBAHUS
Bua. Hammdaue noBbIeHHOM PaIMOAKTUBHOCTH B IIPU3EMHOM CJIO€ BO3JIyXa sABJISIETCS OJIHON U3
HPUIHH «CIOHTAHHBIX» WJIM CAMOIIPOU3BOJIbHBIX MyTalllii. SHATUTE/ILHOE YBEJIHICHUE IACTOTHI
MyTaIlnii 110 IPUIKHE TOBBIIIEHHO! PaIn0aKTUBHOCTH BO3/LyXa MOXKET IOBJIEYb 38 COOOI caMble
Cepbe3HbIE MOCIEICTBAA JIjIsI MHOIUX BUA0B. OHAKO Pa3/IMIHbIE BUJIBI I0-PA3HOMY PearupyroT
Ha KecTKoe obsrydenue. /[is1 BUJIOB ¢ KOPOTKUM IMKJIOM Pa3MHOXKEHUS JIJId YBEJIMYCHUS da-
CTOTBI MyTaIlUU B JIBa pa3a TpeOyeTcs yBeJIUdeHue J03bl 00IyUeHUs B THICATY Pa3, B TO BPeMs
KaK I JIOJTOKUBYIIUX (DOPM JOCTATOYHO JIjIsT 9TOIO YBEJIUIUTH 103y B 3—10 pas.

Hamu coBmectno ¢ B. . KpacoBckum 70BO/IbHO JTaBHO ObLIa BbICKa3aHa T'HIIOTe3a, 00b-
SICHSIONAs MU3BECTHOE BBIMUPAHUE PEITUINI B KOHIIE MEJIOBOIO IEPHOJIa BCIBIIIKON BOJIU3U
Coutaita cBEpXHOBO# 3Be3Jibl. B HacTosIee BpeMsi, OJIHAKO, CYIIECTBYIONINX HAJEOHTOIOITIe-
CKUX JIAHHBIX HEJIOCTATOYHO, YTOOBI MOATBEPANTD (MJIN OMPOBEPrHYTH) 9Ty runoresy. Ciemyer
€I1le 3aMeTUTh, YTO JIJIA OT/IeJIbHBIX BUJIOB 2KUBOTHBIX U PACTEHUI YBEJIMYUEHE YPOBHS XKECTKOM
pajrani MOTJIO OBITh (paKTOPOM, OJIArONPUATCTBYIONIUM UX Bosonuu. He stum i 00bsacHsI-
eTCsI TIBIITHBI PacIBeT PACTUTETFHOCTH B KAMEHHOYTOJIbHBIN Tepuo! Hakonerr, caMoO BO3HUK-
HOBEHUe KU3HU Ha ePBOOBITHON 3eMJ/ie MOTJIO CTUMYIHPOBATHCS BHICOKIM YPOBHEM PaIAAIIIH.
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§ 17. KPABOBUJIHAS TYMAHHOCTD

He Oyner npeyBenndennemM cka3aTh, YTO HU OJIMH KOCMUYECKHUIT OOBEKT He J1ajl ACTPOHOMUHU
CTOJIBKO TIeHHEHNTel, IPpUHITUINAIbHO HOBOH mHpopMalnn, Kak KpaboBuaHnas TyMaHHOCTb. B
camoMm Jejie, KpaboBuHass TyMaHHOCTb ObLiIa HEPBBIM T'aJaKTUIECKIM O0OBEKTOM, ¢ KOTOPHIM
OBLT OTOXKJIECTBJIEH HCTOYHUK pajmonsiydenus. (1o mpomsomnuio B 1949 r.) Ona xe GblLia
[IEPBBIM TaJAKTUIECKUM OOBEKTOM, OTOXKJECTBJIECHHBIM C UCTOYHUKOM PEHTTEHOBCKOI'O U3JIYy-
genusi (1963 r.). B KpaboBuanoit TymMaHHOCTH BIepBble ObLT OOHADYKEH COBEPIIEHHO HOBBI
THUII ONTUYECKOTO U3JIYUYeHUsi, JOTOJIe HeM3BECTHBI acTpoHoMaMm (cM. Huzke). Jlo sroro enuH-
CTBEHHBIM HU3BECTHBIM aCTPOHOMAaM BHIOM ONTUYECKOTO U3JIydeHUs ObLIO TEIJI0BOE U3JIyUeHUe
3Be3); u TymManHocreil. HoBag mHTepmpeTamnus ONTUYECKOr0 W PaJIMOU3JIydeHnus] B COYETAHUN
C aHaJu30M PEHTIE€HOBCKOI'O, raMMa- U PaJIMOU3JIyUYeHHs BIIEPBbIE BBIABUJIA OI'PDOMHOE 3HAYE-
HUE 3apPSAKEHHBIX YACTUIL CBEPXBBICOKUX SHEPIUN 1 MATHUTHOI'O TIOJIA B JIMHAMUKE U 9BOJIIOIIUT
MHOT'UX KOCMUYECKUX 00bEKTOB, INIABHBIM 00pa30M MeTarajJakTUIecKnX. BhIsgcHeHne npupo;ibl
9TOM 3aMedaTebHON TyMaHHOCTH IIOMOIJIO Pa3BUTUIO COBPEMEHHBIX aCTPOMU3NIECKUX IIPE/I-
CTABJICHU{T, COTJIACHO KOTOPBIM B MACIITAa0E TajJakTHK, CKOIICHUH rajakTuk u Merarajgak THKH
KOCMHUYECKHUE JIyIUd UTPAIOT HE MeHee BaXKHYIO POJib, YeM <«KJIACCHYECKHe» KOMIIOHEHTHI MaTe-
pumM — 3BE3JIbI U MeXK3Be3/iHad cpejia. B camom konre 1968 1. KpaboBuHas TYMaHHOCTE TIpe-
[OJTHEC/Ia ACTPOHOMAM OYEPEIHON CIOPIIPU3: B ee IEHTPe HAXOJIUTCS caMblil 3aMedaTe/TbHbII
U3 BCEX U3BECTHBIX nyavcapos. O Hem OylieT MHOTO CKa3aHO B CJICJYIONICH YacTH 3TOW KHUIH.
31ech MBI TOJIBKO IMOIYEPKHEM, 9TO W B 9TOM ciaydae KpaboBuaHass TyMaHHOCTb OKa3ajiach
[IEPBBIM U3BECTHBIM KOCMUYECKHM OOBEKTOM, MeHETHYECKU CBA3AHHBIM C IIYJIbCapaMU—3THM
COBEPINIEHHO HOBBIM THIIOM HaceseHus [‘ajakTukym. ABTOp KHUTH >KJIET HOBBIX «CIOPIIPU30B»
OT 9TOI TaK MHOI'O yKe «IopaboTaBIleiis Jjisd aCTPOHOMHUHU TYMAHHOCTH. B dacTHOCTH, OH He
OyJeT yauBJIeH, ecyiu Iyjabcap B KpaboBuaHON TyMaHHOCTH OKAaXKeTCs IEPBBIM OOBEKTOM, OT
KOTOPOTO OyjieT 0OHAPY?KEHO T'PaBUTAIOHHOE u3JydeHne (cm. § 24).

B nocnietiee Bpems cunraior, uro KpaboBuiHas TyMaHHOCTD IIPEJCTAB/IAET CODOI OCTaTOK
BCIBINKHU cBepxHOBOi Il Tuma. B 1mosb3y 9Toro BhIBOJA NOBOPHUT €€ CPABHUTEIBHO OOJIbIIIast
macca (1—2 M) u anoMaIbHO GOraThlil Te/IMeM XUMUYECKHIl COCTaB ee ra30BhIX BOJIOKOH (CM.
uike). [locsenaee 06CTOSTENBCTBO yKA3bIBaeT HA TO, YTO IHEpEJ B3PHIBOM 3BE3/Ia, <«IIOPOIHB-
masgy KpaboBHIHYIO TYMAHHOCT, IIPOILIA CYIIECTBEHHYIO YaCTh CBOEIO BOJIOIMOHHOTO Ty TH.
CoBpeMeHHBIE OTIEHKN TIepBOHATAIBHON MacChl 3Be3/1bl, BCIBIXHYBIMEH B 1054 I Kak CBEPXHO-
Bas, JAIOT 3HAaYeHNe OKOJI0 10 COTHEUHBIX Macc.

Eme B XIX Beke KpaboBujaHnasi TyMaHHOCTb ObLIa 00bEKTOM HMCCJIEIOBAHUS Psijia BbIIA0-
muxcst acTpoHoMOB. OHAKO OOJIBIMMHCTBO ITUX HAOJOIEHUH ObLIM BU3ya bHBIMUA. 3HAMEHU-
TBIF AHTJIMICKHUI acTpoHOM-HabJIIOAaTe/ b JIOpJ Pocc ObLI, ToXKaIyil, IEPBBIM, KTO OOPATHI
BHUMaHHE Ha BOJOKHHUCTYIO CTPYKTypy Kpaboumanoit tymannoctu. OH Ke ObLI «KPECTHBIM
OTIIOM» ITOI TyMAaHHOCTH, HA3BaB ee n3-3a xapakrepHoii opmbr «Kpadom». Ha puc. 17.1 npn-
BeJieHa 3apHCOBKa 3TOil TyMaHHOCTH, clesaHHasg Poccom B 1844 1., riie oHa AeficTBUTE/ILHO
noxozka Ha Kpaba. [Ipu Bceil cBoeit HAaMBHOCTH 3TOT PUCYHOK BIIOJIHE COOTBETCTBYET COBPEMEH-
HbIM ororpadusam (puc. 17.2). B uacTHOCTH, 3HAMEHUTBI «3a7IMB» STON TyMAHHOCTH, XOPOIIIO
BUJIHBII Ha doTorpadun, u onpejessieT JIBe «KJICITHT» «Kpaday.

[TepBas dpororpadus Kpabosumnoit rymannoctu Obuta moaydena B 1892 r. Cruektp Kpa-
OOBHUIHOM TYMaHHOCTH HadaJl MCCJIEI0BATHCA y2Ke B XX CTOJETUN M3BECTHBIM aMEPUKAHCKIM
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.1. 3apucoska KpabosuaHoit TymaHHOCTH, caelaHHas jJopaoM Poccom.

Puc. 17.2. ®ororpadusa KpadosuHoit TyMaHHOCTH.

Puc. 17.3. Pazasoenue jmmuuil n3aydyennd B coekTpe KpaboBuHoO TYMaHHOCTH.
ol
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17. KPABOBUJHAA TYMAHHOCTDH

acrporomoM Craiicbepom (1913—1915 rr.). B wactHOCTH, OH TIepBBIM OOpaTH/I BHUMAHUE Ha
pas/BOEHNEe ee CHEeKTPaJbHBIX JMHAN u3aydenus (puc. 17.3), omuboIHO 0ObACHUB €ro... 3dh-
dekrom IllTapka, KOTOPBIil HE3a/10/IT0 JI0 ero HabJIo/IeHrs ObLT OTKPLIT B Jlaboparopuu. Ko-
HEYHO, ceifyac Takas «MHTepIIpeTals» MOXKeT BbI3BaTh yJbIOKY. He Oyimem, ogHaKo, CIUITKOM
CTPOIU K 3aMedaTesbHOMY aCTPOHOMY, CleJaBIleMy HeMaJsloe YHC/I0 BaxKHbIX OTKPBITHI: Beb
B TO BpeMs acTpodusnka Obljaa B SMOpuonaabuoMm coctosinnu. Cralidep Ke mepBbIM 00PATHIT
BHUMAaHUE Ha SIPKUIl HEIIPEPBIBHBINA ClleKTp KpaboBuHOM TyMaHHOCTH, HA KOTOPBII HAKJIA/IbI-
BAaIOTCA JIMHUU U3/IydeHud. B jraabHeiiem pga] acTPOHOMOB 3aHIMAJICH CIIEKTPOCKOIIUYIECKIMUI
MCCJIeJOBAaHUAMUI 3TOI TyMaHHOCTH. MBI Termepb KpaTKO ONWIIEM ee CIEeKTp. B mepBom mpu-
OJIM2KEeHNN OH TIOXOXK Ha, CHEeKTPBI IJIaHeTapHbIX Tymannocteil. Hawmbosiee sipkuMu JTMHHAME
UBJIyYeHUs SIBJIAIOTCH XapaKTepHbIe «3allpeleHHbley JIMHUA NOHM30BAHHBIX KUCJIOPOJIa, a30Ta
u cepol. Habmomaores takxke 6osiee ciabbie juHuu Bosopoja. OHAKO, B OTJIMYHUE OT BCEX
M3BECTHBIX T'a30BBbIX TyMaHHOCTEH, B TOM 4YHUCJIE U IIaHeTapHbIX, KpaboBuiHas TyMaHHOCTH
nMeeT OvYeHb APKUil HeNMpepBIBHBIN crieKTp. KoHewHO, 1 B Ta30BBIX TYMAHHOCTSAX HAOJIIO/IaeT-
CsI CPABHUTEBHO CJIaObIN HENpPepbIBHBIN CHEKTP, B YACTHOCTU, OOPa3YIOIINicd IIPU OJIHOBPE-
MEHHOM W3JIyYeHUH JBYX KBAHTOB (TaK HA3bIBAEMBIil «IBYX(MOTOHHBIN MPOIECC», Ha KOTOPOM
OCTaHABJIMBATHCS 3/1eCh MbI He MoxkeM ). OqHako B KpaboBUIHON TyMaHHOCTH TOJIBKO HECKOJIb-
KO IIPOIEHTOB TIOJIHOI'O M3JIYYeHHS COCPEIOTOYEHO B JIMHUAX, MEXK/Iy TeM KaK B IIaHeTapHbIX
TYMAHHOCTSAX KapTUHA COBEPIIEHHO OOpaTHAas.

SHaAMEHHUTHI aMepUKaHCKHUI acTpoHOM-HaOJI0aTe/ b Baaje eme B KOHIE TPUIAIATHIX T'O-
JIOB TIOJTYYHJI UCK/TIOYUTEILHO HHTepecHble (boTorpadun KpaboBuHol TyMaHHOCTH Yepe3 CBe-
toduabrpel. Ha puc. 17.4 npuseniena dpororpadusd, nmoaydennas uHa 100-110iMOBOM TeecKoIe
obcepBaropun Mayur Bujicon depe3 puiabTp, MPOIyCKaIONNii U3BECTHYIO KPACHYIO JTUHUIO BO-
nopona Hy n 6/im3K0 pactiosioykeHHble K Hell JIMHUU MOHU30BaHHOTO a30Ta. dTa ¢oTorpadus
CHWJIBHO OTIn4IaeTcst oT hororpaduil, CHATHIX B 6es1oMm cBete (cM. puc. 17.2). Bujgna usymuresib-
HOIl KPacoThl aKypHas CEeTh TOHKUX BOJIOKOH, OXBATBIBAIONINX BCIO TYMAHHOCTH IO €€ TepU-
depun. N3 sroit pororpadun ciaeayer, YTo CHeKTpaIbHbIe JUHUN H3JIyYIal0TCd HE BCeM 00be-
MOM TYMaHHOCTH, a TOJIbKO CEThIO BOJIOKOH, B TO BPEMsl KaK HEIPEPBIBHBIN CIIEKTP U3JIy9aeTCs
BceM oObeMoM TymMaHHoCTH. CTpyKTypa obJ1acTeil, n3/1ydaionux TOJIbKO HeIIPePbIBHbINA CIIEKTP,
Obl1a ToJiydeHa Ha doTorpaduu, CHATON Uepe3 CleNUaJbHbI (DUIBTP, B Ipeaeaax «II0JIOChI
[POITYCKAHUST» KOTOPOT'O HET CKOJIbKO-HUOY/Ib MHTEHCUBHBIX JINHUN u3/1ydenus (puc. 17.5). Dra
doTorpadust pasuTesbLHO OTINYAETCS OT IpUBeIeHHO# Ha puc. 17.4. HecrienmaucTy MoxKeT 110-
Ka3aThCsl, 9TO Pedb UJET O JBYX COBEPIIEHHO PasjndHbIX o0bekTax! CTpyKTypa TyMaHHOCTH
Ha 9Toi (ororpadun BeITIAIAT Topa3io bosee «auddy3noit» wim «aMopdHOii», YeM Ha PHUC.
17.4. Tlo-pasznomy pacripejiesieHbl 1 sipKue Jietajan. Takum odpasoMm, 3Tu hoTorpaduu J0Ka3bl-
BaioT, uTo KpaboBunas TyMaAHHOCTb COCTOUT U3 JBYX OTJEIbHBIX YacCTell: «aXKypHOil» CeTKH
TOHKHX Ta30BbIX BOJIOKOH, PACIOJIOKEHHBIX B BUJIEe OOOJIOYKM I10 Tepudepuu TyMaHHOCTH, U
3aHUMAIOINIEH MPAKTUIECKN BECh 00bEM «aMOPQHOI», N3/TyYaloNeil HelpPepbIBHBINA CIIEKTP CyO-
CTaHIUU, IPUPOJIA KOTOPOH MHOT'HE TOJbI OCTaBAJIACh 3araI0THOM.

TymanunocTs mmeeT hopMy JOBOJIBHO IMPABUILHOIO JLINIICA, YIVIOBBIE PasMephl KOTOPOI'O
npubusuTebHO paBHbl 4 X 6'. O6pariM BHUMaHKE, 9TO BOJIM3U IIEHTPA ITOTO SJLIAICA HAXO-
JISITCS JIBE CJIabble 3Be3109KN 16-i1 BEJIMINHBI, PACIOIOKEHHbBIE HA PACCTOSTHIN OKOJI0 5" IpyT oT
apyra. FOzxkuast (Ha dororpadun — HUXKHssI) U3 9TUX 3BE3/0UEK ChIMPAJIa BIIAIOILYIOCS POJIb
B ucropun acrporomuu (cm. § 19). Cama TyMaHHOCTH MMEET BHJIMMYIO 3BE3/IHYIO BEJITMUNHY
0KO0J10 8™.5, T. €. OHa U3JIyJaeT B THICATY pa3 OOJIbINEe KaxKI0i 13 OIMMCAHHBIX BBIIIE 3BE310YEK.

B 1921 r. dpanmysckuit acrponom Jlamrianm u3 cpaBuenuii (pororpaduii TyMaHHOCTH,
CHATBHIX Yepe3 8 JIeT, HallleJ, 9TO B Hell HaOomaTes ndMenenus. OtT/ie/bHbIe IpKUE JIeTaJIH
aMOp@HOII Macchl BIOJIHE 3aMETHO IEPEMECTHU/INChH, HO PACIpE/e/eHIe ADKOCTH He OCTaeTCsd
[IOCTOSTHHBIM, & KaK Obl «IblmuT». B Tedenne Oosiee 30 jeT 9T yAUBUTEIbHBIE U3MEHEHUS HE

IB wacrroctu, Ciaiidep mepBbiit 06HADYKIIJI KPACHOE CMEITEHIE JIHHUH B CIIEKTPAX yIAJeHHBIX TaJaKTHK.
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.4. @ororpadusa. KpaboBuiHoit TyMaHHOCTH 4Yepe3 CBETOMUILTD, MPOIYyCKAIONN JTU-
Huio Hg.

Puc. 17.5. ®ororpadpusa KpaboBuHoit TyMaHHOCTH 4Yepe3 CBETOMUILTD, HE ITPOILYCKAIOIIUT
APKAX JUHUN U3JTyIeHUs.

MOTJTH OBITH OObSCHEHBI. DTO SABICHIE U3MEHIHUBOCTHU JleTasieil — yHUKaaIbHOe cBoiicTBO Kpabo-
BuiHOM TymanHOCTH. Hu y mranerapubix, HE v anddy3HBIX TYMAHHOCTEH HUYETO MOI0OHOTO
He HabJoaercst. 13 ussectHoro paccrosinus 10 «Kpabas (cM, Jasbiine) u yriioBOro CMeIeHust
Jietajieii 3a 8 JileT MOYXKHO ObLJIO CJIeJIaTh BBIBOJI, YTO OTJIE/IbHBIE YACTU TYMAHHOCTH JIBUZKYTCS
€O CKOpOCTBHIO, O/m3Koit K 0,1 ckopocTu cBeTa — BeJnduHa daHTacTHIeCKH OoJibinast! Beumy
[IOJIHOM, KaK Ka3aJI0Ch, HPPAIMOHAJIBLHOCTH ITOTO sIBJIEHUS ACTPOHOMBI ITPOCTO HE 3aHUMAJIHCDH
uM. [Ipuposa sTux Bapuaruii crajia scHO#, KOrjia ObLT HAKOHEIT IIOHAT MEXaHH3M OINTHIECKOTO
n3nydenns KpaboBuiHoit TyMaHHOCTH, O YeM pedb Oy/IeT UJITHU JIaJIblIIe.

SHaUNTEILHO MeJIJIEHHEeEe MEHSEeTCS PACIIOJIOXKEHIE Ma30BbIX BOJIOKOH TyMaHHOCTH. Habio-
JIeHns, pa3Jie/IeHHble TPOMEXKYTKOM BpeMeHu B 30 JieT, TO3BOJIMIN YCTAHOBUTH, UTO BCA CHCTE-
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17. KPABOBUJHAA TYMAHHOCTDH

Ma BOJIOKOH pacimpsiercs. OHa Kak Obl «PAaCIoI3aeTcsy 10 HeOY € YIVIOBOM CKOPOCTHIO OKOJIO
07,23 B roa. C apyroit cTOpOHBI, YIJIOBOH pajuyc TYMaHHOCTH cocTapjser okoyo 180”. Orcro-
Jla, HEIIOCPEJICTBEHHO CJIEJIYET, YTO BO3PACT TYMAHHOCTH, TOJYYCHHBIH B ITPEIIOJIOKEHUT, UTO
CKODOCTH €€ pacIINpeHns] BCe BPeMs OCTaBajacCh IMOCTOSTHHOM, MOYTH B TOoYHOCTH paseH 800
rojilamM. DTo, KOHEYHO, OJIM3KO K BO3PACTY, OTCUYUTHIBAEMOMY OT MOMEHTa BCIBIIIKH CBEPXHOBOIA
(930 sier), HO BCe ke MeHbIne ero. OTcofa Cie/lyeT BayKHBIH BBIBOJI, UTO JIBUYKEHHE BOJOKOH
KpaboBuimoit TyMaHHOCTH MPOUCXOIUT YycroperHo. ToJIbKO BbIICHEHUE TPUPOILI U3JTyYeHUS
«aMopdHoity Maccel KpaboBuiHO# TYMAHHOCTH MO3BOJIMIO OOBICHATD IPUYUHY YCKOPEHUS ee
BOJIOKOH (CM. HIKe).

[Iepeiiem Terepb K aHaau3y CeKTpaJbHbIX Habsoenuit «Kpabday. Haitnenmnoe eme Chaii-
depom paznBoenune JuHUil uzaydeHus B cruekTpe KpaboBujiHoit TyMaHHOCTH OBLIO MOJITBED-
JKJIEHO JlaJibHeHmmMuy ucesiegoBanusamu. Ha puc. 17.3 nmpuBesen criekTp npu OpUEHTAINH eI
criekTporpada BJ0JIb OOJIBION OCH TYMAHHOCTU. XOPOIIIO BUJIHO, UTO APKHUE JTUHUU U3y YCHUS
B IIEHTPe TYMAHHOCTU PAa3/IBOEHBI, B TO BpeMs KaK Ha KpagX TYMaHHOCTH Pa3/IBOEHUS JIMTHIII
HeT. JIMHUKM MMEIOT KakK Obl «KJIOUKOBATHII» BUJI, UTO O0bACHIETCH BOJIOKHUCTOM CTPYKTYPOil N3~
JIy9aIONIUX 3TH JIMHUK o0Jacteit TymanHoctu. CBoeoOpa3Has «JIyroBasy (hopMa pa3BOEHHBIX
JIMHUI CO BCell HaIJISTHOCTBIO JIOKA3bIBAET, YTO TPUYNHON Pa3/IBOCHUS ABJIAETCA PaCIIHPEHUE
CUCTEMbI M3/IYYAIONIUX 3TU JIMHUU ra30BBbIX BOJIOKOH. B IeHTpabHON 00JacTH JUCKA TyMaH-
HOCTHU BOJIOKHA IIPU CBOEM PACIIUPEHUU JIBUKYTCd Ha Hac u oT Hac. llepsoie, u3-3a adpdexta
Hormutepa, OyayT w3/y4daThb JIMHUU, CMeIleHHble K (DUOJETOBOMY KpalO CIIEKTPa, BTOPbIE — K
kpacuomy. Harporus, Ha Kpasgx TyMaHHOCTH HallpaBJIeHHEe JIBUXKEHUs BOJIOKOH IOYTH IE€PIIEH-
JIUKYJIAPHO K Jiy4dy 3penus. [losToMy 3HAUUTEILHONO CMEIeHus JIJIUH BOJIH HAOJIIOJATHCS He
Oyzner. V13 m3amepenusi paccTosdHUs MeXKTy KOMIIOHEHTAMU PAa3/IBOEHHBIX JIMHUI MOYKHO TIOJIY-
YUTh CKOPOCTH PACIIMPEHHsI CHCTeMbI BOJIOKOH, KOoTopas B cpejiHeM okoso 1200 xkm/c. 3Has
YIJIOBYIO CKOPOCTDH «PACILIBIBAHUS» BOJIOKOH B IIOCKOCTH, TEPIEHIUKYIAPHON K JIydy 3pEeHUS
(0”,23 B rojt) u JiMHEHYIO CKOPOCTh PACHIUPEHHsI, MOXKHO OIPEJIEUTh paccmosnue 10 Kpabo-
BUJIHON TyMAHHOCTU, KOTOPOE, C YIETOM €€ JLIMIICOUIAILHON (POPMBI, OKA3BIBACTCH OJIM3KUM
K 1700 1c. 910 3HAUEHNE XOPOIIIO COTJIACYETCsI C OIEHKON BUINMON BEJIMINHbBI «3BE3/bI-TOCTHI»
1054 r. C y4ueToMm MOTJIOIIEHNsT CBETa, MOJIydaeTcs, 9T0 abDCOTIOTHAS BEJIUYINHA ITOW 3BE3JIbI B
MakcuMyMe ObLia 0KoJ10 —18™, uTo O6JIM3KO K abCOJIIOTHOM BeJIMYNHE CBEPXHOBDIX.

[To n3MepeHHbIM JIy9eBbIM CKOPOCTSM BOJIOKOH U UX «COOCTBEHHBIM JIBUYKEHHUAM» Ha Hebec-
HOIT cpepe MOYKHO TOCTPOUTH IPyOYIO TPOCTPAHCTBEHHYIO MoJie/ b KpaboBuiHoit TyMaHHOCTH,
npusejiennyio Ha puc. 17.6. [IpuayammBo mepenseraroniasicd ceTb ra30BbIX BOJIOKOH STON Ty-
MaHHOCTH KakK Obl «OKalMIsseTy aMOp(HYIO Maccy, HaXo/sICh Ha ee nepudepnn. AHAIN3 OTHO-
CUTEJbHBIX MHTEHCUBHOCTEH CIEKTPATbHBIX JIMHAN U3/Iy9YeHNs W UX IMMAPUH TO3BOJISET MOHATh
KapTUHY (PU3UYECKUX YCJIOBHIl B ra30BbIX BOJIOKHaX. OKa3bIBAeTCs, YTO JJIsi OTJIETbHBIX BOJIO-
KOH 3JIEKTPOHHAs KOHIICHTPAINS MEHSEeTCd B Ipejiesiax OT HECKOJbKUX COTEH JI0 HECKOJIbKUX
TBICSY Ha KyOM4YecKuii CAaHTUMETP, B TO BpeMs KaK TemiiepaTypa rasza osmska kK 20 000 K. Xumu-
YeCKUI COCTaB BOJIOKOH, HACKOJIBKO 3TO MOYKHO CYJUThH 110 UX CIEKTPaM, OTJIMIAeTCs OT COCTaBa
JIPYTUX Ta30BBIX TYMAHHOCTEH JTOBOJILHO 3HAYUTEIbHO. MIMetoTes Bce OCHOBaHUA 10/1araTh, 9ToO
B «Kpabe» oTHOCHTEIbHOE OOMIIHE Te/Ins BbIIIe TPUOJIU3UTEHHO B IIAThH pa3, IPUYIeM I Pa3-
HBIX BOJIOKOH OHO MeHsercsd. [loynass macca rasa, HaxoJsInerocs B BoJIoOKHax KpabouiHoit
TymMaHHOCTH, O/3Ka K Macce CoJtHIa.

[Ipexke weM mepeiiTu K aHaJn3y OCHOBHOM KOMIIOHEHTBI ONTHYECKOTo m3jrydenus Kpado-
BU/THOM TYMAHHOCTHU C HEIIPEPBIBHBIM CIIEKTPOM, MbI JIOJI?KHBI OCTAHOBUTHCS HA €€ PaJIMOU3IIy-
gennn. Pajmonsiydenne Kpabosu ot TymanHocTn 06110 00HApykeHo B ABcTpasmu B 1949 1.
Bonronom. Hecomuenno, 4To 9T0 OTKpBITHE OBLIO BaXKHOI BEXOI HA ITyTH IIOHUMAHUS TPUPOJIBI
Kpabosumoit TymManHOCTH. Y2Ke HEepBble HAOJIIOICHUS MO3BOJIMIN YCTAHOBUTE CYIIECTBEHHOE
pasudne Mex 1y pajmociieKrpamu KpaboBuHOM TYMAHHOCTH M JIPYTUX U3BECTHBIX TOT/IA Pa-
JIMOUCTOIHUKOB. [lepBhIit 0Kazasics ropas o 6osee «moIoruM», YemM Bropbie. CrieKTpaIbHbIN HH-
Jiekc 0 paguonsaydenns KpaboBuIHOI TyMaHHOCTH OKa3aJ/ICs aHOMAJIbHO MaJIbIM, BCETO JIUIITH
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.6. IIpocTpancTBennass Mojieib BOJIOKOH KpaboBuIHON TyMaHHOCTH.

0,28. D10 O3HaAYAET, YTO YMEHBIIEHUE TOTOKA PAIUON3/IYIeHHUsI IIPHU IIOBBIIMIEHIH IaCcTOThI IIPO-
HUCXOJIUT TOpAa3/io MeJJIeHHee, 9eM Yy JIPYTIUX MCTOYHUKOB. TakK HaIpumep, ecjd Ha BOJIHE 3
M 1oToK or Kaccuoren A B jmecarb pa3 Gosbine, dem or KpaboBWHON TyMaHHOCTH, TO Ha
CAHTUMETPOBOM JIMAIa30HEe CUTYyalllsd YK€ CTAHOBHTCS OOpaTHOi. YTJioBble pa3mepbl Kpabo-
BHUIHOM TYMaHHOCTH B PaJuoifaIia3one MPaKTUIeCKN TaKue »Ke, Kak u B ornTudeckoM. Cremyer
ele MOAIEePKHYTh OJHO BaykKHOE 00CTOATEILCTBO. Kak MbI BUIAEIN B IPEIbLIyIIEM Haparpade,
PaJIMOUCTOYHUKH, CBSI3aHHBIE CO «CTapbIMU» OCTATKAMU BCIIBIIIEK CBEPXHOBBIX, UMEIOT «000-
JIOUEUHYIO» CTPYKTYPY, T. €. Y HUX PaJIMOU3/Iyvaroniue 00/I1acTH pacloIoKeHbl Ha Tepudepun.
Hwudero mojobnoro B pacrpejiesiennu pajuounsiaydenus KpaboBuHolt TyMaHHOCTH He HabJIIO-
Jnaercs. VIcTOUYHUKY PaJiMon3/IyIeHns B 9TOM CJIydae 3all0JHIOT 6ecb 00beM TYMAHHOCTH, KOH-
IIEHTPUPYSCH K ee TEHTPY.

Bouibimoit naTepec Beerjia mpecTaB/Istin paJunoacTpOHOMIYecKe Had oenns Kpabosu/i-
HOIl TyMaHHOCTHU BO BpeMs ee nmoKpbiTud JIyHoii. /lego B Tom, uyro KpaboBugHas TyMaHHOCTD,
13-3a ee OJIM3KOr0 PACIOIOKEHUsT K SKJIUITHKE, U3PEJIKA «3aTMEBACTCsI» JIBUKYIIENCs 110 Hebec-
HOMY CBOAY JIyHOIT. 9TO OTKpBhIBaeT GoraTble BO3MOKHOCTH M3YUEeHUS PACIIPEIeIeHIST SPKOCTI
PaJIMoON3IyIeHNs, UYTO BeChMa BaKHO, TaK KaK pa3pelaromniasi CllIoCOOHOCTh PaJIn0TeIeCKOIIOB
JIO HeJIaBHEro BpeMeHU Oblia HejocTtaTovdHa. Haxomdamuit Ha TyMaHHOCTb Kpaii JIyHbl Kak Obl
«BBIKJIIOYAET» T€ WJIM UHDbIE sipDKHE JETAJH, TEM CAMBIM JlaBas BO3MOXKHOCTD OIPE/IC/IUTh UX KO-
OpJMHATHI ¢ 00JIbINON TouHOCTBIO. [lokphiTus KpaboBugHoit Tymannoctu JIyHoit nmpoucxomdar
upumepro pa3 B 10 Jier. Bo Bpems pajimonabronenunii nokpoitus «Kpabay Jlynoit B 1964 1.
OBLIO CIe/IaHO OHO OYeHb BayKHOe OTKphITHE. OKa3a0och, 9TO B CaMOM IIEHTpPE TYMAHHOCTH,
HEIOJIAJIEKY OT «IOYKHOI» 3BE3J/I0YKHU, O KOTOPOIl pedb IIJIa BhIIe, HAO/IIOAAeTCAd UCTOYHUK Pa-
JIMOUBJIYUeHUsT OYCHb MAJIBIX YIJIOBBIX PAa3MEPOB, BO BCIKOM ciiydae He Oosbire 0,1 ceKyH bl
JIyTA. DTOT UCTOYHUK OCOOEHHO MHTEHCUBEH Ha HU3KUX YacToTaxX. Tak, HalmpuMep, HA YacTO-
re okoJsio 25 MI'n (mymmua BosiHbr 0KOJ10 12 M) on gaer ot 30 g0 50 MPOIEHTOB BCETO MOTOKA
pajmousydenus or KpabosugHoit Tymannoctu. Ha cyiecrBoBanme TakKoro pajuoOnCTOTHUKA
yKa3bIBaJIl TaKxkKe 1 0ojiee paHHMe HAOJIIOAEHUS «MepIaHus» paaunonsiaydenns KpaboBuaHoit
TYMaHHOCTH TIPH €€ MTPOXOXKJICHUN depes I1a3My BHeNrHel KOpoHbl COJIHIA, 9TO ObIBAET erKe-
rojgiHo 15 umions, korjga CoJsiHIIE B CBOEM BHJIUMOM T'OJUYHOM JIBHKCHHH 110 SK/JIUITUKE OYE€Hb
6mm3Ko 1moaxoanT K «Kpaby». Tobko ciiycTs MOYTH HATh JIeT Iocje 9THX HabJIIoJIeHui cTa-
JIO SICHO, YUTO 9TUM MAaJIbIM PaJMOUCTOYHUKOM SIBJISI€TCS 3HAMEHUTHIN ITyJbcap, OTKPBITHINA B
nenrpe KpaboBugaoit TymanHOCTH B KOHIle 1968 1.!
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17. KPABOBUJHAA TYMAHHOCTDH

Pagnonsiydenne KpaboBuHoit TyMaHHOCTH Ha YaCTOTaX CAHTHUMETPOBOIO JIHalla30Ha 00-
HAPYKUBAET 3HAYUTEIbHYIO JIMHEIHYI0 mo/sipu3arnnio. CaMm 1o cebe 3ToT PhakT ABJISIETCS CUTh-
HBIM apryMEHTOM B II0JIb3Y BBIBOJIA, UTO pajiuonsydenre KpaOoBuIHON TyMaHHOCTH UMEET
«CUHXPOTPOHHYIO» TPUPOY. EIlle /10 OTKPBITHS MoIgpu3aIun paauonsiaydenus B 1953 r. aBTop
HACTOLAIIENH KHUTHU IIPEJJIOXKIIT 3TY TEOPHIO /it 00bsCHeHUs pamonsiydenus KpabosuHoit Ty-
MaxHOCTH. Pacuer Tumna onucanHoro B § 16 MO3BOJISIET ¢le/iaTh BBIBOJ, UTO JIjid O0bsICHEHUS
HabJII0IAEMOT0 PAIMON3IYYeHId HEOOXOIMMO PUHATH, 9TO B KpaboBWIHOI TyMaHHOCTU MMe-
eTca MaTHUTHOE I10JIe, HAIIPIYKEHHOCTh KOTOPOro okosao 1073 9. PaIioBo/HbI H3/Iy9aloT Haxo-
nammuecd B KpaboBu1HO# TYMaHHOCTH PeIATUBUCTCKIE JIEKTPOHBI, SHEPT U KOTOPBIX MOPSIKA
HECKOJIbKHAX COT MUJIJTHOHOB 3JIEKTPOHBOJIBT. [loTHas sHeprust MarHuTHOTO MOJIs, 3aK/IIOYeHHO-
ro 8 KpaGosuiHoit TyMaHHOCTH, OUeHb BesnKa, nopaaxa 3 - 10 spr. ITosesno cpaBHUTEL 3Ty
SHEPIUIO ¢ KUHETUYIECKOW SHEprueil ra3oBbIX BOJOKOH KpaboBHMIHONW TYMAHHOCTH, Pas3jieTaio-
IMUXCs, KAK Mbl BUJE/H, cO cKopocTbio ~ 1500 kM /c. IIpu macce Bosokon ~ 1 maccer Coutiia,
w2 - 1032 1, mosyumM, 9To X KnHeTwdecKas sueprud ~ 1,5 - 10% spr, T. e. mourn Takas xe,
KaK 9Heprusi MarHuTHOTo 1oJjisd. OTCio/ia cie/lyeT BayKHbBI BBIBO/I, YTO MaruuTHoe mnoje Kpabo-
BUJIHOM TYMaHHOCTH JIOJI?KHO UT'PATh 3aMETHYIO POJIb B JUHAMUKE PACIIUPEHUS €€ BOJIOKOH —
00CTOATE/ILCTBO, K KOTOPOMY MbI BEDHEMCS HUZKE.

B towm ke 1953 1. aBTOP 5TOI KHUTH 00BICHI «aMOp(HOE» ONTHYecKoe n3iaydenne Kpado-
BUJIHOM TYMAHHOCTHU TEM K€ CHHXPOTPOHHBIM MEXaHU3MOM, KOTOPBIIl OTBETCTBEH 3a €€ PaJIfo-
nznydenre. [Ipeablyiiye NONBITKE 00bACHEHUS STOTO JABHO M3BECTHOIO M3JTyYeHNs HATATKHU-
BaJINCh Ha OOJIbININE, B CYIIHOCTU IOBOPS, HEMPEOJOJNMbIE, TPy IHOCTU. COrIACHO «KJIACCUvIe-
CKOIT» TPAKTOBKE HEIIPEPBIBHOT'O ONTUYECKOro crieKTpa KpaboBu iHoit TyMaHHOCTH, OCHOBAHHOIT
Ha €JIMHCTBEHHO M3BECTHOM TOTJIa MEXaHU3Me TEILJIOBOTO M3/IyYeHUs rOpPAvero, HOHU30BaAaHHOTO
raza, CJIeJIOBAJIO IIPEJIOJI0XKUTD, 4TOo B KpaboBuIHONW TYMAHHOCTH MMEETCS OIPOMHOE KOJINJe-
CTBO 9TOro rasa, nopsjka 20—30 coHednbix macc. [Ipu 3ToM HEOOXOIMMO OBLIO CIUTATH, YTO
TeMIlepaTypa TAKOTO ra3a MUCUUCISIETCHS COTHAMU THICAY I'PAJLyCOB, YTO COBEPIIEHHO HEOOBIMHO
JIJIS Ta30BBIX TYMAHHOCTEl, TeMIlepaTypa KOTOPBIX B JIeCATKH pa3 Huzke. Hakomnerr, B ra30BbIX
BOJIOKHAX HaOJ/IIOJaeTCsd 3HAYUTEILHO Oojiee HU3Kas Temieparypa — nopsjka 10—20 Toicau
KeTbBUHOB. Q4UeHb TPYIHO cebe MpeICTaBUTh, KAK MOI'YT TaKWe CPaBHUTEIHHO XOJIOIHBIE BO-
JIOKHA, CYIIIECTBOBATH, OY/IyuN OKPY2KEHBI CO BCEX CTOPOH 3HAYNTEHHO 0oJiee TOpAdeil TI1a3Moil
TOI 2Ke IIoTHOCTU. Bejb naBiienne «BHENTHETO» MOPSYero rasa JI0KHO OyJIeT HeOrPDAHUIEHHO
UX CKUMATh!

[IpencraBnenue o oM, urto y KpaboBuHOl TyMaHHOCTH ONTHYECKOE U3JIyUEHHE C Helpe-
PBIBHBIM CIIEKTPOM, TaK K€ KaK U ee paJInon3jydeHne, 00baCHIeTCd CHHXPOTPOHHBIM MEXaHU3-
MOM, PaJIMKAJIBHO CHUMAET BCE 9TH TPYIHOCTHU U NpOoTHBOpedus. Beb ecyin B 9TOI TyMaHHOCTH
CYIIECTBYIOT PeJIATHBUCTCKIE 3JIEKTPOHBI ¢ SHEPTUsAMHU, JexKamuMmu B uaTepsaje 10810 3B,
TO JIOJIZKHBI OBITH, KOHEYHO, B 3HAUUTE/ILHO MEHDbIIIEM KOJIMYECTBE, PEIITUBUCTCKIE 3JIEKTPOHBI
¢ GONILIIMME HeprusiMu, Hanpumep, B unrepsajge 101—10'? sB. Tax Kak 4acTOTHI, Ha KOTO-
PBIX U3JIyYaloT CUHXPOTPOHHBIM MEXaHU3MOM PEJIATUBUCTCKUE 3JIEKTPOHBI, IIPOMOPITUOHAIHHBI
xeadpamy ux suepruit (cM. gopmyiy (16.13)), To ecim sexTponbl ¢ sueprueit 105—10° 3B B
MarauTHOM 1ojie H ~ 1072 D uzaydalor Ha 4acToTax JeMUMeTPOBOr0 U CAHTHMETPOBOIO JIfa-
[a30Ha, 9JeKTPOHLI ¢ aHeprueil ~ 101 aB 6yayT nziydyars Kak pas Ha ONTHYECKUX YACTOTAX,
KOTOPbIE B COTHH ThICAY pa3 BbImIe. Mes, Kak BHIUM, JIOBOJIBHO ITPOCTAs.

CrexTpaJibHas IJIOTHOCTH IIOTOKA B HEIPEPBIBHOM ONTHYIeCKOM ciiekTpe KpaboBuHoit Ty-
varHOCTH TIoaTu B 400 pa3 Mmenblre, yem B objactu paguodactor. C JIpyroit CTOPOHBI, CIIEK-
TpajbHas IJIOTHOCTH MMOTOKA PAIMON3IYyIeHNs XOTS U MeJIJIEHHO, HO yOvi8aem ¢ POCTOM YacTO-
Thl. JIormaHo ObLIO ¢/e1aTh BBIBOJ, UTO U JIaJbllle, B CTOPOHY MUJLUIMMETPOBBLIX U MHMpaKpac-
HBIX BOJIH, MOYKET OBITH IIPOJIOJIZKEHO CHHXPOTPOHHOE u3jydeHue KpaboBuiHoit TyMaHHOCTH.
N, nakoner, nmodemy Obl eMy He TAHYTbCs €Ille JaJjblle, JO OINTUYEeCKUX U Jjlazke 0oJjiee BBICO-
kux Jactor?! JIpyrumu ciaoBamu, cieyer OXUIATH eduH020 CAHXPOTPOHHOTO CIIEKTPA y ITOMH
TYMaHHOCTH, KOTOPBII JOJIZKEH TAHYThCA OT Pajo- JI0 ONTHYEeCKUX U O0Jiee BBICOKIX YaCTOT.
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.7. ®ororpaduun KpaboBuaHoit TyMaHHOCTH Yepe3 Pa3JIMIHO OPUEHTUPOBAHHBIE TOJIS-
POMJIBL.

Pacuerst okazeiaior, uTo B KpaboBuiHoit TyMaHHOCTH UMEETC eduHbili IHEPreTUIeCKuit
CIEKTP PEJIATUBUCTCKUX JIEKTPOHOB, BKJ/IIOUAIONINI B cebsl KaK ropasjio 00Jjiee MHOTOYUC/IEH-
HbIE 3J1eKTPOoHbI ¢ sueprueii 102 — 10° 3B, apngiomuecs IpUYMHOl ee PaMOU3IyIeHNs, TaK U B
JIECATKU THICSY Pa3 MeHbIIlee KOJTMYeCTBO 3HAUNTEHHO 00Jiee SHEPIUYIHBIX 9JIEKTPOHOB C SHEP-
rueit nopsiika 10—10'2 aB, usiyuatomux onrudeckue u yabrpaduosieTosble KBanThl. Komnien-
TpaIyd MOC/IeTHUX COBEPIIEHHO HUYTOXKHA: OJUH 3JIEKTPOH Ha COTHU KyOMYECKUX METPOB IIPO-
crpanctBal [loHast ke Macca Beex peiaTuBUCTCKUX dacTull B KpaboBuiHOM TyMaHHOCTH, €C/TH
CYUTATD, UYTO HA OJIUH PEIATUBUCTCKUI 3JIEKTPOH IMPUXOIUTCH OJINH PEIATUBUCTCKII MPOTOH,
okos10 10?7 1, 9ro 6;1m3K0 K Macce 3eMHOro mapal JIjist Toro 9To6bl HOMBITATHCS KOJMICCTBEHHO
00bACHUTE onTUYecKoe usjrydenne KpaboBuiHoit TyMaHHOCTH TEIJIOBBIM MEXaHU3MOM, HYZKHO
OBLLIO IPEJIIOIOXKHUTD, YTO TaM cojep:kutes ~ 103 r ropguero rasa, T. €. B COTHIO MUJLIHOHOB
pa3 6oJIbIlle BEMIECTBA, YeM B CJaydae PeIATUBUCTCKUX JacTHll. Mbl BuanMm, Kak 3pdeKTuBeH
MEXaHU3M CUHXPOTPOHHOI'O M3/IYYeHHUS: HUITOXKHOE KOJTUIECTBO PEJIATUBUCTCKIX YaCTHUIL 00ec-
MeYnBaeT MOIHOE U3JIyUYeHre TyMaHHOCTeN B TeUeHUe JIOBOIBHO JIJINTEJHHOTO BPEMEHH.

Takum 06pa3om, HOBasi KOHIIENIINS TpeBpaTuia «aMopdHyo» Maccy KpaboBuHoil TyMaH-
HOCTH B «ITy3bIPb», COIEPIKAIINIT COBEPIIIEHHO HUYITOKHOE (110 KOCMIYIECKUM MacITabaM, KOHe -
HO) KOJIMYECTBO BeIecTBa B (hopMe PEIATUBUCTCKUX JacTHIl. [[oMUMO GOJIBIIOro KOJIUIecTBa,
TPYAHOCTEN CTapoii, «TeIIOBOI» TEOPUH, CHHXPOTPOHHAS TEOPUS CHSJIA eIlle OJHY TPYIHOCTD,
u3BecTHYIO co BpeMmeH Jlammranga. OHa HemocpeiICcTBEHHO O0bsACHU/IA HAOJIONABIINECT STUM
ACTPOHOMOM OBbICTpbIe U3MEHEHUs B pacupejenennn spkoctu «Kpaba» (cm. Beime). Began or-
JieJIbHbIE O0JIaKa PEIATUBUCTCKUX JIEKTPOHOB MOTYT JIBUTAThCA B IIpeJiejlaX TYMaHHOCTU CO
CKOPOCTBIO, COCTABJISIONIEH 3aMEeTHYIO 9aCTh CKOPOCTH cBeTa/

CusTne 3aTpy/HEeHUl cTapoil Teopun caMo 1o cebe, KOHEYHO, oueHb BaxKHO. He Menee nipu-
BJICKATE/IbHA JIOTUYECKAs CTPORHOCTD U U3SIIECTBO HOBOI Teopuu. OHAKO BCE 9TO, KOHEYHO,
ele He O3HAYAET, YTO HOBasd TEOpUs — MPaBUJIbHasd. TOOBI TEOPETUYECKOE ITOCTPOEHUE CTAJIO
TBEPJIO YCTAHOBJICHHOW MCTUHOM, HEOOXOMMO, OCHOBBIBASACH HA HOBBIX ITPEJICTABICHUAX, TIPE/I-
ckazaThb Takue 3pdeKThl, KOTOpbIe JIMO0 OBLIN 0 3TOI'0 COBEPIIEHHO HEM3BECTHBI, N0 Kas3a-
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JINCH aDCOJIIOTHO HEMOHATHBIMEA. MBI MOXKEM cunuTaTh, U9TO MOCAEIHUMU ObLIN HAOJIIOaeMble
n3sMmenenns B KpabosuHoit TymanHocTu. UT0O KacaeTcs: COBEPIEHHO HOBBIX 3(@EKTOB, TO U 3a
stuM Jiesio He craio. Ha ocnoBanuu nosoit Teopun M. M. Topgon u B. JI. ['unsdypr npejicka-
3aJIM, 9TO ONTHYeCcKoe n3rydenne KpaboBuIHO TyMaHHOCTH, €CJIM OHO UMeeT CHHXPOTPOHHYIO
[PUPOJLY, JIOJIZKHO OBITH AUHETHO NOAAPU30SAHO. DTOT IPEJICKA3AHHBIN HA OCHOBE TeOPHUH -
dekT Briepsbie ObLT 0OHApYKeH coBeTckuMmu acTponomamu M. A. Bamakuze u B. A. JTom6pos-
ckuM B 1954 1., KOTOpBIE HAOJIOIAIN HE3ABUCUMO JIPYT OT JAPYyra u pa3HbiMu MeTogamu. OHu
HCIIOJIB30BAJIN TEJIECKOIIBI BEChbMa CKPOMHBIX Pa3MepPOB W CMOTJIN MOJIYIUTh TOJIBKO CPedHIO
noJigApu3anyio oT TymanHoctu. [losspuszanmio oTnenbHbIX neraneit «Kpaba» onn mcciaenosaThb
He Moryi. Tem He MeHee WX pe3yJIbTATHl OKa3a/JUCh BeCbMa BIEYATISIONINME. YCPeTHEHHAs
CTeleHDb MOJIIpU3anuu oKkasaaach 6auskoii Kk 10%. 91o ouenn Gosbinag Bemauna. Jist cpaBHe-
HUS CKayKeM, YTO TOJIAPU3allis CBeTa YIAJEHHBIX 3B€3/l, BbI3BAHHAS €0 ITPOXOXKJIECHUEM Yepe3
HbLIEBbIe 00J1aKa, PEAKO IpeBbimaer 1—2% u nsmMepsiercss Ipu 3TOM BIIOJIHE HAJIEXKHO.

Yepes 2 rojia mocje COBETCKUX aBTOPOB IMOJIsipU3aIinonibie Habdogenns KpabosugHoit Ty-
mannoctu 0w mpoBejieHbl B CIITA nHa Besmuaiiniem Torja B MEPE 5-METPOBOM TEJIECKOIIE.
Y2Ke HeOJIHOKPATHO YIIOMHHABIIHUICA HaAMU aMEPUKAHCKUN acTPOHOM baajie Toydms cepuio
PEBOCXOJIHBIX (poTorpaduit «aMopdHO» MacChl TYMAHHOCTH (Jjisi 9ero ObLI HUCIIOJIb30BAH
CriennasbHBIN CBEeTOMUIBTD) Uepe3 MOJISPOHIbI, OPHEHTHPOBAHHBIE MO-Pa3HOMY. DTH (HOTOrpa-
dun, npuseentbie Ha puc. 17.7, HEBOIBHO TOpaKaT BoobpazkeHue. OTebHbIe SPKHE JTeTasu
TO TOABJISIOTCS Ha 0JIHOM oTrorpaduu, To ucUe3aloT Ha JAPYroil, MOTyYeHHON Yepe3 «IepIeH-
JIUKYJIAPHO» OPUEHTUPOBAHHBIN MOJIAPOU. DTO O3HAYAET, UTO CBET ITUX JeTaseil TMoUTH Ha
100% muneitno nonsgpuzosan. Hekoropbie ob1acTu TyMaHHOCTH [PU HIOBOPOTE IOJIAPOUIa Ha
90° mamensitorcs 10 Hey3HaBaemocTu. Co3maeTcs BIeUATIeHNE, KaK Oy/ITO 9TO CHSITHI pa3HbIe
TYMAHHOCTH... VI3MepeHune HeraruBoB 3TuX (hoTorpaduii Mo3BOIMIO JIjId KazKJI0H TOYKH TyMaH-
HOCTHU MOJIyYUTh BEJIMYMHY W HALIPABJIEHUE ToJgpu3anuu csera (puc. 17.8).

CorytacHO Teopuu CHHXPOTPOHHOI'O U3JIyUeHUs, HAIPABJIEHUE IMOJIAPU3AINN JTOJZKHO ObITh
HEPHEHUKY/ISIPHO K HAIPABJICHUIO MArHUTHOIO I0Jig B objacTu uziydeHus. CpaBHUTETHHO
peryJIpHbBIi XapakTep nojgpusarnuu cseta KpaboBuHOil TyMaHHOCTHU ITO3BOJISIET MOCTPOUTH
CHUCTEMY CHJIOBBIX JIMHUI HAXOJSIIIErOCst TaM MarHUTHOro moJist (puc. 17.9). Obparmaer Ha cebst
BHIMAaHUE TO, YTO HAIIPABJIEHNE BBITIHYTOCTU OT/IEJIHHBIX JeTajieil aMOpQHOiT MacCchl COBIA/IAeT
¢ HaIpaBJeHueM MAruuTHOro mnojg. OTCiofla ¢ HAIVISTHOCTBIO CJIE/LyeT BBIBOM, YTO OT/E/IbHbIE
CI'YCTKU PEJIITUBUCTCKUX YACTUIL KAK Obl «PaCTEKAITCs» BJOJIb CUJIOBBIX JIMHUI. MarauTHble
CUJIOBBIE JIMHUU SBJISIOTCS KaK Obl «HAIPABJAIONIUMEIY JIJIS TAKOTO JIBUYKEHUS, TTPENSTCTBYS
«PpAaCIUIBIBAHUIO» STUX YACTHI] B MEPIEHIUKYJIAPHOM K TIOJII0 HAIpaBjeHUU. Takas KapTUHA
MOXKeT HabJII0/IaThCd TOJTBKO TOTJA, KOTJ@ IUVIOTHOCTH SHEPIUU MAarHUTHOTO TOJIs CPpaBHUMA
WJIN TIPEBOCXO/IUT IJIOTHOCTD SHEPIUU PEIATUBUCTCKUX YacTUIl. Takmm oOpa3oM, caM XapaKTep
MarHUTHOTO IOJIS U €r'0 B3AUMOCBA3b ¢ «aMOPMHOIT» Maccoil ¢ MpeebHO HATJISAIHOCTHIO JIe-
MOHCTPHUPYET CUHXPOTPOHHBIN XapaKTep ONTUYECKOTo n3jrydeHus KpaboBuHON TyMaHHOCTH.

Ocoboro BHIMaHUS 3aC/IyKUBAET CTPYKTYypa CaMoil ieHTpasibHol dactu KpaboBuaHoit Ty-
MaHHOCTH. DTy obsacTh eme B 1942—1943 rr. TmarenbHo nccaenosan bBaaje, KoTopsiit obHa-
PYKUJI TaM yJIUBHUTEIbHbIE M3MeHeHnsd. BpeMs oT BpeMeHU B caMoil IeHTPaJIbHON YacTh Ty-
MaHHOCTH BO3HUKAIOT MaJIeHbKUE, JIOBOJILHO SPKUe KOHJEHCAIIUN, OOBITHO BBITSHYTOM (POPMBI,
KOTOPbIe OY€Hb OBICTPO JIBUXKYTCSA OT MECTa CBOEr'0 3aPOK/IEHUS B HAITPABJIEHUU OT IEHTPA TY-
MaxHOCTH. CXeMa CTPYKTYpbI caMoii reHTpa/ibHoit yactu «Kpabay» npusenena na puc. 17.10.
JIBa MaJIeHbKUX KPY:KKa O3HA4YAIOT IeHTpaJbHuble 3Be3/109ku. [IITpuxossie hurypsl b u a cum-
BOJIU3UPYIOT sIpKUeE JleTaj i TyMaHHoCTU. JleTasib b mouTn He M3MeHSeTC s, Yero HeJlb3s CKa3aTh
0 JIeTajil @, KOTOpas MEHseT CBOe MOJIOKeHUe (10 OTHOIIEHUIO K IEHTPAILHBIM 3BE3JI0UKaM ),
dopmy u gprocTb. OHA JOBOJBHO BHE3AITHO MOSBJISIETCA B IIPOCTPAHCTBE MEXKJIY «HIKHE» U3
JIBYX 3Be3/109€K (KOTOpasi, Kak 9T0 Oy/IeT BUIHO B CJIEIYIONIEH TaBe, OKa3aaach MyJIbCapoM) 1
Jetasibio b. [laiee ona JIBUZKETCs 110 HAIIPABJICHUIO K JleTa u b m MHOTIa C/IMBaeTcd ¢ Heto. Bech
ONMCaHHBIN BBINIE MUKJ JIUTCH 3—4 Mecdna. Feam 3HATH yryioBoe nepeMerienne JeTaan a 1
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.9. Crpykrypa marauTaoro mojst KpaboBumaHO! TYMAHHOCTH.

BpeMs, B T€UeHUE KOTOPOIO 3TO IepeMelleHne ITPON30ILI0, He MPEJCTAB/IAET TPY/Ia MOy IUTh
CKOPOCTB JIETAJIA @, BEpHEE, ee IMPOEKINIO Ha IIJIOCKOCTh, NEPHEHNKYIAPHYIO K JIydy 3PEHHS.
Dra ckopocth npesbimaer 40 000 xkMm/c! Odenpb moxoxke, 4To dYepe3 MEHTPATIbHYIO HAMAIHU-
JeHHYI0 001acTh KpaOoBUHONW TYMAHHOCTH C OIPOMHON CKOPOCTBIO ITPOXOJUT BOJIHA CIKATHS
MarHUTHBIX CHJIOBBIX JIMHUN. DTO CJIEIyeT U3 aHAIN3a MOJSAPU3AIUN JIETAIH @, [IPUBOJILIIETO
K YCTaHOBJIEHUIO HAITPABJIEHUs] MArHUTHOI'O TOJIS BJIOJIb HAIIPABJIEHUS BBITSHYTOCTU 3TOH Jle-
tasm. Cire/oBaTeIbHo, HAIIPABJIEHUE JIBUXKEHUS JICTATN ¢ NEPneHoukyAApHO K HAIIPABICHHIIO
MarHuTHOTO 10Jid. Bee 3Tn ymBuUTE/IbHBIE BJICHUsT O3HAYAIOT, YTO B IeHTpaJbHO# YacTu Kpa-
OOBUIHOI TyMaHHOCTH HaOJIIOJAeTCs MPO/IOJIKAIONIASICA JI0 HAIEro BPEMEH! <«aKTUBHOCTDY .
910 OBLIIO UCTOPUYECKN [T€PBOE yKa3aHUe Ha TO, YTO OCTAaTOK Benblmiku CepxHoBoit 1054 1. He
«MEpPTB», 9TO B HEM IPOUCXOJAT KAKHE-TO OTPOMHOI MOITHOCTH (PU3NYECKUE MPOIECCHI, TPU-
BOJIAIIIE K HAOJIOaeMOil 0UeHb OBICTPOl M3MEHYMBOCTU B IeHTpaabHON dyactu KpaboBuanoit
TYMAHHOCTH.

1963 roy OTKpBLI HOBYIO CTPAHUILY B UCTOPUU uccaenoBanus KpaboBuHON TyMaHHOCTH.
Becwoit sToro roja rpymmna ucciaegosareseit Mopckoit maboparopun CIITA, BosriiaBisemast BbI-
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17. KPABOBUJHAA TYMAHHOCTDH

Puc. 17.10. Crpykrypa rnienrpasbhoii obaactn KpabosuHoit TymannocTu (cxema).

JTAIONINMCsT aMEPUKAHCKAM yIE€HbIM, OCHOBOIIOJIOKHIUKOM BHeaTMOchepHoi acTpornoMun Opui-
MaHOM, OOHAPYKUJIA PEHTIeHOBCKOe u3jyderue oT «Kpabay. DKcriepuMeHT ObLT BBIIIOJTHEH Ha
MaJIeHbKOI pakeTe Tura «Aipodbus. /[eTeKToOpoM peHTTeHOBCKOIrO M3J/IyueHus Oblia «Darapes s
IPOIOPIHOHAIBHBIX CIeTINKOB (DOTOHOB OOINEH IIIOMAIbI0 Beero jmimb B 65 cm?. JleTekTop
perucTpUpoBaJ KBaHTHI B auanasone 1,58 A. IloTox okazajcsa JOBOJBHO 3HAYNTETHLHBIM:
1,5-1078 spr/cm? - ¢. DTo Beero JMIb Ha MOPSAJIOK MEHBIIE, YeM MOTOK OT CAMOT0 SPKOTO PeHT-
FEHOBCKOI'O MCTOYHUKA B co3Be3jun CKOPIHUOHA, KOTOPBIH ObLT HE33/10JIM0 JI0 9TOTO OTKPLIT.
Ceitaac, ciycrst 20 JieT, TeXHUKAa PEHTIEHOBCKOI aCTPOHOMUU ITO3BOJISIET PErMCTPUPOBATH I10-
TOKUA B HECKOJIBKO JIECATKOB ThICAY pa3 MeHblue, deM oT Kpabosuanoit Tymannoctu. Beero
Ha HebOe moka obHapyKeHo okoyio 1000 peHTreHOBCKMX MCTOYHUKOB. OJIHUM U3 CaAMBIX SIPKUX
SIBJISIETCS UCTOYHUK, OTOXKIeCTBIIAeMbIil ¢ KpaboBuiHoit TyMaHHOCTBIO.

Cpagzy 2Ke 1ocjie OTKPBITHS 9TOr0 PEHTTEHOBCKOI'O MCTOYHUKA BO3HUKJIA MTpob/eMa: a uTo
peJicTaBsgeT co0o0it STOT UCTOIHUK ! MOKHO OBLIO 0XKUIATH, 9TO U3aydaeT cama KpaboBuiHast
TYMAHHOCTB, T. €. 00'bEKT, UMEIOIINil X0Ts U HeOOJIbINEe, HO BIIOJIHE OIpEe/Ie/IeHHbIE YTIJIOBbIE Pa3-
MepbI Mopsijaka 5 MunyT jayru. Ho, ¢ 1pyroit cropoHbl, HeJlb3st ObLIO UCKIIOYUTH U BO3MOYKHOCTH
TOr'0, YTO UCTOYHUKOM PEHTIEHOBCKOTO M3JIyYeHUS HABJISIETCS 3B€3/1a, HEKOTJla B30PBABIIAACI
KaK CBepXHOBas. B TakoMm cjiydae yrjioBble pa3Mepbl PEHTT€HOBCKOI'O MCTOYHUKA OBLIN Obl HU-
YTOYKHO MaJIbl, T. €. OH OKa3aJicd Obl «TOYeYHBbIM». Pa3peraorias crrocoOHOCTb PEHTTEHOBCKOI
ACTPOHOMWH, B JIAHHOM CJIydae — CIHOCOOHOCTH OTJIUYUTH «TOYEUYHBIN» MCTOYHHK OT MAJIOro,
HO TPOTS2KEHHOro 00bekTa, 10 jer Hazaj Oblia BechbMa HU3Ka. CUaCTIMBOE O0OCTOATEIHCTBO
[IOMOIJIO, OJIHAKO, ACTPOHOMAaM OBICTPO PEHIUTh 3Ty 1podsemy. Mbl yzKe TOBOPUJIN BBIIIE O
TOM, YTO IPU UCCJIEJIOBAHUU pacIpeeseHus pajauodpkocTn KpaboBuHON TYMAHHOCTH BECh-
Ma 3(PHEKTUBHBIM OKa3aJICd METOJI aHAIN3a PaIMON3IyIeHUs BO BpeMs ee MOKPLITUd JIyHoii.
AHaJIOruIHBII MeTOJ1 BIIOJIHE IPUJIOXKAM K aHAJN3y PEHTIeHOBCKOTO n3/tydeHuss KpaboBuHoi
TYMaHHOCTBIO. Hy2KHO B MOIXOAATIINit MOMEHT BO BpeMs HMOKpPLITUd JIyHOIt TyMaHHOCTH 3aIry-
CTUTH pakeTy, Ha KOTOPOM TOJI2KEH HAXOJIUThCd JeTEKTOp, opueHTHpoBaHHBI Ha Kpab. [Ipn
9TOM JIOJIZKEH HEITPEPBIBHO PETUCTPUPOBATHCH YPOBEHb PEHTIEHOBCKOTO M3/ IyYeHUS OT TYMAHHO-
ctu. Ec/im mCTOYHUK PEeHTreHOBCKOTO U3JTyYeHUs] TOYETHbBI, TO B MOMEHT €TI0 IMMOKPLITHS KPaeM
JIYHBI IOTOK pe3ko ynaJer JIo Hysd. Keau CTOIHUK MPOTAXKEHHBINH, TO IIOTOK PEHTIeHOBCKOTO
U3JIyUeHUs 110 Mepe HaxoXKJIeHnus Kpas JIyHbl Ha UCTOYHUK OY/IET IMOCTEIEHHO YMEHbITAThCH.

Taxkoit ombIT IO HaIIIEMY TIPEJJIOYKEHUIO ObLIT ocyTecTBIeH Ppuivanom 7 uiosisa 1964 1. JIyna
3aKpbIBaJia TYMAHHOCTb CO CKOPOCTBIO 0Kosio (/)5 3a MuHYTY BpemeHu. MakcuMasbHbIE YIJIO-
Bble pasMepbl KpaboBuHoit TymanHOCTH 6/, c/le0BaTe/IbHO, MOJTHAST JITATEIbHOCTD TTOKPBITHUSI
okoJio 12 munyT. Pakera Moria HaxoauThes Ha BbicoTe cBbime 100 KM (T71e TOJIBKO U MOXKHO
IPUHIMATH KOCMIYECKOEe DEHTTeHOBCKOE U3JIyUeHre) BCEro JIMIIb 0KoJI0 5 MunyT. [1o 910it npu-
YUHE TTPOorpaMMa HaO/IIoJeHul ObLIa MOCTPOeHA TaK, YTOOBI MOYKHO OBLJIO HAOJIOIATH TOJHKO
HEeHTPaJbHYIO YacTh KpaboBuIHONW TyMaHHOCTH pasMepoM B 2. Pe3yabrarsl 9TuX HAOII0IeHMT
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Puc. 17.11. Pe3ynibTarhl peHTT€HOBCKUX HAOJIOEHN BO BpeMs MOKpbITHit JIyHoit Kpabosunoit
TYMaHHOCTH. BBEpXy — 3aBUCHMOCTH CKOPOCTH CYeTa PEeHTTeHOBCKUX KBAHTOB OT BPEMEHH.

IIpeJicTaBjaeHbl Ha, puc. 17.11, roe npuBegeHa 3aBUCHMOCTD ITOKa3aHUM JIETEKTOPa OT BPEeMEHU
npu nokpbiTuu KpabosuaHoit Tymannoctu JIynoit. 113 npusegeHHoil Ha 3TOM PUCYHKE KPUBOI
cpazy Ke BUJIHO, YTO UCTOUYHUK PEHTTeHOBCKOT'O U3JIYYEHUS ABIAETCH NPOMANCEHHDIM, TAK KAK
[IOKA3aHUs JIeTeKTOpa YOBIBAIOT 110 Mepe 3aKpbIThsl TyManHoctu JIyHoit nocmenenno. Ha puc.
17.11 (BHHU3Y) BOCCTAHOBJICHO IIOJIyYE€HHOE U3 IOKA3AHWN JIETEKTOPA pacnpedeenue ApKoCmu
UCTOYHUKA PEHTT€HOBCKOIo m3jyueHuss B KpaboBujaHOI TyMaHHOCTHU. YTJIOBbIE Pa3Mepbl €ro
nopsiaka 1’, T. e. 3HAYNTETHHO MEHBIIE Pa3MEPOB TYMAHHOCTH B ONTHYECKHUX JIYUaX.

B nasibHeiinem ObLIO BBIIOJIHEHO MHOI'O HAOJIOIEHUN PEHTIeHOBCKOTO m3yydenus Kpabo-
BUJIHOI TYMAHHOCTU B Pa3HbIX CIEKTPaJbHBIX jJuanaszoHax. [Ipuw rmomomum amnmapartypsbl, ycTa-
HOBJIEHHOI Ha GasutoHax (BO3JYNIHBIX Iapax), YIAJ0Ch MPOCIEANTh KecTKuil criekTp Kpabo-
BU/IHOM TYMAaHHOCTH BILIOTH JIO FAMMa-/IMala3oHa, T. €. BIJIOTh JO SHEPTrHil KBAHTOB B COTHU
MUJLTHOHOB 3JIEKTPOHBOJILT! . HarmoMHuM, 9T0 3Heprusg KBaHTOB OIITUYECKOIo JUAla30Ha COCTAB-
JgeT 2—3 3B, a KBaHTBHI pajnouana3ona UMeOT SHEPTHIO €Ile B COTHU THICAY W MUJLTHOHBI
pa3 MenbIyio. Takum 06pa3oM, OTHOIIEHNE SHEPIUil KBAHTOB KpailHUX 00JIacTeil Bcero auara-
30Ha 3JCKTPOMATHUTHBIX BOJIH, IIPHHIMaeMoro oT KpabosumaHoil TymManHOCTH, cocTaider 101,
WJIN COTHH THICSTY MUJLIHapA0B. Hur ofuH 1pyroit KoeMudeckuii 06 beKT (BKIIIOUas 9pe3BblaaiiHo
6JIM3KOe K HAM ¥ [IOTOMY O4eHb sipkoe COJIHIE) He MCCIE0BAH B TAKOM IMHPOKOM JIHAIA30HE
criekTpa. Ha mpumMepe 910l TyMaHHOCTH MbI MOYKEM y6udems 6¢e60AH0601 XapaKTep COBPEeMEH-
Hoit acTporomuu. [Toka B criekrpe KpaboBu 1O TyMaHHOCTH OCTAIOTCS JIBA «OEJIbIX IISITHAY : &)
Janekas uHgpakpacHas o0sacTb, 0) yabrpaduoseroBas 00/1acTh. DTH CIHEKTPAIbHBIE YIaCT-
KU YPE3BBIYAITHO TPY/IHBI JIJId HAOTIOAEHUN. YIbTpadro/1eToBOe N3/IydeHne, HallpuMep, CHIbHO
MIOTJIOIIAETCA MEXK3BE3/IHOM cpeioit. Tem He MeHee 3JIEKTPOMATrHUTHBIN CIIEKTP TYMAHHOCTH BbI-
PUCOBBIBaETCs €O Beeil onpeesnieHHocThI0. OH TIpejicTaB/ieH Ha puc. 17.12, rje 1o ocu abCcImee
HAHECEHBbI YaCTOThI U3JIydeHus (IPOMOPIUOHABHBIE SHEPIUAM KBAHTOB), & 110 OCU OPJMHAT —
CIIeKTpaJibHasl IJIOTHOCTb ITOTOKA.

[Ipexke Bcero BHUJIHO, YTO CHEKTP STOT COBEPIIEHHO HE ITOXOXK Ha CIIEKTP TEIIOBOI'O HC-
TOYHUKA M3JIyUeHUs JII00OW, B YACTHOCTHU, CKOJIb YI'OJHO BLICOKOI TeMriepaTyphbl. [locsemrmit
ornmcbiBaeTcs u3BecTHOi hopmysioit [Lnanka. KadecTBeHHO Takoil CrieKTp MpEJICTaBICH HA PUC.
17.13. Cuekrp KpaboBuiHO# TYMaHHOCTH XOPOIIIO OMUCHIBAETCS CTEIIEHHBIM 3aKOHOM Fy, o V™7,
BroTs 1o jasiekoit nndpakpacHoii 00J1acTu CleKTpaJIbHbIN nHjieke O ~ 0,3, T. €. O9eHb MaJl.
[re-to y wacror 10110 T'n (mmnbt Boan 10—30 MKM) HPOMCXOJUT <IEPEIOM» CIIEKTPA.

'Ha6monatorcs u kpanTsl ¢ sueprueit 10111012 5B 1m0 BBI3BIBAEMBIM UM BCIIBIITKAM 9ePEHKOBCKOT'O H3JIy-
4yeHus B 3eMHOI armocdepe (cm. § 20).
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Puc. 17.13. Cxema mIaHKOBCKOI'O CIIEKTPA.

Haunnag ¢ gactorel ~ 10 I'm u BIVIOTH 10 OFPOMHBIX HYACTOT TaMMa-Iuanasona ~ 1024
[, crlekTpa/ibHBIN WHJIEKC UMeeT IOCTOsiHHOe 3Hadenue, O/im3koe K 1. Takoit crekTp ojiHO-
3HAYHO JIOKA3bIBAET CHHXPOTPOHHYIO IPUPOJLY 6CE20 JECKTPOMArHUTHOrO n3jydenus «Kpabay.
[IpaMbIM TOKa3aTETHCTBOM 9TOTO YTBEPXKIEHUS SBJIAeTCd n3MepeHHas B 1975 1. noaapusayus
peHTreHoBcKoro uasaydenus Kpabosunoit Tymannoctu. Ecim oTBeTCTBEHHBIMU 32 METPOBOE
pajmonsiydenre KpaboBuiHO# TyMAHHOCTU SIBJIAIOTCH PEISATUBUCTCKUE 3JIEKTPOHBI C SHEPIU-
AMU TOPS/IKa COTEH MUIJIJIUOHOB 3JEKTPOHBOJIBT, & 3a ONTUYECKOE U3JIyYeHUEe — C SHEPIusiMu
~ 10! 5B, To raMMa-m3IydeHEe BHI3BIBACTCA JBUKEHIAMNI 3JIEKTPOHOB ¢ aHeprueii 10 100 3B,
Bce 311 penaTUBUCTCKIE 3JIEKTPOHBI ABUKYTCA B IOBOJBHO PETYISIPHOM MarHITHOM IIOJIE 3TON
TYMaHHOCTH, CTPYKTypa KOTOpOro m3obparkena Ha puc. 17.9, a cpejHee 3HavYeHNe HaPAZKEH-
noctu 6sm3Ko K 1072 9. MoIHOCTh CHHXPOTPOHHOIO U3JIyUeHUs PEIATHBUCTCKUX 3JICKTPOHOB
IPOIIOPIIMOHAIbHA K6adpamy ux 3Heprun. C Apyroil CTOPOHBI, 9TO U3JIyUYeHUE I'eHepUpyeTCs
3a CUYET FHEPIUU PEJIATUBUCTCKUX JIeKTPOHOB. [lo 3T0il npudmnne «BpeMs KU3HU» TAKUX JIEK-
TPOHOB (OIpe/IeIIEMbIX KaK BPEMsl, B TeUeHIe KOTOPOro OHU MOTEPSIOT M3-38 CHHXPOTPOHHOTO
U3JIy9eHUs] CyNECTBEHHYIO YaCTh CBOEH MePBOHAYAIBHOlN SHEPIUN) 0OPATHO IPOIOPIMOHATBHO

X 9HEPTIUn:
~0,00835

H?FE
rie H — Hanpsi>keHHOCTh MAarHUTHOT'O 10Jist, /' — sHeprus, BhIpaykKeHHas B MUJLJINAP/IAX SJIE€K-
TPOHBOJIBT, & t BbIpaxKaeTcs B rojax. 3 3roit hopmyIibl ciieflyer OiMH OYeHb BAXKHBIN BBHIBOJ:
BpeMd JKU3HHU 3JIEKTPOHOB ¢ 3Heprueit, 6osbmreit gvem ~ 10 9B, menvwe 1000 ner, m. e. 60s-
pacma Kpabosudrot mymarnrocmuy. DTO O3HAYTAET, ITO €CJIU ObI TaM He OBLIO HENPEPBIBHOTO
«BO300OHOBJIEHUS 3alacay PEIATUBUCTCKUX 3JEKTPOHOB BBICOKOW HEPIUU, ONTHIYECKOE M3JTy'e-
HUE «3aTyXJi0» Obl uepes cro jet. Ho 3o 3aBeomo He Tak! Co Bpemen Mecche, HaO/TIOIABIIETO
sty Tymannoctb B XVIII Beke, spkocts «Kpaba» mourn ne mamenmiach. CienoBaTesbHo,. B

t1 JIeT, (17.1)
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17. KPABOBUJHAA TYMAHHOCTDH

9TOH TYMaHHOCTH HENPEPuI8HO JEHCTBYET HEKOTOPBIN MEXaHU3M «HAKAUYKIY> «CBEKUX» PEJIATHU-
BHUCTCKUX 9JIEKTPOHOB OY€Hb BBICOKUX dHEpruil. YTo 7Ke 9T0 38 MeXaHW3M, KAKOBa €ro Ipupojia’
DTta mpobiiema BeTasa mepes actpodusnkoii ceeire 30 jeT Hasa . Pererune ee ObLIO Oy IE€HO
B 1968 1., Korja B nenTpe KpaboBuHoit TyMaHHOCTH GbLIT OOHAPYKEH Tmy/ibcap (eum. § 19).

XapakrepHblil uzoM crektpa Kpabosuanoit Tymannoctu y Vi ~ 1013 ' o6bacnseTcs Kak
pas3 MoTepsIMI SHEPTUHU PEJIATUBACTCKUMHE JIEKTPOHAMY U3-38 CHHXPOTPOHHOIO N3/IydeHns. Ja-
CTOTa V1 ONPEJEISIeTCS TeM, YTO PEIITHBUCTCKUE IJIEKTPOHBI, U3JIydatoniue Ha 60j1ee HU3KUX
JacToTax, «XKUBYyT» B KpaboBuiHON TyMaHHOCTH 0€3 3aMETHBIX ITOTE€Ph SHEPIUu OOJIbIIE Bpe-
MEHH, 9eM CYIIEeCTBYEeT caMa TyMaHHOCTb, B TO BpeMsI Kak 00./1ee BBICOKIE UACTOTHI U3JTy IAF0TCSI
6oJ1ee SHEPIUIHBIMU JIEKTPOHAME, BPEMsI »KU3HU KOTOPBIX CPABHUTEIBHO HEBEJUKO. e Ob
He CyIIEeCTBOBAJIO HEIPEPBHIBHOW «HAKAYKN» TAKHX JEKTPOHOB B TyYMAHHOCTb, UX OBl TaM He
Ob110 coBceM. Ha ocHOBaHuM Teopuu, 3Hasg YaCTOTY IEpeoMa CHHXPOTPOHHOTO CIEKTpa Vi U
BpeMsl YKU3HU TYMAHHOCTH 1, MOXKHO ITO9TOMY HAMTH HaIPSKEHHOCTDH CYIIECTBYIOIIETO Tam
MarHuTHOIO II0JI, KOTOpOe KakK Obl HEIPEPBIBHO «IiepepabarbiBaeT» 3TOT ciekTp. Popmysia
JITsl BEJIMYIUHBI TI0JIsl IMEET IIPOCTOM BUT;:

H = 700v; 1727, (17.2)

rie t; ~ 1000 jer — BozpacT TymamnHocTu. 13 aroit dhopMyinl ciaeayer, uro npu V, ~ 1013 ¢!

H ~5-107*9, 1. e. oueHb 6JU3KO K HPUHATOMY BBIIIE 3HAYEHUIO. 3aMeTHUM, 9TO Benanna H
OYeHb cJIab0 3aBUCUT OT YaCTOTHI IepeJIOMa CHHXPOTPOHHOTO criekTpa «Kpabay, KoTopas omnpe-
JIeJIAeTCAd HEYBEPEHHO, IIyTeM SKCTPAIOJAuu. Be/ib MPIMbIX U3MEPEeHHUil MOTOKa U3JIydeHUs
OT TYMaHHOCTH B JajeKoil MH@paKpacHOl YacTH CIIEKTpa ITOKa HeT. PerdTmBucTCKHEe 3J1eK-
TPOHBI OYeHb BBICOKHX 3Hepruii (~ 107 5B), oTBeTcTBEHHbIC 33 PEHTIEHOBCKOE H3JIyHdeHue
Kpaba, OyayT usz-3a ouenb OOIBITUX IOTEPh HA U3JTyYEHHE «XKUThb» COBCEM MAJIO — BCETO JIUIIb
HECKOJIBKO MECSIIEB. DTUM, HO-BUIIUMOMY, O0bsICHIETCS CPABHUTE/ILHO MaJias IPOTIKEHHOCTD
PEHTTEHOBCKOI'0 MCTOYHUKA MEHTPaJIbHON dacTu TyMannocTu. [locrynatomue B KpaboBuayto
TYMAHHOCTH TAKHUe 3JIEKTPOHBI IIPOCTO HE YCIIEBAIOT MOTACTD Ha Mepudeprio, TaK Kak JjId 3TOTO
HYZKHO HECKOJIBKO JIET.

PengruBucrckue 9acTUIibl, IBUKYIIIHECS BJIOIb CJIOXKHDBIX, 3aMKHYTBIX TI€T€/Ib MAIHUTHOTO
nosig KpaboBuiHoit TyMaHHOCTH, KaK Obl «3alepThl» B Heil. Ecin ux Oy/ieT JI0cTaTOIHO MHOTO,
OHM OYIYyT «paciuparby, 1e(DOPMUPOBATH MMETJIM MATHUTHOTO MOJIS, CTPEMSCH UX Pa3IBUHYTD.
Ho marauTHOe 1os1e u camo 10 cebe CTPEMUTCS «PACIIOI3TUChY HA BO3MOXKHO OOJIBINNI 00BHEM.
DTOi TEHJIEHIIUU MEIaeT TO 0OCTOSATE/ILCTBO, UTO CUJIOBBIE JIMHUN TIOJIsI KAK Obl «IIPUBA3AHBI»
K Ta30BbIM BOJIOKHAM TYMaHHOCTHU, KOTOPBIE IIOITOMY VAEPKUBAIOT TI0OJIE€ U JIBUKYIIECS B HEM
PEJIATUBUCTCKUE YACTHUILI OT HEOIPAHUYEHHOI'O U MPUTOM JIOBOJIBHO OBICTPOTO PACIIHPEHUSI.
Ho Tem caMbIM MBI ¢ HEM30€KHOCTBIO MPUXOAUM K BBIBOJY, YTO Ha CHCTEMY Ta30BBIX BOJIO-
KOH JIOJIZKHA HETPEPBIBHO JIEHICTBOBATH CUJIA JABJIEHUST MAarHUTHOTO ITOJIS M HAXOJSIIUXCS TaM
PEATUBUCTCKUX YACTUIL. DTa CUJIA U JOJKHA HPUBECTH K YCKOPEHHOMY JTBUZKEHUIO BOJIOKOH
TYMaHHOCTH, ITO U HaOJI01aeTcst (eM. BbIme). BesmanHy 9T0ro yeKOpeHnst MOXKHO MOy IUTh 13
HecoBIa IeHns Bospacta Kpabosusnoit TymanHocTn (930 J1eT) U MOy YeHHOTO W3 PACIITHPEHHsT
BOJIOKOH MOMEHTa BpeMeHU, KOI/la BCI TYMAaHHOCTH ObLa KakK Obl B TOYKE, UTO JIOIKHO OBLIO
ObITh (CuMTast CKOPOCTh paCHIMpeHuil ocTostHHOI) oko10 800 Jier Hazas. Orciojga BemvIuHa
yckopenust nojrydaercs pastoit ¢ = 0,0016 cm/c?. 3nas BeJIMUUHY CHJIbI JaBJICHHsT MArHUTHOTO
MOJIg M PEJIITUBUCTCKUX YACTHUIL U COOOIIAEMON 9TON CHMJION yCKOpeHUe, MOXKHO I10 MPOCTOI
dopmysie Mexanuku HaiitTu Maccy BosiokoH Kpabosunoit Tymannoctu M:

2

H
Mg={"— + P L4nR? 17.3
g 8T[ + P ) ( )

rie R — XapaKTepHbIH JIMHEHHbIN pa3Mep TYyMaHHOCTH (OKO.HO OJTHOT'O HapceKa), a JTaBJIeHUE
KocMuaecKnx Jryueit B, 6imsko Kk H? /8T, upuiaem H crenyer Gparsb Ha nepudepnn TyMaHHOCTH.
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17. KPABOBUJHAA TYMAHHOCTDH

Moo orneHuTsb, uto Tam H ~ 3-107* 3. Orciona ciemyer, uro Macca Bojiokon M ~ 5-103% r
win 0,25 maccer CoJtHita. DTa OIEHKa BKJIIOYAET B cebsi M Maccy c1abbIX BOJIOKOH, KOTOPhIE He
nabsrioytatorcd. [losrydennas oneHka Macchl JIOCTATOIHO OJIM3Ka K «JIODOBOIT» OIEHKE, OCHOBAH-
HOI Ha IJIOTHOCTH Ta30BBIX BOJOKOH B TYMaHHOCTH I UX CyMMapHOM obbeMe! .

Kak moiaepkuBajioch BbIIe, Jjisi 00eCIeYeHnsi OITUIECKOT0, a TeM 60jiee PEHTIeHOBCKOTO
nzydennsd KpaboBUHOM TYMAHHOCTHA B T€UEHUE CTOJETUNH HEOOXOIMMO HEIIPEPBIBHOE «BIIPHIC-
KMBaHHE» HOBBIX IOPIHI PEJATUBUCTCKAX 3JIEKTPOHOB. ECTeCcTBEHHO OBLIO IPEIIOIOKUTD,
9TO, KPOME TaKHUX JEKTPOHOB, B TYMAHHOCTDb JIOJI?KHBI «BIPBICKUBATHCSA» U PEJISITUBUCTCKUE
TS2KeJIble siJpa — MPOTOHBI, aIbda-dacTUIbl U IIp., KOpode TOBOpsd, KoCMUYecKue Jjy4du. B or-
JITYHE OT JICKTPOHOB, TAXKEJIble PEJIATUBUCTCKUE YACTUIIBI HEe OyJIyT TePATh SHEPrUIO Ha CUH-
XPOTpOHHOE u3jydenne. Ecjimm Obl UX MOCTYNAI0 B TYMaHHOCTH HE MEHBINE, YeM PeIATUBUCT-
CKUX 3JIEKTPOHOB, UX Obl HAKOIHUJIOCH TaM CTOJIBKO, 9YTO JABJIECHUE Ha Ia30Bble BOJIOKHA OBLIO
ObI BeChbMa, 3HAUUTE/IBLHBIM, U, CJIEJ0BATE/]IbHO, YCKOPEHNE STUX BOJOKOH JIOZKHO OBLIO OBITh
ropaso 60Jbire Hab gaemMoro. OTco1a MOXKHO CJIeJIaTh BBIBOJ, UTO MCTOYHHUK ITOIOJTHEHUSI
KpaboBumoit TyMaHHOCTH PEJIATUBUCTCKIMU YaCcTUIIAME TIOCTAB/ISET B HEe MIPEUMYIIECTBEHHO
9JIEKTPOHBI U TTO3UTPOHBI. KaK BIIOCJIEJICTBUN BBICHUIOCH, 9TO CBA3aHO C HAJIMYUEM B IEHTPE
Kpaba BechbMa aKTHBHOIO IIyJIbcapa (CM. HUXKE).

Jlpyrue octaTKu HCTOPUYIECKUX CBEPXHOBBIX, BCIBIXHYBIMX B [aslaktuke B 1006, 1181,
1572 u 1604 rr., He HAIOT TaKoe KOJUYIECTBO HMHMoOpMalnnn, Kak KpaboBugHas TyMaHHOCTD.
9TO HeIb3si 00bSCHUTH TOJBKO TeM, UTO OHHU OoJjiee ymaJieHbl oT Hac. [Ipocto Kpabosuanas
TYMAHHOCTH OKa3aJjach ropasjio bosiee «0oraTbiM» 1 0oJiee MHTEPECHBIM 00HeKTOM. Bee 2Ke Mbl
KPaTKO OCTAHOBUMCS HA OIMMCAHUU OCTATKOB BCIBIIMIEK TUX CBEPXHOBBIX.

Het onpejeniennbix yKa3zaHnuii Ha CyIIECTBOBAHUE OINTUYECKU HAOJIIOJAEMBIX OCTATKOB BC-
nbimkn CBepxuaoBoit 1006 r. OgHAKO Ha MecTe BCIBIINIKH, B IOXKHOM co3Be3ann Boska, obHApY-
JKeH JIOBOJIBHO CJIAOBIH MPOTAZKEHHBIH PaIMONCTOYHIK>. YTJIOBBIE pasMephl TOr0 MCTOYHUKA,
JIOBOJIHO BeJIMKU: 25, Wiau B 1ATh pa3 Gosbine, yeMm y Kpabosuanoii rymannocTu. Ecim npu-
HATH, uT0 CBepxHoBas 1006 1. mMesta BUIAUMYIO 3BE3/IHYIO BeJIMInHy — 7,5 (HAa 9TO YKA3BIBAIOT
cTapuHHbIE apabCKue M KUTalCKue XPOHUKH), TO, C YIeTOM MEXK3BE3/[HOT'O TOTJIOIIEHUsI CBETa,
paccTosinme JI0 BCIBIXHYBIEH 3Be3161 06110 0K0J10 1000 1mc. [Ipu TakoMm paccTodgHum JIMHEITHBIT
paJjimyc ocTaTKa J0JKeH ObITh OKOJIO 3,5 1ic. 3Hast Bo3pact octaTka (~ 1000 Jer), MOXKHO orpe-
JIEJINTH CPEJIHIOID CKOPOCTH pacimpsoleiics obosoukn, Koropas Oimska k 4000 km/c. 1o
ropasio bosibine, veM y KpaboBuaHo#t TyMAHHOCTH, B COOTBETCTBYET CKOPOCTH BHIOpOCA Ia30B
Yy CBEPXHOBBIX | Tura, mojydaeMbIX U3 MIMPUH JIMHUNA U3JIy9eHWs] B UX crekTpax (cMm. § 15).
Caenyer nmerh B Buay, uro CBepxHoBas 1006 r. BCIBIXHYJIA JOBOJIBHO «BBICOKO» HAJI Tajlak-
THYECKON TIJIOCKOCTBIO, IJIe IIOTHOCTh MEYK3BE3/IHOTO Ta3a JOJKHA ObITh COBEPIIEHHO HEe3HAa-
quresibHa. HegaBuo ¢ nomornipio «ynbrpaduoiaerosoroy ciyrauka [UE (em. «Bejenue») B
CIIEKTPE Topsivueil 3Be3/bl, Ha KOTOPYIO IIPOEKTUPyeTcst ocTaTok ¢cBepxHoBoit 1006 r., Ob11n 0O6HAa-
PY?KEHBI MIUPOKIE HACBIINEHHbIE JIUHUU [TOTJIOEHUsT NOHI30BAHHOTO 2Kejie3a. OTciofa Ciejyer,
YTO KOJIMIECTBO Kejie3a B 9TOM OCTATKE OYeHb BEIUKO. DTOT PE3Y/IbTAT UMEET UCK/IIOUNTE b
HOe 3HaueHne Jisl OHUMAHUs TPUPOJIBI CBEPXHOBBIX | Thma (cM. HUZKe). DTUMHU CKY/THBIMU
CBEJIEHUSIMU TIOKa MCYEPIIbIBAIOTCS HaIlM 3HaHusT 00 octaTkax Bemblimku CeepxHopoit 1006 1.
Ha mecre CepxnoBoit 1181 1., HabsrroaBieiicss KATAHCKUMU U ATIOHCKUMHI aCTPOHOMAMU B CO-
sBe3auu Kaccnonen, HAXOAUTCsT JOBOJIBHO SIPKUiL (CJI€I0BATEIBHO, MOJIOZOH) PaJIMONCTOIHIK
3C 58. On, Tak xe kak u Kpab, jmiien 060/109€49HO# CTPYKTYPBI. B onTuvdeckom criekTpe 3To-
r'0 UCTOYHMKA HAOJIONAIOTCA ciadble JIMHUKM U3JIydenusd. V3 anajamsa 3TUX JUHUN CIEyeT, YTO
pagmonctounuk 3C 58 pacmupsercs co ckopoctbio ~ 1000 KM/ ¢, a paccrosiaue 10 Hero ~ 2500
Tic.

! Teopmio BEKOBOro YyCKOpPEHHS BOJOKOH KpabGoBUIHON TyMaHHOCTH IIpeIIosKui B 1954 r. BeLIaomumiics co-
Berckuit actpouom C. B. IlTukenbuep.

?Ha mecte Benbimkn Ceepxnosoit 1006 1. 6511 06HAPYKEH TPOTSKEHHBIH HCTOYHUK PEHTICHOBCKOIO H3JIy-
YEHUs.
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17. KPABOBUJHAA TYMAHHOCTDH

['opaso Gosibiiie MBI 3HAEM 00 OCTATKAX BCIIBIIIKN «3Be3/bl Tuxo» — CBepxHoBoil 1572 1.
Ha mecte Bembimku 51oit CBepxHOBOIT HAO/IIOIAIOTCS OYeHb CIabble TOHKOBOJIOKHUCTHIE «KYCOU-
Ky TymManHoctu. Haburronenus, pas/ie/ieHHbie IPOMEXKYTKOM BpeMenu ropsijaka 10 jeT, rmokas3bl-
BalOT HEKOTOPbIe M3MEHEH!sI B OTHOCUTEIHLHOM SPKOCTU BOJIOKOH. BMecTe ¢ TeM cnieKTpaJbHbIe
HAOJIIO/IeHsT He OOHAPYKUJIM 3HAYUTEbHBIX JIydeBbIX cKopocreil. Eme B 1952 1. Ha mecte
BCIIBIIIKY OBLT HAaliJIEH UCTOYHUK pajmonsiiyyuenus. [lanbueiinine Hab 10/ IeHusT TO3BOININ Hall-
TH €ro CTPYKTYPY, KOTOpasd BecbMa IpuMevaTe/bHa. B pajgnosydax 3TOT UCTOYHUK ITPEJICTAB-
JisieT coboil SIpKoe, 0OYe€Hb TOHKOE KOJIBIIO, JUAMETP KOTOPOro ~ 7', a TOJIIMHA MEHbIIEe OJHOI
coroii pajanyca. Paccrosaune 10 CepxuoBoit 1572 1. orneHuBaercsi (JI0BOJBHO HEYBEPEHHO) B
5000 mc. DTo paccrosgHue, ¢ YIeTOM MeK3BE3/IHOrO IMOIJIOIIEHNs CBETA, JIaeT Jjis abCOIOTHON
3Be3/1HOI BesimanHbl CBEpXHOBO# 1572 1. 3Hadenue okoyio —18™, uro 6JM3KO K abCOTIOTHOM
BesimanHe cBepxHOBoit | Tuma. Ha mecte CepxHoBoit 1572 1. 0bHADYKEH PEHTTEHOBCKUIT UCTOY-
HUK, O KOTOPOM pedb Oymer uaru B § 20.

Ha mecre Cepxnosoit Kemiepa, Becibixnysieit B8 1604 1., nabiiojiaercst cBoeobpasHast, oxXo-
JKasl HA Beep ONTHYEeCKas TYMaHHOCTh C SpKUMU KOoHJeHcarusamu. Habto/ienust, pa3ge/ienubie
IPOMEKYTKOM BpeMmeHU B 20 JieT, yKa3bIBAIOT Ha MEJIJIEHHOE JIBUZKEHUE SAPKUX JieTajieil 3Toi
TYMAHHOCTH cO cKOpocTbio 0,03 ceKyH bl Jiyru B roj. Tak Kak paccTogHue 0 TyMaHHOCTH,
[IOJIy9€HHOE TaKUM ke oOpa3oM, Kak u i Kaccnonen A m Ceepxnosoit 1572 1., okosio 10 000
IIC, TO JIMHeHast CKOPOCTh B ILIOCKOCTH, MEPHEHUKYIAPHON K JIyIy 3PEeHUsd, COCTaBJISAET OKO-
70 1400 kM /c, B TO BpeMsi Kak IOJIyUYeHHAas M3 CHEKTPAIbHBIX HAO/IOIEHNI JIydeBasi CKOPOCTh
cocrassier 230 KM/ c.

Ha mecre Cpepxuopoit 1604 1. y»ke JaBHO OOHApy?KeH JTOBOJBHO SIPKUl MCTOYHUK pPauo-
U3JIy9eHust ¢ YIJIOBBIM JamMeTpoM, okojio 3, uro npu paccroguuu B 10 000 1c coorBercTByer
pajmycy okoJio 5 1ic. [Ipu Takom pajmyce cpejiisist CKOpOCTb 000JI0UKH cocTaBisgeT 0Koj1o 12 000
KM/C — BeJIMYMHA IPUMEPHO Takasl ke, Kak y CepxHOBOil 1572 1.

[TpumevarebHO, YTO 9Ta CBEPXHOBasl BCIBIXHYJIA Ha 0YeHb GosbioM (okoso 1500 mc) pac-
CTOSTHUU OT TaJaKTUYeCKOH IJIOCKOCTH, TJle INIOTHOCTh MEXK3BEe3JHOIO Ta3a BechbMa Masia. Kak
2Ke TOrJia O0bsICHUTH CPABHUTEIHLHO HU3KYIO CKOPOCTH Pa3JieTa BOJIOKOH ra3a B 9TOH TyMAaHHO-
ctu? Besb Mek3Be3/HAs CpeJia UX 3aTOPMO3UTH HEe MOXKeT. Pererue 3Toit Tpy/1HO# TpoOIeMblI,
BO3MOKHO, CBA3aHO C IIPEIIOJIOKEHUEM, YTO BOKPYT B30PBAaBIIIeiics 3Be3/bl yKe OblLIa TyMaH-
HOCTb, 00pa30BaBIIasCId U3 BEIIECTBA, BHITEKAIONIEr0 U3 3Be3/Ibl. Bpsi/l i1, OHAKO, Macca TOM
TYMaHHOCTH MOIJIA OBITH CJIUIIKOM OOJIBIION — BeJIb B30PBAJIACh CTapas 3Be3/1a ¢ MacCcoil, JIMIIb
HEMHOT'O ITPEBOCXOAIIEH COTHEYHYIO.

B zaksrfouenne Hy>KHO TOIEPKHYTh, ITO MBI CJIUITKOM MAJIO €Ille 3HaeM O IPUPOJIe OCTaT-
koB CBepxnosbix 1006, 1181, 1572, 1604 rr. [Toxoxke, ogHako, Ha To, YTo CBepxHoBasg 1054 1.
PE3KO OTINIAIACH OT HUX MaJIOl CKOPOCTHIO BLIOPOIIIEHHOM 000JIOUKY U CPABHUTETLHO OOJIBINOMN
ee Maccoil. DTO U ONPEJIENIO B KOHETHOM UTOre BCe CBOeoOpa3ue sSBJICHUT, KOTOpPbIe HAOJII01a-
torcst B Kpabosugaoit tymannoctu. Crenndukoit Ceepxuosbix 1006, 1572 u 1604 rr. sBisiercs
TO, ITO IJIOTHOCTH MeK3BE3JIHOU CpeJIbl BOKPYT HUX O4eHb Maja. [losromy mx obomoukw, mo-
YTH HE WCIBITHIBAs TOPMOXKEHUsI, PACHIMPIINCH JI0 3HAYEHUN pajmyca ~ H IIC, 9TO TPUBEJIO
K OBICTPOMY YMEHBIIEHUIO PAINOCBETUMOCTHU. epe3 HEeCKOJIbKO THICAY JIET OHM PaCIIUPATCS
HACTOJIBKO, YTO WX IMOBEPXHOCTHAS PaINOSPKOCTH YIIaJIeT J10 HeHabJrroiaemoro 3uadenusi. Ha-
060pOT, 00BEKTHI, 0 KOTOPBIX pedb Iia B § 16 (Hanpumep, IC 443), BCnbIXHY/IM B CDABHUTEIBHO
IJTOTHOM MEYK3BE3IHON cpejie, KOTopast, «IIPeJOXPAaHNBy» OCTATKN B3PBIBA OT CJIMIIKOM OBICTPO-
r'O PaCHIMpPeHns, KaK Obl «3aKOHCEPBUPOBaJIa» MX M 00ECIIeUmIa MPOJIOIKUTETBHOCTD YKU3HU B
HECKOJIbKO JIECATKOB THICAY JIET.
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§ 18. [IOYEMY B3PBIBAIOTCSI 3BE3/bI7

JIo cux mop MblI pacCMaTPUBAJIA TOJBKO NOCACICMEUA BCIIBIIIEK CBEPXHOBBIX 3Be3/1. B3phI-
BBI 3B€3/1 MPUBOJAT K 00Pa30BAHUIO B BBICIIEH CTENEHN MHTEPECHBIX, OTIMIAIOMNXCA OOIBIITIM
CcBOEOOpa3meM TyMAHHOCTEH. DTU TYMAHHOCTH OyKBaJbHO «HAYUHEHBI» PEJIATHBUCTCKUMU “a-
CTHIIAMH, T. €., IPOIIE TOBOPHA,— IEPBUYHBIMU KOCMHYCCKUMU JiydaMu. llocieqaue mo/mKHbI
00pa30BBIBATHCA KAKUM-TO 00Pa30M Ha CaMbIX CPABHUTEIHLHO PAHHUX dTAlaX BO3HUKHOBEHUS
TYMAHHOCTEH — OCTAaTKOB B3pbiBa. Kpome Toro, Kak 9To ObLI0 OKa3aHo Ha mpuMepe Kpabosu/i-
HOIl TYMAHHOCTHU, «3BE3/IHBbIIl OCTATOK» B3PbIBa IIPOJIOJIZKAET B HEKOTOPBIX CJIyYasdgX MOIIHYIO
reHeparuio KOCMIYECKUX JIy4deld, HEITPEPBIBHO «ITUTag» 00PA30BABIIYIOCS ITOCJIE B3PhIBA TYMAaH-
HocTb. [[oKa ere He coBceM sICHO, B KAKO# CTEIEHU 9TO ABJIEHNE OKA3BIBACTCHA YHUBEPCATIbHBIM
CBOIICTBOM «3BE€3/IHBIX OCTATKOBY», XOTsl MMEIOTCS JIOCTATOYHO Cephbe3Hble OCHOBAHUS CBSI3aTh
€ro TOJIbKO cO cBepxHOoBbIMU [I Tura.

B3pbiBbl 3B€3/1 IMEIOT BaykHOE 3HAYEHHE I (PUSUKH U JTUHAMUKNA MEXK3BEe3HOW CPeIbl.
DTO OrPOMHOE BO3MYIIIEHUE PACIIPOCTPAHIETCS BHAYAJIE C OUCHBb DOJIBINOI CKOPOCTHIO, KOTOPas
[IOCTEIIEHHO yYMEHBINAETCsI. 30HA B3PbIBA 38 HECKOJIBKO JIECSITKOB THICSY JIET PaCIIPOCTPaHSIeT-
¢ Ha TUTAHTCKYIO 00JIACTh MEXK3BE3JIHON CpeJibl, Pa3sMepbl KOTOPOW HCUYUCTSIOTCA JIeCATKA-
MH Tapcek. B 9Toit 30He uzmyeckue ycjaoBUsS PE3KO OTIUYAIOTCS OT «HEBO3MYIIEHHBIX». B
Hell CyIecTByeT BecbMa ropsgdas Ij1a3Ma, HarpeTas JI0 TeMIIePATyPhl B HECKOJIbKO MUJIJIMOHOB
KeJbBUHOB. [[JIOTHOCTH KOCMHYECKHUX JIydell U HaIPszKeHHOCTb MArHUTHOT'O II0JIsi B O0JIACTH,
OXBAYEHHOI TaKUM OOJIBIIUM BO3MYIIEHUEM, 3HAYUTETHHO OOJIBITIE CPEJIHEr0 3HAUEHUS, PACCEU-
BasiCh B OKPY2KAIOIIell MeXK3BE3/IHO cpejie, TAKOe BOZMYIIEHNE «000TaIaeTy ee KOCMUYIeCKIMHI
JIydaMW ¥ BHOCUT U3MEHEHNEe B XMMUYECKUI COCTaB MEXK3BE3IHOI'O T'a3a.

Mper yxke Bujen B § 16, 9TO XUMUYIeCKHUil cocTaB OBICTPO JABUKYIIMXCA BOJIOKOH Kaccuo-
men A pe3Ko OTIMIAeTCst OT «OOBITHOIO». YK€ OJIMH 9TOT HabJII0IaTeIbHbBIN (hakT TOBOPHUT O
TOM, UTO B3PBIB 3BE3/bI SIB/ISETCS KaK Obl «ILIABUJIbHBIM THUIJIEM», B KOTOPOM OCYIIECTBJISIET-
csl «BapKay CJHOXKHBIX sjep. Ciie/loBaTe/IbHO, B3PBIBbI CBEPXHOBBIX 3BE3]I, BHIPAKASICH ST3BIKOM
MEeTaJTyProB, OCYIIECTBIAIOT Iporiece «duoranuiy (06OrameHs) MesK3Be3/THON CPe/Ibl TsizKe-
JIBIMU SIJTPAMM.

Wziuirae moqaepkuBaTh, K KAKUM HEOOO3PUMO# BaXKHOCTHU TIOCJICJICTBUSAM ITPUBOJIUT ITOT
HEYKJIOHHO JIefiCTBYIOIIHi TIporiecc. Besib B «IOHOCTU», €11l JI0 TOro KaK 00pa30BaJjuch rajJaKTh-
KU U 3Be3/bl, Beesennas npejcrasiisia coboil JJOBOIBLHO IMIPOCTYIO BOIOPOIHO-TETUEBYIO T1Ia3-
My, BO3MOXKHO, C HEOOJIBIION MpuMechio jieliTepust. TsKebIX sijiep Torja erie He ObLIo. DTO
HAIIIJIO CBOE OTPaXKEHWE B XUMHUYECKOM COCTaBe CTapelIero MmoKoJIeHUs 3Be3]] — CyOKapJInKOB
(cm. § 12). B 9roit cBsi3u ciiefiyeT 3aMeTUTh, YTO OCHOBHOE OGOTAINEHEe MEXK3BE3JIHOM CpeIbl
TAZKEJIBIME 9JIEMEHTaMU ITPOU3O0IILIO HA CAMBIX PAHHUX CTaJIMAX 00pa30BaHUs raJlakTHK. Tormia
00pa30BaJIOCh OJTHOBPEMEHHO ¢ HBIHEITHUMHE CYOKapJImKaMu OOJIBINTOE KOJNIECTBO MACCUBHBIX 1
CBEPXMAaCCUBHBIX 3B€3/1 IIEPBOI'0 IIOKOJIEHN s, KOTOPBIE IIOCIe JIeCATKa MUJIJIMOHOB JIET 9BOJIIOINI
B3PBIBAJIUCH KaK CBEPXHOBBIE. JacTOTa BCIIBIIIEK TOC/IEIHIX ObLIa B JIECATKHA Pa3 O0JIbIe, 9emM
ceituac. 1o aToit mpuumne mporecc oboraIeHnss MexK3Be3/THOM CPeIbl TAKEJTbIMUA SJIEMEHTAMI
6 0CHOBHOM 3aKOHUHJICA JTOBOJILHO OBICTPO, 38 «KaKue-HUOY/Ib» HECKOJBKO COTEH MUJLJIMOHOB
JIeT caMoil panueii ncropun Hameit LajakTuku (a Takyke, KOHEUHO, U JPYTUX TAJaKTHK)!.

Mekmouenune, mo-BuMMOMY, PEJICTAB/ISIET IPOIECC OBOTAIEHUS JKEJI€30M IPH BCIIBINIKAX CBEPXHOBBIX |
Tuna (CM. HIXKeE).
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

EcrecTBEeHHO CIIPOCHUTH, a OTKY/la U3BECTHBI 9TH BaXKHBIE JIeTAIN «XUMUYECKON NCTOPUI»
Haeit 3e3H0i cucrembl! OKa3blBaeTCsd, U9TO Ta JIETOINCH 3aIllMCAHA B METEOPUTAX M 3€M-
Hoit kope. ToHKNIT XUMUYIECKHUIl aHAJIN3 TIO3BOJISIET HAWTH OTHOIIEHHE KOHIIEHTPAIUil paInoaK-
TuBHBIX u30ToNOB *¥U (ypan-238), Pl (mwiyronnii-244), »°Th (topmii-235), a Takxke JIBYX
usoTonos ioma — 271 u 2], Tax Kak mepmojbl MOJIypaciala y faep 9THX H30TOIOB JOCTa-
TOYHO XOPOIIIO M3BECTHBI, TO M0 M3MEPEHHON OTHOCUTETHLHON KOHIIEHTPAIIUN MOXKHO MOy YUTh
BO3pACTHI sAjep. B wacrtHOCTH, M3 m3MepenHoro otHomieHusi koHnenTpanuu [Pl]/[U] B obpas-
1IaX METEOPUTOB CJIEJIYET, YTO STH CBEPXTsZKEJIbIe si/ipa 06pa3oBamch 8,5—10 MU/LIHAp/IOB JIeT
Ha3aJl, IpUIeM OHM 00PA30BAJINCH 3a CPABHUTEIHHO KOPOTKOE BPEMSI.

O‘{eHb HMHTEPECHBbIC PE3YyJ/IbTAThI II0JIYy9alOTCA U3 aHaJIn3a KOHIHEHTPaIu N30TOIIOB 1710)121 n
HaXO/JAIIET0oCdA B MeTeOpUuTax TAXKeEeJIOI'O0O MHEPTHOI'O I'a3a KCEHOHa, ABJIAIOIMIETOCHd CTa6I/IJIbeH\I
IPOJIYKTOM paclajia PaJioaKTHBHOrO m3oToma 27, DToT amaim3 HMOKA3LIBAET, UTO BO3PACT
M30TOIOB HO/ia 3HAYNTEILHO (IPUMEDHO BJIBOE) MEHbIIEe BO3pacTa U30TONOB ypaHa, ILIYTOHMS
u Topus. B IPOTHBHOM CiIydae CpaBHHTEILHO KOPOTKOXKUBYIMumil mzoron 271 He coxpammics
ob1. C Apyroit CTOPOHBI, U3 aHAJM3A COJIEPYKAHUS KCEHOHA B 00Opa3Iax METEOPUTOB CJIEJIYyeT,
41O yKe depe3 180 MUJITMOHOB JIET IOCJIE CBOErO 0Opa30BaHUS M30TOIbI f10/1a BOILIM B COCTAB
KPUCTA/JIMIECKOTO BEIECTBA METEOPUTOB. TaK Kak He IMOJJIEKUT COMHEHUIO, YTO METCOPUTHI
obpaszoBasnch ogHoBpeMeHHO ¢ CosHeYHON cucreMoii (OKOJIO 5 MUJIIHADJIOB JIeT Ha3a), TO
MOXKHO CJIeJIaTh BBIBOJI, YTO BEIECTBO, U3 KOTOPOr0 00Pa30BaJiach 9Ta CUCTeMa, ObLIO oborare-
HO He3aJ10JIT0 JI0 9TOT'0 BCIIBIXHYBIIEH CBEPXHOBOI. 3aMETUM ellle, YTO HEJABHO OOHADYKEHHbIE
pas/indusi B XUMUIECKOM COCTaBe y 00JIaKOB MEXK3BE3/IHOI cpejibl (cM. § 2) ecTecTBEHHO OObsiC-
HAOTCA BJIUAHUEM BCIIBIIIIEK CBEPXHOBBIX.

[Tocsie Hamero HeOOJIBIIOTO KCKYypCa B YBIEKATEIbHYIO 00/1aCTh XUMUYIeCcKoit ucrtopuu [a-
JIAKTUKH MbI BO3BpaIlaeMcs K OCHOBHOMY BOIIPOCY O IIPUYMHAX B3PBIBOB 3BE31I, HAOJIIOIaeMbIX
KaK (beHOMeH CBE€PXHOBBIX. I/IByquHe OCTAaTKOB TaKMX BCIIBIIIEK OTKPbIBaAET BO3MOXKHOCTDL OIle-
HUATH HEKOTOPbIE BarKHBIC ITapaMeTPhl B3PLIBOB, 0€3 3HAHUSA KOTOPBIX HAy4IHOE PACCMOTPEHUE
9TOM MPoOIeMBbI OBLIO ObI HEBO3MOXKHO. K 4mciy Takux mapamMeTpoB OTHOCSTCS Macca BbIOPO-
IIEHHO P B3PbIBE 000JIOUKU, KUHETHYECKAsT SHEPIHUs TOH 000JOUKU U €e XUMUIECKUN Co-
CcTaB, HaJIMYUEe OIPOMHOTO KOJIUYECTBA PEAATUBUCTCKUX YACTUI] B OCTATKAX B3PbIBA U UX dHEP-
reTu4ecKuii CIIEKTD. KpOMe TOro, uccJjeaA0BaHusA BCIBIINIEK CBEPXHOBBLIX B JIPYI'UuX raJlakKTHKaXx
MeTOJaMMn COBpeMeHHOfI aCTpOHOMUHA (B JaCTHOCTH, CHeKTpOCKOHI/II/I) IIO3BOJIAIOT OIIPEIC/INTD
[TOJTHOE KOJIMIECTBO M3JIyIEeHHOM SHEPTHH, 9TOH BarKHe el XapaKTepUCTHKHI B3PbIBa. JTH Ke
HaOJIIO/ICHUS JIAIOT BO3MOYKHOCTH ONPEJIEIUTD IMePBOHAYAIBHYIO CKOPOCTb BBIOPOIIEHHBIX ITPU
B3PBIBE T'a30B, YTO MO3BOJIAET OIIEHUTD «YAEJIbHYIO SHEPTUIO» B3PhIBA, T. €. KOJIUYECTBO SHEPIUH,
IpUuxoJdIineecd Ha I'paMM BelleCTBa.

[Ipezk1e Bcero ciaemyeT MOTIEPKHYTh, YTO HACTOAIIEH Teopreil B3phIBa 3B€3]] COBPEMEHHAs
HayKa I0Ka ellle He pacloJ/iaraer. J1a npobdJemMa, KaK U MOXKHO ObLIO OYKUJIATh, OKA3a/1aCh OU€Hb
Tpyauoit. Bee ke mosioxkenue He cielyeT NMPU3HABATHL TAKUM YK O€3HAJIEIKHO ILJIOXUM. Psit
Y3JIOBBIX BOIIPOCOB OY/IyIIeil Teopun y»Ke B OIpPEJICJIEHHON CcTeneHn pa3paboTaH, a IJIaBHOEe, —
MOHATHI, TIPaBJa, B JOBOJILHO 00IIeil opme, Te pusndecKkrne yCJI0BUA B IBOJIIOIUOHUPYIOIIEH
3Be3/Ie, KOTOPbIe, 3aKOHOMEPHO MEHSCh, JOJZKHBI ¢ HEN30e:KHOCTBIO TPUBECTU K KOCMUYIECKOI
karactpode.

HepeXO,ZLH K CYHIECTBYIOIIIMM TEOPETUYICCKUM IIPCACTaBJICHUAM, KaCalOIIUMCA IITPUINHDBI
B3pbIBa 3BE3/, IIPE2KIAE BCEIO OCTAHOBHMCA Ha BO3MOXKHBLIX HMCTOYHHKaAX IHEPIUH. Ecrecrnen-
Hee BCero CuuTaTrb, 9TO TaKHMM MCTOYHHUKOM ABJIACTCA dAepHad SHEePrud.

Mp1 y2Ke JIOBOJIBHO TOJPOOHO PACCMATPUBAJM ITOT UCTOYHUK I OOBLICHEHUS «CIIOKOM-
HOTO» WM3JIyYeHUsI 3Be3Ji BO BpeMsl UX NpeObIBAHWs HA TVIABHOW IIOCJIE0BATEIHLHOCTH (CM. §
8). Tam ke MOMYEPKUBATIOCH, UTO TOCTIE «UCYEPHAHUsT» BOIOPOIHOTO $IJIEPHOTO TOPIOYEro B
IEHTPAJIBHBIX 00/IaCTAX 3BE3/Ibl XapaKTeP ee 9BOJIIONNU 3HAYUTEIHLHO yCIoKHgeTcsd. PaBHoBec-
HO€E COCTOsIHUE 3BE3/IbI HA KOHETHON CTa IUU ee SBOJIIONUN 3aBUCAT OT ITePBOHAYAILHON MacChl,
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

KOTOpasl IMpe/JIIoJiaraeTcsd Hem3MeHHO Ha mpoTsxKkenun Beeil ssosmonun. [locaennee mpemmnoto-
JKeHHe, OJTHAKO, KAK MbI y2Ke paHbIie Bujaeau B § 13, 3aBeioMo He BbinoTHsAeTCs. Hanpumep, Ha
CTa/INM KPACHOTO TUTAHTA y pPeasIbHBIX 3B€3/l HAPYKHBIE CJIOW OTJIEIAIOTCHA, & U3 BHYTPEHHUX
obpa3zyercst OeJIblil KapJIuK.

Tem He MeHee 1MOJIE3HO paccMaTPUBAThH MICATUZUPOBAHHYIO MOJE/Tb 3BE3/IbI, KOTOPasd BCe
BpeMsl COXPaHseT CBOIO MacCy M K TOMY Ke He Bpamaercd. MoxKHO mojiaraTh, 9To TaKoe YIIpo-
IIIEHHOE PACCMOTPEHHE 3aJIa9K TIO3BOJIUT BBIABUTH PsiJl CYIIECTBEHHBIX OCOOEHHOCTEN 3aKJIIO-
qUTeJIbHON (ha3bl 3BE3IHON 3BOIONNA. PacderThl OKA3bIBAIOT, YTO €CJIN MacCa TaKOol «ujea-
JIM3UPOBAHHOWY 3BE3JIbI MEHbIEe YeM ~ 1,2 COJIHEYHOH, TO KOHEYHBLIM IPOJYKTOM SBOJIIOIIHT
ABJISIIOTCA Oejible KapJuKi, O KOTOpbIX pedb mnuia B § 10. Iy 3Besm ¢ maccoii, 60/bIeir yem
1,2, HO MeHbIIeit ~ 2,5 COJIHEYHON, KOH(MUTYPAIIUA C BLIPOXKJICHHBIM Ia30M Y2Ke He SBJIAeTCH
paBHoBecHOT. Kak 910 Ob1710 T0Ka3ano erie B 1938 r. aMepuKaHCKUMU (hU3UKAMHU-TEOPETUKAMUI
OrmmenreiimepoM 1 BoJIKOBBIM, Takas 3Be3j1a MOC/IEe MNCUYEPIAHUS 3alacoB siIEPHOTNO TOPIOYEro
JIOJIZKHA, KATACTPOMPUIECKH CXKAThCA U IIPEBPATUTHCS B CBEPXILIOTHBIN 00BEKT pa3MepaMu OKO-
j10 10 KM — B HEHTpPOHHYIO 3Be31y. MbI yke ynomunaan oo sroM B § 10. Heobxoaumo, oaHaxo,
ITOIEPKHYTh, UTO 3BE3/IbI C MACCOI, IIPEBBIIIAIONIEH HEKOTOPBIH 1peies, OJu3Kuil K 2,5 coJiHed-
HOIT MACChl, B KOHEYHOM HTOTE JIOJIZKHBI KATACTPOMUIECKN CKAThCS B TOUKY (TaK Ha3bIBAEMbIE
«UEpHBIE JIBIPBI», 0 KOTOPBIX MOAPOGHO GyIeT pacckazaHo B § 24).

Takum ob6pa3oM, B 3aBHUCUMOCTU OT HEPBOHAYAJBLHON MacChl UJICAJIM3UPOBAHHON MOJIE/IN
3BE3Ibl TEOPUS IIPEJICKA3BIBACT TPU THUIIA KOHEYHOI'O COCTOSTHUS «MEPTBBIX» (T. €. MCUePIIaBIINX
CBOIO SHEPIMIO) 3BE3I:

1) Gesble KapJyiuky,
2) HelTpOHHbIE 3Be3IbI,

3) dYepHBIE JBIPHI.

[IepBble n3BecTHBI acTpoHOMaM BOT y2Ke cBbIie 70 jer. HeitTpoHHbIE 3B€3/1bI TIOCIE TOJITUX
©e3yCIIeIHBIX TONBITOK ObLIN OTKPBITHI TOJILKO B 1967 1. HakoHerr, ecTb HEKOTOpbIe OCHOBAHUS
[OJIAraTh, 9TO HECKOJIBKO M3BECTHBIX O0BEKTOB OTOXKJICCTBIISIOTCS ¢ «IEPHBIMU JIbIpamMuy (CM.
§ 24). Takum 06pa3oM, MbI BHJIMM, YTO XOTS «HJIAJIN3UPOBAHHASY MOJIENb 3BE3/bl U SBJISETCS
KpaiiHe yIPOIIEHHOI, CYIIECTBOBAHNE BCEX TPEX PA3HOBUIHOCTEN «MEPTBBIX» 3BE3/l OHA IIPEJI-
ckazaJsia nmpaBmibHO. [lepBoHavabHasg Teopus, OJHAKO, He yKa3bIBaja Ha KOHKPETHBIE ITyTH
o0pa30oBaHus «MEPTBBIX» 3BE3I.

[To BceM [TaHHBIM BCHBIIMIKHA CBEPXHOBBIX CBS3AHBI C KOHEYHBLM ITAIIOM 3BE3IHOI 9BOJIIO-
KA. DTO BUJHO XOTsI ObI U3 BECHMAa CBOEOOPA3HOI0 XMMUIECKOTO COCTaBa BOJIOKOH Kaccmomnen
A. U3 ckazaHHOrO CjIejlyer, 9T0 MOYKHO OXKHJATh «I'€HETHYECKYI0» CBA3b MEXKJLY BCIIBIIIKAMM
CBEPXHOBBIX M 00pa30BaHMeM HEHTPOHHBIX 3BE3/l M UE€pPHBIX AbIP. llociiennee oOCTOATEIHCTBO
«IIOJ03PEBAJIOCh» JaBHO, HO TOJBKO OKOJIO 15 j1eT Ha3a. ObLIM MOJIyYeHbl HPAMbIe HabJIIoga-
TeJIbHbIC JaHHBIC: B OCTaTKaX CBerHOBbIX O6Hapy7K€HbI HeﬁTpOHHbIe 3BE3/IbI.

EcrecrBennee Bcero cuuTarh, YTO OIPOMHOE KOJIMYECTBO SHEPIUU, OCBOOOXKIAaeMOe IIpU
BCIIBIIIIKAX CBEPXHOBBIX, UMeeT sijepHoe mpoucxoxkjienne. OIHAKO JaJIeKO HE BCAKOE sJIEPHOE
roprovee MOYKeT ObITh, XOTd ObI B TPUHIIAIIE, OTBETCTBEHHO 3& B3PBIB 3Be3/1bl. [Ipexkie Bcero
9TO OTHOCHUTCS K BOJIOPOJLy — OCHOBHOMY SITIEPHOMY TOPIOYEMY, TOJIEPXKUBAIOIIEMY IIyTEM CO-
OTBETCTBYIOINX TEPMOSIEPHBIX PEAKINil «CIOKOWHOey M3JIydeHre 3Be3] Ha TVIABHO MMOcsen0-
BaTeJbHOCTU. /[e/10 B TOM, 9TO XOTs BbIJIeJIEHUE SHEPIUU [IPU TIOJIHOM IIPEBPAIEHIHN BOJIOPO/Ia
B reuit 1 ouenb Beauko (6 - 10'8 spr/r), ono mpomcxoauT gocTaToMHO MedaerHo. 1loaToMy
63pvi6a (T. €. 0U€Hb BGBICTPOTrO OCBODOKIEHNST HGOJIBIONO KOJIMIECTBA SHEPIUN) B 9TOM CJIydae
NPOU3OUTH HE MOZKET.
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

Me1jieHHOCTh TEPMOsIJIEPHBIX pEaKIUil Ha spax BOJOPOJ/a OObSCHSIETCA TEM, UTO IIeIb
TaKUX peakimii (cM. § 8) B KadecTBe HEOOXOMMBIX 3BEHBEB COMEPKUT mporecc B-pacrama. [o-
cjeanue 2Ke IIpoTeKaloT BeCbMa MEIJICHHO 1 UX HeJIb3d HUKAKUM O6pa3OM «YCKOPHUTDBL»: BE€JIb 9TO
K€ «CIIOHTAHHBIE», T. €. CaMOIIPOU3BOJIbHBIE TIpollecchl. Hampumep, jaske mpu caMoil BBICOKOM
TeMIIEpaType peakis peBpallenns BojIopoia B Aeidrepuii:

p+p—D+B"+Vv

IPOMCXOIUT U3-3a [-pacnaa oueHs Meaterno. OIHAKO IPH BLICOKUX TeMIepaTypax 6aarogaps
y2Ke paccMaTpuBasiieiica B § 8 peaknun 3*He — 2C 1 moceayromumx peakimit sep yriaeposia,
¢ gjpaMu rejust (aabha-qacTUIAMI) B

PC+*He —» 0 +y,  'O+*He— *Ne+y

MOXKET BO3HHKHYTH OY€Hb OOJIBIIOE KOJUYIECTBO JIETKUX sJiep yIVIepoja, KUCI0POo/ia U HeoHa.
dAnpa 9TUX JIErKUX 3JIEMEHTOB MOTYT Y Ke IIPH TeMIlepaType OKOJIO CTa MUJLIMOHOB KEeJTbBUHOB
BCTYIIUTH B PEAKIIUN C IIPOTOHAMHE, COITPOBOK,IaeMble 3HATUTE/ILHBIM, & IJIABHOE, OBICTPBIM BbI-
JleJIEHHeM SHEPIUHU, TaK KaK TaKuhe peakIuu He COIpoBOXKIatoTca [-pacmagom. OmgHAKO 3THM
CIIOCOOOM KazKJI0€ sJIPO JIETKOT'O 3JIEMEHTa MOYKET ITOCJIEI0OBATE/THLHO TPUCOEIMHUTE K cede He
OoJiee Tpex-YeThIpex IMPOTOHOB, YTO 0DecIeunT BbIX0 dHeprun okoJio 10—20 M»B na oxno -
po. [l 6ostee TAXKEBIX dJiep, MOJIyIaeMbIX IyTeM MTOCIeI0BATETIHLHOIO TTPUCOETUHEHUS TPOTO-
HOB, Hajm4ne B-pacnaja CUIbHO 3aMeIsgeT PeaKINio, OTIEro OHa MOTePsieT CBOI «B3PBIBHOI»
xapakTep. Bee ke maxke 3—4 1moc/e10BaTe/IbHBIX IPUCOEINHEHHS TPOTOHOB JAI0T HEILIOXYIO
«B3PBIBYATKY». Bech BOIpoC, 0JIHAKO, 3aK/II0YAETCd B TOM, XBATAET JIX y 3BE3/Ibl HY?KHOT'O KO-
JIMIECTBA SJIep JIETKUX 3JIEMEHTOB, YTOOBI P UX B3PbIBE (KAK 9TO MOXKET CJIYIUThCST, MbI TIOKa,
He 00CY?KJ1aeM) BBIJIEJIIIOCh HY?KHOE KOJMIeCTBO SHEPTUHL.

Ecim xumudeckuit coctaB 3Be3/bl, KOTOpas JOJXKHA B30pBaThCd, Takoil ke, Kak y CoJiH-
Ia, TO B KaxKJOM I'DaMMe ee BelllecTBa cojep:kurcsa npumepno 5 - 1020 jerkux anep. Ecim
KaKUM-TO 00pa30M B3pbIBHAS PeakIus Ha JIETKUX sIpax OIMUCAHHOTO BBIIIE BUJIa ITPOU30M/IET,
TO yeabHBI BbIxos 3Heprum Gyger ~ 10 spr/r. 9o mano! Beasb B ciyuae cepxHOBLIX 11
THIA& yJIeJIbHBINA BBIXOJI SHEprun 1o Kpaitaeit mepe B 10 pas3 6oJibie. Eciim Mbl Ha MUHYTKY BO-
obpasum cebde, aro Haire CoJHIlE B30PBAJIOCH ObI BCJIEJICTBHE TAKOH PEAKIMHU, TO BBIICIUIACH
6b1 sHeprua ~ 10 spr, a 3T0 Bce-TaKM B JlecATh pa3 MEHbIIE, YeM BBIICJIAETCS SHEPIUH P
BCIIBIIIIKAX CBEPXHOBBIX | Tuma. Eciin npenosioKuTh, 910 10 KaKOH-TO HEU3BECTHON MPUINHE
ueipa CoJiHIIa HATpesinch Obl JI0 TeMIIEPATyPhl B CTO MUJITHOHOB KEJIbBHHOB, TO CKOPee BCe-
ro mocJsenoBaJi 06l B3pbIB. OJHAKO CKOPOCTH pasjieTa ra3oB He IMpeBbImaia Obl, ckaxkem, H00
KM/C, a 9TO 110 KpaiiHeil Mepe B JiecsiTh pa3 MeHbIe, 4eM HabJIoaeMast CKOPOCTh pasJjiera mpu
BCIIBIIIIKE CBEPXHOBBIX (cM. § 15).

Eciu Mbr XoTuM 00bICHUTD KATACTPO(DUIeCKOe BbIJIEICHIE SHEPIUU IIPU BCIIBIIIKE CBEPXHO-
BOI SIJIEPHBIMU PEAKIUsIMU (a TaKhe B3PbIBHbIE PEAKIIUU MOI'YT IIPOUCXOUTH TOJBKO C S/IPaMU
JIEPKUX 3JIEMEHTOB), TO HEOOXOMMO MIPEIOIOKUTh, YTO XUMIYECKH COCTAB HeJp B30PBaBIIeli-
csI 3BE3JIbI JIOJIZKEH OBITH PE3KO OTJIMYEH OT COTHEYHOTO. DTO PasjIudue JIOJKHO BbIParKaTbCs
B HECPABHEHHO 0OJIbIIIEM OOMJINU JIETKHUX 9JIEMEHTOB (a30T, KHCIOPOI, YIJIEPOJl, HEOH) MO OTHO-
meHuto K Bojiopoy, dem na Costarie. Hanpumep, eciin Ha CoJiHile Ha KaXK YO THICSITY aTOMOB
BOJIOPOJIa TTPUXOJIUTCS TOJIBKO OJUH aTOM KAKOI'O-HUOY/b U3 ITHUX JIEMEHTOB, TO Y 3BE3JIbI,
KOTOpast JI0JIZKHA B30PBAThCs, KOJUIECTBO JIETKUX ATOMOB JOJZKHO COCTABIATHL yiKe 2—3% ot
KOJIMYECTBa aTOMOB Bojiopojia. Ho aTa 3Be3/1a Korjia-To obpa3oBajiach U3 ME:K3BE3HOM CPeJIbl,
XUMHYECKUIT cCOCTaB KOTOPOIl IOYTH TAKOM Ke, KaK y COJTHETHO aTMocdepbl. DTO 03HATAET, UTO
B IIPOIECCE IBOJIIOIUN XUMUYIECKNAN COCTAB 3BE3JIbI, KOTOPas I0J2KHA B30PBATHCSI, ITOIBEPICS
OJtarojiapsi Pa3HoOro poja siJIePHBIM PEaKIusM BeCbMa 3HAUUTE/IbHOMY U3MEHEHHUI0. DTO U3MeHe-
HUe KaK Obl «ITOJITOTOBUJIO» 3BE3JLY JIjId B3PbIBa, 00pa30BaB TaM MOTEHIIUAIBHBIN «IIOPOXOBOit
norpeb», HaIOJTHEHHBIN B3PBIBOOIIACHBIM SAJICPHBIM TOPIOTHM.
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

[Ipu odenb BBICOKHX TeMIlepaTypax, KOTOpble HeM30€KHO JIOJI?KHBI BO3SHUKHYTh, KOT/Ia ITOM-
AYyT peakliiy Ha JIETKHUX gapax (peqb uAeT O TeMlleparype IIopdKa MUJIIIAPAa KeﬂbBHHOB),
BEINEeCTBO HAYHET 00J1a/IaTh B3PBIBHON HEYCTONYUBOCTBIO 110 MPUIHHE OYEHb OBICTPO ITPOTEKA-
IOIMAX PEAKIUA TUIIa

1QC + 120 N QONG + 4He, 120 + 120 N 23Na + p

1 anajTormyHbIX peaxmuit 11a 190, 2°Ne u qpyrux jerknx s/1eMenTos. XapaKTepHoe BpeMs s
TaKUX peakiuit okoso 1 ¢, a yjueabHblii BbIxo[ 3Hepruu jgocturaer 5 - 1017 spr/r. Ecin 6w,
HaIpuMep, B30pBaJjach Macca TaKoro BemecTsa, paBuas 0,1 maccer CoJiHIIa, TO BBIIEINIOCH ObI
~ 107 3pr sHeprum, 9TO yrKe OGJM3KO K 3HEPrOBBLICICHHIO BO BPEMs BCIBIIMICK CBEPXHOBBIX I
THIIA.

Takum o6pa3zoM, MbI MOXKEM CJIEIATh BBIBOJ, 9TO ITOTEHIIMAJIHHO BO3MOXKHBIM SIJIEPHBIM I'O-
PIOYHM, OTBETCTBEHHBIM 38 B3PBIBBI 3BE€3]I, MOXKET ObITh TOJIBKO BEIECTBO, B BBICOKOI CTeleHn
oborareHHoe JIerKkumu djieMeHTaMu. OObIUHas KOCMIYIECKAsT «MAKCTYypay ¢ XUMUIECKIM COCTa-
BOM, TIOJIOOHBIM COJTHETHOMY, HE MOXKET HH MPU KAKNX 0OCTOSTETHCTBAX MPUBECTU K SJIEPHOMY
B3PBIBY 3Be3/ibl. [[oKa, o/iHaKO, COBEPIIEHHO OTKPBITHIM OCTAETCsI BOIIPOC, KAKUM Ke 00pa3om
peau3yercs «IOJAr0TOBKa» YCJIOBHI, HEOOXOIUMBIX JIJIs SIIEPHOTO B3PBIBA.

Hakomnerr, ocraeTcst BO3MOXKHOCTD, UTO IVIABHBIM UCTOYHUKOM B3PbIBa 3BE3]T ABJIAETCA OCBO-
OoKJIeHEe He SIJIePHOI SHEPruu, a IPaBUTAIMOHHON Ipu KartacTpodudeckoM cxkatun. Cropee
BCEro, UMeIoT 3HavueHne 06a BUIA SHEPIUHU, XOTs, KaK MbI yKe TOBOPHUJIN BBIIIE, BCsI KAPTUHA
B3pbIBa 3BE3/IbI €I1e JIAJIeKa OT sicHOCTH. TeM He MeHee Mbl BCe YK€ OCTAHOBUMCS Ha HEKOTOPBIX
TEOPETUIECKUX pa3paboTKax, KOTOPbIe, HECOMHEHHO, Oy/IyT IOJIe3HBI P CO3/IaHUN B Oy IyIIeM
(MOzKeT OBITh, HEJIAJIEKOM) TEOPUU B3PbIBa 3BE3/I.

Anrnuiickue Teoperuku Xoitr u Paysiep paccMOTpe/ HHTEPECHYIO MOJIEb 3BE3/Ibl HAKA-
HyHe ee B3pbiBa («IpejcBepxHOBasy ). OHH OrpaHUYIINCH BHAYAJE CIy9aeM CPABHUTEIbHO
MaccuBHOM 3Be3/ibl, M = 30 COJHEYHBIX Macc, IPUYeM 3a BPEMs SBOJIIOIUHU ITepEeMeITnBaHUs
BellecTBa He ObLI0. Y TaKWX 3Be3J BEIIECTBO B IEHTPAJJILHON YAaCTU HEBBIPOXKJIEHHO, TaK Kak
IUIOTHOCTH TaM CPaBHUTEJIbHO HeBesmka (cM. § 12).

MozkHO moJraraTh, YTO 3T PacueThl UMEIOT OTHOIIEHHE K IPobJieMe BCIIBIIIEK CBEPXHOBBIX
IT Tuma. Ha zaxaounTenbHOll (base 9BOJIONME TeMIlepaTypa BellecTBa B IEHTPAJIbHBIX 00J1a-
CTSIX TAKOH 3Be3/1bl (BepHee, MOJIEJN 3Be3/Ibl) OUeHb BeJINKa, MOPsIIKa HECKOIBKIX MUJIHAP/IOB
KeTbBUHOB. [Ipm Takoit TemrmepaTrype Bech BOJIOPOJ W TeUil y»Ke BbIrOpesn. flnepHble peak-
UK UJIYT OYeHb OBICTPO. PaBHOBECHOE COCTOsIHME BEMIECTBA XapaKTepU3yeTcs Mpeod/iaJaHueM
siJIEp 9JIEMEHTOB TPYIIIBI YKeJle3a, UMEIONNX MUHIMAJIbLHOE 3HaYeHHe «KO3(pDUIMEeHTa yIIaKOB-
Ki». ZlIpo Takoil 3Be3/bI OKPYKEHO «MaHTHeil», Temieparypa KOTOPOil 3HAUNTEIbHO HUKE,
HaIpuMep, MEHbIe MUJLIAapAa KeJIbBUHOB. XUMHIECKHI COCTaB 3TOI OOOJOUKH PE3KO OTJIU-
YeH OT XUMHUIECKOI'0 COCTaBa siapa. B «MaHTum» mpeob/iaJaroT Jerkue 3J1eMeHThl — KUCIOPO/I,
a30T, HEOH, T.€. IIOTEHINAJILHOE SepPHOE Topiovee, HEOOXO0IMMOe I B3pbiBa 3Be3/bl. Hakownerr,
«MaHTHs» OKPY:KeHa CaMoOil Hapy»KHOi, BOJIOPOIHO-TereBoit obosoukoit. [To pacueram 3Toit
MOJIEJIN Macca IMEeHTPAJbHOIO »KEJIE3HOIO sIjIpa COCTAB/IsIeT 3 COJTHEUHBIE MAaCChl, Macca KHCJIO-
poaHoit ManTuu 15, a Bce ocTajbHOE IPUXOIUTCS HA JIOJIO JIOBOJIBHO PAa3PEXKEHHONW HAPYKHOM
BO/IOPO/THO-T€JTUEBOI 0D0JIOUKH.

YesoBus Jijis SI7IEPHOTO B3PhIBA CO3JIAIOTCS TOTJIA, KOTJIA B IIPOIECCE IBOJIOIUHU JKEJIE3HOE
SIPO HAYHET KaTaCTPOMUIECKN CKUMAThCs (KOJIACHPOBATE). XapaKTepPHOE BpPEeMsl TAKOIO
cKaThug OJIM3KO K BPpEeMeHH CBODOJIHOIO IMaJieHust u coctanisger okoJio 1 c. Ilpu karacrpodude-
CKOM CKaTHUU siJIpa HAPYIITaeTCsd MEXaHUIeCKOe pAaBHOBECHE M OCTAJILHON YaCTU 3BE3/IbI, T. €. BEC
ee BBIIIIE JIEXKAIUX CJI0EB yKe He YPaBHOBEIINBAETCs JIaBJIEHHEM Ta3a CHU3Y, U TOIJa HapyK-
HBI€ CJION 3BE3/IbI HATHYT I1a1aTh 10 HAIIPABJIECHUIO K ee MeHTPY. depe3 HeOOIbINOi ITPOMEXKYTOK
BpeMeHH (TOKe OKOJIO CEKYHJIbI) KMHETHIeCKast SHEPIHsl MaJaroreii 060J0YKN MPEBPATUTCS B
TEIIOBYIO, UTO TOBJIedeT 3a coboil ObICTPHI ee HarpeB. Tem caMbIM CO3IQTYTCsI YCIOBUS JIIsT
sIJIEPHOTO B3PhIBA HAXOAIIMXCA TaM JIETKUX 9JIEMEHTOB.
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BecbMa BaKHBIM, OJHAKO, ABJISIETCS TO OOCTOATEIBCTBO, 9TO KaTaCTPOMPUIECKOE C:KATUE
Anpa 3BE3Jbl NOJIZKHO ITPOU30MTH 3a BpeMsd MeHbIee, 9eM TO, KOTOPOe HYZKHO JJIS «CIIOKOI-
HOI» TIepecTpoiikn 000JIOUKOI CBOeil cTpyKTypbl 6e3 B3pbiBa. B § 6 JI0BOJIBHO TOIPOOHO yiKe
00CYKJIAJIN STOT BOIIPOC B CBA3M € IPOOJIEMOI HAPYIIIEHUS] MEXaHUIECKOTO PABHOBECHS 3BE3/IbI,
BBI3BAHHOTO MI'HOBEHHBIM «MECTHBIM» BBIJEJIEHUEM HEKOTOPOTO KOJUIECTBa dHepruu. Bpems
«CIIOKOIHOM» MepecTpOiiKU CTPYKTYPBI 3BE3/IbI ONIPEIE/ISIeTCS CKOPOCTHIO 3BYKA, MPOXOIAIIETO
Jepes3 Hee. DTa CKOPOCTh — IMOPSAIKA

P\ 2 GM V2
vy = 5 ~ 5
(cp. § 6). B namewm ciyuae, npu pasmepax «MaHTuu» 3Be31b1 3- 107 em ckopocets v ~ 102 em/c,
a BpeMsl IPOXOKJIEHUsT BOJHbI CzKaTHsl depes3 3Be31y t5 ~ R/v; ~ 3 c. Tenepb BazkHO NOHSITD,
YTO eC/ii OBbI IIPU CXKATHH SIJIpa CTajia JOCTATOYHO OBICTPO PACTH TeMIIepaTypa ero BellecTsa,
TO CXKaTHe He IIPOUCXOIUIIO Obl KaTacTpodudecku 6bicTpo. [Ipn aToM 3Be3/1a B KayK/Iblii MOMEHT
BPEMEHHU yCIeBaJsia Obl «IIOJACTPOUTH» CBOIO CTPYKTYPY 110/ M3MEHUBIITHECS] YCJIOBUS B sIpe U
HUKAKOTO B3pbIBa He Ipon3on1o Obl. OO0 9TOM MBI JIOBOJIBHO MOJIPOOHO PaCCKa3bIBAJIM, KOTIa
paccMaTpuBajIoch paBHOBecHe 3Be3Jibl (eM. § 6).

Karactpodudeckum cxkarue Oy/1eT TOJIBKO TOT/Ia, KOIJA Y siJipa UMEETCs «XOJIOTIIbHIK »,
OTOMPAIOIIUI Yy HEro BBIJEISIONLYIOCS IIPU CXKATUHM TEIJIOBYIO SHEPIUi0. 3aMeTUM, 9TO MOIII-
HOCTb TAKOI'O «XOJIOJMJILHUKAY JIOJIZKHA OBITH MCKJIIOUUTEILHO BBICOKOI, nopsajka 1018 spr/r.

B macrositiiee BpeMsi MOXKHO yKa3aTh [0 KpailHeil Mepe Ha JiBa TUIA TaKUX «XOJIOIUIbHU-
koB». Ha mepsorit ooparum Banmanme Xoita nu Qayrep. OH CBOIUTCS K OTPOMHOMY IOTJIONTE-
HUIO SHEPTUH IIPH JINCCOITUAIIIY sJIeP »KeJie3a Ha a/iba-dacTUuIlbl 1 HelTpoubl. [Ipu moBbIeHnn
TeMIIEPATyPbl TAKOM IIPOIECC TUCCOMUAIINY Hem30e:KeH U OYIET COIPOBOXKIATHCS TOTJIOIEHIEM
OTPOMHOI'0 KOJTMYIECTBA «CKPBITON TEIIOTHI AUCCOIUAIII». V3 KazKI0ro sapa »Keje3a Moy da-
ercs 13 anbda-gactur, u 4 HeliTpoHa. JHEPrus CBI3M HYKJOHOB B sjipe Keje3a paBHa 8,79
M5B, B TO BpeMst KaK CpeJiHsisl SHEPTUsi CBSI3U OJHOTO HYKJIOHA B IOy 9IeHHON TOCTIe JIICCOTIH-
Al CMecH aJib(a-JacThll 1 HeWTpoHOB Bcero Jmmib 6,57 M3sB. CremoarensHo, 9T00bI pas3-
PYIIATH (JUCCOIMUPOBATE) KeJIe30 Ha ajibda-JacTullbl U HEHTPOHbI, Hy?KHO UCTPATUTH 2,22
MsB na nyksion sueprun uin 2 - 1018 spr/r. Yro u rosopurs, npesocxoublit xomoauibauk! Ero
«paboTay Oy/IeT COCTOSITh B TOM, UTO KaK TOJIBKO IPU CXKATUH TEMIEPATYypa KEJIe3HOTO si/Ipa,
[IOJTHUMETCsI JI0 HEKOTOPOil BEJIMIWHBI, ee JAJIbHEHIINnii POCT «HAJI0IT0» IIPEKPATUTCS, TaK KaK
BBIJIC/IAIONIAACS [IPU C2KATHH IPABUTAIMOHHAS SHEPTUs MMONIeT HA JTUCCOIUAIINIO siJIep KeJie3a.
A ocrtaHOBKa HarpeBa CXKHMAIOIIErOCs s/Ipa KaK pa3 M CO3acT OJIaroNpUATHBIE YCIOBUS IS
JIETOHAIINN <IIOPOXOBOI'O IOrpeday 3BE3JIbl, TaK KaK IPU TOM dAIpo Oy/eT KaTacTpouuecKn
CXKUMATBCS, a 000JI0UKA, HE YCIIeBast «CIIOKONHO» MEPECTPOUTD CBOIO CTPYKTYPY, CTAHET Ha/IaTh
K IEHTPY 3Be3/Ibl, OBICTPO TIPU STOM HarpeBasiCh. 3-3a 9TOro Mo IyT B3PBIBHBIE PEAKIINN Ha,
JIETKUX 9JIEMEHTAaX, BXOIANINX B COCTAB «MAHTUW>.

Takopa o0Iast KapTUHA B3PbIBA MACCUBHOM 3Be3/Ibl, KAK OHA IIPEJICTABJISIETCS U3 MCCIIe0-
Banuit Xoitta u Paynepa. V3 310t KapTUHBI CaelyeT, YTO IMPe¥kK/ie YeM B30pBaThCs, 3Be37a
JIOJIZKHA, ObLIa y2Ke JIaJeKO IPOJIBUHYThCA B ¢Boeil aposrtorun. CyInecTBEHHO, 9TO IIPH 9TOM Pa-
JINKAJIbHO U3MEHUTCS XUMUYIECKHiT cOCTaB ee Hep. B 4acTHOCTH, CBBIIIE MTOJIOBUHBI MAaCChI 3BE3-
JIBI, TIPEJICTABJISBINEH B HAYAIE IBOJIIONNN BOIOPOIHO-TE/INEBYIO CMECh, IPEBPATUIOCH B JIETKIE
seMeHThI. HermocpeiecTBeHHOM TPUYIMHOI, BBI3BIBAIOIIEH B3PBIB 3BE3/IbI, IBJISIETCS KaTacTPOMu-
YeCcKoe CxKaTHhe ee KEJIE3HOr0 fAJIpa B IPUCYTCTBUM TAKOTO <«XOJIOTUIbHUKAY, KAKUM SBJISICTCS
CKpBbITas TEIJIOTa JUCCOMMAIINN ¥Kejie3a Ha restuil u Heiirponbl. [lo-BuamMmomy, Takoii yTh 9BO-
JIOIIAU MOYKET ObITh TUITUYIHBIM JIJIsl JIOCTATOYHO MacCUBHBLIX 3Be371. [losTomy onucannast BoIe
TEOPHs JIOJIZKHA COOTBETCTBOBATE BCIBIMKAaM ¢BepxHOBBIX 11 Tumna. Cemyer, ogHaKO, O IEPK-
HYTb, 9TO HECMOTPSI Ha COJIEPKAINecs B 3TOW TEOPHUU IeHHBbIE UJIEHU, ee eIle HUKAK HeJIb3sI
paccMaTpuBaTh KaK IOJIHOE OIMCAHUE IPOIECCOB, MPOUCKOIAIINX ITPU BCIBIIIKAX CBEPXHOBBIX
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II Tunra. Tak, nampumep, 3Ta TEOPHUA COBEPIIEHHO HE YYUTHIBAET, YTO €CJIM BEMIECTBO HAIPEETCS
JI0 TeMIIEPaTyPhl B HECKOJIBKO MIJLINAP/IOB KEJLBUHOB, TaM HAYHYT B OYEHb OOJILIIOM KOJIUIe-
cTBe 0OpPa30BLIBATHCA HEHTPUHO M aHTUHEHTPUHO. DTH YaCTUIBI OYILyT BLIXOAUTH U3 3BE3JIDI,
YHOCsI ¢ CODOii OrPOMHOE KOJIMIECTBO SHEPIUH.

Anepuble peakiun, npuBojsAIue K obpazoBanuio HeiiTpuHo (V) U aHTHHEHTPUHO (V), BbI-
DUISLISAT CJIEIYIONUM 00pa3oM (TaK HA3bIBAEMBIl «ypPKa-IPOIECC ):

et +n—V+p; e +p—n+Vv. (18.1)

Vike maunnaa ¢ Temmeparypsl 1~ 0,5 - 10° K mefirpunnoe m3iIydeHne MacCHBHBIX 3BE3T
MPEBOCXOUT nX (HOTOHHOe m3yrydeHue. [Io Mepe TOBBINIEHNsT TeMIepaTypbl CXKIMAIONIETOCS
s7Ipa MOITHOCTH HEHTPUHHOTO M3JIyUeHUs 3BE3/bI pacTeT B OIpoMHOil crenern. OcoOeHHO OHO
YBEJIMYIUBAECTCS TIOC/IE€ TOTO KaK YKejIe30 B IEHTPAJIBHBIX YaCTIX 3BE3/Ibl OKAYKETCsl JINCCOIUUPO-
BaHHBIM, T. €. HA OoJiee 103 IHEl cTa/mn cxKaThs. Tak Kak 1mocje Takoi JUCCOINAITINE YKe/Te3HbII
«XOJIOJINJIBHUK » TEPECTAHET CYIIeCTBOBATDH, HATHETCS HOBOE, JIOBOJILHO OBICTPOE TOBBINIEHUE
TeMIlepaTyphbl sapa. Korjga mocsienHsst HoBbicuTest 10 20 MUJLIHAD/IOB KeJbBUHOB (K TOMY Bpe-
MEHHU ILIOTHOCTB gjpa yxke oyaer okoso 10 r/em®), naunercs pacmenienne abda-dacTuil
U TOSIBUTCS 3HAYUTEJILHOE KOJMYECTBO CBOOOJHBIX (T. €. He CBA3aHHBIX B sJIpax) MPOTOHOB
U HEHTPOHOB. DTO MPUBEIET K PE3KOMY YBEJIUUICHUIO CKOPOCTU 0Opa30oBaHUs HEHTPUHO U aH-
tuneiirpuro (cMm. dopmyiay (18.1)). Onu GyayT BBIXOAUTH U3 sIpa, YHOCS OTTY/a OIPOMHOE
KOJIMYECTBO 9HEPTUH. TeM caMbIM MOABUTCS HOBBIM, HCKJIIOYATETHHO MOITHBIN «XOJIOIUTBHAKS.

Orpomuasi sHeprus HEUTPUHHOTO U3JIYUEHUs YePIaeTCsd U3 IPABUTAIIMOHHON SHEPIUU CXKU-
Martorrerocs sapa. [lokugaomnue 38e3/1y HERTPUHO U AHTHHEHTPUHO UMEIOT dHeprun okoJyio 10
M5B, 4T0 3HAUNTETHHO BBIIIE, YeM SHEPrHs COTHEUHBIX HeiTpuHO (cM. §§ 8 u 9). Korma Tem-
meparypa CKUMAOIIErocs siapa JocTuraer 40 MUIIMapIOB KeJIbBUHOB, a ILUIOTHOCTH OyJer
~ 310" r/cM®, BOZHUKHET HOBast CHTYaIls: AP0 3BE3/IbI epecTaneT ObITh IIPO3PAYHBIM JIIs
ueitrpuno. [locseane OymyT nornomarbes mporoHamu u Heiirponamu (peaknus (18.1), TosbKO
quraemast crpasa HaseBo!). Tem caMbiM HOBBIH «XOJIOJMIBHUK» BBIKJIIOYAETCS, PE3KO TIOJIHI-
MaeTcsl TeMIlepaTypa sijipa, a IPOIEeCcC CKATUS CUJIbHO 3amejisgercd. [lo-BuanMomy, cxkatue
g7pa TIPEKPaIaeTcss COBCeM, KOTJla ero IJIOTHOCTh JIoCTHraeT Beauaunbl ~ 3 - 1013 r/ev?) a
TeMIlepaTypa MPEBOCXOIUT CTO MIJLINAP/IOB KeJIbBUHOB. [lajatomas Ha 1eHTp 3Be37bI 000JI09-
Ka OCTAHABJIMBACTCS, OBICTPO HATDEBAETCS, U «IIOPOXOBOil mOrpeb» (T. €. JIerKue 9JIEMEHTHI B
MaHTHK) B3pbiBaeTcsi. TakoBa 00Imasi KapTUHA B3PbIBA MACCUBHOM 3BE3IbI C YIETOM IIPOIECCOB
obpa3oBaHus HEHTPUHO U AaHTUHEHTPUHO B €€ TOPSYUNX, CXKUMAIOIINXCS HeIpax. 3aMeTHM eIre,
YTO CKUMAIOIIEECsT /PO MOYKET OBICTPO MEpPecTaTh CXKUMATHCS eIle 10 COBEPIIEHHO JIPYTroi
npuvnHe. /[e0 B TOM, 9TO MOKa MBI €Ille He YIUTHIBAIN 6PAWEHUA CXKUMAIOIIENCST 3BE3IbI.
Ha ocnoBanum m3BecTHOro U3 MEXaHUKM 3aKOHA COXPaHEHUs BPAIaTeIbHOIO MOMEHTA 110 Mepe
C2KaTusl 3BE3/Ibl JINHEHAST CKOPOCTL ee BpallleHus ObICTPO pacTteT. MoxKeT BO3HUKHYTH TaKast
CUTyallusl, YTO BO3HUKAIOIINAE MPU STOM OIPOMHbBIE MEHTPOOEYKHBIE CHUJIBI MPEKPATAT CIKATHUE
sITpa 3BE3IbI, KaK Obl «3acTabUIN3UPOBaB» €ro. TeM caMbIM OCTAHOBUTCS U CHJIBHO HATDEETCS
[a/1alomas Ha MEeHTDP 3Be3/Ibl «MaHTUsI» U CO3/IayTCd YCIOBUS IS SePHOrO B3PbIBA.

He ciiejiyer 3abbiBaTh elne, UTO BCs ONUCAHHAS BBIIIE CJIOXKHAs (DU3NUYECKAsT KAPTHHA CKa-
THs 3BE3/Ibl, IIPEJIIIECTBYIONIAsT €€ B3PhIBY, IIPOUCXO/IUT 38 HUYTOKHO MAaJioe BPeMsi, OKOJIO OJI-
HOI 1eCcSTO# CEKYH/IbI. 3a 9TO BpeMsi KATaCTPOMUIECKH CZKUMAIOIIASICS 3Be3/1a U3y IUT OTPOM-
HOE KOJIMYIECTBO HEUTPUHO. PacteTsl MOKa3bIBAIOT, UTO MTOJTHAST SHEPTUs ITUX HEHTPUHO JTOCTHU-
raer 3Hadenns ~ 1052 apr, T. e. HOYTH B cTO pa3 GOJIbINE KHHETHYECKOl 3HEPIHN BLIOPOITCHHOM
000J109KHU 3B€31bll DTO MPUMEPHO B THICATY pa3 OoJIbIlle, YeM SHEPrus HEWTPUHHOTO U3JIyde-
nust CoJtHIla 3a BCe BpeMsi ero 9BOJIOIUY, T. €. 3a b Mujumapos Jjet. [lo kpaiineit mepe 99%
OCBOOOUBITIEHICS TTPU KATACTPOMUIECKOM C2KATUN 3BE3/IbI IPABUTAIIMOHHON SHEPTUU TIEPEXO/IAT
B HEHTPUHO U TOJBLKO eiBa 1% — B Te BUJbI SHEPTUHU, KOTOPbIE HAOJIOAI0TCS aCTPOHOMAM.
SamMeTuM, 9TO SHEPrUIHbIE HEHTPUHO Jierde B3auMOJIEHCTBYIOT C BEIIECTBOM, T. €. UX Jierde
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0OHAPY2KUTH dKCIepuMeHTaabHo. Ken Obl rie-1o B ['alakTKe BCIIbIXHYJIa cBepxHOBas I1 Tumna
Ha PACCTOSHUU HECKOJIbKUX THICAY HapCceK OT HAC, U Mbl 3HAJM Obl MOMEHT BCIBIIIKH C TOYHO-
CTBIO B HECKOJILKO COTBIX CEKYH/IbI, TO CYIIECTBYIOIIas Ha 3eMyle IpueMHas annaparypa (Tuma,
ormcarHoil B § 9) mo3BOIMIA GBI ATY BCIBIINIKY 3aPErHCTPUPOBATH. DTO MMEJO ObI OIPOMHOE
3HadeHne I MIOHUMaHUs ITPUPOIbI B3pbiBa 3Be3/1. [loka, ogHaKo, 0 TAKOM SKCIIEPUMEHTE MbI
MOKEM TOJIBKO MEUTaTh.

Cuernudukoii CTpyKTYPhI 3BE3/I CO CPAaBHUTENILHO HEOOJBINTON Maccoil Ha IMO3/HEH cTauu
SBOJIIOIUH SABJISIETCS HAJMYUE Y HUX BeChMa IJIOTHOTO BBIPOXKIEHHOrO siypa (cm. § 11). B sTom
cIydae KaTacTpoduieckoe cKaThe MeHTPATIbHBIX 00/1acTeil 3Be3/IbI 00YCI0BIEHO TIOTJIOIEHIEM
BBIPOXKJICHHBIX IJICKTPOHOB dJpaMM, KOTOpO€ MMeeT MeCTO IIpHU JOCTU2KCHHUHN IBOJIIOIIMOHUPY-
1oleil 3Be3/10ff HEKOTOPOIA, JIOCTATOMHO BBICOKOf IIoTHOCTH, Gostbieit yem 10M r/em®l. Tlpu
9TOM 0Opa3yeTrcs: OOJIbIIoe KOJIUIecTBO HEHTpoHOB. Tak »Ke Kak U B c/iydae MAaCCUBHBIX 3BE3/I,
He ToJJIepKuBaeMasi JJaBJIEHIEM BBIPOXKIEHHBIX JIEKTPOHOB 000/I09Ka «OOPYIIUTCA» W HATHET
aJ1aTh K IEHTPY 3Be3/bl. TaM, rje 9ra 000I09Ka YAapUTCs O CKUMAIOIIEECs s1/IPO, ITPOU30HIeT
cubHBIE paszorpes Bemectsa (10 5 - 101 K). Tlo sToit npuuune BO3ZHUKHET MOIIHOE HEHTPUH-
HOe M3JIydeHne («ypKa-mporeccs; cM. dhopmyiy (18.1)), koropoe morsorurest 060m04uKoit. Tem
caMbIM 000JIOYKA CUJIBHO HAIPEETCsI, U IPOU30iJIeT B3PhIB U3-3a sIJIEPHBIX PEAKIUI Ha JIETKUX
sJleMeHTax. B 9Toil KapTuHe, OJIHAKO, MHOTOE OCTaeTCd He siCHbIM. Harmpumep, cTo/Ib Ke BO3-
MO2KHO, 9TO HEHTPpUHO 00pasyeTcsi BO BCell TOJIIE spa, KOTOPOE JIOJIKHO OBITh JIOCTATOYHO
rOpPAYUM.

Peanbnast KapTuHa B3pbIBa 3Be3]] CPABHUTE/ILHO MaJIOil MacChl MOXKET CHUJIBHO OTJINYATh-
csl OT HaMEYEeHHOI BBIIIIE CXEMBI. TaK, CyHOIeCTBEHHYIO POJIb MOXKET UI'PaTb MalHUTHOE IIO0JIe
CcXKUMaloIeiics 3Be3/bI U, 0cOOEHHO, BpalleHue ee djapa. B mporecce cKaTusg MarHUTHOE TIO-
JIe MOYKET JIOCTUTHYTh OY€Hb OOJIBIIIOr0 3HAYEHU, MOPHAKA HECKOJIbKIX MUJLIHAP/IOB 3PCTE/T
(o mpuunnax sroro cm. § 20). IIpu HEKOTOPBIX YCJIOBUAX MATHUTHOE TI0JIE MOXKET [EePEHOCUTH
0CBOOOKTAIOIILYIOCS TIPU C2KATUU IPABUTAIMOHHYIO SHEPTHIO HAPYXKY, B 000JI0UKY, UTO BHI30BET
CUJILHBIN HarpeB M JIETOHAITUIO TTocse Heil. Boobie, MarauTaoe moje B acTpou3nke JTOBOJTHHO
4acTO UI'PAeT POJIb <IIPUBOJIHOIO» PEMHHA JJIf TPAHCIOPTUPOBKU 3HAYUTEJILHOI'O KOJIUYECTBA
SHEPTUMN.

Teopus B3pbIBa 3B€3/1 JIOJIZKHA HE TOJIHKO YKa3aTh HAa IPUYUHY B3PbIBA B CBA3U C IPEJIbI-
JIyIIeit 9BOJTIONKEH 3Be3JIbI, HE TOJIBKO OIEHUTb BEJUYUHY SHEPIUU B3PHIBA, HO M OObLICHUTH
KpuBble OJjiecKa CBEepXHOBBIX. [lodemy, Hampumep, Tak IMOXO:KH JIPYT Ha Jpyra KpuBbie OJiec-
Ka cBepxHOBBIX | Tuma? U modemy croJib pasHooOpa3Hbl KpuBbie OjecKa cBepxXHOBBIX 11 Tura?
Hasio ckasarh, 970 3TU BOIPOCH JIJIsi TEOPETUKOB OKA3aJIMCh OYeHb TPyaHbiMU. OIUH IIyTh pe-
IIIEHUsI 9TON MPOOJIEMBI CBOJIUIICA K PACCMOTPEHHIO PACIIPOCTPAHEHUS CUILHOMN yIapHO# BOJTHHI,
BO3HUKIIIEN TOCJTIE JeTOHallull «MaHTHUN» B HpOTH}KeHHOﬁ Hapy)KHOfI O6OJIOLIK6 3B€3/Ibl C YMECHb-
IaroIeiics 1Mo Mepe yJajeHus OT ee IeHTPa IJIOTHOCTHIO. B TakoM ciiydae cBoiicTBa ymapHOit
BOJIHBI OIPEJIEJISIIOTCA SHEPrueil B3phIBa M 3aKOHOM yMEHbIIIEHHUs IIJIOTHOCTH B Hapy2KHO# 000-
JIOUKE.

Breixon cuibHOM ymapHO#l BOJIHBI Ha ITOBEPXHOCTb 3BE3JIbI U HAOJIONACTCH KaK sIBJICHUE
BCIIBIINIKU CBepXxHOBOI. [lo 3Toit nmpuunbe msydeHne «KpUBBIX OJieCKa» CBEPXHOBBIX ITO3BOJIs-
€T, B IIPUHIINAIIE, TIOHATh XapaKTep B3PhIBa U BBISCHUTDH ITPUPOJLY B3PBIBAIOIINXCS 3BE3/I.

Hauunas ¢ cepemunnt 60-x rogos coperckue Teoperuku B. C. Ummennuk u /1. K. Hagexxun
CO CBOUMHU COTPY/IHUKAMK 3aHUMAJINCh HEJIETKUMH pacdeTaMi paclpPOCTPaHEHUS YIAPHBIX BOJIH
B Hapy:KHBIX CJIOSIX CBEPXHOBBIX 3Be3/1. [Ipu 3TOM caM MexaHu3M B3PbIBa HE KOHKPETU3UPOBAJI-
cd — B 9TOM He ObLIO HYXKJbI. J[0CTATOYHO OBLIO TOJBKO MPEITOIOKEHNST O «MI'HOBEHHOM»
(mporrie TOBOPsST — JIOCTATOYHO OBICTPOM) BBIJEIEHUN HYZKHOTO KOJMYECTBA SHEPIUU B IEHTPE
B3pbIBAIONIEHCA 3BE3/IbI, MMOCKOJIBKY B CJIydae PacIpoCTpaHeHHWs CHUJIbHON y/IapHOW BOJIHBI B

L1151 3TOr0 HY?KHO, KOHEYHO, YTOOBI 3B€3/Ia 33 BpeMs CYIICCTBOBAHMS I aJaKTHKHU yCIle/a IPO3BOJIIOIOHN-
poBaTh, T. €. ee Macca JIOJKHa ObITh He Menbine, dem 1,2 <+ 1,3Mq).
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

cpejie ¢ YMEHbBIAIONEHcs HAPYKY IIJIOTHOCTHIO MMEET MECTO OYeHb cJjiabasi 3aBUCUMOCTH I'a30-
JIMHAMIYECKIX XapaKTepUCTUK (JaBienne, moje CKOpocTeil U 1p.) oT 0cOOGeHHOCTe B3phIBA.
HyxH0 TOJIBKO 33/1aTh MMOJIHYIO SHEPIUIO B3PhIBA M 3aKOH aJICHUS IIJIOTHOCTU B 3BE3/IE.

PesynpraThl TaKNX pacueToB OKa3aJnCh BeCchbMa WHTepecHbIME. lIpekie Bcero, craso ode-
BUJIHBIM, 9TO €CJIM B3DbIB POUCXOJUT B KOMITAKTHOI, JOCTATOYHO MACCUBHON 3Be3jie (Halpu-
Mep, 3Be3jle TJVIABHOM T0C/Ie/I0BATEIbHOCTH), TO KPUBBIE OJIECKA KA4EeCTMEEHHO OTTHIAIOTCS OT
nabsriotaeMbix. [Ipexkjie Bcero, Makcumym OJjieCKa OKa3bIBA€TCs OYEHb PE3KUM U JIJINTCH HE
6osibitie yem 20 MHUHYT, B TO BpPeMsl KaK COIVIACHO HAOJIIOJICHUAM JIJIMTEIHHOCTH MaKCUMyMa
1—2 cyrok. Kpome Toro, MmakcnmasbHbBIN OJIeCK OKA3bIBAETCS OUeHb HE3SHAYUTETHLHBIM — B COT-
HU pa3 MeHbIe HabJII0IaeMOoro.

1t Toro 9To6bl OIyInTh KpUBYIO OJiecka, GoJiee MM MeHee CXOJHY0 ¢ HabJIio1aeMoil (T.
€. CYIIECTBEHHO YBEJIHMYUTH JIJIUTEIBHOCTD B MAKCHMYME U CBETHMOCTH ), HEOOXOMMO TIPE/TII0JIO
JKUTh, ITO 3BE3J1a IepeJ] B3PhIBOM SIBJISETCSI TUTAHTOM WJIU, JIyYIle, CBEPXTUTAHTOM. PacdeTs
MTOKa3bIBAIOT, 9YTO MIPU CUJILHOM B3PBIBE PAJINYC 3BE3/IbI TIOUTH HE YBEJTUINBAETCS — ITPOUCXOIAT
TOJIKO CUJIbHBIN Harpes arMocdepbl 3Be3/Ibl yIapHOil BOIHO. B npunimie, BMecTo KpacHOro
CBEPXTUTAHTA, C MPOTIKEHHON aTMochepoil MOKHO MPUHSATH MOJIETb 3BE3JIbI, Y KOTOPOI IIPO-
UCXO/IUT MeJIJIEHHOE MCTEYEHNE BEIECTBA C €€ TIOBEPXHOCTU, B PE3YJIHTATE Yer0 BOKPYT 3BE3IbI
obOpa3yercs BecbMa IMPOTAXKeHHass 000JI09Ka, MPUYEM €€ IJIOTHOCTh YMEHBIACTCH HAPYKY TPU-
MEpHO OOPATHO MPOIOPIIUOHAIHLHO KB IPATY PACCTOTHUS.

PaszBurasi coBeTckuMu aBTOpaMu «T'HIPOIMHAMIYECKasd» TeOpUs B3PbIBa MaCCHUBHOU 3Be3-
JIbI XOPOIIIO COTJIACYeTCsl ¢ COBPEMEHHO Teopueil 3Be31H0i dBosronuu. CoryiacHO 3Toi Teopun
(cm. § 12) dasa KpacHOTO rUraHTa WM CBEPXIUTAHTa siBjisieTcst Hemsbexkuoit. Hawasto sroii da-
3bI CBA3aHO C KOPEHHO ePecTPOiiKO CTPYKTYPbI IIEHTPAJIbHBIX 00JIacTell 3Be3/IbI, CO3/IaI0IIeit
MIPEJITOCHIIKN JIJIS TPABUTAIIMOHHOTO KoJLarca ee sapa. CrieoBare/ibHO, 00pa3oBaHne BEChMa
MPOTSZKEHHO 0D0JIOUKH M CIIOCOOHOTO K KOJUIAICY fJIpa MPOUCXOIAT «B OJIHY SIOXY» YKU3HU
3Be3/1bl. OJIHAKO COBIA/IEHNE STUX SABJIEHUI BOBCE He 00s3aTeIbHO JIOJIZKHO OBITH cTporum. Bos-
MOXKHO ¥ JIa2Ke BeCbMa BEPOSITHO, UYTO CPABHUTEILHO KPATKOBPEMEHHAs (pha3a KPACHOTO TUTAHTa
BaKOHUMUTCS 00 IPABUTAIIMOHHOTO KOJLIAICA sjipa. B aToM ciydae, mocjie moTepu HAPYKHOIA,
boraToii BOJIOPOJIOM O00OJIOUKHU, 0Opa3yeTcd JOBOJIBHO KOMIIAKTHAs <«IejneBas» 3Be3Jla THUIIA
Boabda — Paite. fBnenne rpaBuTaiioHHOrO KOJLIalca, KOHETHO, He 3aBUCUT OT TOr'O, €CTh JIN
BOKDYT 3Be3/IbI MPOTIKEeHHAas BOJIOPOIHAaS 00071049Ka UK HeT. Mbl TPUXOINM K MIPEJICTABIEHHIO,
YTO IIOUTH 6CE MACCUBHBIE 3Be3/1bI THIIA Bosibda — Paiie /10/2KHBI B3pbIBATHCS KAK CBEPXHOBBIE.
Tak kak jymrensHOCTh (hasbl Bonbda — Paite y MaccuBHBIX 3Be3/1 cpaBHUMA C JITUTETHHOCTHIO
daszbl KPacHOTO TUTaHTa, CJIEIYET OKHUJIATh, YTO YHCJIO B3PBIBAIOIIMXCA 3Be3]1 Tha BoJibda —
Paite m0/2KHO OBITH CPABHIMO C YHCJIOM B3PBIBAIOIINXCS MACCUBHBIX CBEPXTUTAHTOB.

Ho, na ocnoBanuu pacderos mmennnka n Hajexxnna, B3pbIBaonnecs KOMIIAKTHBIE 3BE3-
bl Tuna Boibda — Paite cosepuwenno nenoxooicu nu Ha Kakume cBepxHoBble. Onu wa H—6
BeJIn4nH ciabee (B MAKCUMyMe) U UMEIOT HeHabJTI0IaeMO-y3KIi MAKCUMyM Ha KPUBOii 6J1ecka.
Mpb1 mpuxouM, TakuM 00pa30M, K MPEJICTaBJICHUIO O HEOOXOIMMOCTH CYIIECTBOBAHUS «KAPJIMKO-
BBIX CBEPXHOBBIX», OTKPBITHIX HA KOHUMKE Mepa COBETCKUMI TeopeTukaMmu. O1ueHb MOX0xKe, ITO
TakuM 00bekTOM siByissercst Kaccrnonest A, a takyke CpepxroBasi 1181 1., cBeTUMOCTH KOTOPOiA
B MakCUMyMe ObLla B COTHIO pa3 MeHbIe OObIYHON. JIpyruM BayKHBIM BBIBOJIOM U3 PAacUeTOB
COBETCKUX ABTOPOB sIBJISETCS YTBEPKICHNE, UTO B TECHBIX JIBOWHBIX CUCTEMAaX HE MOT'YT BCIIbI-
XuUBaTh CBepxHOBBIE [l THma, Tak Kak mepeTeKaHue MacC B IPOIECCE SBOJIONUU KOMIIOHEHT
NPEIATCTBYET 00Pa30BaHUIO TTPOTIAKEHHO, OOraToil BOJIOPOIOM ODOJIOUKH.

HeobxommMo errie pa3 mog9epKHyTh, YTO OCHOBHBIM MTPEJIIIOIOKEHNEM, CAeJTaHHBIM IIPU Pac-
YeTax PACIpPOCTPAHEHUs YJIAPHON BOJIHBI B HAPYZKHBIX CJIOSX 3BE3/IbI, ABJISIETCH IOCTYJIAT O
M2HOBEHHOM BBIJICJICHUN SHEPIUU B ee NeHTpabHoi dactu. MoxKHO, 0lHAKO, MPEJJIOKUTH 110
KpaitHeil Mepe J[Ba MeXaHU3Ma nocmenennozo (T. €. J0CTATOTHO MEJACHH020) BBIIEIEHIs SHED-
run. IlepBbIil MexaHuU3M CBsg3aH ¢ 0Opa30BAHUEM B IEHTPE KOJLIAIICUPYIONIEH 3BE3/bI OBLICT-
PO BpallaloIierocss HaMarHmIeHHOro myJIbcapa. 10pMo3sch, TaKOW Myabcap OyeT HelpepPhIBHO
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18. TIOYEMY B3PBIBAIOTCS 3BE3/IbI?

BBIJIE/ISITh SHEPIUIO B BHUJIE YKECTKUX (DOTOHOB U KOPILYCKY/I. MOIHOCTL SHEPrOBLIICICHUS MO-
JIOJIOTO IIyJIbcapa Oojiee deM JOCTaTOYHA JJIs «HAKad9KWy» SHEPIHH B 00OJIOYKY IIyJIbcapa, HO
KOHKPETHBIE YCJIOBUSA pabOThI TAKOW «MAIlUHbBI» €IIe JIAJIeKO HesICHDI.

JlpyruM mMexaHu3MOM HEIPEPBIBHON HAKAYKH SHEPIUU B 0OOJIOUKY B30PBABIIENCS 3BE3JIbI
SABJIETC PAHOAKTUBHOCTD 00PA3YIONIMXCs B IIPOTIECCe KOJLIAICA HEKOTOPBIX fAJIEP. DTa THUII0-
Te3a ¢ OYEBUTHOI JIETKOCTHIO 00bSACHIET SKCIIOHEHITNAIbHBIN XapaKTep KPUBLIX OJIeCKa CBEPXHO-
BBIX | THIa mocjie MaKCuMyMa: IOoKa3aTe/Ib SKCIIOHEHTHI OIIPe/Ie/IAeTCs IEPUOJIOM TI0JIypaciaia
COOTBETCTBYIOIIEro «pabodero mzoromnas). B kadecrBe mociennero Baage u jp. eme B 1956
I. TIPEJIJIOKUJIN... TPAHCYPAHOBBIN 3/1eMeHT Kaaudopuuii-254. pa 3T1oro n3orora CIOHTAHHO
JIeJIATCS Ha OCKOJIKY ¢ sHeprueit ~ 200 M»sB. ['unoresa 3Ta, e IMHCTBEHHBIM 0OOCHOBAHUEM KOTO-
poit sIBJIAeTCs MoIXoIsIee 3HaYeHne Hepuoa oaypaciaia 2>4CE, o psaay Ipu4nH oKazaaach
COBEPITIEHHO HECOCTOATETHHOM.

Ha cmeny 2°4Cf npumnim 1pyrue «paboune BemecTsas . B moce e roibl B Ka4ecTBe TAKOTro
BeIlleCTBa TEOPETHKHU UCIIOJIb3YIOT PaJIMOAKTUBHBIN M30TON HUKEJIA-50, Talonuii Havaso Ienn
[-pa/inoaKTUBHBIX MTPEBPAICHMIA

Ni — %Co — OFe.

[Tepuon nomypacnaza %°Ni cocrasiger 6,1 cyTok, B To BpeMs Kak y *°Co oH pasen 77 cyTKam.
B mporiecce sTux paciajoB OCHOBHas YaCTh SHEPTUH BBIJIC/IACTCA B BUJIe Y-KBAHTOB C SHEPrueit
~ 1 MsB u ronbko 20% sHepruu BbLaesieTcs B BUAe ObICTPLIX IO3UTPOHOB.

ObpazoBanne B Iporiecce KoJLTAICa IJIOTHOTO SIIPa, MOYTH TEJIMKOM COCTOSIIIErO U3 CTOJh
«3K30TUYeCcKOil» cybcTaHIM, KaK pauoakTusHbiii *Ni, npejicrapiisgercs BIOJIHE BO3MOKHBIM
1 Jaxke 3aKOHOMepHBbIM. MOXKHO TOKa3arh, YTO JJjIsd 00eCIedeHrsT SHEPreTHKU B3PbIBa Macca
TaKOro f/1pa J0JzKHa ObITh ~ 0,5M ). Teoperudeckue pacueTbl KpUBBIX OJ1eCKa B Cilydae «Mejl-
JIEHHOT'O» BBIJICJICHUS SHEPTHH, BLITOJTHEHHBIE COBETCKUME aBTOPAMHM, JIOKA3BIBAIOT, UTO TAKOM
B3DBIB B sJIpe «KOMIIAKTHOI 3Be3/Ibl» (azke 6eI0ro KapJ/IuKa) BIOJHE MOXKET OObSICHUTD sIBJIe-
HUE BCIIBINKKA CBEPXHOBOIt | Tura.

OdeHb cepbe3HBIM HAOJIOIATEIHHBIM TOITBEPIKIEHIEM CIIPABETUBOCTU THIIOTE3bI «Pa-
JIMOAKTUBHOTO HUKEJIsI» SABJISAETCs OOHAPYKEHUE B «IIOCJTEMAKCUMAJBLHOM» CIEKTPE CBEPXHO-
Boit 1972-e MHOTOYNC/IEHHBIX SMUCCUOHHBIX JIMHUI Kejie3a. PenraionmM apryMeHTOM dBJIAETCS
HeJlaBHee OOHAPYKEeHNEe PE30HAHCHBIX YIHLTPAMUOIETOBBIX JIMHUN MTOTJIOIIEHUS B CIIEKTPE TOpsi-
veil 3Be3/Ibl, Ha KOTOPYIO IPOEKTUpyeTcss ocTaToK Benblmku CepxuaoBoit 1006 T.

W3 Toro cdaxra, uro ceepxuoBbie 1 Tuira Hab/IIOMAIOTCS TIPEUMYIIIECTBEHHO B CITMPAJIbHBIX
pyKaBax, CJIeJIyeT BbIBOJI, YTO IepBOHAYAIbHAS MACCa 3TUX B3PBIBAIOIINXCA 3BE3/T JI0JIZKHA ObIThH
Gosbie 7Me). Hanporus, ceepxnosbie I Tuma, Kak yke oTmedasoch B § 15, Hab/rogaloTces BO
BCEX raJlJaKTHUKaX, B YACTHOCTH SJUIUINTUYICCKUX, & B CIUPAJbHBIX raJaKTUKaX K pyKaBaM CIIU-
paJbHOI CTPYKTYPBI OTHIO/Ib HEe KOHIEHTpHUPYIOTCs. V3 mocieinero ob6CcTosaTe/ibeTBa CIelyeT
BBIBOJI, YTO UX MacCChl JIOJIZKHBL ObITh Menbiie 7Me.

Kak y2ke roBopujioch paHbliie, B SJJIMITHIECKAX MaJIaKTUKaX BCIBIXUBAIOT TOJIHKO CBEPXHO-
Bbie | Turra. Bembimky ¢cBEPXHOBBIX B TAKUX TAJIAKTUKAX HEJIETKO O0bICHUTH, TAK KaK ITPOIECC
3Be3,1000pa30BaHus TaM JaBHO 3aKOoHUMJICA. B E-rajakTukax B COBPEMEHHYIO STOXY JTOJIXKHBI
OBITH TOJILKO 3BE3JIbI C MaCCOW, MEHbIIEH COJTHETHOM, a TaKhe 3Be3/Ibl BCIbIXUBATH HE MOTYT.
Tem ne Menee oHU BelbIXxuBaroOT. [1lamMan mpeaIoyKuI U3AMHYI0 THIIOTE3Y, COIVIACHO KOTOPOit
BCIIBIIIIKH B 9TUX TaJIAKTHKAX ITPOUCXOIAT B TECHBIX JIBOMHBIX CHCTEMaX, OJHOW U3 KOMIIOHEHT
KOTOPBIX sIBJIsIeTCs Oesblit Kapauk. Korga B Ipolecce 9BOJIONUE BTOPasi KOMIIOHEHTA HATHET
pa30yxaTh, ra3 CTaHeT U3 Hee IePeTeKaTh Ha OeJIblil Kap/IMK, COBCEM KaK B CJIydae OOBIYHBIX
HOBBIX 3Be371 (cM. § 14). TTocste Toro kak Macca 6eJ10ro KapJimKa IpeBBICUT YaH [PACeKAPOBCKII
Ipe/iesi, IPOU30iIeT B3PbIB.

C apyroit cTOpoHBI, 13 HAOJIIOIEHNI CJIeIyeT, UTO BCIIBINIKNA CBEPXHOBBIX | THIa B crimpaJib-
HBIX 1 HEITPABUJIbHBIX TaJIaKTHKAX CBA3AHBI C IIPOIECCOM 3Be3/1000pas3oBanus. OTCio/ia CIejIyer,
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YTO MACChl BCIBIXMBAIOIIMX 3BE3[] JOJZKHBI JIe2KaTh B 1pejenax 3—7 Mq). Takum obpasom, c
OJIHO#I CTOPOHBI, B3PBIBAIOTCS OejIble KAPJUKM, MACChl KOTOPBIX PABHBI YaHIPACEKAPOBCKOMY
npesieny (B E-ramakrtukax), a ¢ Ipyroit — CpaBHUTEIHHO MACCHBHbIE 3Be3JIbl (B CIMPATBHBIX
U HelpPaBUJIbHBIX rajlakKTHKaX), MPUYeM CIEeKTPbl U KPHUBble Ojiecka B O0OMX CJIydasiX COBEp-
meHHo oauHakoBkl! [To MHEHHIO aBTOpa 3TON KHUI'M, HAPAIOKC TOT PA3PEIIaeTCsl CJIe LY FOIIIM
obpazom. Ecim B mporiecce 3BOJIIOIUN 3Be3/bI B Hell 00pa30BaJIOCh SJIPO, Macca KOTOPOTO €
TouHOCTBIO 1% paBHa YaHIApacekapoBCKOMY mpeesy, Mcy, 1Mocie OTae/eHrs HApyKHOH 000~
JIOUKN OHO B30pBeTCd Kak cBepxHoBas | tuna. Ecim ke maccol sgiep 6osbiie My, TO Oyier
UMeTh MecTO B3pbIB cBepxHoBoil II Tuma. Hakoner, ecin macca gapa menbiine M, HUKaKO-
ro B3pbIBa CBEPXHOBOII He OyJeT u obpasyercs Oeblit KapJmK. Takum o0pa3oM, OTKPbIBAETCS
BO3MOKHOCTD ITOHSITh SIBJIEHUS BCIIBIIIEK CBEPXHOBBIX PA3HBIX THIIOB C €IMHON TOUKU 3PEHUS.
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YHactes 1V

3Be3/Ibl YyMUPAIOT
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§ 19. HEMTPOHHBIE 3BE3/Ibl U OTKPLITUE I1Y/IbCAPOB

...BeITE 3BaHHBIM B GOJIBINYIO cepy W ITOOBI He
OBLIO BUIHO, KAK Thl TAM JBUXKEITHCA — BOT 3TO U
ecThb ApIpal..

(Llexcenup, «Auronnit u Kieonarpa», BTopoii axr,
ceJlbMast CIIeHA)

Kak yzke roBopmjioch BO BTOPOil YaCTU 9TOI KHUT'H, 3aKJIIOUUTE/IbHASA (pa3a 9BOJIIOIUN 3BE3-
JIbI, HACTYIIAIONIAs MOCIe TOro, KakK Oy/IyT B 3HAYUTE/IHHON CTEIEHU UCUYEPIIaHbl PECYPCHI ee
SJIEPHOTO BOJIOPOJIHOTO TOPIOYEro, CYIECTBEHHO 3aBUCHUT OT MacChl 3Be3/Ibl. MbI moTaepKuBaemM
OI'OBOPKY «CYIIECTBEHHO», TaK KaK, KpOMe ePBOHAYAJILHON MAaCChl, H& 3BOJIIOIUIO 3BE3/IbI MO-
JKET BJIUATH CKOPOCTDH U XapaKTep ee BpalllecHud, CTeIIeHb HAMArHM4YeHHOCTH, ITPUHA/JICZKHOCTD
3BE3JIbl K TECHON JBOWHON cucTtemMe (CM. § 14) 1, BO3BMOXKHO, Jpyrue ¢dakTopbl. Bece ke poJib
[IEPBOHAYAJILHON MACChI fABJISIETC peraolieil. B mjealbHOM ciiydae, KOT/ia PACCMaTPUBAETCS
MOJIeJIb HeBpalllatonieiicd, JIMIIIEHHON MarHuTHOI'O 110/ U30JAUPOBAHHON 3Be3/bl, TEOpUd IIpel-
CKa3bIBaeT TPU <«UCXOJIa» JKU3HU 3BE3JIbl B 3aBUCUMOCTU OT €€ MepBOHAYAILHON MAacChl (CM.
vactp [1):

1. Ecnu nepponavaibHas Macca spa 3Be3/bl MeHblle, deM (npubmusurensno) 1,2M ), To
OHa, II0CJIe CPABHUTE/ILHO KPATKOBPEMEHHON CTa i KPACHOTO I'MIaHTa IIPEBPAIIAeTCs B
OeJsIblii KapJIMK, KOTOPBIH IIOCJI€ OCThIBaHHUS, Y€pPe3 HECKOJILKO MUJLINAP/IOB JIET, CTAHOBUT-
¢ XOJIOJIHBIM «YEPHBIM KapJUKOM», T. €., 0OPA3HO BBhIPaXKasCh, MEPTBBIM KOCMHYCCKUM
TeJIOM, «TpymnoMs» 3Be37bl. O6 3TOM MOIPOOHO paccKasaHo B § 13.

2. Eciu nepsonadabHad Macca dapa 3Be3ibl npesocxogmna ~ 1,2M ), HO Oblia MeHbIIe
~ 2,4M¢), To nocje ucueplaHus CyIIeCTBeHHOI JacTh sIepHOTO IOPIoYero Mpou3o0iiier
karacTpoda. BHyTpeHHUE CJIoM 3BE3/bI 0JT BIAUSHUEM CHJIbI TATOTEHUs, KOTOPOI yiKe
HEe MOYKeT ITPOTHBOJIENICTBOBATH ra30BOe JaBjeHue, oOpyIaTcd K 1eHTpy 3Be3bl. [lourn
OJIHOBPEMEHHO C STUM HapPYZKHbIE CJIOU 3BE3/IbI B PE3Y/IbTATE B3PbIBA OY/IyT BBIOPOIIE-
HBI C OIPOMHO# CKOpocThio nopsiiika 10000 kM /c. DTo siBjieHne OyeT HAbIIOAATHCS KaK
BCIIBIIKa cBepxXHOBOi (cM. wacts I1I). Ilamas co ckopocTbio CBOOOAHOTO IajieHus, 3a Ka-
KHe-HUOY/Ib HECKOJIbKO CEKYH/I BHYTPEHHHE CJIOU 3BE3/Ibl COXKMYTCA B COTHIO THICAY Pas.
[Ipu aToM obbeM 3Be3ibl yMenbimuTes B 10 pas, ee cpenss IJIOTHOCTb BO CTOJIBLKO
JKe pa3 YBEJWYUTCd U MPEB30UIET dAJIEPHYIO, a JIMHEHbIe pa3Mephl CTaHyT BCEro JIUIIb
nopsaka 10 kM. JlocTurayB Takux pasMepoB U TAKON IIJIOTHOCTHU, 3Be3/1a 3aCTAOM/IN3U-
pyercss u ee JasbHelIee cxKaTue MPaKTUIecKu npekparurcd. OnsaTh obpasyercs pas-
HOBecHas KOHMUIYpalldsd, HO YK€ B YCJIOBUAX, KAUYECTBEHHO OTJIUYHBIX OT PABHOBECUS
«OOBIIHOI» 3Be3/pl. PU3NMYECKHe CBOMCTBA TAKOTO CBEPXIJIOTHOT'O BEIIECTBA, JABJIEHUE
KOTOPOTI'O YPABHOBENINBAET CUJIY I'DABUTAIIMOHHOIO IIPUTSIKEHUS «CKOJLIAIICUPOBABIIIEN»
3BE3/Ibl, BeCbMa HEOObIYHbI. BO MHOTOM OHU CXOJIHBI CO CBOMCTBAMU BEIIECTBA aTOMHOI'O
AJIpa, TPEJICTABIAIONIETO COO0I CMeCh CHJIBHO B3aMMOJIEHCTBYIONINX ITPOTOHOB W HEHTPO-
HOB. Takoil 06 beKT MoH00eH MaKPOCKOIIMIECKON «saepHOoii Kariey. OT/Indme 9TOro arpera-
Ta OT SJePHOrO BEIECTBa COCTOUT ITIABHBIM 00Pa30M B TOM, UTO JIJIsT CKOJIJIATICHPOBABITIEH
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19. HEWTPOHHBLIE 3BE3/Ibl U OTKPBLITUE MYJ/ILCAPOB

3BE3/IbI 110 IPUYUHE ee OOJIBINON MacChl (PyHIAMEHTAIbHOE 3HAYCHUE UMEET IDABUTAIIN-
OHHOE B3aMMOJIEHICTBUE ee 3JIEMEHTOB, MEXK/IYy TeM KaK JJisi HUYTOXKHBIX 110 CBOell mMacce
sJIep TpaBUTaIlUs HECyIecTBeHHa. BIiojine MOHATHO, OYeMy 3Be3/1y, 00Pa30BaBIIyIOCd B
pe3yabTaTe paBUTAIMOHHOIO KOJLIallca, TCOPETUKHU Y2Ke JJaBHO, ellle B TPUIATHIX I'oJlax
HaIllero CTOJIeTHs, Ha3Ball «HEHTPOHHOI».

NTak, B3pBIBBI CBEPXHOBBIX 3BE3]1 COITPOBOXKIAIOTCH 00pa3oBaHueM HEHTPOHHBIX 3BE3 —
KaueCTBEHHO HOBOI'O THUIIa KOCMUYIECKUX 00bEKTOB, CYIIECTBOBaHNE KOTOPHIX OBLIO JTABHO
IIPeICKa3aHO TeOPETUKAMU.

3. B cityuae, ecimm macca sijipa CKOJLIAIICUPOBABIIEN 3BE3/Ibl IIPEBOCXOJIUT HEKOTOPBII KpH-
THYecKuil npejest (okoso 2,5—3 Mp)), ee HeOrpaHMYEHHOE CXKATHE I10J1 JIABJICHUEM CHJIbI
rpaBUTAINN yKe HUYEM HeJIb3d OCTaHOBUTH. [Ipm sToM HeliTponHas 3Be3/1a KaK CTaOUIIb-
Hoe oOpa3oBanue BO3ZHUKHYTH He MOxKeT. Huduem He KoMmIleHcHMpyemas Cujia TpaBUTAIUN
Oy/eT CKOJIb YIOJIHO CHJIBHO C:KUMAaTh BEIIeCTBO KOJIIAIICUPYIOIIEH 3Be3/Ibl, Pa3Mephbl KO-
TOPOIi OY/IyT CTAHOBUTHCS CKOJIb YTOJIHO MAJIBIMU. 3Be37a Oy/IeT CXKUMATHCS B TOUKY, HO...
Ho 371ech BeicTymaoT Ha 1epBBIil IU1aH HapaI0KCATbHbIE 3aKOHOMEPHOCTH O0IIel Teopun
OTHOCHUTEJILHOCTHU. 3-3a OrpoMHOro 3HaYeHUs T'PABUTAIIMOHHOIO TOTEHINA A IPDEKTHI
o0ITeit TeOpun OTHOCUTEILHOCTU, KOTOPhIE B « HOPMAJIBHBIX» KOCMUYECKUX YCJIOBUAX CO-
BEPIIIEHHO HUYTOXKHBI 110 BeJIMYNHE, 371eCh CTAHOBATCA perratomumMu. CBA3aHHasd ¢ TaKoi
cuTyalueil yBiaekaTeabHelas mpooaeMa YepHbIX JIbIP, SABJSIONAasc ceifidac eaBa Jn He
MEHTPAJIbHOM TPOOIEMOl ACTPOHOMUH, Oy/IeT pacCMaTpuBaThcs B § 24. A 371eCh MBI TI0-
JIPOOHO PacCMOTPUM He MeHee MHTePecHYIO MpobJieMy HEHTPOHHBIX 3BE3/I.

13 Tpex BUJIOB <«IIPOJYKTOB» 3aK/JIIOUUTEIHHOIO Tara SBOIONUN 3Be3]1 (Oesble Kap/IuKH,
HEHTPOHHDBIE 3BE3/bl U YEPHBIC JIBIPBI) MEPBBIMU ObLIN OOHAPYZKEHBI ACTPOHOMHUYICCKUMU Ha-
6utrosiernsiMu Gestble Kapsmku (cM. gacth 11). Baxkno ere pa3 mojguepKHyTh, 9TO B 9TOM CJIydae
IpaKTHKa HaMHOT'O OIEpe/Inia Teopuio. besbie Kap/ MK ObLIN, TAK CKa3aTh, «IMIIMPUIECKU»
OTKPBITHI JIO TOTO, KaK aCTPOHOMBI MOHSAJIN, YTO TaKOe 3Be3/a U IrodeMy oHa cBeTuT. K mo-
HSATHIO «BBIPOK/IEHHBIN ra3y (DU3NKH TPUILIN 3HAYUTETHHO MMO32Ke TOI0 KaK OBbLIA OTKPBITHI
Oesible KapJinku. KoHevHo, HIYero yJIuBUTEJILHOTO B 9TOM HET — Be€JIb B JIIOOOM KyCKe MeTaJl-
JIa, M3BECTHOI'O YeJIOBEYECTBY €Ille CO BPeMeH OPOH30BOIO BeKa, KAK OKA3aJIOCh, JIEKTPOHBI
HaXOJIATCS B BBIPOXKJIEHHOM COCTOAHWHU. BUJIETh M mM3ydaThb 3TO elle He 3HAYUT NMOHAMbL, Jia
U YPOBHU IOHUMaHUs MOTYT OBITH pasuble. Bce ke dakT ocraercd dpakToMm: Oejible KapJImKu
OBLIN CHAYAJIA YEUJeHbl, & 3aTEM NOHAMDL.

CoBceM Mo-IAPYyTroMy CJIOKUJIach CUTyalllsd ¢ HeHTPOHHBIMEU 3Be3gaMu. OHU OBLIN OTKPBITHI
TEOPETUKAMU «HA KOHYHUKE Tepay 3a TPETh CTOJIETUs JIO TOrO, KAK UX PEAJbHO OOHADY KM
acrpoHoMbl. A B XX Beke TpeTb CTOJIETHS — 3TO OvUeHb OosbIoit cpok! [Ipuanna takoro 3a-
MO3/IaHUSA B OTKPBITUU HEATPOHHBIX 3BE3J BIIOJIHE MTOHATHA: UX, KAK 9TO Cpa3y »Ke CTaJIO fACHO,
OYeHb TPYIHO OOHAPYKUTH aCTPOHOMUYECKUMH Hab/ofgeHusIMu. Ecim pazmep KOCMUYECKOTO
TeJsia Beero Jininb 10 KM, TO JazKe P PACCTOSHUY JI0 HET'O, PABHOM PACCTOSTHUIO JI0 OJIMKARIITNX
3Be371 (~ 10 CBETOBBIX JIET), €r0 HeJib3sl OOHAPYIKUTH, MOJIB3YACh CAMBIMU MOIIHBIMU TEJIECKO-
namu. B camoM Jiesie, ecim TemMiiepaTypa MOBEpXHOCTH TAKOTO Tesia, (MOIeTUPYOIIEero HeHTpoH-
HYIO 3Be3Jy) Takas ke, Kak Ha nosepxaoctu Cosnra, T. e. 6000 K, To abcomorHas 3Be3/1Has
BestmunHa ero ~ 30™, a BuJuMas 3Be3J/IHasi BeJuunHa OyaeT Bcero Jmib 277, Mexay Tem
npejiesibHasl 3Be3/IHas BeJIMUINHA CJAA0EHINX aCTPOHOMUYIECKUX OOBEKTOB, JOCTYIHBIX KPYII-
HEHIITMM COBPEMEHHBIM OITUYECKUM TEJIECKOIIaM, COCTaBjsgeT okoyio 24™. Kcu 1moBepxHOCTD
HEHTPOHHON 3Be3/bl OY/JIeT TaK Ke Topsda, KaK y CaMbIX TOPSYUX U3 U3BECTHBIX ONTUYIECKOI
acrporomun 38e371 (~ 100 000 K), To oHa Bce paBHO He cMOKeT ObITh OOHapyzKeHa. 1 910 naxe
TOIJIa, KOIJIa IPeJIIIoIaraeMoe pacCTosTHIe 0 HEHTPOHHON 3Be3/IbI TaK HEIPABI0I0I00HO MaJIo!
B nefictBuTesbHOCTH PaCCTOSHUS JI0 OJIMKARIINX HEHTPOHHBIX 3BE3/I, CKOPee BCEro, MopsiiKa
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19. HEWTPOHHBLIE 3BE3/Ibl U OTKPBLITUE MYJ/ILCAPOB

HECKOJIbKUX JEeCATKOB CBECTOBDBLIX JICT. OTCIO,ZL& ZCHO, 9TO BC€ IIOIIbITKHA O6Hapy}KI/ITb HGIU/ITpOHHbIG
3BE€3bI OIITUYCCKUMU METOJaMM JOJI?KHBI ObLIN OBITH 06pequb1 Ha HeyJa4y.

Hagunas ¢ 1964 r., ogHaKo, cUTyalus ¢ BO3MOXKHOCTbIO HaOJIIO/IEHIIT HEHTPOHHBIX 3BE3/I,
Ka3aJ10Ch ObI, Pe3KO M3MEeHM/Iach. BOBHUKHOBEHHE PEHTIEHOBCKON acTPOHOMHUHU O3HAMEHOBAJIO
cODOI HOBBIl 9TAIl B MHOT'OJIETHUX ITOUCKAX BO3MOXKHOCTEH OOHAPYXKUTH HEHTPOHHBIE 3BE3JIbI
U T€M CaMbIM JIOKa3aTh PeabHOCTh UX cyliecTBoBanusd. [loapodHno 06 ycrexax peHTTeHOBCKOI
acTpPOHOMEH Oy/IeT pacckas3aHo B § 23. 371ech MbI TOJIBKO 3aMETHM, 9TO y7Ke Ccpaldy Ke IMOCse OT-
KPBITHSA MMEPBBIX KOCMIYECKNX UCTOYHUKOB PEHTTEHOBCKOT'O U3/IYYeHNsT BOSHUKJIO MTOJI03PEHNE,
YTO 3TO U €CTh JOJTOXKJaHHbIe HEUTPOHHBIE 3Be3/1bl. Ha mepBhIil B3IIAI, /19 TaKOTO IIPEIIo-
JIOZKEHUSI OBLIM BIIOJIHE JOCTATOYHbIE OCHOBaHUs. B caMoM jejie, TOJIBKO ITO 00pa30BaBIIAsICS
B pe3yJbTaTe TPABUTAITMOHHOTO KOJIJIAICa HEUTPOHHAS 3Be3/a JIOJIKHA UMETh UCKJIIOUYNTE/THHO
BBICOKYIO TE€MIIEPATYPY, MOPsiKa HECKOJIbKIX MUJUIHAPIOB KesJbBuHOB (cM. § 18). JlomycTum,
JIJIS TIPOCTOTHI PACYETOB, YTO TeMIlepaTypa MOBEPXHOCTH TAKOI 3Be3/Ibl PaBHA OJTHOMY MUJLIU-
ap/ly KeJbBUHOB. Torja ciejlyer oxKujiarTh, ITO TaKOil 00beKT Oy/leT M3/Iydarh Kak abCOJIIOTHO
YepHOEe TEJIO C TO TeMIlepaTypoil, IpuiIeM MaKCUMYM H3JIy9UeHHs 110 3aKOHY cMelleHus Buna
AT = 0,3 6ygeT coOTBETCTBOBATE JIINHE BOJHEI A, = 3 - 10719 ecm = 0,03 A, a coorsercTBy-
olas SHeprud KBanToB u3jaydenus hv ~ 400 k3B, T. e. Oyjer npuxoauThesa Ha 06/1acTh OY€Hb
JKeCTKUX peHTreHoBcKux Jrydeit. Cormacuo 3akony Credana — Bosbivana e quHIIA TOBEPXHO-
ctu takoro obbekra (T. e. 1 cM?) GyjleT u3/IydaTh B PEHTTEHOBCKOM JIMANA30HE HUY/IOBHIIHYIO
moraoeTs 014 = F = 1032 spr/cm? - ¢, a Bes ceepxropsdas HefiTpoHHas 3Be3/1a OyjeT U3/Iy-
gaTh MompocTh L = 4TR?F ~ 10% spr/c, rame R = 10° cm — pajuyc HeiATpOHHO# 3Be3.1bI.

Benmumunna L HenomepHO BesTHKAa: JTOCTATOYHO CKa3aTh, UTO BCs HAIlla 3BE3/HAS CUCTEMa —
[lamakTuka, cocTosmast U3 COTHH MUJLIMAPIOB Pa3sHOOOpa3HEHINX 3Be3/, U3JIydaeT BO BCEM
CIIeKTpaJIbHOM Jiamazone Toabko ~ 10 spr/c. Ecim 661 maxe Temneparypa T 6blia paBHa
108 K (3TO JIOBOJILHO yMepeHHasl OIEHKa TeMIIEPATypPbl «HOBOPOKJIEHHOI» HEHTPOHHOI 3Be3-
1b1), To L 6bl1a 661 ~ 10M spr/c, uro Takke npejcrasiser coboit 04eHb GOJIBITYIO BeJMUUHY.
MaxkcuMyM u3JIydeHrus B 9TOM CJIydae MPUXO/UICA Obl Ha PEHTTEHOBCKHE KBAHTHI C HEPrueit
hv ~ 40 x3B. B sT0oM O0jiee MATKOM Jipalia3oHe HEPruil peHTIeHOBCKUX KBAHTOB KaK pas3 U
paboTaeT OGOJIBIIMHCTBO CYIIECTBYIOMUX IPUEMHUKOB KOCMUYIECKON PEHTTE€HOBCKON paIualliu.
Jlormyctum Tenepb, YTO Takasd ropddasd HEHTPOHHAs 3Be3/a HAXOJUTCHA Ha ITPOTUBOIOJIOZKHOM
kpato Hameil [atakTukn, ckazkeM, Ha paccrogauu r ~ 60 000 cBeToBbIX JseT, mau 6 - 10?2 cM.
Tor/1a TOTOK PEHTTEHOBCKOT0 N3/IydeHns oT Hee oyaer F ~ 2,5-1077 Spr/ cM? - ¢, a 9TO B COTHIO
pa3 GoJIbIlle MOTOKA PEHTIEHOBCKOTO U3JIyUeHUsl OT caMOro sipkoro mcrounuka Cxoprumon X-1
B 9TOM <«XKECTKOM» Jmarna3oHe (cMm. § 23). Mexky TeM TeXHHKa COBPEMEHHON PEHTI€HOBCKOM
ACTPOHOMUHY TTO3BOJISIET U3MEPATDH MOTOKU B HECKOJILKO MUJLIMOHOB pa3 0oJiee ciadble.

Kasasoch 6b1, Bce xopoto! Tem 6ojiee, 9T0 U CIEKTp y psjia PEHTTEHOBCKUX UCTOYHUKOB
BIIOJIHE MOXKHO OBLJIO HCTOJIKOBATH KaK CIIEKTP HAIPETOTO JI0 TeMIIEPATyPhl B HECKOJIBKO JI€CST-
KOB MUJLJIMOHOB KEJbBHHOB <«4YE€pHOro» Teja. Ha Kakoi-To MHUI' CO3Ja/I0Ch BIEYATICHUE, UTO
TauHCTBEHHbIE HEUTPOHHBIE 3BE3/IbI — I'OPJOCTH TEOPETUIeCKOil MbIcin XX BeKa — HAKOHEI-TO
oOHApYy KeHbBI. Y BbI, IPUPO/Ia U HA TOT Pa3 OKa3ajach HAMHOTO CJIOYKHee U borade, deM IPUMU-
TUBHBIE TIPeJICTaBJIEHNsT O Hell, OBITOBABIIIE B yMaxX OOJIBITOTO KOJUIECTBa yUeHBIX. PacdeTs
[oKa3aJji, W 1P TOM CO Bceil yOeauTe/bHOCTHIO, YTO IepBOHAYAILHO TOpAYre HEHTPOHHBIE
3Be3JIbI OCTBIBAIOT KaracTpodudeckn ObicTpo. Hampumep, npu o4eHb BBICOKHX TeMIIEPATypax
BeIlleCcTBa, JEHCTBYeT COBEPINEHHO CIeNnMUIeCKnii MeXaHU3M OXJIAK/ICHUs, CBSI3aHHBIA C aH-
HUTHJIATINER TTap 3JIEKTPOHOB U MO3UTPOHOB U 00pa30BaHWEM HEATPUHO V M aHTHHEATPUHO V:

et +e  —V+V. (19.1)

[Ipu GoJsiee HU3KKUX TeMIepaTypax HEUTPUHO OY/IyT 0OPa30BLIBATHCA IPHU PEAKITUAX

n+n—n+p+e +V; n+p+e —n+n+Vv. (19.2)
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Ob6pagzyroruecs B OOJIBIIOM KOJIMIECTBE HEHTPUHO Oy/IyT OECHPEIATCTBEHHO BBIXOIUThH U3 Heli-
TPOHHOIT 3BE3JIbI, YHOCS ¢ cOOO OIPOMHOE KOJIMIECTBO SHEPIUH, UTO HPUBOIUT K €€ OBICTPOMY
OCTBIBaHUIO. PacyeThl MOKA3bIBAIOT, UYTO y2Ke CIIYCTS IPUMEPHO MECSI] ITOCJIe POXKJIEHUS Heii-
TPOHHO#T 3Be3/IbI TeMIepaTypa ee osepxuoct craner ke 10° K. Ha camom sefne ocTeiBanue
HEWTPOHHOI 3Be3/Ibl MOXKET IIPOUCXOJIUTD eIlle ObICTPee, MOTOMY YTO BENIECTBO HEATPOHHO! 3Be3-
JIbI, TIO-BUIUMOMY, HAXOJ/IUTCSI B CBEPXTEKYUYeM COCTOSTHUE. VITak, HOBOPOXK IeHHbIE HEHTPOHHBIE
3BE3JIbl OCTBIBAIOT CJIUIIKOM OBICTPO, YTOOBI UX MOYKHO OBLJIO OTOXKJIECTBJISITH ¢ PEHTI€HOBCKU-

Mn I/I(ZTO“IHI/IK&MI/I1 .

N onsTh, 110100HO CKa309HOM CHHEH NTHIle HEHTPOHHBIE 3BE3/Ibl — «KUBbIE» HEHTPOHHDbIE
3BE3/IbI, & He WX OJIeJHbIe MATEeMATHYECKIe OTPaYKEeHUsl, PUCyeMble IIePOM TEOPETUKOB,— OyK-
BaJIbHO BBICKOJIB3HYIN 13 PyK! U BApPyr CIyYmIoch HEYTO COBEPIINEHHO HEOXKUIaHHOE: Heii-
TPOHHBIE 3Be3/IbI ObLIN 0OHapYyKeHbl! OOHAPYXKEHBI COBCEM HEe TaM, TJe WX MCKAJA U COBCEM
He TeMH, KTO uxX uckaja. B despasie 1968 r. Ha cTpaHUIAX COJTUIHEHINEIO HAYIHOIO *KypHAa-
na «Nature» 1mogo0HO IpoMy Cpejid SICHONO Heba IOSIBIJIACHh CTaThsl M3BECTHOI'O AHTJINNHCKOTO
pagamoacTpoHoMa XbIOUIA U €r0 COTPYAHUKOB, BO3BECTHUBIIAS 00 OTKPBITHH Nyabcapos. CTo-
ut 6oJiee MOAPOOHO paccKas3aTh, KaK ObLIO cdeaaHo ITO €Ba JIU He BeJndaiilliee OTKPBITHE B
acTpoHOMIHE XX BeKa.

Hauunas ¢ 1964 r. B 3namenuToii Kapenaumickoit jaboparopun KeMOpHIzKCKOro yHUBED-
cuTeTa MPOBOJMINCH HABJIIOIEHNs CIUHTHLIANN (T. €. OBICTPBIX, HENPABUJIHHBIX BapUaIlwii)
IIOTOKA PAJIUOU3/IYIEHUsST OT KOCMUYECKNX MCTOUYHUKOB, BOBHUKAIOIIUX IIPU ITPOXOXKJIEHUN ITO-
ro M3JIydYeHns depe3 HEeOIHOPOIHOCTH ILTa3Mbl BHEITHeH KOpoHbl COJHIIA W MPUIEralonnx K
Heit obJiacTeil MeXKILTAHEeTHOW cpelibl. Takue CHUMHTUILIAIUINT BO3ZHUKAIOT U3-3a HEPeryJasipHoit
JbpakIny paJIoBOJIH Ha YKa3aHHBIX HEOIHOPOIHOCTAX. CIMHTU/IATMI MOTJIH HAOJII0IaThCs
TOJIBKO TOTJIa, KOIJ/Ia YIJIOBBIE pa3Mepbl HICTOTHUKOB P IMON3/IyIeHNs ObLIN O9eHb MaJIbl, MEHb-
e 0,5 CeKyH/IbI JIyTu. DTO SIBJIEHNE UMEeT XOPOIIO BCEM M3BECTHBIN ONTUIECKUI aHAJIOT: Mep-
IaHue 3Be3/1 B armocdepe. M3BecTHO TaKKe, ITO IJIAHETHI He TI0IBEPKEeHBI TAKUM MePIaHUAM 1
CBETSIT «CIIOKOWHBIM» CBETOM, He MEHsIsl 38 KOPOTKOe BpeMsi ¢Boii OJ1eck. [locieanee obcrosiTesib-
CTBO OOBSICHSETCS TEM, UTO YIJIOBBbIE PasMephl ILIAHET JIOBOJIbHO BEJIMKH, IOPS/IKA JEeCATKOB
CeKYH/I JIyTH, MEeXKJy TeM KakK y 3Be3J OHHM HcUe3aiolie MaJibl. Kak ObLIO cKa3aHO BBIIIE, aHa-
JIOTUYHASA KapTuHa HaOJIIOIaeTcsd U B PaJIMouana3one. PaiMOCIMHTULIATIMAM TI0/IBEPXKEHBI B
IIEPBYIO OYepeIb K6a3apsv, — BeCbMa YIAJCHHbIC OT HAC MeTarajJakKTHIeCcKhue OObEKThI, YIJIOBbIE
pa3Mepbl KOTOPBIX JIOCTUTAIOT ThICAYHBIX JI0JIeil CeKyH bl JyTu. KBasapbl ObLIN OTKPBHITHI 38 T'0/T
JIO 9TOr0 U 3aHUMAJIA TOTJIA YMbI OOJIBIIOTO KOJHYECTBA aCTPOHOMOB. XbBIOUII PEIU/I UCIIOJIb-
30BaTh METOJl CIMHTUJLISINN, 9TOOBI UMETh BO3MOYKHOCTH BBIJIEIUTH KBa3apbl CPEJH JIPYTUX
HabJII0/TaeMbIX KOCMUYECKUX UCTOYHUKOB pajimonssaydenus. [lo ero mpoekTy g 9TOi 1e/m B
Kem0Opu ke ObLI M3roTOBJIEH BechbMa OOJIBINON 110 TeM BpeMeHaM paJilioTesIeCKON pa3MepoM
B OJIHy MWJIIO, paboTtatomuii Ha BojHe 3,7 M. Hajio ckazaTbh, 9TO XOTsS 9TOT TEJIECKOIl U OYeHb
OOJIBIIION, HO BCE ¥Ke JIOBOJILHO IPYOBIil, YTO 00bACHAETCA OOIBINON JIUHOM BOJTHBI, HA KOTOPYIO
oH ObLT paccunTan. KpomMe TOro, oH HENMOABUKEH U IIPUHUMAET PAJIMOU3/yIeHre OT UCTOUHU-
KOB TOT/Ia, KOTJIa OHU ITPOXOJIAT Uepe3 mepuuaH. [[yTem npocToii mepecTpoitku 3JIeKTPUIecKoit
CXeMbI 6€3 MEXaHU1IeCKOTO IepEeMENIeHUs ero 3JIEMEHTOB PaInOTE/IECKOI MOT HAIIPABJIATHCI HA
pa3Hble 3eHUTHBIE PACCTOSAHUS, UTO ITO3BOJISIO UCCJIEI0BATH MCTOYHUKU C Pa3HBIMU CKJIOHE-
HuAMH. JIIOOOIBITHO, YTO STOT PaMOTETECKOIl ObLT COOPYKEH BCEro 3a HECKOJBKO MECHATIICB,
[IpUIeM CTPOUJIN €r0 B OCHOBHOM CTY/IeHTHhI KeMOpHIKCKOro yHUBEpCcUTETa 1101, HAOJIIOIeHIeM
BeCbMa HEMHOT'OYUCICHHBIX WH2KeHepoB. Bee coopyxkenue oborioch B... 10 000 dyuToB crep-
JIMHTOB, YTO, MOXKAJIYil, ABJIIETCS MUPOBBIM PEKOPJIOM U COOTBETCTBYET JIYUIIUM TPaIUIATM
Kagenmuiiickoit jtabopaTopu, e KOrja-To TPYANINCH U JIeJIaIU CBOU BbIIAIONINECS] OTKPBITUS

1Cnemyer Bce e 3aMeTHTH, ITO HEKOTODbIE «MOJIObIe» HeHTPOHHbIE 3Be3bl (BozpacT Menbme 10° Jer,
a TemmepaTypa mosepxaocTn Gosbmre 10 K) mMoryT GuITH 0OOHADYIKEHBI TI0 WX TEIJIOBOMY DEHTTeHOBCKOMY
U3JIyYeHuto, Takux 00beKTOB, OJIHAKO, CPABHUTEJIBHO MAJIO.
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Qapaseit u Pesepdopa. YBbI, coBpeMeHHas: HabJrogaTe/ IbHast aCTPOHOMUA TpedbyeT Hen3MepH-
MO OOJIBIIIUX CPEJICTB, U UCTOPHSI, KOTOPYIO MbI ceifdac paccKasbIBaeM, JIeHCTBUTEIHHO ABJIAETCS
YHUKAJIbHOM. ..

Besimaunna cigHTHILISAIUN pacTeT 10 Mepe npud/nkenns ncrodnnka Kk CostHIly, 4TO, ecre-
CTBEHHO, OObSICHSIETCS yBEJIUYICHUEM KOHIIEHTPAINN MeXKILJIAaHeTHOH 11a3Mbl BOu3u CosHIa.
Hab/moast ojiiH ICTOYHUK B pa3HOe BPEMs I'0jia, T. €. IIPU PA3JIUIHBIX YIJIOBBIX PACCTOSHUIX
ero or CoJHIa, MOXKHO OBLIIO 3aMETUTHh 3HAYUNTE/IbHbIE M3MEHEHNS BEJTUINHBI CIIMH TSI
ero rnoroka. [lo Toit npuynHe COMHTUIAIMN OT UCTOYHUKOB MOYKHO OBLJIO HAOIOAATH TOJBKO
drem, KOT/Ia YIJIOBOE paccTosiHre ncTouHnKoB oT Costnna Hesesinko. HaobopoT, HOUbIo HUKAKUX
3aMETHBIX CIUHTULIANNN UCTOTHUKY HE OOHAPYKUBAJIH.

Tak KakK COMHTUJIAIIHN ITOTOKA IMPOUCXOJAT OY€Hb OBICTPO, I WX H3ydeHUs HeoOXO IU-
Ma cIlenuajbHas PerucTPUPYIONas anmnapaTypa ¢ OYeHb MaJIEHbKO IMOCTOSTHHOW BPEMEHU, BO
BCSKOM CJlydae MeHbIIell, YeM XapaKTepHOe BpeMs M3MEHEHHs IOTOKa, BhI3BAHHOI'O CIIMHTUJI-
Jisiiueii. DTa anmaparypa IPUHITUIHAIBHO OTIMIAETCs OT OOBITHO IPUMEHSIEMOl B PaIM0acTpo-
HOMUU MPUEMHON alapaTypbl, IJie, KaK MPaBHJIO, TIOCTOSHHAS BpeMeHH (MM «BpeMsi HAKOII-
JIEHWs» CUTHAJIA) JIOCTATOYHO BEeJINKA, OOBIYHO He MEHBIIe HeCKOJbKUX CeKYHJI, a YacTo 3Ha-
YUTEJILHO OoJibllle. BosbIie BpeMeHa HAKOILUIEHUs JIMKTYIOTCH HEOOXOIMMOCTBIO <«BBIXKATH
HAMOOJIBIIYIO 1yBCTBUTEILHOCTD, YTO HEOOXOIMMO JIJIsi OOHAPYZKEHUsI TPEIETHHO CJIabbIX (10
[IOTOKY) UCTOYHHUKOB. Pa3ymeercsi, Takasi NPUBBIYHAS JIJIsI PAIHOACTPOHOMOB [IPUEMHAsT Alllla-
paTypa He B COCTOSHUU OOHAPYKUTH BapUAIUU IOTOKA, €CJAU OHU ITPOUCXOIAT JTOCTATOYHO
OBICTPO.

Kak ke ObLIM Ha 9TOM PaJUOTE/IECKOIIe OTKPBITHI IyJibcapbl! AcmupaHTKa mpodeccopa
Xpiouma, 24-netugasa xocemmn Best merom 1967 1. obHapyKusa KaKoi-TO HEM3BECTHBIN HC-
TOYHUK, KOTOPBIH MOKA3aJI CIIMHTUJLISIITUIO HOUYb10, ITO OBLIO PEITUTE/IHHO HU Ha, 9TO He ITOX0XKe)!
[ToBTOpHBIE HAOTIOAEHNS TOATBEPAMINA, UTO STOT YAUBUTENbHBII NCTOYHUK KaxK/ble CYTKH B
MIOJIO?KEHHBINT MOMEHT 3BE3/HOI'0 BPEMEHU JIEHCTBUTEIBHO MPOXOIUT Yepe3 MePUINAH, JTeMOH-
CTPUPYS CBOE KOCMUYECKOe Ipoucxoxkjaenue. B Hosgbpe 1967 r., Korja nmocTosHHast BpeMeHU TPHU-
eMHOI1 arnmnapaTypbl ObLIA elle yMEHbIEeHA B HECKOJIBKO Pa3, ObLIO 00HAPYKEHO MOPa3UTETHHOE
sIBJICHUE: BapUalluU MIOTOKA OT 3araJ09HOr0 UCTOYHUKA ITPOUCXOIAT He OecropsiIOUHbIM 00pa-
30M, KaK 9TO UMEET MeCTO IPHU OOBIYHBIX CIUHTU/LIANIAX UCTOYHUKOB, OOYCJIOBJIEHHBIX HEpe-
ryJgapHOil mudpakiueil paJroBOIH Ha HEOTHOPOIHOCTAX MEXKILIAHETHOM CPEJIbl, & cmpo20 ne-
puoduuecku. Habmromaaucs oueHb KOPOTKHE, JJIUTETHHOCTHIO OKOJIO 50 MUJLIMCEKYHJT, UMITYJIb-
Chl PaJIMOU3JTyYEHNUsI, TIOBTOPSIONINECT YEPE3 CMPO20 NOCMOAHHDLY TIEPUOJT BPEMEHH TOPSIKA
OJIHOM CeKYHIbI. [Ipu 3TOM aMILIUTY /1Bl PA3TMYHBIX UMITYJIHLCOB OBLIN pa3nydHbl. K sToMy Bpe-
MEHH OBbLTN OOHAPYZKEHBI €Ie JIBa UCTOYHUKA TAKOro Ke Tuiia. [lepBble 3anmcu ux u3jydeHus
Ha gacrore 81 MI'1 (coorBercTByIOMIEi JyuHe BOJIHBI 3,7 M) TpUBe/eHbI Ha puc. 19.1.

Bouio Haj ueM 3ayMaThCst KeMOPHJIZKCKUM pairoacTpoHoMam! Beib OHM CTOJIKHY/IUCH C CO-
BEPIIEHHO HEOOBITHBIM siBJICHUEM. Y TO MOYXKHO OBLIO B IIEPBBIE HEJIEU CKA3aTh O IIPUPOJIE ITUX
3araJl0uHbIX HCTOUHUKOB? [Ipexk e Bcero crporast MepuoInIHOCTb PAINOCUTHAIOB HEBOJILHO Ha-
BOJIMJIA HA MBIC/Ib, 9TO MOCJEJHAE MOTYT UMETh UCKYCCTBEHHOE TpoucxoxkKjenne. OHU MOIJIH,
B YACTHOCTH, UCXOJUTH OT KAKUX-TO JIAJIEKUX NUCKYCCTBEHHBIX CIIyTHUKOB WM aBTOMATUIECKUX
MEXKIJIAHETHBIX CTAHIUi 1 (CTpaIIHO Jlayke moyMarh!) or BHe3eMHBIX IuBuIn3aimii. [locies-
Hslsl BOBMOXKHOCTD BITOJTHE Cephe3H0 00CyK/1aaach B KeMOpuzKe U MOCTyKUJTa, O-BHIUMOMY,
NPUIHHON, YTO CAMU aBTOPBI TOI'0 3aMedaTeTbHOI0 OTKPBITHS PEIIUIN BIPE/Ib JI0 BhIACHEHUS
MIPUPO/IBl TANHCTBEHHBIX CUTHAJIOB He MyOJIMKOBATEL Pe3yJIbTaThl CBOUX nccaeaoBannii. Cirydait
JIOBOJIBHO DEJIKHiT B ucTOopuu acTpoHoMun XX Beka!

ToJyibKO TI0CJIE TOTO KaK CO BCEil 0YEBMTHOCTBHIO CTAJIO SCHO, YTO 9TH UCTOYHUKYU HAXOATCS
naseko 3a npejeaamu CoHedHOI cucreMbl (Kak 9T0 OBLIO CJeIaHO, Mbl YBUJIUM HIZKE), U, Ta-
KM 00pa3oM, MPeJICTABIAIOT cO00il JI0TOJIe HEM3BECTHBIN KJIaCC aCTPOHOMHYECKUX OOHEKTOB,
AHIVTUICKIE PaIn0aCTPOHOMBI OITyOJIMKOBAJIM CBOE OTKPBITUE — CIYCTS ITOYTH ITOJIIOJa MOCIe
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Puc. 19.1. IlepBnoie 3anucu u3aydeHus Tpex myabcapoB Ha dactore 81 MI'm.

TOro, Kak Mucc beyn obnapykujia 1mepBbIil 3araJloYHbIl ICTOYHUK. BHOBH OTKPBITHIE UCTOYHU-
KU Ccpa3y 2Ke IMOJIyYWJIM OYeHb YJadHOe HAa3BaHUE <«IIyJIbcapoBy. Ha3BaHme 3TO MPOUCXOJUT OT
AHTJIUICKOTO cJIoBa «pulsey, 9TO O3HAYaeT «UMITyIbC». llymbcapbl — 3TO Takwme paJHoONCTOY-
HUKH, U3JIyYeHHe KOTOPBIX COCPEJOTOYEHO B OTJEJbHBIX HMMIIYJIbCaX, IIOBTOPAIOININXCA Yepe3
CTPOTO OIIPE/IeJICHHBIN IPOMEKYTOK BPEMEHU.

OTkpeITHE MyIHCAPOB OYKBAIBHO BCKOJIBIXHYJIO ACTPOHOMUIO. ABTOPY 9TO KHUTH TPY/THO
3a0bIThH JieTo 1968 1., Korjaa MbI BCe »Ka/IHO OXKUJIa/IM ITOCaeIHIX HoMepoB «Natures rie B «3Kc-
IIPECCHOM TTOPSIIKE» ITyOJIMKOBAJINCh CBEXKIE HOBOCTH C «ITyJIbcapHOro (pbponTas. [Ipexkie Bcero
BayKHO OBLIO IOJIYIUTH KaK MOXKHO OOJIbIe (PaKTHIECKOIo MaTepuasia 00 ITUX 3araJ0UHbIX
obbekTax. TeopeTnknu »Ke JIajieKO He cpa3y U JIaJIeKO He BCe OCMBICUIA 3TO siBJIEHHUE. Y TUBU-
TeJibHadA, IOYTH CTPOrasi, IePUOJANIHOCTh UMITYJIbCOB HEBOJILHO oOpaliaJja Ha ceds BHUMaHHUe.
[Ipexke Bcero mnopazkaja kpamrxocmbs STUX MEPUOJOB. Tak, HAIPUMED, EPUOJI Y TEPBOrO U3
OTKPBITBIX IyJIbcapos, noiayuunsiiero nassanue CP 1133!, okazasca paBubiM 1,337 ceKyH/IbI,
YTO MHOT'O MEHBIIIE TIePUOJIOB MY/ILCAIIUN I BPAIeHUd BCEX M3BECTHBIX TOTJIa B ACTPOHOMMH
KOCMUYECKUX O6"beKTOB. Cy,ZLH 110 TOMY, 9TO Ka)K,ZLbeI U3 UMIIYJIbCOB UMe€EJI B€CbMa KOPOTKYIO
JUTATEIbHOCTD (TIOPSIIKA HECKOJBKHUX COTHIX CEKYHJIBI BPEMEHH ), MOYKHO OBLIO TIPEJIIOIOKNTh,
YTO JIMHEHHbIE pa3Mepbl U3JIyvalonieil 00,1acT BeCbMa MaJIbl, BO BCIKOM CJIydae MEHbIIe COTOM
JIOJIA CBETOBO# CEKYHJIbI, T. €. HECKOJIbKO ThICAY KHUJIOMETPOB. Tak KaK HaOJII0IaeMblil TIepuo/I
Iy IbCApOB IJIABHO MEHSAJICA B Ipejesax OJTHON JeCATUTHICAYHON CBOEro 3HAYEHHWs B TeUEeHUe
rojia, cpasy e MOXKHO ObLIO CJeIaTh BBIBOJ, YTO IyJIbCapbl HAXOJIATCS JAJIEKO 3a IIPejieIaMu
Cosregnoit cucreMbl. B camMoM Jiefte, Takoe IIIaBHOE M3MEHEHHE IEPUOJa 3a I'0J HEIIPHHY K-
JEeHHO O6'b$ICHHeTC$I Op6I/ITaIIbeH\/I JABUZKEHNEM BQM.HI/I BOKDPYTI COJIHL[a N CBA3aHHBIM C 9TUM
nBuzkenneM dddexTom Jlomaepa, MEHSIONUM 3HAYCHHUE MTEPHOJIA B 3aBUCHMOCTU OT IIOJIOXKE-
HUs 3eMJId Ha CBoeil opOuTre.

XO0Ts KOOP/IMHATHI Y/ IbCAPOB OBLIM M3BECTHBI COBCEM HEILIOXO, Ha TIEPBBIX MOPAX ITY/IHCAPI
HeJIb3s OBLIO OTOXKJIECTBUTH HU C OJHUM W3 U3BECTHBIX KJIACCOB aCTPOHOMHYECKHX OOBEKTOB.
[Toxkastyii, mepBoe y1adHoe OTOXK IeCTB/IeHne ObLIO BbITOJIHEHO JeToM 1968 1. B ABcTpasmm. Ha-
XOJSAIIMIICS TaM OOJIBITION KPecTOOOPa3HbIil paIMOTe/IeCKOI, pabOTAIONINI Ha METPOBBIX BOJTHAX,
OKazaJICd eJIBa JIM He JIYYIINM B MUPE MHCTPYMEHTOM JIjIf IOMCKa HOBBIX ITysbcapoB. locta-
TOYHO CKa3aTh, YTO MOYTH TOJIOBHHA BCeX M3BeCTHBHIX K 1970 I. mysbcapoB Oblia OTKPBITA HA
9TOM PaJINOTEIECKOIIE, PACIIOJIOXKEHHOM B IIyCThIE HOW MeCTHOCTHU OK0J10 cejienusi Mostonrio. 13
BCEX OTKPBITBIX C TIOMOIIBIO 9TOTO PaMOTEIeCKOIa MyIbCapoB, TOXKAaJyil, HAMOOJIBIINIT WHTe-
pec npejicraBiisieT 00beKT, nosryunsimuii Hazpanue PSR 0833—45. Koopaunaret sToro mysibscapa
(a = gh33m & = —45°) 6/M3KKM K KOOPJIMHATAM OY€Hb WHTEPECHON TYMAHHOCTH, HAXOAIIEHC ST
B 10:kHOM cosBesjun [lapycos (Vela). Dra TyMaHHOCTH, UMEIOIIAsi YIJIOBbIE Pa3sMeEPbl OKOJIO
OJIHOTO T'pajlyca, siBJASgeTCd UCTOYHUKOM HETEILIOBOIO PaJIMOU3/IyUEHUs U IIPEJICTaB/IsgeT cobO0it

!Byksnr «CP» osHawaror «KemOpumxckuit myabcap», qucio «1133» o3HadmaeT, 9TO HPAMOe BOCXOXKICHIE
myJibcapa paBHo 11 yacam 33 MuHyTaM.
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OCTATOK BCIBIIKH cBepxHoBoit 38e3abll. Cam mynncap PSR 0833—45 naxoauTes B IIpejesiax
PaMOTyMaHHOCTHU, XOTs U HE COBIIAJIAET C €€ TIEHTPOM.

YIUBUTETHHON 0COOEHHOCTHIO TOTO IYIbCAPa ABJISETCS €ro UCKIIOYUTETHHO KOPOTKUIL I1e-
puoj, — Beero Jimib 0,089 cexynpt! [Touru mosroga ol 6bLT «IEMIHOHOM» CPEJIU BCEX U3BECT-
HBIX TOTJIa IIyJIbCAapOB, IIOKa B KOHIE 1968 I OH He YCTYIHUJI 9TO «IIOYETHOE 3BAHUE» JIPYTOMY,
erre 6oJlee MHTEPECHOMY OOBEKTY (CM. HIEKe).

OTkpbITHE TyJIbCapa B PAJIUOTYMAHHOCTU — OCTATKE BCIIBIIIKU CBEPXHOBOI — He IIPOU30-
10 ciryvaiino. Apcrpasuiickuii pajgmoactpornom Jlapmxk, pykosoausmiuii #Ha MosioHnrio pabo-
TOI IO TIOMCKaM HOBBIX ITYJILCAPOB, C CAMOT'O HavYaJsa MCXOJMJI U3 BO3MOXKHOCTU T'€HETHUIECKOM
CBSA3M MEXK/JIy IyJbCapaMu U BCIBIIIKAMHM CBEPXHOBBIX 3Be3/l. TymanHocTh B co3pe3juu [la-
DPYCOB SIBJIIETCS CAMBIM SIDKUM M B TO YK€ BPeMs JOCTATOYHO OJIM3KUM OCTATKOM BCIIBIIKH
CBEPXHOBOI Ha [0KHOM Hebe, MOITOMY BIIOJIHE €CTECTBEHHO, YTO BHUMAaHUE HCCJIe/I0BATEel
ObLIO CKOHIIEHTPUPOBAHO HA 9TOM MHTEPECHEUIeM 00beKTe.

W est cBs3m MezK/ Ty MyIbCcapaMi M OCTATKAMU BCIIBIIIIEK CBEPXHOBBIX 3BE3/T HAITIA HAnOoIee
s dekTHOE ToITBEpK IeHe B caMoM KoHIe 1968 1., Kor/ia ObLT 0OHAPYKEH, IMOXKAJIY, caMbIit
uHTepecHbIl mynbcap: B KpaboBuinoit TymannocTu.

4 nukora He 3a0y Ly CBOEroO OIIYIIEHN, KOT/Ia Y3HAJ 00 9TOM OTKPBITUH. .. U3 TeJIepOHHOTO
pasroBopa ¢ 3aMecTHTeeM JupeKTopa HarmmonagapHo pamoacTpOHOMIYECKO obcepBaTOpUH
CIHA jokropom XosapaoM. Pasrosop kacaJics jierajieii Moero npejcrosinero susura B CIITA
Ha 9Ty 00CepBaTOpPHUIO, U BIAPYT, 6e3 Mmepexo/ia, Takas OIIEJTOMIISIIoNIas HoBOCTh! f MHOTO J1er
3aHUMAJICA PA3IUIHBIME IIPOOIEMaMu, CBA3aHHbIMUA ¢ KpaboBUIHOM TYyMAHHOCTHIO — €JIBa, JIN
HE CaMBbIM 3aMevaTe/IbHbIM 00beKTOM Ha Hebe. I BoT — moxaJtyiicra: B JIONOJTHEHUE KO BCEM,
CBSI3aHHBIM C 9TOI TYMAHHOCTBIO «9dy/IecaMy, TaM HaXOJUTCS MyJIbcap, Ja elne Kakoii!

Bupouewm, kakoit 310 myJsibcap, cTajso scHO He cpaldy. OTKPBLIN MyIbcap JBa MOJIOJIBIX Pa-
nuoactponoma Cratiyima u Paiidencraiin. Oun oOHAPYKUIM UMITY/IbCHl PAINOW3ITY I€HUST, UC-
xojsrme u3 obactu KpaboBuiHON TyMaHHOCTH, HO IIEPUOJT ONIPEIEINTh ObLI0 Heb3st. Camoe
YJIUBUTETHLHOE 9TO TO, UTO AMEPUKAHCKHE PAIMOACTPOHOMBI YTBEPZK/ 1AM, UMesd Ha 9TO BCE OCHO-
BaHud, 4T0 B obstactu KpaboBuHoit TymMaHHOCTH OOHAPY2KEHO déa mysbcapa. Bor 3To yxKe He
ne3710 Hu B Kakue Bopota! Kak pa3 B 910 Bpems s 6611 B CIITA u, moMHIO, 3aK/TIOUNT TAPH C aMe-
pukanckuMu kKojuteramu. ¢l yreeprkian, aro B KpaboBuHOM TYMAHHOCTH MOXKET OBITH TOJIHKO
odun TyJbCap, a OHM, TIOCMENBasCh U yKa3blBas Ha 3allUCU UMITYJIbCOB, roopmim: aBa!l Cras-
Ka Obla «IPUHITUIHAJIbHA» . OJIMH J0JUIap MPOTUB OJHOTO pyburd... Ere He KOHYMIACH MOS
TpexHeienbHasd komanauposka B CIITA, kak Bce craso scHO. AMEPUKAHCKHIT PaJItoOacTPOHOM
Komesuta va ruranTckom pajmoresieckorie B [lyspro-Puko, nmamerp kotoporo 300 M, mokazaui,
4TO ero KoJuiern Ha HalmoHaJibHOI pajgnoacTpoOHOMUYECKO obcepBaTOpUu JAEHCTBUTEILHO 00-
HAPYKIWIN 08¢ TyIbCapa: OJINH C PEKOPIHO KOpoTKuM meprogoM 0,033 cekyH/IbI, & BTOPOil — ¢
PEKOPJHO JUIMHHBIM: 3,7 CeKyH/bI. dyTh M037Ke, OHAKO, YIaJI0Ch OKa3aTh, YTO KOPOTKO-TIEPH-
OJINYECKUl MyJIbcap HAXOJAUTCA B caMOM IeHTpe KpaOoBUIHONW TYyMAHHOCTH, MEXKJIy TeM KakK
JIOJITOIIEPUOJINIECK T HAXOIUTCs Ha paccroganu 1°,5 ot Hee. HarmoMuuM, 4T0 yriioBble pazMepbl
KpaboBu1Hoit TyMAaHHOCTH BCErO JIUIIL H MUHYT JYTd. 3aAMETUM €Ille, UTO CaMble PAaHHUE Ha-
OsmoieHns myJibcapa B KpaboBuIHON TyMaHHOCTH UMEJIU OY€Hb HUBKOE «YTIJIOBOE pa3peIeHues,
YTO He JIaJI0 BO3MOYKHOCTH TOYHO OIPEIEJUTH KOOP/IMHATHI BHOBb OOHAPYKEHHBIX ITYJIHCAPOB.
Wrak, moaronepuoudecKuii myabcap, XoTsd CPaBHATEILHO 1 0n30K K KpabosumHoit TyMaHHO-
CTH, OJIHAKO TeHETHUIECKHU C Heil He cBs3aH (cM. HmKe). MHe KaXKeTcst, 9TO s MMEIO Cepbe3HbIe
OCHOBAHUSA CHUTATDH, YTO MAPHU BBIMT'PAHO MHOIO, XOTS IIYJIbCAPOB OKA3aJI0Ch BCe-TaKM JiBa. 1 He
MOTEPSIJT eIlle HaJIeXK/ Ibl TIOJIYUYUTh CBOH JIOJIIap, KOTOPBIH, IIpaBia, ¢ TeX MOP yCIea 3aMETHO
IOJICTIIEBETD. ..

OrkpbiTHe myabcapa B KpabosumHoit TymanHocTH ¢ iepuogoM 1/30 ceKyH/IbI B 3HAUUTE b
HOI1 CTEIeHN TOMOTLJIO MTOHATH MPUPO/LY 3TUX 00beKTOB. CO BpeMeHU OTKPBITHS Y/ ILCAPOB TJIAB-

Mwmenno ot 3TorO TMyMBCapa GBIT0 O6HAPYKEHO raMMa-u3ayHdenne (cM. § 16).
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HBIM BOIIPOCOM OBLIO 00bICHEHNE UX YJMBUTE/ILHO CTPOroil rmepuogaunanoctu. Bekope crajio sic-
HO, 9TO y TEPBBIX «KEMOPHUKCKUX» IYJbCAPOB M3MEHEHUE MEPUOJOB COCTAB/ISCT BEJIUIUHY
Menbnryio, gem 1071 3a nepuosn! TosbKo Mydmme KBapIeBble 9achl IIAYT ¢ TAKAM yINBATEILHO
MTOCTOSTHHBIM XOJIOM.

KakoBo ke MpOMCXOXKIeHNe eCTECTBEHHOIO «TacOBOI0 MEXaHU3May, CBSI3aHHOTO C ITy/IhCa-
pamu? ACTPOHOMUHM M3BECTHBI JiBa TAKIX MEXaHM3Ma: a) MyJbcalius 38e371, 6) BpallleHne 3Be3/I.
PaccmorpumMm mnipexk;ie nepsbiii Mexanu3M. GeHOMEH ITyJIbCAIIMN 3Be3]] U3BECTEH YK€ MHOIO Jie-
caruneruit. B nanbosiee orueryinBoit hopme Takue mysbcaruu HabsogaoTea y neden. Cyrie-
CTBYET PsiJl SMIIUPUIECKUX 3aBUCUMOCTEMN, CBA3BIBAIONINX PA3IUIHBIE XaPAKTEPUCTUKHI 3BE3I.
Hanpunmep, 3aBUCHMOCTD «IIEPHOJL — CPEJIHSIs IIJIOTHOCTE» , UMetornas Bug P oc P~ /2, rne P —
nepuost, nedenibl, P — ee CpeJHdAsd IJIOTHOCTh. JTa (HOPMYyJIa HEIOCPEICTBEHHO CJCIYeT U3
OCHOBHOIT (hOPMYJIBI MagTHUKA, U3BECTHON KaXKJIOMYy MKOJIbHUKY: P = 2T/l/g, tne P — me-
puoJi MasdTHUKA, | — ero JiuHa, g — yCKOpeHue Cujbl Tsxkectu. [Ipumenum sty dbopmyny K
nmyJbcupyloleil 3esje. B aToM cilydae yckopenme cuibl Taxkectu g ~ GM/R? | ~ R, rae
M — wmacca 3Be3nbl, R — ee pajuyc, G — nocrosinHas TaroTerus. [lojcTapiss 3HadeHus: g u
[ B opmysly MagTHUKA, TTOJTYIUM

1/2
M

TaK KaK O9€BHU/IHO, 9YTO CpeJaHAd IIJIOTHOCTDb 3BE3/1bI

M
i

pN

Xapakrepuble i 1edeni IepuoJIbl Mmyabcaluii uaMepsiorcea jgauamu. V3 rnpusesiennoit ¢pop-
MyJIbl CJIEJLyeT, YTO UX CpeJHue IJIOTHOCTH OdeHb Majibl, P ~ 1077 r/cM®, T. e. B Thlcsaun pas
MEHBIIE IJIOTHOCTH BO3ayXa. JlelicTBuTeibHO, medenibl — 9TO 3Be3AbI-TUTaHThl BHICOKOH CBe-
THMOCTH C OIPOMHBIME pajuycamu porocdep. Cpasy CcTaHOBUTCS SCHBIM, UTO €CJIH O0ObSICHUTH
«9aCcOBOM MEXaHU3M» IIYJIbCAPOB 3BE3/IHBIMHE ITYTHCAITUAMU, TO COOTBETCTBYIOIIUE 3BE3IbI JIOJIK-
HbI OBITH OYeHb IIOTHBIME. 3 mpocToit hopmyisl P oc p~1/2 cpasy e ciemyer, 9T0 cpensis
IUVIOTHOCTH P JITA TAKUX 3Be3]T, JI0/KHA OBITh ~ 103—10% r / cv®. Ho MBI 3HaEM, 9TO TakHe Cpel-
HEE IJIOTHOCTH XapaKTepHbI Jist 6esbix Kapaukos (cm. § 10). Wrak, kazanoch Obl, beHOMEH
MyJI6CAPOB MOYKHO OObSICHUTDH IYJIbCAIIUSIMU OeJIBIX KapJuKoB. ¥YBbl! TouHBIE TeopeTmdyecKue
pacueTsl MMOKa3aJ/u, 9TO Iepuoj] cOOCTBEHHBIX KoJieOaHUl y OesbIX KapJIMKOB He MOXKEeT OBbITh
MEHBIIE HECKOJIBKUX ceKyHj. Mexy TeM B ciydae mysbcapa B KpaboBuiHON TyMaHHOCTH
HabJroiaemblii epuo mysbcaruit 1/30 cexynpl. [IpaBsa, ongaTb-Taku Mpy MOMOIIU TEOPETH-
YeCKUX YXUIIPEHNH, CBA3aHHBIX C JAJIEKO MJIyIell peBu3neil ypaBHEHHsI COCTOSHUs BEIeCTBa
OeJIbIX KapJuKOB U Mojie/ieit Oe/IbIX Kap/ImKOB, & TakKe ¢ yaeroM 3(hdeKToB obIeit Teopun
OTHOCHUTEJIbHOCTH, MOYKHO OBbLIIO Obl YMEHBIIUTH IPEAeIbHBIN TePUO/l UX IyJIbCalluil 10 3 ce-
kyH1. Ho BeJib 1 9Ta BetmunHa HenpueMmjieMo Benka. HeKoTopble TeOpeTHKY MbITAINCh BHIATH
U3 9TOr0 3aTPYIHUTEILHOTO TOJIOXKEHUs CJIeYIoNmM obpa3om. M3BecTHO, 4TO KOJIeOaHUs pe-
AJBLHOTO TeJsia (B HAIleM CJIydae — IyJIbCAIINE 3BE3JIbl) IPOUCXOAT He TOJIBKO Ha «OCHOBHOW»
qgacToTe (HaHpI/IMep, B HaIlleM CJIydae Ha J9acToTe, OIpeesasieMOil BUION3MEeHEHHONH (hOpPMYIIOif
MasITHUKA ), HO ¥ Ha BBICIINX MAPMOHUKAX 3TOil 4aCTOTHI, T. €. Ha 9acTOTaX, IPEBOCXOJISIIUX
OCHOBHYIO YaCTOTY B JIBa, B TPU M BooOIe B n pa3. B "acTHOCTH, B paMKax 9TOW T'UIOTE3bI
MOKHO OBLJIO CIUTATDH, YTO (PEHOMEH IYJILCAPOB €CTh IIPOSBJICHUE MYTHCAITUN OEJIbIX KAPJIUKOB
Ha OYeHb BBICOKOI rapmonuke. [Ipn 5ToM moTpeboBaioch HEMAJIO TEOPETUIECKUX YXHUIIPEHUIA,
YTOOBI «ITOAABUTH» I(M@PEKTHI, CBI3aHHBIE C MYIbCAIIUSIMI Ha Oojiee HUBKNX TapMOHUKaxX. Benb
OOBITHO TaKue IYJIbCAINN JOJIKHBI OBITH Topa3/10 O60/iee HHTEHCUBHBIMU. Bee ke HeJlerko ObLI0
[OHSTD, MOYEeMYy KaKO#-HUOY/Ib OeJIbIil Kap/inK KOJIeOJIeTcst moabko Ha MATOi rapMOHUKE. DTa
BeChbMa, UCKYCCTBEHHAas T€OPHUs IIPOCYIIECTBOBAIA OYEHDb HEJIOJTO — MbI O HEll YIIOMIUHAEM 3]/1eCh
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19. HEWTPOHHBLIE 3BE3/Ibl U OTKPBLITUE MYJ/ILCAPOB

TOJIBKO JIJIE TOTO, YTOOBI IaTh IIpEICTaB/IeHIe O Toi arMocdepe IMOUCKOB, B KOTOPOil IIpoTeKaJIa
TBOPYECKAd KU3Hb TCOPETUKOB, NBITAIOIINXCA OCMBICJIATL HOBOE 3araJl04HOe dABJICHUE. ..

B npunmume «4acoBoii MeXaHU3M», JEHCTBYIONIUN Y MYIbCapOB, MOXKHO OBLIO MOIBITATHCS
OOBbACHUTD ITYIbCAIUAMU HETUMPOHHBIT 36€30, KOTOPBIE TOT/Ia eIlle He ObLIN OOHAPYKEHbBI, XOTS
OYKBaJIbHO «KpHUIan» O cBoeM mpucyTcTBun. OIHAKO U3-3a 02KUJIAEMOI0 OTPOMHOI0 3HAYCHUST
UX cpeJiHeil IIOTHOCTH TIePUOJL X MyJIbCaInil JoKeH ObITh MenbIne 1073 ceKyHIp — BemdanHa,
CJIMIITKOM MaJlas JIUId IyJibcapoB. MTak, ¢heHoMeH 1y IibcapoB 0Ka3aa0Ch HEBO3MOXKHO 00bsICHIUTh
MYJIBCAITUAMU 3Be3/T KAKUX ObI TO HU OBLIO TUIIOB.

[Tocie Heymaun MONBITOK OODBICHEHHUS IYJIHCAPOB IYJIbCAIUSAMU 3BE3JI €CTECTBEHHO, YTO
BHUMAaHHE ACTPOHOMOB OBLIO COCPEIOTOYEHO Ha BO3MOXKHOCTH OObsICHEHHS ITOTO (hbeHOMEHa
spaujeruem KaKOro-HuOYIb KJIacca 3Be3/. DTOT MEXaHU3M IIPEJICTABJIAJICS JIOBOJIBHO MEPCIEK-
THUBHBIM, TaK KaK BpPaIlleHe MacCUBHOIO 3B€3/1000pa3HOr0 TEJIa, IOBEPXHOCTH KOTOPOT'O W31y va-
eT HepasHoOMePHO, BIIOJTHE MOXKET O0bACHUTD YJIUBUTEILHOE ITOCTOSHCTBO IIEPUOJIOB ITYIbCAPOB.
Ho 4gTo sT0 338 KOCMU4Yeckue Tejia, y KOTOPBIX IMEPUOJI BpaIlleHNs BOKPYT' OCH OKOJIO OJTHOM ce-
KYHJIBI U JIa’Ke B OTAeTbHBIX caydasax 1/30 cekynipi? CaMblii KODOTKUI M3 M3BECTHBIX TOT/IA
ACTPOHOMAM TIEPHO/IOB BpallleHust ObLJI HEMHOTO OOJIbIIe Yaca (9TO 3aTMEHHas! JIBOMHAsI CHCTeMa,
WZ Crpenbl, y KOTOPOit OpOUTAIBHBIN IEPUO/I, PABHBIN /I TECHBIX JBOWHBIX CHCTEM IIEPHO-
JIy BpaIlleHns BOKPYT och, paBeH 81 MHHyTQ)l. CoBepIleHHO 0YEeBUIHO, YTO CTOJIb KOPOTKHE
[IEPUOJIbI, KOTOPbIE HAOJIOMAIOTCI Y MYJIHCAPOB, MOI'YT OBITH TOJILKO IPH BpPAIEHUN KOCMUYe-
CKUX OOBEKTOB OY€Hb MAJbIX (II0 CPABHEHUIO ¢ «OOBIYHBIMU» 3Be3jamu) pa3mepos. C Ipyroi
CTOPOHDI, CYIICCTBYET IIPEJCs JJid YIVIOBOM CKOPOCTU BPAICHUA, OIPECJAAEMbId PABEHCTBOM
HEHTPOCTPEMUTENBHON CUJIBI, JIEUCTBYIONIEH Ha KaKJbIA 3JIEMEHT 3BE3JIbl, CUJIE€ I'DABUTAIIAOH-
HOTO TPUTSI?KEHNsT 9TOTO IJIEMEHTa K IEHTPY 3BEe3JIbl. SAININEM 9TO yCJIOBHE MATEMATHICCKIH:

2
v _gep o GM (19.3)
R R
rje v — 9KBATOpHAJIbHAS CKOPOCTh Bpamiarolieiics 38e3/pl, () = 2T/ P — yrioBasi CKOPOCTb,
M u R, Kak u paHbllle, 03Ha9aI0T Maccy U pajuyc 3e3jbl. Ecim Q2R ~ GM/R?, o 3Be3/a,
[IpeJIBAPUTENHHO CILIIONIUBIINCH B JIMCK, Oy/leT pasopBaHa Ha Kycku. V3 sToit dpopmysibl ciie-
JlyeT, 9TO MUHUMAaJbHBIN IepuoJ| BpalleHus y Oe/lbIX KapJMKoB, Macca KOTopbix M ~ 1Mq),
a R ~ 1000 kM, 6yger Toibko ~ 10 cekyna®. 3HauUnT, Iyabcapbl HEJlb3d O0bLACHUTL OBICTPO
BPAIAIONTUMUCS OEJIBIMI KaPJIUKAMHU.

[Toxkautyit, cTOUT elre ynoMsiHyTh 00 OJIHOI BBIJIBUHYTON B TO BpEMs I'MITOTE3€, IIbITaBIIeHCs
OOBSACHUTH IMYJILCAPBI KAK OYeHb TECHBIE JIBOWHbBIE CUCTEMBI, KaxK/iasd U3 KOMIIOHEHT KOTOPBIX
[peJICTaB/IgeT OYeHb MaJIEHbKYIO, BeCbMa IJIOTHYIO 3Be3104KYy. [Ipu 3ToM ObLI10 MTOKa3aHo, 4To
ecm 00e KOMIIOHEHTBI — OeJible KapJIUKHU, MMOYTH COIPUKACAIONINECT JIPYT C APYTOM, TO MUHU-
MaJIbHBIN TIepuo/1 Jo2keH ObITh 1,7 cekynyipl. Ho Beb MOXKHO MPEJIIIO/I0KUTh, YTO KOMIIOHEH-
TaMU TAKOH JIBOMHON CUCTEMBI SIBJAIOTCs elie 6ojiee KOMIAKTHBIE, YeM Oesible KapJuKu, Heii-
TpoHHBbIE 3Be3/1bl. OHAKO 1 TaKas ruroresa He npoxogaut! Cucrema, cocTodmnas u3 JIByX OYeHb
OJIM3KUX HEATPOHHBIX 3Be3/I, OY/IeT C OIPOMHOIN MOIIHOCTBIO U3JIyUIaATh 2PA6UMAUUOHHBIE BONHDL
(cm. § 24). U3-3a norepu SHEPruu CBSI3aHHBIE ¢ STUM U3/IyYEHUEM HEHTPOHHBIE 3BE3/IbI Uepes3
KaK#ne-H1OY/Ib HECKOJIBKO JIeT YIIaJyT JPYT Ha Jpyra U CKOJLIAICUPYIOT. Jlo 9TOro mx mepuoj,
0 Mepe COJIMKEHUS KOMIIOHEHT, OYJET JIOBOJIbHO OBICTPO YMEHLUWAMBCHA, ITO PE3KO TTPOTUBO-
peunt HabMIOMeHUAM (cM. HuKe). HakoHer, crouT yrnoMsiHyTh emle 00 OJHON OpUIMHATILHON
ujiee, oOCYXKJIABIIENCS B TO BpeMs. DTa UJes IMPEJICTABISET cOOON MOINMUKAIIIO IIPEJIbITY-
meit, ¢ Toi pasHuIeil, YTo JBOIHAs CHCTeMa IpecTaBisgeT coOOoil IIaHeTy MaJioil Macchl, 00-
paraomielicd 1Mo o4eHb MaJIeHbKO#l opbuTe BOKPYT HEMTpPOHHOI 3Be3jibl. Takas cucrema, Kak

'B Hacrositee BpeMst (1983 r.) caMbIM KOPOTKUM M3 M3BECTHBIX OPOUTAJBLHBIX MEPUOIOB 00JIAIAET 3Be3/a
15™ AM Tonuux Ilcos (1051,2 cekyumpt uiam 17,5 MuHYyTHI).

2Tlepronbl BpAIEHUST HEKOTOPBIX OBIBIIAX HOBBIX — KOMIIOHEHT TECHBIX KAPJHKOBBIX CHCTEM — IOPSIIKA
JIeCSITKOB U COTeH CeKyH[ (cM. § 14).
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19. HEWTPOHHBLIE 3BE3/Ibl U OTKPBLITUE MYJ/ILCAPOB

OKa3bIBAETCs, MOYTH HE OYJIET U3/IyUaTh IPABUTAIIMOHHBIC BOJHBI U B 9TOM CMBICJIE OHA Oyer
BrIOJTHE ycToianBoii. «Cob/ta3Hy» BBECTH ILJIAHETY, OOPAIAIONTYOCS BOKPYT 3BE3/IbI B IIpeesiax
ee MarauTocdepsl, ObLI, B YaCTHOCTH, BbI3BAH MHTEPECHBIM (peHoMeHOM B Harmeil CotHedHOi
cucreme. Crnyrauk FOnurepa Mo, obpamaromuiicss BOKpyT caMoii 6osbmoit mianersl CostHed-
HOI CHCTEeMbI KaK pa3 B IIpejesiax ee MarHuTocephl, CUJIbHEAIINM 06pa30M BJIMIET Ha MOIIHOE
pajuonsiaydenne FOmurepa, B KOTOPOM HAOJIIOAAETCS MEPUOIUIHOCTD, IPUYEM IIEPHOJ, COBIIa-
Jaet ¢ nepuojiom obparenust NMo. Xora sta ujed g 00bsICHEHUS ITY/IHCAPOB, HECOMHEHHO,
ObLa cBeXKeil M MHTEPEeCHOi, ObICTPO ObliIa ITOKa3aHa €€ HeCOCTOSTEIbHOCTD: I'PaBUTAIIMOHHBIE
[IPUJINBHBIE CUJIBI HEHTPOHHO 3Be3/1bI PA30PBAJIM ObI Ha KYCKHU TaKyIo OJIM3KYIO TIaHeTY 0100~
HO TOMY, KaK, IIO-BHIUMOMY, OblIa pa3opBaHa IJIaHeTa, JaBIIasd HAJa 0 JaCTHIKaM, KOTOPbIE
ceityac HabJIOIAIOTCS Kak KoJibila CarypHa.

Wrak, Ob11r repeOpaHbl BCe BO3MOXKHOCTHU, KPOME 00HOT: «IaCOBOM MEXaHU3M» IYJIHCAPOB
O0BSICHAETCS OCEBBIM BPAICHUEM HeUMmpoHHnr 36e30. JIpyruMu cjaoBamMu, Iyabcapbl — 39TO
OYeHb OBICTPO 6PAWAIOULUECHA HETMPOHHDIE 36€30DL.
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§ 20. IIV/IbCAPBI 1 TYMAHHOCTHU — OCTATKM BCIIBIIIEK CBEPXHOBBIX
3BE3/1

CobcTBEeHHO TOBOPSI, BBIBOJ, O TOM, UTO IIYJbCapbl — 9TO OBICTPO Bpalmaionuecs HeATpOH-
Hbl€ 3B€3/Ibl, OTHIO/b He ABUJICS HEOXKUIAHHOCTHIO. MOXKHO CKa3aTh, YTO €ro MOJIIOTOBUIIO BCE
pa3BUTHE acTPOMU3UKY 3a IIPEIIIeCTBYIONee OTKPBITUIO ITyIbcapoB jecaTtuierne. K 1967 r. act-
POHOMBI y?Ke HE COMHEBAJIUCH B TOM, YTO B PE3y/bTaTe BCIBIIIKNA CBEPXHOBON 3BE3/bI MOXKET
obpaszoBaThCst HefTpoHHasI 3Be3/1a. Bosee Toro, psim pakToB, JTOOBITHIX U3 IPOCTOrO AHAIU3A
pe3yJIbTaTOB HAOJIIOIEHNI, IPSAMO YKa3bIBaJl Ha Takoil mporecc. B Tperbeit yacTu 3T0i KHUTH
MBI MHOTO roBopwin 0 KpaboBuiHoit TyMaHHOCTHU, 9TON HOJJIMHHON J1a00pATOPUU COBPEMEH-
Hoit acrpoduszuku. B gacrHOCTH, Tam 0Opallajgoch BHUMaHUE HA TO, UTO <IIPEJIOCTABJ/IEHHAS
camoii cebe» 3Ta TyMaHHOCTDb IepecTasia Obl CBETUTHCS B TeUeHUE KAKON-HUOY/b COTHU JIET,
MezKJIy TeM KaK OHa B JeiicTBuTessbHOCTH cymiecTByeT okosio 1000 srer. Kak y»ke roBopmiocs,
npudnHa cBedeHuss KpaboBuHO# TyMaHHOCTH — TOPMOXKEHHUE 3aKJIIOYEHHBIX B HEll pesIsdTu-
BUCTCKUX 9JIEKTPOHOB B MarHUTHOM I10Jie TyMaHHOCTHU. TOT mpocToit ¢pakT, ITo, HECMOTPSA Ha
9TO, TYMaHHOCTb BCe-TaKU M3/Iy9aeT B ONTUYECKOil 00JIacTH CIeKTpa MHOTI'HE COTHHU JIET, MOT
03HAYATDh TOJILKO OJIHO: B HEl MMeeTCsl TIOCTOSTHHO PabOTAIONINN UCTOUYHUK «HAKAYKHY PEJIATU-
BUCTCKUX 3JIEKTPOHOB. lIpsiMble HAOJIIO/IEHNsT IBHO YKA3bIBAJIM Ha MECTO STOI'0 UCTOUYHUKA —
B camoM 1eHTpe KpaboBHIHON TYMAHHOCTH, OKOJIO CJIaboit 3Be3/109Ku 16-if BeJTMIUHDBI, KOTO-
PYIO OJMH M3 Beaudaiiiux acTpoHoMoB-Habogaresaeii XX Beka Basibrep Baajsie naTynTuBHO
CYNTAJl ONTHYECKUM OCTATKOM B3OpBaBIielicd B Hadasge uiojsd 1054 1. 3Be3abl. Tor xe Baa-
Jie OOHAPYKUJT YJIMBUTETbHYIO U3MEHUYUBOCTD TYMaHHOCTU B MaJION 00J1acTH, HEITOCPEICTBEHHO
PUMBIKAIOMIE K 9Toi 3Be31049Kke. OO 3TOM yKe 1uta peub B § 17. Cornmacno n3mepenusm baa-
Jle CKOPOCTh M3MEHEHHs OTJEJbHBIX «KIyToB» TymanHoctu gocruraia 30 000 km/c, T. e. 1/10
CKOPOCTH CBeTa. DTO SBHO YKa3bIBAJIO, UTO IPOIECCHI, BHI3BIBAIOIINE 3TU U3MEHEHUs, CBA3aHbI
¢ BbIOpaChIBAHUEM U3 KAKOW-TO MaJIoit 06/1acTi OrPOMHOIO KOJTMYecTBa ObICTPBIX YacTuil. Hako-
HEIl, PaJIM0ACTPOHOMIYECKUE HAOJIIO/ICHNS, BBIIOJTHEHHbIE aHJIMACKUMEI UCCIEIOBATE/ISIMI BO
BpeMs TOKpbITHa KpabosuHoit TymanHocTu JIyHOM, HETOCpPeCTBEHHO TPUBEIN K OTKPBITHIO
OYeHb MAaJIOro UCTOYHUKA (yTyIoBble pasmepbl 0koJio 0”.5), pacroiokeHHOro B ee meHTpe (cM. §
17). Temepb-TOo MBI 3HAEM, UTO ITOT MAJEHbKUIl UCTOYHUK DPAIUOMIIYICHUS U €CNG NYALCAD,
OTKPBITBII TOJILKO CIIYCTsI YeThIPE I'0/Ia ITOCJIe TOr0 KaK ero 0OOHaPYKU/IH BO BpEeMsi HAOJTIOCHII
nokpeiTug Kpabosuanoit tymannoctu JIynoit. Ero konednbie, XoTs 1 O4eHb MaJleHbKUE yTJI0-
BbI€ Pa3Mephl He ABJIAIOTCH «UCTUHHBIMEUY . OHU OOYCJIOBJIEHBI PACCETHUEM PAJIMOU3TYYEHUA OT
[IOYTH «TOYEYHOTO» MCTOYHMKA. B mcTropmm HayKm ObLIO MHOTO CIydaeB, KOTJa 3aJI0Jr0 JI0
TOr0, KaK OTKPBITHE OBLIO CIEJIaHO, er0 «BHUIeIN», HO He MOoHsIu. Mbl yOeauMces Jajbliie, 9To
nyabcap B KpaboBuaHoit TyMaHHOCTH acTPOHOMBI HAOJIIOIAIN 110 KpaifHeil Mepe COTHIO JIeT, He
[OJI03peBasi, 9TO ITO Takoe!

Bepnemcs, ognako, kK myibcapaM. /la, ux oTKpbITHEe OyKBaJbHO «CTYYaJIOCh B JIBEPU» aCT-
poHomuu. B TeopeTndeckoMm I1aHe MMOYTHU BILIOTHYIO K OTKPBITHIO ITyJibcapa B KpaboBuaHoit Ty-
ManHocTu tojontiu [uymuarron u, ocobernno, H. C. Kapaames B 1964 r. Kapgaies 1o cesrad,
HCCaeays TPYAHYIO IpoOIeMy IIPOUCXOXKIEHNA MarHUTHOrO 1ot KpaboBuaHoil TyMaHHOCTH.
B § 17 mbI y2Ke oOpatnam BHUMaHUE, 9TO 9TO MOJI€ OTJINIAETCS YINBATEIHLHON PEry/IsipHOCTBIO.
OHO OTHIO/IH HE TIPEJICTABISIET CODOI KJIIYDOK OECIIOPsITIOTHO HAMOTaAHHBIX MATHUTHBIX CHJTOBBIX
JIMHUM, KaK 3TO, Ka3aJ0Ch Obl, MOXKHO OBLIO OKKJAaTh. KpomMe TOro, 3To 1moJje camo 1o cebe J10-
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20. IIVIBCAPBI U TYMAHHOCTU — OCTATKU BCIIBIIIIEK CBEPXHOBBIX 3BE3/]

CTATOYHO BEJIMKO U IPE3BBIYANHO MEJJIEHHO CIAJIAeT OT IEHTPa TYMAHHOCTHU K ee rnepudepui.
s obbsicHeHUs yIMBUTETBHBIX 0COOEHHOCTEN MarHUTHOrO mojigd KpaboBuiHON TyMaHHOCTH
H. C. Kapgames mpeioxKuii CaeayIomnyio MpocTyIo U U3IIHYI0 MoJe/ih. B pe3yibrare BCIbII-
KU CBEPXHOBOI1 3B€3/Ibl €e BHYTPEHHUE YacTU KaTacTPOMUIECKH CKUMAIOTCS (KOJUIAIICUPYIOT).
XOoTs pasMephl 3Be3/bl YMEHBINAIOTCS B COTHIO ThICAY Pa3, JIBe BayKHbIE BEJIMYUHBI JIOJIZKHBI
COXPaHUTh HEM3MEHHOe (Ui, TOUHee, MOUTH Hen3MEeHHOe) 3HAUEHHEe. DTO, BO-TIEPBBIX, MOMEHT
KOJIMYECTBA JIBUYKEHUS, U BO-BTOPBIX, MArHUTHBIN TOTOK. MOMEHT KOJIMYeCTBa JIBUKEHUS JIIO-
60ro KOCMII€eCKOro Tejla MOXKHO OIPEeJIeTNTh KaK IIPON3BeIeHNe SKBATOPHAIBHON CKOPOCTH €ro
0CEBOT'0 BpAIlleHNs Ha €ero Maccy U Ha PaJInyc:

K =uMR. (20.1)

3akoH coXpaHeHUs MOMEHTa KOJUYIECTBa JIBUKEHUsI IIPHU JIIOOBIX MPOIECCax, MPOUCXOIANINX B
duznIecKOM Tesle, eCTh OJUH U3 OCHOBHBIX 3aKOHOB MEXaHWKHU. BbIie, mpasjia, Mbl CeIa/In
OTOBOPKY, UTO MOMEHT KOJINYECTBa, JBUKEHHS «IIOUTU COXPAHAETCsy». dTo 970 03Ha4YaeTr? DTO
O3Ha4aeT TOJIBKO TO, YTO YaCTh BEIEeCTBa B30pBaBIIleiics 3Be3/Ibl BMECTE ¢ HEKOTOPON YacTbhiO
[I€EPBOHAYAJILHOTO MOMEHTa KOJIMYECTBA JIBUKEHUS BBIOPACHIBAETCA HAPYkKY, B MEK3BE3/IHOE
npocTpancTBO. Bee ke cyinecTBennas, ecjin He O0JIbIIasi 9acTh IEPBOHAYAIHLHOTO «BpAIaTE b
HOT'O MOMEHTa» 3Be3/Ibl COXpaHgeTcd. B mporecce KaTtacTpouIeckoro c:KaTusi 3Be3/Ibl ee Mac-
ca (3a BbIYETOM BBIODOIIEHHOI BO BpeMsl B3pbIBa 9acTu) He MeHseTcs. Pajyc ke, KaK yiKe
FOBOPUJIOCH, YMEHBINAETCS B COTHIO Thicad pa3. (CJie/1oBaTeIbHO, U3 YCJIOBUS COXPAHEHUST MO-
MeHTa KOJIMYECTBa JIBUKEHUS CJIE/IyeT, UTO IKBATOPHUAJIbHAS CKOPOCTH CXKUMAIOIIEHCS 3BE3IbI
JIOJIZKHA, YGEAUHUMBCA BO CTOJIBKO pa3, BO CKOJIBKO YMEHBITHICA ee pajanyc. Ha Konedrnoii cra-
JIMHA CXKaTHs, KOrJla oOpasyeTcs HeHTPOHHAas 3Be3/a, ee YKBATOPUAIbHAsS CKOPOCTH BpaIleHUs
MOXKEeT OBITh OI'POMHOI, Jtaxke OmM3Koi K ckopoctu cBera! Henminne mogdepKHyTh, 9TO €CJIH
[epBOHAYAJIbHASI CKOPOCTH BPAIEHHsI 3Be3bI (/10 B3pbIBA) ObLIa CPABHUTEIBHO BEJIUKA U €CJIN
Macca BBIOPOIIEHHOTO BO BpPeMsl B3PBIBA BEIECTBa, Obla CPABHUTEIBHO HEOOJBINON (9TO CBs-
3aHO ¢ HeGOJIBINOI TToTepeii TePBOHAYAIBHOTO BPAIIATEIBHOIO MOMEHTA! ), TO 3aJ10JI10 JI0 TOTO,
KaK KOJIJIAIICUPYIOIIas 3Be3/a CTaHeT HEeHTPOHHOI, ee cxKaThe OCTAaHOBUT IEHTpoOeKHas CUIa,
KOTOpasi CPaBHSAETCS ¢ CUJION C;KUMAIOIIEro 3Be3/1y I'PABUTAIIMOHHOIO IPUTAXKEHUA. DTO 00CTO-
ATETHCTBO, KOHETHO, HAKJIAJIBIBAET BaXKHbIE OIPAHUIEHUs Ha CAM ITPOIECC B3PHIBA CBEPXHOBOI.

Nrak, nepBonavabHas KBaTOpUaIbHAsI CKOPOCTH <«TOJILKO UTO» OOpa3oBaBIIeEiicsa B pe-
3yJIbTaTe T'PABUTAIMOHHOIO KOJLJIAICA 3BE3JIbI JIOKHA ObITh OorpoMHoit. C JApyroit CTOPOHHI,
9Ta CKOPOCTH CBA3aHA € IEPUOJIOM BpAIEeHUsT OIeBUIHON (hopMytoit

vP = 2R, (20.2)

OTKY/Ia

2TR
P="—xR? (20.3)

v
Tak Kak v < 1/R. Orcrofa ciiejiyer, HalpuMep, 9To eCJId B IPOIecce KaTacTpohuIecKoro cxKa-
TUS PAJNYC 3Be3/1bI yMeHbIncd, ckaxkeMm, B 100 000 pa3, To nepmno/i ee BpamieHus yMeHbIUICI
B 10 Muwumapaos pas! Hamnpumep, eciiu 661 name CoJiniie, KOTOpoe 09eHb MeJJICHHO BPaIlaeTCs
BOKPYT CBO€I OCH C IIEPUOIO0M OKOJIO 27 CYTOK, BJPYT IIPEBPATUIOCH Obl B HEHTPOHHYIO 3BE31Y,
TO TIEPUOJT, BPAIleHNs OC/IeIHEl ObLT ObI OKOJIO OJTHOM JTeCATUTBICAIHON JT0/IU CeKyH/IbI!

Taxum 0O6pa3oM, U3 IPOCTOTO 3aKOHA MEXAHUKU CJIEIYET, YTO HEHTPOHHBIE 3BE3bI JTOI2KHbI
0YeHb OBICTPO Bpariarbesd. To, 9To OXKujJaeMble Iepuo/ibl HEHTPOHHBIX 3BE3] 3HAUUTEIBHO KO-
pote Hab/II0IaeMbIX ITEPHUO/IOB IIY/ILCAPOB, HE JOJXKHO HAC CMYIIaTh: 00bsiCHEHIE 3TOMY Oy1eT
JaHO HUXKE.

CToJ1b 2Ke eCTeCTBEHHO I10JIy4YaeTcsI, YTO 00pa30BaBIIHeCcs BCJISJICTBUE KOJLIAIICa HEHTPOH-
HBIE 3BE3/IbI JI0JIZKHBI OBITH CUJIBHO HAMATHIYEHBI. DTO — IIPSIMOE CJIEICTBHE 3aKOHA COXPAHEHUSI
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Podin- . -
GMCCUS .

\

Puc. 20.1. Mogennb mynabcapa o Tosy.

MarHUTHOI'O [OTOKA, KOTOPBIH MOYKHO 3aIlCaTh CJIeAyIomuM obpa3oM (cM. Takzke § 16):
HR? = const, (20.4)

OTKY/Ia CJIEJIYET, UTO IPHU CXKATHH 3BE3/Ibl MAIHUTHOE I10JIe Ha €€ MOBEPXHOCTU MeHseTCs o0paT-
HO IPOTIOPIMOHAIBHO KBaJIpary pajanyca. CaM 3aKOH COXpaHEHUsI MAarHUTHOI'O IOTOKA IOIIPO-
CTY O3HAYaeT «HEYHUITOKAEMOCTb» MATI'HUTHBIX CHUJIOBBIX JIMHUI, IPOYHO <IIPUBA3AHHBIX» K
IIPOBOJIAIIEMY 3JIEKTPUYIECTBO BEIECTBY CKUMAaroIeiics: 38e3/1bl. [locMoTpuM Tenepsb, K uemy
NPUBOJIUT STOT 3akKoH. JlomycTum, 9TO JI0 B3pbIBA MArHUTHOE I10JI€ Ha TOBEPXHOCTH 3BE3IbI
OBLIO OYeHb cj1aboe, HalpuMep, ObLIO OJIM3KO K OJJHOMY 3pcTey. Takoe 1ose, HallpuMep, uMe-
eTcsl Ha MOBEPXHOCTU 3emin. Toraa oKasblBaeTCsd, 9T0 MarHUTHOE 110J1e 00pa30BaBIIIeiics OcIe
I'PaBUTAIIMOHHOIO CXKATUsI HEHTPOHHOI 3B€3/1bI OY/IEeT UMETh OIPOMHOE 3HAYUEHHE B JIECATH MUJI-
mmapoB spceren! Hudero moxoxkero Hu B 0jHON (busmtieckoil 1abopaTopun Mupa HUKOTJIA He
oty 4asioch. OQU3uKM yMEIOT CO3/IaBaTh B OIPAHUYEHHON 001aCTH HAa KOPOTKOE BPeMsl, UCIUC/Is-
eMoe MUKPOCEKYHJIaMW, MarHUTHBIE TIOJIsT HAITPSAKEHHOCTHIO B HECKOJIBKO MUJLTMOHOB SPCTE/I.
Takne MarHuTHBIE TIOJIs1, KaKHE CJIeIyeT 0XKIJIAaTh Ha HEHTPOHHBIX 3Be3/1aX, UM, KaK TOBOPHUTCS,
U HE CHUJIUCH...

[To meresim H. C. Kapgamesa peryssiproe marauTHoe mosie B KpaboBumHO#t TyMaHHOCTH
€CThb CJIEJICTBUE «3aKPyUINBaHUA» IO HEUTPOHHON 3BE3/bI B OKPYZKAIOIIEN ee TIa3Me, 3a10/1-
HAOIIE! HEKOTOPBIA BpalllaloIIUuicd JIUCK, UMEIOINUN MArHUTHYIO CBA3b C KOJLJIAICUPYIOIIEH
3Be3noit. Pacuersr, Beimosinennsie H. C. KapapamesbiM, mokasasn, 94To 3a BpeMs >kus3au Kpabo-
BUJIHOM TYMAHHOCTHU TAKMM CIIOCOOOM MOTJIO «HAMOTATBLCH» I10JI€ HYKHOI BEJTMYNHBI.

Pabora H. C. Kapmammesa Oblia HallesleHa He CTOJBKO Ha IPEJICKA3aHNE YINBUTETbHBIX
CBOMCTB 00PA3YIONMMXCS ITPU BCIBIIKAX CBEPXHOBBIX HEHTPOHHBIX 3BE3/I, CKOJILKO Ha 00bsiCHE-
HUS «KBa3UPEryJasipHOro» MarunuTHoro 1ojsi Kpabosuanoit Tymannoctu. Bee ke B Heil coBep-
IIIEHHO Y€TKO MOIEPKUBAJIUCH JTBA OCHOBHBIX CBOICTBA OOPA3YIOMIUXCs MIPU IPABUTAIIMOHHOM
KOJLJIAIICE HEHTPOHHBIX 3BE3JI: a) OIPOMHAsl CKOPOCTh OCEBOIO BpAIEHUs, 0) UCKJIIOUUTETHHO
GoJIbINas BeJIMYMHA HAMPSKEHHOCTH WX MATHUTHOrO moJis. B mosiBubmeiica B 1967 1. (T. e.
IPUMEPHO 3a Tojl JI0 IyOmKaluy nepBoii paboTbl 06 OTKPBITHU I1yJILCAPOB) paboTe UTaJIbsIH-
ckoro actponoma @. [launnu Takzke ObLIO OOpaIlleHO BHUMAaHUE Ha STU JIBa OCHOBHBIX CBOIi-
CTBa HEHTPOHHBIX 3Be311. B 3T0it paboTe NTAIbAHCKHI HCCIeI0BaTE/Ib CIe/Ial BaXKHbII aKIeHT
Ha TOT MPOCTO#l (paKT, 9TO KUHETHYECKAsT SHEPIUd BpaIalolNieiicss HeMTPOHHOM 3Be3/1bl Oy1eT
[IEPEXOJIUTH B JIEKTPOMATHUTHYIO SHEPIUIO M 110 ITON NMPUYMHE ee NepUoj BpalleHusd OyjieT
HenpepbIBHO pacmu. [1o cylecTBy, TO 2Ke IIpejickazaHue O HEeIPEPBIBHOM MOTepe KUHETUIECKO
SHEPIUU BpallleHns HelTpoHHO# 3Be3/bl caenas u H. C. Kapjames Tpems rogamMu paHblIIe.
Benp sneprust marauraoro mosst KpaboBuaHoit TYMAHHOCTH IO €r0 KOHIEIIIMH YepIIaeTCs 3a
CYeT KUHETUYECKOH 9Hepruu BpallleHud HeMTPOHHON 3B€3/1bl, KOTOpas 110 9TON HPUYUHE J0JI2KHA
TOPMO3UTHCA. 3acayra [ladnnam, oiHaKO, COCTOUT B TOM, 9TO OH Ty MPOCTYIO MJIEI0 BBICKA3AJ
B YETKOI 1 SICHOI (hopme. DTO ToKe nMeeT HOJIBINOe 3HAYEHe B NCTOPUU HayKn!
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[Toxkastyii, epBbIil yUIeHbIH, CKA3aBIIUN, 9TO TOJBHKO UTO OTKPBITHIE Y/ IbCAPhl — ITO ObICT-
PO Bparmarolecs: HeTPOHHbIE 3Be3Ibl, ObLI M3BECTHBIN amepukaHckuii acrporom T. T'os.
Nmenno emy mpuHAJICKUT IPOCTas MOJIE/b MYJIbCAapa, CXeMaTHICCKU N300parKeHHas Ha, PUC.
20.1. s sToit Mojiesin CyIIEeCTBEHHO, YTO MArHUTHAsA OCh HEMTPOHHON 3BE3JIbI, OJIHOBPEMEH-
HO sIBJISIOIIASICS OChbIO KOHYCa, B IIPeJiesiax KOTOPOTo M0 HEKOTOPBIM IPUIHHAM COCPEI0TOIEHO
MOIITHOE PAINOU3JIyUeHne, He COBIIAJAeT ¢ ee ocbio BpareHus. [lo sroit npuunne npu «bjaro-
HPUSITHOM» IIOJIOXKEHUN HAOJIFOaTe s 110 OTHOIIEHNIO K Bpallaoleiics HeiTpoHHO# 3Be3/1e OH
OyJeT NPpUHUMATL OT TOW 3BE3JIbI PAIMOUMITYILCHI, Pa3J/ie/ICHHbIC OJUHAKOBHIMU HWHTEpPBAJIA-
Mu Bpemenu. [louru onHoBpemenno ¢ ['ojyiom Takoe ke oO0bsicHeHne (peHoMeHa My IbCAPOB J1aJl
u [Taqunu, KOTOPBIH BIOJIHE YK€ MOT CCHLIATbCS HA CBOIO YIOMSIHYTYIO BBIIIE TEOPETHIECKYTIO
paboTy, oryOJIMKOBaHHYIO JI0 OTKPBITHS IIyJIbCapoB. B 910l pabore, KaK Mbl BUJEIN, COAEPAKHUT-
¢ BayKHOE TEOPETHYECKOe IpeJICKa3anue, YTO MEePUObl BPAIIEHNs Y BCEX HEHTPOHHBIX 3BE3/I
JIOJIKHBI €O BpeMeHeM pacmu. O4deHb CKOPO IyTeM MPSIMbIX HAOJIOIeHn Oblia MoKa3aHa CIipa-
BEJIJTUBOCTH 9TOro nporuosa. Hampumep, B Hadasie 1969 r. ¢ TOMOIIBIO TUTAHTCKOTO paInoTe/ 1e-
ckomna Ilyspro-Puko amepukanckue pajgnoactponoMbl Praapiae n Komerra namnum, 1To mepnos
nysbcapa KpaboBuIHoit TYMAHHOCTH PEryJsipHO pacTeT Ha 36 HAHOCEKYH/I B JIEHb (HAHOCEKYH-
Jla — OJTHA MUJIJIMAP/IHAST 9aCTh CEKYH/JIbI). Y JAPYTUX MIYJIhCAPOB TAKKEe BCKOPE ObLIO U3MEPEHO
HEIPEPBIBHOE YBEJUYEHUE ITEPUOJIOB, TIPaB/ia, 3HAYUTETLHO MeHbIe. MoXKHO clipocuTh, a Kak
BOODIIE MOXKHO M3MEPHUTh CTOJIb HUYTOMKHBIE 110 CBOEH BeqndnHe m3MeHeHus mepnogoB? OT-
BET Ha 9TOT BOIIPOC IIPOCT: €CJIU Obl MEePHUOJl MMyJIbcaliuii ObLI BEJIMIUHON CTPOro MOCTOSIHHOIA,
TO MOXKHO OBbLIIO ObI Ha OOJIBINON CPOK BIIepe]] IpejicKas3arh TouHyio ¢azy. Hampumep, mpe-
CKa3aTbh, YTO TOYHO Yepe3 T'oJl, T. €. Yepe3 TPUJIATh OJMH MUJIJIUOH IIECTbCOT ThICAY CEKYH/T
y JIAHHOTO TIyJIbcapa Oy/aeT HabJII01aThCs UMITY/IbC pajauon3 tyderus. CpaBHeHIe MOMEHTOB pe-
AJIbHBIX HAOJIIOJIEHUI MMITYJIHCOB U TIPEJICKA3aHHDBIX B IIPEJIIIOJIO?KEHIH O IIOCTOSHCTBE ITEPUOJIOB
ITO3BOJISIET C OIPOMHOIl TOYHOCTBIO ONPEIETUTh MaJIble M3MEHEHUsI [TEPUOJIOB IYIbCAapOB. JTa
opasuTeibHasi TOYHOCTH, BOOOIE TOBOps, OYJAET TeM BBIIIE, YeM KOpOoUe IEepHO/ IyJbcapa,
YeM JI0JIbIIe IPOBOJIATCS ero HaOIIONeHNs B, KOHETHO, YeM ObICTpee MeHseTcd Hepros’.

To, uTo y Bcex Oe3 HUCKJIOUeHNs My IbCapOB TEPUOBI PACTYT, ABUIOCH PEIAIONINM ITOATBED-
JKJIEHUEM KOHIIETIIINH, COTJIACHO KOTOPOI MyJIbCaphl — 9TO OBICTPO BPAINAIONINECS HEHTPOHHBIE
3Be3/1bl. V1, HakoHer, JiBa caMbIX KopoTkorepuondeckux mysibcapa, NP 0531 u PSR 0835—45,
HaXOJIATCS BHYTPHU PaIMOU3ITY YAIOIIMX TYMAHHOCTEH — OCTATKOB BCIIBIIIEK CBEPXHOBBIX.

B cBsa3u ¢ nocsenuM 06CTOATEIHCTBOM BO3ZHUKAET BIIOJIHE €CTECTBEHHBIN BOIIPOC, BEPHEE,
JIBa BOIIpOCA: MOYEMY JIaJIeKO He BO BCEX PaJIUOTYMAHHOCTSIX — OCTATKaX BCIIBIIIEK CBEPXHO-
BBIX — HAOJIIOJAIOTCS IYJIbCapbl U MOYEMY IYJIbCAPhl, KAK IIPABUJIO, HE HAXOMATCS B IIpeesiax
pagunorymanHocTeii? PacemorpuMm nipexkie mepsbiii Bompoc. /leiicTBuresibHO, B OOJIbINEH YacTH
U3 U3BECTHBIX PaJIMOTYMAHHOCTEl IyJibcapbl He 0O6HapyzKeHbl. Hanpumep, B camMoM sipkoMm (1mo-
ciie CouHiia) pajmoncrodnnke Ha Hebe, Kaccuoriee A, sBISIONEMCsI €J1Ba JI He CAMBIM MOJIO-
JIBIM OCTATKOM BCIIBIIIKH CBepXHOBOI (cM. wactb I11), mysnbcap He obnapyzken. To ke camoe
cJeJlyeT cKas3aTh O 3HAMEHUTON CHCTeMe TOHKOBOJIOKHUCTBIX TyMaHHOCTEl B co3pesmaun Jlebe-
751, a Takke 06 ocrarkax mcropmaecknx CpepxuoBeix 1572 1. (Tuxo) u 1604 1. (Kemrep). B
MU3BECTHOM KaTaJjore aBCTPAJUICKOTO pajunoacTponoma Mwumna cojepxkurcs csbimre 100 Taknx
0ObEKTOB, M3 KOTOPBIX TOJBKO Y TpeX (WM YeThipex) obHapyzKeHbl mysibcapbl. O6bsicHeHe
9TOMY OYEHb IPOCTOE: PAIUOU3IIYUEHUE IIYJIbCAPOB HEUZ0MpPonHo (T. €. He UMeeT OJMHAKOBON
MHTEHCUBHOCTH 110 BCEM HAIIPABJICHUSIM ), & COCPEJIOTOUEHO B IIPeJieIaX HEKOTOPOIro KOHYCa, 0Ch
KOTOPOT'O HaKJIOHEHa K ero ocu Bpaienus (cMm. puc. 20.1). Hao, koneuHo, eme uMeTh B BUJLY,
YTO JIJTIS YIAJEHHBIX PaJIMOTYMAHHOCTEH MMOTOK U3JIyYeHUs OT IIyJIbcapoB OyIeT MaJl.

BriosiHe BO3MOXKHO, 9TO B OJIM3KOM OY/IyIeM OY/IyT OTKPBITHI eIlle HECKOJIbKO CJIa0bIX ITYIhb-

Tor daxt, 9T0 TIepHOIB BpaImenns «HOBOPOXKIEHHBIX» ITyJIbCApOB MOTYT OBITH 049eHb Masbl (~ 1073 ¢),
O3HAYAET, YTO OHM BO3HUKJIM B IIPOIECCE KATACTPOMUIECKOTO CXKATHS SeP HEKUX 3BE3]l, BPAIAIOIINXC S OUCHb
OBICTPO, BCETO JIUIb 33 HECKOJIBKO JECATKOB MUHYT.
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Puc. 20.2. Cxema, mosicHSIOIIAsT 3aBUCHMOCTD TIEPUOIa MyIbcapa OT €ro BO3PacTa.

capoB y erie OoJiee ylaJleHHBIX TyMaHHOcTeil. Bce ke adpdekT HampaB/IeHHOCTH W3J1yUeHUS
IIyJIbCAPOB JIOJI?KEH UI'PATh BaXKHEMIIYIO POJIb IIPH 00'bsICHEHIUN OTCYTCTBHS I1yJIbCapOB B OCTAT-
KaX BCIIBIIIEK CBEPXHOBBLIX. Ham, Hampumep, odeHb moBe3sio, uTo KpaboBujaHas TYMaHHOCTD,
B JIONOJIHEHWE KO MHOI'MM CBOUM YJIMBHUTE/JBHBIM CBOMCTBaM, O KOTOPBIX Pedb ILJIa B YaCTU
ITI, Kk ToMy >Ke mMeeT Iyabcap, KOTOPbIi 0OCODEHHO «yIadHO» OPUEHTHUPOBAH 110 OTHOIIEHHUIO K
3eMHBIM HaOJIIOIATEISIM. ..

OrcyTcTBHE PAJIMOTYMAaHHOCTE BOKPYT IOJABJISIONIErO OOJIBIIMHCTBA, IYIHCAPOB 00bsIC-
HeeTcs emne mporie. /leso B TOM, 9TO OCHOBHasl 4acCTh M3BECTHBIX Ceifdac IIyJIbcapoB HMeeT
BO3PAcCT, BO BCAKOM CJlydae IIPEBLITAIONIA MUJIJIMOH JIET, B TO BpeMd KaK BO3PAaCT JaKe Hau-
boJiee «CTapbIX» paIMOTYMaHHOCTEN — OCTATKOB BCIIBIIIIEK CBEPXHOBLIX — I10 KpailHeil Mepe B
10 pas menbire. B § 16 MBI yrKe 3aHEMAJINCH OIEHKOI BO3pacTa STHX TyMmaHHOcTeil. Kak ke
OIIPEJIC/IAETCS BO3PACT ITYJIbCAPOB?

OKa3sbIBaeTCsI, ITO 9TOT BO3PACT MOXKHO OIPEIEIUTH JTOBOJBHO HAJIEXKHO, IMOXKAJIYI, 1a-
»Ke DoJiee HAJIEXKHO, YeM BO3PACT paJuoTyMaHHOCTeil. Brimre y»Ke Ij1a pedb O HEIPEPhIBHOM
YBEJIMYIEHUN TIEPUOOB y BCeX 0e3 UCKIIoUeHus myabcapoB. CremoBaTebHO, MOYKHO I0JIaraTh,
YTO MOJIOJIble, HEJIABHO 0OPa30BaBIINECs HEHTPOHHBIE 3Be3JIbl (KOTOPbIe PaJnoacTPOHOMBI Ha-
OJIIOJTAIOT KaK IIyJIbCAPbl) JIOJZKHBI BPAIATHCA 3HATUTEIHLHO OBICTPEE CTapBIX, YZKe MOPSIIKOM
3aTOPMO3MBIIINX CBOE BpallleHne o0beKToB. OTCIofa SICHO, UTO, 3Had MEPUOJ, IyIbcapa U ero
pPOCT 3a €JIMHUILY BPEMEHM, MOYKHO OIPEJIEIUTh ero Bo3pact. OO03HAYNM M3MEHEHUEe MePUo/ia
nyiabcapa P 3a oquy cexynay depes P. Torma siCHO, 9TO ecin Gbl 33 BCIO HCTOPUIO SBOJIIOIIH
myJibcapa BeJuduHa P OblTa MOCTOSTHHON, TO €ro BO3PACT, BhIPArKeHHBIN B CEKYHJIaX, OIpeie-
Jisijicst ObI TIpoCTOi (hopMyJ1oit

P
i~ L (205)

Tor ¢dakt, uTo B Hadaje <«KU3HU» IIyJbcapa, KOIJa €ro TOPMOKEHHEe JOJIZKHO ObLIO OBbITh
OCODEHHO CHJIBHBIM, & BeJInYInHa P ecTecTBEeHHO OblLIa 3HAYUTEIBHO OOJIbIINE, 9eM Y «CTaporoy»
yJIbCapa, 3aCTaBJIsIeT CIeIaTh BBIBOJ, UTO JeHCTBUTEIbHBIN BO3PACT IIy/Ibcapa I0JXKEH ObITh
Mmenvue. Teopus TOpMOKEHUs TYIbCapOB, O KOTOPOIl pedb Oy/ieT HHUXKe, JJaeT TaKylo (pOpMYyTy
JIUIsT BO3PACTa IyJIbCAPOB:

1P
T3

Ha puc. 20.2 cxemaruvdecKu NpuBejeHa 3aBUCUMOCTD II€PUOJIa IIyJibcapa OT €ro Bo3pacTa,
MOSICHSTIOITAsT CKa3aHHOe BhIme. [[puvenenne 31oit hopMyibl K myIbcapaM, HaXOISIITUMCS BHY T-
pPU paJInOTyMaHHOCTEN, JIaeT BeChbMa BIedaT/Idionme pe3yabrarel. Hanpumep, y myiabcapa NP
0531, naxomgamerocs BayTpu Kpabosuanoit tymannoct, P = 0,033 cexkyH/IbI, P = 36 nanoce-
kyni/nenb wmm 4,2 - 10713 ¢/c. Orcroma no dopmyie (20.6) ¢ = 4 - 10'° ¢ wmm 1200 ser, uro
na 20% upesocxomuT peanbHblil Bospact Kpabosuanoit TymannocTu, obpasosasieiicsa B 1054
r. Hakoner, Bospact mysibcapa PSP 0835—45 okazeiaercst Bcero 12 000 jier, B TO BpeMmst Kak
Bospact Tymanuoctu [lapyca X (ocrarka cBepxHOBOii) okos10 10 000 Jer.

31 (20.6)

Henasmo Ob11 00HApy2KeH TpeTuil my/ibcap, HAXOSIINIICS BHYTPH OCTATKA, BCIIBIIITKI CBEPX-
HoBOit MSH 15-52. D701 0vens crabbiii mysbcap nmeet repuos 0,15 ¢ 1 Bospact (onpeiessieMblit
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o 3amejiennto Bpaienns) 1570 jer. [lynscap sror, m10106H0 myibcapy B KpabosuiHoit Tyman-
HOCTH, HADJIIO/IAeTCA KaK U B PaJUo-, TAK U B PEHTIE€HOBCKUX Jiydax. Pamnmorymanrnocts MSH
15-52, moyiobno oobekTy Ilapyca X, aBisiercss KoMOuHaImeit miepuoHa u 00OJIOUKHI.

Yro KacaeTcss BCeX OCTAJIBHBIX ITYJILCAPOB, HE HAXOJAIIMXCA B IpeJiesiax PaJmoTyMaHHO-
cTeit, 0OPa30BABIINXC TTOCTIE BCIBIINEK CBEPXHOBBIX, TO X BO3PACTHI, OIIpe/IeJIEHHbIE TT0 (hOPMY-
7e (20.6), Kak MpaBuiIio, NPEBBINIAIOT MUJLIUOH JieT. Hanpumep, BO3pacT nepBoro u3 OTKPBITHIX
nyabcapos, CP 1133, okasbisaercs 5 - 10° jer.

Tenepnb BIIOJTHE TIOHATHO, ITOYEMY TIOJIABJISIONIEE OOJIBITUHCTBO IYILCAPOB HE OKPYKEHO Pa-
JITOTYMAHHOCTSMU. 38 MUJLJIMOHBI JIET 3TU TYMAHHOCTU OJIarojiapsi CBOEMY PACHINPEHUIO TTOJTHO-
CTBIO «PACTBOPATCA» B OKPYZKAIOIIEN MEeK3BE3/IHOM Cpejie U IepecTanyT ObITh HabJII0IaeMbIMU.
Pajnorymannoctu, obpasyionmecs Ha MeCTe BCIBIIIEK CBEPXHOBBIX 3BE3]l, MPEJICTABJISAIOT CO-
Ooit cpaBHUTEIBHO 3eMepHOe 0Opa30BaHNe, MEXK Ty TeM KaK HEHTPOHHBIE 3BE3/Ibl OKA3bIBAIOT-
csI BECbMa JIOJITOBEYHBIMU 00 beKTaMu. ToJIbKO caMble MOJIOJIbIe HEHTPOHHBIE 3Be3/IbI OKPYKEHBI
eIre He YCIEBIIUME PacCedThCd TYMAHHOCTSIMHM — UCTOYHUKAMU PaUOU3TYIeHUS.

Paznuune B BO3pacTe my/ibcapoB U OCTATKOB BCIIBIIIEK CBEPXHOBBIX 3Be3]1, O€3 COMHEHUs,
SABJIIETCS OCHOBHOU ITPUYUHOM OTCYTCTBUS BOKPYT MOJIABJIAIONIETO OOJILITMHCTBA IIYIbCAPOB Pa-
juorymannocrteit. Ho, B mpunIume, MoxkeT ObITH ellle ojiHa OYeHb JIIOOIbITHA mpudnna. Jleto
B TOM, YTO IyJILCAPbBI JBUXKYTCA B IIPOCTPAHCTBE C JOBOJILHO 3HAYUTEIbHBIMU CKOpocTsamu. Ha-
IIpUMEDP, ITO UMeeT MecTo it myibcapa NP 0531, naxosmierocss B KpaboBuiHoit TyManHOCTH
(eM. Hmzke). YuCTO PaMOACTPOHOMUYECKHM METOJOM, O KOTOPOM pedb OyJeT UTH JajblIle,
MOXKHO HAWTHU JIJIA PAJIA IIYJIbCAPOB UX CKOPOCTH 110 OTHOIIEHWIO K CKOPOCTH JIBUYKEHUS HEOTHO-
poJIHOCTEH B MexK3Be3/HO# cpeje. Tak Kak 1moceHue He MOTYT ObITh OY€Hb BEJIUKH, TO ITOT
METO/I JIAeT «TaHTeHINAIbHBIe» KOMIIOHEHTHI CKOPOCTEH CaMUX MyJICAPOB. JTa CKOPOCTH TAKIKe
OKa3bIBAETCst OUeHb 60Ol — B npeaenax 150—500 km/c!. Ecim ckopocTh BHOBb 06pa3oBaB-
mrerocst mysbcapa okosio 400—500 kM /c, TO 3a BpeMsl CyIIeCTBOBAHUS T€HETUIECKH CBSI3aHHOMN
¢ HuM paguorymanHocT (~ 100 Tbicsa jier) oH yiijger oT MecTta cBoero poxjenust Ha 40—50
IIC, YTO B 2—3 pa3a MPEeBBIIIAeT paJinyC CaMbIX CTAPbIX U3 HAOJIIOIAEMbBIX PAIUOTYMAHHOCTE.
Takum oOpa3om, B IPUHIIMIIE, BO3MOXKHA TaKasd CHUTyalldd, KOTJIa IYJbCap JIOBOJBHO JAJIEKO
yiiJIleT oT ele He yCIEBIIell «pacTadTb» B MEXK3BE3/HOH cpeje pPaJMoTyMaHHOCTH. B Takom
cIydae KpUTepUeM INeHETUYeCKON CBA3M IyJibcapa U pajuoTyMaHHOCTH Oy/eT yxKe He UX IpOo-
CTPAHCTBEHHOE COBIAJEHUE U OJMHAKOBBII BO3PACT, & TOJIbKO Bo3pacT. [loka ere, HecMoTps Ha
HECKOJIbKO TIOIIBITOK, TaK¥e mapbl He oOHApy2KeHbl. OIHAKO BIIOJIHE BO3MOXKHO, UTO B Oy/IyIeM
[IOUCKU TAKUX I1ap YBEHYAIOTCS YCIIEXOM.

Boznukaer Borpoc: a mouemy y BHOBb 00Pa30BaBIINXCA HEUTPOHHBIX 3BE3]] TAK BEJIUKH ITPO-
crpaHcTBeHHBIE cKopocTn? [lo-BuamMmony, TpuYInHa KPOeTcss B CAMUX OOCTOSITE/IHCTBAX POK/Ie-
HUsI HEMTPOHHBIX 3Be31. Bes COBOKYNMHOCTH HAO/IIOMATENbHBIX JAHHBIX, a TaKyKe TEOpUs, TOBO-
PSAT O TOM, YTO HEHTPOHHBIE 3BE3/IbI 00PA3yIOTCs B IIPOIECCe B3PhIBa CBEPXHOBBIX 3B€37]. Ouenn
TPY/IHO IIPEJICTABUTH cebe, OHAKO, ITO TAKOW B3PBIB JOJIZKEH ObITh MJI€aTbHO CUMMETPUIHBIM.
B camomMm jiesie, Hasimume, HAIIPUMED, MArHUTHOT'O T0JIS, OCb KOTOPOT'O HE COBIAJAET C OChIO
BpallleHnsl, 00A3aTe/IbHO CJIeIaeT BHIOPOC BEIECTBA U3 3BE3JIbl, IYCTh JaxKe HEMHOTO, HEeCUM-
MeTpudHbiM. K gemy ke 910 npusejier? CKOpocTh BHIOPOCA BENIECTBA BO BPEMSI B3PbIBa 3BE3/IbI
nocruraer ~ 10 000 kM/c (cm. gacts [11), nmpudem BoiGpachiBaeTcs mo Kpaitueit mepe ~ 10%
MAacchl 3Be31bl. Toryia O9eBUIHO, YTO €CJIM CTeleHb aCUMMETPUH B3pbiBa Beero Jmmb ~ 10%
(1. e. B oy cTopony BbiGpacbiBaercst Ha 10% BermecTBa 60JibIle, YeM B JPYTYIO), TO TI0 3aKO-
HY COXPaHEHHs UMITYJIbCA TEJIO, OCTaBIeecsd IOCIe B3PbIBa, T. €. HEUTPOHHAs 3Be3/1a, MOJIYUUT

B 1974 1. 6BI7I0 U3MePEHO COOCTBEHHOE JBUYKEHHE OJHOTO M3 CaMbIX 6im3kux myibcapos CP 1133. Omo
0Ka3aJ10ch 0K0J10 0,6 CeKyHIbI IyTU B Tofl, OTKy/a, IPUHAMAas PacCTOgHuE 10 Iyabcapa 130 mapcek (kax 3To
Jesaercs — cM. § 21), mosydaem TaHreHnuaabHyIo ckopocth 310 km/c. Bekope mocie 3Toro co6CTBEHHOE BU-
KeHne ObLIO M3MEPEHO eIe y 7 OMu3KuX IysabcapoB. VX TaHreHIHAJIbHBIE CKOPOCTH HAXOIATCS B Ipeesax
80—500 km/c. B Hacrosiee Bpems (1983 1.) cobGcTBEHHbBIE JIBUKEHUST HAJIEXKHO M3MEDEHBI €I Y JIBYX JIECSITKOB
nysbcapoB. COryiacHO 9TUM U3MEPEHUsIM CPEeJIHsIsl TPOCTPAHCTBEHHAsST CKOPOCTh nX mpesbimmaer 200 KM/ c.

236



20. IIVIBCAPBI U TYMAHHOCTU — OCTATKU BCIIBIIIIEK CBEPXHOBBIX 3BE3/]

«CKOPOCTh OTjia4ur» He Menblnyio, gem 100 km/c. Ckopee Bcero, sTa CKOpOCTb OyJeT GOJIbIIIe.
JI100OTIBITHO, YTO BBIBOJIL O DOJILIINX CKOPOCTSX, 00Pa3yIONINXCs IIPU I'PABUTAITMOHHOM KOJIIAII-
ce HEHTPOHHBIX 3BE3]I, OBLI CJACJaH TEOPETUUECKH JO TOTO, KAK TOT Pe3y/abTaT ObLI MOJyYeH
u3 Habonennii. O apyroit pasHOBUIHOCTH MeXaHW3Ma, IOy YeHHsT OOJIBINX CKOPOCTeH BHOBD
00pa3yoImXcs MyJIbcapoB pedb OyIeT ujTu B § 22.

Nrak, mpocTpaHCTBEHHBIE CKOPOCTH IIYJIHCAPOB OY€Hb BEJIMKHU, BO BCIKOM CJIydae OHU IIpe-
BoimaioT 200 km/c. Ho ecm 910 Tak, TO 38 MUJIITHADBI JIET OHN JIOJIZKHBI YHTH OY€Hb JTAJIEKO
OT MeCTa CBOEro pOXkKJIeHWs. ¥ MHOIUX ITyJTbCapOB CKOPOCTHU TOCTYIIATEIbHOTO JIBUKEHUS Ha-
CTOJIBKO BEJIMKH, YTO OHM JIOJIZKHBI IMOKKIaTh Hamry [amakTuky. OTciofa ciie/iyer, 9To crapble
IIyJIbCAPBI JTOJZKHBI 00Pa30BbIBATH TMI'AHTCKYIO KBas3snc(epuIecKy «KOPOHY» BOKPYT lasak-
THKI Pa3MepPOM B COTHH TBICAY CBETOBBIX JieT. Hudero momobHOrO, 0J1HaKO, He Hab/romaeTcs!
[IpocTpancTBeHHOE pacipeeeHue MyIbCAPOB TPUMEPHO TaKoe »Ke, KaK y CTapbIX 3BE3]1 rajlak-
TrIecKkoro aucka. OHM KOHIIEHTPUPYIOTCA K TaJaKTHIECKO IIOCKOCTH B CJI0€ TOJIIMHON OKOJIO
300 mc. Kpome Toro, na paccrossaum csbirre 15 000 1c oT rajakTHIecKOTo IEeHTPa ITyIbCaphbl
orcyTcTBYIOT. Kak ke corjiacoBaTh MexKIy co0O#l ¢ OIHOI CTOPOHBI — OIPOMHBIE IIPOCTPAH-
CTBEHHBIE CKOPOCTH IIYJIBCAPOB, & C JAPYroifl — UX CPaBHUTEIbHO «ILJIOCKOE» ITPOCTPAHCTBEHHOE
pactpeenenne? Ckopee Bcero orBeT Takoit. CrycTst HeCKOJIBKO MUIJLIMOHOB JIET TIOC/Ie 00pa30Ba-
HUS YJILCAPBI IEPECTAIOT U3JTyIaTh PaIUOBOIHBI. [[09TOMY «MCTUHHBINY BO3PACT IOJIABJISIONIE-
ro OOJIBIITMHCTBA IYJILCAPOB HE MPEBBIaeT 2—3 Muyutrnona JjeT. CreoBaTenbHo, OpeaeIeHue
BO3pacTa IyJIbCapoB 1o (opmyste t = %g JIAJIEKO He BCErJia JaeT XOPOIIUil pe3y/IbTaT.

[TostHOE KOJTMYECTBO BCEX MYIbcapoB B ['ajlakTHKe JT0JI2KHO OBITH MOPSAIKA HECKOJIbKIX COTEH
Teicstd. TobKo Mastast JacTh uxX HabsomaeMa (Bcero ceifuac u3BecTHO OKOJI0 350 Imysbcapos).
Tak Kak cpejHHil BO3pacT Iy/IbcapoB 6;m30K K 2 - 10% ser, To WacToTa IOABIEHNS HOBBIX
IIyJIbCAPOB IIPUOJIM3UTEIHHO paBHA OJHOMY OOBEKTY 38 HECKOJIBKO JIECATKOB JIET — BEJINYNHA,
OJIM3Kasi K YaCTOTE BCIBIIIEK CBEPXHOBBIX.

Cpenu Bcex N3BECTHBIX JI0 HACTOSIIETO BPEMEHU ITYJIbCAPOB, MOXKATYH, cCAMBIM HHTEPECHBIM
apiisiercd myibcap NP 0531, maxoggamuiics Bomm3u reatpa Kpabdosuaaoit Tymannoctu. Bee ero
CBOICTBA, €CJIMI MOXKHO TaK BBIPA3UTHCH, OKA3BIBAIOTCS «IKCTPEMAJIbHBIMUY: OH SBJISIETCS Ca-
MBIM KOPOTKOIIEPHOIITIECKIM , GBICTpee BCeX YBEeTIMIHBAIONTIM CBOI IIEPUOI, & CJIeJ0BATEILHO,
CaMBIM MOJIOJIBIM U3 BCEX M3BECTHBIX OOBEKTOB 3TOro Kjacca. Ho, moxaJsyit, caMbIM HHTEpec-
HBIM SBJISIETCS TO, UYTO OH SBJISETCS [TOKa €IMHCTBEHHBIM IIYJIbCAPOM, OT KOTOPOI'O HAOIIOIAeTCS
He TOJIbKO PaJifo-, HO U ONTUYECKOe U3JIydeHUe.

Masr1 y2ke yomuHa M B § 17, 9T0 B IleHTpaIbHOM JacTu KpaboBUIHON TyMaHHOCTH HAXOISIT-
csl JIBe 3Be3JI0YKH NpUOIN3uTe bH0 16-if Besmuaunbl (eM. puc. 17.5). Paccrosiaue Mex Iy sTuMu
sBesoukamu Menbiie 5”. CeBepHas 3BE3/I0UKa HUYEr0 MHTEPECHOTO He mpejcTrapiger. OHa He
cBsA3aHa reHeTnvdeckn ¢ KpaboBuIHON TYMAHHOCTBIO, a IPOCTO CJIYyYIaliHO IPOEKTUPYETCs Ha TY-
MaHHOCTb — €€ PacCTOAHIe 3HATUTE/IbHO MeHbIle. COBEPIIEHHO APYTYIO IIPUPO/LY UMeeT I0zKHAasT
3Be3iouKka. Eme B 1942 r. 6611 nostyuen ee criekTp. OH OKas3ajicsa BecbMa HeOOBITHBIM. Bbicokast
MHTEHCUBHOCTD €r0 YIbTPapUOJIETOBON YaCTU yKa3bIBaJia Ha TO, YTO MMOBEPXHOCTD ITOM 3BE3IbI
odeHb ropsgya. Ho camoe mpumedare/ibHOE — 9TO OTCYTCTBHE KaKUX ObI TO HU OBLIO CIIEKTPAJIb-
HBIX JIMHUHN, KaK M3JIyIeHHUs, TaK U IOIVIOMIEHU, B CIeKTpe 3Toil 3Be3/bl. CTOJIb HEOOBIIHbIE
XapaKTEePUCTUKU <«I0XKHOI» 3Be3/1bl B KpaboBHIHON TyMaHHOCTH ITOCTYXKUIN JIyid Baaje ocHo-
BaHUEM IPEJIIIOJIOKHUTh, ITO 9Ta 3Be3/a — 0cTaTOK B3pbiBa CBepxHnoBoit 1054 r. B nanbHeiiem
Baasne, kak y»x)e roBopusoch B § 17, mcciie1oBasl yIUBATETHHO OBICTPYIO M3MEHUYMBOCTH JI€Ta-
JIelt TieHTpasibHoi yacTu KpaboBuiHON TyMaHHOCTH, B HEIIOCPEICTBEHHON OJIM30CTU OT I0yKHOIT
3BE3/Ibl. DTO YKa3bIBAJIO Ha MPOJIOJIZKAIONLYIOCT AaKTUBHOCTD I0YKHOM 3BE3/bI — HOBBIN BarKHBIHI
apryMeHT B I10JIb3y TUIIOTe3bl Baaje.

LCoscem nemanno (komer 1982 r.) GbLT OOHAPYIKEH IyJIbCAD C MEPHOAOM 1,5 MUIIHCEKYHIBI, T. €. ~ B 20
pa3 MenbmuM, yeM y NR 0531.
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Puc. 20.3. Kpusas 6Gsrecka mynbcapa NP 0531 (BBepxy — dororpadus meHTpagbHOl YacT
KpaboBuiHoit TyMaHHOCTH B COOTBETCTBYIOIIIE MOMEHTHI BDEMEHH ).

Cpazy xke nocjie Toro kKak Craiima u Paiicdencraiin orkpbiiu mysabcap B KpabosuHoit
rymanHocTH, a Komesna wa Ilyspro-Pukanckoit obcepBaropun B Apecrbo onpeaeansi HeoObId-
HO KOPOTKWIl €ro IeproJi, BO3HUKJIA UJiesd, ITO ITOT IyIbCap MOXKET U3JIydaTbh UMITYJIbChl U B
ONITUYECKOM JTHAIla30He JJINH BOJIH. Tak Kak U3 pajuoHa0IIOCHUN TIEPUO/T YIbCAINH OBbLIT 13-
BECTEH, 3a/ia4a, JIJId ONITUIECKUX aCTPOHOMOB 3HAUUTEIHLHO yIIpoIaiach. Brepsbie onTuieckune
uMITyJIbcbl oT mysibcapa NP 0531 mabsmomanu B camom Hadase 1969 r. amepukanckue acTpo-
nombl Kok, Hucueit u Taitmop. OHE uCob30Baan CpaBHATEIHHO HEOOJIBINON 36-T0iMOBBII
Testeckont obcepparopun Crroapra B mrate Apusona. [lourw 0JJHOBpEMEHHO ONTUYECKHE HM-
myJsibebl ¢ repruosiom 0,033 ceKyHIbl OBLIM TOJyYeHBI W JABYMs JIPYTHMU HCCTIEI0BATETbCKIMI
rpyIIIaMu.

MozkHO 1 panblile OBLIO 1MO03peBaTh, 4To myJabcap NP 0531 kakum-To 06pa3zom cBA3aH €
I03KHOM 3Be3/I049KOil B IIeHTpa/ibHOM YacTu KpaboBuiHoit TymanHocTu. B 1mosib3y sToro mnpeo-
JIOXKEHUS YKa3bIBAJIU, BO-IIEPBBIX, OJIM30CTH KOOPAUHAT 000X 00bEKTOB U, BO-BTOPBIX, HEOObIU-
HbI€ CBOMCTBa I0XKHOM 3BE3/IbI, 0 KOTOPBIX Pedb Iia Boile. Onrudeckne HAOIIOIEHIA CO Beeit
HAIJISITHOCTBIO MOJITBEPUIN 3TO Ipe/nosioxkenue. [Ipsmvbie dpoTosiekrpudeckue HAOIOICHUS
O/1ecKa yKa3aHHOM 3BE3/IbI, BBHITIOJIHEHHBIC C MaJIbIM BPpEMeHeM HAKOIIJICHUs, BLIABUIN TOPA3U-
TeJIbHOE sIBJIeHne: OJIeCK 9TON 3Be3/Ibl He TMOCTOsTHEH (KaK JOJIMHe TOJbI MOJIAINBO MIPe/II0JIa-
raJIoCh aCTPOHOMAMH ), & CTPOrO TEPUOJANIECKH MEHSIETCs, Kak 310 BuHo Ha puc. 20.3. Ilepuos
C OIPOMHOI TOYHOCTBIO paBeH repuoay pajuonyiabcapa NP 0531. Tak ke Kak u B pajinoiuara-
30HE, HAPSAJLY C «TJIABHBIM» HUMITYJIbCOM B ONTHYECKUX JIydaxX HaOJ/IOJACTCS «UHTECPUMITYIHCY,
KOTOPBIN HAXOJUTCS TPUOIN3UTENBHO (HO HE TOYHO) TIOCPEMHE MEKJLy TJIABHBIMHU HMITY/ThCa~
mu. Mrak, 1oxxnag 3Be3/109ka KpaboBunoit TyMaHHOCTH, U3BECTHAaS aCTPOHOMAaM YKe CBBIIIE
100 Jret, okazaach BOBce He 3Be3/10i1, a nyavcapom! Ecau Obl He pa3zBuTHE panoacTPOHOMUMN,
HIPpUBEJIITIEe B KOHIIE KOHIIOB K OTKPBITHIO ITYJIbCAPOB, HUKOMY M. B TOJIOBY HE MOTJIa ObI IPUNATH
«boJIbHAST» MBIC/Ib UCKATb CTOJIb HEOOBITHO KOPOTKYIO MEPUOJANIHOCTH B OINTUIECKOM U3JIyUe-
HUU JIJABHO U3BECTHOTO OObeKTa! DTOT mpuMep HAIJISIHO JIEMOHCTPUPYET B3aUMOJCHCTBUE W
B3aMMOCBSA3b ONTUYIECKON M PaIMOACTPOHOMHUN — JIBYX MOT'YYHMX BETBEHl OJIHOTO CTaporo Jiepe-
Ba. Takux NprUMEpPOB MOXKHO IPUBECTU HEMAJIO — CTOUT TOJBKO YIOMAHYTb OTKPBITHE KBa3a-
poB. Bo Bcex ciydasix, KaK HPaBUJIO, POJIb «Pa3BeIunKay, THa, 0OHAPYKUBAIOIIErO JIOTOJIE
HEU3BECTHOE ABJICHUE TIPUPO/IbI, UTPAET PaINOACTPOHOMHMSI.

Co Bceil 09eBUIHOCTBIO HEOOBITHBIN XapaKTep [0:KHO# 3Be3;bl B KpaboBuHOM TyMaHHO-
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Puc. 20.4. «Ctpobockonnaeckues HaOJIIOEHNS ONTUIECKOro u3aydenns myabcapa NP 0531.

cTH J0Ka3bIBaioT (pororpacdun, npusejgerabie Ha puc. 20.4. [Ipu nmonyuennn stux dororpaduit
HCIIOJIb30BAJICS IPUHIIMII XOPOIIIO M3BECTHOH JIEeTCKON HUIPYIIKH, HA3bIBAEMOIN «CTPOOOCKOII».
[Iy4dok cBera B Teseckorie (hOKYyCUPYyeTCcsd Ha TEJEBU3MOHHYIO KaMmepy, KoTopas KojebJiercs ¢
IIePHUO/IOM, TOYHO paBHBIM Iepuoay myiabcapa NP 0531. Eciau konebanus KaMepbl IPOUCXOIAT
B «(dase» ¢ UMITyJIbCAMU OIITUYECKOTO U3JIYyUYeHUs OT ITOrO IyJIbcapa, TO KaxK/Iblil pa3 KamMepa
Oy/JeT IPUHUMATD €ro «MaKcuMaJjbHoe» usjiydenue. Ecin ke dasza Oyjer apyroit, To Ha Kame-
py Oylzer jeiicTBOBaThH BechbMa CJIabbIii CBETOBOI MOTOK OT IIyJbcapa, U3JIydaeMblil UM B IIPO-
MeXKyTKe Mexk iy umirysibcamu. C Jipyroit cToponbl, 3deKT OT CoCeHNX, «OOBIMHBIX» 3BE3I,
OYEBUJIHO» COBEPIIEHHO He 3aBUCUT OT (pa3bl Kojebannii Kamepbl. Ha puc. 20.4 BHU3Y BUIHBI
TPU 3BE3JIbI, MEXK/Iy TeM Kak Ha ¢ororpadun, npusegaeHHoi Ha puc. 20.4 BBepXY, MOsABUIACH
JeTBepTas, caMas dpKas. I9TO U ecTb I0yKHas 3Be37a KpabosuHoit TymanHocTu, pororpadus
KOTOPOI ITOJTyYeHa IIPU COBIAJIEHUH (ha3 KOoJIeDaHnii TeJIeBU3MOHHON KaMephl U I1y/ibcapa. Tpy/i-
HO HAUTH B COBPEMEHHOI acTpoHOMUU OO0JIee HAIISTHOE JTOKA3ATETbCTBO HEOOBITHOM TPUPOIHI
JIABHO U3BECTHOI'O KOCMUYECKOTO OOBEKTA.

Yepes mapy MecdreB mocje Toro Kak ObLI0 0OHAPYKEHO ONTHYECKOE U3JIydeHUe IyIbcapa
NP 0531, Bpaar u ero corpyaHuku oOHapy>KMUJIM OT HErO PEHTTEHOBCKOE mM3JiydeHne. Bekope
BBISICHIJIOCH, YTO B «CTapbIX» PEHTTEHOBCKHUX HabJogeHusX KpaboBuaHoil TyMaHHOCTH HMe-
JIaCh IyJIHLCUPYIOIIasi COCTABIAIONIAs, BKJIa KOTOPOI cocTaBisyl 0KoJIo 6% OT MOJIHOIO peHTIe-
HOBCKOI'O U3JIyYeHUs] TYMaHHOCTH, IIPUYIEM ITePUO/L Iyibcaluii ObLT Kak pa3 TaknuM, Kak y NP
0531, 1. e. 0,033 cexynp1. Camo cobOIt pasyMeeTcs, 9TO eCJIi ObI He OTKPBITHE PAJINOIYIhcapa C
THUM IIEPUOJIOM, TO IIYJIbCUPYIOIIAs COCTABJIAIONIAA B PEHTIeHOBCKOM u3jydeHun KpaboBuaHoit
TYMaHHOCTH BPsiJl Jiu Oblia Obl OOHAPY2KEHA.

C Tex mop OBLIO BBITIOJTHEHO DOJIBIITOE KOJIMIeCTBO nuccyesoBanuii myabcapa NP 0531 B pent-
reHoBcKoM juanaszone. B 1970 r. or Hero 661710 0O0HAPYZKEHO IMYIBLCHPYIOIIee TaMMa-U3JTyIeHIe
¢ sueprueit kBauTos 70 100 M»sB. Haxkomner, B 1972 r. O6b110 HaiiJIeHO U CBEPXKECTKOE TaMMa-
usaydenue ¢ sueprueit kpantos 10 102 3B. ITociennee 66110 00HAPYKEHO OYeHb HHTEPECHBIM
METOJ/I0M, OCHOBaHHBIM Ha 3 deKTe HepeHKoBa, OT 3JIEKTPOHOB, 00pa3yIOMKUXCs B 3eMHOI aT-
Mocdepe Ipr TOTIONIEHUH TTIOTOKA, YKECTKAX TaMMa-KBaHTOB 0T KpaboBuiHO# TyMaHHOCTH.

Ha puc. 20.5 B ojHOM MacmiTabe IpuUBEICHBI «KpuBble Ojeckay mysabcapa NP 0531 B pas-
HBIX CIIEKTPaJIbHBIX JMalla30HaX. 3aMEeTHM, 9TO caMasd HU3Kasdg JacToTa pajuojirala3oHa, Ha
KOTOPOIi 3aperiCTPHPOBAHO U3JIydeHHe 3TOro Iyjbcapa, oimska K 3 - 107 T (mamHa BosHb
10 M), B TO BpeMsl KaK caMasl BBICOKAs 4acToTa ramma-juanasona npesbimaer 3 - 1027 ', Ta-
KM 00pa30M, OTHOIIICHUE YacTOT Ha OOOMX KOHIAX OI'POMHOTO JIMAIIa30Ha, 3JIEKTPOMATHUTHBIX
BOJIH, Ha KOTOpPHIX maaydaer NP 0531, pasuo 10%° : 1 — Besmuamna baHTaCTIHYECKH OOJIBINAL.

239



20. IIVIBCAPBI U TYMAHHOCTU — OCTATKU BCIIBIIIIEK CBEPXHOBBIX 3BE3/]

A 400 My

Jnmizecsnd

N

Lesrzenolinig

tt 1 1

V4 a /)
Lems, Mo

Puc. 20.5. Kpusnbie 61ecka NP 0531 B pa3HbIX CHEKTpaJIbHBIX JIMAla30HaX.

CpaBuuBag KpuBble OJIeCKa Ha PaJfo- M HA ONTUYECKHX M PEHTTEHOBCKHUX HYACTOTaX, Mbl BH-
AWM, 9TO Ha paJuovdacToTax (OCO6€HHO HI/I3KI/IX) UMITYJIbC Ha9UHaeTCd BCEl/la paHbIIE, 9YeM Ha
BBICOKUX YacToTaX. Ha HU3KHMX paJinmovacTorax HaO/II0/AeTCd HEKOe JIOTIOJTHUTEIHHOE U3JIytde-
HuUeE, IpeJuecTByromee riiaBHOMY MaKCUMYMY WM 9€TKO OT HEro OTAEJIEHHOE 110 BpEMEHMU. STO
JIOTIOJIHUTE/ILHOE M3JIyUeHre IIOJIyIIIO Ha3BaHUe <«IIPeJIUMITy/Ibey». Ha BbIcOKMX dacTorax pa-
JINO/TNAIIA30Ha NHTEHCUBHOCTD IIPEIUMITY/IbCa OBICTPO 1a/1aeT, U3 Yero CJIeyeT BBIBOJ, YTO €ro
PaJIMOCIIEKTD OYeHb KPYTOil, 3HAUYUTE/ILHO O0Jiee KPYTOil, UeM CIEKTP PaJMOU3JIyYeHUs OCHOB-
HOI'O UMITyJIbCa U MHTEPUMIIYJIbCA. B OIITUYECKOM Jualla30H€ HUKaKHUX CJICA0B IIPECAUMIIYJIbLCA
He HabmomaeTcsa. V3 kpusoit 61ecka NP 0531 B onTmdeckux Jydax cjiefyeT, YTO WHTEHCHB-
HOCTb HM3JIyYeHHs MeKJy MMIIYyJbCAMU He IaJIaeT JI0 HYJs, a COCTaBJisgeT XOTd M MAaJsIyio, HO
BIIOJIHE PeasibHyI0 Betmdnny. TouHble 371eKTpooTOMETpIYECKEe U3MEPEHNST TOKA3BIBAIOT, YTO,
HAIIPUMED, MEXKJIy IVIABHBIM UMITYJIbCOM M MHTEPUMITYJILCOM MHTEHCUBHOCTD HE OIyCKAeTCs HU-
JKe yPOBHS, COCTABJISIONIECrO OKOJIO0 1% MakcuMaJbHOM MHTEHCUBHOCTU IVIABHOIO UMITY/ILCa. B
PEHTTE€HOBCKOM 2Ke€ JHalla30He 3Ta «MEKUMITYJ/IbCHad» MHTCHCUBHOCTL AOCTHUIaCT 10% OTCIO—
Jla, CJIeJIyer, 9TO CIHEeKTP STOH COCTaBJISIONEel n3JIydeHns mmyabcapa (KOTOPYI MOXKHO HA3BATH
«IIOYTH U30TPOITHOM» ) 3HAUYUTETHHO «JKECTUYe», YeM CIHEKTP OCHOBHON YaCTH U3JIyUeHUsT, COCPe-
JIOTOYEHHON B MMITyJIbcaX. JII0OOIBITHO TaK:Ke, YTO B PEHTIE€HOBCKUX JIydaX MHTEHCHUBHOCTD
UMITYJIbCa U HHTEPUMILYJ/IbCa IIOYTHU PaBHBI, MC2KAY TEM KaK B OIITHYCCKUX JIydaX HUHTEHCHUB-
HOCTb MHTEPHUMIIYJIbCa pa3a B TPpU MEHbIIIEC MHTECHCUBHOCTU I'JIaBHOI'O I/H\H_Iyﬂbcal.

Ocobenno naTEpecHbl pesyabraThl Haboaenuit NP 0531 B 6iimkHelt nHdpakpacHoii 00J1a-
cTu. 3/1ech UHTEHCUBHOCTD MyJibcapa NP 0531 nmajiaer B cTOPOHY HU3KUX IaCTOT, MEXKJTY T€M KaK
IOTOK MH(ppaKpacHOro U3JjiydeHud oT caMoii KpaboBuiHONW TYMaHHOCTH pacmem TPU YMeHb-
mennn dactoTsl. Ha puc. 20.6 cxemaTndeckn nmpuBe/ieHbl ClieKTpbl KpaboBuHOM TyMaHHOCTH
U HAXOJIAIIErocs B Hell mysbcapa JIjIss BCEro JIMala3oHa JIEKTPOMArHUTHBIX BOJIH, OT PaJjuo-
70 raMMa-aydeil. I3 9roro pucyHKa HpexKje BCero CJejlyer, 9To BBICOKOUYACTOTHBIH (T. €. Orl-
tudeckuii u pertrenosckuit) criekTp NP 0531 HukomM 00pa3oM He SIBJISIeTCsT TIPOCTBIM IIPOJI0JI-
JKEeHUeM ero paJimocekTpa. VMeeTcs erne 0/IHO BayKHOE OTJINYME MEXK/Iy PaJIMO- U ONTHYECKUM
U3JIy9IeHneM 3TOro myJibcapa. B To Bpems: Kak onTudeckoe uziydenue NP 0531 oryimuaercs yau-
BUTEJILHBIM [TOCTOSHCTBOM (B 9acTHOCTH, 3Be3iHas Beamdnna NP 0531 ocraercs nHensMeHHON B
npejiesiax JoJieii MporeHTa), ero PaJnoNMITYJIbChl OIBEPIKEHbI OOJIBITMM BAPUAIIUAM 10 CBOEH
UHTEeHCUBHOCTU. J[0OBOJIBHO YacTO HAOIOMAETCS OrPOMHOE, D0Jiee MeM CTOKPATHOe, yBeIuIeHNe
MHTEHCUBHOCTH PaIUOMMITYJILCOB 110 CPABHEHMIO CO CPeJHUM 3HadenueM. IMenno 1o 3roit mpu-

! MInTepecHo OTMETHTD, UTO CBEPXYKECTKOE FaMMa-U3/IyueHue ¢ sHeprueil kpanTos 1011 —10'3 3B pesxo orm-
qaeTcs oT Oostee MATKOT0. OHO ITepeMeHHO O BpeMeHeM, (ha3a UMITYJILCOB MEHSIETCs, & CIIEKTPaJIbHAS INIOTHOCTH
[IOTOKA He yOBIBAET C POCTOM YacTOTHI. [[0-BrIMMOMY, CBEPX2KECTKOE U3JIyIeHNE T€HEPUPYETCS COBEPIIIEHHO OCO-
OBIM MEXaHU3MOM.
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Puc. 20.6. Cxema cuexktpoB NP 0531 u KpaboBuaHoit TyMaHHOCTH.

qnae CroiimH u PaiidercTaiiH ¢cMOIVIM OTKPBITH 9TOT IIyJbCap — BeIb OHM HE PACIIOJIArajIn
NIPUEMHOI anmnapaTypoil, Koropas cMorja Obl 3aperucTpupoBaTh 0YEHb KOPOTKYIO IEPHOINY-
HOCTb OObIYHBIX UMITYJIbcOB 0T NP 0531. Ho 3aT0 oHm yBepeHHO OOHApYKUJIM BpeMs OT Bpe-
MeHU BO3HUKAIONINE OIPOMHBIE IO MOIIHOCTU KPATKOBPEMEHHBIE UMITYJILCHI PAIUON3ITY YeHU ST
OT 9TOrO IyJbcapa. 3aMeTUM B 9TOH CBA3M, UTO SBJIEHHE «THI'aHTCKUX HUMITY/ILCOB» HabJIIOIa-
eTcsl TaKzKe B PAJIUOU3JIYYeHUN HEKOTOPBIX JIpDYTUX MyJbcapoB. Takad pa3Hulla B IIOBEJICHUN
pPajimo- U «BBICOKOYACTOTHOTO» m3jiydenusd oT mysabcapa NP 0531 gaBHO yKa3bIBaeT Ha pas/inyune
B MeXaHM3MaX WX M3JTyIeHus.

OcHoBHas 101 7eKTpoMarunTHoro n3aydenns NP 0531 cocpenorodena B «BBICOKOIACTOT-
HOIl» YacTu CreKTpa. 3Hasd BeJINUNHY ITOTOKA U3JIYUYEHHU OT 9TOrO IyJIbcapa BO BCEM JIMAIIa30He
(obo3HauMM, Kak 00ObIYHO, 9TY BeaudnHy 4depe3 F') u paccrosaue 0 Kpabesupnoit TymManHocTH
r, kotopoe 6ym3Ko K 2000 11c, JIerko HalTH MOTIHOCTD U3JTydeHUs ITyJIbcapa

L = 41*F ~ 10% spr/c,

YTO B HECKOJILKO COTEH Pa3 MPEBBIAeT MOMIHOCTL u3ydenus Cosana. OcHOBHASA YACTb ITOM
MOIITHOCTU Ta/Ia€T Ha PEHTIeHOBCKUI Juana3oH. Eime B TPUIANATHIX IOjaX HAIIero CTOJIETUS
OBLIIO yCTAHOBJIEHO, UTO I0ZKHAs 3Be3/1a B IenTpe KpaboBuaHoit TyMaHHOCTH 00J1aaeT XOTd U
MaJIbIM, HO BIIOJIHE U3MEPUMBIM COOCTBEHHBIM JIBM2KeHHEeM. Fe cMmernenne 3a 101 110 00erM KO-
opJmHaTaM corjacHo maMmepennam /lyakana cocrasigeT Uy = 0,010 cexkynant ayru, Us = 0,002
CeKyHJIbI Jyru. B nanbHeiiieMm coOCTBEHHOE JIBU2KEHUE ITOM 3BE3JIbl YTOUHAIOCH HADJIIO/I€HUSI-
MU PsiJia aCTPOHOMOB, B YaCTHOCTH, IYJIKOBCKUX. 3Hasl COOCTBEHHOE JBUXKEHUE U PACCTOSHUE
JIO 00beKTa, MOXKHO JIETKO HAWTH IPOEKIIUIO €ro MPOCTPAHCTBEHHON CKOPOCTH Ha, IJIOCKOCTb,
MEPITEHINKY/ISIPHYIO K JIYdy 3peHHs. Y 9UTbIBasi, 9TO paccTosinue 10 KpaboBuHOWTYMAHHOCTI
coctasygeT okoso 2000 1c, MOXKHO OTCIO/Ia HAWTH, YTO YKa3aHHAas BBIIIE IMPOEKINA CKOPOCTH
cocrasiisier Besmanny okosio 120 ku/c. Takum obpazom, mysnbcap B KpaboBuiHON TyMaHHOCTH,
110/I00HO JIPYTUM ITyJibcapam, 00JiagaeT OOJIBIION MPOCTPAHCTBEHHOM cKOpocThio. OO sTOM Y
HaC pedb y2Ke I1JIa BBIIIIe.

TakoBbI OCHOBHBIE pe3y/IbTaThl HaboAeHuit mysibcapa NP 0531 na pasubix vactorax. Heko-
TOpbIE JIPYTHE PEe3y/IbTaThl HAOJIOJNEHU, a TaKxXKe, 9TO CaMOe MHTEPECHOEe, TOIBITKA TeOPEeTU-
YeCKOT0 O0bSICHEHUS MTPUPOJIBI STOTO ITyJIbcapa OYIyT paccMaTpuBaThbCs HIKe. Tereph »Ke MbI
OCTAaHOBHUMCH Ha JIBYX JIPYI'UX IYJIbCAPaX, y KOTOPBIX, MO-BUIMMOMY, TaKKe HAOJIOIAeTCH Bbl-
COKOYACTOTHOe m3yrydenue. [lepBrlit n3 9TUX MmyibcapoB cBgA3aH ¢ OCTATKOM cBepxHOBOit [lapyca
X, Bropoit ¢ MSH 15-52. O6 sTux myJsibcapax pedb IILIa BBIIIE.

B 1977 r. na mecte nyiascapa PSR 0833—45 Ob11 0bHApYKEH UCKIIOYATEHHO CJIA0BIH OI-
THYCCKUN 00beKT, myabcupytonuii ¢ mepuojom 0,089 ceKyHIbI, HO UMEIONIHI JIBa MaKCUMyMa
3a [epHoJl, TaK JKe KaK U raMMa-u3JlydeHne OT 9Toro mysabcapa (cM. Huxke). JIFoGOombITHO, 9TO
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OT 3TOTO IIyJIbcapa ObLIN 0OHAPYKEHBI JOBOJILHO NMHTEHCUBHBIE NUMILY/IbCHI TaMMAa-U3JIyIeHU C
sueprueit KBauToB 6osbire 30 MsB. 'amma-ipodpuas PSR 0833—45 nmeer gBa MakcuMyMa, 110
daze He COBHAIAIONIUX C PAIUOUMITYIbCOM. [lo-BuauMOMy, MpUYNHa raMMa-u3/1ydeHus 3TOTO
nmyJbcapa Ta e, 9To U cBepxzkecTkoro mzjiydennsd NP 0531. Heobxoaumo ere MHOTO HaAOJIIO-
JIeHu#, 9T00bI pa3odpaThcsd B CJI0XKHOI IIpod/ieMe, KOTOPYIO IMTOCTABU/I 3TOT OY€Hb MHTEPECHDI
IyJIbcap.

Tot daxT, 9TO KECTKOE PEHTIEHOBCKOE U3JIyUeHne OOHAPYKEHO TOJIBKO Y JIBYX-TPEX IYJIhb-
capoB, OOIIUM CBOMCTBOM KOTOPBIX SIBJISIETCS MOJIOJOCTD, 3aCTABJIAET IPEIIOJIOKNATH, ITO JIJIH-
TEeJIbHOCTD «PEHTIeHOM3/IyYIalonieii» (a3bl y MyIbcapoB MaJia 110 CPaBHEHHIO C JIIUTETbHOCTHIO
paauounsaydatomeii dpas3pl. C Apyroit CTOPOHBI, OCTAEIHsISI TaKzKe OrpaHuIeHa U i1 OOJIbIITNH-
cTBa Tysabcapos 6ymuska K 3 - 109 et (M. Bbime). TakuM 06pa3oM, Mbl YMCTO SMITUPUYECKH
IIPUXOIUM K IIPeJICTaBJIEHNI0, ITO 10 MepPe SBOJIIOINN HeHTPOHHON 3Be3/Ibl «aKTUBHOCTDb» , IIPO-
SIBJISIONIAACS B PAJINO-, ONTUICCKOM M PEHTTEHOBCKOM U3JTyY€HUH, JIOJIZKHA HEIIPEPBIBHO YMEHb-
matbesi. Harporus, raMmma-usirydenne BO3MOXKHO aCTPOHOMaMHU yzKe OOHAPY?KEHO Y HEKOTOPBIX
CPaBHUTEJIBHO CTapbIX IIY/JIbCAPOB, UTO TOBOPUT B IOJIb3Y OCOOOH IPHUPOIBI STOIO U3y IEHUSI
(eMm. § 23).

Bepnemcs Teriepb K BOIIPOCY O CBA3U IIYJILCAPOB U PaJINO- U PEHTT€HOBCKUX TYMaHHOCTENH —
OCTATKOB BCIIBIIIIEK CBEPXHOBBIX. 3aC/IyKUBAET, MPEXKJIe BCero, BHUMaHUs TOT (PaKT, UTO BCE
TPU TYMAHHOCTH — OCTATKHU CBEPXHOBBIX; BHYTPH KOTOPBIX HAXOJIATCS Iy IBCAPDBI,— SIBJISIIOTCS
naepuoramu. B TO Ke BpeMs U3 HAOIIOJACHUI CJIeyeT, YTO ILJIEPUOHDI, MO-BUIUMOMY, SIBJISAIOT-
¢s1 OCTATKAMU BCIIBINIEK CBepXHOBBIX 11 Tnma. 910 jmoka3aHo /s ABYX MCTOPUIECKUX CBEPXHO-
BoIx — 1054 1. (nasmeit navasao Kpabosuanoii rymanaoct) u 1181 r. («poauTesbHUAIBI» [LI€pH-
ona 3C 58). JI0OOIBITHO TOMIEPKHYTh, YTO TYMAHHOCTH — OCTATKH BCIIBIIIEK «HCTOPUICCKUX>
(T. €. 3apEruCTPUPOBAHHBIX B XPOHUKAX) CBEPXHOBBIX | Tuna naepuonamu me asasomces. Ha-
IIpaIBAETCs BBIBOJ, UTO HEUTPOHHBIE 3BE3/Ibl, HADJII0/IaeMble KaK IIyJIbCapbl,— 9TO OCTATKHU
B3PBIBOB 00Jiee MACCUBHBIX U MOJIOJIBIX CBEPXHOBLIX I THIta, MeXKJly TeM Kak Iocje B3PbIBOB
MeHee MaCCUBHBIX, CPABHUTEIHLHO CTapbIX 3Be3J] — CBEPXHOBBIX | THIIA, 3BE3IHBIX OCTATKOB HE
COXPaHSAETCsI,— OHU IIOJIHOCTBHIO PACCEUBAIOTCA B MEXK3BE3IHOM IIPOCTPAHCTBE.

To obcTogTe/ILCTBO, YTO HEUTPOHHBIE 3BE3/IbI OOPA3YIOTCH B PE3YJILTATE IBOJIOIIH MaCCUB-
HBIX 3BE3]I, IPEJICTAB/IAETCS BIIOJIHE eCTeCTBeHHbIM. V100 TOJIBKO Yy TaKUX 3BE3]] MOKET 00pa3o0-
BaTbCA KHUCJIOPOJIHO-YTJIEPOIHOE SJIPO C MACCOM, MPEBBIMAIONIE JaHIPACCKAPOBCKIIL TIPEJIE.
Hajmmaue weifiTpoHHbIX 3Be371 (HAO/II0aeMbIX KaK PEHTIEHOBCKHE MyJibcapbl — cM. § 21) B mMac-
CHUBHBIX JIBOMHBIX CHCTEMaX KakK OyITo Obl IIOJATBEP:KIAET TaKOW BBIBOI.

BosMoxkHo, 910 K 9T0i 1pob/ieMe nMeeT OTHOIIEHUE SBJICHUE PAIMOU3/Ty YeHUsT CBEPXHOBBIX
(a He ux ocraTkos!), KOTOpOE B MOC/IE/[HEeE BpEMsI IPUBJIEKAET K cebe BHUMAaHUE PaIOACTPOHO-
MOB. Bo Bcex Tpex ciiydasx, KOra 9TO siBJeHne HaOJII0/1a10Ch, U3/Iy YAl PaIHOBOJIHBI CBEPXHO-
Bbie Il Tuma crycrs 1—3 mecsina mocie makcumyma Ojtecka. He nCKII0UeHO, KaK MPEIITOIOMKILIT
aBTOP TOI KHUT'H, YTO CTUMYJIMPYET paJInOu3jIydeHne cBepXHoBbIX [I Tuna naxomdmmmiics tam
MOJIOJION, aKTUBHBIN My/ibcap. Bo3aMoxkHO, OHAKO, U JIpyroe 00bsiCHEHUE, CBA3BIBAIOIICE ITO
pPaJIMon3/IyIeHre CO B3aUMOJICHCTBUEM PACIHIUPSAIONIEicss 000JIOUKHA ¢ OKPYZKAIONIUM B30PBaB-
IITYIOCS 3BE3JLY «BETPOM».
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§ 21. IIVIbCAPBI KAK UCTOYHUKU PAIMOUIIYUEHUSA

[Toxkasyit, Tpy/Hee BCero s IyJbCapoB OINPEIE/ISTIOTCS JIBE OCHOBHBIE XapaKTEPUCTUKU
BCSIKOT'O «HOPMAJIbHOTO» MCTOYHUKA PAJIMOU3IYIEHNsT — MOTOK U CIIEKTP. DTU TPYTHOCTU CBsI-
3aHBI MIPEKJIE BCETO C CaMOil MPUPOON MysIbcapoB. /leo B ToM, 9TO, KaK y2Ke HEOTHOKPATHO
YIOMHHAJIOCH BBIIIE, PAIUON3IIyYeHIe TYIbCaPOB B BBICIIEH CTENeHN CJI0XKHBIM 00Pa30M MeHs-
eTcs CO BpeMeHeM. DTH U3MEHEHHs, B YaCTHOCTHU, OBIBAIOT OYEeHb OBICTPBIME, HAIIPUMED, JBa
COCEJIHUX UMILYJIbCA MOTYT MMETh 3aMETHO Pa3IMYAloNInecs «Ipoduim» (3T0 TO Ke caMoe,
YTO HA ONTHYECKUX YaCTOTaX KpuBas OJiecka). Ipyrumm cioBaMu, 3a BpeMst MOPsIjIKa CeKYHTbI
(xapakTepHOe BpeMs JIJIs [IepHO/Ia MyJIbCapOB) MOIYT HAOIIONATHCS CYIIECTBEHHBIE N3MEHEHsT
noroka. Crennduyaeckoit 0COGEHHOCTDHIO MYJIHCAPOB KAK UCTOYHUKOB PATUON3ITY Y€HUS SABJIAIOT-
cs UX HUYTOXKHO MaJible YTIJIOBble pa3Mepbl. [loaTomMy oHM, Kak HUKakue Jpyrue M3BEeCTHbIE
B Pa/IMOACTPOHOMMH UCTOYHUKHU, ITOABEPKEHBI CIIUHTU/LIAINAM. U XOTd criekTp pajmonsiryde-
HUS TTYJILCAPOB, TO-BUIUMOMY, JOCTATOYHO CTaOWIeH, XapaKTep CIUHTHUJLISINN CYIIeCTBEHHO
3aBUCHUT OT YACTOTHI U3JTYIEHUSI. DTO MPUBOINT K CHILHENIITNM NCKAYKEHUIM CIIEKTPa IIPH IIPO-
XOYKJIEHUW M3JIyUeHns MyJibcapa depe3 MeXK3Be3HyI0 cpety. Hanmpumep, Ha HeKOTOpOiT 9acToTe
3a HECKOJIbKO MUHYT W3-3a CIUHTHU/JISIUN ITIOTOK PaIMOU3JIydeHns] MOKET yIacThb JI0 HYJId, B
TO BpeMs KaK JIJI 9aCTOTBI, CJIETKa OTJIMIHONM, TaKOe YMEHbBIIEHNEe MTOTOKa IMTPOU30UIET yKe B
Jgpyroit moment. JIobaBuB K 3TOMY, 9TO OOYCJIOBIEHHBIE CITUHTU/LISAIIUSAMEI UCKayKeHUs ObICTPO
MEHSIIOTCS CO BpeMEeHeM, MBI TIOJIYINM IIPEJICTABIEHIE O TOM, YTO «UCTHHHBINY CIEKTD Paon3-
JIy9eHus MyJIbcapa ONpeeuTh He TPOCTOo. [l MCKTIOUeHNs BJINAHNS CIIMHTHJIIAIIN TPEXK e
BCEr0 HYXKHO YCPeoHAmMb HaOJIONEHUS 10 0YeHb GOJBIIOMY (MCUUCIISIEMOMY COTHSIMU) YHCITY
nepuoioB. 11pu 9TOM, 0/iHAKO, BOBHUKAET JIOMOJHUTE/IHLHAS TPYJIHOCTD, 9TO 38 TAKOe 0OJIbIIoe
KOJIMNYECTBO MEPUOJIOB CAMO <«HCTUHHOE» (T. €. He UCKAYKEHHOE CIMHTHUJLISIIIUSIMU) U3JIy IeHIe
IIyJIbCAPOB MOYKET 3aMETHO MU3MEHUTHCH. TakK MOJIydaroTCd <«CrJIayKeHHBIe» 110 BPEMEHU «CHH-
TeTHYecKre» MPOMUIN U «CHHTETHIECKNe» CHEKTPhl. B ¢BOIO odepe/ib cpaBHEHNE PA3INIHBIX
«CUHTETHYECKUX» TPOMUIIeii, MOJTYIeHHBIX JIJIT OJIHOTO M TOIO Ke ITyJIbCapa, IMO3BOJIAET BbI-
SIBUTH PsiJi BAPUAINIA, HAYMHAS OT MUHYTHBIX M KOHYas rojioBbiMu. EcTecTBEHHO, UTO JAaHHBIX
0 OoJiee JTIOITOBPEMEHHBIX BapUaIUgX OCHOBHBIX XapaKTEPUCTUK W3JIyYEHUs ITYJIHCAPOB IMOKA
He CYIIECTBYET, TaK KaK IIepBBIe IyJIbcapbl OOHAPYZKEHBI BCEro OKOJIO0 15 jrleT Hazas.

Ha puc. 21.1 npuBeieHbl «CHHTETUYECKUE» CIIEKTPhI HECKOJIBKHX IIYJIbCAPOB, ITOJIYYeHHbIE
HA M3BECTHOI pajmoacTpoHoMutieckoit obcepBaropun [lxkonpesr Bsnk. Kak mpasuso, crek-
TpaJIbHAA TIJIOTHOCTb UX MOTOKOB OBICTPO IaJIa€T ¢ POCTOM HacTOTHI. BIipoueM, y HEKOTOPBIX
nysbcapos (wampumep, y PSR 0329-+54) mabmonaercs JOBOJBHO IJIOCKHHA MAKCHMYM OKOJIO
gacrorbl 400 M. A BooOie, CIIEKTP MOXKET OBITH MPEJCTABIEH CTEleHHBIM 3aKOHOM (Kak
U JIJIg PYTUX UCTOYHUKOB KOCMHYECKOrO pajuounsiydenus) F, o VO, rue F, — ycpejHeHHas
CIIeKTpaJibHasl IJIOTHOCTH MIOTOKA, a BeJUInHA O ( «CIIEKTPAJIbHBIH HHJIEKC» ) J1JIs OOJIBITHHCTBA
IIyJIbCapOB MeHgeTcst 0T —1 10 —2, mprdeM HUKaKOi 3aBUCUMOCTHU O OT I1epuo/ia IyJibcapa HeT.

«IIpodumm» paanonsydeHns IyabcapoB YacTO OTIMYAIOTCS OOJIBITAM KOJIMIECTBOM JIeTa-
neit. Hampumep, y myibcapa, Haxongmeroca B KpaGosuanoit TymaHHOCTH, HabJIIOIAIOTCA OT-
JleJIbHBIE JeTajIl PaJuolpoduiId, Topasno bolee «y3KHe», 9eM y OITHYCCKOHM KPHBOil OjIecKa;
STH JeTaJIU JI0BOJILHO OBICTPO MEHAIOTCH OT IEePUOJa K IIEPHOLY, HO «CHHTETHIECKUil» Ipoduib
NR 0531 Bce ke 630K K KPUBOIl 6J1eCKa €I0 BBICOKOYACTOTHOIO (ONTHYECKOIO) U3JIY ICHHUSL.
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Puc. 21.2. Pesynbrarsr HAOIIOMeHNS «3Be310TpsiceHus» y myiabcapa PSR 0833—45.

Pajmonsitydyenune mysibcapoB CHJIBHO MOJISIPU30BAHO. ¥ OTJEIbHBIX UMITYJIHLCOB MHOTIA Ha-
omogaerca nourn 100%-nasg aunetinas nossapusayus. O9eHbL UHTEPECHO, YTO JAXKe Y OJIHOTO
UMITYJIbCa 3a BPEM#, UCHUCJIZAEMOE MaJIbIMU JOJIAMU IIE€PUOJa, XaPaKTCPUCTUKU IIO0JISApU3allin
(HampuMep, HapaB/eHe KoJeOaHUil 9JIEKTPUIECKOT0 BEKTOPA) MOIYT CUJIBHO MeHAThcsa. 06
9TOM BaKHOM SIBJICHHU Pedb Oy/eT UJITH HUXKE, & IT0Ka OTMETHM, UTO B OOIIEM Cjaydae y Iyib-
CcapoB HADJIOMAETC AANUNMUYECKAA TTOTITPUSAIIH.

Kak y»ke HeOTHOKpaTHO yKa3bIBAJIOCH, IEPUOJIBI ITYJIbCAPOB B MIEPBOM ITPHUOJIMAKEHUH MOK-
HO paccMaTpuBaTh KaK BeCcbMa CcTadmiIbHble. OHAKO JIUTE/IbHBIE Psi/Ibl HAOJIIOICHU MO3BO-
JISIIOT BBISIBUTH OY€Hb MHTEPECHbIe Bapualuu B nepuojax. [Ipexkie Bcero Takme HaOJIIOCHUS
BBISB/IAIOT BayKHEHTHI 3(phEKT HEMTPEPHIBHOTO YBEJIUUCHUS TIEPUOOB Y BCeX 0€3 UCKTIOUCHUS
yJIbCAPOB. DTO MO3BOJISIET CJIEIaTh JOCTATOTHO HAJICKHYIO OIEHKY MX 603pacma (CM. BBIIIe).
Nz-3a spderra [ommepa, BEI3BAHHOIO OPONTAIBHBIM JIBHKEHIEM 3€MJIN CO CKOPOCTHIO ~ 30
KM/C, MEpUOJIbI MyJIbCAPOB B TeYeHHe T0Jla MEHSIIOTCS MPUMEPHO Ha OJHY JIECATUTBICIIHYIO
CBOEro 3HaueHus (Jisi IyJIbCAPOB, HAXOAIIUXCS CPABHUTEILHO OJIM3KO OT SKJIUITUKU), U Ha
MEHBIIYIO, HO BIIOJIHE «OIILyTUMYIO» BEJIUIUHY — JIJIsl IPYTHUX IyJibcapoB. llpu onpenesienun me-
pUO/Ia IyJIbCAPOB € TOM OOJIBIION TOYHOCTBIO, KaKas JOCTUTaeTCd B HACTOsAIIEee BpeMs, 3 deKT
Jlorepa Bcerjia UCKIIOYAETCA U JIACTCA 3HAYEHUE «TeJTUOIEHTPUIECKOTO» MEPHUOa, T. €. TOTI'O
[epuo/ia, KOTOPBIi 0OHaPY KU ObI BOOOpaskaeMblil HAOJIOAaTe /b, Haxoadanmiica Ha CoJtHIe.

YpesBbluaiiHo MHTEpecHoe sBjeHre ObLI0 OTKpLITO B 1969 r. B ABcrpaium pagmoacTpo-
nomamu Mandecrepom n Pajaxakpurraanom. OHu 0OHAPYKUIN CKAIKOOOPA3HOE YMEHbULEHUE
nepuojia mysabcapa PSR 0833—45, koTtopoe mpounsoniio riae-to Mexk ity 24 deppasis u 3 Mapra
1969 r. (puc. 21.2, B mpoMe:KyTKe BPEMEHH MEXKJIy STUME JBYMs JaTaMi HaOJIOJIeHUs yKa-
3aHHOTO I1yJIbCapa He MPOBOMJINCE). BejmduHa yMeHbIIeHHs [ePUOJIa JIOBOJILHO 3HAUUTE b
Ha: okojio 200 HAHOCEKYH/I. Y UUTBIBas, UTO mepuoj 3roro myiabcapa 0,089 c, «cboii» mepuoma
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cocrasiger 2 - 107% ero smagenus. MnTepecHo eme u To, 4TO 1I0CJE OMUCAHHOIO CKAYKOOOpas-
HOIO YMEHBINEHHsI [IePUoJia JajibHelilee ero yBeaudeHne Ipoucxoauio ooicrpee Ha 1%, uem
10 «cbos». Crycra 21 /2 Tona, B Koure 1971 r., siBiienne «cbosi» nepuoga PSR 0833—45 mo-
BTOPUJIOCH TIOYTU B TOYHOCTU. TaKoe CTpaHHOE siBJIEHUE MOXKHO OObSCHUTH TOJIBKO peabHBIM
CKaIKOOOPa3HbIM M3MEHEeHHEM IIepUojia BpallleHns HEHTPOHHON 3Be3/ibl. VI3MeneHue mepuoja
BpaIlleHNsT B CBOIO OYEPE/Ib JIOJXKHO OBITH CIEJCTBUEM CKAIKOOOPa3HOIO yMEHbIIIEHIST MOMEHTa,
WHEPIUU 3BE3/[bl, BBI3BAHHOI'O KAKMMU-TO CJIOYKHBIMHU [IPOIECCAMU B ee Hejipax (Hampumep, us3-
MEHEHHEM XapaKTepa CBA3M MEXKJTY MOBEPXHOCTHBIMU CJIOIMHU HEHTPOHHOM 3BE3/IbI U €€ HeJIpa-
M), fIBIeHue cKauKOOOPa3HOro «c6ost» MEeprojia y IMyIbCApOB HMOIYyUnIo 00pasHoe U MeTKOe
Ha3BaHUE «3Be3/I0TpsAcenuii». B ropaso menbiem maciitabe, dem y mysbcapa PSR 0833—45
HECKOJIBKO «3Be3J0TpsiCeHuil» HabJromaI0ch y myibcapa B «Kpabes. zyuenne «3Be3morpsice-
HUIT» OTKPBIBAET €IUHCTBEHHYIO B CBOEM POJI€ BO3MOXKHOCTD UCCJIEIOBAHUN HEJIp HEHTPOHHBIX
3Be3/I, MMOJIOOHO TOMY KaK aHAIN3 CefICMUYECKUX sIBJICHWUI HA 3eMJie SBJISIeTCS BarKHEHIIM
METOJIOM HUCCJICJOBAHUSA BHYTPEHHUX 00JIacTel Halleil ImiaHeTs.

OrpomHasi TOYHOCTh, ¢ KOTOPOil ceiffgac ONpeessiioTcsl ePUOIbl IIyIhCApOB U PA3JIMIHbIE
UX BapHUAaIUH, IIO3BOJISET CJIe/IATh eIlle OJUH BaXKHbIN BBIBO/I, KACAIOIIUNCS ITPUPOJIBI MY IHCAPOB.
[IpencraBuM cebe, 4TO MysIbCAP ABJISIETCSI KOMIIOHEHTOM JIBOIHON cucTeMbl. Tora BeJIuanna ero
epuoJIa JIOJZKHA, TIEPUOIMIECKI MEHATHCA B COOTBETCTBUU C €TI0 OPOUTAJILHBIM JIBUZKEHUEM B
JiBoitHOM cucteme. M3 Toro mpocToro axra, UTo TaKUX MEPUOJIMIECKUX U3MEHEHUl Ieproa
HEL y OJIHOTO IIyJibcapa He HaBJIIOIAeTCs, CIeyeT OYeHb BasKHBIN BBIBOJ, UTO IyJbcapbl (Bep-
Hee, OTOXKJIECTBJIIEMbIE C HUMU HEHTPOHHBIE 3BE3JIbl) He SIBJISIFOTCS KOMIIOHEHTAME KDPATHBIX
3BE3/IHBIX CUCTEM. DTOT (akT cam 10 cebe OUeHb yauBuTeseH. Beab JBOCTBEHHOCTb OYEHD
pacupocTpanena cpean 3se3. Kak yzke ropopuioch B § 14, o kpaitneit mepe 50% Bcex 3837,
BXOJIMT B COCTaB JIBOMHBIX 3BE3/I, & CPEIU MOJIOJIBIX, MACCHUBHBIX 3BE3/I 9TOT IIPOIICHT EIIE BBIIIIE.
A MekIy TeM U3 M3BECTHBIX B HacTosIee BpeMs ~ 350 IMy/IbcapoB TOJBKO TPU HPUHAIIEKAT
K JIBOIHOI 3Be3HOl cucreme (cm. Huke). o 9m0oro B acTpoHOMUM HE ObLI U3BECTEH KAKOli-
OO THUII 3Be3/1, 00IaIaBIINI TaKUM CBOiicTBOM. B paMKax cyInecTBYOMNX IPeICTaB/IeHni 00
o0pa30oBaHny HEHTPOHHBIX 3BE3J] OTCYTCTBUE JIBOMCTBEHHOCTH Y ITYJIbCAPOB KaK OyJITO MOXKHO
NoHATH. [Ipexke Bcero JI0CTaTOYHO Be/IMKa BEPOATHOCTH TOTO, UTO BCJIEJICTBHE B3PbIBA OJIHO
13 KOMIIOHEHT JIBOIHOI CHCTEMBI TIapa paciagaercs. 1o Oy1er Tak B CIydae, KOTia pacCTOSHIe
MEXK/Ty KOMIIOHEHTaMH JIBOMHON CHCTEMbI BEJIUKO U 9BOJIIOIUS KaXK0M U3 KOMIIOHEHT ITPOTEKa-
er Oojiee maIn MeHee He3aBuUCHMO. Kpome Toro, Tpedyercs, YToObI BO BpeMsi B3phbIBa OOJIbIIast
YacTh MACChl 3Be3/Ibl ObLIa BHIOPOIIEHA B MEYK3BE3/IHOE TTPOCTPAHCTBO € JOCTATOYHO OOJIBINO
ckopocThbio. OJTHAKO, ec/ii B3PbIB UMEJI MECTO B «TECHOW» JIBOWHON cucTeMme, T/ie PacCTOSHUE
ME2K/Ty KOMIIOHEHTaMH HEBEJUKO, CATYAIS MOXKET ObITh COBEPIIEHHO JIpyroit. B sTom ciydae,
KaK Mbl Bujiesin B § 14, B3pbIBaThCA OyleT Mmenee maccusHnas 3Be3na. [Ipu Takoit curyarun
napa He OyjeT pa3pylleHa jiaxke TOraa, Korja 0oJbIlnasg 9acTh B30PBABIIEHcs 3B€3/1bl OY/1eT BbI-
OporiieHa B MexK3Be31HOe TTpocTpaHcTBO. [ouemy ke He HaO/I01a€TCs MY/ ILCAPOB — KOMIIOHEHT
JIBOWHBIX CHCTEM, €CJIN OOJIbINAs YaCTh TAKIX CUCTEM CPAaBHUTEIBHO TecHbie? COBETCKUil acTpo-
duzuk B. A. [IIBaprman BeLABUHYJT OY€HDb HHTEPECHYIO THIIOTE3Y, OOBICHSIONIYIO 9Ty 3arajIKy.
[To ero muenuto, B JBOIHOI cucTeme, 0COOEHHO, €C/IM OHA TeCHasl, UMEeeT MECTO HellPepPbIBHOE
nadenue ra3a OT HOPMAIHLHOTO KOMIIOHEHTA Ha HEHTPOHHYIO 3Be3/1y (TaK Ha3bIBAEMBIl «IIPOIECC
AKKPEIUn» ). DTOT MPOIECC MOKET KaK Obl «IIOJABUTH» PAIUOM3/IyYeHNEe HEHTPOHHOI 3BE3IbI
U «IOTYIIUTH» CBA3AHHBIN C HElO Iysabcap. Korja mocieIHIil «MOJIOJ» U €r0 «aKTUBHOCTH»
BeJIMKA, aKKpeIUsd He B COCTOAHUU <«3aIIyIIUTby» PaJMOU3IydeHre HeHTpoHHOI 3Be3bl. Ho
YUCJIO TAKUX OYEHb MOJIOJIBIX IYJIBCAPOB MOXKHO OyKBaJIbHO MEPEUYUCTUTH I10 IMajIbIiaM OJIHO
pPyKHU. BoIbIIMHCTBO Ke MyIbCapoB JOCTATOYHO «CTaPhl», U €CJIU OHU BXOJAT B COCTAB JIBOMHBIX
CUCTEM, UX U3JIydeHue Oy/IeT MMO/IaB/IeHO.

Jletom 1974 1. Ha obcepBaTopun Apecubo ObLI OOHApY:KeH OdeHb caabblii myabcap PSR
1913, aBosromuiicss KOMIOHEHTOII TECHON JBOIHOI CHCTEMBI C IIEPUOJIOM obparieHns 7h46™.
Paccrosiane mexx iy KoMIoHeHTaMn HeMHOTO 6oJbine pajmyca Cosaia. Bropas kommoneHTa
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Puc. 21.4. 3aBucuMoCTb MUPUHBI «OKHA» IIYIBCAPOB OT UX IEPHOJIA.

JIOJIZKHA, OBITH JTUO0 OEJIBIM KapJIMKOM, OO0 erne 60j1ee KOMIIAKTHBIM 00bEeKTOM, 3aBeI0MO He
BAIIOJIHAIOIIMM CBOIO 1oJ10cTh Pormra. I[losToMy HMKakoil akKKpelnuw B 9TOH CHCTeMe HET, UTO
u jeaer myabcap HaOsogaeMbiM. Cama 1o cebe akKpelus ra3a Ha HEHTPOHHYIO 3Be3/ly, Ha-
XOJISIILYIOCS B JIBOWHOI cucTeMe, MOXKeT MPUBECTH K YIPEe3BBIYailHO MHTEPECHBIM W BarKHBIM
nocseacTBusaM. O6 3ToM MbI OyiaemM MHOroO roopuTh B § 23. Crie/lyeT, OJHAKO, 3aMETUTh, UTO
BOIIPOC O MPUYINHAX OTCYTCTBHS JIBOMCTBEHHOCTH Y IIY/JIbCAPOB JIO KOHIIA eIlle He sSICeH. 3/1eChb y
TEOPETHKOB €I11e MHOTO IIHUIIU JJIsT PA3MBIILICHHIA.

«Cunrernyeckne» MpoMUIN MyIbCapPOB OOHAPYKUBAIOT OOJIBIIOE pa3HooOpasne. XOoTsd, Kak
y2Ke YIIOMHHAJIOCH BBIIIE, OHU MTOKA3BIBAIOT 3HAYUTEIbHYIO U3MEHUYNBOCTD, /I JTAHHOTO ITYJ/Ib-
capa OCHOBHBIE OCOOEHHOCTH TaKUX PO uIeil 0CTaloTCs HEM3MEHHBIMI U MOI'YT CJIYKUTh Kak
OBl ero «racnoprom». Hampumep, ecth Takue myIbcaphbl, rjie mpouib COCTOUT U3 OJHOTO IIPO-
CTOTO UMITYJIbCA, HAIIPUMED, HEOTHOKPATHO yiKe yromuHasImuiics mysabcap PSR 0833—45. Ectb
MYJIBCAPBI, Y KOTOPBIX CUHTETUIECKUIT TTPOUIIb COCTOUT U3 JIBYX, & TO U TPEX «CyOUMITY/IHCOBY.
DTO XOPOIIO BUJIHO U3 puc. 21.3, rje npuBegeHbl cuHTeTHYecKue mpoduin 18 myabcapos.

NurepBas BpeMeHH, B TeUeHIe KOTOPOTO HAOIIONAETCS U3/Iy IeHIe OT MyIbCapoB (TaK Ha3bl-
BaeMoe «OKHO» ), 0ObIYHO cocTanseT okosio 1/30 or mepuoga. Ha puc. 21.4 mpuBesieHa quarpam-
Ma, JIalolas 3aBUCUMOCTD IITUPUHBI «OKHA» OT Iepuoja ImysabcapoB. [Ilupuny «okHa» y100HO
U3MEPSTh B YIVIOBBIX eguHunax (360° cOOTBETCTBYIOT HOJTHOMY HEepUojLy Iyibcapos). Ha srom
PUCYHKE XOPOIIO BUIHO, YTO TOYKU, COOTBETCTBYIOIINE PA3IUIHBIM ITyJIbCapaM, IPYIIITUPYIOTCS
OKOJIO TIPSIMOIi, COOTBETCTBYIOIIEH MUPUHE «OKHA» 9°.

XoTd MuUpUHA <«OKHa» JJId JAHHOTO IyJIbcapa OCTAeTCd TMOYTH IMOCTOSTHHOM, OT/Ie/ThHbBIE
Jerann mpoduiis («UCTUHHOTO», & HE YCPEJHEHHOIO «CHHTETUYECKOIO») MOTYT B Ipeje/iax
«OKHa» TepeMeNaTbcsd. ¥ HEKOTOPBIX ITyJIbCapPOB TAKHUe IepeMeNeHns HOCIAT YAUBUTETHHO pe-
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Puc. 21.5. «/Ipeiicb» uMIyIbcoB B mpejesiax «OKHa».

TYJIAPHBIN XapakTep. B Takux ciydasx cyOMMITYJILCHI KaK ObI IepeMertaloTcd, <«apeiidyrors
B IIpejiesiaX «OKHa». DTO siBJIEHHE BIEepBble HaO/I0AaI0ch y mysabcapa PSR 1919+21. Ceiiuac
y2Ke U3BECTHO JIOBOJILHO 3HAYUTEIBHOE KOJIUIECTBO IYIbCAPOB, TJie 3TOT (peHOMeH Ha0JII0/1aeT-
cg. Ha puc. 21.5 npuBoauTcsa cxema, WLTIOCTPUPYIOIIad 3TO WHTepecHoe gBjienne. J[is Takux
YJIbCAPOB MOXKHO ONPEICTIUTEH 6Mopoti TEePUoI, OIpeIe/IsieMblii KaK IIPOMEKYTOK BPEMEHU, B
TedeHne KOTOporo ux npoduiib moBropsiercs. OO6bIMHO BTOPOit 1epuojt, Py B HECKOJIBKO Pa3 JJINH-
Hee 0cHO6H020 TIepuojia Py, orpeieisieMoro BpallieHneM HeHTpoHHO# 3Be31bl. Clie/lyeT, 0/IHAKO,
[IO/TI€PKHYTh, YTO BTOPOil Tepuoj; P, OTHIONb HE OTJIMIAeTCs TOM MPEeU3MOHHON TOTHOCTHIO,
KOTOpasi XapakKTepHa, JIIsd OCHOBHOIO Tiepuoja Pj.

W3 pasubix Bapuaruii, KOTOPbIM TOABEPKEHBI TPOMUIN UMITYJIbCOB IYJIbCAPOB, €/IBa JIN
HE CAMbIM 3araI09HBIM ABJISIETCS NOAHOE NPEKpaueHue PATUON3/TyYeHIs B TeIeHNe 3HATNTE h-
HOTO KOJIm4IecTBa mepuooB. Tak, nzaydenne mynabcapa PSR 123725 BHe3amuo «mporaiaers
Ha HECKOJIbKO MUHYT, TIOCJI€ Yero «OKuBaeT» 0e3 maJieiiiiero cbos mepuoja. ¥ myiabcapa PSR
080974 wHOTIA «IIPOIIAIaeT» HECKOJIBKO ITeproI0B. Takue aBIeHNs, CKOPee BCero, YKa3bIBaIOT
Ha TO, YTO [0 KAKUM-TO LIPUYUHAM Yy Bpallarolleiicd HeiiTPOHHON 3Be31bl BHE3AIIHO IIPEKpalla-
ercs pajmounsiydenne. B 9Toil CBA3U ciieyeT MOMIepKHYTh, UTO JETaJi OCHOBHOIO IIPOIECCa,
PaJIMON3IyIeHNs TIYIbCAPOB, MPUBEJIIIEro K X OTKPBITUIO, BCE elle JajeKu oT sicHocTn. Hike
MBI €I1le BEpHEMCsI K 9TOi Ipodieme.

XoTs npupoia pauon3 Iy IeHus My/IbCAPOB TIOKa eIe JOBOJbHO TEMHA U 3araji0vHa, caMo
1o cebe 9TO U3JIyIeHrne OTKPBIIO HOBBIE, OUEHb OOraThle BOSMOKHOCTH M3y IEHUsT MEXK3BE3/THOM
cpebl. ACTPOHOMBI cpa3y Ke 10 JIOCTOMHCTBY OIEHWIN 3aMevdaTeTbHyI0 0COOEHHOCTH 3TOTO
pPaJIMON3/IyIeHHs: €ero UMITYJIbCHBIH XapakTep. BecbMa 1MOJI€3HBIM SIBJISAETCA U TO, UTO PAJIHON3-
JIyU€eHUe B Psijie CIydaeB OKa3aJI0Ch JIMHEIHO MOJISIpu30BaHHbIM. Bee 3Tu ¢BoiicTBa My IbCapHOTO
PAJIMON3JTY YeHUS [TO3BOJIAIOT UCIIOIb30BATH €0 KaK BechbMa 3(DhEKTUBHBIN 30H/T JIJIsT U3y ICHUST
MeK3Be3/IHOM cpejibl. [Ipeke Bcero Halo cebe MpUMEHEHUe SIBJIEHUE JIUCIEPCUU UMITYJTh-
COB PaIMOM3/TyIeHNUsT OT IyJIbCapOB B MeXK3Be31HOi cpese. OO 3TOM MHTepecHeHIeM sBIeHIH
CTOUT MOTOBOPUTH OoJiee 1moapodbHo. OIMHAKOBA JIM CKOPOCTH PACIIPOCTPAHEHUsT BCEX JIEKTPO-
MarHUTHBIX BOJIH B MeK3Be3IHOI cpene? Bemp sicHO, 9TO JakKe OUeHb MaJieHbKasl Pas3HUIA B
CKOPOCTH PaCIPOCTPAHEHUs SJIEKTPOMATHUTHBIX BOJIH PAa3/IUIHON JIJIUHBI B IIPUHITUIIE MOTJIA
OBl J1IaTh BIIOJTHE U3MepPUMBbIit 3 }HeKT, TaK Kak IPU OIPOMHBIX MEXK3BE3IHBIX PACCTOSHUSX IIPO-
MCXOIM/I0 OBl HEIPEPBIBHOE «HAKOILJIEHNEe» PA3HOCTU BPEMEH IPHUXO0Jia MMITYJIbCOB HA PA3HBIX
BostHax. Ha pybezke sToro crojernst Hail caMOObITHBIN acTpoHoM . A. TuxoB mbrTasics obHa-
PYKUATDH Takoit 3pPeKT y 3aTMEHHO-IBOMHBIX 3BE3/1: e/ ObI 9 (PEKT CYIIEeCTBOBAJ, MOMEHTHI
3BE3/HBIX 3aTMEHUIl B JIyuax PasHOro IBera (HAIPUMED, CHHErO W KPACHOTO) JIOJIZKHBI ObLIN
Obl oTIMYaThCs. ToraliHme CBeeHns O MPUPOJIE MEXK3BE3THOW CPebl, OJIHAKO, ObLIN TaKe
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HE B 3a9aTOYHOM, a IIPOCTO B HYJIEBOM COCTOsIHMHU. TOJIBKO CITYCTS HECKOJIBLKO JieT ['apTmanom
OBLIM OTKPBITHI JIUHUU MEYK3BE3/IHOI'0 KaJIbITHSI, IOJIOYKUBIIE HATAJIO U3YIEHNIO MEeXK3Be3THOM
cpenbt (cMm. § 2). Termepb-TO MBI XOPOIIO 3HAEM, CKOJIb HECOCTOsITeNbHA Oblaa mombiTKa [ A.
TuxoBa 0OHAPYKUTb MEXK3BE3THYIO JIUCIIEPCHIO CBeTa. Beab MI0THOCTDh MEXK3BE3THOM CPeIbl
HaCTOJIBKO MaJia, 9TO U3-3a 0ObIYHON jguctepcun gaxke Ha 1myTH B 1000 ¢cBETOBBIX JIET UMITYJIHC
KPaCHOI'O CBETa OIEPE/IUT OTHOBPEMEHHO ¢ HUM U3JTyUYeHHBIN UMITY/IbC CHHET'O CBETa BCErO JINIIb
Ha HUYTOXKHYIO JIOJIFO CEKYH/IbI.

OTKpBITHE KOCMUYECKOTO PAIMON3/IyYeHNsT KOPEHHBIM 00pa30M M3MEHUJIO CTapyio IpobJie-
My OOHApPYXKEHHsS IMUCIIEPCUM SJIeKTPOMArHUTHBIX BOJH B MexK3Be3aHoil cpene. I[lociennioo
BCErJla MOYKHO paccMaTpuBaTh Kak miasMmy (mgaxe B «3onHax H I», rme Bomopon He monHm30-
BaH; cM. § 2). Teopust pacpocTpaHeHust U JUCIIEPCUN PAJMOBOJIH B IIA3Me SIBJISIETCST OYeHb
XOPOITO pa3pabOTaHHBIM OTJIEJIOM MaKpocKormdeckoit (pusnku. [IpuBegem TobKO BhIpazKkeHue
JUTS TIOKa3aTe sl IPeJIOMJICHAA 3JIeKTPOMArHUTHBIX BOJIH B ILJIa3Me, B KOTOPOil MArHUTHOE TI0JIe

OTCyTCTBYET:
8,26 - 106N,
= \/1 i (21.1)

2N,
T, V2

Baech N, — KOHIEHTpaIys CBOOOJHBIX 3JIEKTPOHOB B ILIa3Me, V — 9acTOTa U3JIyICHU.

Kak Buano us dopmymast (21.1), HoKazaTeIb IPEJIOMICHAA IA3MbL /I PaIIOBOIH MEHb-
me e UHANLL. KaK W3BECTHO W3 3JIEMEHTAPHOTO Kypca (DH3MKH, CKOPOCTH PACIPOCTPAHCHUS
9JIEKTPOMATHUTHBIX BOJIH B CPeJie C IIOKa3aTe/IeM IIPeJoMIeHus n vy, = ¢/n, rae ¢ = 3 - 10"
cM/C — CKOPOCTH CBeTa B BakyyMe. KoJb CKOPO 1 MEHbIe eIUHHUIBL, Vg, > ¢, 9TO Kak Oyiro
OBl IPOTHBOPEYNT CIICIHATLHOMY MPUHIINITY OTHOCHTEILHOCTH. HUKAKOTO IIPOTHBOPEYHS, Of1-
HAKO, 3/1eChb HeT. JIeJI0 B TOM, 9TO U4, €CTh Tak HasblBaeMast «(has0Bast CKOPOCTb», OTHOCIIAICS
K CTpOoro OHpe,ZLeﬂeHHOﬁ HacToTe BOJIHBI. HpI/IHHI/IH OTHOCHUTECJIbHOCTHU YTBEP2KJIaCT, 9TO HEJIb341
nepesaBaTh Cu2HaAbl CO CBEPXCBETOBOMH CKOPOCThIo. OIHAKO IIPU HOMOIIN TaK HA3LIBAEMOH «MO-
HOXPOMATHYECKO# BOTHBI» (T. €. BOJIHBI CO CTPOTO OMPEIeIeHHO JacTOTOM) HIKAKOTO CHTHATA
nepesaTh Heab3d. [ 9TOro Hao HOMb30BAThCA 2pYynnoti 60AH, YACTOTEI KOTOPBIX CJIErKa pas-
smunbl. Takas rpy1ina BosiH (M «BOJHOBOH IIAaKeT» ) paclpocTpaHdeTcs B cpejie ¢ HeKOTOpoil
2pynno6oti CKOPOCTHIO, KOTopas OTamdaeTcsa oT $has3oBoil. B ciIydae pacmpocTpaHeHUs BOJIH B
JIOCTATOYHO PA3PE;KEHHON IJIa3Me IPYIIIOBasd CKOPOCTE BEIPAsKACTCH (DOPMYIIOLl

<e (21.2)

a BpeMd pacCIIpoCTpaHCHUA I'PYIIIILI BOJIH
t= R/UQ.

N3 stux opmyst ciiemyer, 9To pasHUIla BpeMeHH PACIPOCTPaHEeHNs IPYIIILI BOJIH B CPeJIe
(ruraszme) u B BakyyMe (T. e. 3anaddueanue 2pynnovi) OyneT paBHa

D

R R 1RN.*1
T = = - —,
V2

— - = — =88-10°

21.3
Vs  C 2 cmeTT V2 ( )

e Besmanaa D = N.R — 4mucI0 CBOGOIHBIX 3J€KTPOHOB B IIJIMHJPE, IIJIOMIAlb OCHOBAHHST
KOTOPOI'O paBHa OJJHOMY KBaJIpATHOMY CAaHTUMeTDY, a obpasytoiias pasHa R. B dopmyse (21.3)
JacToTa V BhIpakeHa B Merarepiiax, a R — B napcekax. Besmauna D HasbiBaeTcs «Mepoil Juc-
nepcuny. lomycrum Tenepb, 9TO U3MEpSeTCd BPeMs IMPUXOJIOB UMITYJILCOB HA JIBYX YacTOTax,
CJIETKa pa3/IMIalonuxcs ofgHa oT jipyroit Ha Bejgumauny AV. [lomgaepkaeM, 9TO UMITYIbC PAJIO-
U3JIy9IeHNs, COJIepKAIIIil HabOp JacTOT, OB UCIYIIEH B HEKOTOPBII MOMEHT BPEMEHU U €CJIH
OBl He JUCIIEPCHs MEYK3BE3/IHOM Cpejibl, OH HaOJIIOIAICH Obl 00H06peMenHo Ha BCEX YaCTOTAX.
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Hanmaue ke jaucnepcuut NpUBOIUT K TOMY, 9TO Ha 00jiee BBHICOKUX YACTOTAX UMILYJILC OyJIeT
HabJIIO/IATHCA paHbIlle, YeM Ha HU3KNUX. PasHUIla B MOMEHTaX BpeMeHU HAOJIIOJIEHU UMITY/IbCa
HA 9aCcTOTaX, Pa3/JIMIaroNuxcs Ha BeqmanHy Af, KaK MOXKHO TOKa3aTh, Oy/IeT paBHA

A
At =1,76-10°D=c. (21.4)
\Y)

YrobObl MOYYyBCTBOBATH, BEJIMKA JIM 3T BeJMYMHA WA MaJja, CIeIaeM YHCJICHHBIA pacder.
Tomnyctum, uto V = 100 MTi, a D = 100 em™3 - nic. Torya uz dbopmyint (21.4) cieyer, 4To
mpu AV = 1 MI'm At ~ 1 ¢! D10 ovyenn GosbIliast BeIUYINHA, OCOOEHHO €CJIN YyIeCTh, 9TO 1
CeKyH/Ia OJIM3Ka K CpeHeMy HepHoy IyabcapoB. V3 9roro npuMepa BUIHO, 9TO MeXK3Be3IHasT
JIACIIEPCHUST PAJMOCUTHAIOB OT IIYJIbCAPOB OYEHb CHJILHO HCKarKaeT HabJII0JaeMylo CTPYKTYPY
UMITYJIECOB. B OTIeIbHBIX CilydasiX, ecjii He MPUHSITH 0COOBIX Mep (HAIPUMED, He CY3UTh MOJIOCY
YaCTOT, KOTOPYIO IPUHUMAET IIPUEMHUK DAJIHOU3IIY I€HNUST ), OHA MOXKET «3aMbITh» UMITYJIbChI U
¢ienaTh ux HeHaOoMaeMbiMi. OO MCKaXKeHNN HAOJIIOIEHH Ty IhbCapOB MEyK3BE3/THOM JINCIIeP-
cueil Mbl y?Ke TOBOPUJIN PaHbIIIE.

TexXHNKa COBPEMEHHO} PaMoacTPOHOMUN HO3BOJIACT ONPEICIATh BEIMIHHY MEpHI JIICIIEp-
cun D /11 KasKJI0ro IyJIbcapa ¢ BLICOKOH TOUHOCTBIO: J0 OJHOH CTOTBICAYHOM. Takas BbICOKasT
TOYHOCTD MO3BOJIAET B OTJCIBHLIX CIyUasxX U3MepATh Bapuarmn seamannnl D. Ocobo naTepec-
HBI BapUAINE Mepbl JUCIHEepPCHN g Iyabcapa B KpabosmmHoit TymamnocTn. B sToM ciaydae
D =57 e - e mm 1,75-10%° em~2. Oirako Bo BpeMd NEpHOJIOB aKTUBHOCTH B IEHTPATLHOI
vqacti KpaboBuIHON TyMaHHOCTH, CBA3AHHBIX ¢ 00Pa30BAHNEM OBICTPO JABUKYIIIXCSH <KTyTOB»
(em. puc. 17.10), snauenne D menstercsa na semanny AD = 106 cvm~2. Takoe Bozpacranue
MepbI JUCIIEPCHI OOBIYHO JIJTNTCS HECKOJILKO HeJleslb, Hocae dero 1D Bo3BpaIlaeTca K IepBOHa-
JaJIbHOMY 3HadeHnio. He MOIIeKUT COMHEHHUIO, ITO OIMCAHHBIC M3MeHeHns [ 00yC/IOBIeHbI
IPOXOZKICHIEM PaJIHOBOJIH depe3 JIBUZKYIInecd obIaKa IIasMbl B IMeHTpaabHoil yactn Kpabo-
BHJIHOH TYMaHHOCTH.

Eciu 6b1 KoHIIEHTpaIusg CBOOOHBIX 3JEKTPOHOB B MEXK3BE3/HOI cpejie Oblja MU3BECTHA C
MOJTHOM HaJIe’KHOCTBIO, 3HaHue [) JijIsi TOTO WM WHOTO IIyJIbcapa ITO3BOJIUIO ObI cpa3y Ke
OTIPEJIESIUTh TOYHOE PACCTOSAHUE JIO0 Hero. B JieficTBUTEIbHOCTH, OJHAKO, 3TO JIaJ€KO HE TaK.
OCTI0KHATONUM 00CTOATEIHCTBOM ABJIAETCS TO, UTO KOHIICHTPAIUS CBOOOIHBIX 3JIEKTPOHOB N,
MEHSIETCST B PA3JIMUHBIX 00JIACTAX MEXK3BE3IHON CPeJIbl B JOBOJILHO MIUPOKUX TIpejesax (eM. §
2).

Pacdernr mokazbiBaior, uTo B 3oHax H [, 3anmMmaronux 60JIbIIyI0 9acTh MEK3BE3THON Cpe-
a1, N, ~ 3 -1072. D10 3na4enue
overline N, MOKHO PUHATH KaK CPedn1010 SJTEKTPOHHYIO KOHIICHTPAIUIO B MEXK3BE3/IHOIT cpejie,
OoJIbIIIas YacTh KOTOPOI COOTBETCTBYET 30HaM HenoHu3zoBaHHOrO Bosopoja H 1. C stum 3Ha-
genneM N, U OIPeJeNIseTcs ceifuac pacCcTOSHIE JI0 MyJIbCAPOB [0 M3MEPEHHON Ul HUX Mepe
JINCIIEPCUU, XOTS TaKOW METOJ[ B OTJIEJBHBIX C/IydasgX MOXKET JlaBaTh Oojbiiue omuOku. Tak,
HaJu4Iue OYeHb cy1aboil, onTudecku He HaO/ogaemoi 3oubl H 11, caydaiino mpoekTupyiomeii-
cs Ha IyJIbcap, MOXKET CJeIaTh OIEHKY PACCTOSHUS 0 HErO 10 M3MEPEHHON Mepe JUCHEePCHH
CUJILHO 3aBBIIIEHHO.

Hanexknee Bcero paccToguus 10 OTAEIbHBIX Y/ IHCAPOB OIPEJIEISIOTCS 110 HAJIUYHIO B UX Pa-
JIMOCIIEKTPE JIMHUU TIOTJIOIEHU MEeXK3Be3/IHOro Bojiopojia 21 cm. B aTom citydae mpumensiercs
OOBIYHBINM B PajMoacTPOHOMUN METOJI, OCHOBAHHBIN Ha TOM, YTO MEYK3BE3/IHBII BOJIOPOJI KOH-
[EHTPUPYETCs K PyKaBaM CIupasibHOil cTpyKTypbl [amaktuku (M. § 3). OqHaKO BOBMOXKHOCTH
9TOr0 METO/Ia MOKa CUJIbHO OTPAHUYIEHBI, TaK KaK OH TpeOyeT, UTOOBI IIOTOK PaInON3/IyYeHUsT OT
myJibcapa ObLIT JOBOJIbHO 3HAYUTEHLHBIM. TOBKO /I OYeHb HEMHOTUX IyJILCAPOB PACCTOSHUS
OBLIN TTOJTyYeHbl TAKUM METOJIOM.

o cux mop MBI He YYUTBIBAIU HAJIAYHS MEJIKUX HEOTHOPOIHOCTEN B MEXK3BE3IHOM T1Ia3-
Me, KOTOpble MPUBOJAT K CUIBHOMY PAcCeusaHuto pajuoBOJIH. BbIe Mbl yKe HEOTHOKPATHO

249



21. IIVIBCAPBI KAK UCTOYHUKU PAONOUIITYUYEHUA

Jiagermeit.
LHEITaYHUR

Lugparyuorsi
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AP 2 Habpadrmens

Puc. 21.6. Cxema, mosicHSTIOIIAs CIMHTUJLISIITNIO PAIAON3/TY I€HUST TYIHCAPOB.

TOBOPUJIN O BayKHOM SABJIEHUU CUUHMUAAAYUUY PATUOUBTYUCHAA TyILCAapoB. Ternepb MbI ocTa-
HOBUMCSI Ha 9TOM SBJIEHUU HECKOJIBKO ITOJPOOHEE.

B npuniune ciupmHTULIAIIN O0bACHAIOTCT unmepdeperyuels n3iydeHus myabcapa. bia-
rojlapsi PacCcessHuio Ha HEOTHOPOJHOCTAX IIa3Mbl K HaOJIIOJIATEIO OJITHOBPEMEHHO ITPUXOJIUAT
MHOHCECMBO JIydell, Y KOTOPBIX «ONTUYEeCKUE MyTu» pazjndHbl. CXeMaTHIeCKu 3TO BUIHO HA
puc. 21.6. Ha 3ToM prcyHKe HEOJHOPOHOCTU B MEXK3BE3/[HOI cpejie (Mrparolye poJib «udpak-
[IMOHHOTO YKPaHa» ) JIJI MPOCTOTHI M306pazKeHbl HAXOAINMUCS Ha OJTHOM OIPEJIeJIEHHOM pac-
CTOSHUU Z OT Hab/monaTess. B neiicTBUTEIbHOCTH, KOHEYHO, OHU 3AIIOTHSIOT BCE IIPOCTPAHCTBO
MezK/ly UCTOYHUKOM U HaOsojareseM. Tak Kak pasHOCTb X0/ MEXKJIy Pa3IuIHBIMU JIyIaMU
CUJIBHO 3aBUCUT OT JIJIMHBI BOJIHBI, TO U3-3a UX UHTePMEPEHITIH Oy Iy T HAOIIOIATHCA 3HAUUTE b
Hble KOJIeOAHNA NHTEHCUBHOCTH B CMEXKHBIX CIIEKTPAJIbHBIX ydacTKax. KpoMe Toro, JiBUKeHUE
HabJIro/1aTe g Wik UCTOYHUKA OTHOCHTEIHLHO «00JIAKOBY HEOIHOPOIHOCTH MEXK3BE3HOM CPeIbl
TakKe OyJIeT MPUBOJIUTH K M3MEHEHUIO ONTUYECKUX IyTell JIydeil, YTO B CBOIO OYepe/ib OyIer
BBI3bIBATL OECIOPSIOYHbIE KOJIEDAHUs IPKOCTH UCTOYHUKA, HAOIOJaeMble KaK CIIMH TSI,
Mmenno 1o 3Toit mpudmHe M3 aHAIN3a CIUHTUJISIIN MOYKHO MOJYYUTh OTHOCUTETHHYIO CKO-
POCTBb UCTOTHHUKA ¥ HEOIHOPOIHOCTEI, 0 ueM Iijia pedb B § 20. Kem vactora ustyuenus pacrer,
3 deKThI paccedHust Ha HEOTHOPOIHOCTAX MEXK3BE3/IHOM T71a3Mbl YMEHBINAIOTCA U B KOHITE KOH-
OB JIJIsl JJOCTATOYHO BBICOKUX YaCTOT IIPOIAJAI0OT COBCEM.

Paccmorpum Teneps puc. 21.6, riae yepes 8 obo3HavueH yroJ, B Impejiesax KOTOPoro paccesit-
HOE HEOJIHOPOIHOCTSAME MEXK3BE3THON CpeJIbl U3JIyUeHrne MpUuxXoIuT K Hadonaresio. [lomoxum
Telepb, 9TO Pa3Mepbl HEOHOPOIHOCTEN PABHBI (), N30BITOUHAS IJICKTPOHHAS KOHIICHTPAIIUS B
uux paBaa AN,, a TojuHa 00JIaCTH, IJIe COCPEIOTOYEHBI HEOTHOPOIHOCTH, paBHa L. MoxHo
MIOKa3aTh, 9TO UMeeT MeCTO COOTHOITIEHTE

A ,
0= |— AN,roAg, (21.5)

a

2 KJaccmuecKmil paJimyc 3J1eKTPOHA.

e o ~ €2 /mc* = 10712 cm

[Ipumenenue ipocToit Teopun AudPaAKIMH 110 CXeMe, TIPeJICTaBIeHHOi Ha puc. 21.6, K peab-
HBIM CHUHTHJLIAIMAM PaIMOU3JIyYeHHs OT IIyJIbCapOB II03BOJIAET OIIPE/IeIUTh pa3Mephbl HEOHO-
poHocTeil a, Koropble nopgaaka 10 cm, a Takzke H30LITOUHYIO 3/IEKTPOHHYIO KOHIEHTPAIMIO B
sTuX HeoxHopoanoctax AN, KoTopas okasbiBaerca ~ 1074 em™3. Takas oueHb MesiKas «padb»
B M€eXK3Be3/IHOM T71a3Me, IO-BUIUMOMY, €CTh CJIeJICTBUAE €€ BO3MYIIEHNS TOTOKAMU 3aPIzKEHHBIX
KOCMUYECKUX JLy4ei.

Hpyrum ciaeacTBueM Judpakiiuy pauoBOJIH OT MY/IHCAPOB HA HEOIHOPOIHOCTAX MEYK3BE3/I-
HOW CpeJibl sIBJISIeTCS OOJIbINAs JTUTEILHOCTD UMITYJIBCOB HA HU3KUX 9acTOTaX. DTO OODbACHS-
eTCs Pa3IMIueM B IPYIIIOBOM 3ala3/bIBAHIY PA3HBIX JIydell, TPUXOJANINX K HAOII0IATEIO B
npejenax yria 0. M3-3a takoro pasimausi (KOTOpoe MOYKET JIOCTUTaTh HECKOJIBKUX MUJLIHCE-
KyHJ[) HA HU3KUX YACTOTAX UMIIYJIhC KaK Obl «PaCILIBIBAETCsI», T. €. €ro MOXKHO HabJIojaTh
OosbIuil MpoMexKyToK Bpemenu. Ha puc. 21.7 npuBejiena KapTuHa TAKOTO PACIIBIBAHUSA M-

MyJibca Ha pa3HbIX JacToTax Jjis myabcapa PSR 19464-35.
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Puc. 21.7. PacruibiBanue uMITy/ibCOB Ha PA3HBIX YaCTOTAX.

Tak kak paJMon3JIyveHne MMyIbCapoB MOJISIPU30BAHO, & MEYK3Be3/Hasl ILIa3Ma HaMarHUIe-

Ha, cJIeAyeT 02KUJaTh U3MEHEHUA TTOJIAPU3AITNOHHBIX XapPaKTEPUCTUK IIPU ITPOXOXKJICHUU 3TOI'O

nzjydenus depe3 cpety. Haunbosee nnrepecabiM 3hdeKToM B3aMMOIeHCTBUAS JTUHEHHO MTOJISIPU-

30BAQHHOTO U3JIydYeHHs ¥ HaMarHUYeHHON IJIa3Mbl SBJIsIeTCa (apaieeBCKOe BpalleHHe ILJI0CKO-

CTH TOJISIPUBAIIU. YTOJI TTOBOPOTA IJIOCKOCTH HMOJISIPUBAIIHT JJIEKTPOMATHUTHON BOJIHBI, JIJIMHA
KOTOpPOii A, naercs (popmMyioi

b = 0,8IN°N.H, - [, (21.6)

rae A BhIpaxkeHa B MeTpax, H| — cocrapiisioniasd MarHATHOTO IIOJIA MEXK3BE3IHOI cpe/bl, 1a-
paJuiesibHasi HAIIPABJIEHUIO PACIPOCTPAHEHUsT BOJIHBI, [ — PAaCCTOSHUE OT UCTOYHUKA PaIHOU3-
JIydeHus 10 HabJIro1aTeisl, BhIpaskeHHoe B mapcekax. CpaBHUBasT HAIIPABICHUE 3JIEKTPHIECKOTO
BEeKTOpa B BoJIHE [JIs1 IBYX 9acTOT, MOZKHO HEIIOCPE/ICTBEHHO U3 HAOJIIO/ICHII HAWTHU TTPOU3BE/Ie-
nue R = N H|l, naseisaemoe «Mepoit spamenus». C Apyroit cTOPOHBI, /I TOrO ¥Ke Iy/Ibcapa

TaK:Ke 13 HaOIIOAeHUil onpeensercs «Mepa mgucuepcun» D = N,I. Orcioma HemocpeIcTBEHHO
OIIPEIETISIETCS CPeiHee 3HAUYEHNe «IIPOI0JILHONY COCTABIIAIONIEH BEKTOPa MEXK3BE3IHOTO TOJIs

- (21.7)
D

Takum 06pazom, ObLIO U3MEPEHO y2Ke HECKOJIHKO JIECATKOB 3HAUEHU ﬁH? COOTBETCTBYIOIINX
HallpaB/ICHUAM Ha pasju4Hble my/abcapbl. llourn Bo Beex ciayvaax H)| okasplBaeTcs HMOpsaKa
(2 +3)-107% 3. 13 Beex cyIMeCTBYIONUX B HACTOSAIINEE BPEMs METOJOB M3MEPEHUsl BEJYH-
HBI MEK3BE3JIHOIO MArHUTHOTO T0Jist (Hampumep, sbderr 3eemana B juauu 21 cM, u3ydeHne
HEOOJTBITION ONTUYIECKOH MOJIAPU3AINN CBETA 3Be3]l, BHI3BAHHON MEYK3BE3HBIMU ITBLIMHKAMU W

ﬂp) 9TOT METO/ ABJIdeTCdAd CaMbIM HaJdC>KHBIM M HalJIdJIHbIM.

Eciim manpaBieHrne MarHuTHOIO I10JIsi MEHSETCS, TO U3MEHUTCA W HallpaBJIeHHEe BpaIeHUs
IJIOCKOCTH ToJIsTpu3anu. Tak Kak Me:K3Be3JJHOe MarHUTHOE I10Jie He BIIOJIHE XaOTHIHO, a Ja-
CTHYHO YIOPSJI0YEHO (HAIPUMED, €10 CUJIOBBIE JIMHUU UMEIOT TEHJIEHIIUIO BBITITUBATHCS BIIOJIb
CIIUPAJILHBIX PYKABOB ['AJIAKTHUKI), TO MOXKHO OKHJIATh, YTO JiJIst OOJIBIINX yIaCTKOB Heba Ha-
npasJieHre (hapaieeBCKOro BpallleHus OyJIeT OJIMHAaKOBO. Pe3ysibTraTbl HAOJIIOJIEHUI, TTOITBED-
JKJIAIONINe 9Ty KapTHHY, IpuBeaeHbl Ha puc. 21.8. YepHble KPYyXKKH 03HAYAIOT, 9TO CpEJIHEe
3HAYEHNE MEK3BE3/IHOI'0 MArHUTHOTO II0JI B HAIIPABJIEHUN Ha COOTBETCTBYIOIIUI IIyJIhcap Ha-
HPABJICHO Kk Habarodamento, besibie — om Habarodamens. Benmmanaa KpyKKOB IPOIIOPIIUOHAIBHA,
HaIPsIZKEHHOCTH MeXK3BE3/THOTO MarHUTHOIO 110Jisi. Bmecte ¢ Tem puc. 21.8 jaer mnpejcrabiie-
HIE O BOBMOXKHOCTSIX COBPEMEHHOM My IhCAPHOH PainoacTpOHOMUN. TakuM 00pa3oM, OTKPBITHE
yJIbCapoB, DE30THOCUTEILHO K UX MPHUPOJIE, a0 aCTPOHOMAaM MOIIHBIA METO/I UCC/IeI0BAHUS
Pa3JIMIHBIX CBOMCTB MEXK3BE3IHON CPeIbl.
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Puc. 21.8. Pacripejiesienre MAarHuTHOI'O TI0JIsT MEXK3BE3/IHOM Cpe/ibl 110 HeDy, oIy deHHOe 13 aHa-
Jm3a (hapajieeBCKOTo BPAIEHUsT PaMON3IIy IeHHs [IyIhCApOB (KOOPMHATHI MaJIaKTHICCKUE).
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§ 22. O TEOPUMU ITIVJILCAPOB

[Tocsie Toro kak B HpeabLIyIuX Iaparpadax ObLIO paccKkazaHo 00 OCHOBHBIX HabJIIO/Ia-
TEeJIbHBIX (PaKTax, Kacalolnuxcd MyJIbCapoB, YMECTHO HepeiiTh K 00CYKIECHUIO CYNIEeCTBYIONINX
Teopuii. B Kakoii-To cTermeHm Mbl y2Ke OCBETHJIM PaHBIIE TEOPETUIECKUN AaCIeKT IMIPOOIeMbI
IIyJIbCapOB, KOrjia 00CY:KIAJI0Ch UX OTOXKJIECTBJIEHHE C OBICTPO BPAIIAIONIMMUCIT HEATPOHHBI-
MH 3Be3maMu. HecoMHEHHO, 9TO 9TO OTOXKIECTBJIEHUE SABJIAETCS BBIIAIONIUMCS JTOCTUKEHIEM
CcOBpeMeHHO acTpoHoMmuu. Ho, KOHEYHO, MaJIO JI0Ka3aTh, YTO IYJIbCAPHI — 9TO OBICTPO Bpa-
IAMoIIecss HefiTpoHHbIE 3Be3/bl. HeobXo Mo MOHATh TPUYUHY UX (PaHTACTHIECKH MOIIHOTO
9JIEKTPOMATrHUTHOTO U3/Iy9YeHUs. DTOT BOIPOC UMeeT IMPUHINIIAJIBHOE 3HadeHne. XOTs (heHo-
MeH HeHATPOHHO# 3Be3/Ibl TEOPETUIECKN U3BECTEH acTpoHOMaM BOT yxke 40 JieT, 1oJIHON HeOXKu-
JIAHHOCTBIO OKa3aJ/laCh HEBEPOSITHO BBICOKASA AKMUBHOCTMb ITUX 00bEKTOB.

B § 19 yxke rosopmiock, 9To ciycrs cBbime 30 JeT MOcae TeOPETUIeCKOro 0OOCHOBAHUS
HEOOXOUMOCTHU CYIIECTBOBAHUSA HEHTPOHHBIX 3BE3/1 U HE3a/10JIM0 JI0 OTKPBITHA Iy/IbcapoB [Iu-
quarTOH, Kapmaies n Beses 3a HuMu [laduHu npunnin K BBIBOJLY, UTO HEHTPOHHBIE 3BE3/IbI
JIOJIZKHBI OBICTPO BpalliaThbCsd U ObITh CHUIBHO HaMaramdeHHbIME. Ho KakuMm ke oOpasoM Bce-
TaKd M3/Iy9aeT PaJuoBOIHBI TaKOH 00BEKT! DTOT BOIPOC OKA3AJICS JlajeKo He pocThiM. Hamo
IIPsIMO CKa3aTh, UTO Ha CENOJHSIIIHUI JIeHb HE CYIIeCTBYeT OOIENpPU3HAHHON KOJINYIeCTBEeHHOM
TEOPUH PAIMON3IYIeHNs My IbcapoB. CKazaHHOe He 03HAYAET, UTO TEOPETUKN 3a 15 JieT OTKpbI-
THS IyJILCAPOB HUYETO HE ¢Jiesiain B 9Toit obyractu. HecomuenHo, po/iBuzKeHNe €CTh, I MHOTOE
B KaKOI-TO cTelneHu MnposcHuock. Ho 3ajiada sra Ha caMoM jejie oKasaJach HUCKIIOUNTETHHO
Tpyanoii. CIUIIKOM «9KCTpeMaJIbHbI» (pU3nIecKre yeIoBHs B IyJabcapax. VX, HampumMep, HeBO3-
MOYKHO B HACTOMIIEe BPeMs MOJIE/JIUPOBATH B JIADOPATOPHBIX YCJIOBUAX. UYIOBUIIHO BBICOKAS
HaIPSKEHHOCTh MarHUTHOIO TI0JIsd, O YeM yKe pedb IIJIa BBIIIe, PaJIUKAILHO MEHIACT KapTUHY
pacipocTpaHeHns PaJuoBOJIH B ILta3Me. Hakomerr, O0JIbIION TeOpeTUIecKoil mpodIeMoil sIBJIsI-
eTCsl MOHUMAaHUEe CTPYKTYPBI (PU3MIECKUX YCJIOBUN HEJp HEHTPOHHO 3Be3/bl. ['pybast Moiesb
obcy»kaaach Beime. Ho odeHb BaXKHO M BMECTe ¢ TeM HEOOBIYaHO TPY/IHO MOHSTH MPUINHY
«3BE3JI0TPSACEHNUIT», JIa U BpallleHUe CBEPXTEKYUero TeJjia BOKPYT CBOEW OCH CTaBUT HEMAJIO IPO-
oseM. Benp u3-3a oTCyTCTBUS BSIBKOCTU U «CIEILIEHUST> MEK/Iy YacTUIAMU TaKoe BeIecTBO,
Ka3aJI0Ch Obl, He JIOJIZKHO BPaIaThCA KaK TBEPJIOE TeJIO...

Nrak, nepemnenubix mpobJieM B (pusnKe HERTPOHHBIX 3Be3]1 OoJiee ueM JiocTtaTodHo. [losro-
MY, OCBeIllast COBPEMEHHOE COCTOSHUE TEOPUHU ITYJIbCaPOB, MbI OyJIEM OCTaHABIUBATHCS TOJIHKO
Ha, CaMbIX IIPOCTBIX M XOPOIIO AIPOOMPOBAHHBIX HOJIOKEHUAX. 3aMETHM, OJHAKO, UTO JarKe U
3/1eCh OTCYTCTBYET €INHCTBO B3TJISAIOB YUIEHBIX M OJIHO3HATHOCTH B UCTOJKOBAHUU PE3YJILTATOB
HaOJIIOAEHMUIA.

[Ipexke Bcero cieiyer cka3aThb XOTsI ObI HECKOJIBKO CJIOB 00 OXKUIAEMBIX TEOPETUIECKUX
CBOCTBAaX HEMTPOHHBIX 3Be3/1. CaMa BO3MOKHOCTD CYIIECTBOBAHUS HEATPOHHBIX 3BE3/I KAK CTa-
OMJIbHBIX KOH(MUTYPAIIi, HAXOIAIINXCA B COCTOSHUN PABHOBECHUS 1101 JIEHCTBUEM CHUJI 'DaBUTAa-
MK U JIaBJIeHns, ObLIa BhIcKa3aHa erle B 1934 r. amepukanckuMmu acrpoHomamu LBukku n Baa-
Jie, KOTOPBIE IPEIIOI0KUIINA, 9TO HEHTPOHHBIE 3B€3/Ibl 00Pa3yIOTCs IIPU BCIIBIIITKAX CBEPXHOBBIX
3Be3 1. Jloarue romapl mociie 3TOro OBLIO COBEPINEHHO HE SICHO, 00Pa3yITCs JIM JeHCTBUTEILHO
HEUTPOHHBIE 3BE3/Ibl WU OHU IIPEJICTABJIAIOT COOOW TOJIBKO U3SIIHYIO MAaTeMaTUIECKYH KOH-
cTpyKImio. Mex 1y TeM TeopeTuKU MpOoI0JIKAIN UCCACTOBATD CBEPXILIOTHOE COCTOSHUE 3BE3/I-
HOT'O BEIECTBa. YK€ JABHO CTaJO0 SICHO, UYTO THIMOTETHYECKUE HEHTPOHHBIE 3BE3/bI HE MOI'YT
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Puc. 22.1. Cxema BHYTpEeHHErO CTPOEHMS HEHTPOHHON 3BE3JIHI.

[PEJICTABIATD CO00i 00HOpodHot KOHMUTYpaIun, APYTUMEA CJIA0BAMU, (PUBNIECKOE COCTOSHUE
HEHTPOHHOI 3BE3/IbI JIOJI?KHO MEHATLCH OT ee nepudepun K 1eHTpy. Herb3s Takke cautarh, 4TO
BEIIECTBO TAKOM 3BE3JIbI COCTOUT TOJILKO M3 OYEHDb IIJIOTHO YIIAKOBAHHBIX HefTpoHoB. Bo Beeit
ee TOJIIIIE B Ka4eCTBe «IIPUMECH» K HEHTPOHAM JIOJI?KHBI OBITH IIPOTOHBI M JIEKTPOHBI. BO/M31
[MOBEPXHOCTHU JOJI2KHBI JJOMHHUPOBATD TSXKEJIbIE sijipa, a B CAMBIX IEHTPAJIbHBIX ODJIACTIAX —
CBEPXTSKeJIble JJIEMEeHTAPHbIE YACTUIBI — I'MIIEPOHbBI, KOTOPbIE B YCJIOBUAX JIAOOPATOPHBIX IKC-
MIEPUMEHTOB KpaiiHe HeCTaOM/IbHBI. BBIICHUIOCH, 9TO 3TH S/Ipa B HAPYKHBIX CJI0IX HEHTPOHHOI
3BE3/IbI JIOJIZKHBI 00pa30BbIBATH KPUCTAJIJINIECKYIO PEIIETKY, T. €. lepudepus HeHTPOHHOI 3Be3-
JIBI TIPEJICTaBIAET cOOOI TBep0e Tesio. Mek 1y TeM BHYTPEHHHE €€ CJIOU JIOKHBI ITPEJICTAB/IATD
c000#1 CBEPXTEKYIYIO KUJIKOCTbD.

Ciestyer o IepKHy Th, 9TO IIPU TOCTPOEHUH MOJIETH HEHTPOHHO 3BE3/Ibl TEOPETUKHU CTOJIK-
HYJIACH € OOJIBIIIMME TPYTHOCTSIMHA, CBSI3aHHBIMU TJIABHBIM 00PAa30M € HEJIOCTATOTHOCTHIO HAIITIX
3HAHUI O MPUPOJIE SAJIEPHBIX CUJI, JIEHCTBYIOMNX MEXKJIy YacTUIAMU, 00Pa3yIoNuMu HERTPOH-
HYIO 3Be3/1y. TeM He MeHee «I0JTyKadeCTBEHHYIO» MOJe/Ib HENTPOHHON 3BE3/IbI BCe XKe y/IaI0Ch
noctpouTh. Ha puc. 22.1 cxemarmdeckn nokazaHa CTpaTU(UKAIAS BEIECTBa B HEHTPOHHOI
3Be3/Ie, KaK OHa IPEJCTABJISIETCS B HACTOLAIIee BpeMd. BO/M3U MOBEepXHOCTH BEIECTBO COCTOUT
IJIaBHBIM 00pa30M M3 OYEHb IIOTHO «yHMAKOBaHHBIX» sjiep keje3za. Kpome Toro, Tam mmeeTcs
CPaBHUTEBHO HEOOJIBITIOE KOJTMIECTBO sJIep TeJIus U IPYTUX JIETKAX JIEMEHTOB, a TAKKe OYeHb
IJIOTHBIN BBIPOXKJIEHHDIN 9JIEKTPOHHBIN Ta3, MOJ00HBINA TOMY, KAKOW MMeeTcs B HeJapax OesibIx
kapJmkoB (cM. § 10). IlpucyrcrBre 3/1eKTPOHOB HEOOGXOAMMO JIJIsi KOMIIEHCAIIUH [T0JIOYKUTEIHHO-
ro obbemMHoOro 3apsa saep. [lo mepe npoaBukeHus B 11yOb HEATPOHHOI 3BE3IbI €€ IJIOTHOCTh
pacTeT U 3JIEKTPOHBI KaK Obl «BJaBIUBAIOTCA» B djapa. [Ipu aTtom obpasyrorcs borarbie HERTPO-
HaMu sj1pa, GoJlee TszKesble, YeM sjIpa ¥Kejesa. [Ipu mioTHocTH BermecTBa okoio 3+ 101! r/em®
9TU TSXKeJIbIE siJpa MepecTaloT ObITh ycTolunBbiMU. OHM HAYUHAIOT BHIOPACHIBATH HEHTPOHBI
U MOCTEIIEHHO M0 Mepe IMPOJBUKEHUS B IVIyOb BEIIECTBO CTAHOBUTCH CMECHIO OYEHBb ILIOTHO
YIAKOBAHHBIX HEHTPOHOB, B TO BpeMs KaK TsXKeJIble sjipa yKe UTPaloT POJIb CPABHUTETHHO
He6oIbIof «1pumMecu». Hakowner, npu miotHocta okoso 5 - 1013 r/em® taxensie supa copcem
ncye3ator. [Ipu OoJBIIIX MJIOTHOCTAX, y2Ke MPUOIMKAIONMNXCA K SAepPHON TJIOTHOCTH, Belle-
CTBO COCTOUT IIPEMMYIIECTBEHHO U3 OYEHDb IJIOTHO YIAKOBAHHBIX HEHTPOHOB CO CPABHUTETHLHO
He6OIbITIOf IIPUMECHIO IPOTOHOB 1 3J1eKTPoHoB. [1pu miorHoctn ~ 3-101 r/cm® konnenrparus
3apAKEHHBIX 3JIEMEHTAPHBIX YACTHUI[ — IIPOTOHOB U 3JIEKTPOHOB — COCTABJISIET €Ie HECKOJIHKO
MIPOIEHTOB OT KOHIEHTPAIMN HeWTPOHOB. HakoHer], B caMbIX IEHTPAJIbHBIX 00JaCTAX HEHTPOH-
HOIi 3Be3JIbl MOSBJISIIOTCSI ¥ HAYUHAIOT UTPATh CYIIECTBEHHYIO POJIb TUIEPOHBI (IIPEXKJE BCEro
CUTMa-MUHYC-TUIIEPOHBI, 0003HAYAEMbIE CUMBOJIOM Y~ ), & TaKzKe MIO-ME30HbI, KOTOPbIE BMECTE
C HEUTpOHAMU, JIEKTPOHAMHU U ITPOTOHAMM SIBJISIOTCS TaM JOMUHUPYIOIMMU dacTuriamu. He
UCKJIIOYEHO, YTO B CaMbIX IEHTPAJbHBIX O0JIACTAX HEHTPOHHON 3BE3JIbI BEIECTBO COCTOUT U3
OYeHb IJIOTHO YITAKOBAHHBIX KBapKOB. CJjieyer, OJIHAKO, MOIIEPKHYTh, UTO (pU3UIECKHe yCII0-
BHUS B CAMBIX IEHTPATBHBIX 00JACTIX HEHTPOHHON 3BE3/IbI M3BECTHHI ceifdac 0COOEHHO ILIOXO.
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Puc. 22.2. Teoperndeckas 3aBUCUMOCTD PajInyca U MOMEHTa MHEPIUNA HEHTPOHHBIX 3BE3]T OT UX
MACCHI.

CuIKoM elre HeCOBePINEeHHbI HAIITN 3HAHWS O XapaKTepe B3anMOIeCTBUsT 3TUX YACTHUI] B CTOJIb
HEOOBIYHBIX YCJIOBUAX.

Henocrarounocts 3nanmii (pusnvecKnx yCaoBUA B CAMBIX IEHTPAJIBHBIX 001aCTAX HEHTPOH-
HBIX 3Be3]] JeslaeT MOoKa JlaJleKUMH OT COBEPIIEHCTBA MX MOJIE/N, T. €. IOCTPOEeHNe TeopeTnde-
CKOI1 3aBUCUMOCTH Pa/INyCOB HEMTPOHHBIX 3BE3/] OT NX MACCHl. '1eM He MeHee Koe-KaKue pe3yilib-
TaThl TEOPETUKAMHU Y2Ke TToTydeHbl. HanmpumMep, okazaaoch, 4TO YeM MeHbIIE Macca HEHTPOHHOIT
3Be3/IbI, TEM OOJIbIIIE €€ PaJInyC.

B sT0it cBsA3M ciielyeT MOMUepKHYTh, 9TO TEOPUs eIlle He MOYKET yKa3aTh Ha 00/1acTb JOIy-
CTUMBIX 3HAYEHUI MacC HEHTPOHHBIX 3Be3]1, XOTd OOJIbIIas YacTh CIIEIIMAJUCTOB IOJIATAET, YTO
MacChl UX JIOJZKHBI OBITh CPABHUTEILHO HeBeMuKH, B npejenax 0,15 + 1,5M ). 9TOT BazKHLII
BOIIPOC TIOK& €ITle JTaJleK OT SICHOCTH.

Ha puc. 22.2 npuBejiena o1 Ha U3 CYIMIECTBYIONIUX MOJIe/Iell HEHTPOHHBIX 3BE3JI, JAIOIIas
3aBHCUMOCTH MX pajimyca oT Macchl. Jlna macc 6onbimmx, 4em 1M ), pasHble MOJie/In JaloT pas-
Hble 3aBucuMoctu R(M), 910 0ObsICHSIETCH HE3HAHMEM TOYHOIO YPABHEHUsI COCTOSIHUSI Bellle-
cTBa JI IJIOTHOCTH, Tpesbimarommeit 10 r/cm® (cpaBHUTE ¢ 3aBUCHMOCTBIO «Macca — pajimyc»
1Tt 6esIbIX KapJmkoB Ha puc. 10.1).

Bosbioit maTEpec mpeicTaB/IsioT y2Ke YIOMUHABIINECH B IIPEIbIIYIEM naparpade «3Be3/I-
OTpsICeHHUsI», T. €. CKauku B mepuo/e myiabcapoB PSR 0831—45 (ITapyca X) u NP 0531 (Kpab).
Y nepBoro myJbcapa HaOJIIOIAINCH JIBa TAKUX CKadKa, pa3/eJI€eHHbIX IMPOMEXKYTKOM BPEMEHU
GOJBIIE JBYX JIET, IPHYeM OTHOCHTEIbLHOEe m3Menenue nepmoja gocturaio 1076 YV NP 0531
TaKne CKadyK/ 3HAYUTE/IbHO MeHbIe. BeposTHee BCero «3Be3/I0TPSACEHNUA» CBI3aHBI CO CKAYKO-
00pa3HbIM U3MEHEHUEM MOMEHTa WHEPIMH BPAIIAIOINIecs HeWTPOHHO# 3Be3/bl. Takoe nzmene-
HUE MOXKeT OBbITh JIOCTUTHYTO, €CJIM HERTPOHHAS 3B€3/Ia YMEHbBIIAaeT CBOU PaJNyC HA BEJTUIUHY
~ 0,01 cm. Kak MOXKHO ITOHSATH Takoe siBjaeHue?

N3-3a ObicTporo Bpalenus paBHOBECHOW KoHMUryparmeil HeHTPOHHON 3BE3JbI JIOJIZKHA
OBITH (burypa, OGyim3Kasg K 3JUIAIICOU Yy Bpalenus. Ho BcjecTBrue HENPEPBIBHOTO 3aMe IIeHUs
BpAIlleHNs! JOJZKHBI MEHATHCS apaMeTPhbl 3TOr0 SJLIHIICounIa (OH JIOJI?KEH CTAHOBUTHLCSI BCE Me-
Hee CIUIIOCHYThIM). OJIHAKO KECTKOCTH TBEPJON «KOpbI» HEHTPOHHON 3BE3/Ibl IPENsITCTBYET
«IJIABHOMY» u3MeHeHuIo ee dhurypsl. [1o 3Toil npuydnne B Kope HAKAIIMBAIOTCA YIIPYTUe HATs-
JKEHUsI, W TIOC/Ie JIOCTUZKEHU TIpejiesia TPOYHOCTH ITPOUCXOIUT CKadKooOpasHas jgedopmarius
KOPBI, HOCAINAsA XapakTep ciaBura. Takum oOpa3oM, U3yUeHUE <«3BE3/I0TPACEHUI» TO3BOJIACT
r1y0OKe MOHATH CBONCTBA HEHTPOHHBIX 3BE3I.
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Ha puc. 22.2 npuBeena TakzKe TEOPETUYECKU PACCUNTAHHAS XapaKTEPUCTUKA HEHTPOHHOI
3BE3JIbI — €€ MOMEHT MHepIWH [, Orpe/Ie IsToNinii KHHETHIeCKYI0 SHePTuio Bpaienus (F = %,
rie ) — yruoBasi cKOpocTh). st morycTuMblx 3HaUeHnit Macchl HefiTpoHHbIX 3Be31 (0,15 <
M <1+2Mg) 7-108 <1 <7-10" r/em?

113 HaGIII0AEMOr0 YBEIMUEHHs IePHOJIOB [yJIbCAPOB CO BPEMEHEM MOXKHO HOIYIuTh P, a
CIIeJIOBATENIBHO, I §) = %P

CKOpOCTh yMEHBIIIeHNsT KHHETUYIECKON SHEPIUN BPAIIEHUsT yIbCcapa

P. (22.1)

[lepBasg 3aada GU3UKK MYIHCAPOB — MOHATD, IIOUYEMY BPAIAIONINECT HEHTPOHHBIE 3BE3/IbI
TOPMOBSTCsI, TEM CAMBIM HEIPEPBIBHO BbIje/dsd sHepruio. [Ipocreiiiiee o0bsiCHEHNE 3TOTO SB-
JIEHUS CBOJIUTCA K TOMY, UTO HEHTPOHHBIE 3BE3/IbI CUJILHO HAMarHnveHbl. Toria Bpaaionasacs
HEHTPOHHAsT 3Be3/1a, HATOOAULAACA 6 8aKyyme, OyAeT N3aydaTh MarHUTHO-IAIIOTEHOE W3JTy e~
HUEe, YacTOTa KOTOPOIr'o paBHA 9aCcTOTE BPAINEHUS, a MOIIHOCTD OIpe/Ie/ideTcsa (hOpMYJIoif

2m

L, =
3 c?

R%sin? 00, (22.2)
rjie O — yroJ1 MexK1y MarHUTHOW OChI0 U OChIO BpallleHus, Hy — HAIPSXKEeHHOCTh MArHUTHOTO
IoJid Ha MOBEPXHOCTH Irysbcapa. Hampumep, nynbcap B Kpabosumanoit tymannoctu NP 0531,
1t Kotoporo 2 = 200 ¢!, Q= 2,4-107Y Tepsier sHeprmo E=3-10% spr/c. Ecin npuanza
TOPMOXKEHUA — MarHUTHO-JIUIOJIBHOE H3JIyYeHHe, TO, IIPUpaBHUBAA E = L,,, HaiineMm, 4TO
Hy ~ 3 -10'% 3. JIpyroit npuyauHOoii TOPMOXKEHH 3TOIO IIy/JIbCapa MOMKET OBITh H3JIydeHue
UM 2pasumanuorhuix BoaH (cM. § 24). I 9T0ro HaJ0 TOJBKO MPEOJIOKNATH, 9T0 (hburypa
HEHTPOHHOW 3BE3/IbI CJIETKA aCUMMETPUYHA, T. €. MPEJCTABIIeT COOO TPEXOCHBIN JLIUTICOUT,
B sTom ciydae MOIIHOCTH T'PABUTAIMOHHOIO W3JIyYEHUs BPAIAIONIEiCad HEMTPOHHON 3BE3IbI
onpeensercs (popMyIoit

L, = 6,5621°c°Q°, (22.3)

rjae I — momeHT nHepuuu, a € — IKCHECHTPUCUTET 9KBATOPUAJILHOI'O DJIJINIICA HeﬁTpOHHOfI 3BE3-
JbI. YHacrora I'paBUTallMOHHBIX BOJIH, KaK OKa3bIBa€TCd, paBHa y,ZLBOGHHOfI JaCTOTE BpalllcHUA.

Kak BujHo u3 310it hopMyJibl, 3aBUCUMOCTH MOIIHOCTH I'PABUTAIIMOHHOIO U3JIyYE€HUS OT
yIJIOBOI cKopocTHu () 3HAYUTENbHO 0oJiee CUIbHAs, YeM B CJIydae MarHUTHO-JIUIIOJIBHOTO W3-
nydenns. [loaromy 3amerHbIil 3hdeKT MOXKET OBITH TOJBKO y OUY€Hb OBICTPO BPAIIAIOIIIXCS
mysbcapos, Hanpumep, y NP 0531 (cm. 06 srom B § 24). B Tom cirydae, Korja meHTp MarHUTHO-
r'o JINTIOJIS He COBIa/aeT C IMeHTPOM HEUTPOHHOW 3Be3Jbl, N3JIydeHne Oy/1eT acuMMeTPUTHBIM.
B sToMm citydae 3Be3jia mpuodpeTeT UMITY/ILC OT/Ia4Yd B HaIlpaB/JIeHun OT Bpalenud. He stum
00'bACHSAIOTCS BBICOKHE CKOPOCTHU 1Y/ IHCAPOB?

Ecimn 661 TOpMOKeHME BpaIaiouxcsd HEUTPOHHBIX 3Be3/] ObLIIO 00YCJIOB/IEHO UX MarHUTHO-
JUIOJBHBIM U3JIYUCHHEM, TO, KAK MOXKHO IOKazarhb, () o (3. MexKiy TeM CrarucTudecKuil
aHAJIN3 GOJIBIIONO KOJIMUECTBA IIYJIbCAPOB € U3BECTHBIMU () U ) J[aeT SMIMPHUECKYIO 3aBHCH-
MocTs 2 o (34 Y nyiabcapa NP 0531, mrst kotoporo €2 u Q) HAGIIIOATIICH OCOBGEHHO TIIATE/IBHO,
SMIPUIEcKas 3aBUCUMOCTE mMeeT By §) o 27, D10 03HAMAET, ITO PACCMOTPEHHASL BBILIE TIPO-
cTast MOJIeJIb TOPMOKEHUsI HaMarHMIeHHbBIX BPAIAIONIIXCs HeHTPOHHBIX 3Be3] HeJ0CTaTOYHA.
1 npexkjie Bcero mperoJioyKeHne, ITo HeHTPOHHAas 3Be3/1a HaXOUTCA B BaKyyMe, 3aBeJIOMO He
BBITIOJIHAETCA. TeM caMbIM 3a/1a49a CTAHOBUTCH 3HAYUTEILHO 00JIee CJI0XKHOII.

Bpamaroruiicss HaMarHn9IeHHbII TPOBOJHUK CO3/IaeT B OKPYZKAIOIIEM IIPOCTPAHCTBE JIEK-
rpudeckoe moje. CocTaB/somnast 9TOro oI, IePIeHINKY/IsipHast K IIOBEPXHOCTH ITPOBOIHIKA,
OyJIeT CTPEMUTBCSA <«BBIPBATH» U3 HETO 3JECKTPOHLI U MOHBI. B peaJIbHbIX YCI0BUAX HEHTPOH-
HOI 3B€3JIbl HAIPSAXKEHHOCTH JIEKTPUYECKOTIO I0JIs JIOCTUTAeT ONPOMHBIX 3HadeHuit. K tomy
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Puc. 22.3. Cxema cTrpoennst MaranTocdeps! myabcapa. . — paanyc ¢BeTOBOTO IUIHHIPA.

JKe TeMIlepaTypa IMOBEPXHOCTH HEHATPOHHON 3Be3/bl JOCTATOYHO BbICOKa. 1lo aTuM mpuauHam
IIPOCTPAHCTBO BOKPYT HEHTPOHHON 3BE3JIbl 3AIOJTHUTCA OOJIBITMM KOJUIECTBOM 3apszKEHHBIX
JacTHIl, KOTOPbIe, JIBUTASICH 110 CUJIOBBIM JIMHUSIM MarHUTHOI'O I10JIA, Oy/yT BMeCcTe ¢ HeHTpOH-
HOII 3Be3J1011 ¢ TOM Ke YTJIOBOII CKOPOCTBIO BPaIaThCsAd BOKPYT ee ocu. Takoe «TBEpI0TEIbHOE
BpallleHne J0/2KHO MMeTh MECTO BILIOTH 0 HEKOTOPOI'0 KPUTUIECKOIO PACCTOSTHUSI OT OCH Bpa-
IIEeHUsI, T. €. BHYTPH InHjIpa. Pajyc sroro numuapa Ry = ¢/ onpejensercs ycjaoBreM, 4TO
Ha €ro TI0OBEPXHOCTH CKOPOCTh TBEPJIOTEILHOTO BpallleHIa paBHa ckopocTn ceeTal. OnHako ecim
IUIOTHOCTD ILJIa3Mbl BOKPYT HEHTPOHHOI 3BE3/IbI JIOCTATOYHO BeJIMKa, 00JIaCTh €€ TBEP/I0Te b
HOT'O BpallleHusl OYJIeT MEHBIIE U OIPEJIETUTCS YCJIOBHEM PABEHCTBA ILIOTHOCTEH MArHUTHOM
SHEPIUU U KUHETUIECKOU SHEPIuu ILJIa3Mbl.

Nrak, Bpammaroliasicsd HaMarindeHHas HeHTPOHHAS 3Be3/1a OKpYyzKaeT ceOs JIOBOJILHO ILIOT-
HOIT MarHuTocdepoil, B 3JeKTPOIUHAMIIECKOM CMbBICTIE ABJIAIONIEHCS ee mpogonKeHneM. Kak
[TOKA3bIBAIOT PACUEThI, JIEKTPUIECKHE 3apsa/ibl B MaruuTocdepe HeHTPOHHOI 3BE3/Ibl JTOI2KHbI
OBITH Pa3/eJIeHbl, T. €. TaM JIOJIZKHBI ObITh 3HAUUTE/IbHbIE 00beMHBIE 3apsi/ibl. [[10THOCTDL 3apsi-
JIOB ompejiesisieTcst (popMysIoit

20H
 ATec’

Hampumep, Ha nosepxuocTu Iyiabcapa NP 0531, tne H ~ 3 - 1012 9, a Q = 200 ¢},
n_ —ng ~ 10 3

n_—ng (22.4)

, T. €. JIOBOJIbHO 3Ha4YnuTebHasd. KoHeuHO, TO/IHAd IJIOTHOCTH ILIa3MbI
OKOJIO TTOBEPXHOCTHU ITOTO IyJIbcapa JOJ2KHA OBITH ropas3 io OoJIbIIe.

BapsKeHHbIE JACTUIIBI, TPEIBAPUTENIBHO YCKOPUBIINACH JIEKTPUIECKUM ITOJIEM IO PeJISITH-
BUCTCKUX SHEPIUii, Oy/IyT «BBITEKATH» U3 MarnuTocepbl Ha OECKOHETHOCTH 10 «OTKPBITHIM»
CUJIOBBIM JIMHUAM, IIPUYEM 3apsibl PA3HBIX 3HAKOB Oy/IyT BBITEKATH 110 pa3HbIM JuHusAM. Ha
puc. 22.3 npuBejieHa cxeMa Marautocdepbl ImyJabcapa JJjis TPOCTERINero ciaydasl, KOTja Mar-
HUTHAs OCh COBIQJIAET C OChIO BpallleHud. B ciydae, Korjia OCHM He COBIIQJIAIOT, KAYeCTBEHHO
CTPYKTypa MaruuTocepbl OCTACTCAd TaKO# 2Ke.

OKo0JI0 CBETOBOTO TIUJIUH/IPA, KOTOPBIN ITEPECEKAIOT yXOIAIINe B OECKOHETHOCTh MATHUTHBIE
CUJIOBBIE JIMHUU, TIOC/IEIHAE Y2Ke CHJIbHO Jie(hbOPMUPOBAHBI ITOTOKAME BBITEKAIOIIEH U3 MarHu-
Tocdepsl IyJabcapa PeaaTUBUCTCKON 1mia3Mbl. [[oTOK sHeprum 9acTuii, ¥ MarHUTHOT'O IT0JIs,
BBITEKAIOIIEH Yepe3 CBETOBOH IMUIMHJIP, MOXKHO ITPUOJINZKEHHO OIEHUTH (DOPMYJIOit

dE 2 | H? 2 2, D2
S~ (ypc + 8—) cRy ~ H*cR7,
RSN (22.5)
Y= ( - U_> )

c2

TTo 3Toit MpUyYMHe yKa3aHHBIH MUINHIP HASBIBACTCA «CBETOBBIM ITHIMHIPOM».
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rjae Sp == pr2 — IIJIOTHOCTDb 9HEPT'UU PEJIATUBUCTCKUX JaCTHUIIL. ECJ_II/I MaIr'HHMTHOE I10Ji€ JUIIOJIBHO,
to H = HyR?/R?; cnenosate/bHo,

dE HZQ'RS
— N (22.6)
dt c

T. €. moJiy4daercd popmyiia, cxojiHas ¢ (POPMYJIOi Jjisi MOITHOCTU MArHUTHO-UIIOJIBHOTIO U3JTYy-
vyenusi B Bakyyme (22.2). Ho, koHeuHo, dbusnudeckoe cojiep:KaHue ee JIpyroe: OCHOBHAsI 9aCTh
SHEPIUU MOKUJIAET MarHuTocdepy myJibcapa B (popMe MOTOKa PEIITUBUCTCKUX JaCTHIIL.

Teopus 1o3BOJIsIET HANTH TOJILKO MOTOK SHEPIUU STUX YACTHIL. Be3 JI0MOTHUTEIHHBIX IPE/I-
[IOJIOYKEHU HeJTb3sI OICHUTD KOAUYECME0 BBITEKAIOIINX U3 MArHUTOCKhEPHI MyIbCcapa TacTUll 1
CPETHIOI0 SHEPTUIO KaXK 0N JACTHUIIBI, HE TOBOPSI yY7Ke 00 SHEPreTUIeCKOM CIIEKTPE STUX YACTHII.
PaccMoTprM KOHKpeTHO cuTyalmio B ciaydae myibcapa NP 0531. @opmyna (22.4) B coueranun
C 3aKOHOM mM3MeHeHus (n_ — n, ) Kak R™3 mo3BosisteT onpee/IuTh HUuICHION IPAHUILy TOTOKA
3apsyKEHHBIX YACTUIL Y€Pe3 MOBEPXHOCTH CBETOBOTO IUJIMHIPA TOTO IYJIHCAPA:

O?HyR?

e 10%* ¢, (22.7)

N > Ricn_ —ny|p—p, ~
C npyroit cTOpOHBI, HECOMHEHHO, ITO UCTOTHUKOM dHEPIUU U3/IydeHus: Beeit KpabosumHoit Ty-
MaHHOCTH, MOIITHOCTB KOTOporo ~ 1038 spr /¢, ABJSETCs KOPITYCKYJISIPHOE U3JIydeHne IyJIbcapa,
NP 0531. [lajnee, mpumMeM BO BHUMAHUE, YTO YHEPIUs PEJIITUBUCTCKHUX 3JIEKTPOHOB, HAXOISIIIX-
cd B TyMaHmHOCTH, J1exKuT B rpejenax 101910 sB. Otciona cieyer, 9To MOTOK 3apssKeHHBIX
JacTuIl gepe3 cseTosoil mummmap oyaer 1030—10%°, a konnenTpamusa nx Tam ~ 10910 em—3,
T. €. JOBOJIbHO 3HAYUTE/IbHAsl BEJIMINHA.

Takum obOpa3oM, JIOTUYIECKUM CJIEJICTBHEM 3JIEKTPOINHAMHUKNA HaMalHUIEHHBIX BPaIllaio-
IUXCs HEHTPOHHBIX 3Be3J sIBJISETCS HEM30eKHOCTb 00pas30oBaHMsl BOKPYT HUX MOIIHON ITPO-
TSXKEHHON MarauTocdepbl €O 3HAYUTE/NIbHBIM pazjeaeHneM 3apsagoB. CTosb ke Hem30e:keH
BBIBOJI O HEOOXOJIMMOCTHU «IIyJIbCAPHOI'O BETpay, T.e. IIOTOKOB 3apsAKEHHBIX YaCTUIL, BbITEKa-
OIMAX W3 MArHATOChEPHI MO YXOISIUM B OECKOHEYHOCTH CHUJIOBBIM JIMHASAM. 3aMETHM, YTO
9TOT BBIBOJ OTHIOJ/Ib HE SIBJISAETCH TPUBHAJIBHBIM. /IO OTKPBITHS Iy/IHCAPOB MOJIYAIUBO IIPE/I-
[I0JIAraJI0Ch, 9TO aTMocdepbl HERTPOHHBIX 3Be3J1 JOJIKHBI UMETh COBEPIIEHHO HUYTOXKHYIO
npoTszKeHHocTh. Harnpumep, Jlazke mpu Temieparype Takoil armocdepnl ~ 108 K Bruicora o1
HOPOJIHOI BOJIOPOIHON aTMOCGEphl, BRIYUCIEHHASI 110 U3BECTHONH OapoMeTpudeckoir hopmyie
h = kT /myug = kTR?*/myGM, pasua ~ 1 cm (g = GM/R? — yckopeHue CUJIbI TAKECTH Ha
HOBEPXHOCTH HeATPOHHOM 3Be3/1bl). CTosIb MaJsioe 3HaueHne h 03HAYAI0 Obl, 9TO IJIOTHOCTH AT-
Mocdepbl HEHTPOHHO 3Be3/IbI ITa/ajia Obl TPAKTUIECKH 10 HYJIS HA PACCTOSHUU B HECKOJIBKO
JIECATKOB CAaHTUMETPOB. B TO Ke BpeMs OrpoMHBIN I'PaBUTAIIMOHHBIN ITOTEHIINA HERTPOHHBIX
3BE3/]I ABJISIETCsI IPUIMHON 00pa30BaHUsI BOKPYT HUX OYE€Hb IVIYOOKOM «IIOTEHIIMAJIBHON SMBI»,
KyJa JOJXKEH CTeKATbhCA MexK3Be3 IHbIN ra3. [I[pn HeKOTOPHIX YIIPOIIANIIX IPEIII0I0KEHITX
u3 pOPMYJIbI, ONMKUCBIBAIONIECH pacipe/ie/ieHre IJIOTHOCTH B OKPECTHOCTIX HEHTPOHHO 3BE3/IbI,
caeayer, uto mpu ¥ = R = 10 em u T =~ 10%n ~ 10*n,, naamdme «IyIbCcapHOTO BETPas
CYIIECTBEHHO MEHseT 3Ty KapTHUHY. B dacTHOCTH, B TaKOil MarHuTocgepe MOryT IIPOUCXOIUTH
IIPOTIECCHI, COMTPOBOXKIaeMble HEPABHOBECHBIM P TMOU3TY I€eHUEM OTPOMHONU MOTITHOCTH.

[Iepeiijiem Terepb K aHaIM3y CaMbIX ODIUX XapaKTEPUCTUK TOr0 pajuouns/iydenus. Pedn
HOHJIET O MPUPOJIe «OKHA» M3JIYYeHUs, CHHTETUIECKOTO IMPOMUIIs UMITYJILCOB, & TaK¥XKe O TeX
XapaKTePHBIX BapHUAIlsIX MOJIAPU3AINN N3y YeHIs, KOTOpble ObL1n onucanbl B § 21. Uro Kaca-
eTCsl IPUPOJIBI «OKHA», TO OHA B OCHOBHOM 0ObsicHsieTcst «3derrom Masikay (cm. puc. 20.1).
9TO0 cpaBHEHHE OYeHb TOYHO. [IyvToK m3/IydeHnss OT HEKOTOPOTO SIPKOIO «IISITHA», KECTKO CBSI-
3aHHOI'0O C Bpalllaloeiica HeHTPOHHON 3Be3/101i, OLIUCLIBACT B IIPOCTPAHCTBE T'UTaHTCKAN KOHYC.
Korma my4dok mpoxoauT depe3 HaOJI0aTe Isd, MOCAeTHNN (DUKCUPYET UMITYIbC PaInOU3JIyvde-
Husi. [eoMeTprdeckoit XapaKTepUCTHKON IydKa sIBIAETCS ero duazpamma HanpasieHrocmu. B
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Puc. 22.5. I3aMenenns BeKTOpa MOJAPU3AIIN ONTUYECKOT0 n3yrydenns myabcapa NP05H31.

IPEJIEIbHBIX CJIydastX MOCJIeIHsAsT MOKET ObITh «KapaHJIAIlHO» nin «BeepHoity (puc. 22.4). B
[IEPBOM CJIydae yTJIOBbIE Pa3Mephl IIydYKa M0 BCeM HAIllPaBIEHUAM MPUOIU3UTETHHO OJUHAKOBBI.
Bo BrOpom citydae yriioBble pa3Mmepbl IIyYKa 10 OJHONW KOODJAMHATE CPABHUTEILHO HEBEJNUKH,
MEXK/JTy TeM KakK I10 JIPYroil KoopJimHaTe, MepleHInKyJIAPHONl K IEPBO, OHU MOTYT OBITH PaBHBI
360°. C TouKM 3peHrsT MEXaHU3MOB M3JIyI€HUsI, MOTYT PEan30BbIBATHCI KaK «KAPAHIAITHBIEY ,
TaK U «BeepHbIe» JTuarpaMMbI.

13 nabiionennst poduiisd UMITYJIbCOB CJIJYeT, UTO IIMPUHA «OKHa» OKoJsio 9° (eMm. § 21).
OjiHako, KakK MpaBujIo, STU NPOMUIN UMEIOT JOBOJBHO OOTaTyio CTPYKTYPY, B YACTHOCTU, OHU
COCTOSIT U3 3HAYUTE/BHO OOJiee y3KHX CYyOMMIIYJIbcOB. Bo3HMKaeT BOIPOC: UeM OObSICHSIIOTCS
5T CyOUMITY/IbChI? B mpuHIMIE UMEIOTC JIBe BO3MOXKHOCTH OObsICHeHUsT 3Toro sdderra: a)
U3JIyYeHrne UCXOIUT U3 OJIHON OYeHb MaJIeHbKON 00JIaCTHU, YKECTKO CBA3aHHON ¢ Bpalalonieics
HEHTPOHHOM 3Be3/10ii. B 3TOM cilyduae cyOUMITY/IbCHI CJIEIyeT OObsACHUTD CJI0YKHBIM, KaK Obl «U3-
pe3aHHBIM» XapaKTepoM AuarpaMMbl U3J1yY€HUs, 6) U3JIyIeHne KazKJI0r0 CyOUMITYIbCA HCXOIUT
U3 OIPEJIEJIEHHOTO «IIsITHA» Ha BPAINAIOINIENHCsT HeHTPOHHOI 3Be3/ie W MMeeT IPOCTyIo (T. e. He
«M3pe3aHHyI0» ) nuarpammy. Hamamdaume HeCKOIBKUX CyOUMITYJILCOB O3HAYAET, YTO M3JTyYAtOIie
«IISITHa» Pas3dpOCaHbI 110 JIOBOJIBHO 3HAYUTEILHON 00JIacTH Bpalllalonieiicss HEeHTPOHHON 3Be3-
nbl. Tor dakT, 910 CyOMMITYJIBCHI UMEIOT TEHJIEHIINIO COXPAHSTH CBOIO «HHIUBHULYAJIbHOCTHY
B T€YEHUE HECKOJIbKUX IIE€PUOJ0B BPAIEHUA U, KPOME TOI'O, UMEIT OIPEJICJIEHHYIO OJdpU3a-
U0, TOBOPUT B MOJIb3y BTOPOIl BO3MOXKHOCTU. TakKmM 0OpazoM, XapaKTEPHBIM <«3JIEMEHTOM»
PaIMON3/IyIeHU ITyIbcapa sBIgeTCd CyOMMITYJIbC, JJHarpaMMa U3y deHus KOTOPOro ImpocTa, a
COCTOsIHUE TIOJIAPU3AIU onpeiesienHo. HabmogaeMbrit mpoduib myabcapa ompeaesseTcs Mo-
CJIEJIOBATE/IbHOCTBIO TAKUX CYyOUMITY/IbCOB, ITPOXOISIIIX Yepe3 MyIbCApPHOe «OKHO».

[Ipu Takoit mHTEpIIPETAIIME OTHOCUTE/IbHAS JITUTEIbHOCTD UMITYJILCOB OIPEJIE/IACTCA TPOTSi-
JKEHHOCTBIO 00JIACTH, TJIe HAXOATCS U3JIydalolIie «IIATHa». 1TO KacaeTcs «MHTEPUMITYIHCOBY,
HAOJTI0J]AeMbBIX Y HEKOTOPBIX IYJIHLCAPOB, TO OHU OObACHSAIOTCH «IISATHAMIY, HAXOAAIIUMUC CO-
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Puc. 22.6. smenennst BekTOpa Mojsgpu3anun pajanonstydenus myabcapa PSR 0833—45 za
BpeMs HaOJIIOIEHUS OJTHOTO MMITYJIbCA.

BCEM B JIpYTOil (IIOYTH HAMETPAJbHO TPOTHBOMIOIOKHOI) 061aCTH BpAITAIOIIEics HeTPOHHOMN
3Be3bl. Habmmonaemoe y myibcapa B KpaboBuiHO# TyMaHHOCTH (& TaKKe y HEKOTOPBIX JAPYTHX
yJIbCAPOB) CPABHUTEJLHO CJIaboe U3JIydeHne MeXK/ Iy UMITYThCAME CJIe/lyeT OObICHUTD Dacipe-
JIeJIEHUEM M3JIyYaloX 00IacTell 1o 60IBIIOMY 00beMy B OKPECTHOCTSAX HEHTPOHHON 3BE3JIbI.

KaKaH Ke IIpUuYrHa «JACP2KUT» U3JIydalollue IIdTHa B CTPOI'O OIIPpEIAC/IEHHBIX 06JI&CTHX BO-
KpyT BpalaoIeiicsa HeiTpoHHO 3Be3/1b1 ! OYeBUHO, YTO TAKON IMPUIHHON MOYKeT ObITH TOJIBKO
O0YeHb CHJIbHOE MAarHUTHOE T10Jie. EcTecTBEHHO TakKe CBA3aTh HAOJIOIAEMYIO HOJIAPU3AINIO 1
ee U3MEHEHUs 110 Mepe IPOXOKICHHUST CYOUMITY/IbCOB Uepe3 IyJIbCAPHOE «OKHO» C U3MEHEHHEeM
OopueHTalluy MalHUTHOI'O ITIOJIA IIO OTHOHIICHHIO K Ha6JHO,ZLaTeJHO n3-3a BpalllcHUA HeﬁTpOHHOﬁ
3BE3/1bI.

Ouenpb GosblIne 1 XapaKTepHbIE N3MEHEHUS HAIIPABJICHHA BEKTOPA HMOJISPU3AIUN OITHIC-
CKOr0 U3JIydenus mysibcapa B Kpabosuanoit rymanuoctu (puc. 22.5) u pauon3 1y YeHus my/IbCa-
pa PSR 0833—45 (puc. 22.6) mportrie Bcero 00bsACHATE «KapaHJIAIIHO» nuarpammoit. B obomx
STUX CJIydasgX depe3 MyJIbCapHOe «OKHO» IMPOXOJIUT, IO CYIIECTBY OJUH CyOMMILYJILC; CJIeJIO-
BaTEILHO, U3JIy9eHUE UCXOIUT OT CPABHUTEIHHO HeOOJIBININX M3JIyHYalolnX IdaTeH. BepoaTHee
BCEro, YTO 9TU <IATHA» CBA3AHLI ¢ MATHUTHBIME IIOJIOCAMU COOTBETCTBYIONIMX HEHTPOHHDLIX
3Be3/1. PacueTnl, KOTOpbIe MbI 3/€Ch IIPUBOIUTL He OyleM, HMOKA3bIBAIOT, YTO BPAIICHNE BEK-
TOpa MarHUTHOW OCHU IOJIHOCTHIO OObICHSET HAOJI0/IaeMble OBICTPbIE BapHallud HAIPABJICHUS
nongpusaruu. [Ipumennrebao K mysibcapy B KpaboBuiHONH TYMAHHOCTH 3Ta TeOpUs JIaeT WH-
TePeCHYIO JIONOJHUTEILHYI0 nH(pOpManuo. 13 CKOpoCTH M3MEeHeHHs HAIPABJICHHUS JTUHEHOM
HOJIAPU3AIIH OITUYECKOrO U3JIyUeHHsl 3TOTO My/Ihcapa CJIeyeT, 9TO ero MarHuTHas OChb IIOYTH
HepHIeHINKY/ISPHa K OCH BPAIICHUs, IPUYeM HAUMEHbBIIUI yro/1, 00pasyeMblii MArHUTHOI OCBIO
C JIyYOM 3PEHUsl, paBeH Bcero Juiib 2°. JIF0O0IBITHO OTMETUTD, YTO PaJNON3IyYeHUE OT ITy/IHCa-
pa B KpaboBu, iHOit TyMaHHOCTHU He ITOKa3bIBaeT TAKUX 3aKOHOMEPHBIX NU3MEHEHN HallPaB/IeHUS
HOJIAPU3AINH, KaK ONTHICCKOe N3JIyICHHC.

Kak xe 00pa3yiorcs mydKr HAIIPABJICHHOTO M3JIyU€HUs, KOTOPbIE BPAIAIOTCS B IPOCTPAH-
cTBe, Oy/Iydu <«IIPUBS3aHbI» K Bpalnaroleiics HelTponuoit 3se3e? Kak 310 HM crpaHHO, Ha
9TOT YETKHUIl BOIIPOC OJHO3HAYHOTO OTBETA IOKa HeT. Pa3Hble rpyIImsl ucceoBaTe el mpuiep-
JKMBAIOTCH PA3HBIX MHEHMUIA.

Tak, nmampumep, HepBbIl aCTPOHOM, TOHABIIUN NPUPOJY Iyabcapos, Loy, obpasoBanue
IyYKa U3JIYUYeHHUS CBA3BIBACT C MArHUTOCHEPOIl HEMTPOHHOM 3BE3/IbI, KECTKO C HEIO COeMHEH-
HOIT W BMecTe ¢ Heil Bpamaromeiica. ['umoresa ['onma sicha 3 cxembl, ©300parkeHHON Ha PHUC.
20.1. MonnsoBanublii ra3 (1a3mMa) HAXOAUTCA B MarHuTocdepe mysibcapa U BPAIAETCs BMECTe
C TOCJIe/IHEl C TO 2Ke YIVIOBOIl CKOPOCTBIO, UTO U HefiTponHad 3Be3/a. [lo Mepe mpubimzkenus
(M3HYTPU) K MOBEPXHOCTU «CBETOBOIO IUJIMHJIPA» CKOPOCTD BPAIIEHUsI TIPUOJIMKAETCS K CKOPO-
ctu ceta. [Ipu aTom B cuity acddekra crenuaabHON T€OPUU OTHOCUTETHLHOCTH, BPAIIAIONIIECs
BOKPYT OCH HEHTPOHHON 3BE3/IbI JICKTPOHBI TJIA3MbI Oy/IyT M3/Iy9aTh YacTOTDI, OJTU3KUE K Ja-
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CKOPOCTBIO U, JIOCTATOYHO OJIU3KO# K €. PeiaTUBUCTCKIE 3apsayKeHHbIE YaCTUIIbI BCETIa 3Ty 9a-
I0OT BHYTPU HEKOTOPOI'0 KOHYCA, OCh KOTOPOT'O COBIAJIAET C BEKTOPOM UX MI'HOBEHHOI CKOPOCTH,
a yraoBoit «packpbiB» 0 = mc?/E. Beeryia MOKHO TIPeJICTABUTD, YTO OKOJIO MOBEPXHOCTH CBe-
TOBOI'O IWJIMHJPa IIJIa3Ma pPaclipe/iejieHa He PABHOMEPHO, & KOHIEHTPUPYETCS B OT/EIbHBIX
obnakax. [Tociennee 06CTOATETHCTBO U O0BICHSIET HAJUYIUE IIYIKOB U3/TyICHUSI.

B kakoii-To Mepe CXOIHYI0 «KUHEMATHYECKYIO» KapTUHY PaJIMOU3/IyUYeHUs MyIbCAPOB Pas-
BUBaJIN U Jpyrue aBTopbl, ocoberro B. B. 2Kemezusakos u I. Cvut. CortacHo 910#t KapTuHe
B MarauTocdepe Iyjbcapa BOJIU3U CBETOBOIO IMUINH/IPA NMeeTCs 00JIacThb, 3aIl0OTHEHHAS T1I1a3-
MOMi, ABJIAIONIEICSA UCTOYHUKOM HEPABHOBECHOT'O, MOYTU M30TPOIHOTO pajmonsiydenus. [Ipu
TBEP/IOTEIHLHOM BpAIEHUN MArHUTOCKhEPhl BMECTEe ¢ HaXOIANNMCS B Hell 001akoM n3-3a 3 dek-
Ta Jlomepa Oy/ieT pe3Ko yBeJMYNBATHLCA YaCTOTa M3JIydeHUs, KOrja MocjeHee HAIPaBJIeHO K
nabsrostarestio. [Ipu 3ToM odeHb cuJIbHO OyJ1eT MEHATHCA NHTEHCUBHOCTD U3JIydeHus. Takum o0-
pa3oM, ¢ TOYKH 3PEHUs] BHENTHETO HAOIOATEN s TaKoe U3JIydeHne OyIeT OCTPOHAIIPABIEHHBIM.

HecomueHHBIM TOCTOMHCTBOM «KHHEMATHIECKUX» TEOPUil paIMON3/Ty YeHUS Ty IbCapa sBJIs-
€TCsl BOBMOYKHOCTD HEIPUHYK/IEHHOTO O0'bSICHEHUsI OJIMHAKOBOCTU JTHATPAMMBI U3JTy YeHUS Tt
pasubix gactoT. OCOOEHHO 9TO OTHOCUTCS K Iy/abcapy B KpaboBuiHON TYMaHHOCTH, UMITY/THCHI
PEHTTEHOBCKOT'O M3JIyYeHUsI KOTOPOr'o MPaKTHYECKN OJHOBPEMEHHBI ¢ UMITYTbCAMU PAJIMOU3ITY-
gernd. OHAKO 00bICHUTD MOJISTPU3AIIIO U3JIyYCHH MY/ IbCAPOB U XapaKTEePHbIE N3MEHEHU €€
€O BpeMeHEeM OYeHb TPYIHO B PAMKAaX TOJBKO OJIHOTO «KMHEMATHYEeCKOI0» MEXaHU3MA.

CoBepllleHHO JIPYTYIO TeOMeTPUIo u3Jryuenus npejoxuin Pajgxakpummnan nu Kyk. B pas-
BUTOIl MMM KapTUHE U3JIyUYeHHe BOBCE He 00s3aTe/IbHO CBA3BIBATH C IMOBEPXHOCTHIO CBETOBOTO
nuImHApa. V3/IydaionuM areHToM TakKe SBJISIOTCS PEJIATUBUCTCKUE 3JIEKTPOHBI, HO OHU pe-
JIATUBUCTCKUE «CAMU TI0 cebe», a He MOTOMY, UTO JBHKYTCs (BPAIAOTCsI) ¢ MOYTH CBETOBON
CKOPOCTBIO, HAXOJISICh OKOJIO TIOBEPXHOCTH CBETOBOrO ImnHApa (Kak B Mojesu Losa). Pens-
TUBUCTCKUE 3JIEKTPOHBI B KapTune Pajixakpuinana — Kyka JBrKyTcs B 00/1aCTH MAarHUTHBIX
[IOJTFOCOB HEUTPOHHO 3BE3/bI M U3/IYIaIOT OJ1aroiaps HeKOTOpoit MoanduKaiuu CHHXPOTPOH-
HOTO MexXaHu3Ma. B oTimdne oT OOBIYHOTO CUHXPOTPOHHOI'O MeXaHU3Ma, IJIe PEIITUBUCTCKUE
9JIEKTPOHBI JIBUXKYTCA TI0 CIIUPAJIA BOKPYT MAIHUTHBIX CUJIOBBIX JIMHUMN, IPUYEM yTOJ MEWKLY
BEKTOPAMU CKOPOCTHU U TIOJIsI JOCTATOYHO BEJINK, 3/1€Ch 9JIEKTPOHBI JIBUKYTCs TPAKTHIECKH TOY-
HO TI0 CUJIOBBIM JIMHUSIM, & U3JIy9aloT TOJBKO OJIaroapst kpusuare mocjenux. B sTom cMmbice
PacCMOTPEHHBIN BbIllle MeXaHn3M [oJ11a TaK»Ke, KOHEYHO, ABJIAETCA CUHXPOTPOHHBIM.

XoTs puMeHeHne «0b00IMEHHOr0» (TaK Ha3bIBAEMOTO M3MMOHOI0) CHHXPOTPOHHOTO MeXa-
HU3MA K PAJIMOU3JTYyY€HUIO TTYJIbCaPOB IIPEJICTABIAET HECOMHEHHBIN HHTEPEC, TaK KaK JTIOBOJIbLHO
HENPUHY K JIEHHO 00bICHAET BasKHENIIee ero CBOMCTBO, & UMEHHO — HAIlPABJIEHHOCTD, IIpH DoJIee
JIETaJIbHOM PACcCMOTPEHNH OOHAPYKUBAIOTCS Cepbe3Hble TPYIHOCTU. J[e/10 B TOM, YTO mupuna
Iy YKOB, OIPE/IE/ISIONAast JIUTEIbHOCTD CYOUMITYJIHCOB, JOJIZKHA XOTs U CJ1a00, HO BCE K€ 3aBU-
CeTh OT YacTOThI u3yydenud. Hudero rmogobHoro, ojgnako, He mabaogaercda. Ha Bcex gactorax
JUTATE/IBHOCTb CYOUMITYJIbCOB OJIMHAKOBa. VIMeIoTcs: TaKk»Ke Cepbhe3HbIe PACXOXKJICHUS MEeXKTy
HAOJTI0]aeMBIMI CBOMCTBAMU MOJIAPU3AIIH TYIbCAPHOTO PAJIMON3IYYeHU U OZKUJIAeMbIMU CO-
[JIACHO TO# WJIM MHOM MOIMMUKAINN CHHXPOTPOHHOI'O MEXaHU3MA.

Pestomupys, ciiejiyet cka3aThb, 9TO OOIMIENPUHATON T€OPUU PAIUOU3ITY YCHUS TYIbCAPOB 110~
Ka eIlle HeT, XOTd OTJe/IbHbIE €€ IJIEMEHTHI, TI0-BUIUMOMY, UMeIoTcd. Bed ciioxkHasg KapTuHa
PaMON3IYICHUS MYIHCAPOB JIOKHA OIPEICTATHCA COBOKYITHBIM BJIMSAHUEM OOJIBIIOTO YHUCIIA
daKTOPOB: CUIBLHOTO MATHUTHOTO MOJIs, KOJUIEKTHBHBIM B3aNMOJIEHCTBUEM 3aPsAZKEHHBIX YACTHIT
1 110J1eil M, KOHEYHO, JIBUKEHUEM ILJIa3Mbl C PEJIITUBACTCKON CKOPOCTHIO OKOJIO BHYTPEHHEH Ipa-
HUIIBI CBETOBOTO ITUJINHJIPA.

1o cux 1mop MbI B OCHOBHOM O0OCYZK/IaJIM BOITPOC O «T'€OMeTPUn» U3jaydeHus. Temepnb ciemry-
€T OCTAaHOBUTBLCA Ha TeX (PU3UIECKUX MPOIECcax, KOTOPbIe MOTYT OBITH ero nmpuinnoii. [Ipex e
BCEr'0 PACCMOTPUM BOIIPOC O MOWHOCTIU U3IYyUYeHHs IyJbcapoB. llocire/HIOI0 MOXKHO HaWTH,
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u3Mepsid MOTOK U3JIyYeHUs BO BCEM Pa/INO/IUAIIA30HE B TE€UCHUE UMITYJIbCA, 3HAs OTHOIICHUE
JUIATETHHOCTH UMITY/IbCa U TEPHUOJ] Y IyJIbCapa U 3a/aBasiCb BUJIOM JTHATPAMMBI H3JTyI€HUST
(kapanmaiHasi, BeepHas). [loydennast Takum 06pa3oM MOIHOCTH JJIs PA3HBIX UMITYJIbCOB Me-
HsleTCA B OYeHb MMpokux npejenax — ot 1027 1o 103! spr/c um, coorsercrsenno, or 10
10 10 MBrt. 9Ty MOIIHOCTE JTIOGOIBITHO CPABHUTL C COBOKYITHON MOIIHOCTBIO BCEX 3EMHBIX
paJyio- U TejenepesaTdnkoB, paboTAMNX B TOM YK€ JIMalla30He YacTOT, KOTOpPbIE IIPH YCJIO-
BUM, YTO OHU PabOTAIOT OJITHOBPEMEHHO, U3/Iy4ajn Obl HECKOJIBKO ThiCsTd MeraBaTT. Kak Bumm,
€CTeCTBEHHBIE KOCMUIECKUE PaIUOIIePEIATINKI HEM3MEPUMO MOIITHEe UCKYCCTBEHHBIX 3€MHBIX.

OcobusikoM ctouT mysnbcap B KpaboeumaHoit Tymannoctn. Hapsity ¢ paamomsirydeHueM,
cpeiHsst MOIHOCTL KoToporo ~ 103! spr/c (ma KOpoTKoe BpeMsi OHa MHOTJA YBEJIMUIUBACTCS
B COTHIO pPa3), 9TOT IYJIbCAP U3JIYUAeT TaKyKe B OINTHIECKOM, PEHTTEHOBCKOM ¥ raMMa- ralia-
3oHax. MOIITHOCTH €ro ONTUYEeCKOr0 W3JIyUeHUs, KOTOPOe OTJIMIaeTCs YAUBUTEIHLHON CTaOWIh-
HocThio, jocruraer ~ 1034 spr/c, uro B 2,5 pasza npesocxoauT MorHocTh u3jtydenus CoJHila.
Ho ocHOBHasT MOITHOCTH M3/IyYaeTcss STUM Iy IbCapOM B PEHTTEHOBCKOM U TaMMa-IHAITa30HaX.
31ydaeMas MOITHOCTD B «’KECTKIX» KBaHTaX 3TOTO JIMAlla30Ha JIOCTUTAeT 3Haxdenud ~ 3 - 1037
9pr/c, 9TO B JIECATh TBICAY pa3 MPEBOCXOJUT MOIMHOCTH u3Jyderusi COJIHIA HA ONTHIECKUX
YacToTaxX U OJIM3KA K MOIIHOCTHU U3JTyYeHUS 3BE3/-TUTAHTOB Ha 9acTOTaxX ONTHIECKOTO, nHMpa-
KPACHOTO U yJIBTPApUOIETOBOTO JTHAA30HOB.

[IpencraBiser mHTEPEC ONMEHUTH JJIS MYIbCAPOB MOIIHOCTD N3JIy9IeHNs eIUHUIBI 00beMa B
u3JIygaroneii obgacT. YIuThBasg TeOMETPUIO MYJIhCApOB, MOXKHO CJIeJIaTh BBIBOJ, 9ITO IIPOTSI-
JKeHHOCTH M3JIydatomieil 00/1acTu «B IVIyOHHY» HEe MOXKET IPEBOCXOIUTH PAJIMYCca CBETOBOIO IU-
suupa. C Apyroit CTOPOHBI, U3 JVINTEILHOCTH UMITYJIbCOB CJIEIyeT, ITO IPOEKIINs ITOH 00IaCTH
HA TTOBEPXHOCTH HEWTPOHHO 3BE3/IbI JIOJI2KHA UMETh JIMHEHbIE PA3MEPhI MOPsI/IKA HECKOJTbKUX
JlecAThIX ee pajamyca. OTcoo/1a, B 9aCTHOCTH, CJIeIyeT, 9TO y Iyiabcapa B KpaboBuaHOW TyMaH-
HoCcTH ObbeM u3ilydaromeii obsiactu He npesocxomut 102 em®. IlosTomy nsayuaemas ejuHu-
1eii 06beMa MOIIHOCTH B PEHTTEHOBCKOM M FaMMa-IUalla30HaX Y 9TOr0 Iy/IbCapa IIPEBOCXOINT
~ 10" spr/cm® - c. 910 banTacTudeckn 6oIbIIAsA BEIMUYUHA, B MILITAP/ILI Pa3 MIPEBOCXOAIIA
MOIIIHOCTb M€HEePAINN TEPMOsIIEPHON SHEPTUH B €JINHUIE 00beMa 3BE3/IHBIX HEJIP.

Baxkmoit xapaKTepucTUKON MHTEHCUBHOCTH W3JTyUEHUST SABJISIETCA sIPKOCTHAST TeMIIEPATypa
(em. § 4). Ecm myist ontraeckoro usiydenust mysibcapa B KpaboBuHON TYMAHHOCTH SPKOCTHAS
TeMIiepaTypa OJIM3Ka K JeCATH MUJLIHapaM KeJIbBHHOB, a B PEHTT€HOBCKOM JIHAalla30He OHa
paBHa «BCErO JIMIIb» COTHE THICIY KEJIbBUHOB, TO B PaIUoIualla30He OHA JOCTUIAeT OIPOMHOIA
BesmanHbl ~ 102® keapBHHOB!

Henomepro moriHOe pajmonsiaydenne myabcapa B KpabosuHoi TyMaHHOCTH (& TaKKe BCexX
JPYTUX TYTHCAPOB) COBEPINEHHO UCKII0YaeT BOBMOXKHOCTD €10 00bsICHEHUsT CyMMOI He3aBHCH-
MO H3JIyYaloNInX 3apsizKeHHBIX YaCTUIl, KAK 9TO MMeeT MeCTO B CIydae CHHXPOTPOHHOI'O WJIH
TerIoBoro u3sydenus. C aHaJOrMYHOM cUTyaleil aCTPOHOMbBI BCTPETUJINCE €Ile B COPOKOBBIX
rojlax, Korja paJnoacTPOHOMUYECKUE HADIOICHNS OOHADY KIIN TUTAHTCKUE BCILJIECKU COJTHEU-
HOTO pajuons/ydeHus. VI3ydeHne 3T0ro HHTEPECHOTO sIBJICHUS 3aCTABUJIO CJIE/IaTh BBIBOJI, UTO
OHO BO3BHUKAET IPH YIIOPSAIOUYEHHBIX «KOPEPEHTHBIX» JIBUKEHHUAX FJEKTPOHOB B CPABHUTEIHHO
OobIINX o0beMax IIa3Mbl. [Ipu TaKMX yIOPsIOYEHHBIX JBUKEHUIX SJIeMEHTAapPHBIX 3apsiIOB
CKJIJIBIBAIOTCS AMMAUMYOb, N3IyIaeMbIX UME 3JIEMEHTapHbIX 3JIEKTPOMAarHUuTHLIX BoJiH. Ciie-
JIOBATEJILHO, UNMEHCUBHOCMS PE3YIHTUPYIONIEH JIeKTPOMATHUTHON BOJIHBI OT BCEil CUCTEMBbI
U3JIYIafoMuX 3aps/0B (IPOIOPIMOHATBHAST KBAIPATY Pe3yIbTUPYIOeil aMInTyabl) Oy/aeT B
02POMHOE YUCAO Pa3 b0AbULE CYMMBbI THTEHCUBHOCTEN 3/IeMEHTaPHBIX BOJTH, U3/Ty Ia€MbIX OT/IE/Thb-
HBIMU 3apsijilaMi. B j1a00paTOpHBIX YCIOBUSIX XOPOITUM ITPUMEPOM PaINON3JIYIeHUsT YIIOPSI0-
YeHHO (KOTEPEHTHO) JIBUKYIIUXCS SJIEKTPUUECKUX 3aPsiJIOB sIBJIAIOTCA OObIUHBIE [IEPeIAIoNie
anTeHHbl. Hampumep, nepenaomas anTeHHa ¢ 9(p@GEKTUBHON MOBEPXHOCTHIO B JIECATH THICAY
KBa/IPATHBIX METPOB MOYKET M3JIyIaTh MOIIHOCTb B HECKOJIBLKO MeraBaTT. Ecyim Obl Best oBepx-
HOCTD, OKpYzKaloIias Maruutrocdepy myiabcapa B KpaboBuaHoit TyManHOCTH, ObLIA TOKPHITA Ta-
KIMH TIePeIAIONTAME aHTeHHAMHI, TO MOIIHOCTD N3/IydeHns Ob1a 661 Beero b ~ 107 MBT, T.
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€. B JIECITh MUJIINAPIOB Pa3 MEHbIIE MOITHOCTU PaINOU3/IyYeHUsI 3TOro Iysabcapa. laxke ecan
OBI BeCh 00bEM ero MarHuTochepbl OBLIT IJIOTHO 3aII0JHEH TAaKUME IIePeIafOIINMI aHTeHHAM,
TO MOIITHOCTD U3JTy9eHus Obla ObI B COTHIO THICSY pa3 MeHbIIe Hab/romaemMoit! 9tor npumMep Jie-
MOHCTPHUPYET BCIO HUITOXKHOCTH TBOPEHUS PYK M MO3Ta JIFOJIEH 110 CPABHEHUIO C €CTECTBEHHBIMU
IIPOIECCAMU B IIPUPOJIE.

W cKII0UnNTEeIbHO BBICOKAsA APKOCTHAsT TEMIIEpaTypa MOXKET OBITh pean30BaHa TaK:Ke U B
TOM CJIydae, KOTia MeXaHU3M PaInON3.Iy 9€HNUsT IIPEICTAB/ISIET CODOI HEKOTOPYIO pa3HOBHUTHOCTD
IpoIecca Ma3epHoro ycuyieHus. B § 4 Mbl yKe MO3HAKOMUJIUCH ¢ €CTECTBEHHBIMU KOCMUYIECKU-
MM Ma3epaMi, KOTOpbIe TaK HEOXKHJIAHHO OKa3aJIMCh CBA3aHHBIME C IIPOIECCOM 3Be371000pa30-
BaHus. B sToM cirydae MazepHoe yCuIeHIE UMeeT MECTO TOIbKO JIJIsl Y3KOr0 MHTEPBaJia YacToT,
cootBercTBytorero paanounauaM mosekya1 OH u HoO. Onrako mporece Ma3epHOTO yCUIeHUST
[IPU HEKOTOPBIX YCJIOBUSIX MOXKET IMPOUCXOINTh U B OYE€Hb ITUPOKOM CIIEKTPAJIHLHOM WHTEpBAJIE,
COBEPIIIEHHO HE CBA3aHHOM C TOW WMJIA WHOW PaIMOJTMHUACH.

Cremyer erre pas3 MoIepKHYTh HEOOBITHOCTH YCJIOBUM, B KOTOPBIX UMEET MECTO IeHepaIlust
U paclpocTpaHenne pajuoBoJiH. Hampumep, HAIPSAKEHHOCTD 3JIEKTPUYIECKOTO T0JIsd B IIYJIbCap-
HOM U3JIyYeHUH B O0JIACTH IeHEepaIii JIOXOJUT J0 HECKOJbKUX MUJLIHAPIOB BOJLT/MeTp. Or-
CIOJIa HEITOCPEJICTBEHHO CJIE/IYeT BBIBOJI, UTO 3TO «COOCTBEHHOE» JIEKTPUUECKOE IOJIE «CAMO I10
cebe» YCKOPSET «IOPOJUBIIIE» €0 JIEKTPOHBI JI0 PEJISTUBUCTCKUX dHepruil. B 9Toil cioxnoii
CUTYyallul TaKWe 3JIeMeHTapHble IOHATUA KaK II0Ka3aTesb IPEJOMJEHUs, CyllepIIO3UIis BOJH
U JIp. y2Ke TePAIOT OOBIYHBINA CMBIC/T.

Pestomupys, cieiyer ckazaTh, 9TO pauoU3/IydeHue MyIbCapoB IPeJCTaB/IgeT cob0it HEKO-
TOPBIN Ko2epeHmmviti npoyecc, BOSHUKAIOMIII B BeCbMa HEOOBITHBIX yCJIOBHUAX. st TOro 4ro-
OBbI TaKOe M3JIyYeHNEe KaK-TO BO3BHHUKJIO, HEOOXOIUMO, IYTOOBI B MarHuTocdepe IyIbcapoB ObLIO
JIOCTATOYHOE KOJIMYIECTBO CBOOOJIHBIX 9/IeKTPOHOB. HeoOXoauMocTh CyIecTBOBaHusI CBOOOTHBIX
9JIEKTPOHOB B MaruuTocdepe myabcapoB CIeyeT U3 OCHOBHBIX 3aKOHOB 9JIEKTPOJANHAMUKH (CM.
Boiiie). Kpome Toro, nmeercs: JOBOJIBHO MOIIHBII MTOTOK TJIA3MbI, BBITEKAIONIUI ¢ MOBEPXHOCTH
HEHTPOHHON 3Be3/IbI. DTO SIBJIEHUE MbI HA3BAJIM «IIYJIbCAPHBIM BeTPOM». KOHIIEHTpAITUsT YaCTHUIL
B TAKOM ITOTOKE MOXKET OBITh JIOBOJIbHO 3Ha4UUTE/IbHOM. [loipoOHEe 00 3TOM MBI y2Ke TOBOPUIN
NIPUMEHUTEILHO K ITyJIbcapy, Haxojadmemycd B Kpadosunoit Tymannoctu. K coxkasienuto, mpu
COBPEMEHHOM YPOBHE TEOPUU HESCHO, B KAKOW 001aCTH MarHuTochephl MyIHCAPOB TPOUCXOJIAT
reHeparys pajuoBOJIH. DTO MOXKET ObITh CJION OKOJIO MAIHUTHBIX ITOJIIOCOB, HEIIOCPEICTBEHHO
NPUMBIKAQIONNI K TMOBEPXHOCTH HEHTPOHHOMN 3BE3JbI, WU Ke JajeKas nepudepust MarHuTo-
cdepbl 0KOJI0 BHYTPEHHEN TOBEPXHOCTU CBETOBOIO IunHIpa. LIpeacrout emie odenn OOJIbImast
pabora Kak HabJIIo/IaTe e, TaK U TEOPETHUKOB, YTOOBLI MPUPOJIa PaINOU3IYyUCHUS IIYIbCapOB,
CBsI3aHHASI C «aKTUBHOCTHIO» HEHTPOHHBIX 3Be3]1, OblLiIa IIOHSITA.

BazxHoit 0c06EHHOCTBIO IL1a3Mbl MAIHUTOCEPHI IYJILCAPOB SIBISETCS TO, 9TO OHA COCTOUT
HE U3 JEKTPOHOB U IOJIOKUTEJIbHBIX HOHOB (KaK OOBITHAS IIa3Ma), a U3 9JCKTPOHOB W I10-
3uTpoHoB. CaMo 0Opa3oBaHUE TAKOH IIa3Mbl MOYKHO ce0e IMPEeICTABUATE CJIEIYIONIAM 00Pa30M.
Bo6m3u TBep/10ii TIOBEPXHOCTHU CUJILHO HAaMAaIrHUIEHHOM ObICTPOBpAIIAIONIelicss HeMTPOHHO 3Be3-
JTbI BOBHUKAET JIEKTPUIECKOE TI0JIEe C COCTABJIAIONIEN BJIOJIb MArHUTHOTO IOJId, OTJIMYHON OT
HyJIsE. DTO IOJIe BBIPHIBAET U3 TIOBEPXHOCTHBIX CJI0EB HEHTPOHHOI 3Be3/1bI IEPBUIHBIC 3aPAzKEH-
HbIe YaCTHILI H YCKOPAET UX JI0 OFPOMHBIX 3Hauenuit sgeprun ~ 107—108mc?. [Isurascs B1o/Ib
UCKPUBJIEHHBIX MArHUTHBIX CHUJIOBBIX JIMHUIN, 9TU YACTHUIBI T€HEPUPYIOT KBAHTHI T'aMMa-U3J1y-
JeHus. B cuIbHOM MarHUTHOM I10JIe HEHTPOHHON 3Be3/Ibl KaXKblll TaKOW KBAHT PacliagaeTcs
Ha 9JIEKTPOH U MO3UTPOH, KOTOPBIE, B CBOIO OYEPE/Ih, TTOPOKIAIOT TaMMa-KBAHThI «M3TMOHOTO»
nzaydennsd. Takum oOpas3oM, B MaruuTocdepe Imyabcapa HelIpepbIBHO 00pa3yIoTCs 9/IeKTPOHHO-
[MO3UTPOHHDIE JIABUHBI, «ITUTAIONINE» HAXOJSIIYIOCd TaM 11a3My. [loroku sToit crienuduieckoit
IIa3Mbl BCE BPEMsi JIBUXKYTCSA C PEIATUBUCTCKUMU CKOPOCTAMHU OT ITOBEPXHOCTHU HEHTPOHHOI
3Be3/IbI HAPYKY. KOrepeHTHO M3/Iydatoniue CryCTKH TAKON IIa3Mbl U SBJISIOTCS «MaTepPUAIb-
HBIM HOCHUTEJIEM» PaIMON3TyIeHNUS MYIHCAPOB.
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Puc. 22.7. CnekTp ncrovHnKa ¢ CHHXPOTPOHHOM peabcopOIiumeii.

HecomuenHo, 4To mpupojia BHICOKOYACTOTHOTO u3jydeHus iyiabcapa NP 0531, naxojsiie-
rocs B KpaboBuiHoit TyMaHHOCTH, paJIMKAIBLHO OTJINYACTCA OT IIPUPO/IBI €r0 PaINON3/TY YCHUS .
DTO ACHO BUIHO XOTs ObI U3 OOIIEro CreKTPa SJIEKTPOMATHUTHOTO M3/IyIeHUs 9TOTO MY/IbCapa,
npuseiennoro uHa puc. 20.6. Pa/ino- n BBICOKOYaCTOTHBIN CIIEKTPHI HUKAK HE «CITHBAIOTCSIY, T. €.
BBICOKOYACTOTHOE M3JIydeHre (B KOTOPOM, KCTATH CKa3aTh, 3aK/IIOUEHA MOJIABIISIONE O6OIbIIAsT
YaCTh SHEPIUN) HUKOMM 00PA30M HE SABJSETCS «IPOJOJIZKEHIEM» DaJIMOU3/IY IeHIs STOTO IIyJIb-
capa. Kpome TOro, MeXJly HUMU MMEETCS eIlle OHO (PYHIaMEHTAJBbHOE PA3JIMYNe: BhICOKOYA-
CTOTHOE M3JIydeHNe BeChbMa NoCmMoAHHO, T. €. TPOMUIb UMIIYILCOB HE MEHSIETCs CO BPEMEHeM,
paJIMON3JIyYeHre Ke TIePEMEHHO U IO-JIPYroMy ToJisipu3oBano. Bee hakThl roBopdT 0 TOM, YTO
B TO BpeMms Kak pajuonsiydenne NP 0531, tak ke, KAk U paJMOU3JIyueHUe JIPYruX IyJibCa-
pPOB, 00YCJIOBJIEHO HEKUM, MTOKa HEM3BECTHBIM «KOT€PEHTHBIM» MEXaHU3MOM, BHICOKOYACTOTHOE
U3JIy9deHre eCTh CYMMAa W3JIyIeHUN OTJEIbHBIX PEISITUBUCTCKUX SJIEKTPOHOB, JBUXKYIIUXCS B
Maraurocdepe myabcapa, T. €. ABJISIeTCA CUHIPOMPOHHIM. DTO 3HATUTETHLHO YIPOIIALT 3a1a9y
TEOPETUIECKOT'O NCTOJTKOBAHUS HAOIOMAEMBIX CBOMCTB ONTUYECKOI'O U PEHTTEHOBCKOTO M3JIy e~
nusg NP 0531.

B ocnoBy Teopun BICOKOYACTOTHOIO M3/IydYeHU TTy/Ibcapa B KpaboBuinoit TyMaHnnocTu, 1mo
HaIlleMy MHEHWIO, CJIeJIyeT MTOJIOYKUTH 3HAMeHATeTbHbIN (DaKT «3aBajiay ero CIeKTpa B OJUK-
Heit nndpaxpacuoit obactu. KakoBa npudnna 9Toro sipjieHus! ABTOpP HACTOSINENH KHUTH €Ile
B 1970 1. mpuBes apryMeHThl B MOJIB3Y TOrO, UTO ITOT «3aBaJI» CJIEJyeT O0bICHUTD sIBJICHIEM
«CUHXPOTPOHHOI peadcopOIuus», B TO BpeMs KaK CaMO BBICOKOYACTOTHOE U3JIydeHUe ITyJIbCa-
pa NP 0531 oObsicHsIeTcsT OOBIYHBIM «CHUHXPOTPOHHBIMY» MEXAHU3MOM, sIBJSIONIUMCS ITPUINHOMN
OCHOBHOI1 9acTn n3aydenns KpaboBuiHOI TyMaHHOCTH BO BCEM JHAITA30HE SJIEKTPOMATHUTHBIX
Bost (eMm. § 17). Camo siBJIeHHe CUHXPOTPOHHOI peabcopOiuy COCTOUT B TOM, YTO MPH OYEHb
OOJIBIION IJIOTHOCTU PEISATUBUCTCKUX YACTHUI[ KOCMUUIECKHUIT 00BEKT MepecTaeT ObITh IIpo3pad-
HBIM JIJI «COOCTBEHHOTO» CHHXPOTPOHHOTO U3/IyUEHHS. DTa HEIMPO3PATHOCTh HAYUHAETCS Ha
HEKOTOPOI 9aCcTOTe U IMPOIPECCUBHO PACTET B CTOPOHY HU3KMX dacToT. [lo 3Toit mpuyunne mH-
TEHCUBHOCTH Ha HU3KNX YACTOTaX KaK Obl «Cpe3aeTcs» M CHHXPOTPOHHBIN CIIEKTD MCTOTHUKA
npuobpeTaer BUJ, N300pazkeHHbI Ha puc. 22.7. Ha aToM ke pUCyHKe /1 CpaBHEHUs MPEPbI-
BHUCTOI JInHUEH n300pazkeH CIEKTP TOro K€ UCTOYHHUKA IIPHU YCJIOBUU €0 MPO3PATHOCTHU, T. €.
[PU OTCYTCTBUYM CHHXPOTPOHHON peadbcopbrmu. Mbl BUIUM, 9TO XapaKTep BBICOKOYACTOTHOTO
criekTpa Tyabcapa B Kpabosuauoit TymanuocTu (cM. puc. 20.6) Takoii ke, KaK y HCTOYHHUKA,
IJIe CyIIeCTBEHHA CUHXPOTPOHHAsS peadcopOoIus.

3HadeHne YacTOThI V,,, HaUUHas ¢ KOTOPOil 3PpdeKT CHHXPOTPOHHOI peadbcopdiiuu cTaHo-
BUTCS CYIIIECTBEHHBIM, T€M BBIIIE, I€M «KOMIIAKTHEEe» UCTOTHUK, T. €. IPEK/IE BCETO YeM OOJIbIIe
IJTOTHOCTH HAXOAIINXCST TaM PEISITUBUCTCKUX SJIEKTPOHOB.

Yr10BbIe Pa3MepPbl UCTOYHUKA CHHXPOTPOHHOI'O U3JIyUeHUsl, B CIIEKTPEe KOTOPOro HAOJIIO/a-
€TCsI CHHXPOTPOHHAsT peabCcopOIust, OpeIesorTcs: (hopMyIoi

0 =9-102'0 () /4 F(v,,)>H (22.8)

e q)(d) — 6e3pa3MepHBbIIl MHOYKUTEIb MOPsIJIKa eIMHUIBI, 0 BhIpaykaercs B CEKYHIAxX JIyTH.
DTa oYeHb BarKHasl JIId PaIM0acTpOHOMIH (hOpMyJIa BIepBble ObLTa mmostydena B 1963 r. coBer-
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ckuM pajumoactpornomom B. U. Crbriiem. Torga ona Oblia 0COOEHHO TTOJIE3HOMN ISl U3y ICHUS
MPUPOJIBI TOJTBKO YTO OTKPBITHIX KBAa3apOB, PAJIMOCIEKTPHI KOTOPHIX YaCTO MOKA3bIBAIOT SBJIE-
HUE CHHXPOTPOHHOI peabcopOIny Ha YacTOTaX, JIEYKAIIUX B JUAITA30HE COTEH M ThICAY Mera-
repi; (4TO COOTBETCTBYET JIEIMMETPOBBIM M CAHTHMETPOBLIM BosiHaM). ToT dakt, 4ro B ciaydae
nyibcapa B Kpabosunoit Tymannoctu V,, ~ 101 ¢! (cTo Muimonos merarepir), cam 1o ce-
Oe BecbMa ropasurtesied. OH O3HAYAET, IPEXKJE BCETO, UTO STOT IYyJIbcap IPecTaBisgerT coboit
«CBEPXKOMIIAKTHBIIY» UCTOYHUK.

AHnain3 oKa3bIBAET, YTO B 00JIACTH CHHXPOTPOHHOI'O ONITHIECKOIO U PEHTTEHOBCKOTO M3/Ty-
yenus myabcapa B Kpabosuanoit tymannoctn H, ~ 3-10% 9, B To BpeMs Kak HOJIHOE 3HAYCHHE
BEKTOPa HAIPSKEeHHOCTH MarHUTHOrO 110/ TaM ~ 10% 9. 910 osHauaer, uto ussydaromas 06-
JIACTD HAXOJIUTCH TJIe-TO BOJIM3HU CBETOBOIO IUJIUHIPA, PAJIMYC KOTOpOro jiyid myabcapa NP 0531
paBen ~ 1.5 Teicsd KujomeTpon, uTo B 100—200 pa3 GoJiblie pajimyca HeHTPOHHO# 3Be31bI. [1o
9TOI MpUYNHE HAIPSKEHHOCTH MArHUTHOI'O TOJIs B O0JIACTH CBETOBOT'O IWJIMH/IPA B HECKOJBKO
MWJIJTMOHOB pa3 MeHBIIE, YeM Ha IIOBEPXHOCTU HEUTPOHHOU 3BE3/IbI.

Ha ocnoBe Teopum CHHXPOTPOHHOI'O M3JIyYEHHS MOYKHO BBIYUC/IUTH KOHIICHTDAIIUIO PeJisi-
TUBUCTCKUX 3JEKTPOHOB B MaruuTocdepe myibcapa NP 0531 u ux nmorok B KpaboBuanyio Ty-
MaHHOCTB. OKa3bIBaeTCsd, ITO ITOT MOTOK KAK Pa3 JOCTATOUEH JJId HEIPEPBIBHOIO «ITUTAHUS>
9TOI TYMaHHOCTH dHeprueil, HeoOXOUMOIl i KOMIIEHCAIIUHA €€ MOIIHOr0 u3JiydeHus. Takum
00pa3oM, CHHXPOTPOHHAsI TEOPHUs €CTECTBEHHO OObSICHSET ONTUYIECKOE W PEHTIE€HOBCKOE M3JIy-
YeHue €JIBa JIM He CaMOTO JIIOOOITBITHOTO KOCMIYECKOT0 00beKTa. UTo KacaeTcs MpOnuCXOXK ICHUS
CBEPXZKECTKOIO TaMMa-U3/IydeHusi (M. CHOCKY Ha cTp. 240), To cKopee BCero oHO 06YCJIOBIIEHO
CTOJTKHOBEHHUSIMU M€Ky 3aPSAKEHHBIMI YaCTUIIAMU, YCKOPEHHBIMU JI0 YJILTPABBICOKIX SHEPT It
9JIEKTPUYECKUMU TI0JisiMu B MarauTocdepe myiabcapa NP 0531.
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§ 23. PEHTTEHOBCKUE 3BE3/IbI

Kak yke yKasbIBaJI0Ch BO BBEJICHIN K 9TOM KHUTE, OypHOE pa3BuTHEe BHeaTMOCHEpHOiT acT-
POHOMUH, TaK K€ KaK U PaauoacTPOHOMUMU, IIPUBEJIO B IOC/JIE€BOEHHBIE T'OJbI K PEBOJIIONNH B
narreit Hayke. [loxkasyit, HanboJiee BIEYATIAIONIUME JTOCTUKEHUSIMI BHEATMOCKEPHOI acTpo-
HOMUU OBLIA BBIJIAIONINECS YCIIEXU PEHM2eH08CK0T acmporomuy. IlepBbie HAOIOIEHTS PEHTTE-
HOBCKOTO m3tydernsi CotHITa OBLIN BBITOJTHEHBI Cpaly ke MocJie BOWHBI, B 1946 1., ¢ MOMOMIHIO
CIeTINKOB (DOTOHOB, YCTAHOBJIEHHBIX Ha MaJeHbKUX pakerax. [loTpeboBasioch, oiHAKO, TEIBIX
16 s1eT 151 TOro, 9TOOBI IMPOrPect TEXHUKU TaKUX HaOJIIOIEHHH 1T03BOINT OOHAPYKUTH ITePBbIi
PEHTTEHOBCKUIT NCTOYHNK, HAXOISIIUIC Hajieko 3a npeaenamu CosrHedHol cucrembl. Huskast
pasperariasi criocoOHOCTh, XapaKTepHasi JIJIsi DEHTIeHOBCKO acTpOHOMUM (B TO BpeMs IO-
psijiKa JlecsiTKa TPaJIycoB), He MO3BOJINIIA Cpa3y Ke 0oJiee WM MeHee TOYHO OMPEeTUTh T0JI0-
JKeHIEe HOBOT'O PEHTTEHOBCKOTO UCTOYHUKA Ha HeOe. BO3HUKIIO JaxKe peooKeHne, 9To 3TOT
JIOBOJIBHO SAPKHI UCTOUHUK HAXOIUTCs B IeHTpe [asmakTuku. Bekope, o/iHaKo, BBISICHUIOCH, UTO
9TOT UCTOYHUK HUYIEro OOIINEro ¢ rajJakKTUIeCKUM IIEHTPOM He MMEET, HAXOIWTCS B CO3BE3IUN
CkoprmnoHna u yJaJjieH oT rajaktudeckoit miaockoctu moaru Ha 20°. [Toctennee obcrogrebeTBO
YKa3bIBAJIO Ha CPABHUTENBHYIO ero 6/m30ocTh K CosHily. Beap TomuHaa «rafak THIecKoro JInc-
Ka» — 00JIaCTH, I'/Ie HAXOJIUTCs IOJaBJIAIONee OOJBIINHCTBO 3Be31,— He mpeBocxoauT ~ 500
IIC, B TO BpeMsi KakK paJuyc 3Toro aucka goxomauT 10 15 000 me. Tak Kak rajakTudeckast IMIpo-
Ta PEHTIeHOBCKOro ncrounuka B Ckopruone okosio 20°, TO BEpOATHOE PACCTOSHUE JIO HEro He
JOZKHO ObITH Gostbiite, em 250/ sin 20°~ 750 nc. Takoit mpoctoii crocob rpy6oit omeHKn pac-
CTOSTHUI JI0 HEM3BECTHBIX IaJIAKTHIECKUX MCTOYHUKOB BECHMa PACIPOCTPAHEH B ACTPOHOMUM.
Bepnemcs Tenepb K KOCMHYECKUM PEHTTEHOBCKUM UCTOYHUKAM.

BHOBB OTKpPBITBI PEHTTE€HOBCKUIT HCTOYHUK HOIyuniI Ha3BaHue «CkoprnmoH X-1», rie Oyk-
Ba «X» CUMBOJIM3UPYET DEHTIEHOBCKOE U3JIyUeHue («UKC-Tyqr» ). AHATOTHYHAS «HOMEHK/IATY-
pa» JijIg BHOBb OTKPbLIBAEMbBIX UCTOYHUKOB ObliIa IPUHSATA B II€pBble OyPHBIE I'OJIbI PA3BUTHUS
pagumoacTponomun. Camble gpKHe PaJIUOUCTOUYHUKN IMOIYUIUIN HA3BAHUS 110 CO3BE3IUAM, I
oun ObLM OOHapy»KeHbl: Jlebenp A, Kaccuomess A, Temery A, lesa A u . n. Jlo cux mop 3tu
Ha3BaHUsI COXPAHIINCH, XOTd cefivac y»Ke KaxKIbIil acTpoHOM 3HaeT, aro Tesern; A — sro Kpa-
boBuIHAST TyMaHHOCTH, a JleBa A — 310 ruramTckasi cdepongaibHas rajgaktnka NGC 4486.
Bekope mocite orkpbiTust ncrodnnka Ckopruon X-1 6b110 00HAPYKEHO PEHTTEHOBCKOE U3JTy-
genne or KpaboBHHOI TyMaHHOCTH — 00 3TOM yiKe Iijia pedb B § 17, a Takke JiBa HOBBIX
HCTOYHMKa B co3Be3aun Jlebens, cpasy ke nosyuusiine Haspanus Jlebenp X-1 u Jlebenp X-2.

B nocnenosasiiue mociie orkpbiTug ucrounnka Croprumon X-1 8 jier pa3BuThe peHTre-
HOBCKO# aCTpOHOMHUHU BcCe elle ObLIO HeJI0CTAaTOYHO ObIcTpbiM. Habsoienns mpoBOAUINCH HA
pakeTax, IpUIeM 3aIlyCKU MX ObLIM HEMHOTOYMCJIEHHBI U OOJiee MM MeHee CJIydaiiHbl (HCKJIIO-
YeHre COCTABUJIO HAOJIIOJEHUE MOKPBITHS PEHTTEHOBCKOIO MCTOYHUKA B KpaboBmHOM TyMaH-
Hoctu JIyHoit, o 4em peus 1uia B § 17). Bee ke B 9170T neproj; 6bl1a 1moJtyYeHa BeCbMa, [eHHast
nHMOpMAaIs O IIPUPOIe PEHTIeHOBCKUX MCTOYHUKOB. [Ipexk e Bcero obparaer Ha cebst BHIMA-
HUE OI'POMHAs BeJUYUNHA ITOTOKA PEHTTEHOBCKOIro m3jydeHus ot ucrounnka Croprmon X-1. B
UHTEPBAJIe SHEPTUU PEHTTeHOBCKUX KBAHTOB 1—10 k3B (JyInHBI BOJIH OPsIIKA HECKOJILKUX AHT-
crpeM) 3T0T OTOK ~ 3 - 1077 spr/cm?. Tlpumepno Taxoii ke motok (6osomerpuueckuii!) maer
3Be3/1a CeIbMON BHANMOI BeimduHb. Tosibko B 1966 1. yyrydmmBInascs TeXHUKA PEHTTeHOACTPO-
HOMUYECKUX HaOJIIOJIEHUI Jlajia BO3MOXKHOCTD JIOKAJIN30BaTh Ha HeOe mcToIHNK B CKOpIHMOHEe
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23. PEHTIEHOBCKUE 3BE3/bI

€ TOYHOCTBIO B HECKOJILKO MUHYT JIyT'H, 9TO CPa3y Ke MO3BOJINIO OTOXKJICCTBUTH STOT 3arai04u-
HBIT 00BEKT ¢ JOBOJILHO CJIaDOI 1 JI0 TOI'O BPpEMEHHU HUYeM He obpaliaBiieil Ha ceOs BHUMaHUE
3Be31o0it 13-it Besimamnbl. K 9TOMY Bpemenn ObLIO 0OHAPYZKEHO, UTO TOTOK PEHTTEHOBCKOIO M3~
gydenns ot uctounnka CKoprroH X-1 JOBOJIBHO CHJIBHO MEHSETCS: OTO JIHS KO JTHIO BapHAIlH
[IOTOKA JIOCTUTAIOT MHOIUX JIECATKOB IPOIEHTOB. OnTryecKas 3B€3/1049Ka, OTOXKIECTBIIsIEMAs C
STUM MCTOYHHKOM, TAKKe JIOBOJIbHO OECIOPSIIOUHO MeHseT CBoil Osieck (mpumepHo or 12-if 110
13-t 3Be3/(HOIT BEJIMYUHBI), IPUYEM 9TU U3MEHEHUs IPAKTUIECKH He CBA3AHbI C U3MEHEHUSIMU
PEHTTEHOBCKOT'O MOTOKA (CM., OTHAKO, HUZXKE).

Cuextp ucrounnka Cxkoprmon X-1 MHOTOKpaTHO m3Mepsiics u B obactu 1—20 k3B xoporo
MIPEeJICTaBISAETCA SKCIIOHEHITNATIBHBIM 3aKOHOM

Fp oc e BIFT (23.1)

riae F — sHeprus peHTreHOBCKUX KBAaHTOB, 1 — mapaMmerp, UMEIONINl CMBICJ T€MIIEPATYPHI.
Bemnmunna T' opsijika HECKOJIBKUX JIECATKOB MUJIJIMOHOB KeJILBUHOB. Takoil cuekTp ObiBaeT y
OYeHb TOpsYeil TIa3Mbl ¢ TeMIlepaTypoit 1, mpudeM 3Ta mjiasMa JIOJKHA ObITh ITPO3padHa K
COOCTBEHHOMY PEHTTE€HOBCKOMY HM3/IydeHuio. Hapsmay ¢ m3aMeHeHHsAMU MMOTOKA PEHTIEHOBCKOTO
n3IydeHns HabJIIO/IAI0TCS OJHOBPEMEHHbIe U3MEHEHUs CIEKTPa, KOTOPBI, OJHAKO, COXPAHSIET
CBOIl 9KCIIOHEHITNAJBHBII XapakTep. [Ipn Takux naMeHeHUSX XapaKTePHU3YIONas CIEKTD TeM-
nepatypa Mensiercst oT 25 710 100 mummonoB kenbBuHOB! Criejyer, 0JlHaAKO, 3aMETUTDb, 9TO B
obactu Bbicokux sHepruii (£ > 50 k3B) B cmekrpe ucrounnka Croprmon X-1 mmeercs Jo-
BOJIBHO 3HAYUTEIHLHOE MU3OBITOYHOE HM3/IYYCHHUE, 3aBEJIOMO HE SBJIAIONICECS <ITPOJIOIKCHUEM »
U3JTyYeHNs Topsddeil MIa3Mbl B 9TOM CIEKTPAJIHHOM JHAITA30HE.

Onruyaecknit CeKTP 3BE3/I0YKH, ¢ KOTOPOil oToxktecTBisiercss CKopruoH X-1, m3o0pazken
Ha puc. 23.1. B 6uimkueit nndpakpacHoil 06/1acTu clieKTpaIbHas IJIOTHOCTH MTOTOKA U3JTy YeHUS
pacTeT ¢ POCTOM YaCTOTHI, & B BUJIUMOI U YIBTPadUuoIeTOBONH 00/IaCTIX ClIeKTPaJIbHas KPUBast
nJIeT MOYTU TOPU30HTAJIbHO. BayKHyIo TOYKY Ha CHEKTpaJbHOU KPHUBOM j1aju HabJIIOIeHUs B
yibTpaduoserosoit obmacti okosto 1500 A, BEIIOIHEHHBIE MeTOaMI BHEATMOC(EPHOII acTpo-
HOMUU. DTa TOUKA JIOKHUTCH Ha IPOJIOJIZKEHIE TOPU3OHTAIBHON YacT KpuBoit puc. 23.1. Ha stor
SIPKUIl HETPEPBIBHBIN CIEKTP HAKJIA/IBIBAIOTCS JOBOJIBHO CJIabble JIMHUN U3JTydeHns OaIbMepPOB-
CKOIl cepum BOJOPO/ia, T'eJis 1 HOHU30BAHHBIX aTOMOB YIJIEpoJia U Kucjaopoaa. VnrencuBnocTu
THUX JIMHUH, PABHO KaK U UX JIy4YeBble CKOPOCTH, OUY€Hb CUJIbHO MeHdAtoTcd. Hanmpumep, jydeBbie
CKOPOCTH 3a HECKOJILKO YaCcOB KOJIEOJIIOTCA B IIpeJie/iaX MHOTUX COTEH KUJIOMETPOB B CEKYHJLY,
MeHsIsI TIPU STOM CBOI 3HAK. DTO O3HAYAET, IYTO 0OIaKa HOHM30BAHHOI'O I'a3a, W3JTyIaOIero ITH
JIMHUU, WHOTJIa JBUZKYTCH C TaKOW OOJIBIION CKOPOCTBIO Ha HAOIOJATEeJNsd, NHOT/Ia — OT HEro.
Wurepecno, 4To JiyueBble CKOPOCTU JIMHWH, MPUHAJJIEKAIINX PA3HBIM JIEMEHTAM, PA3JIMIHbBI
U 9aCTO MEHSIOTCS B IIPOTHBOIOJIOXKHOI haze. Bece BMecTe 9T0 03HAYAET, UTO B OKPECTHOCTIAX
ucrounnka Ckoprmon X-1 mpoucxogar OypHBIE MPOIECCHI, COIPOBOXK/IAEMbIe BBIOPOCAME JI0-
BOJILHO OOJIBITTUX MACC Ta3a.

OcHOBHasT 9aCTh HENPEPBIBHOIO ONTUYIECKOTO criekTpa ucrtounnka Ckoprmon X-1 ckopee
BCETO SIBJISETCS MPOJIOIKEHNEM €TI0 PEHTTEHOBCKOI'O CHEKTPa. DTO O3HAYAET, UYTO KAK PEHTIre-
HOBCKOE, TaK U ONTHUYECKOEe U3JIydeHHe STOT0 UCTOYHUKA IIPEJICTABIIET cO00il OOBIKHOBEHHOE
TEILIOBOE M3JIyUeHUEe OUYeHb I'OPSAYIero ra3a, TeMIepaTypa KOTOPOTo MOPsiIKa HECKOJIbKIX JIeCST-
KOB MUJIJIMOHOB IpajiycoB. Ho Tak Kak KO3 UITUEHT MOTJIOMIEHNST TAKOTO T'a3a CUJILHO PacTeT
C YMEHBITIEHUEM YaCTOThI U3JIydeHUsd, TO B OJM3KON MHMpPaAKpPACHONH M B KPACHON 00/IaCTAX
CIEKTpa OH y¥Ke MepecTaeT ObITh IIPO3PAvYHBIM JJIsi cOOCTBEHHOTO M3aydenns. Ha sTtnx gacro-
TaxX ropsavuil ra3 JIOJ2KEeH MOITOMY U3/IydaTh Kak abCoJIIOTHO depHoe Teso. B obiactu vacror,
YJIOBJIETBOPSIONINX YCJA0BUIO hV < k', 3aBUCHUMOCTb HHTEHCUBHOCTHU OT YACTOTHI JIOJIZKHA OIpe-
JIeJIAThC Kaaccudeckoit hopmystoit Panes — Jlxkunca:
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Puc. 23.1. Onruaecknuit n nadpakpacHsiii crekTp ucroaanka CkoprmoH X-1.

e R — pajauyc usiydatonieil ob1actu, 7 — paccrosiHue J10 UCTovYHuKa. JlefdcTBUTE IHHO, U3
HabJII0/[aeMOr0 CIIEKTPa, IIPUBEJIEHHOr0 Ha puc. 23.1, ciejyer, 94To B nH(paKpacHoii 1 KpacHOii
obyactax F, oc TV?, Kak 3T0 U JIOJIZKHO OBITH 110 3aKony Pajies—xxunca. 3uas T~ (3+5)-107

.

K] u ornenuBasi rpy6o r ~ 500 11c, HeTPYIHO MOJIYIUTh OIEHKY PaJjmyca M3JIydaroreii obracTu
R ~ 10° cM, T. e. pa3sMepbl HCTOYHUKA PEHTIEHOBCKOTO M3JIyUeHHs JOJKHEI OBITH BCETO JIUIIH
okoJio 10 000 xkm! CremoBaTeibHO, 9TO OYeHb KOMIAKTHBIN 00beKT. V3 MpUHATOr0 HAMU 3HA-
JeHus 7 (KOTOpOe, MO MPUYNHE BBICOKO TaJIAKTUIECKON MUPOTHI UCTOYHUKA, BPSJ] JIH MOYKET
ObITH OMMOOYHO GOJIBINE, YeM B JBa pa3a B Ty WIH JAPYIYIO CTOPOHY) CJIEJIYET, 9TO MOIIHOCTH
peHTreHOBCKOro n3sydernst Ckoprmona X-1 (ero «peHTreHOBCKasi CBETUMOCTh» ) JIOJIZKHA OBIThH
Lx ~ 1037 spr/c, T. e. B 2—3 Tblcaun pa3 GoJIbIIIe «IIOJIHOM» GOJIOMETPHICCKO CBETUMOCTH
Cosana! Ecyi n3BecTHBI pasMepbl HCTOYHNKA, KHHETHYIECKasT TEMIIEPATypa 3aIo IHSIONed ero
ropsiaeil 1a3Mbl U TeOpHUst ee M3JIydeHns (KOTopas 0YeHb XOPOIIO W HaJeyKHO paspaboranal),
TO He ITIPEJICTABJISET TPY/IA OIEHUTh [IJIOTHOCTH YaCTHIL (3JIEKTPOHOB M MOHOB) B 9TOil IIa3Me.
Dta mioTHOCTL (BepHee, KOHIEHTpals) okasbiBaercs nopgaaka 101¢ cm™3 — pesmuuna jocra-
TOYHO OOJIbITIas, OJIM3Kasd K KOHIICHTPAIUA YaCTHI] B BEPXHUX CJIOAX COJIHEYHON (hoTochephl.
Hakowner, ecyin m3BecTHBI pa3Mepbl UCTOYHHKA U €0 IJIOTHOCTH, TO JIEFKO OIECHUTH IOJIHYIO
Maccy Traza, W3JIydaloliero HabJrogaeMble OT 3TOTO MCTOYHHKA PEHTTeHOBCKHE KBAHTHI. JTa
Macca 110 AaCTPOHOMHYECKUM MAaCIITabaM COBEPIIeHHO HUYTOXKHA: Beero Jumb okoiao 102 r, .
€. B COTHIO MUJIJIMOHOB Pa3 MEHbIIe MacChl 36MHOIO Iapa. 3alac TeIJIOBOW SHEPruud B TOM
IJIOTHOM 0bJIaKe IIasMbl 0Kos10 103 spr. DTo o3mauaet, 9To «IIpeocTaBIeHHOe caMoMy cebes
IJIa3MEeHHOe 00JIAKO JIOJIZKHO OBLIO BBICBETUTBHCS 3a KAKyIO-HUOYIH JAECITYIO OO CeKYHJIbI!
Tak Kak 3TOT UCTOUHMK HabJI0aeTcsd BOT yxke cebiie 20 jier (a «KuBeT» 0 KpaiiHeil mepe
MHOTHUE TBICSIIH JIET), TO JOJZKEH CYIIEeCTBOBATH KAKOW-TO HEMPEPBIBHBINA U IIPUTOM OYEHb MOIII-
HBIIf UCTOYHUK «HAKAYKU» SHEPIUU B TOPAUYIO I1a3My. ['opsgdee mrazMennoe 06/1ako, KOTOpoe
KaKIM-TO 00pa30M, IEPMaHEHTHO HAIPEBAsICh, U3/IyYaeT PEHTICHOBCKNE KBAHTHI — 3TO TOJIHKO
«BTOPOCTEIEHHAS JIETA/Ib» COBEPIIEHHO HEOOBIYHOI'0 KOCMUYECKOI'O TeJjia, HEIIOCPEJICTBEHHO He
HabJII0IaeMOrO.

Kak Bujum, aHajm3 peHTTEHOBCKOTO M ONTHYECKOTO n3jydeHus nucrtounnka Ckopruon X-1
[IO3BOJIUJI TIOJIYYHUTh PsiJi BA’KHBIX BBIBOJIOB O €r'0 IIPUPO/I€ U BCKPBITh €0 COBEPIIEHHO HEOXKU-
JIaHHBIE, JIOTOJIE HEN3BECTHBIE B ACTPOHOMHUU CBOHCTBA. DTOT UCTOUHHUK IO CBOUM OOIIMM Xa-
PaKTEpUCTUKAM OKa3aJiCsl He YHUKAJIbHBIM. [IpubinsurebHO Takue Ke CBOMCTBa ObLIN OOHA-
PYZKEHBI U y JIPYroro UCTOYHUKA, JIebeap X-2, 0TOXKIeCTBIAEMOro ¢ JIIOOOTBITHOM 3Be3/10i 15-it
BEJINYNHBI.

EctecTBenno, 4To cpasy Ke mocjie OTKPBITUAS TaJIJaKTHICCKUX PEHTIEHOBCKUX 3BE3]I Teope-
THKW CTaJU Pa3MBIILIATH 00 UX TPUPOJE U MPeEXKIe BCETO 00 MCTOYHMKAX OMPOMHON SHEPTHH
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23. PEHTIEHOBCKUE 3BE3/bI

UX PEHTIEHOBCKOT'O U3JIyUeHUs. YK TaKOBa HATYPa TEOPETUKOB; XOTd MH(MOPMAIUS O PEHTre-
HOBCKHX 3Be3/[aX TOrJa Oblja COBEPIIEHHO He JI0CTaTOYHa (OHA M cefidac, MATKO BBIPaXKasiCh,
He M30BITOYHA...), HEJOCTATKA B PA3JMYHBIX TUIOTe3aX U Teopusx He Oblio. He Hamo OBITH,
OJTHAKO, CJIUIIKOM CTPOTUM K TEOPETHKAM — OHHU BEPHBI YejI0BeYecKoit mpupojie. OueHb yxK Xo-
TEJIOCh, U 9TO TaK €CTECTBEHHO, TIOHATH CYIIHOCTb 3TUX YAUBUTEILHBIX 00BHEKTOB... B TO Bpems
«B BO3JIyXe UyBCTBOBAJIOCH», YTO OTKPBHITHE HEHTPOHHBIX 3BE3]1 y2Ke He 3a ropamu. Hamomuamm,
YTO 3TO OBLJIO 3& HECKOJIBKO JIET JIO OTKPBITUS ITyJIbcapoB. [lepBas ujest 00bsiCHEHUS TPUPOIHI
HEHTPOHHBIX 3Be3]1 ObLIa MPOCTast W, €CJIN MOYKHO TaK BBIPA3UTHCsI, «J1000Bast». CrekTp HADJTIO-
JIaeMOr0 M3JIy9YeHWs] He MCKJI0Yal BO3MOXKHOCTU €ro TEIIOBOI MPUPOJBI, T. €. BO3MOXKHOCTHU
ormmcanus ero gopmysoit [lnanka ¢ Temneparypoil mopsgiaka JecaTH MUJIMOHOB KeJTbBUHOB.
Oj1HakKo ujiest 0 TOM, 9TO PEHTTEHOBCKUE UCTOYHUKH — TO rOpsiine HeHTPOHHbBIE 3BE3/IbI, ObICT-
PO 0bHApYZKUJIa CBOIO HECOCTOATEILHOCTD (cM. § 19).

«HoBasg smnoxa» B PEHTreHOBCKOI acTpOHOMHUU Kadajach B jiekabpe 1970 r., korma ame-
PUKAHIIBI ¢ BOCTOYHOAMPUKAHCKOTO TOJUTOHA 3AIIyCTUIN HA IKBATOPUATBHYIO OPOUTY CIIEIH-
AJTM3UPOBAHHBI PEHTIEHOBCKUIN CIYTHUK <«YXypy» (cMm. BBejenue). Eciam mo 3amycka 9Toro
CIIyTHUKA YUCJIO M3BECTHBIX KOCMUYECKUX PEHTTEHOBCKUX MCTOYHUKOB OBLIO OKOJIO 35, TO IIO-
cJie IBYX JIeT pabOThl « YXYPY» UUCJIO U3BECTHBIX PEHTT€HOBCKUX UCTOYHUKOB BO3POCJIO MTOUTH
j10 200. Ilpu sToM OBLIM 3aperucTpUpoOBaHbI MPAKTUYECKH BCE UCTOYHHKHU, MOTOKU OT KOTO-
PBIX MIPEBBIIIAIOT OJ[HY THICSIHYIO OTOKa 0T nctounmnka Ckopruon X-1 (B uHTepBase SHeprui
PEHTTEeHOBCKUX KBAHTOB OT 2 710 20 k5B). Habsoiaemble HCTOUHUKE MOYKHO Pa3/Ie/IUuTh HA JBa
kJjacca. McTounnku nepBoro Kjaacca UMeIOT TaJaKTHIeCKyIO MUPOTY MeHbIne 20°, UCTOTHUKY
BTOpPOro Kjacca — 6osbire 20°. Kak mpaBusio, caMble THTEHCUBHBIE UCTOYHUKH ITPUHAJJIEYKAT K
nepBoMy Kjtaccy. OTcro/1a MOXKHO CIeIaTh BBIBOJ, UTO 00a KJlacca NCTOYHUKOB JEeHCTBUTETHHO
[IPEJICTABIAIOT COOOM COBEPIIEHHO Pa3/IMIHBIE 110 CBOEH TpUpoJie 00beKTH. B camom jene, ecin
OBl BCe PEHTTEHOBCKNE NCTOYHUKU TPEICTABIIIA COOON 00BHEKTHI CXOTHON TPUPOJILI U HAXOIU-
quch B ['alakTuke, TO TOr/Ia NCTOYHUKY, HAOIIOAAaeMbIe B BHICOKUX TAJIAKTUIECKUX IMUPOTAX, B
cpegHeM ObLIH OBl K HAM ropasio Oausice. Ho B Takom ciiydae OHU JIOJIZKHBI ObLIN Obl OBITH 00-
aee aprumu. Takyro KapTuHy Mbl HAOTIOJAEM B OINTHYECKON aCTPOHOMUU: caMble sIDKHE 3BE3/IbI
COBEPIIIEHHO He KOHIeHTpupyoTcs K Miaeanomy [Tyru, Mex iy Tem Kak ciabble («TegecKonmde-
CKHe» ) 3Be3Jibl OYeHb CUJIBHO K HEMY KOHIIEHTPUDYIOTCs. « BBICOKONMPOTHBIE» DEHTIEHOBCKIE
HUCTOYHUKY PaCIpeieIeHbl 1o HeOy m30TponHo. HekoTopble n3 HUX OTOXKIECTBIIMIOTC C MeTara-
JIAKTUIECKUMU 00bEKTAME — OTJIEIbHBIMU FAJIAKTUKAMU U CKOILJICHUSIMY y/IAJICHHBIX TaJIaKTHK.
[ToaToMy MOXKHO CJIeJIaTh BBIBOJI, YTO IO KpaiiHell Mepe 4acTh «BBICOKOIIMPOTHBIX» PEHTIE€HOB-
CKUX UCTOYHUKOB CYTh BECbMa, YJAJIEHHbIE OT HAC Memazaiakmuieckue 0bsexmot. ITo KacaeTcs
SIPKUX MCTOYHUKOB, PACIIOJIOKEHHBIX B HU3KHUX TaTaKTUIeCKUX MupoTax (T. e. B mosoce Mied-
Horo I[lyTu), To momasisromee nux 6OJBIIMHCTBO HAXOAUTCs B Hameil [asakTuke. Beero rakmx
HUCTOYHUKOB 0Ka3as0chb 0K0j10 100. VI3 sToro kosimiecTBa 0K0j10 10 OTOXKIECTBIISIOTCS C OCTATKA-
MU BCIIBINIEK CBEPXHOBBIX. MbI y2ke roBopusn o Hux B § 16. OcHOBHAas Ke YacTh HAOIIOIAEMbIX
raJIJaK THIYeCKUX UCTOYHUKOB PEHTTE€HOBCKOI'O M3JIYUYEHUS JOJIKHA ITPUHAJIICXKATH K COBEPIIEH-
HO 0CODOMY KJjIacCy OOBEKTOB 3BE3/IHOM MPUPOJIbI, DOJiee UM MeHee CXOJIHBIX C MCTOYHUKAMU
Cxopnmon X-1. B naipHeiinem Takie NCTOYHIKE MbI Oy/IEM Ha3bIBATH «PEHTTE€HOBCKUMU 3BE3-
jmamuy. Crienyer pa3indarh JBa TUIA PEHTIeHOBCKUX 3Be37. [lepBbIil T KOHIIEHTPUPYeTCs K
raJIJaK THIeCKOH IJIOCKOCTH, YTO ABHO YKA3bIBAET HA CBA3b C MOJIOJIBIMA MACCUBHBIMU 3BE3/IaMU.
Hwxke peun Oyjsier miartu 06 00beKTax TAKOrO THIIA.

PenrtrenoBckue 3Be3/1bI, TOMUMO KOHIIEHTPAIIMU K TaJaKTUYECKOMY SKBATOPY, OOHAPYKU-
BalOT SBHO BBIPAXKEHHYIO KOHIIEHTPAINIO K FAJIAKTUIEeCKOMY IEHTPY: CBBIIIIE ITOJIOBUHBI X Pac-
[IOJIO?KEHO B mMHTepBaJie JoyroT 60° mo obe cTOPOHBI raJlakKTu4deckoro nenrpa. Orciomna MOKHO
¢/leJIaTh BBIBOJI, UTO CPEJIHEee PACCTOSHME JI0 ITUX UCTOYHUKOB paBHO paccrosuuio ot CosH-
1a JI0 rajJakTudeckoro meHTrpa — okoJo 10 000 mc. DToT BBIBOJ, CJIEIyeT TaK:Ke M3 aHAJIM3a
CIIEKTPOB PEHTIeHOBCKUX MCTOYHUKOB, HAXOJAIIUXCsI B obactu co3esaust Crpesnbiia (910 co-
3Be3JlMe HAXOJUTCsl B HAIPABJIEHUM HA FaJAKTHYECKU MEeHTP). Y TaKUX MCTOYHUKOB CIIEKTD
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23. PEHTIEHOBCKUE 3BE3/bI

4acTO OOPBIBAECTCS CO CTOPOHBI HU3KUX dHEPIuil. Takoit «0OpbIB» MPOUCXOIUT U3-38 MOTJIONIE-
HUsI PEHTTEHOBCKOT'O W3J/IYUEHUsI MEXK3BE3/IHBIM Ta30M, IIPUIEM JJIsi TOr0, YTOOBI CIEKTD 000-
pBaJICsl y SHEPrUM KBAHTOB, paBHOil ~ 3 k3B (Kak 10 HaO/IIONAeTCs), HY?KHO KaK pa3 TaKoe
KOJIMYIECTBO MEXK3BE3/HBIX aTOMOB, Kakoe HaxoauTca Mexk ity CoJiHieM u TeHTpoM [arak THKY.

Bnast paccrognue J10 TakuxX uctodHukoB (~ 10 000 11c) 1 BeJm9InHy HOTOKOB PEHTIEHOBCKOIO
u3JIydeHust (KOTOpbIe HEITOCPEICTBEHHO HADJIIOIAIOTCS ), MOXKHO CJIEJIATH BBIBOJ, UTO MOITHOCTU
PEHTIeHOBCKOI'O U3JIydeHHsl Yy TaKuX o0beKToB foxoadaT jo 103 spr/c, T. e. B jecaTku pas
MIPEBOCXOSAT OOJIOMETPUIECKYIO ¢BETUMOCTH COJIHITA. DTOT BarKHBIN BBIBOJ MOITBEPK TAETCS
HAOJTIOJIEHNMI PEHTIEeHOBCKIX MCTOYHUKOB B OJTMKANIIMX K HaM rajaktnkax — Maremmano-
Beix ObJ1aKax, paccrostuue J0 KOTopbix xoportrno ussectao (60 000 nc). C apyroit cTOpoHbI, U3
CTATUCTUYIECKOI'O aHAJIN3a PE3Y/ILTATOB HADJIIOIEHUI CJIE/IyeT, YTO CPEIN PEHTI€HOBCKUX UCTOY-
HUKOB HOYTH HET 06'beKTOB, MOIIHOCTh U3JIydeHns KOTOpbiX Oblta 661 1034—103% spr/c. Ecin
OBI 9TO OBLIIO He TaK, TO B ['a/lakTHKe HAPS Ly CO CPABHUTEIBHO IDKUMU UCTOYHUKAMU HaOJTIO 1A~
JIOCh OBl 3HAYUTEIbHO OOJIbIIee KOJINIEeCTBO Caa0biX. TakuMm oOpa3oM, PEHTTEHOBCKHE 3Be3Ibl
obpasyior B ['anakTuke J0BOJIbHO orpanudentyio 1o mormuoctu (103%—10% spr/c) u no uncien-
HoCTH (~ 100 06EKTOB) MOIMYJIAIIIO. DTO O3HAYAET, ITO OOJIbIINAS YACTH BCEX CYIIECTBYIOMINX B
lalakTKe peHTreHOBCKUX 3Be37 yKe HabomaeTcs. [loarBepkieHneM BbIBOIA O MAJIOIUCTICH-
HOCTHU PEHTTEHOBCKUX 3BE3/l SBJISIOTCS PE3yJbTaThl HAOJIOMEHNUsST PEHTT€HOBCKOTO U3/TyICHUST
OT TYMaHHOCTH AHJIPOMEIBI, KOTOPasi PETUCTPUPYETCsS KaK JOBOJBHO CIabblil ncTOIHUK. Kak
U3BECTHO, 3Ta TYMaHHOCTH IPEJCTAB/IAEeT cOOOil THTAHTCKYIO CIIUPAIbHYIO 3BE3/IHYIO CHCTEMY,
BO MHOT'HIX OTHOITIEHUSIX CXOJIHYIO ¢ Harreil [ajakTiKoii. Y auThiBast, 9T0 TYMAHHOCTH AHIpOMe-
JIbl yaajeHa or Hac Ha paccrogHue okosio 600 000 1c, MOKHO HaTH 110 U3MEPEHHOI BeJIndnHe
MMOTOKA CYMMAPHYIO MOITHOCTH BCEX HAXOJISAIIUXCS B HEfl PEHTIeHOBCKUX UCTOYHUKOB, KOTOPasT
okazbIBaeTcs 0koj10 2 - 1039 spr/c. Tak Kak cpe/Hsst MOIIHOCTb PEHTIeHOBCKOTO U3/TyYeHUs 1C-
TOUHNKOB 0K0/10 1037 3pr/c, TO MBI HENOCPEICTBEHHO MOJIyYaeM, YTO B TYMaHHOCTH AHJIpOMe/ bl
UMeeTCs IPUMEPHO COTHsI TAKUX PEHTTEeHOBCKUX 3Be3] (CM. HUZXKe).

Takum o6pazoM, MOXKHO CJe/IaTh BBIBOJI, UTO PEHTTEHOBCKUE 3BE3JIbl—YIPE3BLIYANHO PE/I-
kuit pernomen. B nameit [arakTuke, Tak »Ke Kak ¥ B TyMaHHOCTH AHJIPOMEJIbI, HA MUAAUGPD
«OOBIYHBIX» OMTUYIECKUX 3BE3/T IPUXOIUTCS TOJIBKO OHA peHTreHOBCKas. [loxkaiyit, TpyiHo Ha-
3BaTh KaKyIO-JIMOO JPYTYIO TOIMYJIAINNI0 B Pa3HOOOPA3HOM <«HaceJeHnn» [aJaKTUKU, KOTOpas
ObLTa OBl Tak 2Ke pejika. Pa3Be TOJBLKO MIApOBbIE CKOIJIEHUS IO CBOEH MaJIOYMCJIEHHOCTH MOTYT
CPaBHUTDLCS C PEHTI€HOBCKUMHE 3Be3/iamu. Ho 1mapoBbie CKOIIEHNST — 9TO OI'POMHBIE arPeraTh
BEIeCTBa, COCTOLAINNE U3 COTEH ThICAY OYEHb CTapbIX 3BE3J], MEXKJy TeM KaK PEHTT€HOBCKUE
3BE3/IbI — OY€Hb KOMIIAKTHBIE OOBEKThI, HECCOMHEHHO, CBSI3aHHBIE C 3aK/TFOUUTETbHBIM ITAIIOM
SBOJTIOIUN 3BE3I.

Boiatorniuecs 1o cBoeit 3HAYNMOCTU PE3YILTATHI 10 MCCJIEIOBAHUIO PEHTTEHOBCKUX HCTOY-
HUKOB B OJIMKAMIIUX K HAM TajlaKTHKaX ObLIN IOJIyYeHbl Ha yzKe yIOMHUHAaBIIelicsa panee 00-
cepBaTopun «JUHITENHHY . YyBCTBUTEILHOCTH YCTAHOBICHHBIX TAM PEHTTE€HOBCKUX TEJIECKOIIOB
IIPEBOCXOINIIA IyBCTBUTEILHOCTh JETEKTOPOB «YXypy» mnpumepao B 1000 pas! DTo mano Bos-
MOXKHOCTb ODHAPYKUTb B TYMAHHOCTH AHJIPOMEIHI OKOJIO COTHH PEHTT€HOBCKUX MCTOUHUKOB
(puc. 23.2). B Boasmom 1 Masom Maresutanoseix Obiiakax Takzke OblII0 0OHADYKEHO 3HAM-
TeJIbHOE KOJIMYECTBO PEHTI€HOBCKUX MCTOYHUKOB. B Bosbiom Maremanosom Ob6sake, 6ora-
TOM MOJIOJBIMU MAaCCUBHBIMU 3Be3/1aMu, HaiijieHo Bcero okosio 200 uctounnkos, a B Majiom —
coimie 20. Ckopee Bcero, OCHOBHasi YacTh MCTOYHUKOB B Bosbmom Marennanosom Ob6stake
CBsI3aHA C MOJIOJIBIME, MACCHBHBIME 3Be3jaMu (CM. HIZKe). DTo o3HadaeT, 9ro B Maresiano-
Beix O6akax HaOJIOJAIOTCA, B OCHOBHOM, MCTOYHUKM | Tuna (cm. crp. 269). Mexmy Tem y
ruranTckoil raslaktuku M 31 B Amjpomese, macca KOTOpoi pas3a B 2 OOJIbIIEe MACChI HAIIEH
lamakTukn, cKOpocTh 00PA30BAHMS MOJIOJIBIX 3BE3J1 U3 Ia30BO-IILLICBOI CPEJIbl HEBEJIUKA, TTO
00bACHIET CPABHUTEILHO HEOOJIBINIOE KOJTMIECTBO OOHAPYKEHHBIX TaM UCTOYHUKOB | TwHIia.

PenTtrenoBckme ncTouyHIKN OOHAPYKEHBI U Y TAJIAKTUK, DOJIee yIaJeHHbIX, 9eM TYMaHHOCTh
Annpomensr. Hanpumep, 10 ncrounnkos obHapyxxeno B M 83 u 9 — B Kap/IMKOBO# rajlakTHKe
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23. PEHTIEHOBCKUE 3BE3/bI

Puc. 23.2. Beepxy: perrrenosckue nucrodnuku B rymannoct Auapomesnst (M 31). Buusy: pent-
IEHOBCKUE MCTOYHUKY B IeHTpaibHoil vactu M 31 (dororpacdus momydena na obcepBaTopun
«DHHIITEHH ).

M 33, maxomgdmeiica B co3Be3uu TpeyrobHuka. ¥ 00jiee yIaJeHHBIX TaJaKTUK ITOKa HeJlb-
351 HAOJIIOJIATh OTJIC/IbHBIE PEHTTEHOBCKUE HCTOYHUKU. HabsoenusaM J0CTYITHO TOJIBKO CyM-
MapHOe HM3JIydeHHe BCeX MCTOYHUKOB, HAXOMAIIMUXCS B JaHHOW rajakTtuke. Ha obcepBaTopun
«IUHIITENH» TAKOE U3JIYUEHUE YIAJIOCh OOHAPYKUTH 0T 35 U3 43 UCC/Ie/IOBAHHBIX TAJTAKTHK.

BazkHoit 0cOGEHHOCTBIO U3JIyYeHNs] PEHTTEHOBCKUX 3BE3/1 SIBJIAETCSI UX nepemernocms. Kak
[PABIJIO, [TOTOKN DPEHTTEHOBCKOTO M3JIyUCHHs] MEHSIOTCA. DTH BapUalldd MOTOKOB HOCAT JIO-
BOJIBHO Pa3HOOOpas3HbIii Xapakrep. Y OTJeJbHBIX UCTOYHUKOB HAOJIIOAIOTCS OYeHb ObICTPBIE
U3MEHEeHUs TTOTOKOB, HOCSIINE HEeIPaBUIbHBIN XapakTep. Hanpumep, y ojHoro u3 naunbosee sp-
KX NCTOYHHNKOB ﬂe6eﬂb X-1 CylieCTBeHHbIE€ USMCHEHUA ITOTOKA IIPOUCXOAAT 3a BpEMsA MEHBIIIEC
0,001 ¢! Vzke omun 10T (aKT FOBOPHT O TOM, YTO JHMHEfiHbIE pasMepbl TAKUX HCTOYHUKOB
nosKHBL ObITh Menbire 0,001 cBerosoit cexyrpl, T. e. < 300 kM (1/20 3emuoro pasmyca). Ilo-
BUJIIMOMY, B JICHCTBATEIBHOCTU OHU 3HAYUTEHHO MEHBIIE. XOPOIIO U3y YeHbl BADHAIIN [OTOKA,

271



23. PEHTIEHOBCKUE 3BE3/bI

250

S
S

Humercubrocmes
3
S

Smad

- Beconilf
Ypobens

- - v— — o —

o Huswuid
| Ly . I \ } | Ypobsre
T

T ¥ 1 I
7a06.  Ta0e6n.  Tman. Tamp.  Tmag Tuwwa  Tuwon  Tabz 19772.

Puc. 23.3. KpuBas 6j1ecka peHTIreHOBCKOTO u3jaydeHus ucrounuka [lenrasp X-3.

y camoro sipkoro ucroudnnka Ckoprmon X-1. Y 3TOro MCTOYHUKA TAKUX OBICTPBIX U3MEHEHWIT
[IOTOKA, KakK y ucroununka Jlebenp X-1, He Habsromaercsa. OH MOXKeT W3/IydaTh Ha Oojiee WIH
MeHee MMOCTOSHHOM YPOBHE B TeUeHHE HECKOJbLKUX JHefl. 3a 9TO BpeMs KakK ONTHYECKUi, Tak
U PEHTIeHOBCKUI TIOTOK OT Hero MeHsiercs B 1npejesax 20%, npudeM Bapualiy ONTHIECKOIO
U PEHTTEHOBCKOTO M3JIydYeHUs] He CBA3aHbl. Ha 3To «cIokoitHoey u3JydeHne HaKJIaIbIBAIOTCS
OTAEJIbHBIC «BCIIBIIOKW», JJIAITACECA 110 HECKOJIbKY YaCOB. BCHI)IH_IKI/I OXBaTbIBalOT KaK OIITHYE-
CKUIi, TAK M PEHTIeHOBCKUII Juara3oH. Bo BpeMs BCIBIINIEK MOTOKM MEHSIOTCA B 2—3 pasa,
pudeM cpejiHee 3HaYeHHe TOTOKOB B 9TOW «aKTUBHOI» hase pasza B jiBa O0JIbIe, YeM B CIIO-
KoitHoi. Hukakoi mepnouIHoCTH BCIbIiek He oOHapyzkeHo. OTHOBPEMEHHBIE ONTHICCKUE U
PEHTreHOBCKIe HabJIIOJIEHUs TIOKA3aJIM, YTO BO BPEMsl BCIIBIIIEK PEHTTE€HOBCKOE U3JIyYeHUe UC-
rounnka Ckoprmon X-1 craHoBuTCst 60jI€e «KECTKUM» (T. €. B €r0 CIIEKTPE JI0JIsl SHEPTUIHBIX
KBAHTOB PACMeEM ), a ONTHIECKOe U3JTydeHne CTAHOBUTCs GoJiee «rosryObiMy. Ecin uexomuTs n3
Pa3BUTOI BBIIIE MOJECN 3TOTO KCTOYHUKA KAK KOMIIAKTHOTO TIJIA3MEHHOTO 00JIaKa, TO CJIEIyeT
MIPEJIIIOJIOKHU T, YTO BO BPeMs BCIIBIIEK TeMIIepaTypa IJIa3Mbl U ee CPeIHss IJIOTHOCTH pac-
mym. [locnenmee 06CTOATENTHCTBO TPUBOIUT K TOMY, UTO JIJIs OIITUIECKOTO U3JIyUeHUS I1J1a3Ma
CTAHOBUTCS HEIIPO3PATHOI 1151 00Jiee KOPOTKUX BOJIH, OTYErO CIIEKTP CTAHOBUTCS 0OJIEE «TOJIy-
OpiM» (3akoH Panes—/xuncal).

[Toxkastyii, caMbIM BBIJIAIOIIMMCS OTKPBITHEM, CIETAHHBIM Ha «YXYDPYy», ABJISeTCsAd OOHADY-
JKEHHe cmpo20t nepuoduyHocmu, BapuaIiy MOTOKA PEHTTEHOBCKOTIO U3JIyUYeHUsl OT HEKOTOPBIX
NCTOYHUKOB. 9TO OTKPbITHE, KaK Mbl YBUIUM JdaJibII€, JaJi0 KJIIOY K ITOHMMaHHWIO IIPUPOIbI
PEHTTE€HOBCKUX 3BE3/] U JJId UX «OCMBICJICHHOI'O» KOJIMYE€CTBEHHOI'O HMCCJIEJOBAaHUMA. Z[O <<yxy—
py» HCCJIEIOBAHUSA 3THX O0BEKTOB HOCHJIM XapaKTep OecCHCTeMHOro cbopa HabJIroIaTe/ TbHbIX
JanablX. CyTh OTKPBITUS CBOJIUTCS K CJIE/TYIOIIEMY.

NccnenoBanus Bapualliii IOTOKa OT UCTOYHUKA yMepeHHoU mHTeHcuBHOCTH [lentaBp X-3
MOKa3aJid, YTO CYIIECTBYIOT JIBA YPOBHA U3JIyYEHUA TOIO UCTOUYHUKA: «BBICOKUIY» U «HUSKUI».
Korma ypoBenb maiiyueHust «HU3KHUiT», TOTOK yMeHbImaercs pa3 B 10. Oba ypoBHsT n3/IydeHns
JepeyloTcd ¢ YJAUBUTETBHO TOYHON MepuouIHOCTBHIO, paBHO#l 2,08707 mud. B Tevenme storo
[epUOJIa UCTOYHUK HAOIIONAETC Ha «HU3KOM» YPOBHE usirydenust okoso 0,5 cyTok (puc. 23.3).
OObsicHeHne TaKOi CTPOroil MepHOAUIHOCTH HE MPEJCTABISIET TPY/IA JJis aCTPOHOMOB. PeHt-
renoBckuii ncrounuk llenraBp X-3 BXOAMT B cOCTaB JBOMHON CHUCTEMBI, IPUYEM ILJIOCKOCTh
opOUTHI HAKJIOHEHA I10J] HEDOJIBIITUM YIJIOM K Jiy4dy 3peHud. [Ipw JBMKeHWH PEHTTEHOBCKOI
KOMIIOHEHTBI 3TOM JIBOMHOIN CHCTEMBI 110 CBOEil opOuTe OHa OYIET MEePUOJNIECKH 3aXOJUTh 34
«HOPMAJIbHYIO» (T. €. «OITHYECKYIO» ) KOMIIOHEHTY, KOTOpas TeM CaMbIM OyJeT ee SKpaHUpO-
Barh. [1o 9T0il mpuYnHE TOTOK PEHTIEHOBCKOTO U3JIyYeHUsI Ha 3eMJie Pe3KO yMeHbIuTcsd. Korma
«3aTMEHHe» PEHTTEeHOBCKON 3BE3JIbl ONTUYIECKOIl 3aKOHIUTCS, MePBOHAYATIBHBIN ( «BBICOKMUIT» )
YPOBEHb OTOKA PEHTTE€HOBCKOTO W3JIyYeHUsI BOCCTAHOBUTCS. AHAJOTUYIHOE sIBJIEHUE JIABHO M3-
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Puc. 23.4. Ilyibcamum moToka peHTIeHOBCKOro n3rydenus ncrouanuka [lentasp X-3.
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Puc. 23.5. Kpuag J1y4eBbIX CKOPOCTEi My IbCUPYIONIETO PEHTTEHOBCKOTO ncrounuka [lenrasp

X-3.

BECTHO B ONTUYECKON aCTPOHOMUM: Pedb UJIET O 3aTMEHHBIX IMEPEMEHHBIX 3B€3J1aX, TUIIMTHBIM
[peJICTaBUTEIEM KOTOPBIX SIBJISIETCS 3HAMEHHUTas 3Be31a AJIroJb.

Hapsiny ¢ 2,08707-1HeBHO# 1TepUOJIMIHOCTHIO TTOTOKA PEHTTEHOBCKOI'O U3JIyUeHHUs OT UCTOY-
nuka [lerraBp X-3 ObL1a oOHapy2KeHa U JApyrasd, ropas3jio MeHee TpUBUAIbHAS IEPUOINIHOCTD.
Okaszaj10ch, 9T0 M3JIydeHre TOr0 MCTOYHUKA HOCUT XapakKTep Nepuoduveckur nysvcayut, ¢
nepuogom 4,84239 cexynupt! (puc. 23.4). B npomexkyTKax MexKjy TaKUMH OYeHb KOPOTKUMU
HUMITYJIbCAMHU ITOTOK PEHTTEHOBCKOI'O U3JIyUueHns: yMeHbinaeTcs mouru B 10 pa3. Tounble HaOII0-
JICHUsI TIOKa3aJid, 9TO caM IIepPuoJl MYJIbCaluil IJIaBHO MeHsieTcd ¢ nepuojoM 2,08707 aHs 110
CUHYCOUIAIbHOMY 3aKOHY (puc. 23.5). DTu MajleHbKHe, HO Pery/sipHble M3MeHEHUsl [epHojia
MyJIBCAITUI JIETKO 00bsAcHAIOTC 3 dexkToMm [loriepa mpu opOUTaIbLHOM JIBUKEHUN UCTOTHUKA
€ IMTOCTOTHHBIM TIEPUOJIOM ITYJIbCAIUil. DTO JOKA3bIBACTCA XOTsdA Obl TeM HAOJIIOIAEMbIM (DAKTOM,
YTO CKOPOCTHh M3MEHEHHI Iepruoja Iy/abcalun oOpaliaercs B HyJIb TOLJA, KOIJla 3aTMEHHE J10-
CTUTAET CEePEJINHBI, T. €. KOT/Ia HAaIlpaBjeHne OpOUTAIbHOM CKOPOCTH PEHTTE€HOBCKOTO NCTOTHUKA
HEPIIeHIUKY/IAPHO K JIydy 3perus (puc. 23.6). V3 BeamvuHbl Bapuanuii mepuoja mysibCariii,
00yCJIOBJIEHHBIX OPOUTAJbHBIM JIBH?KEHHEM PEHTTEHOBCKON 3BE3/Ibl, HEITOCPEJICTBEHHO, 110 W3-
BecTHO# dopmyiie adderTa lommepa, HAXOIUTCA 3HAYEHHE OPOUTAJIBHON CKOPOCTH, KOTOpast
oKa3bIBaeTCs paBHOit 415 KM/ c.

Cretyer 3aMeTUTDb, ITO YaCTO «ITyJILCHPYIONIAs KOMIIOHEHTa» PEHTTEHOBCKOI'O MCTOYHUKA
IpoTa/iaeT Ha HECKOJIBKO JHell. B TeueHme 9TOr0 BpeMeHHM MOTOK PEHTTEHOBCKOI'O WU3JTyIeHUS
or ncrounmnka llearaBp X-3 yMeHbIIaeTcss Ha MOPSJIOK M CTAHOBUTCS NPUMEPHO TAaKUM K€,
KaK [PU «3aTMEHUSX», T. €. U3JIyUeHre UCTOUYHUKA OCTaeTCsd Ha 0oJiee WU MeHee ITOCTOSHHOM
(«HU3KOM>» ) ypOBHE. 3aTeM KOPOTKHE UMILYJILCHI BO3OOHOBJISIFOTCSI €3 BCAKOTO cO0s B (haze. DTu
CJIOZKHBIE ABJCHUA, TTO-BUJMMOMY, CBA3aHBI C MEXaAHU3MOM CAMOI'O PEHTI€HOBCKOI'O W3JIyYCHUA
ncrounnka [learap X-3. Ilepexon Mexkay AByMs YPOBHSIMU H3JIyU€HUs TPOUCXOIUT HE PE3KO,
a JUINTCS OKOJIO 4Yaca. B TedeHme 3TOr0 KOPOTKOIO «IIEPEXOTHOIO» BPEMEHU CIEKTDP CTAHOBUT-
Csl 3HAYUTEIBHO <«KECT4Ye». DTO yKa3bIBAET HA HAJUYIUE JIOBOJILHO IPOTIKEHHON aTMOChEpPHI
BOKPYT OITUYECKOA KOMIIOHEHTHI JBOMHOI CUCTEMbI, KOTOPad, «HAXOAA» Ha PEHTI€HOBCKUN UC-
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Puc. 23.6. CpaBHenne KpuBBIX JIy9eBBIX CKOPOCTEll myabcupyiomero ncroaaunka [lenrasp X-3
U KPUBOU 3aTMEHUA.

TOYHUK, ITPOU3BOIUT TOTJIOIIEHNE TIPEXKJIE, IeM MOCJIeTHNN CKPOETCs 38 HEITPO3PATHBIM JTUCKOM
3Be3/Ibl. [[JInTeTbHOCTE 9TO «IIePeXoTHOI» CTa NN MEHSIeTCs, YTO YKa3bIBaeT Ha HeCTaIlmoOHaP-
HOCTBH ODOJIOUKH, OKPY2KAIOIIEN ONTHIECKYIO 3BE3JLY.

[Tocsie HECKOIBLKUX HEYJIAYHBIX MTOIBITOK PEHTTeHOBCKUiT ncTounuk [lentasp X-3 ObLT 0TOXK-
JIECTBJIEH CO CIIEKTPAJILHO-IBOHON 3Be3101i 13-if BeJIMINHBL. DTa 3Be3/a ABJISIETCs IePEMEHHOM
n obJtagaeT psajioM ocobennocTeit. OCHOBAHMEM JIJIsI TAKOTO OTOXKIECTBJIEHHS TOCTYKUJIO0 XOPO-
mee coBlajieHne KoopauHat (B mpemesnax 1’ jayru), a raaBHOe — IEPUOJMYECKUE U3MEHEHUs
JIVIEBBIX CKOPOCTEN JIMHUI B CIIEKTPE 3TOI 3BE3/IbI, IPUYIEM IIEPUOL 6 MOUHOCMU COBIAIAET C
opbuTaabHbIM TepuosioMm IlentaBpa X-3. YKazaHHbIE ITEPUOIMIECKAE U3MEHEHUS JIYIEBBIX CKO-
pocTeil crieKTpaJbHbIX JIMHI, 063 COMHEHNs, BBI3BAHbBI, OPOUTAIBHBIM JBUKEHIEM OITHUIEeCKOM
3Be3/Ibl. AHAIN3 PEHTIEHOBCKUX W ONTUIECKUX JAHHBIX MTO3BOJISIET BBISICHUTH XapPaKTePUCTHKH
nBoitHol cuctembl IlenTtaBp X-3. 9TO O4YeHb TecHas Iapa 3Be3] ¢ MOYTH KPYTOBOH OpOUTOI,
pajuyc Koropoit 6 - 10! cMm, uTo TobKO B 8,7 pasa npessimaer pajuyc Commna. OnTuueckas
3BE3/Ia IPeJICTaB/IsIeT CODO 0OBEKT JIOBOJILHO BBICOKOW CBETUMOCTH, MAacca KOTOPOI'O OKOJIO 15
COJTHEMHBIX Mace, a pajuyc b - 10! cm (B 7,2 paza Gosible coiHeMHOro0). DTO 03HAUAET, UTO Pac-
CTOSTHUE OT PEHTTEHOBCKOI'O MCTOYHHKA JI0 (poTOChEphl ONTUYECKON 3Be3/Ibl BCEro Jiuiib B 1,5
paza 060JIbIlle COJTHEYHOTO pajiumyca. Macca peHTIeHOBCKONH KOMIIOHEHTBI, JIMHEHHbIE pa3Mepbl
KOTOpO# HeBenKH, mopsaka maccbl Cosaia. [Ipu TakomM oTHOIEHHN Macce 00ermX KOMIIOHEHT
JIBOMHO#1 crCTeMBI «00JIbINasty ONTUIECKAs] 3BE3J1a 3aI0JIHSIET CBOIO «110/10CTh Pomay (cM. § 14)
U U3 MaJioil 00JIaCTU Ha ee IMOBEPXHOCTDL JOJIKHA BBITEKATh CTPYyd rasa, 00pa3yoliero BOKpyr
KOMIIAKTHOU PEHTI€HOBCKOYW KOMIIOHEHTDI YIIJIOIEHHBINA JUCK.

TakoBa Mojsieib peHTreHoBckKoro ucrodnuka llenraBp X-3, KoTopas JIOTMYECKU BBITEKAET
3 TOro akTa, ITO PEHTIeHOBCKasl 3B€3/la BXOJUT B COCTaB TECHOI JIBOITHO# cucTeMbl. B mc-
TOPUU aCTPOHOMUM JIBOIHBIE 3BE3/IbI ChIIpaJii OOJIBIIYIO poJib. Hampumep, ToJIbKO I JIBO¥-
HBIX CHCTEM MOXKHO C JIOCTOBEPHOCTDBIO OIPEJIC/IUTh MaCChl 3Be3/I. fB/IeHNe HOBBIX 3BE3] TECHO
CBA3aHO C UX JIBOMCTBEHHOCTBIO (CM. § 14). C apyroii cTOpOHBI, caMa, BOJIONNS 3BE3]1 B JIBOIi-
HBIX CHCTEMaX OTJIMIAeTCsl OOJIBIINM CBoeobpasmeM (cMm. Tor ke maparpad). Tor daxr, aTo
Obl1a OOHapyzKeHa PEHTIeHOBCKas 3Be3/a B COCTaBe TECHOM JIBOIHONI CHCTEMBI, IIO3BOJISIET ITIO-
JIVIUTh HE TOJIBKO IEHHEHYI0 HH(POPMAIINI0 00 OCHOBHBIX XapaKTePUCTUKAX TaKUX 3BE3/I, HO
1 OTKPBIBAET BO3MOXKHOCTH TOHSATH WX npupoay. Cpasy »Ke HAIPaITUBAETCs AHAJIOTUST MEK-
ny 4,84-ceKyHIHBIM TIEPUOIOM ITYTbCAIIN PEHTTEHOBCKOTO M3/IyYeHnsd OT UCTOYHUKa [lenTaBp
X-3 u pajgumomnyiabcapamu. [TosTromy o0beKTHI, 110/100HBIe ncTOUHUKY [lenTaBp X-3, cpasy ke
[OJIYYMJIA Ha3BaHUE «PEHTIEHOBCKUE IIYIbLCAPBI» . AHAIOTHS MEXK/Iy PEHTT€HOBCKUMU U PaJIHO-
IyJibcapaMy UMeeT TUIYOOKUiT CMBIC/I, O 9eM OyJIeT UJITH Pedub HUXKe.

[HenTaBp X-3 naj1eko He €IMHCTBEHHBIN PEHTTEHOBCKUIT NCTOYHUK, SIBISIONIUNCAT KOMITOHEH-
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Puc. 23.8. KpuBas 0jiecka PeHTTEHOBCKOTO U3JIydYeHUs] PEHTTEHOBCKOI'O MCTOYHMKA |epKyrec

X-1.

TOM TecHO# JBOMHOI cucreMbl. B HacTosInee BpeMsl KOJIUIECTBO TaKUX MCTOYHUKOB ITOPSIIKA
HECKOJIbKUX JIeCATKOB. B dacTHOCTH, OAUH PEHTI€HOBCKHUI MCTOYHHUK, HAOJIIOJaeMblii B OJm-
JKaiirreil K HaM KapJIMKOBO# HelpaBujIbHOI rasiaktuke — Majsiom Maremanosom Obstake (puc.
23.7), BXOJAUT B COCTAB JBONHOI CHCTEMBI 1 UMeeT OpOuTaIbHbI epuo 3,4 nus. Keraru, 3ame-
THM, 9TO OJHA JIAIIL 3Ta 3Be3/a JaeT cBbiae 80% MOIIHOCTH BCEro PEHTICHOBCKOIO N3J1yICHUST
MauJtoro Marejutanosa Ob6/1aka — rajJakTUKU XOTS U «KapJIMKOBOY», HO BCe-TAKM COJIepIKaIeit
HECKOJIbKO MUJIJIHAPIOB 3BE3/I.

Pekopino xKopoTkuii mepmoji HaOIIOAAETCA Y 3aMedaTe TbHOIO PEHTIeHOBCKOTO MCTOYHUKA
Jlebeap X-3, o KoTopoMm peub OyzeT uiaru Huzke. Ero mepuoj pasen Bcero Jmmb 4,8 daca. B
BBICIIICH CTENEHN WHTEPECHBIM <«JIBOMHBIM» PEHTIEHOBCKUM MCTOYHHKOM dABJisgeTcd lepkyrec
X-1. Tlpex e Bcero sToT UCTOYHUK OKazasicst BTopbiM (nocie Ilenraspa X-3) peHTreHOBCKUM
nyabcapoM. Ilepuos ero mynbcaruit paBen 1,2378 ceKyH/IbI — 3HAYUTEIHHO KOPOYe, YeM Y HC-
tounuka [lentaBp X-3, B TO BpeMs KaK OpOUTAIbHBIN MEPUOJ, MOTyIEHHbIH KaK U3 aHAJIM3a
PEHTTEeHOBCKUX «3aTMeHuit» (puc. 23.8), TaK ¥ M3 MEPUOJANIECKUX BapUAIMN [IEPUOJIA TIyThCa~
it 06y CIOBIEHHBIX OPOUTABHBIM JIBIUZKEHIEM ITYJIbCHPYIOIIEro NCTOYHIKA (puc. 23.9), paBeHn
1,70016 mus. IToMmumo 3TUX JIByX XapaKTEPHBIX HEPHOJIOB (OPOUTAILHOIO JIBUZKEHUS U IIYJIbCa-
wit), nctouruk [epkysnec X-1 mMeer ere u TpeTuit, 3HAYUTEILHO OOJIee JTTUTETBHBIN EepUOI.
Ero pmmrensnocts pasHa 35 guam (puc. 23.10). B Teuenne 11 nam 12 nHeit 9T0T peHTreHOB-
CKUII UICTOYHUK BIIOJIHE HAJEYKHO HADIIONAETCH, IIPUYEM €TI0 ITOTOK MEHAETCHA U3-3a «3aTMEHU»
¢ nepuogom 1,70 aus. [Tocsie sToro on Ha 24 JaHS IOJHOCTBIO «BBIKJIFOUaeTCsi». VIHTEpecHo, 910
1ocJjie Mepruojia HEBUJIMMOCTU STOT PEHTICHOBCKHUNT MCTOYHUK <«BKJIIOYAETCA» OYCHB OBICTPO,
BCETO JIUIIH 3a HECKOJIBKO 9acoB. B TedeHne cjeyiommux Tpex JHel Mocye 9TOro MOTOK MPOI0JI-
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Puc. 23.10. 35-1HeBHBIN UK «BUJIUMOCTU» Y PEHTTEHOBCKOrO McToUHMKa ['epKyrec X-1.

JKaeT pacTH, HO yZKe JIOBOJIBHO MEJIJIEHHO, & 3aTeM TaK Ke MeJJIEHHO W ITOCTENEHHO MaJaeT /10
HYJIS, TI0CTIEe 9eT0 HacTylaeT 24-/IHeBHBII 1IePNOJ HEBUIUMOCTH.

[Iepes HACTyILIEHIEM TJIABHOTO MUHHMYyMa, O0YCJIOBJIEHHOTO 3aTMEHUEM MAJIEHBKOW PEeHT-
FEeHOBCKOI 3Be3JIbI ONITUYIECKON 3Be3J10i, y ncrounuka l'epkynec X-1 Habrogaercs ere J0IoI-
HUTEJIbHBII MUHUMYM, TJIyOWHA KOTOPOTO MeHsieTcs ¢ 11-JIHeBHBIM IUKJIOM BHJIMMOCTH 3TOTO
ucrounnka (cm. puc. 23.10). [Ipu srom Hab/MOMAIOTCS CUIIbHBIE U3MEHEHNUS B CIIEKTPE MCTOYHY-
K&, ero u3jIyvdeHne CTAaHOBUTCS 3HAYUTETLHO DoJiee XKeCTKUM. TaKoro e xapakTepa m3MeHEHU s
B CIIEKTpe HaOJIIOIAIOTCA U IIPU «BKJIIOYEHUN» UCTOYHUKA, MEXKJLy TeM KaK IPU «BbIKJIIOUCHUN»
HNCTOYHUKA HUKAKNX CIEKTPAJIbHBIX N3MEeHEeHU He HaOIIoaeTcsd. Bee 9To roBOPUT O TOM, 9TO B
cucreme ncrounnka lepkysec X-1 nMmeercs ra3, TpoU3BOALANINI CUILHOE IIOTVIONIEHNE MATKOTO
PEHTTeHOBCKOro nsiydenusd. B orymmane ot [erraspa X-3, rje moromaronunii ra3 cocpeioToueH
B aTMoc(depe BOKPYT OITUYECKOI 3Be3/Ibl, B ciydae ['epkysieca X-1 morsomienne mpon3BOIUT-
¢ CTPYsMH rasa, YJIacTBYIONIUMH B OPOMTAJILHOM JIBUXKEHUM, & TaKKe, BO3MOYKHO, T'a30BBIM
JINCKOM, OKPYZKaIONUM PEHTTeHOBCKNit ncToIHnK. CIeKTp TMOCTeIHETO B MEPUOJIBI, KOTJa 10~
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[JIOIICHNE Ta3a ero He HCKaXKaeT, caM 1o cebe JTOBOJIbHO <«KecTKuity. Kciau on obyciosien
TEIJIOBBIM U3JIyYeHUEM ILJIa3Mbl, TO TEMIIEpATypa ee JIOJIKHa BO BCAKOM CJIydae IPEBBINaTh
[SITHJIECSIT MUJITMOHOB KeJTbBUHOB. CKOpee BCero, OJHAKO, PEHTTeHOBCKOE M3JIyIeHne OT NCTOU-
nuka [epkysec X-1 (takxke, kak u or lenraspa X-3) He ABJISETCS TEILTIOBBIM.

Bcekope mocsie Toro, Kak 9TH yAMBUTEbHBIE ocobennoctun ucrounuka [epkyrnec X-1 cra-
JII U3BECTHBI, OH OBLJI OTOXKJIECTBJIEH ¢ NepemeHHol 3Be3j0ift HZ ['epkyseca, 6yieck KoTopoit
KoJsiebsiercst B npejenax 13—15 3Be3HON BeJIMUNHBI. DTH U3MEHEHUsT COIIPOBOXKIAIOTCS OJIHO-
BPEMEHHBIMHE CITEKTPaIbHBIMEU H3MeHeHusiMu. Koria 38e3:1a 6oJiee sipKa, ee 1iBeT 6oJiee rostyooii.
[Toceayrone HAOIIOeHNs (B YACTHOCTH, COBETCKUX ACTPOHOMOB) MOKA3aJIU, YTO U3MEHEHHE
osiecka HZ T'epkysieca HocuT nepuojinydeckuii xapakTep, IPUYeM [IePUOJ B TOYHOCTH PABEH OP-
ourasbHOMYy 1epuoiy ucrounuka Lepkynec X-1, 1. e. 1,70 gusa. Murnmym ontutieckoro 0OJiecka
COOTBETCTBYET MUHMMYMY PEHTTE€HOBCKOI'O MOTOKA. JTO O3HAYAET, UTO Ha MOBEPXHOCTHU OIITHU-
YecKoil 3Be3/Ipl (CIeKTpasbHbI K1ace KoTopoii F) Becerma nmeercst 10BOJIBHO GOJIBIIIOE TOpsTaee
[SITHO, OOpaIlleHHOe K PEeHTTeHOBCKOMY HMCTOYHHKY. [Ipomcxok/ieHne Takoro msTHa OObACHS-
€TCsI COBEPIIEHHO €CTECTBEHHO: MOIIHOE PEHTTeHOBCKOE U3JIyUeHUe HAIPEBAET IOBEPXHOCTHHIE
CJIOU «OIITUYECKOI» 3BE3/Ibl, OOpAICHHbIE K PEHTTEHOBCKOMY MUCTOYHUKY.

[Touru kpyrosasi opOUTa PEHTIEHOBCKOi 3B€3/IbI BOKPYT «OIITUYECKOI» CJIe/IyeT U3 aHAJIM3a
JlaHHBIX HaOsoaeHuit. 13 Bapuarmuit 1,24-ceKyHIHOTO 1eprojia My IbCAINI PEHTTEHOBCKOTO MC-
TOYHWKA ¢ TepuogoM 1,70 faHs nosydaercs ero opbuTajibHas CKOPOCTh, paBHas 169 km/c. [lpn
3TOM paJtyc opouThl 630K K 4- 10 eM i 5,7 cosmednoro pauyca, B TO BpeMsl KakK PaIiyc
«onTmyeckoit» 3Be37bl HZ T'epkysieca B /Ba pa3a mpesbiiiaeT cojinednbrit. Macca 3Be3apr HZ
[epkyieca B aBa pasa mpesbiiiaer Maccy CoJiHIIA, & MAacCa ee PEHTTeHOBCKOI'O CIIy THUKA OKOJIO
oJTHO# cotHedHON Macchl. 3Hast pagnyc HZ epkyreca m TemrmepaTypy ee «TeMHOIT» CTOPOHBI,
MOKHO HANTU CBETHMOCTD 9TON 3BE3/IbI, & CJICIOBATE/ILHO, ee abCOTIOTHYIO Beandnny. CpaBmHe-
HUe HallJIeHHOW TaKuM 00pa3oM abCOJIIOTHON BeJIMYMHBI U HAOJIIO/IAeMON BEJTMIUHBI [I03BOJIAET
otpeiesinTh paccrosuue 10 HZ 'epkyreca, koropoe okazbiBaercs Om3kuM K 2000 mc. Taxk xkak
rajlakTndeckad mupota ['epkysieca X-1 JI0BOJIBHO BeMKa, 35°, TO MOXKHO CJIE€/IaTh UHTEPECHBIH
BBIBOJI, UTO PACCTOSHUE PEHTTE€HOBCKOI'O MCTOYHHMKA OT TaJAKTUYECKOH IJIOCKOCTU HEeOObIvaii-
1o Besinko, cBbirre 1000 1mc! ObbsicHenne 3TOro 06CTOATETHCTBA JOIKHO OBITH HEpa3pBIBHO
CBSA3AHO C BOIIPOCOM O IMPOUCXOXKIECHUHN PEHTTeHOBCKOro ncrtounnka lepkysec X-1.

W3 nabsioienuit cieayer, 9To UMITYJILCHOE PEHTIEHOBCKOE M3JIyueHue myJibcapa lepkysec
X-1 (rak ke, kak u ucrognnka llearaBp X-3) momo6HO PAMON3IIYICHUIO «OOBITHBIX> IIy/ThCa~
POB HOCHUT Hanpasaertvlil Xapakrep. B TakoM cirydae, COBEPIIEHHO TaK Ke, KaK Uy PaJIHOIY b
capoB, HaOJIIO/IaeMbIil TIEPUOJ, MyJILCAIINN €CTh MEPUOJ] BPAIEHUS U3JIYyJaloero Teja BOKPYT
cBoeit ocu. Ho ¢ TakuM KOpoTKuM 1epuojiom, Kak 1,24 ¢, MOKeT BpAIaTbCs TOJHKO HelUmpoH-
nas 36e3da. Takum oOpazoM, BHEIHssT aHAJIOTUS MEXKJIy PaJIN0O- U PEHTTCeHOBCKUMU ITy/Ibcapa-
MU TPEBPAIIAETCA B TOXKIECTBO WX IIPHUPOJLI: 00a THUIA IYJIbCAPOB SIBJISAIOTCH HEATPOHHBIME
3Be3aMu. Ho B TO BpeMs Kak pajIuoIy/Ibcapbl Huk020a He BXOJAT B COCTAB JIBOWHBIX CHCTEM,
PEHTTeHOBCKHUE ITy/Ibcapbl HAOJIIOIAIOTCH MOoAbKO B IBOMHBIX cucTeMax'. MMeeTcss  erme ojiHO
BaKHOE PA3JIMYMe MEXKJIy JBYMs BHJAMU IIYJIHLCAPOB: HMEPHUOJLI PAJIUONYIHCAPOB MOHOTOHHO
pacmym, TpUYeM CKOPOCTb YBEJIUUYEHHs MEPUOJa KarXKJ0r0 TAKOTO IyJIbCAapa 3aBUCUT TOJIBKO
OT ero Bo3pacta, y ucrtounmnka ke ['epkysec X-1 mepuos mysbcaluil 3a 1moJirojia HabJ 0 IeHIi
YMEHLWUNCA TTPUMEDPHO HA OJIHY CTOTBICSIHYIO CBOErO 3HAYUEHHUsl. JTO YMEHBIIEHNE eproa
MIPOUCXO/IUJIO OTHIOb HE PABHOMEDPHO. AHAJIOIMYHAA KAPTUHA UMEET MECTO U JIT UCTOTHHKA
HenTasp X-3.

Oco0Oyto mpobJjieMy peJICTaBIgeT 00bICHEHIE 0MCYMCEmaEus 35-THEBHOIO ITUKJIA B OITHYE-
ckoit niepemennoctu HZ T'epkyneca. Bemp ecim ontudeckasi mepeMeHHOCTH 3TOH 3BE3IbI 00bsIC-
HSIETCSI €€ HarPEBOM MOIITHBIM [TOTOKOM PEHTTe€HOBCKOTO U3/Iy9eHUsT OT BTOPOil KOMIIOHEHTHI, TO
[IOYeMY 3TOT HArPeB MPOJIOJIZKAETCS U B TedeHne 24-X JaHeil 35-1THeBHOTO 1mepro/ia, KOrjaa NCTOY-

LCm., Bupouem, crp. 290.
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HUK PEHTTEHOBCKOI'O U3JIyYeHUs] <«BBIK/IIOUEH» ! 3JeCh MOI'YT ObITh JBa OObsICHEHUS, OTHIO/Ib
He UCKJIIOYAIONINe OJIHO Jpyroe. Bo-TiepBbIX, MOXKHO IIPEJIIOJIOKNATH, 9TO JHarpaMMa U3JIyde-
HUs PEHTTE€HOBCKOIO IIyJIbcapa y9acTBYeT B JIBYX JBH2KeHHAX. Kcim mziydaronias ob/acTh He
COBIAJIAET C TMOJIIOCAME BPAIAIOIIEHicss HEHTPOHHOI 3Be3/bl (&, HAIpUMep, HAXOJUTCS OKOJIO
MATHUTHBIX IOJIIOCOB, KaK y PaJUOIY/IbCAPOB), TO U3-3a BPAIIEHHs TOI 3BE3JbI OKOJIO OCU
JuarpaMMa U3JaydeHns: OyaeT HepHoJAnYecKH IPOXOJINTH depe3 HabIIoAaTesIs1. 31eCh IeoMeT-
pusl Takad Ke, KakK y pajuolyiibcapoB. lIpeiacraBum cebe Ternepb, 9TO caMa OCb BpallleHUS
OINCHIBAET TIPENECCHOHHOEe JIBIKeHNe (TaK HasblBaeMasi «CBOOOJHAsSI IIPENECCHsi», BbI3BAHHA
HeGOJIBINON acuMMeTpuell B paciipe/ie/ieHI MacChl B HEHTPOHHOI 3Be37ie) ¢ MepruojioM OKOJIO
35 ameit. Torma MOYKHO IPEJICTABUTDL cebe, UTO B TedeHHe IIOUTH 2 /3 3TOro Tepuoia IuarpamMmma
U3JIyYeHUs PEHTIeHOBCKOTO ITyJIbcapa He Oy/IeT «CMOTPeTh» Ha 3eMJII0 HU IIpH Kakoii ¢raze oce-
BOro BpaileHus. B To ke BpeMs oHa Bceryia Oy/eT HallpaB/ieHa Ha KaKyI-TO YacTh ITOBEPXHOCTHU
HaXO/IAMIENCs PAIOM OITHIECKON 3Be3/IbI, KOTOPas HAXOAUTCA J0CTATOYHO OJIU3KO U BUJIHA, IO
OOJILIITIM TEJIECHBIM YTJIOM.

HenocraTtkom 3Toit MOJie T ABIAIOTCS JOBOJBHO YKECTKUE OrpaHUYeHUs] T€OMETPUIECKOTO
xapakTepa. [[o1o3puTeTbHBIM TaK2Ke MPEJICTaBISIeTCAd W TO, YTO HU y OJIHOTO U3 M3BECTHBIX
PaanonyabCapoOB ABJICHUE ITEPUOJUIECKOrO «BBIKJIIOUYCHUA» UMILYJIbCOB Ha JIJINTEJIbHBIA CPOK
He HabJomaercd. MexKy TeM sdBJIeHHe CBOOOJIHON IIpelecCHu He JOJI2KHO, Ka3aJoCh Obl, 3a-
BUCETH OT TOTO, ABJAACTCA JIU HEHTPOHHAA 3BE31a OJMHOYHOU MJIM BXOAUT B COCTAB JABOWHOMN
cucTeMbl. AJTbTePHATUBON SIBJISETCS MPEJIITOIOXKEHNE, YTO OKOJIO KOMIIAKTHOTO PEHTTE€HOBCKOTO
HMCTOYHHMKA HAXOIUTCA DOJIee NI MeHee M30TPOITHBIN HCTOYHUK MTOKa HEHAD/II0IaeMOT0 MATKOTO
PEHTIEHOBCKOT'O WU YJIBTPa(UOIECTOBOIO U3JIyUEHUs, KOTOPOE U «I'PEeT» HAXOMIAILYIOCS PsIIOM
ontuveckyio 3Be31y HZ lepkyreca. 9TuM HCTOYHUKOM MOYKET OBITH, HAIpUMEpD, TOPSIHil ra-
30BBIIl JINCK, OKPYZKAIOIMINI PEHTIEHOBCKUI IyIbcap — OBICTPO BPAIAIONLYIOCA HEHTPOHHYIO
3Be3ny. Jlid TOTBEpKIeHNA 9TON TUIIOTE3bl Pellaloliee 3HAYEeHHE JIOJIKHBI UMEThb Oy/IyIue
BHeaTMochepHble HaOIIoAeHNs ncToYHnKa [epKynec X-1 B yKa3aHHON BBIIIE CIIEKTPAJILHOL

obacTu!.

NTak, Bcg COBOKYIIHOCTH HAOJIOJATE/IbHBIX JAHHBIX TOBOPUT O TOM, UTO PEHTTE€HOBCKUE
MCTOYHHUKH, BXOJSIIE B COCTaB JBOMHBIX CHCTEM, IIPEICTABJIAIOT COOOI BeCbMa KOMIIAKTHBIE
00BEKTHI ¢ Maccoii, 6mm3Koit K Macce Cosana. Ilourn HaBepHOE 3TO HEATPOHHDBIE 3BE3bI, OU€Hb
OBICTPO BpalaroImecs BOKpPYTr cBoux oceit. Hy»KHO Tenepb pazodparhcsd B IVIAaBHOM BOIIPOCE:
B UeM IPHUYUHA CTOJIb MOIIHOTO PEHTT€HOBCKOI'O U3JIyUeHUs HEMTPOHHBIX 3BE3]I, BXOJANINX B
CcOCTaB JIBOMHBIX cucTeM?! KoHEIHO, O SIepHBIX MCTOYHUKAX 31€Ch TOBOPUTH HE IIPUXOIUTCS.
OcTraroTcsa TOJIBKO JBa NCTOYHNKA: KHHETHYIECKas SHEPTHsI BPAIeHUsT TaKO 3B€3/IbI U IIOTEHITI-
aJIbHasI TPaBUTAIMOHHAS SHEPTHs, OCBOOOXK JaeMast IPHU IaIeHIH Ha IMOBEPXHOCTH HEATPOHHOI
3Be3/IbI ra30BbIX Macc. [locaeamit MexaHn3M Ha3bIBaeTCsl «akKpenueity. Cpasy »Ke Hy»KHO CKa-
3aTh, YTO €CJIN PEHTT€HOBCKUE IIyJIbCAphl — 9TO HEHATPOHHBIE 3BE3/IbI, TO MEPBBI U3 YIIOMSIHY-
TBIX BBIIIE NCTOYHUKOB dHEPIrUH oTnagaer. B camom gese, B ciaydae ncrounuka llenrap X-3
9KBaATOPHUAJIbHASI CKOPOCTb HETPOHHOIT 3B€3/1bI J10JIZKHA ObITH 0K0J10 10 KM /c. CrieoBaTe ibHO,
KIHEeTHIecKas SHePrHs BPAIIEHNs 3TOi 3Be3/IbI JOKHA OBITH ~ 3-10% spr. Tak Kax MOITHOCTB
PEHTTeHOBCKOr0 M3/IyueHns 3Toro ucrodnuka ~ 1037 spr/c, To 3amaca KMHETHYECKON SHEPrUM
XBATUT TOJILKO Ha OJUH roj. Boobie ciegyer ckazarTh, 9TO MPH TAKOM HUCTOYHUKE SHEPIUU
PEHTTEHOBCKHUE IIy/IbCapbl TOPMO3UINCH ObI, T. €. MEPUOAbI X BpAIIEHHUS TOJXKHBI ObLIN ObI
pacmu, 9To MPOTUBOPEINUT HAOJIIOIEHUSIM.

lopaszno 6osee 3hdeKTUBHBIM UCTOYHUKOM SHEPTHUU sIBJISETCS IaJeHre Ha ITOBEPXHOCTH
HEeATPOHHOIT 3Be3/1bl 00JIAKOB ¥ CTPYil ra3a. Tak Kak paJnychl TaKuX 3Be37] 09eHb MaJjbl (~ 10
KM), & Macchl OJIN3KU K COJIHEYHOI, TO CKOPOCTD TAJIAIONIEr0 HA MOBEPXHOCTh TAKUX 3BE3Jl Be-
mectBa jgocturaer 100 000 KMm/c, T. e. ~ 1/3 ckopocTn cBeTa (BCIIOMHEM, UTO Ha ITOBEPXHOCTH
Bemuin 31a ckopocThb pasHa 11 km/c, a Ha oepxuoctu Costaita 618 kM /c). [Ipu Takoit ckopocTu

B 1975 . 66110 OGHAPYZKEHO MSTKOE PEHTI€HOBCKOE M3JIyUeHHe STOr0 HCTOUHHKA.
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23. PEHTIEHOBCKUE 3BE3/bI

HaJIeHne OJHOrO I'PaMMa, BelecTBa IpuBoauT K soyaetennio 0,1¢ ~ 10%° spr suneprun. Ciejio-
BaTEJILHO, /7T IIPOM3BOACTBa ~ 1037 5pr/c HaJO, 4TOOBI HA MOBEPXHOCTH HEHTPOHHON 3BE3JIbI
€2KECEKYH/IHO [a/1aJI0 ~ 10'7 r raza. DTy BEJIMUNHY CJIEyeT CIUTATH JIOCTATOIHO «CKPOMHOI».
Benns mpu TakoMm Temiie 3a roj BbITAJaeT He OOJIbINe OJHON THICAYHON Macchl 3eMun. Vcerou-
HUKOM 3TOT'0 I'a3a MOXKeT ObITh TOJIBKO ONTHYECKas 3Be3/a, HaXOIAIIasacs BOJIM3U HEHTPOHHOI
3Be3/Ibl. Kak MBI BUJIEJIM BBIIIE, ONTUYECKHE KOMIIOHEHTHI JIBOMHBIX CHUCTEM, JIPYTOil KOMIIO-
HEHTOI KOTOPBIX SIBJISIOTCS HEHTPOHHBIE 3BE3/IbI, 3AII0JHAIOT CBOIO 110J10CTh Porra. [ToaTomy ¢
YaCTU IMOBEPXHOCTU ONTHUYECKON 3BE3/bI 110 HAIPABJICHUIO K HEHTPOHHON 3Be3je OyJ/ieT Herpe-
PBIBHO T€4b CTPYyd rasa.

Kak mokasbIBaloT pacdersl, 3Ta CTPysd OYIeT <«IIUTaTby» Ta30BbIA TUCK, OBICTPO BpaIllaio-
muiicss BOKPYT HeHTPOHHOH 3Be3abl . 113 9Toro nmcka ras GyneT majaTh Ha HEHTPOHHYIO 3BE3-
J1y, YCKOPAACH €€ TPaBUTAIMOHHBIM 110JieM. [Ipu majiennn Ha MoBepXHOCTH HEWTPOHHON 3BE3/IbI
nprodpeTeHHass ra3oM SHEPrud IpPeBPaTUTCd B u3jydenue. Hanmudane y HERTPOHHON 3BE3IbI
CUWJIBHOI'O MArHUTHOI'O II0JId YCJIOXKHAET 3Ty KapTUHY JABUKEHUS I'a30BbIX CTPYHA B TECHOM JIBOII-
Hoit cucreme. Ilagarormast Ha HERTPOHHYIO 3BE3/Ly CTPYs rasa OyaeT Ha HEKOTOPOM PaCCTOSHUI
oT Hee (TaM, TJie JIOTHOCTh MArHUTHON SHEPIUU PaBHA IJIOTHOCTH KMHETHYECKOH SHEPTUH ra30-
BOIl CTpyM) OCTaHOBJIEHA, TIOC/IE Yero ra3 moTedeT BJOJb CHJIOBBIX JTMHUNA MAPHUTHOTO MOJIs Ha,
[IOBEPXHOCTU HEUTPOHHOI 3Be3/Ibl. TakuM 00pa3oM, cie/lyeT 0XKUJIaTh, YTO MaIal0IIe OT OIITHU-
YeCKO 3B€3/Ibl MACChl MIOHU30BAHHOTO ra3a OyIyT JIOCTUTATh MOBEPXHOCTU HEHTPOHHON 3BE3/IbI
B JIBYyX CPaABHUTE/ILHO MaJIbIX <«IISTHaX», OKPYKAIONINX MArHUTHBIE ITOJIOCHI. Pa3Mepbl 3Tmx
«IIATEH» MOTYT OBITH 0KOJ10 0,1 pajimyca HERTPOHHOI 3Be3/1bI, T. €. ~ 1 KM. B 3T0i1 MaJoit 0b1a-
CTHU IIPOUCXOMAT I'PAHINO3HbIE 110 MacIiTabaM SHEPIroBbIIeJIeHNsT ITPOoIecchl. TaMm pacipocTpa-
HAIOTCA CUJIbHBIC yJIapHble BOJIHBI, IPOUCXOIUT BecbMa 3(PMHEKTUBHOE YCKOPEHUE 3JIEKTPOHOB
JO PEJIATUBUCTCKUX HEPTUN, UMEIOT MECTO CJOXKHBIE ITPOIECChl B3aUMOJIENCTBUA OXBAYCHHOMN
pPa3HBIMU BO3MYIIEHUSAMU ILJIa3Mbl ¢ MArHUTHBIM TI0JIeM. JleTam 9TUX IpoIeccoB ceiyac Tia-
TEJILHO UCCEIYIOTCsI TEOPETHKAME M MHOTO€ 3JIech emle HenmoHsaTHO. Ho obmast KapTuHa rexe-
paluy MOIITHOI'O PEHTTEHOBCKOT'O M3JIyUeHUd y2Ke HpodcHsieTcs. 3ydaoT pesaTuBUCTCKIe 1
HEPEJIATUBUCTCKUE 3JIEKTPOHBI, JIBUKYIIUECA B CUJIILHOM MAarHUTHOM I10JI€ HEHTPOHHON 3BE3/IbI.
WNcrounuk sHeprun — MOTeHIHaIbHAas SHEPrusl, IPUOOPeTeHHasd ra30M B CHJIbHEHIeM IpaBu-
TaIlMOHHOM TI0JIe HEMTPOHHOI 3Be3bl. HakomHell, MCTOYHUK raza — OINTHYEeCKas KOMIIOHEHTA
TECHO# JBOWHOI CHCTEMBI, 3aIl0JIHSAIONIAsd CBOIO 110JIOCTh Pora min ke 3Be3/HbII BeTep.

MpI IOKa elrie He 3HaeM C JJOCTOBEPHOCTBHIO, KAKOBBI T€ SBOJIOIMOHHBIE ITPOTECCHI, KOTOPbIE
NPUBOJIAT K OOpa30BAHUIO B TECHOH JBOWHOI cucTeMe HeWTpoHHON 3Be3jbl. Obmas mpobJie-
Ma 9BOJIOINN B TAKMX CUCTEMAaX yKe paccmarpuBajach B § 14. Hecomuenno, uro Heitrponnast
3Be3/1a B TECHOI JIBOITHOI cHCTEME €CTh «KOHEYHBIH ITPOJIYKT» IBOJIONNUN 0OJIee MACCUBHOM KOM-
IMOHEHTHI 3TOi crcTeMbl. OOPa30BAHIIO HEHTPOHHOI 3BE3/bI JOIXKHO OBLIO IPEIIECTBOBATD CY-
MIECTBEHHOE MepeTeKaHne MACChl OT IBOJIOIHOHUPYIONIEH (MepBoHAYAILHO 6OJIee MACCHBHON )
KOMIIOHEHTBI KO BTOPOIt KOMIIOHEHTe. MOKHO IIpe/iiioiaraTh, 9TO IIOCJIe TOTO KaK CYIIeCTBEHHAs
gactb (70—80%) Macchl 9BOJIOIMMOHUPYIOIIEH 3Be3/Ibl EePeTeKIa, IIPOU30IIeS B3PBIB TeJIUeBON
3Be3/Ibl — BCIIBIIIKA CBEPXHOBOI, MPUBE/IIagd K 00pa3oBaHUIO HENTPOHHOI 3Be3/bl. B mporecce
B3pbIBa MOIIa ObITh BEIOPOIIEHa U3 JBOMHOI cucTeMbl Macca raza 10 1M @) co CKOpOCThIO HOPsIJI-
K& HECKOJIbKUX ThICAY KUJIOMETPOB B cekyHy. [lo 3aKoHY coXpaHeHus UMITY/IbCa, €CJIU B3PhIB
He BIIOJIHE CHUMMETPUYEH, IIEHTP THAYKECTU JIBOWHOI CUCTEMBI JOJIZKEH OBbLIT MOJIYIUTh PABHBIN U
IIPOTUBOIIOJIOZKHO HAIIPABJIEHHBIN uMITy/Ibc. He aTum jin 06bscHsIeTcs TO, 9TO KCTOYHUK ['epKy-
jec X-1 HaXOIUTCH TAK «BBICOKO» HAJ[ TaJaKTHIECKOI IJIOCKOCThIO? VHTEpecHo, 4To JiyueBast
ckopocth HZ Tepkysieca Hampas/ieHa K rajakTHIecKoii miockocTu u 0jm3ka K 60 km/c. D10
MOKET O3HAYATh, YTO OHA, YJIAJUBIIUCH Ha MaKCUMAJIbHOE PACCTOSIHUAE OT raJIaKTUIECKON T110C-

'Heo6xommMocTh 06pa30BaHUA TAKOTO JHCKA, CIICIYeT U3 32KOHA COXPAHCHHSA MOMEHTa KOJMYeCTBa JIBHIKC-
HUS.
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Puc. 23.11. Cxema 3BOJIIONUN TECHON JBOWHONI CHCTEMBI.

KOCTH, JIBUXKETCS Terepb obpaTHo. B npuHIune takas cUCTEeMa MOYKET COBEPINUTH HECKOJIBKO
KoJIeOaHuil TI0IepeK raJJaKTHUeCcKOl IIJIOCKOCTH ¢ XapaKTePHBIM IepuoioM nopsjika 108 set.

Ha puc. 23.11 npuBegeHa cxeMa 3BOJIIOIUKA TECHON JIBOMHON CUCTEMbI MACCUBHBIX 3BE3/I,
paccunTaHHas FOJUIAHACKAMU TEOPETUKAMU.

Hapsany ¢ «onruyeckoit» 3Be37101, 3aI0JIHAIONIEH CBOIO OJIOCTH Poria, Kak yKe YIIOMUHA-
JIOCH BBIIIIEe, UCTOYHUKOM I'a3a JIjIsi aKKPEIUN Ha HEMTPOHHYIO 3BE3/ly MOYKET ObITh U «3BE3/IHBII
Be€TEpP» OT ONTUYECKON KOMIIOHEHTBI, JOCTATOYHO YIAJEHHON OT HEHTPOHHOHN 3BE3/bl U II03TO-
My He 3amnoJHsoneit coeit mooctu Poma. B sToM citydae onTtrdeckass KOMITOHEHTa—TOPIHit
CBEPXI'MI'aHT cleKTpabHoro Kiaacca O—B ¢ maccoit 6onbme 10M ). Vimenno y Takux 3Be3[
MOIIHOCTH KOPILYCKYJIIPHOTO U3JIydeHusl (MU 9TO TO YK€ — 3BE3JIHOIO BeTpa) JOCTATOYHO Be-
JINKa, HAITpUMeED, 10_6—10_7]\/[@ /1011, B 9TOM Ci1ydae TOJIBKO J0J1s1 TIPOIEHTA BHITEKAOIIETO U3
3B€3/bl KOPITYCKYJIAPHOTO U3JIYUYEHUS «IIePEXBATBIBACTCA» HEUTPOHHON 3BE3/1011, YTO, BIIPOYEM,
BIIOJIHE JIOCTATOYHO JIjII eHEePAIluU PEHTIeHOBCKOTO U3JIydeHusd Hab omaeMoit momHocT. Mbl
HPUXOJINM, TAKUM 00pa30M, K MPEICTaBICHUIO, 9YTO JIOJKHBI OBITH JIBE PA3HOBUIHOCTU PEHTIE-
HOBCKUX UCTOYHUKOB — KOMIIOHEHT JBOWHBIX MACCUBHBIX CUCTEM:

a) MCTOYHUKH, TJIe ONTHIeCKas KOMIIOHEHTa — IOPsYuii MACCHUBHBINA CBEPXTUTAHT, UCITYCKa-
IOIINI MOITHBIN 3BE3/IHBIN BeTep; TUIUYHBIN 1pecTaBuTeib — [lentasp X-3;

6) UCTOYHUKM, IJie ONTUIECKAs] KOMIIOHEHTA TI0 Macce JIUIIb HeMHOTO TrpeBbiaer CostHie u
3aII0JIHAET CBOIO 10JI0cTh Pomma. Tunmanstit npejcrasurens — lepkyiec X-1.

B To BpeMd KaK HCTOYHHKH II€PBOT'O THIIa HaXOJAATCHA BOJIN3U TaJIaKTUICCKOM IIJIOCKOCTH,
HNCTOYHUKHMU BTOPOI'O THUIIa MOI'YT OBITD JOCTAaTOYHO YAdaJIEHbI OT HeeE.
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23. PEHTIEHOBCKUE 3BE3/bI

He uckioueno, uro obe pa3HOBUIHOCTA UCTOYHUKON MPOUCXOIAT OT TECHBIX JBONHBIX CU-
CTeM ¢ MACCUBHBIMU KOMIIOHEHTAMHU, HO B TO BPEMsI KaK Yy UCTOUYHUKOB THUIIA &) MACChI KOMIIO-
HEHT CXOJHBI, Y UCTOYHUKOB THIA 0) OTHOIICHHE Mace Oosbine 3. PacderTs! MOKa3bIBAIOT, UTO
ecim y Gosiee MaccuBHON KommonenThl My > 10M), TO mociie mepeTeKaHust Macc OCTaHeTCs
KOMIIaKTHas rejuesas 3Be3a ¢ Maccoil 3M ), KOTOpas MOXKET B30pBaThCA KaK CBEPXHOBas 1
«IIPEBPATUTBHCST», TAKUM 00pa30M, B HEMTPOHHYIO 3Be3/1y. B IpoTuBHOM Cilyvae B IIporiecce 9Bo-
JIOIN MOTYT 00pa30BaThCs TOJIBKO Gesible Kapauku. Ecim orHomenue mace My /My > 3, To
B IIPOIIECCE FBOJIONNM, KAK OKa3bIBACTCH, OOJIbIIAs YaCcTh MACcChl CUCTEMbI MOoKugaeT ee. [Ipu
B3PhIBE CBEPXHOBOI B TaKOil cucTeMe B OOJILIIIMHCTBE CJIyYaeB Mapbl Pacla aioTcs.

XapakTepHOil 0COOEHHOCTBIO PEHTIEHOBCKUX UCTOYHUKOB SIBJISETCS HAJUYUUE B Psijie CIIy-
JaeB HaAPALY ¢ OPOUTAJILHBIMU ITEPHOJAMU BeCbMa KOPOTKUX TEPUOJIOB ITy/IbCalluu. BhIre Mbl
y2Ke TI0JIpOOHO TOBOpHIH O 4,84-ceKyHHOM Tiepuoyie mysabcaruit y [Henraspa X-3 u 1,24-cekyn/i-
HoMm — y [epkyneca X-1. B 1975 1. 6b110 ¢/1e71aHO BazkKHOE OTKPBITHE «IJTMHHBIX» TEPUOJIOB Y-
caryii y peHTreHOBCKUX MCTOYHUKOB. Hampumep, y ucrounuka 0940—40, npuna/jiezkaiiero K
TUITY &) ¥ MMEIONIEro OpOouTaIbHBIN TePHo/ OKOJIO 9 CyTOK, HaiiJIeH Iy/IbCAIIMOHHBIN TePUOI
B 283 c. Hecko/ibKO JITMHHBIX TYJILCAIIMOHHBIX MEPUOJIOB OBLIO HAWJIEHO y TaK Ha3bIBAEMbBIX
«HOBBIX» (MM «BPEMEHHBIX») PEHTICHOBCKUX MCTOYHUKOB!. JIOBOJIBHO JIJIMHHBIN Ty IHCAIIUOH-
ubiit epuoj, (405 ¢) 6but obHapyxkeH y ucrounnka A 1118—61. Camblil JyIMHHBIN IEpHOJ Y
U3BECTHBIX K 1977 1. ucrounukos paser 31 mumnyTte. CKopee BCEro Mpo0J/IZKATETbHbBIE TIEPUOIbI
IIyJIBCAITUI €CTh CJIeICTBUE TOPMOYKEHUS BPAIEHN HEUTPOHHON 3B€3/Ibl HAMArHUYEeHHON T11a3-
MO, B KOTOPYIO «IIOTpY2K€eHa» JIBOIHAas cucTeMa. BO3MOXKHO, 9YTO KOHKPETHBIM MEXaHU3MOM
TaKOI'0 TOPMOXKECHUA ABJIACTCA I'eHepalldd Bpalljaronieiica HeTPOHHON 3B€3/10i1 3ByKOBBIX BOJIH,
a TaK»Ke OOBbITHAsI BA3KOCTH. TaKMM 00pa3oM, IMepuoJi BpalleHns HeHTPOHHO 3Be3/Ibl — PEHT-
TE€HOBCKOTO TyJIbcapa — KakK Obl «IIOJICTpanBaeTcsd» K (DU3MIECKUM XapaKTePUCTHKAM JIBOWHOM
CHCTEMbI, B KOTOPOW OH HAXOJUTCs (II€PHOJ] OPOUTATHLHOTO JBUXKEHUS, MOITHOCTH 3BE3JHOIO
BeTpa OT «ONTHYECKOi» KOMIOHEHTHI U mp.). HabsroaeMble Bapuamum MepuojioB BpPAIEHHsI
IIyJIbCAPOB CKOPEE BCET'O BBI3BAHBI, B IIEPBYIO OYepPe/ib, BApUAIUsIMI MOITHOCTU 3BE3/IHOI'O BET-
pa, «IUTAIOIIEroy IIyTeM aKKPelnnd HEHTPOHHYIO 3BE3]Ty.

Jlosirue roibl, HECMOTPs Ha PsiJ MOMBITOK, HUKAK He Y/IaBaJjIoCh JJ0Ka3aTh JBONCTBEHHOCTD
CaMOro SIipKOro peHTreHOBCKOro ucrounnka Cxkoprmon X-1. DTo oka3aoch OYeHb TPYIHON 3a-
Jladeil, TaK KaK Ha OXKHIaeMOe PeryIspHOe M3MeHeHne OJIecKa ONTHIeCKON 3Be3/Ibl, OTOXK IeCTB-
JISIEMOIA C 3TUM NCTOYHUKOM, HAKJIaIbIBAJINCH OECIIOPSTOUHbIE M3MEHEHHS ¢ OOJIBITION aMIITUTY-
Joit. B To ke BpeMsl HUKaKOii ePUOMIHOCTH B PEHTT€HOBCKOM M3JIyYeHun (TUIa TOH, KOTopas
nabsrogaercs y Llenraspa X-3 u lepkyneca X-1) y Ckoprmona X-1 e 66110 06Hapy:keHo. 1lo-
crejinee 0OCTOATETLCTBO, KOHEYHO, He SBJISETCS apryMEHTOM IPOTHUB JIBOMCTBEHHOCTH 3TOTO
HUCTOYHMKA: Be/Ib BIIOJHE BO3MOXKHO, YTO ILJIOCKOCTH OPOUTHI HAKJIOHEHA O] OOJILIITUM YTJIOM
K JIydy 3peHus!

Tosbko B 1975 1. aMeprKaHCKIM aCTPOHOMAM U3 aHAJIN3a ONTUYICCKUX HAOIOICHII y/Ia10Ch

! Takne HCTOUYHUKH JIOBOJIBHO UACTO HABIIONAIOTCS Ha Hebe. BHeIIHE 5TO SIBJIeHNe BIOJIHE IIOX0KE Ha BCIIBIII-
Ky HOBOI1 3Be3/1bl. OOBIYHO 5TU UCTOYHUKYU HADJIIOIAIOTCS HECKOJBKO HEJIEb WJIM MECSIIEB, IIOCJIe 9ero TacHyT.
Hexkoropsre n3 HUX JIocTHraloT orpoMHOi gpkKocTh. [loka peKopl IepKUT HCTOYHUK, BCOBIXHYBINMHHM jJeToM 1975
. Heronmaieky ot co3sesnus Opuona. Ero sipkocTh Ha TOps/IOK mpesbiniaia spkocth Ckopnmona X-1, sBiisio-
HIETOCs APYAIINM U3 «CTAlMOHAPHBIX» UCTOYHUKOB. BecbMa BEpOATHO, YTO IO KpaiiHeil Mepe HEKOTODbIe U3
TaKUX MCTOYHUKOB — 3TO JIBOMHBIE CHCTEMBI, TJle HEATPOHHAsI 3BE3/a JIBUKETCs 110 IKCIEHTPUUIHOI opbuTe, a
OITUYECKasT KOMIIOHEHTa 00JIa/laeT CHJIbHO MEHSFOIIMMCS TI0 MOIHOCTH 3BE3JHBIM BETPOM. B ciiydae sipkoro
«BpeMeHHOrO» ucrognnka A 0535+26, y Koroporo mepuoj Bpaienusi 104 ¢, Oblia HaiijieHa MOYJIANUS 3TOTO
[IepPUo/Ia, YKA3bIBAIOIIAsd Ha OPOUTAIBHOE IBUYKEHIE BOKPYT rOpsiieil MACCUBHOM 3BE3/IbI C IEPUOIOM JIHOO OKOJIO
40, mubo oxoso 80 CyTOK.

V «BpemenHoro» ucrouynnka A 1118—61 Takzke ObLIM OOHADPYKEHBI yKa3aHUs Ha HaJu4Iue 8-JHEBHOIO OpOu-
TaJIBHOTO epnojia. Takum 06pa3oM, cefidac yKe MOUTH C JJOCTOBEPHOCTHIO MOYKHO CKa3aTh, ITO BCE «PEHTTEHOB-
CKUE 3Be3/Ibl» (<«IIOCTOSHHBIEY, < BDEMEHHBIEY, <UMILYJIbCHBIE» ) 06Pa3yIOTCs IIPU AKKPEIUH I'a3a Ha KOMIAKTHBIE,
IIPOIBOJIIONMOHNPOBABINTE OOBEKTHI B JBOMHBIX CHCTEMAX.
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Haiitu opbutasbubiii iepuoj Cxoprmona X-1, okazasrmuiics pasabiM 0,78740,006 cyTok. Macca
KazKJ10if 13 KOMIIOHEHT MeHbIne 205y, a CKOpocTh cHCTeMbl 145 KM/c, T. €. OYeHb BeJIMKa.

Brrio Takxke mokasano, urto gpkuit ucroanuk Jlebenp X-2 npejcraBisger coboit JBOHYIO
cucreMy ¢ MaJioit Maccoit (Mo ~ 2Me), Mx ~ 1M@), cxonuyio co Ckoprmonom X-1 u I'epky-
smecom X-1. Opburanbubrii mepuos Jlebeas X-2 T = 0,86 maus1, a paccTosinue ~ 2 KIIC.

Oco0ObIit mHTEPEC TIpeJICTaBIsIeT MPobIeMa PaINON3JTyIeH!sT PEHTTeHOBCKUX 3Be3 1. Hecko-
JIbKO Takux 06bekToB (Harnpumep, Ckopruon X-1, Jlebean X-1) okazaauch KCTOYHUKAME OYeHb
¢1a00T0, TIePEeMEHHOTO PAIMOU3/IyYeHNs. 3aMeTUM, OJIHAKO, I9TO CaMO 110 cebe 3TO He sABJISIeTCs
npobsiemoii. B 1mocsie/inne rojpl paJiions/iydenue ObLI0 OOHAPYZKEHO OT HECKOJBLKUX TEeCHBIX
JIBOIHBIX cucreM, B dacTHOCTH, OT Ajrons u [ Jlupel. B Takux cmcremax MOIHBIE TOTOKH
ra30BBIX CTPYH JOKHBI PUBOJNTH K 3HAYUTEIbHOMY pajmonsiaydennto. OIHAKO B CEHTAOPe
1972 r. nabromanoch yke He coBceM oObIdHOe sBjeHue. [[oTok ovennb craboro painonsirydenust
OT pPEeHTreHOBCKOi 3Be3ibl Jlebenp X-3 ckaukom yBeamamics B 2000 pas! Bembrmka jjmrach
HECKOJILKO JIHEM, CITyCTd JIBE HEJIeJIM OHA MOBTOPHUJIAChH. BO BpeMsi BCIBIIIKHA PaIUONCTOTHUK
Jlebenp X-3 okazajics OJIHUM U3 CAMBIX SIDKUX Ha HeOe HAa CAHTUMETPOBBIX BOJIHAX. DTO TO3-
BOJIMJIO, B YACTHOCTH, IO «IIPOIEYATABIIAMCI» B €0 CIIEKTPE MEXK3BE3IHBIM PATUOJIMHUAM T10-
romiennsd 21 u 18 cM onpesenTh paccTogHue 710 Hero, oKazasieecs okojo 7000 mc. Momabrit
BCILIECK PaINOU3/IYdeHUsT 00bsICHAETCsI BEIOPOCOM 00JIaKa PEIATUBUCTCKUX YACTHIL U ILJIA3MBbI.
CrpaHHO, YTO PEHTTE€HOBCKOE M3JIyUYeHHE 9TOI0 UCTOUHUKA HE IIPETEePIIesiO IIPU STOM HUKAKIX
n3Menenwuii. [lo-Buaumomy, jretajibHOEe M3YUYEHUE PEHTTEHOBCKUX 3BE3/I IIPUHECET acTPOHOMAM
eIre MHOTI'O HEOXKMJTAHHOCTEN.

B 1978 r. BHMMaHHE acTPOHOMOB OBLIO CKOHIIEHTPUPOBAHO HA COBEPIIEHHO YHUKAJIHLHOM
oobekTe SS 433. [lopasurebHolt 0COOEHHOCTHIO ITOTO 3BE37000PA3HOTO UCTOTHUKA, SBJISICTCS
HaJIM4IUe B €r0 CIEKTPe BOJIOPOJIHBIX U I'eJIMEBbIX SMUCCUOHHBIX JIMHUHN, JIJIMHBI BOJTH KOTOPBIX
MEHAIOTCA ¢ niepuoyioM 164 mus. Kaxknas «cranuoHapHasi» JUHASA BOJAOPOIA U TeJInd UMeeT I10
00e CTOPOHBI OT cebsi JIBE «IIOJIBUKHbBIEY JTUHUU, CUJIBHO CMEITIEHHbIE B KPACHYIO U (DUOJIETOBYIO
qactu criekTpa. Ha puc. 23.12 npuBeena KpuBas JIy4ueBbIX cKopocTeit. ObpalaeT Ha cebsi BHU-
MaHUe ee orpoMHag aMIunTy1a. [lo XxapakTepHoit KpUBOii JTy4eBbIX CKOPOCTEN He TIPEJICTaBIIIET
0Cc0oDOro Tpy/ia MOCTPOUTH KMHEMATHIECKYI0 MoAeab S3433. OHa cBOAMTCS K IIPEICTaBICHHIO,
YTO U3 TOIO UCTOYHHMKA B JIBYX IPOTHBOIOJIOKHBIX HAIIPABICHUSX BbIOPACHIBAIOTCS JIBE Ta30-
BbIe CTPYyHU C OrpoMHO#T ckopocThio v = 0,27¢ mam 81 000 KM/c, mpudemM OCh, BIOJIb KOTOPOi
IIPOUCXO/IUT BBIOPAChIBAHUE Ta3a, MPerneccupyer ¢ mnepuoioMm 164 mHs. DToT 3Be371000pa3HbIi
00BbEKT HAXOJUTCA BHYTPH JIABHO yKe U3BeCTHOI pajmorymanHoctu W 50 — gBHOM ocrart-
K€ CBEPXHOBOI, nMerorieM (GpopMy HemnoaHoil 06010ukn. O0bekT SS433 sIBJISIeTCST MCTOUYHUKOM
PEHTTEHOBCKOI'O MU3JIyUeHUs, TaK Ke KaK 1 pajguoTyMaHHocTb W 50.

JlanpHelinme onTudeckKue HaOJIIOIEHUS TIOKa3a/ i, 9T0 OjecKk SS 433 MeHdeTcsa ¢ Iepuo-
JioMm 13,1 cyToK. DTu M3MEeHEeHUsT 00bICHSIIOTCS JIBONCTBEHHOCTBIO 00beKTa, B 9TOM citydae Mbl
HaOJIIO/IaeM B ONTHYECKHX JIydaxX CBOeOOPA3HYIO «3aTMEHHYIO IepeMeHHyio» (cM. puc. 23.13),
OJIHOIl KOMIIOHEHTOI KOTOPOW SBJIAETCA MaCCUBHasl Topsgdas roaydas 3Be3/a — CBEPXTUTAHT,
APYro# — IUIOTHBINA, TOPAYNI ra30BbIN JJUCK, OKPY2KAIOIIUIl BTOPYIO, BECbMa KOMIIAKTHYIO KOM-
MOHEHTY— HEHATPOHHYIO 3BE3/ly WK YE€PHYIO JbIPY. DTOT JUCK 00pa3yeTcs IIyTeM IepeTeKaHus
MOIIHON CTPYU Tas3a OT 3Be3/HOI KOMIIOHEHTHI Yepe3 Jlarpan:keBy Touky L (cm. puc. 14.1). B
OTJIMYHe OT JPYTUX AHAJOTHYHBIX cucreM (Hampumep, Jlebenp X-1, Henrasp X-3), ckopocTh
repeTeKannsd OYeHb BeJInKa — J10 10_4M@ /TOJI— B JIECSTKU THICSY pa3 O0JIbIle, YeM B CHCTEME
Jlebenp X-1. Takasg dasza «ObICTPOro IepeTeKaHus» COOTBETCTBYET «CBEPXKPHUTUYIECKOI» aK-
KPeIuy 1 JINTCA CPAaBHUTEILHO Heo1ro, ~ 10% jtet. IIpu cBepXKpuTHIeCcKoi aKKpeIrun 04T
BECh TIEPETEKAIOIINIT Ta3 BBITAJIKUBAETCS U3 JUCKA CUJIONH CBETOBOIO JIABJIECHUS. DTO U SIBJISICTCS
NPUYUHON BBITEKAHUS JIBYX CTPYHl B HAIIPABJIEHUAX, ITEPIIEHIUKYJISPHBIX K IJIOCKOCTU Ta30BOTO
mucka (puc. 23.14). Tak Kak s1a dasza 9BOTONUN SIBJISIETC KPATKOBPEMEHHOI, Y1C/I0 00bEKTOB,
moo0HBIX SS 433, M0/KHO ObITH B Halleil ['amakTrke BecbMa He3HAYUTETHHBIM.
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Puc. 23.14. PentrenoBckoe nzobpazkerune SS 433, momydeHHOe Ha 06CEPBATOPUH « JUHIITEHH .
Oxkousto 10% Bcero maiaydeHnst NCXOAAT OT JIBYX BBITAHYTBIX CTPYH, CAMMETPUYHO PACIOJIOKEH-
HBIX 110 OTHOIIEHUIO K MCTOYHUKY.

PagnonnrepdepeHiimontbie HAOIIOACHUS BBISIBUIN U3/IydeHUE CTPYH U yOeUTE/IHHO JIOKa-
3aJTU TPEIECCUOHHbIN XapakTep uX JBukeHusd. C 9TUMHU CTPYyAMHU TaKzKe CBSI3aHO PEHTIE€HOB-
ckoe nzirydenne W 50. Vzyuenne yauBUTEIbHBIX sIBJCHU, IPOUCXOAAIINX B SS 433, MO3BOJINIIO
JIydIie IIOHATH XapaKTEp 3BOJJIIOIUN MaCCUBHBIX ,Z[BOfIHbIX CUCTEM U CBA3aHHbLIX C HUMU PEHTIE-
HOBCKUX U PaJUOUCTOTHHUKOB.

B BbICHIEl! CcTennenn MHTEPECHBIM, HO TTOKA €Ile 3ara/I0YHbIM SBJISIETCS OTKPBITHE UMITYJIHCOB
JKECTKOI'O PEHTTEHOBCKOrO (MJIM MSATKOIO IaMMa-) M3JIyIeHUsT KOCMUIECKOrO MPOMCXOXKICHUSI.
XoTs nepBble MyOJUKAINY TOSBUJINCH BO BTOPOil mosioBuHe 1973 1., caMo oTKpbITHE OBLIO C/le-
jnano B 1967 r. Ero ucropus BecbMa JIIOOOIBITHA.

Kax wm3Bectno, CCCP u CIIA s3ax/mouniin B CBOe BpeMsi JIOTOBOP O MPEKPAIEeHUN sijiep-
HBIX B3PBIBOB B aTMmocdepe n Ha mosepxaoctu 3emiin. [lomasisomiee 60IbIITHCTBO cTpaH (K
COXKAJIEHWIO, HE BCE) MPUCOEMHUIIUCH K ITOMY COlIAllleHu0. JIjisi KOHTPOJIs HaJl MOJ00HBIMH,
B3pbiBamu CIITA samycrmim Ha GOJBITYIO0 BBICOTY CEpHUIO MCKYCCTBEHHBIX CIYTHUKOB «Besay,
OCHAIIEHHBIX CIIENUAJIBHBIMI PEruCcTpUpyomuMu npudbopavu. B quciie 3Tux npnbopoB ObLIHI
TaKKe JIETEKTOPhI MATKOTO FraMMa-U3JIydeHns B quala3one sHeprun KBaunTos (,2—2 MaB. Yys-
CTBUTEJILHOCTD 9TUX JIETEKTOPOB IIOYTU HE 3aBHUCEsIa OT HAIIPaBJIEHUs NPUXOJa raMMa-n3JIyde-
HUsI, T. €. OHU OBLIH TPAKTHIECKN «M30TPOIHBIMI». OIHAKO B C/Iydae, KOIia raMMa-u3/1y IeHue
HOCHT WMITYJIbCHBIH XapakTep (YTO Kak pa3 W CJe/yeT OKHUJIATh BO BPeMsl sI/ICPHBIX HCIBITa-
HU), HApaBJIEHUEe MPUXOJA MOYKHO 3apPErMCTPUPOBATE, €CIM M3BECTHBI PA3HOCTH MOMEHTOB
MPUXO/Ia UMITYJIBCOB HA PA3HBIX CIYTHUKAX KOHTPOJBLHON CHCTEMBI. DTO, KOHEYHO, Tpedyer
HEIPEPBLIBHOI PErUCTPAIN YPOBHS IaMMa-u3J/1ydeHust, HabJII0JIaeMOro Ha Pa3HbIX CIIyTHUKAX,
€ TOYHOCTLIO He MeHbeit, uem 1072 c.

Benuko ke, 1mo-BujimmMomy, ObLIO U3yMJIeHHEe PaOOTHUKOB 9TOM «IATPYJILHOM CJIyKObBI», KO-
rja OHM ODHAPYKUJIU, 9TO BpeMeHaMU HabJII0Ia0TCs JOBOJbHO MHTEHCUBHBIE KPATKOBPEMEH-
HBI€ UMITYJIbCHI XKeCTKOI'O U3JIydYeHusl, He cBA3aHHble HE ¢ 3emiteit, Hu ¢ CosHieM. B Tex odenb
PEJIKUX CJIydasiX, KOTJa YIaBajaoCh OIPEJEIUTh KOOPJAUHATHI (C TOUHOCTHIO OKOJIO 5°), rajak-
THYECKUE IMUPOTHI UCTOYHMKOB 9TOr0 3araJ0YHOI0 U3JIyUeHUsT OKA3a/NCh BEChMa 3HAUNTEIhb-
HBIMH. DTO MOYKeT O3HadaTb, 9TO JIMOO MCTOYHUKHU HaxoAdTcd B MerarajakTuke, JIOO OHU
cpasuurebuo Osm3ku K CostHily (HapuMmep, yajeHbl OT HAC Ha PACCTOSIHUS, HE MPEBbIIIa-
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IOI[e COTHIO Mapcek). Panbiine yeM ob6cykiaTh 06e 9TU BO3ZMOXKHOCTH, OCTAHOBUMCs 0oJiee
IO/IPOOHO Ha HADJIOIAEMBIX XapaKTEPUCTUKAX ITUX IMOKA eIlle 3arajJ0IHbIX UMITYJIbCOB.

[Ipekie Bcero MOBOJBHO SICHO, UTO €CJIM TU UMILYIbCHI ObLIN OOHAPYXKEHBI IIPU TOMOIIN
«IMaTPYJAbHOI» aIapaTypbl, OTHIOIb He TIPeHA3HAYECHHO JIJIsT ACTPOHOMUYECKUX HaOJTIOICHUIA,
[IOTOKHU M3JIYUYEeHUA JOJIKHBI ObITH JIOCTATOYHO Besuku. U jieficTBuTe/IbHO, TIPU HAOJIIOIaeMOit
JUTATE/IbHOCTU ABJIEHUST B HECKOJIBKO JECATKOB CEKYH/I IIOTOK B YKa3aHHOM BBIIE MHTEpPBAJIe
sHepruii KBanTos jgocturaet ~ 1074 spr/cm? - ¢, 4To B HECKOJILKO COTeH pa3 NpPeBbIaeT HOoJIHbII
IIOTOK OT CaMOI'O APKOI'o u3 KOCMHUYIECKUX UCTOYHUKOB PEHTT€HOBCKOI'O U3JIYy4Y€HN A, NCTOTHUKA
Cxoprmon X-1. 3amMeTnM, 0JTHAKO, ITO ITOCIETHIH U3/TyIaeT ITPENMYIeCTBEHHO B MATKOM PEHT-
FeHOBCKOM JIMalla30He C SHEprueil KBAaHTOB B HECKOJIBKO KHJIO3JIEKTPOHBOJILT. B quarmazone ke
okoj10 1 M3B noTok uziydenns: oT 3araJl09HbIX KOCMIYIECKIX HUMITY/IbCHBIX UCTOYHUKOB 3a9a-
CTYIO IIPEBOCXO/JUT ITOTOK OT COJIHEYHBIX BCIBIIIEK W Ha MHOI'O IIOPAJIKOB IIPEBLIIIACT ITIOTOKU
OT APYIuX KOCMUYECCKUX MCTOYHHUKOB.

EctecTBenno, 4To Takoe BbIIAIONIEEC sIBJICHUE, KAK UMITYJIHChI KOCMUYIECKOTO FaMMa-U3JTy-
YeHUsd, CTaJI0 00BEKTOM UCCJICIOBAHUS TaKyKe U Ha JPyTrux ciiyTHuKax. M Xord mocse mepBoro
nu3BecTusi 00 OOHAPYKEHUN 3araJ0THBIX UMITYJIHCOB IIPOIILIO HE TaK YK MHOT'O BPpeMeHH, ceiaac
(1983 r.) KOe-4TO MPOSICHUIIOCh.

HpeH{,zLe BCEro yCTaHOBJICHO, 9YTO CIICKTP KOCMHNYECKHUX UMITYJILCOB IIPOCTUPACTCA B 3HAYH-
TeJIbHO DoJiee «MATKYIO» 00JIacTh, 110 KpaitHeit mepe 10 10 k3B. YcTaHoBeHO TakKe, 9TO TJ1e-TO
OKO0JIO SHeprun KBauToB Ep ~ 200 k3B 5TOT CHEKTp JOBOJILHO KPYTO (SKCIOHEHIIUATIBHO) 06-
pbIBaeTCs, B TO BpeMs Kak juid F < Fp cuekTp yObiBaeT ¢ pocTtoM F 110 cTerneHHOMY 3aKOHY
F o F~% rae o ~ 0,5, 1 MeHsIeTCsl KaK JJIs pa3HbIX UCTOYHUKOB, TaK U JIJI OJHOIO U TOIO Ke
HNCTOYHHKa C T€YCHHEM BPEMEHH. B ImocjgaeaHeM cjiy4dae, IIO-BUJIUMOMY, «2KECTKOCTb» CIIEKTPa
pacTeT BMECTe ¢ POCTOM ITOTOKA.

OueHb MHTEPECHA «BPEMEHHAT» CTPYKTypa UMITYJIbCOB. OHU COCTOAT U3 OTJAEIbHBIX BECh-
Ma, MHTEHCUBHBIX «BCILIECKOB» JIJINTEJIbHOCTHIO OKOJIO CEKYH/IbI, Pa3/IeJIEHHBIX ITPOMEXKYTKOM
Bpemenn ~ 10 c. IlonHas 1MTeNIbHOCTH HMITYJIBCOB, KaK YK€ NOBOPHJIOCH BBIIIE, MOPSIKA
HECKOJIBKUX JECATKOB CEKYH/I. BO BpeMA «BCIIJIECKa» ITOTOK M3JIYYCHHUA JOCTHUI'a€T MaKCUMYyMa
OYeHb OBICTPO, 38 BPeMsi BO BCSIKOM cirydae MeHbiee, geM 0,1 ¢. DTo o3HaIaeT, 9T0 JuHEHHbIe
pa3Mepbl U3JIydaloleil 06/iacT JIOBOJIbHO He3HaunTeAbHbI, MeHbie 10 000 k.

Berteckn, B Tedenne KOTOPBLIX U3aydaercs sueprusa > 1074 spr/cm?, nabmoparoresa oaun
pa3 B HECKOJIbKO MecsdleB. ECTecTBEHHO, UTO BCIIECKH, IPH KOTOPBIX BBIIEISIETCS MEHbIIIast
QHEPIrusd, JT0JI2KHbBI Ha6.HIO,[LaTbCH SHAQYUTEJIbHO Yallle, TaK KaK OHU JOJI2KHBI UCXOJUTH OT 6OJIee
yJIaJIEeHHBIX, & I[I0TOMY U 00Jiee MHOIOUNC/IEHHBIX NCTOYHUKOB.

YauTbiBas HAOIIOJaeMble CBOMCTBA UMITY/IHCOB YKECTKOT'O U3JIyUCHUsI, BPSJI JIA, TI0 HAIIEMY
MHEHHIO, X MOXKHO CUMTATh MeTarajakTUuIeCKUMu oObekTaMu. B mpuHIinie, MOITHOE YKeCTKOe
U3JIydeHne MOXKHO OXKHUJIATh IPU BCIIBIIKAX CBEPXHOBBIX 3Be3. OIHAKO HUKAKON KOppeJis-
Ty ME2Ky BCIBIIIKaMM CBEPXHOBLIX, UMEBIIUMKU MECTO B APYI'UX raJJaKTHKaX 3a IIOCJICJIHHE
HECKOJILKO JIET, U UMITYJILCAMH KECTKOI'0 M3/IydeHusd He oOHapy2KeHo. B 3Toil cBaA3m 3ameTnm,
9710 B 1972 T. BCIBIXHYJIA CBEPXHOBasI B JIOBOJIBHO Osin3koii K HaMm ragakTike NGC 5253 (cM. §
15). Hukakoro uMIryJibca »KeCTKOrO U3JIyUYeHHs, OJJHAKO, TIPK STOM OOHADYIKEHO He ObLIIO.

OmpeesieHne KOOpANHAT KOCMIYECKUX UMITYJIbCHBIX TaMMa-UCTOUYHUKOB SIBJIAETCA JTOBOJIb-
HO CJIOXKHOI 3aj1adeil. 9TO MOXKHO CjieJIaTh, B IIPUHIAIE, 3HAS MOMEHTHI PErUCTPAINA HAaJYAJIa
UMITYJIbCOB Ha PA3HBIX JIETEKTOPAX, y/IaJeHHbIX JIPYT OT JIpyra Ha KaK MOYKHO OOJIbIIee PacCTo-
AdHUE. qu 60ﬂbﬂle pacCcTodHre, TeM BbIIIe TOYHOCTD JIOKaJIM3allu NCTOIYHUKOB Ha He6e.

B 1978 1. Ha 6opTy JBYX COBETCKUX MEXKILJIAHETHBIX cTannuii «Benepa-11» u «Benepa-12»
OBLIN YCTAHOBJIEHBI JETEKTOPhI MAT'KOI'O TaMMa-U3/IydeHust. TaM »Ke ObLIN yCTaHOBJIEHBI ITPUOO-
PBI JIJIT PETUCTPAIIIA MOMEHTOB BPEMEHH! ¢ TOYHOCThIO 2—3 MUJLINCeKyHIbl. OIHOBPpEMEHHO Ha
OKOJIO3eMHOI 0pOuTe HAXOIUJICH COBETCKMIT CIlyTHUK «lIpornos-7», Ha KOTopom ObLIa yCTaHOB-
JIeHA TaKas JKe alnaparypa. ITH HAOJIOIEHN TPOBOININCH B COJAPYKECTBE C (DPAHILy3CKUME
YUIEHBIMH.
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Beero 3a 1!/, roga pabotsl yaaioch Habioarh cebime 150 raMMa-UMITy/IbcoB. B oTiess-
HBIX CJIydasiX X KOOPJMHATHI OIPEJIEISINCh ¢ TOYHOCTHIO, peBocxosieiil 1. OcobeHHO nH-
TePEeCHBI ObLIN HAOJIIOACHUS UCKIIOYUTE/IHHO MOIIHOIO BCIiecka 5 MapTta 1979 1., y KoToporo
YJIAJIOCH BBISIBUTD 8-CEKYH/IHYIO TIEPUOIUIHOCTD B TIOTOKE UBJIYIEHUS. DTO JOKA3BIBAET, 9TO U3-
JIy4daloT Bpalllalolinecs HEHTPOHHbIE 3Be3/1bl. BOIBINON MHTEpeC MPeCTaBIISIOT JeCATKN CIIEK-
TPOB raMMa-MMITyJIbCOB, aHAJIN3 KOTOPHIX TOKA He 3aKOHYMJICA. B BBICIIIEll CTeleHn BaKHO TO,
YTO HU OJIHOT'O OIITUYECKOTO 00beKTa J0 23 3BE3/IHOI BEJIMYUHBI Ha MECTE TaMMa-UMITYIbCHBIX
NCTOYHUKOB TIOKA He HaiIeHO. DTO MOXKET O3HAYaTh, U9TO BCUBIIMIKHA CBI3AHBI C 00UHOYHOIMU,
HEHTPOHHBIMU 3Be3/1aMi. B TPOTUBHOM cirydae HAOTIOMAJICT ObI ONTUYIECKIIT KOMIIOHEHT JIBOII-
HO# CHUCTEMBI.

Tem GouibImit UHTEPEC MPEJICTABISIOT PE3Y/IbTATHI aHAIN3a CTapbIX IJIACTHHOK [apBap/i-
ckoro Ilarpymst, Ha KoTOpbIX ObLIa chororpadupoBana obaacTb Heba, rae 19 HosgOpst 1978 1.
HabJIro/TasIcd IPKUil TaMMa-UMITYJIbc. KoopmHATbI UCTOYHUKA STOTO UMITYJIbCA ObLIM U3Mepe-
HbI Ha KocMuUyeckux armaparax «Benepa-11» u «Benepa-12» ¢ TouHOCTbBIO, IpeBOCXOAsIeh 17,
DTa obsacTb pororpaduposasiack 17 Hoaopsa 1928 r. Beero mocieioBaTe/ibHO OBLIH 1Oy Y€HbI
4 NJIACTUHKY, TPUYIEM BPEMsl SKCIIO3UINKN Kazk 10#1 n3 nux onuto 40™. Ha Bropoit miractunke,
B TOYHOCTU HA TOM K€ MeCTe, TJIe CIIyCTs I0JIBeKa HabOJIIO/IAJICs TaMMa-UMITY/IbC, OBLIO II0-
JIYYEHO JOBOJILHO APKOE MATHBIIIKO, COOTBETCTBYIOINIEE 3BE3/IHOMY 00heKTY 10-ii BeJIMIUHBI.
Ha ocrajbHBIX IJIACTUHKAX HUKAKUX OOBLEKTOB sipue 15-il Bem4uuHbl He ObLI0. TIarenbHbIi
aHaJIN3 YJIUBUTEIHLHOTO MATHBIINKA MO3BOIUI IIPUATH K BBIBOJY, UTO HAOJIIOAJIACH BCIIBIIIKA
OIITUYIECKOTO UBJIyUYeHUsI, JTUTETbHOCTh KOTOPOW ObLIa BO BCAKOM ciydae MeHbie 10 MUHYT.
Henasuo BbiniostHeHHBIE HADJTIO/IEHNST HA OOJIBIIIOM OIITUYECKOM TEJIeCKOIe OOHAPYKUIN Ha Me-
cTe raMMa-BCbIKU 19 HosgOpa 1928 1. odyenb cadblit 00beKT 23-i1 BEJIMYUHBDI.

Bpst tm MozKHO coMHeBaThCA B TOM, 9TO 17 HOsA0ps 1928 1. Hab/1I0/1a/1aCh BCIBIIITKA, OIITHYE-
CKOT'O U3JIy9YeHHsI, CKOPee BCEro COIYTCTBYIONMAs raMMa-IMITyJIbcy. 2iajiko, KOHEYHO, 9TO TOT1a
He OBbLIIO raMMa-aCTPOHOMHUM. .. BayKHBIM pe3yJsIbTaTOM OIMUCAHHBIX HAOJIONEHW ABJIseTCH yCTa-
HOBJICHUE N06MopHocmuy BenbliieK. B ciaydae spienus 19 nosops 1978 1. mHTEpBa BpeMeHH
MEXKTy UMITYJIbCAMU, BEPOATHO, MeHbIe H() JieT njii paBeH 3Toil Bejimanne. J[10001bITHO, YTO U3
BCEX TaMMa-UMITYJIbCOB, 3aPETUCTPUPOBAHHBIX HA COBETCKUX aBTOMATHYCCKUX MEKIIJIAHETHBIX
CTAHIUAX, He OBLJIO HA OJIHOTO «ITOBTOPSAIONIErOCHA», T. €. IPUHAJIEXKAIIET0 OJJHOMY W TOMY K€
HUCTOYHUKY. DTO OOCTOSATEHLCTBO UMeeT OOJIBINOe 3HAYEHNE I ONEHKHU IMTOJTHOTO KOJTUYECTBa
UCTOYHUKOB UMITYJIbCHOI'O TaMMa-U3JTyYeHH.

[Ipu coBpeMeHHOI TyBCTBUTEILHOCTH JIETEKTOPOB TOTO M3/IYyYEHUS MOYXKHO 3aPETUCTPUPO-
BaTh (B CpeJlHEM, KOHEYHO) 1 MMIIyJIbC B JeHb. Fcam 3a napy jer paboThl 1eTeKTOPOB He GhLIO
3aMe4YeHO HHM OJHOT'O HMOBTOPHOI'O MMILYJIbCa, TO JIJIsd JIAHHOTO MCTOYHUKA CPEJTHUIl MHTEepBas
MezKJly HUMU 3aBeJIOMO MpeBocxoauT 2—3 roja. C Japyroil cTopoHbl, B ciaydae gBjeHus 19 HO-
st6pst 1978 1. 9TOT MHTEpBaJ, KaK MbI Bujeu, pased (uam menbiie) 50 rogam. MoxHo, odeHb
rpy60, KOHEYHO, NMPUHATH, YTO CPEJIHUI WHTEPBAJ MEXKJy raMMa-UMITyJIbCAMHU Y UCTOYHUKOB
coctapysieT npuMepHo 10 jer. 3a 9TO BpeMsi ¢ COBPEMEHHBIMHU CPEJICTBAMHU MOXKHO OBLIO Ha-
6romaTh ~ 3000 ucrounnkos. Ho Bece oHM (B cpejiHeM) — cpaBHUTEIbHO Oiin3Kne 06beKThI. 113
pacripe/iesieHus UCTOYHIKOB UMITYJILCHOT'O M3JIyU€eHUs 10 HeOY CJIe/IyeT, UTO HUKAKOW peasbHO
KOHIIEHTPAIUU MX K TaJJaKTUYeCKON IIJIOCKOCTH HET. DTO O3HAYAeT, UTO Jlake cjadeiiiiue u3
HUX HaXOJATCAd OT HAC HA PACCTOAHUU, MEHBIIIEM, YeM TOJIOBHHA TOJIIMHBI «JIUCKa», COOTBET-
CTBYIOIIETO WX MPOCTPAHCTBEHHOMY pacipeeeHnio. Tak KakK IMOTOKU M3JIYYeHHS OT CaMbIX
SIPKUX MaMMa-UMITYJIbCOB B HECKOJIBKO COT pa3 OoJIbIlle, 9eM OT CaMbIX CJIa0bIX, TO MOCJIETHUE
HaXOJsATCs OT HAC B cpegueM B 20—30 pa3 jasiblie, 4eM camble Oju3Kue (1, CIe0BaTebHO, B
cpejiHeM caMmble sipkue) ucrounuku. Hanpumep, ecyiu caMble 6JIM3KUE UCTOYHUKU UMITYJIbCHOTO
raMMa-u3JIydeHns yiaajieHbl Ha paccrosaue ~ 30 1c (paccrogHue J0 OJIMKANIINX MYIbCAPOB),
TO camble cyabble (T. e. B cpejiHeM Jasiekne) Oy/IyT HaxoanThest Ha paccrogaun ~ 1000 me. Coe-
JIOBATE/IbHO, MBI MOYKEM HAaO0JII0/IaTh UMITYJIbCHbIE UCTOYHUKU BHYTpU cdepbl pajumyca ~ 1000
1c, 9To cocrapisger ~ 3 - 107* obbema lamaxTuxu. 3HAUUT, TIOJHOE KOJIMUECTBO UMITY/ILCOB B
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23. PEHTIEHOBCKUE 3BE3/bI

lamaxTuke 3a 10 jer cocrasiser ~ 107. OgHOBPEMEHHO MBI TAKHM 0OPA30M IIOJYYaeM OICH-
Ky TIOJTHOT'O KOJTUYECTBA UCTOYHUKOB UMITYJILCHOIO FraMMa-M3/Iy9eHUs, TaK KaK CpeJiHee BpeMs
MEXKJTYy UMITYJILCAMHE Y OJIHOI'O UCTOYHUKA BBIIIE OBLIO NPUHATO paBHBIM ~ 10 rogam.

Hamra omenka, KoHeuHO, gBJIsieTCd OYeHb rpyboil, a IJIaBHOE — COJIEPYKUT IPOU3BOJIbHbBIE
9JIEMEHThI (HalpUMep, PAcCTOsiHUEe J0 OJIMKalIuX UCTOYHUKOB). JlajibHeline HaOJI0/IeHus,
0cobeHHO OoJiee CJIA0BIX MMITYJIbCOB, MO3BOJIAT 3TY OIEHKY CYIIECTBEHHO yTOYHHUTH. TeMm He
MeHee yrKe ceildac BHUJIHO, UTO IOJHOE YHMCJIO UCTOYHUKOB MMITYJIbCHOI'O MaMMa-U3JIyYeHUs B
[aIaKTHKe OYeHb BEJIMKO: OHO 3aK/oueHo, BepoaTHo, mMexkry 10° m 108, Huvero yausureasno-
ro B 9TOM HeT. Bpsm M MOXKHO Terepb COMHEBATHCA B TOM, YTO MCTOYHUKAMHU HUMITYIHCHOTO
raMMa-M3JIyIeHus sIBJIAIOTCA HEMTPOHHBIE 3BE3/Ibl, YUCJIO KOTOPHIX B [alakTuke JTI0/12KHO OBITD
o4eHb Besnko, ~ 108, DTo ciepyer u3 4acTOTHI BCIBIMIEK CBepXHOBLIX 11 THIa, B pesyibrare
KOTOPBIX U 00pa3yioTcs HeWTpoHHbIe 3Be3/1bl. (Co3/1aeTcsd BlIeUaTICHIe, UYTO CYIIECTBEHHAS, €C-
Ji1 He OOJIbINas YaCTh HEMTPOHHBIX 3Be3/I, KOIIa-In00 00pa30BbIBaBIIUXCA B ['ajaKTHKE, BpeMs
OT BPEMEHH M3JIyJaeT TaMMa-UMITYJIbChl. Pedub mieT, TyiaBHBIM 00pa30M, O CTapbIXx OObeKTax,
BO3PACT KOTOPBIX UCYNCJIAETCT MHOTUMU MUJIIapAaMu JjieT. Mbl Ipuxo M K IIpe/ICTaBIeHHIO,
4TO OOJIee UJIH MeHee IMePUOJIMIECKU TIOBTOPSIONINECs BCIJIECKH MATKOI'0 TaMMa-U3/1y YeHUS €CTh
dyH/1aMeHTAIbHOE CBOMCTBO HEUTPOHHBIX 3Be3J. TaKUM Ke CBOHCTBOM SIBJISIETCS WX PaIHOU3-
JIydeHue, MposiBJIArolieecsd B heHOMeHe myibcapoB. O IHAKO, KaK Mbl Bujien B § 21, myabcapbr —
9TO CPABHUTEBHO MOJIOJIbIE HEHTPOHHBIE 3BE3/IbI, BO3PACT KOTOPBIX 2—3 MUJIJINOHA JIET, MEYK LY
TeM KaK CIOCOOHOCTH K UMITYJIbCHOMY IaMMa-H3JIyIeHUI0 HEHTPOHHBIE 3BE3JIbI, TO-BUIUMOMY,
COXPAHSIOT «JI0 IVTyOOKOI CTApOCTU», KOIJIa UX BO3PACT UCUUC/IAETCS Y2Ke MUJLTUAD/IAME JIET.

[Toka Bompoc 0 MpUYMHE CAaMOI'O SBJIEHUSI TAMMAa-BCILJIECKOB Y HEMTPOHHBIX 3BE3]I IIOKPBIT
IYCTBIM TyMaHOM. MOXKHO TOJIBKO BBICKA3bIBAThH PA3HOTO poja runore3nl. [Ipm Bcex ycmoBusax
BasKHO OIEHUTDL dHEPTreTUYeCKUe COOTHOIIEHUs. KCu NpUHATH, YTO pacCTOsdHME JI0 OJIrmKaii-
IMUX MCTOYHUKOB MMITY/IHCOB OKoJo 30 TIC, a MOTOK 3Hepruu B umiyiabce ~ 1074 spr/cm?; To
nojHag sHeprus usaydenus oyner ~ 1037 spr. 3a HECKOILKO MUILIHAPIOB JIeT OyleT U3JIyde-
Ho ~ 3 - 10% apr — BesmYMHA, HUYTOKHO Majas 110 CPABHEHHUIO ¢ 3HepPrueil rpaBUTAIMOHHOI
CBSI3U HEATPOHHON 3Be3/bI (~ 10%3 5pr). Kpasunepunojundeckuii xapakrep siBJIEHUS HABOJIUT
Ha MBIC/Ib O TIOCTEIIEHHOM HAKOIIJICHUU KAKOW-TO HEYCTOMYIUBOCTH, KOTOPasi BpeMs OT BPEMEHU
KaK Obl «cOpachiBaeTCs». BIo/iHe BOBMOXKHO, 9TO CYIIECTBYET IyOOKas CBA3b MEXK/Iy OITMCAH-
HBIMU B § 21 «3Be37I0TPsICEHUSAMI» M BCILIECKAMU TaMMa-nu3JIydenns. Takoe «3Be310TpsICEHIes
MOXKET IIPUBECTU K CUJIbHENIIEMY BO3MYIIEHUIO MArHUTOCKhEPbl HEHTPOHHO 3BE3/IbI, CTUMYJ/IU-
PYIOIIEMY BCILJIECK FaMMa-u3JIydenud. pyras rurmoresa NCXOUT U3 aHAJIOra «BYJTKAHUIECKOTO
U3BepXKEHUA», KOrjia borarasd HEHTpoHaMU HepaBHOBECHas MaTepus HeJIP HEHTPOHHOMN 3BE3IbI
[IPOPBIBAETCS Yepe3 «TPEINIUHbI» Ha €€ MOBEPXHOCTD...

Tosibko OymyIIIIe HAOTIOAEHNS TIOMOT'YT C/IeJIaTh TPABUIBLHBIN BBIOOD MEXKTY Pa3IUIHBIMU,
KaK [PABUJIO, JIOBOJILHO SK30THIECKUMH BO3MOXKHOCTSMU O0bICHEHUS TPUPOJIbI KOCMUYECKUX
raMMa-UMITYJIbCOB.

1975 rom B peHTreHOBCKO aCTPOHOMWM IIPOIIE/T T0JT 3HAKOM PEHTTEHOBCKUX BCILIECKOB.
Onnospemenno paboratormue tpu ciyTHuka — «AHC», «SAS-3» (CIIA) u «Apusib» (AH-
[JIUsT) HENPEPBIBHO TOJIydajn OoraThlii HaOIIOMaTeIbHBI MaTepual. BblIO yCTaHOBIEHO, ITO
Berwtecku, ucxojsmye or NGC 6624, mouru nepuoaudHbl; HabJII0/Ia1ach TOCIe10BaATETbHOCTD
BCILJIECKOB, Pa3/leJIeHHbIX IpoMexKyTkamu Bpemenu 0,22 cyrok. Brpouem, depes mecd 3T0T
MHTEPBaJl CUJIbHO YKOpOTWiIcsa. Bekope ObLin oOHapyKeHbl PEeHTI€HOBCKUE BCILIECKH OT JIPY-
rux mapoBbix ckortennit, Hanpumep, NGG1851, NGC 6388, NGC6541 n psma apyrux. OdeHb
MHTEPECHBI!l NCTOYHUK PEHTTEHOBCKUX BCILIECKOB OB OOHAPYZKEH OKOJIO TaJaKTHIECKOrO IeH-
Tpa. «KBasnumepnoi» peHTreHOBCKUX BCILIECKOB B 3TOM CJIydae OKa3aJICs PEKOPIHO KOPOTKHM,
okosio 17 ¢. Or 3TOro MCTOYHUKA y2Ke HABJIIOIAIOCh HECKOJIBKO THICSY MMITYJIbCOB (CM. pHC.
23.15).

JITOOONBITHO OTMETHTD, YTO MOIIHOCTH KaXKJ0T0 OTJEIBHOIO BCILIECKA OT YKA3aHHOTO HC-
TOYHUKA TeM OOJIbIlle, YeM JJINTeTbHee «CIIOKONHBIIY WHTEpPBAJI BPEMEHU 0 IOCJIETYIOIIEro
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Puc. 23.15. Bamnuch Beiiecka peHTTEHOBCKOTO n3jrydenus or ncrounnka MXB 1728—34.

Beiiecka. Co3/1aeTcs ONPe/IeJIeHHOE BIIEYATIIEHUE, YTO BCILJIECK OIPEJIE/IAETCS TOCTEIeHHBIM
«HAKOILJIEHHEeM» HEKOTOPOTO 3alaca SHEPIUH, KOTopasd 3aTeM OBICTPO 0CBODOKIAETC. DTO MO-
JKeT ObITh, HAIIPUMED, HAKOILJIEHUEM T'a3a B CUJIBHOM MarHUTHOM T10JIe MarHuTOC(hepbl HERTPOH-
HOI1 3BE€3bI C MOCJIEIYIONUM OBICTPBIM <«BBICHIIIAHIHEM» Ha ee MoBepxHOCTh. [locse Toro, Kak
KOOP/IMHATHI TOI0 MCTOYHMKA OBLIM OIIPEJIEJIEHbI ¢ TOYHOCThIO ~ 1') Ha ero mMecre B KPacCHbIX
Jaydax ObLIO OOHAPYKEHO JIOTOJe HEM3BeCTHOE (M3-3a CHJIBHOIO MEXK3BE3JIHOIO MOTJIONIEHH
cBeTa) MIApOBOE CKOILJIEHHE.

B macrosmee Bpems (madano 1983 r.) 12 (3 35) TakuX MCTOIHUKOB PEHTTEHOBCKOTO M3JIy-
deHusi (TOJIyYUBIINX Ha3BaHUE «0apCTepOB») OTOXKIECTBIISIIOTCS C IAPOBBIME CKOILJIEHUSIMU,
BepHee, C UX CAMBIMU IIEHTPAJILHBIMU YaCTIMU.

Tor daxt, 9T0 TPOCTPAHCTBEHHOE pacIpejiesieHne 0apCTEepOB TAKOe Ke, KaK U IMapOBbIX
CKOILJIEHWIi, O3HAYAET, UTO TH PEHTIEHOBCKUE UCTOUYHUKHU MIPUHAJJIEZKAT K crapeiiimemy («BTo-
POMY» ) THILY 3B€3HOTO HaceseHus Hared [amakruku. [lo-Buamvomy, 3HaUNTEIbHAS, €CTH HE
GoJIbIAsT, YaCTh PEHTIEHOBCKIX UCTOYHMKOB B TyMaHHOCTH AHJpoMesbl (M. puc. 23.2) saBjis-
ercd Oapcrepamu. B sroit ranakruke 17 u3 224 oOHApyKEHHBIX PEHTIEHOBCKUX HCTOYHUKOB
HAXO/IATCS B MapOBbIX cKomieHusAx. Beero B M 31 nacumreiBaercs 237 MIApOBLIX CKOILUIEHUM, B
TO BpeMd Kak B Hamell ['ajakTuke nx okoso 150.

Beire, zHa crp. 269, MbI y2Ke TOBOPUJIN O JIBYX TUIIAX PEHTI€HOBCKUX UCTOYHUKOB B ['asiax-
THUKE, UMEIOIINX, COOTBETCTBEHHO, «ILJIOCKOe» W <«IoJiycdeputeckoe» pactpejesenne. Termepnb
MBI MOYKEM TIePBbIe OTOXK/IECTBUTH C MaCCUBHBIMU JIBOHHBIMU cucTemamu Tumia [lenrasp X-3, y
KOTOPBIX «OINTHYECKUM» KOMIIOHEHTOM $IBJISIE€TCs IOJIyOOil MacCHBHBIN cBepxrurant. Vcrounu-
KU BTOPOT'O THUIIA — 3TO DAPCTEPHI U CXOJIHbIE C HUMH CTapble O0bEKThI, Y KOTOPBIX MOIIHOCTD
PEHTI€HOBCKOT'O M3JIydeHHs [IPUMEPHO TaKasd Ke, KAK Yy NCTOYHUKOB | THIia, HO 32TO MOITHOCTD
ontudeckoro masydenus ~ B 1000 pa3 menbine. XoTs JIBONCTBEHHOCTh OAPCTEPOB MOKA €IIe
He JIOKa3aHa MPsIMBbIMIA HAOJIIOIEHNSIMA, BPSIJT JIM B 9TOM MOYKHO cOMHeBaThbcs. HampammBaercs
BBIBOJI, YTO y 0apCTEPOB M CXOJHBIX ¢ HUMU OOBEKTOB ONTHYECKUM KOMIIOHEHTOM SIBJISIETCS
MaJIOMaCCUBHBII KpacHbIll Kapuk. OObeKTaMu, CXOJIHBIME 0 CBOEH IPHUPOJE ¢ bapcrepami,
MOTYT OBITH sipuaiiniue ucrounuku Ckopruon X-1 u Jlebeap X-2.

Bepnemcsa Tenepb K «00bI9HBIM» OapcTepam. JlokazaHo, YTO OHU MCITYCKAIOT PEHTTE€HOBCKOE
U3JIyUeHre U B MIPOMEKYTKaX MKy BCHbImkaMu. CyIecTBeHHO, YTO SHEPrus, U3JIydeHHAas
MeZK/Ty BCIBIITKAMHU, TPUMEPHO B CTO pa3 MPEBBINIAET SHEPTHIO, U3IYIEHHYIO IIPU BCIIBIIITKAX.
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D10 06CTOATETLCTBO UMEET PEIIAIONIee 3HAUCHIE J1JIsl TOHUMAHUS TPUPO/IbI PEHTI€HOBCKOTO 13-
Jgydenus: bapcrepos. Mziydenne 6apcTepoB B TPOMEXKYTKAX MEXKJTYy BCIBIIITKAMHU OOYC/IOBJIEHO
aKKperueil raza OT BTOPOIO KOMIIOHEHTA JIBOWHOW CHCTEMBI, ITOJ00HO TOMY, KaK 3TO IMPOUC-
XOJUT B MaCCHUBHBIX JBOWHBIX cucTreMax. OJIHAKO, 110 Mepe HAKOIJIEHUs BEIIECTBA Ha ITOBEPX-
HOCTH HEHTPOHHON 3BE€3/[bI, BOSHUKAIOT OJIATONPUSTHBIE YCJIOBUS JIJIsi TEPMOsIJIEPHOTO B3PbIBA
Ha ee IOBEPXHOCTH, BBI3BIBAIOIIETO0 MOIIHYIO BCIBIIMIKY PEHTTEHOBCKOTO m3yydenusd. llpu Ta-
KOfl BCIIBIIIIKE HAa I'PaMM BelllecTBa Bblieasercsa Oc? sueprun (e d = 1072 — «ynakoBouHbIil
spdexT» 1pu cunTe3e Aep), a IpU akKKpelun Ha Heiirponmnyio 3se3ay 0,1¢? spr/r. Tenepsb mo-
HATHO, TIOYeMy SHEePrus, n3JjydaeMasi MexK Iy Bciuleckamu, nmpuMeprHo B 100 pa3 mpeBocxoguT

9HEPIr'uio, U3jiy49YacMylo IIpu BCHJIGCK&Xl.

Cy1ecTByeT moJIHAST aHAJIOTUST MEXK/ 1y OapcTepaMiu 1 OOBITHBIMU HOBBIMU 3BE3/1aMU, BCIIBIIII-
KI KOTOPBIX 00YCJIOBJIEHBI TEPMOSIEPHBIME B3PbIBAMU BOJIOPO/IA, CKAILINBAIONIEr0Csd Ha ITOBEPX-
HocTu Oestoro kapsnka. OnTuaeckoil acTpPOHOMUH JITABHO U3BECTHBI TEKYJISIPHBIE 3BE3/IHBIC 00b-
€KTbI, SBJIAIONINEeCS TECHBIMU JIBOMHBIMU CUCTEMaMU, OJHA M3 KOMIIOHEHT KOTOPBIX — OeJIblil
Kap/uK. MOXKHO TTPOBECTH MHTEPECHYIO AHAJOTHIO MEYKJLy TAKMMU CUCTEMAMHM W CUCTEMAaMH,
COJIEP2KAIIMMEI HEHTPOHHYIO 3BE3/Ty. 3aMETUM, 9TO CBOWCTBA TECHBIX JBOMHBIX CHCTEM 3aBUCHT
ere OT XapaKTepa MepeTeKaHMs BelecTBa Ha KOMIIAKTHBIA 00beKT (3Be3/IHbI BeTep, mepere-
KaHHe Yepe3 JIAUPAHKEBY TOUKY ).

VY KJIACCHMYECKUX HOBBIX 3Be3] JlaHa KOMIIOHEeHTa (HEKOMIIAKTHAs) — KPACHBIA KapJiuK, a
Jpyrag — OeJIblil, MpUYeM IepeTeKaHrue BEIeCTBa OCYIIECTBIIAETC Yepe3 JIarPaHKeBY TOUKY.
Ecim 2xe 01101 13 KOMIIOHEHT OeJI0r0 KapJ/inKa sB/IgeTcsd KpacHbIi TUTaHT, HaOJIIOIAI0TCA «HOBO-
110/1I00HBIE» 3Be3IbI. VIX «PEHTTeHOBCKNM aHAJIOTOM» MOTYT CJIY?KUTH HEKOTOPBIE «BPEMEHHBIE
HCTOYHUKH, O KOTOPBIX Pedb IILjIa BbIle. Y KapJuKoBbIX HOBbIX Tuiia U BiusHernos (eM. rir. 14)
sJIEPHBIC BCIBIIIKYA Ha TTOBEPXHOCTH OEJIOT0 KapJ/IMKa He IIPOUCXO/IAT. PEHTTeHOBCKUM aHAIOTOM
TaKUX CUCTEM MOTYT ObITh cTapbie ncrounuku tuna Ckoprmon X-1 u Jlebeap X-2.

OrpomHoe yBesIMdeHre 1yBCTBUTETBHOCTU JIETEKTOPOB PEHTIEHOBCKOTO M3JIyUeHUs Ha KOC-
MUY€ECKOl 00cepBaTOPUHN « DUHINTENRH» OTKPHLIO BO3MOXKHOCTD U3y4YaTh CPABHUTEIBHO CJIa0bIe
UCTOYHHUKHU. DBLIO OTKPBITO M UCCJIEIOBAHO PEHTIEHOBCKOE U3JIydYeHUWe OT MHOTHX JIECATKOB
3Be3J[ — <«KapJUKOBBIX» HOBBIX Tuiia U Bimsnenos, HOBOMOJOOHBIX M JIDYIUX MEKYJISPHBIX
00beKTOB. VcKmouanTeIbHBIIE THTEPEC TPEJICTaBIgeT UCCICTOBAHNE OOBITHBIX 3Be3]1 IVIABHOM
[IOCJIEJIOBATEILHOCTH, PEHTTE€HOBCKOE M3JIy4YeHHe KOTOPBIX O0YCJIOBJIEHO uX koponamu. Cpas-
HUTEJbHBI aHaJIN3 KOPOH Y 3B€3/l PA3HBIX CIEKTPAJJIbHBIX KJIACCOB COBEPIIEHHO IIO-HOBOMY
[IOCTABUJI TIPOOJIEMY COJIHEYHOH aKTUBHOCTH.

Bepnemcs tenepnb K npobiieme 6apcrepoB. Kak 00bsACHUTH TOT YJAUBUTE/IBHBIN (DAKT, ITO
6ostee 1/3 UxX BXOIAT B COCTAB MIAPOBBIX CKOILIEHUI, B KOTOPBIX 3aKJodeHa Bcero 1/3000 Beex
crapbix 3Be37! CKopee BCero, Takue JIBOWHBIE CUCTEMbI (KPACHBIN KApJIMK ILII0C HEHTPOHHAS
3Be371a) 00pa30Ba/IUCh TOJBKO MPU 3aXBaTaX JO ITOrO OJAMHOYHBIX 3Be31. [Ilpu 3roM m306BITOK
SHEPTUH IIejT Ha BO30Y2KJeHNe KoJIeDaHuil B TOJIIINE KPACHOTO Kapjuka. OUeBHIHO, 3aXBATHI
MOTIJIM TIPOUCXOJIUTH TOJIBKO TaM, TJie 3Be3/Has IJIOTHOCTb OYEHDb BEJIUKA, & OTHOCUTE/IHLHDLIE
cKOpoCTH MaJibl. Takue ycjaoBusi peaim3yioTcsd B djpax IapoBbix ckoiienunit. Hekoropbre 6ap-
CTephbl CO BpeMeHeM MOTJIN ITOKUIaTh IapoBble CKoILieHus. Jla u mapoBble CKOILJICHUsT MOTJIN
paspymarbes. VMeHHO TakuMm 00pa3oM MOIVIM BO3HUKHYTH OapCTepbl, HE CBI3aHHBIE C MIAPO-
BBIMU CKOILTEHUSIMHA.

LY Gapcrepa, pacroioskeHHOro OKOJIO raJaKTHuecKoro MeHTpa (CM. BbINIe), HApAay ¢ 17-CeKyHIHBIMI M-
IIyJIbCAMU, BBI3BAHHBIMU aKKPelueil ra3a, 00HAPYKEHbI 3HAYUTEIHLHO 00JIee «PEIKHey BCIJIECKH TEPMOSIEPHOrO
IIPOUCXOXK JICHUS.
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§ 24. YEPHBLIE ABIPHI 1 TPABUTALMOHHBIE BOJIHBI

OCHOBOIIOJIO;KHUK TEOPUH BHYTPEHHET'O0 CTPOCHUS 3BE3/1 BBIIAIONIINICI AHTJIMICKII yIeHbIi
A. C. 9pmarToH OB, KAaK W3BECTHO, KPYITHEHIIIINM 3HATOKOM ODIIeil TeOpUM OTHOCUTETHHOCTH.
OH BIIEpBBIE BO BpeMsl COJTHETHOro 3arMeHus B 1919 1. u3Mepn1 npeackasaHHoe DIHIITEHHOM
OTKJIOHEHUE CBETOBOIO Jiyda OT YJIAJeHHOI 3Be3/ibl B 1oJie Tsarotenus Cosiara. Tem mHTEpec-
Hee IOJIHOE TOPHKOIo IeCCHMU3Ma 3aMevaHue DJJIUHITOHA, UTO 00Ias Teopusl OTHOCUTEIhb-
HOCTH — 9TO «KPACUBBIHl, HO OECILJIOMHBIN 1IBETOK». DTO 3aMeUYaHre BO BPEMEHA O JIMHITOHA
OBLIO COBEPIIIEHHO CIIpaBeINBO. JleficTBUTE/IbHO, eciu crienrasIbHas TeOpUs OTHOCUTE/THLHOCTI
OYKBaJIbHO 3a HECKOJIBKO JIET «3aBoeBaJiay (PU3UKY, & B Te€UEHUE IMOCJCTHUX JTECATUICTHN U
TeXHUKY (HAIPUMED, JIEKTPOHUKY ), TO COBCEM IO-J[PYIOMY CJIOXKUJIACH Cyjbba obIeii Teopun
oTHOCcHUTe/IbHOCTHU. [loX0Ke Ha TO, 94TO OHA ObLIa CO3/aHa reHneM DIHINTERHa IBHO MTPEXK IeBpe-
MeHHO. B camom jiesie, co BpemeHu myO/iMKanun OKOHIATEILHOTO BapranTa 1ot reopun (1916
I.) TMPOIILIO OKOJIO 70 JieT. DTOT OrPOMHBII [IEPHO/| B HCTOPUH HAYKH MOYKHO Da3/Ie/IUTh Ha JBE
gactu: jio 1963 r. u nociae 1963 r. B redenue nepBoro mepuojia odbIIas TeOpuUss OTHOCUTEIb-
HOCTHU 3aHUMaJia BeCbMa 000COOJIEHHOE IOJIoKeHNe B (PU3MKe W aCTPOHOMUU, Oy/IyUd ¢ HUMU
o4t He cBA3aHHON. CTOJIb HEOOBIYHAST CUTYAINS 00bsICHAETCS HUITOXKHO MAJIOW BeJTUINHOMN
IIOIIPABOK, KOTOPYIO B HHIOTOHOBY TEOPHUIO IPABUTAIINKA BHOCHT OOIIasi TEOPUsi OTHOCUTETHLHOCTH
B «HOPMaJIbHBIX» JIAOOPATOPHBIX WM KOCMUYECKHX YCJIOBHAX. B camom Jiejie, 3TU TOIPaBKU
[0 TIOPSIJIKY BEJIUYUHBI PaBHBI OTHOIIEHUIO HHIOTOHOBCKOI'O I'DABHTAIIMOHHOIO IMMOTEHITHAJA K
KBaJIpaTy cKopocTu cgeta, T. e. GM/c®* R. MoxHO y6euThest, 9TO TOUTH JIjId BCeX 00beKTOB
[aJlaKTHKK 9T IONPaBKH MeHbie, 9eM 107°, u Toabko j1s 6e/IbIx Kap/IuKoB ¢ UX CPaBHUTE b
HO BBICOKHMM I'DABHTAIIMOHHBIM HOTEHIIHAJIOM IIONpaBKH jocturaior 3 - 1074 B To ke Bpemd
npuMenerne 3pdeKToB 00Iel Teopun OTHOCUTEIBHOCTH K KocMojiorun (Ppujaman) He MOTIO
KOHTPOJIMPOBATLCA aJIEKBATHBIMU HAOJIOJEHUSIMI TaJIaKTUK, TaK KaK 3TU HaOJIIO/IeHIS OrpaHu-
IMBAJIICH KPACHBIMEA cMernernsaMu AN/A = 2 ~ 1072,

B cymuocTn roBopst, Bce BeJIMIECTBEHHOE 3/IaHNE TEOPUH OITMPAJIOCH HA TPHU IIPE/ICKa3aHHbIX
eto 3ddekTa, KoTopble ObLIM HACTOJBKO MaJibl, YTO U3MEPSIUCh TOJHKO Ha IIpeesie BO3MOXK-
HOCTH TOTJIAIIHEl n3MepuTe/IbHOI TexHuKN. Peub uaer 06 OTKJIOHEHUN CBETOBOIO JIyda B I10JIe
COJTHEYHOTO TATOTEHHUs, O I'PABUTAIMOHHOM KPACHOM CMEIIEHUU U 00 OYeHb MeJIJICHHOM JIBU-
xennu repurenud Mepkypusd. uctponoprinsg MexK Ty BeTMIUEM TeOPETUIECKUX IMOCTPOEHUN 1
HUYTOKHOCTHIO KOHKPETHBIX IPUJIOXKEHIT Obljia pa3uTe/IbHOIA.

Curyarus pe3ko n3MeHnIach HaamHast ¢ 1963 1., Koraa 6L OTKPBITHI K68a3aPbl C UX OTPOM-
HBIM KPaCHBIM CMeIlleHreM, HECOMHEHHO, KOCMOJIOTnYecKoil mpuposl. [lepemennocTs onTnye-
CKOTO U DPaJINOM3JIyUeHUs ITUX OOBEKTOB HMPUBOJUT K BBHIBOJLY 00 MX KOMIIAKTHOCTH, UTO B
COYETAaHNM C X OOJIBIIUMHU MacCaMM TO3BOJIAET OKUJIATh 3HAYUTETLHBIX PEIATUBUCTCKUX I10-
MIPABOK K WX I'PABUTAIMOHHOMY moTeHInasry. B 1965 1. ObLI0 OTKPBITO Peaukmosoe usAy4eHue
Bcenennoii, orpazkarortiee ee pU3MIECKOE COCTOTHUE, KOIja OHA ObLIa B JIECATKH THICAY pa3
MOJIOXKe, deM ceifdac. TeM caMbIM PeIATHBUCTCKAas KOCMOJIOTUS TOJIYYINIa HacToAMi (yH-
JIAMEHT, OCHOBBIBAIOIINIICA HAa KOHKPETHBIX aCTPOHOMUYECKUX HAOIoeHusX. Eine uepes jBa
rojia, B 1967 r., ObLIM OTKPBITHI NYAHCAPHL, OKAZABIINECH HEHTPOHHBIMU 3Be31amu. s aux mo-
[IpaBKM, BHOCUMBbIe 0O0IIell Teopreil OTHOCUTETbHOCTH B HBIOTOHOBY TEOPHIO I'DABUTAIINU, YKE
HeJIb3d cunTaTh MajibiMu. Hakoner, B 1971 1. ObLIM OTKPBITHI PEHTTEHOBCKHE 3BE3/IbI, KOTOPbLIE
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c/IeJIajIu BIIOJTHE PeasibHO Mpob/ieMy 0OHAPYKEHUS YEPHBIX JBIP — 00BEKTOB, KOTOPBIE IIPOCTO
HeJIb3d MOHATH 6e3 00ITeil TeOpUN OTHOCUTETHLHOCTH.

Bce sTn BbIIaIONIMECH OTKPBITHS HAOJIIOATETLHON acCTPOHOMUN C/esIajl HAKOHEI-TO 00-
IIYIO TEOPHUIO OTHOCUTEILHOCTU HEOOXOIUMOM it U3yUeHusl U MOHUMAaHUs DyHIAMEeHTAIbHBIX
cBoiictB Beenennoit. C jipyroii cToponbl, OypHOE Pa3BUTHE TEXHUKU (DU3MIECKUX U3MEPEHHIT,
SIBJISTOIIEECS CJICJICTBUEM IIEPEKMBACMOIM HAMU HAYIHO-TEXHUIECKON PEBOJIIOIIH, PE3KO YBEJIU-
YUJIO BO3MOXKHOCTH HabJIIOIaTe IbHON TTPpoBepKU 3 DEKTOB 00IIeii TeOPpUN OTHOCUTETHHOCTH.
Ecnn panbiie sKcnepuMeHTAIbHBIM OCHOBAHUEM TEOPHH OTHOCUTEJHHOCTH OBLIO M3MepeHHe
U3BECTHBIX Tpex 3hdEKTOB (CM. BBIIIE), TO ceiiyac MOXKHO yKas3aTh 110 KpaiiHeil mepe Ha 20
PA3AUYHDLT OTBITOB, U3 KOTOPBIX 19 yrKe BBINOJIHEHBI. /19 BBITOJTHEHUS STUX BECbMa BayKHbBIX
9KCIIEPUMEHTOB TITUPOKO UCIOJIL3YIOTCs JTOCTUZKEHUS PAIN0aCTPOHOMUN, JIA3EPHOM 1 KOCMUYe-
CKOIT TeXHUKH, pajinojioKaruu. Hampumep, oxkujiaemoe pa3indne B X0/Ie 4aCOB Ha, TOBEPXHOCTHU
BeMM 1 Ha CIlyTHHKe, JBHKYIIEMCH 10 CHHXPOHHOf opbute, pasuo AP/P ~ 5-1071% B To
BpeMsl KaK cTabHIbHOCTD BOJOPOHBIX Ma3epHbIX acos coctapisger AP/P ~ 5-1071 3a muoro
mecsrneB. [Ipusegem eme onun npumep. CoryiacHo 0obIeil TeOPUN OTHOCUTETLHOCTH, PACCTOsI-
Hue Mexk ry 3emuteit u JIyHell JO/KHO MEPUOJINIeCKN MEHAThCS ¢ aMILINTYI0NH OKoJIo 1 M, B TO
BpeMs KaK COBpEMEeHHas Jla3epHasd TeXHUKA TO3BOJIAECT U3MEPHUTH 9TO PACCTOAHHIE C TOUYHOCTHIO
j10 15 cm. Hakower, ctout yrnoMsaHyTb, 9TO OTKJIOHEHUE Jiyda B moJie Tsarorenus CoJHia ceii-
Yac C HAMOOJIBIIEH TOYHOCTHIO M3MEPSeTCs PAJIMONHTEP(MEPOMETPUIECKUM METOJIOM, IIPUYEM
HUCTOYHUKAMU PAJINOU3JIYUEHUs sABISIOTCA KBa3apbl. B OJmKaiiime rojbl TOUHOCTb 3TUX U3Me-
penuit 6yner nosegena o 1072 or usmepgemoit emuunbl. HoBble IperusHOHHbIC U3MEpPEeHHsT
MIO3BOJIAT YTOYHUTH OOIIYIO0 TEOPUIO TATOTEHMS, KOTOPYIO, KAK BCAKYIO XKUBYIO 001aCTh HAYKH,
OTHIOJb HEeJIb3s CUNTATh 3aKOHYEHHON M pa3 HaBCerja JIaHHOM.

Mbur ceitvac ocranoBuMcs Ha 3 dexTax obIeit TeoOpun OTHOCUTETHLHOCTH, KOTOPBIE CJIE/LyeT
OXKWJIATh Ha 3aKJIIOYUTE/THHON CTaJIuM SBOJIIOIUN HEKOTOPLIX 3Be3j. Peub moiijer o easa
He caMoil «ropsdeil» MMpobjeMe COBPEMEHHON acTpodu3nKu — mpod/ieMe YepHbIX JIbIp. Kak
y7Ke HeOJTHOKPATHO YIIOMHWHAJIOCH, IOCJIe NCUYEPIIaHUs 3allacoB $JIEPHOTO TOPIOYEro J0CTaTOY-
HO MaccuBHbIe 3Be3/1bl (M > 2,5M ) JI0JIKHBI KATaCTPOMDUIECKN CKUMATBCH «B TOUKY», TaK
KaK HUKaKas CHUJIa YK€ He MOYKeT IPOTHBOJIENCTBOBATH CKUMAIOIIEN TaKyIO 3Be31y CHJe I'pa-
BUTAIIMU. B mpuHIUIle, KOHEYHO, TaKas 3Be3Jla MOXKEeT Ha 3aKJIIOYUTE/TbHOI (a3e cBoeil 3BO-
oy c6pocuTh (HAIpUMep, BO BPeMs B3DBIBA, IPHUBOJISINEIO K 00PA30BAHUIO CBEPXHOBOI)
«JINTITHIOI» MAaccy, M TOTJia KaTacTpPO(MUIECKN CKUMAIOIIAsCsd 3Be3/la «3aCTa0UIU3UPYETC»
Kak HelrTponnas. TpPymaHO, OJHAKO, 0XKHIaTh, YTOOBI 3Be3/1a Ha 3TOU (ha3e SBOIONUN «TOUHO
3HAJIa», CKOJIbKO eii HaJ0 COPOCUTHL MACChl, YTOOBI KAaTACTPOMUIECKOrO CKATUS B TOUKY He
npoun3onuio. Bo BcIKoM citydae, He BUJIHO TPUYUH, TIOYeMy Obl He CYIIECTBOBAJIM JOCTATOYHO
MAaCCUBHbBIE 3Be3JIbI, KOTOPbIE B KOHIIE CBOEHl dBOJIIOIUN HEOTPAHUYEHHO CKUMAJUCHL Obl. Tak
KaK BO BpeMd I'DaBUTAIMOHHOI'O KOJIJIAIICa MeXaHMIeCKOe PABHOBECHE 3BE3/1bl HAPYIIIAeTCs pes-
ko (T. e. cuIa TATOTEHUsI HA KOHEUHYIO BEJMUYMHY [TPEBOCXOUT CHJLY, BBI3BAHHYIO HEPerajioM
ra30BOrO JIABJICHNUS), TO CXKATUE 3BE3/IbI MPOUCXOUT MPAKTHIECKH CO CKOPOCTBIO CBOOOIHOTO
najenus. Yepes spems t1 ~ 1/4/6TGP 3Be3/1a COKMETCS JJOCTATOYHO CHJIBHO JIJIE TOTO, 4TO0BI
rPABUTAIMOHHBIN TTOTEHITNAJ CTaJl TAKUM OOJIBIINM, UYTO HEOOXOJMMOCTDb ydeTa MOIPABOK 00-
el TeOpUM OTHOCUTEIHHOCTU CTAHOBUTCHA OYeBUIHON. Eciu, Harpumep, cpegHsas IJIOTHOCTH
3Be3/Ibl P HavaJte KoJutanca ~ 108 r/em® (4ro 6/1M3K0 K IJI0THOCTH H30TePMUYECKOr0 BBIPOZK-
JIHHOT'O siJIpa Y MPO3BOJIIOIIMOHNPOBABIIEi 3Be3/1bl), TO t ~ 1 c.

Bajiata 0 XapakTepe IO/t TATOTeHU B C(hepPUIeCKr-CAMMETPUIHOM CIydae ¢ yIeToM 3d-
dekToB 00I1eil TECOPUH OTHOCUTEILHOCTH CPA3y Ke Mocje OIyOJIMKOBaHUs KJIACCHIECKO pabo-
ThI DHHINITEHA ObLJIa TOYHO pellieHa BblaatonuMces HemerkuM actpodusukom K. IIBaprmmib-
JoM (ormoM HbIHE 3xpaBcTByomiero mpodeccopa M. HIBapiimmibia, TaK MHOIO CJIEIaBIIETO
JiIst Teopun 3Bosiorn 38e371). [lonbsysics permenunem K. IIsaprmmibia, MOXKHO HaiiTH 3aBUCH-
MOCTBb PaJINyCa KOJIJIAIICHPYIOIIei 3Be3/IbI OT BPEMEHU TaK, KaK 3TO MPEJCTABIISAETCS IO TACAM
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«BHEIIHEr0» (HAIPUMEp, 3eMHOI0) HabOIIOMaTes:

_ c(t—ty)

r=rgt+(r—rge o, (24.1)

re 1y = 2GM/c® — Taxk Ha3BIBaeMBIl «TPABUTAIMOHHBIA pajmyc», a cdepa paauyca r, Ha-
sbiBaeTca «cdepoit sapummiabgay. 3amerum, uro g Comnna r, = 2,96 KM, a Jyid 3emiin
ry = 0,44 cM, 1 — pajauyc 3Be3[bl B MOMEHT t1, npudeM B dbopmyite (24.1) npenmosaraerc,
9T0 (rl — rg) < ry. HamomunMm, 4TO pajimychl HEHTPOHHBIX 3Be3J, TOJILKO B HECKOJBKO Da3
OoJibllle WX TrpaBUTAImoHHOr0 pajimyca. [Ipumenenue pemenus K. IIsaprmuibia k mpobiie-
Me KOJIIAIlCca HeBPAIAIOIIeicsl 3Be3/Ibl BIIOJIHE 3aKOHHO, TaK KaK MbI MOXKEM PacCMaTpPUBATDH
JIBUKEHNE KaXKJI0i TOYKHU Ha IMOBEPXHOCTH KOJLIAIICUPYIONIEH 3Be3/IbI KaK CBOOO/IHOE TaJIeHIe B
ceprIecKu-CUMMETPUIHOM 110J1e Tsirotenust. 13 dpopmysnt (27), Takum o6pa3oM, ciiejryer, 9To
C TOYKHU 3peHusd BHEIIHEI'O Ha6.HIO,ZLaTe.HH upu HpI/I6HI/I}KeHI/II/I T K 7"9 CKOPOCTD C2KaTud aCUMIITO-
TUYECKU 3aMeJTUTCS TPAKTHIECKN JI0 HyJisl. BHenHuit Habro1aTe/ b Huko2da He 3apUKCupyer
mepexo]1 cxKkuMaroreficst 3se3nbl nod chepy lBaprmuabmna — Begs MO ero dacam it 3TOTO
CXKUMaroIeiics 38e3/1e morpedyercst 6eCKOHETHO DOJIbIToe BpeMs. A MexK Ty TeM BoOOparKaeMblii
HabJIIo/IaTe b, HAXOIAIIMIICA Ha CXKUMATOIIeiicsa 3Be3/1e 1 KOJIIAIICHPYIOIIUil BMecTe ¢ Hell, Hu-
KaKUX OCOOCHHOCTEH, CBA3aHHbBIX ¢ nepecedenueM cdepnl [Baprimuibaa, ne 3amerut. [lo ero
JacaM HpOfIlLYT CHUTaHHbIE CEKYH/bI, B T€9Y€HHNE KOTOPLIX 3B€3/a W OH CaM CO2KMYTCA B TOY-
Ky. 37ech 3¢ dheKkTh 001eil TeOpun OTHOCUTETLHOCTH MPOSBJISIOT Ce0si CaMbIM Pa3UTETbHBIM
obpazom. ['py6o roBopsi, cMbICT 3TUX 3PHEKTOB COCTOUT B TOM, YTO B OY€Hb CUJIILHOM I'DaBUTA-
[IMOHHOM TIOJIE CKOPOCThH TE€UEHHUsI BCEX MPOIECCOB (10 YacaM BHEITHEro HabJIoaTesist) KpaiiHe
3aMeJIJISIeTCs.

C TOUYKHM 3peHMs BHENTHErO HaOJIIOaTe st B IPOIEcce IPABUTAIIMOHHOTO KOJLIAICA CBETH-
MOCTDb 3Be3/Ibl IIpU MPUOIMKEHNN ee PaJNyca K IPABUTAIIMOHHOMY OyJIeT KaTacTpOMUIECKH
OBICTPO TaJIaTh. DTO MAJEHUE CBETUMOCTH OOYCJIOBJIEHO COBMECTHBIM JIEfCTBHEM TI'paBUTAIlU-
OHHOIO KpacHoro cmerenusi, ddexra Jomrepa n abeppamnuu csera. Ha ocxoe Teopun K.
[IBapIrmuib1a MOXKHO MOJIYIUTE CJIEIYIONee BBIPAYKEHUE JIJIsi 3aBUCUMOCTUA CBETHMOCTH KOJI-
JIAIICUPYIOIEHA 3B€3/bl OT BPEMEHU:

2c
L — L067 3v3rg (t*tl).

(24.2)

B npenene ipu t — oo cBetumocTh L — 0, Tak ke Kak u 4actora u3jiaydenud. J[ns vado-
JIaTeIst JKe, CBSI3aHHOIO ¢ KOJLIATICHPYIOIIel 3Be3/1011, cBeTuMOocThb (10 ero dacam!) MOKeT jiazke
pactu. C TOYKM 3peHus Ke BHEITHero HabJIIoJlaTes s KOJUIAIICHPYIOMAs 3Be3/1a MPAKTUIECKH
IlepeCcTaHeT U3JIydaThb U IPEKPATHT CBOE CXKaTHe y T ~ T, 3a BpeMs (1o ero wacam!) ~ r,/c, T
e. ~ 107° c¢. CxazaHHOE OTHOCHTCH HE TOJILKO K (DOTOHHOMY, HO U K HEHTPHHHOMY HM3JIyYeHHIO
KoJLTarcupyioreit 38e3/bl. Kak nokazast B. JI. I'ma30ypr, MaruutHoe 1moJie KOJLIaICupyroreit
3BE3/bI IPH 7" — Ty TaKKe KaK Obl HCUe3aeT JJIs BHENIHero HaOIoiaTe .

Taxum 06pasoM, [T BHENIHero HabJojaTess 3a 04eHb KOPOTKoe BpeMs ~ 107° ¢ kosua-
IcUpylolasa 3Be3/1a Kak Obl «Iponajaers. Takoil 00beKT MoIydr/ BecbMa 0oOpa3Hoe Ha3BaHUe
«4depHOil JIbIpbly. Hukakoe uziaydenne — (HoTOHHOE, HEUTPUHHOE WU KOPIYCKYJISAPHOE,— U3
TAKOHl <«JIBIPBI» Y Ke He BBIXOAWUT. EJIMHCTBEHHOE, YTO OCTAETCS OT ITOI 3BE3/IbI /I BHEITHETO
MHpa,— 9TO ee I'PABUTAIMOHHOE TI0JIe, oIpejessemMoe Maccoit. Eciu, Hanpumep, B IBOHOI cu-
cTeMe OJ/IHa U3 KOMIIOHEHT CKOJJIAIICUPYET, TO 9TO HUYYTh HE OTPA3UTCA Ha JIBUKCHUU BTOPOH
KOMIIOHECHTBHI.

Yuer Bpalenus 3Be3/Ibl OCJIOXKHAET KaPTUHY I'PABUTAIIMOHHOTO KOJIJIATICA, HO KA9eCTBEHHO
ee He Menset. Cjie/lyer, 0JIHAKO, MOJMEPKHYTH, YTO HUKAKOE BPAIIlEHUE HE MOXKET IPEeJIOTBPa-
TuTh Kosutarc. Konewanoit crajueit 9BOIIONUH JOCTATOYHO MACCUBHBIX OOBEKTOB IOCJIE UCUEP-
MaHUs 3aI1aCOB fAJIEPHON SHEPIUU JIOJI?KEH ObITh KOJIJIAIIC.
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Tounoe perrenue 3ajadu 00IIEH TEOPUU OTHOCUTEILHOCTHU JIjisi ChEpUIeCKU-CUMMETPUY-
HOTI'O BPAIAOIIErocsi TPABUTUPYIONIETO Teja OBbLIO JIaHO CPpaBHUTEIBHO HejgaBHO, B 1963 T,
Keppom. D10 perienne oTmdaercst OOJBIMAM HU3SIMECTBOM W OTKPBIBAET BO3MOYKHOCTH JIJIs
JIOBOJIBHO JIFOOOITBITHBIX TEOPETUIECKNX yMo3aKIioueHuil. [IpuMenenne sToro permenus K mpo-
OJieMe KoJLTalca Bpallalolieiicss 3Be3/bl IMeeT CBOUM CJIEJICTBUEM TOJHLKO HEKOTOPOE OTIMYHE
XapaKTEePUCTUK TPABUTAIMOHHOTO IO/ BOJU3M CKOJIJIAIICUPOBABIIEH 3BE3/bI OT IIBAPIIIIbH-
JIOBCKOTO perenus. VITak, OT CKOJIJIAIICUPOBABITEH 3BE3/IbI OCTAIOTCS JIId BHEITHErO HAOJIIO/ A~
TeJsisl TOJBKO ee Xapakrepuctuku: 1) macca M, 2) Bpamaresbhbiit MoMeHT K. XapakTepHoe
«CTUpaHue» WHIMBUIYaTbHBIX XapPaKTEPUCTUK KOJIAIICUPYIONINX 3Be3/ IPU X aCHMITOTHIE-
CKOM TPHUOJINKEHUYN K IPABUTAIIMOHHOMY PaJINYCy M3BECTHBIN aMepUKAHCKUIl (pU3nK YUsaep
MOSICHUJT TAKUM a(hOPU3MOM: «UepPHBIE JbIPBI HE UMEIOT BOJIOC...»

B mociegane rogpl TEOPETUKH JTOBOJIBHO MHOIO 3aHUMAJINCH aOCTPAKTHBIMU MaTeMaTHIe-
CKUMU CBOMCTBaMM YepHBIX JbIp. HampuMep, nccieoBaInch BOSMOXKHOCTH CTOJIKHOBEHUST Tep-
HBIX JIBIP ¢ OOBIKHOBEHHBIMHU 3BE3JIaMU M MeXK Ty co0oii. OKa3bIBaeTCsI, 9TO MOC/IE TAKUX CTOJIK-
HOBEHUI MOTI'YT 0OPa30BBIBATHCSI HOBBIE U€PHBIE JbIPHI, IPUUIEM B T€UEHHE KOPOTKOI'O BPEMEHI
ry/c & 107° ¢ oHI By/IyT HAXOMUTHCS B CUJIBHO BOSMYIIIEHHOM COCTOSTHIM, XaPAKTEPU3YIONUMCS
MOIITHBIM U3JIyYeHIeM DABUTAIIMOHHBIX BOJIH (CM. HUZKE), TIOCJIe 9ero OHU OISITh «YCIIOKAWBa-
forcsi». CaMbIM 0OIIM 0Opa30M OBLIO JJOKA3aHO HECKOJIBKO BaXKHBIX MATEMATHIECKUX TEOPEM
o depHbIx Jpipax. ChopmynupyeM /1Be U3 HUX: a) 0Opa30BaBIIAsiCs KAKUM-JIHO0 CIIOCOOOM 1gep-
Hasl JIbIpA HUKOIJIA HE MOXKeT ObITh paspylleHa; 6) oJHa dYepHasl Jblpa HUKOLJIA HEe MOYKET
pa3aeauThes Ha JABE YepHbIE AbIPBI, XOTS 0OPATHBII IIPOIECC BO3MOXKEH.

Henasno, oiHako, aHTIMACK I TeOpeTHK XOYKUHT [IOKA3aJI, 4TO, CTPOrO NOBOPsI, TEOPEMa a)
HeBepHa: 00pa30BaBIINECT KAKIUM-TH00 00pa30M depHbBIE JIbIPhI 0UEHb MAJION MaCChl C TEUEHHEM
BpeMeHI Kak Obl «HcHapsorcas. OCTaHOBUMCS Ha STOM JIOOONBITHOM (beHOMeHe, Ka3aIoCh
ObI, paspylIIaIeM BCce HAIU MPEJICTABICHUT O YEePHBIX JbIpax, Oosiee 1oapobHO. CoryacHo
B3IVISIJIAM COBPEMEHHON (DU3MKY, BAaKYyM IIPEJCTABISET COOON OTHIO/IB He aDCOTIOTHYIO IyCTOTY,
B KOTOPOW JBUKYTCS pa3/IndHble MaTepuajbHble Tejga. Ha camom jeie BaKyyM — Kak OBl
OTPOMHBII pe3epByap, HaIlOJTHEHHBIN BCEBO3MOXKHBIME, TaK HAa3bIBAEMBIMU «BUPTYaJIbHBIMU»
JaCTUIIAMH U AHTUIACTHIIAMHE.

[Ipu orcyTcTBUN BHEIIHUX BO3JeiCTBUIT (HAPUMED, TI0JIeii) STH «BUPTYaIbHBIE» TACTHUIIbI
HE «MaTepHau3ylTCay, UX Kak Obl HeT. OJIHAKO JOCTATOYHO CUJIbHBIE WJIA TIePEMEHHBIE TTOJIs
(s71eKTpPHUUIECKOE, TPABUTAIIMOHHOE) BBIZBIBAIOT NPESPAUCHUA SUPTYAALHHIT YGCTNUY, 6 MAME-
PUGALHDLE, KOTOPBIE BIIOJIHE MOTYT ObITh HAOJIIO/IAEMBbI.

XOyKUHI' 0OpaTH/ BHUMaHUE HA TO, YTO KOJIJIAIICHUPYIOILYIO 3Be3/1y HeJIb3sd CIYUTATh abCco-
JIIOTHO 3aCTBIBINEH. XapaKTepHoe BpeMs M3MeHEeHHUs BCeX ITPOIeCCOB, OUYE€BUIHO, PABHO I'DaBH-
TAITMOHHOMY PaJInyCy, TO/IeJIEHHOMY Ha CKOPOCTL CBETa, T. €.

T=r4/c. (24.3)

JIpyroe jies10, 9TO caMa 6EAUYUMHA STUX ITPOIECCOB 110 Mepe I'PaBUTAIIMOHHOIO KOJIIAICa CTaHO-

BHUTCsI OU€Hb MaJIOi — 3Be3/a Kak Obl 3acTbiBaeT. CyTh J1e/1a, OJHAKO, B TOM, UTO U3MEHAOIIEEC s

IPABUTAIIMOHHOE OJIe «MaTePHaIN3yeT» TOJBKO Teé BUPTYaJbHbIE YacTHIb (HapuMep, GoTo-

HBI), ¥ KOTOPBIX YaCTOTa PaBHA XapAKTEPHON YacTOTe M3MEHEHWsI TPABUTAIMOHHOTO IOJIs, T.
1

e. Vg = ¢ = =. llo3TOMy B I'DaBUTAIMOHHOM TIOJI€ <«3aCTBIBIIEH» 3BE3/IbI — YEPHON JIbIPbI
g

JIOJIZKHBI HEIIPEPBIBHO POXKJIATHCA KBAHTHI ¢ 4acTOTOI, paBHoit V,. MIMeeT mecTo cBoeoOpasHbIii
pe3oHamnc.

Cornacuo pacyeram XOyKHHIa, YepHast AbIpa ¢ Maccoit M u3iydaer Kak abCOTIOTHO YepHOE
TeJI0, TeMIIEpaTypa KOTOPOro

hct 1026
T = = —, (24.4)
kg, M
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rae h = %[ — mocrosinHag Ilmanka, k = 1,4 - 107 — mocrosimuasa Bosbivana. MomHocTn
U3JIYIeHUsT YePHOMN JThIPbI
2
hc? 1015

L~—~10" — 24.5
TS M 3pF/C7 ( )

rie M — macca 4epHOU JbIPBI, BhIpayKeHHas B 'PaMMaXx.

3a cYeT 3TOro M3JIydYeHus YepHasl JbIpa TEePSIeT Maccy, a Pa3Mepbl ee HEelPEPbIBHO yMEHb-
matorcst. VI3 dopmyi (24.4) u (24.5) BUIHO, 9TO JJIsT «OOBIMHBIX» YEPHBIX JIBID, MACCa KOTOPHIX
M = 2-10% r, Temmeparypa T ~ 1077 K, a MOMIHOCTb H3JIyUeHHd IIPEMepHO pabHa 102
9pr/c, T. €. HUYTOXKHO MaJia. Takue 3Be3/HBbIE IBIPHI U3JIYyYalOT B JHANa30He CBEPXJIMHHBIX
(MHOTOKIJIOMETPOBBIX) paanoBoJH. Jpyroe neso, ecim macca 4epHOil APl MasieHbKast. Ta-
KI€ «MUHHU-JIBIPbI» B IIPUHIIAIIE MOTYT CYIIECTBOBATH KAK «PEJIUKT» OTJIAJEHHON 3110XU, KOT/Ia
Bo3pacT BeesileHHON ObLI 3HAYUTEIHLHO MEHbIEe MUKPOCEKYH IbI. 1o Mepe «rasiausi» («ucnape-
HUsI» ) MAaJIOl YepHOMN JBIPHI MOIIHOCTD M3JIy9€HUs M €ro YKECTKOCTh OyJeT PACTH W B KOHIIE
KOHIIOB MAaJIbIil OCTATOK JIBIPHI KaK OBl B3OPBETCS, MTOPO/UB BCIBIIIKY KECTKOTO TaMMa-I3JIyde-
Hus. JI060ILITHO OTMETHTD, uTo nocaeauue 109 r uepnas apipa uzaydaer 3a 0,1 c. 3a 310 Bpems
BuIpabaTbiBaercs sneprug mc? = 1030 spr, cooTBercTByIOMAs SHEPIUU B3PbIBa MUJLIMOHA Me-
TATOHHBIX BOJIOPOJHBIX OOMO! Bpems Ku3HU YepHOI IbIPhI ONPEIEIIeMOe TaKUM TPOIECCOM
ucrapenus, oyaer

t = 10" % JIer. (24.6)

Orcioza BUIHO, 9TO ec/I YepHble ILIphI obpaszosasuck ~ 1019 ger Tomy masan, xorma Beenen-
Hag ObLIa OYeHb MaJieHbKasd W IJIOTHAsl, TO JIO HAIeill STOXU MOTJIU <«JIOXKHTb» TOJILKO TaKHUe
JIBIPBI, Macca KOTopbix Gosibine 101 . imenno Takue JAbIpbl (€cjin OHI, KOHEYHO, CYHIECTBYIOT. )
U JIOJIZKHBI «B3PbIBaThCsI» B Hallle BpeMms. V3 Toro ¢akra, 9To TaKMX BCIBIIIEK MbI HE HAOJIIO-
JlaeM, MOXKHO CJIeJIaTh BBIBOJI, UTO 110 KpaifHeit Mepe B COTHETHON CHCTEME TAKUX «PEJTMKTOB»
HET U YTO TOJBKO OYeHb MaJiasg JacTh Macchl BcesleHHON MOXKeT HaXOJUThCA B (pOpMe MaJsIbIx
YePHBIX JbIP. JII0GOMBITHO OTMETHTD, YTO y YepHOil AbIphI ¢ Maccoil 10 r, T. e. MuLmap ToHH,
rpaBUTAIMOHHLIH pajauyc ~ 10713 ca, uTo 6M3K0 K KIACCHYecKOMY PaIyCcy 3JeKTPOHA...

OrpoMHBI# TEOPEeTUIECKUIT MHTEpPEC IMPEICTAB/SIET XapaKTep KOJIANCa ¢ TOYKH 3PEHUsI
BOOOPAaXKaeMOro HAOIOIATEIIsA, HAXOIAIIErocsd Ha KOJIIAIICHpOBaBIieM Tese. Kak y»ke roBopu-
JIOCH, MOMEHT IPOXOXKJIEHUST CXKUMAIOIIEHCs 3Be3/101 MIBAPIIIINIIbLIOBCKON cephl Jjis TAKOro
HAOJIIO/IATe/ I HUYEeM He BbIJEIeH. XOTsd IMOJHON SICHOCTU IO IMOBOJMY CYAbOBI CXKUMAOIIEHCS
3Be3/Ibl Y YYEHBIX IOKA HET, BCE YK€ He BUJIHO IPUYUH, ITOYeMy Obl €if He CKAThCAd B TOYKY.
BricKasbIBaINCh POOKHE HAJEK IbI, ITO CUTYAIINs MOYKeT OLITH JIPYToif mpH IIoTHOCTH ~ 1093
r/em® (1). Tlpu TaKuX MIOTHOCTAX JOKHBI CTAHOBUTLCS CYIIECTBEHHBLIME KBAHTOBBIC ABJICHUS
B CWJIBHBIX I'PDABUTAIIMOHHBIX ITOJIAX, XOTd UTO 9TO TaKoe, HUKTO TOJKOM ceifyac He 3HaeT. Pa-
3yMeeTCsl, KaK yKe IOMIePKUBAJIOCH BBIIIE, C TOYKHM 3PEHUs] BHEITHETO HADJIOaTe sl TaKast
CUTYyaIus HUKOIIa He peau3yercd. Ho 910 He 3HaYUT, 9T0 00Cy)KJIeHne 3TOM MPOOIeMbI JInIITe-
HO KAKOT0O OBbI TO HU OBLIIO (PU3MIECKOTO CMBIC/Ia. Besib mBapIinmibIoBckas chepa CymnecTByeT
OTHIOJIb HE TOJILKO Y 3Be3J1. JItobas Macca, B 4aCTHOCTH, CKOJIb YTOJIHO OOJIbINast, UMeeT CBOI
rPaBUTAIIMOHHBIHN pajinyc. M3BecTHo, 4TO ecyin ObI CpejiHss IJIOTHOCTH BellecTBa Bo Beesrennoit
npesocxomuiaa ~ 1072 r/cm?, Beesennas 6blna 61 3aMkHyTO#. Ho 9TO TO Ke camoe, 9To Bes
Bceenennas naxommach 661 10/ CBOMM I'DaBUTAIIMOHHBIM pajimycoM. [Ipu coBpeMennoM ypoBHe
HabJII0/IATEe/TbHON aCTPOHOMUN HEJIb3s MUCKJIIOYUTH BO3MOYKHOCTB. TOI'O, UYTO €Cjiu He Bes Bce-
JIEHHas, TO ee OTJeIbHbIE, JIOCTATOYHO OOIBINNE U MACCUBHBIE YACTH HAXOATCS BHYTPH CBOUX
MIBaPIIIIIBI0OBCKIX cdep. Hamprumep, HEKOTOpbIe TEOPETUKN CUUTAIOT, YTO B S/IPaxX TajJaKTHK
HUMEIOTCsI BECbMa MAaCCUBHBIE YePHbBIE JIBIPbI. 3aMETHM, UTO CPE/IHss INIOTHOCTD BEIeCTBA BHYT-
PU NIBaPIIIUIILI0BCKOI ceprl P o< 1/M?. TlosTomy, ecin Macca 4epHOit AbIpbl M J10CTaTOMHO

Be/uKa (Harpumep, ~ 10% + 109M®), TO CPEJIHAA IJIOTHOCTb OyJIeT CPaBHUTEIbHO HU3KOM, 1
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24. YEPHBIE JIbIPBI 1 TPABUTAIIMOHHBIE BOJIHBI

TaM, B IIPUHIAIE, MOI'YT HAXOJIUTHCS HE TOJHLKO BOOOparkKaeMble, HO UM BIIOJIHE peajbHble Ha-
omonarenu. Takum 06pa30M, BOIIPOC O TOM, CKUMAETCS JIM KOJLIAIICUPYIONIHI 0OLEKT B TOUKY
(T. €. 10 beckoneuro BBICOKOH TIOTHOCTH) WJIH YTO-TO €MY 9TO CJIeIaTh MEIIAET, IIPEeICTABIISET
OTHIOZb He aDCTPaKTHBIN mHTepec. Eile pa3 mogdyepkHeM, YTO OJIHO3HAYHOI'O OTBETA HA STOT
BOIIPOC IIOKa ellle HayKa He JaeT.

O/1HaKO pH BCell BaXKHOCTH STUX MIPOOJIEM Jijist aCTPOMU3UKOB (J1a U HE TOJIBKO acTpodu-
3UKOB) OCHOBHOE — 3TO OOHAPY’KUTh BO BeesleHHOi peasvhvie (TaK CKa3aTh, «KUBBIE», XOTS 1
JIMIIEHHBIE «COOCTBEHHBIX BOJIOC» ) YEPHBIE JIBIPHI.

B npunrune ceiivac MOXKHO yKa3aTh 10 KpaiiHeil Mepe Ha TPH BUJa TaKUX HabJrogaenuii: 1.
[TorcKn «HEBUMMBIX» YE€PHBIX JIBIP B JABOMHBIX (MM KPATHBIX ) 3BE3/HBIX crcTeMax. 2. [Tonckn
YEePHBIX AbIP B JABOMHBIX 3BE3JHBIX CUCTEMAaX, ABJIAIONINXCA MOIIHBIMU UCTOYHUKAMU PEHTIe-
HOBCKOTO m3yaydeHusd. 3. [lonckn rpaBuTannoHHOTO M3JIydeHusl, COITYTCTBYIONIETO KOJLJIAICY.

Yro KacaeTcsl MONCKOB HEBUIMMBIX, HO JIOCTATOYHO MaCCHUBHBIX KOMIIOHEHT B JIBOMHBIX CH-
cTeMax, TO CJIeJlyeT 3aMeTUTh, YTO 9Ta 3aJ@ada CTOJIb XK€ TPYJ/HA, KaK U HeolpeJie/leHHa. XOo-
Td pa3Hble aBTOPHI B IIOC/IETHIE T'O/IbI OOPAIa/JI BHIMAaHIE Ha HECKOJIHKO «IIOJ03PUTEIHHBIX»
JIBOMHBIX crcTeM (B TOM umcJie 3HaMennTas cucrema [3 Jlupsr, a takxke 6 Bimsuernos, € Bojoses
U sl IPYTUX OOBEKTOB), PE3YJIBTATHI UX AHAIM3a BCE YK€ HEe OTJINIAIOTCS ONPEJIeJIEHHOCTDIO, &
IJIaBHOE, OJIHO3HATHOCTbHIO. BeJib «HEBUIMMOCTh» MACCHBHOW KOMIIOHEHTHI HE 00s13aTe/IbHO 00b-
SICHSIETCST ee «IePHOJIBIPHON» TTPUPOIOii. 3Be3/IbI OOHAPYKUBAIOT YINBUTEILHOE PA3HOOOpa3ue
XapaKTEePUCTUK, OCOOEHHO B JBOWHBIX CHCTEMAaX (CM. § 14). Kpome Toro, Heb3st MCKIIOYUTH
BO3MOKHOCTD TOT'0, IYTO BOKPYT «II0J03PEBAEMOI» 3BE3JIbI UMEETCS IbLIEBOE 00JIaKO, JIe/IaoNIee
ee HEBUAUMOMA.

SHaguTeIbHO H0JIee TePCIIeKTUBHBIMU ITPEJICTABIISTIOTCS TONBITKA OOHAPYKUTH YePHBIE JIbI-
pPbl B TECHBIX JIBOMHBIX CHCTEMAaxX II0 PEHTTEHOBCKOMY W3JIyUE€HUIO OJHON W3 KOMIIOHEHT. B
npeJbIyIeM naparpade Mbl yzKe JJOBOJBHO IOAPOOHO 00CY2KIaIu PEHTIE€HOBCKUE ITyJIbCaphl,
ABJSAIONIMEC HETPOHHBIMU 3Be3/laMU, M3JIYYalOMMHU B PEHTIEHOBCKOM /JIMAlla30HE IO IPH-
ynHe akkpernun. MoxKHO cebe NpeJICTaBUTh COBEPIIIEHHO TaKUM 2Ke 00pa30M TECHYIO JIBOIHYTIO
cucTeMy, OJTHON M3 KOMIIOHEHT KOTOPO#l siBjisieTcsl depHas Jbipa. «Onrudeckasi» KOMIIOHEHTa
y TaKOil CHCTEMBI MOYKeT 3alOJIHATH CBOIO MOJIOCTh Porrra m MormHasg cTpys rasa OyJeT majaTh
Ha YepHyIo JAbIpy. Tak Kak cTpys rasa HeceT ¢ cob0il OOJIBINON BpallaTe/IbHbIII MOMEHT, TO OHa
obpaszyeT BOKPYT YePHOIl JIBIPbI OBICTPO BPAIAIONINICS ra30BbIil JUCK. JacTuipl, 00pasyorue
JINCK, OyJIyT BpalaTbCs BOKPYT YE€PHON JbIPbI NpHOJIU3UTEIbHO 110 3akony Keruiepa. M3-3a
BS3KOCTU YACTHIIBI JIUCKA OyJIyT HEIPEPBIBHO TEPATH BpaIaTeIbHBIII MOMEHT U YaCTh UX Oy/IeT
IIOCTETIEHHO «OCEeJIaThy B UEPHYIO JBIPY. B mporecce Takoro ocemaHns, Kak MOXKHO MTOKa3aTh,
ra3 OyJleT u3/Iy4aTh BO BHEITHee [IPOCTPAHCTBO YaCThb CBOEHl I'PaBUTAIMOHHON MOTEHIINATLHOM
SHEPIUHN.

B nporiecce oceanus raza B 4epHYIO JIBIPY TEMIIEpATypa BHYTPEHHUX YacTell JINCKa CTAHET
OYeHb BBICOKOI. TaKoil NCK MOXKEeT ObITh MOITHBIM MCTOYHUKOM DEHTTEHOBCKOTO HU3JTydIeHUS.
MorHocTh U CHEKTp U3JIYyYeHUs B IIEePBOM IMPUOJINKEHUHM TaKhe Ke, KAK U OT HEeHTPOHHBIX
3Be3]] — PEHTIeHOBCKUX IyJILCAPOB. Pazymeercs, peHTreHOBCKOe U3JIydeHne Npu aKKPEIun ra-
3a Ha YEPHYIO JBIPY HE MOXKET HOCUTH XapaKTep CTPOro MepUOJNIECKUX UMITYJIbcoB (Kak y [ep-
kyseca X-1 u lenraspa X-3). Ho Beab jaieko He Bce PEHTTEHOBCKHUE ITYJIbCapbl — HEATPOHHbIE
3BE3/1a — U3JIYYAIOT «CEKYH/HBIE» HMMITYJIbCHl. JTOMY MOXKET, HAIPUMED, OMEIIATh CHIHHOE
paccesiHue wia «HeGIaronpusiTHasi» (0 OTHOIIEHUIO K 3eMHOMY HaOJIIOIATeNI0) OPHEeHTAIIM
OCH BpallleHnsl HeHTPOHHOIT 3Be3/1bl. B TO 2Ke BpeMsl PEHTTeHOBCKUIT NCTOYHUK — TOPAYUNl KOM-
MAKTHBIN JUCK, BPAIAIONIUICA BOKPYT HEMTPOHHOM 3BE3/IbI, MOXKET U3-3a CBOETO OPOUTAIHLHOTO
JIBUKEHUSI BOKPYT «OITUYECKON KOMIIOHEHThI» IIEPUOJINYECKN 3aTMEBATHCS TOYHO TaK Ke, KakK
1 PEHTIeHOBCKUI ITyJIbcap.

Takum obpazoMm, B HNPHUHIAIE, CPEIN PEHTTEHOBCKUX HUCTOYHUKOB — KOMIIOHEHT TECHBIX
JIBOMHBIX CHCTEM MOI'YT OBbITh U UepHBIE JbIPbl. Pemmaromuii Tect, MO3BOJISIONIUN OTJINIUTH
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Puc. 24.1. Cxema, nosicustonast Bapuanun J1y4deBbix ckopocreit quaun He 11 4486 B «anTudazes
C JINHUSAMHY TTOTJIOIIEHUsT ONITHIECKOH KOMITOHEHTBI CHCTEMBI.

YEPHYIO JBIPY OT HEATPOHHOI 3BE3/Ibl, COCTOUT B OIIPEJIEJIEHUN MAaCChl TAKOTO PEHTTEHOBCKO-
ro ucroynuka. K coxkasenuio, 3Ta 3ajlaqa OKa3bIBaeTCs JlajeKo He mpocToil. V3 3aBucumocTn
JIYYEBBIX CKOPOCTEN ONTUYECKON 3Be3/IbI OT BPEMEHU, BHI3BAHHON €€ OPOUTAIBLHBIM JIBIKEHIEM
BOKDYT TIEHTPA TSAYKECTU CHCTEMBI, MOXKHO TOJIYIUTh TOJBKO (byHKIMIO Macc (cm. § 1), HO oT-
HIOJIb HE MACCy «HEBUIUMOI0» PEHTTEHOBCKOI'O MCTOYHUKA. Fc/in Obl pEHTT€HOBCKUIT HCTOTHUK
AMeJT TMYJILCAPYIONLYIO CTPOTO MEPUOJIUUECKYI0O KOMIIOHEHTY, TO B COYETAHUU C aHAJIN30M KPHU-
BOI1 JIy4eBBIX CKOPOCTEH ONTUYeCKON KOMIIOHEHTBI MOZKHO OBLIO ObI OIIPEJIE/IUTH MACChl KazK/10#
n3 KoMIoHeHT. Ho B ciiydae peHTreHOBCKOIO MCTOYHUKA, CBI3AHHOI'O C YEPHOU JIBIPOi, ITy/Ihb-
CUpYIOIell KOMIIOHEHTHI B PEHTT€HOBCKOM WU3JIydeHun He MoxKeT ObiTh. IIpum Takoii curyarun
IIPUXO/UTCS TIPUMEHSITh PA3HOI'O POJia KOCBEHHBIE METO/IbI, JTAJIEKO He BCeryla HaJeXKHbIE.

V2Ke HECKOJIBKO JIET 00CYZKIaeTCsi BOBMOXKHOCTD TOI'0, IYTO APKUMl PEHTTEeHOBCKUI NCTOUYHUK
JIebeap X-1 obycsoBJieH UepHOii Jibipoii. Kak M3BECTHO, 3TOT MCTOYHUK HAJIEYKHO OTOXKJIECTB-
JIeTCsI ¢ IPKOii 3Be3/10i1 Kjacca B, y KoTopoii JyIMHBI BOJIH CHEKTPAJIbHBIX JUHUI MEHSAIOTCS C
nepuojiom 5,6 aHd. I BOT nmogBmIoch coobienne, 4To JITHHA BOJTHBI JTUHUU U3AYYEHUA TOHIT30-
BAHHOTO TeJINd B CIIEKTPE 9TOH 3BE3/IbI MEHSETCHA C TEM Ke ITEPUOJIOM, HO ¢ ITPOTHBOIIOIOXKHO
dazoit. Eciu 661 5TH HaO/IIOAEHUS TOATBEPANINCH, TO €CTECTBEHHO ObLIO OBl CIYNTATH, ITO ITa
JINHUS U3JIyYeHUs] BOSHUKAET He B aTMocdepe «OINTUIECKOi» 3Be3bl, a B ra30BOil CTPye OKOJIO
PEHTIeHOBCKOI'O UCTOYHUKA UJIU B OKPYZKAIOIIEeM ero JucKe. Toraa MoHATHO, T0UeMY N3MEHEHUS
JIYYEBBIX CKOPOCTEH 3TO# JIMHUU ITPOTHBOIOJIOXKHBI 110 (pa3e M3MEHEHUsIM JIYIEeBbIX CKOPOCTEl
apyrux Jjuaui (puc. 24.1). 3 usMepeHHOro OTHONIeHMsI aMILIUTY/L JIyYeBbIX CKOPOCTell, Kak
JIETKO TTOHATDH, HEITOCPEICTBEHHO HAXOIUTCS OTHOIIEHNE Macc. TaK KakK Macca ONTHIECKOi 3Be3-
Jpl Kinacca B okono 20M ), a oTHOIIEHHE aMILIUTY/L JIy4eBbIX CKOPOCTei Kak OyJTO OKa3a/I0Ch
paBHBIM 1 : 2, TO cpa3y »Ke cJeJIoBaJ BayKHEUITNl BBIBOJ], 9TO MaCCa PEHTTE€HOBCKOU 3BE3JTHI
okoso 10M ). Tak Kax BepXHmil IpeJie/1 Macchl HeHTPOHHBIX 3Be3]1 0KOJIO 2,5M ), TO BBIXOJHIIO,
qto ucrtodHuk Jlebeap X-1 — depHas Jbipa. BoJbIIMHCTBO HccaeoBaTeseil B HACTOSIIEe Bpe-
Mg (1983 r.) cumraor, 9TO KOMIAKTHAS PEHTTeHOBCKas KoMnoHeHTa Jlebens X-1 nmeer maccy,
IIPEBBIMIAIONIYIO ECTh COJTHEYUHBIX, CJIEI0BATEIBLHO, SIBJISIETCA YePHOI JIBIPOI.

C mpobiteMoii cBepXMaCCUBHBIX Y€PHBIX JIBIP J0JIZKHA OBITH TECHO CBsI3aHa 00Iast Ipodiema
AKTUBHOCTH SJI€P TAJTAKTUK 1 KBa3apPOB, KOTOPOIl y/Ie/Is7I0Ch TaK MHOT'O BpDEMEHHU B aCTPOHOMUN
B TedYeHue MOCIeHEr0 JIeCATUIETHS.

Teneps HacTasa 1mopa MOroBOPUTH O MPHEME I'PABUTAIMOHHOIO M3/IyYeHUs KaK MeTojie 00-
HapyKeHUs KoJutarca 3Be37. Ho mpekse Bcero dmraresb JOKEH TOJYIUTH XOTS OBl caMoe
o0I1iee TIpeJICTaB/IeHNe O TPABUTAIIMOHHBIX BOJTHAX.

N3 3akona BcemupHOro tarorenns HbioTOHA cile/lyeT, 9TO rpaBUTAIIMOHHAS CHJIa yOBIBAET
C paccTOgHHeM KakK 7 2. 3aMeTHM, OJHAKO, UTO BBI3LIBAIOIIEE NPUTSKEHHE TEI0 IPEeINoJIa-
raeTcsl IIpu 3TOM TOYedHbIM b0 chepudeckum. lIpenacraBum cebe Ternepb, 9TO MPUTAKEHUE
BBI3BIBAIOT MACCHI, ABUKYIMECS B IIPeeax o0JIacTh, pa3sMepbl KOTOPOH MAJIbl IO CPABHEHHIO
C pacCcTOsTHUEM JI0 TOYKHU HabJIfoIeHnsI. B 3ToM ciiydae Mbl MOXKEM Pa3/Ie/JIUTh CUIY HTPUTAKE-
HUsI B TOUKe HAOJIIOEHNsT Ha J(Be JacTu. [lepBas dactb, sBidoniascs riaBHoii, pasaa G M/ r?,

296



24. YEPHBIE JIbIPBI 1 TPABUTAIIMOHHBIE BOJIHBI

-

Puc. 24.2. Cxema rpaBUTAIMOHHOTO KBaIPYIIOJIS.

rae M — cymMma Macc Tej, a ' — PacCTOSHUHE OT TOYKHU HaOJIIOJEHHSI 0 IEHTPa TAXKECTU CH-
CTeMBbI MACC, BBISBIBAIOIINX IMPUTsKeHNEe. BTopas 4acTh CHJIBI NPUTSZKEHUsST HOCUT XapaKTep
HeOOJIBINON JO0ABKH W 3aBUCHUT OT OTHOCHUTEJILHOTO PacCIOIOXKeHusl Macc. MOKHO IMoKa3aTh,
4TO 10 HOPSAJIKY BeJMYMHBI 3Ta «jlobaBka» pasha GMa?/r*. Ha puc. 24.2 upusenena npo-
creiflrasi cxema, WIIIOCTPUPYIONIasi cKa3aHnHoe. J[omoiHuTe/IbHAS CUJIa B 9TOM CJIydae paBHA
(GM12 4 GMp  GMiEMy) o 2GMa (rye monoxkeno My = My = M). Besmuuna, nponopiuo-
r+a) (r—a) r r

HasibHag M a’r, HOCUT Ha3BaHUe «KBAJIPYNOIBHBII MOMEHT» . KBaIpyIIOIbHBII MOMEHT OTIHYCH
OT HyJIsl HE TOJIBKO JIJIsl CHCTEMbI TeJI, HO U Jiisl JIIOOOr0 HECHMMETPUIHOIO Tesa (HalpuMmep,
TPEXOCHOTO 3Juuicona). KBaapymoabHbIii MOMEHT MOXKeT MeHsIThCs cO BpemeHeM. Tak Oyer,
HaIpuMep, y JIBOWHOMN 3BE3/IHOI CHCTEMBbI MJIM BPAIIAIOIIETOCT HECUMMETPUIHOrO Testa. B aTtux
caydasgX OH OyJIeT MeHsIThCsS CO BpeMeHeM cTporo nepuojndecku. CregoBaTebHO, Ha OCHOBA-
HUM HBIOTOHOBCKOI TEOpUN TSATOTEHHsI 00YCJIOBJIEHHOE KBAJIPYIIOJbHBIM MOMEHTOM YCKOPEHUE
«IIPOOHOI» YACTHUIBI B TOYKE HAOIIOAEHUsT OYIET TaKyKe MMEePHOINIECKN MEHSTbCS C TOH »Ke
dazoii, be3 BeaKoi «3aiepKKu». Beab Teopust HbioToHa MCXOAUT M3 KOHIEHIIUNA M2HO8EHHO020
daavrodeticmeus.

Ob6parum Terepb BHUMAHUE HA TO, YTO B I0JI€ TSATOTEHHUS PErUCTPUPYIONHEe TPUOOPHI MO-
IyT U3MEPATDH TOJBKO 0OMHOCUMEAbHBIE YCKOPEHUS, T. €. Pa3HOCMb YCKOPEHUN B JIBYX TOYKAX.
OTHOCUTE/IBHOE YCKOPEHHe OT TOYEYHOTO MJIN ChepuIecKu-CUMMETPUIHOTO Tejla, MEHAeTCsI C
paccTosgHIeM Kak 1/r? — 3TO XOpOINO M3BECTHOE BBIpasKeHWe JId NPUIMBHBIX cuil. Ksaapy-
IOJIbHAs COCTABJIAIONIAsS I'PABUTAIIMM OT CHUCTEMBbI T€JT UM HECUMMETPUIHOTO TeJa BhI3bIBAET
OTHOCHTE/IbHOE ycKopenue, pasHoe ~ GMa?l/r®, rie | — paccrogiue MeK Ly JBYMsl IPOOHBIME
qacTuamMu. Mbl BUJIUIM, 9TO 9TO OTHOCUTEILHOE YCKOPEHHe OUeHb OBICTPO yOBIBAET C PacCTOsI-
HUEM.

PengruBucrckass Teopus TATOTEHUSI B 9TOM IIYHKTE Pa/IMKAJIBHO PACXOJUTCH C HHIOTOHOB-
ckoit. CoryacHo 06Imeli Teopur OTHOCUTEJIBLHOCTH Jiid 7 > ¢t (rme ¢ — XapakTepHOe BPeMsi
U3MEHEHUS KBaJIPYIIOJLHOIO MOMEHTA, HAIPUMED, IIEPUOJl OPOUTAILHOIO JIBUXKEHUA JTBOMHOM
CHUCTEMbI 3Be3]] UJIN [IEPUOJ OCEBOTO BPAIEHUsT HECUMMETPUIHOTO TeJa ), OTHOCHTETHHOE YCKO-
penue, 06yCI0BIEHHOe KBaIPYIOJIbLHBIM MOMEHTOM, MeHAeTCs He Kak 1~ °, a Kak 7~ 1. IIpu sTom,
€CJIM U3MEHEHUE CO BPEMEHEM KBa/IPYIOJbHOIO MOMEHTa HOCUT IePUOIUUYCCKIil XapakTep, da-
3a 9TUX OTHOCHTEJIHHBIX YCKODEHHil cMellieHa Ha BesmmauHy 1/cr. Bee 910 03Hadaer, 9ro Me-
HSAOIUICS CO BPEMEHEM KBaJIPYTOJbHBI MOMEHT TPABUTHPYIONIEro Tesa (Ui CUCTEMbI TeI)
co3/1aeT Ha OOJIBIINX PACCTOAHUAX CHeNMMUIECKOe I'PABUTAIINOHHOE [T0JIe, NMEIOIee XapaKTep
pacIpOCTPAHSIONIEC CO CKOPOCTBIO CBeTa 604Hbl. MOXKHO TOKa3aTh, YTO I'PaBUTAIMOHHBIE
BOJIHBI NONEPEYHD, U NOAADU30EAHDL.

[IpuniunuaabHOE paz/imdre MeXKIy SUHIITEHHOBCKONW M HBIOTOHOBCKOI Teopueil TdaroTe-
HUd SPKO BBLIABJIACTCH Ha IIPUMepe KeIJIEPOBCKOI'O JIBUXKEHUS B JIBOWHON 3BE3JHOI cucTeMe.
CortacHo Ktaccuveckoii Teopun HbloToHa Takast cucreMa (€Il CIMTATH, UTO 3BE3IbI MMEIOT
«TOYEYHBIE» Pa3Mephl) CKOJIb YTOJIHO JIOJIO COXpaHseT cBowo sHepruto. Haobopor, coriacHo
TEOPUU TATOTEHUs] JUHINITEHHA TaKasl CHUCTeMa JOJIKHA HEIPEPBIBHO TEPSTh SHEPIUI0 HA U3-
JIydeHre IPaBUTAIIMOHHBIX BOJIH. DTOT 3(hdEKT 0COOEHHO CHUJIEH JIJIsT TECHBIX JIBOWHBIX CHCTEM
(eM. § 22 ryie pedb 1A O BO3MOYKHOCTH OObSICHEHUsI MyJIbCAPOB CHCTEMAMU JIBONHBIX Heli-
TPOHHBIX 3Be3j1). Ha j0cTaToqno G0oJIbIIMX PACCTOSHUSIX OT JBOMHON CHCTEMbI OTHOCHTETHLHOE
yCKOpeHue, 00yCJIOBJIEHHOE I'PABUTAIMOHHOI BOJIHON, Ha MHOTO MOPSJIKOB ITPEBOCXOIUT OObIU-
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24. YEPHBIE JIbIPBI 1 TPABUTAIIMOHHBIE BOJIHBI

HOE IIPUJINBHOE «CTATHYECKOe» YCKOPEHHe, CO3/IaBaeMoe TaKOl CHCTEMOil, KOTOpoe yObIBaeT Kak
r=s.

Kakue ke kocMutieckne 00bEKThI SBJISIOTCS UCTOUHUKAMU I'DABUTAIIMOHHOIO W3JIyICHUS !
[Ipexkjie BCero — 9T0 TecHBbIE JBOIHBIE (MM KPATHBIE) CHCTEMbL. YCDEIHEHHAs [0 IIEPUOILY
oOpalleHust MOITHOCTh TPABUTAIMOHHOTO M3JIYI€HUs OT JBONHON CHCTEMBI jTaeTcsd (hopMyJIoit

, _ 2G MMM + M) ) o)

5 ¢ a®

[pUYeM YacTOTa T'PABUTAIMOHHOIO M3JIyUeHUs paBHA YJIBOEHHOW YacTOTe OPOUTATIHLHOTO JIBU-
xkenust (r.e. 4T/T, rne T — mepuosn cucremsr), My u My — Macchl KOMIOHEHT, ¢ — OOJIbIIasd
ostyoch opoutsl, f(€) — HekoTOpast QYHKINS IKCIEHTPUCUTETa OPOUTEL €, MEHSIIOIMAsICS ¢ PO-
ctoM e ot 1 710 Becbma Oosbmux 3uadenuit. [lo aToit popmyse MOKHO HAWTHU, YTO MOIIHOCTH
rpaBUTAIMORHOTO n3Jaydenus FOmmrepa, nBrmzKymmerocs no ceoeit opéure, L, = 5-10'° spr/c —
BeJINUUHA COBEPINEHHO HUUTOXKHAas (~ 5 KujtoBarT — Beero Jmiib!). OIHAKO Y TECHBIX JIBONHBIX
CUCTEM MOIIHOCTDH T'PABUTAIMOHHOIO M3JIyU€HUs HECPABHEHHO OOJIbIlie. Y HEKOTOPBIX CHCTEM
(manpumep, UV JIbea) ona moxoaut mo 2 - 1032 spr/c, uto cocrapiasier 5% oT cBeTMMOCTH
Cosana. [ToToku rpaBUTAIIMOHHOTO U3/IyIeHUsT OT OJMKAWIINX K HAM TAKUX 3BE3/IHBIX CHCTEM
noxonat 10 10719 spr/em? - ¢. 1o 61M3K0 K HOTOKY CBETOBOI SHEPIUH OT 3Be3/IbI 15-it BUIUMO
BeJIMYUHBL. [[OJIHBIN MOTOK I'PABUTAIMOHHOIO W3JIydeHUs Ha 3eMJjie OT Bcex 3Be3[ B lamakTu-
Ke JIoJKeH ObITh okosio 107Y spr/cm? - ¢, IpudeM 4acToTa 3TOr0 M3JIyUeHUs, olpeje/seMas

cpeHuMU OpOUTAILHBIME HeprojaMu, nopsaxa 1074 ¢ 7L,

JIpyruM NCTOYHUKOM I'PABUTAIMOHHOTO U3JTyYeHUsI ABJIAIOTCS BPAIAIONIIecs BOKPYT CBOUX
oceil 3Be3/Ibl ¢ HECCUMMETPUIHBIM PACIIPEJIEJIEHIEM MACChI (HAIIPUMED, TPEXOCHBIE JIJTUIICOM/IBI ).
MoIHOCTD MPABUTAIIMOHHOTO M3JIyYeHNs- TaKoii 3Be3bl onpeensgercs Gopmynoit (22.3) (cm.
§ 22).

Yacrora n3/rydaeMbIX I'PABUTAIIMOHHBIX BOJIH PABHA YJIBOEHHON YaCTOTE OCEBOT'O BpAIIEHUSI,
ITO SIBJISIETCsT OOIUM CBOMCTBOM KBaJIPyHOJIBHOTO u3saydenns. Obparmaer Ha cebs BHUMaHUe
O4eHb CHJIbHadA 3aBucuMocTh L, or (). I3 Hee ciremyeT, 9To U3 BCeX BpAIIAIONIUXCA 3Be3] HaW-
OoJiee CUIBbHOE T'PABUTAIMOHHOE U3JIyUYeHHe CJIeIyeT OKHUIATH OT IYJIbCAPOB U IMPEXKJIE BCEro
OT caMOro KOPOTKOIIEPUO/INYHOTO IIyJIbcapa, paciojoxkennoro B Kpabdosuanoit tymanuoctu. B
§ 20 MBI yke 0OpaTU/In BHUMaHUE HA HECOOTBETCTBHE BO3PACTA TOT'O IY/IbCAPA, MOy ICHHOIO
u3 aHagmsa ero topmoxkenusi (1170 jer), u peanpHOro Bospacra KpabGoBuaHON TyMaHHOCTH
(920 stet). D10 HECOOTBETCTBUE MOYKHO YCTPAHUTD, €C/IH TIPEJIIOJIOKUTD, YTO HAPSILy C MarHu-
TOJIUTIOJIBHBIM U3JIyYeHNEM U «ITyJIbCAPHBIM BETPOM» 3TOT IIy/IbCAp U3JIydaeT IPaBUTAINOHHbIE
BOJIHBI, IPUYEM MOIIHOCTDL HOCJHEAHUX cocTaBiger ~ 20% OT MOJHON U3/IydaeMoil MOIHOCTH
u jocruraer ~ — — —2 - 10% spr/c. Takoe rpaBUTAIMOHHOE M3JIyYeHHE COLIACHO (POpMYJIe
(22.3) § 22 Gyjer UMeTh MeCTO NPU 3HAYEHUM <«IlapameTpa TpexocHocTH» € = 1074 T e.
PN COBEPIIEHHO HUYTOXKHOM OTKJIOHeHHN (DOPMBI HEHTPOHHOI 3Be3/1bl OT cdeponsa. Kcam
HECOOTBETCTBHE BBIYUCIEHHOTO U «PeabHOI0» Bo3pacToB Iysiabcapa NP 0531 obbsicHsieTcs ero
IPaBUTAIIMOHHBIM H3JIyYeHHeM, TO MOTOK Hocjeanero y 3emmm 6yaer ~ 3 - 1077 spr/c, 4ro B
COTHH pa3 00JIbIle, YeM OT CAMbBIX «OJIATONPUITHBIX» JIBOWHBIX cucTeM. [Ipu Oyayrux momsT-
Kax OOHapyKEHUs TPABUTAIMOHHOTO U3JIyYEHUs OT ITOTO IyJibcapa OOJIbIIoe 3HaYeHue Oy/IeT
UMEThb 3HAHHE C OI'POMHOI TOYHOCTHIO YaCTOTHI I'PABUTAIMOHHOIO U3JIyYE€HUs U U3MEHEHU
9TOH 9acTOTHI CO BpeMeHeM. ABTOP 9TOil KHUTH ITIyOOKO yOeKIeH, ITO eCIu KOTaa-HuOyIb Oy-
JieT OOHAPYKEHO IPABUTAIIMOHHOE M3JIyUeHUEe OT KAKOTO-JIM00 KOCMUYECKOTO 00bEeKTa, TO ITUM
obbekToM OyJieT mysibcap B Kpabosugaoit ymannoctu. [lociieuss, Kak Mbl 3HaeM, yKe He pa3
oborarajia aCTPOHOMUYECKYIO HAYKy OTKPBITHAMU, IIEPBOCTENEHHON BazkKHOCTH. 41 BEpio, YTO
9Ta 3aMevaTe/IbHad TYMAHHOCTDH U B OY/IYIIIEM OCTAHETCS BEPHOI 3TOI XOpOIeil TpajuIuu...

Ot Kakux erre 0ObEKTOB MOYKHO HAJIEAThCS B OYy/IyIeM OOHAPYKHUTh IPABUTAIMOHHOE W3-
nyderne? OKa3bIBAETCsI, ITO MOIIHBIA UMITYJIHC TAKOT'O U3JIyIEHUsT JTUTETbHOCTHIO KOPOUe ce-
KYH/Ibl CJIe/IyeT OKMJIaTh B MOMEHT I'DaBUTAIMOHHOTO KOJIJIAIICa 3BE3/Ibl, COIYTCTBYIOIIETO ee
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24. YEPHBIE JIbIPBI 1 TPABUTAIIMOHHBIE BOJIHBI

B3PBIBY Kak cBepxHOBOi. Koneuno, B Hameil ['ajakTuke Takue siBJIEHUS IPOUCXOJIAT IPE3BBI-
JaifHO PeJIKO, IPUMEPHO pa3 B croJieTne. Ho KomdecTBO SHEPIUn B rpaBUTAIIMOHHOM HMITYJ/Ib-
ce MoKeT ObITh HacTosIbKO Besuko (~ 1050 spr!), uro jaxe ecium cBepxHOBas BCILIXHET HE B
Harreit [aylakTuke, a B KaKoil-7Tub0 JIpyroil 3Be3/IHOM cucTeme, yIajaeHHON OT HAC Ha JIECATKU
MUJIJTHOHOB TIapCeK, TO ITIOTOK OT Hee OY/AeT J0CTaTOIHO BesTuK. CIEeKTP 9TOr0 IPaBUTAIIMOHHOTO
U3JIyUeHns JOBOJIBHO mMupoknii. HakoHer, HeIb3st UCKIIIOUATDh, 9TO cHeluduIecKne, IoKa eIe
He Hallle e 00bsICHEeHUsI IIPOIECCHI, IIPOUCXOIAIIIE B SI/Ipax MaJaKTUK (B TOM YMCJIE U HAIIIEN
FaﬂaKTI/IKI/I) MOI'yT HPpUBOJUTDH K «BCIIJIECKaM» I'DaBUTAIIMOHHOI'O U3JIyYCHU . TaKI/IlVI 06pa30M,
CO BCeX HalpaB/ieHUil Heba crie/lyeT OXKHUJIaTh BeCbMa KPATKOBPEMEHHBIX HMITYJILCOB I'DaBUTA-
IIMOHHOTO U3JIYUYEeHUA OT BeChbMa YIAJEHHBIX 00beKTOB. PazymeeTcs, IpOrHo3upoBaTh MOMEHTHI
TaKUX KMMIIYJIbCOB HET HUKaKOi Bo3MoO:KHOCTH. HyxKHa creruasbHast ciy:kOa Heba, mpudem
I'paBUTallUOHHBIX JETCKTOPOB I0JI2KHO 6I)ITb HECKOJIBKO. ,ZLQ.HO B TOM, 9TO TaKu€ OETECKTOPbI
Oy/lyT HEIpPEePbIBHO PErucTpUpOBaATh PA3HOI'O POJa IIOMEXH, B OCOOEHHOCTH «MUKPOCEHCMBI»,
T. €. HelpepbIBHbIE KOJICOAHUS 3eMHOU KOPbI. TOJIBKO COBIAIAIONINE 110 BPEMEHHU HMITYJIHCHI,
[OJIyYeHHbIE Ha PA3HbIX CTAHIMAX, JOJKHbBI IIPUHUMATHCA B pacdeT. HecomHenHo, 4T0 0OHA-
pyzkeHue (B OyIymeM) TpaBUTAIOHHOIO U3JIy9IeHUsT OT TAKUX 00HEKTOB, KaK B3PLIBAIOIIIECS
3B€3/bl U dIpa I'aJJaKTHK, O6OFaTI/IT ACTPOHOMMUIO IIPUHIUIINAJIBHO HOBBIM METO/J0M HCCJIEA0Ba-
HHUA, BOSMOXKHOCTU KOTOPOI'O celiyac OYeHb TPYAHO Hpe,HBI/I,Z[‘eTbl.

B zaksiouenne sToro maparpada cTouT ckasaTb XOTd Obl HECKOJIBKO CJIOB O TEXHUKE JKCITe-
PUMEHTOB 110 M3MEPEHUIO0 TPABUTAIIMOHHOIO u3jydeHus. [Ipexkie Bcero HeOOXOAUMO MOTIEPK-
HYTh UCKJIOUATEILHYIO TPYIHOCTL 9TOI 3a1a9u. Jles10 B TOM, UTO caMa BeJIUYUHa OTHOCUTEThb-
HOI'O YCKOPEHHsI IIPOOHOI0 TeJia, KOTOPYIO Ha JIEXKUT U3MEPUTh, HeBooOpasuMo masia. Harpu-
Mep, ecJ JiBa MPOOHBIX TeJla yjlajleHbl IPYT OT JApyTa Ha PacCTosHue 3eMHoro pauyca (6,3 108
CM), TO OTHOCHTEJIbHOE YCKOPEHUE B T10Jie TPABUTAIMOHHOI BOJIHBI, U3JIyYeHHON JBONHON cu-
CTeMOii, yaaJaeHHo# oT Hac Ha paccTogaue 10 11c, B KOTOpOil Macchl KOMIIOHEHT OJIN3KHA K Macce
Counna, a nepuoji obpalenus cocTapyisgeT 8 yacos, Oyaer ~ 10724 cm/c?. Hukaxas coBpemen-
Had m3MepuTe/ibHasd TEXHUKa He MO2KET JazKe€ ITOMBIIIJIATH 06 U3MEPEHUN TaKUX HHUYITO2KHO
MaJIbIX BeJudnH. Tem He MeHee MPUEMHWUKHN IPABUTAIIMOHHOIO U3JIydeHus (pacCauTaHHbIE, KO-
HEYHO, Ha TPHEM HECPABHEHHO GOJIBIINX MOIIHOCTEN) pa3paboTaHbl U IE€PBbIe SKCIEPUMEHTHI
y2Ke TIPOBEJIEHBI.

MpIC/IIMO MHOTO THUIIOB ITPHUEMHHUKOB TI'PABUTAIIMOHHOTO n3jyderus. OOMUM CBOHCTBOM
MIPEJTIO?KEHHBIX CXeM SIBJISIeTCA TPeJIeTbHOE NCIOIB30BaHNE BCEX BO3MOXKHOCTEN COBPEMEHHOI
U3MEPHUTETHHON TeXHUKU, OCHOBBIBAIOIIEHCS B 3HAYUTE/ILHOM cTerieHn Ha d/1eKTporuke. OTHAKO
peaIbHbIX U3MEPEHU IPaBUTAIIMOHHOTO H3JIydeHHUs, KOTOpble ObLINM Obl BIIOJIHE JOCTOBEPHHI,
IIOKa €Ile HeT.

! poitnoit pammomyascap PSR 1913416, 06e KOMIOHEHTH KOTOPOTO — HEHTPOHHBLIC 3BE3ILI C MACCOMH
~ 1,4Mc), nmeromue Iepuos OpOHTANbHOrO ABHUKEHHA 7,75 Haca, JOJKeH OLITh TeHepaTOpPOM TPaBHTAIMOH-
HBIX BOJIH. DTO MOIIHOE W3JIy9YeHWE HEIPEPBIBHO MEHSET OPOWTY CHCTEMbI. Takue M3MEHEHUs, [TO-BUINMOMY,
OOHAPYZKEHBI, UTO SABJISETCHA JJOKA3aTEIbCTBOM PEAJIBHOCTH IPABUTAIIMOHHOIO U3JIyYeHUS.
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Axkxkperust, 245, 246 Temmeparypa, 28, 37-38
Anruneitrpuno, 111 TeIJIOBad HEYCTOMYNUBOCTD, 38
Acconmanuu 3Be3aubie, 49, 81, 84 dparmenTarusi, 38, 69
Acrponomus BuearMocdepHas, 25 l'azoBo-mbLIEBOE 001aK0 B 3MeeHocte, 7H—76
nHadpakpacHas, 7-8 lazoBo-mbLneBoit kKomiuieke B Opuone, 77
HEeWTpUHHAS, 8 l'azoBo-1bLIIEBBIE
onrudeckas, 6 KOMILIEKCHI, 38, 43-44, 46-52, 69, 77-80
penTrenoBckasi, 67, 174, 266 obpaszoBanme, 44, 69
cyOMmmMeTpoBasi, 7—8 obsiaka, 75
KOHJIeHCaIus B 3Be3/Ibl, 7273, 77
Bapcrepsl, 288289 TaIaKTHKA,
Besbre kapsuku, 10, 17-18, 118, 146-147, 152-153, Bospact, 45

222
BpeMsI OXJIazKJieHus1, 125
3aBUCUMOCTDb «Macca—pajuycy», 122-124
3aBUCUMOCTb  «CBETUMOCTb—IIOBEPXHOCTHAS
TeMnepaTypay, 124-125
u3nydenue, 124
KoamiecTBO B LamakTuke, 147
Macchl, 122
HAIIPS2KEHHOCTh MAarHUTHOTI'O TOJIsd, 125
obpaszoBanue, 153

juddepeninaibHoe Bpalienue, 39

cocrapJsonue, 19-21

«XuMudeckasi ucropusi», 210
[M'unoresza

ocruususiumit, 114

Qaynepa, 114
['paBuranmonnoe usiydenue, 295-299
['paBuTanmonuble BOTHLI, 8, 296298
I'paBuTanmonusit paguyc, 292

ocobernocru, 118 Iesa-A, 266
pacIlenyenne ClieKTpaJIbHBIX JUHAN norsome- Inarpamma I'epmmmpynra-Peccema, 17-19, 21,
Hud, 125 133
crpoenne, 118, 124, 132 OCODEHHOCTH I 3BE3JIHBIX  CKOILJIEHUI,
TEIJIOBasl dHEPrus, 125 138-143
ycaoBuS B Hempax, 118-122, 124 dusnaecknit cmbici, 126, 133-135
Bakyywm, 34 Eananna comreunsrx Heiirpuno, 113, 115
Bera, 8

3aBUCUMOCTD
«Macca-CBETUMOCThy», 98, 99
«TIEPUOJI-CPEJTHSASA TIJIOTHOCTh», 228
pamanyca KOJUJIATICUPYIOEN 3BE3IbI OT BpeMe-

Beepnast mmarpamma HampaBiaeHHOCTH, 259
Bonnosoii maker, 248
Bceemennast, 8-9

BozpacT, 170

IJIOTHOCTD, 41 mu, 291
COCTOSIHME BemecTsa, 92 CBETUMOCTH OT BpeMeHH, 292
Boipozkienne, 119 Sakom
Buna, 94
laz Kermtepa tpernit, 16
BBIpOXKIeHHBIN, 120-121, 123 Panes-/Ixunca, 41
ypaBHeHUe cocTostHust, 121 Credana-Bosbimana, 15, 93
uaeajabubIit, 91, 119 3Be3nHas BeanuuHa, 12-13, 15
Mexx3Be3nublit, 19, 24-27, 29-31, 33-35, 3Be3iHbIE CKOILICHUS
37-40, 50-52 OIleHKa Bo3pacTta, 140-142
neukenne, 39, 40 IepBOHaYaJIbHBIN cocTas, 141
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3Be3aHbIl BeTep, 47
«3Be3orpsacenust», 245, 255
3Be3 bl
accoruaruu Opwuona, 77
aTmocdepsbr, 88
B3pbIBatOIecs, 22
BHyTpeHHUE cjou, 88, 91
Bo3pacT, 135
BCIIBIXABAIOIINE KapJIUKOBbIe, 10, 22
TUTAHTHI, 18
TJIaBHO TOCjIeToBaTeTbHOCTH, 19
rpaBUTAIMOHHAs SHEPTUs, 95
JaBJjieHHne B IeHTpaJibHO# dacTtu, 90
JBUKEHUE ra3a B KOHBEKTUBHBIX 105X, 101
IBOMHBIX cucTeM, oOMeH Maccamm, 155-157
nsnydenue, 96
ucrouHuky suepruu, 96, 102
KapJILKOBBIE, 13
KOKOHBI, 67
KPaTHOCTB, 154
MarHuTHoe 1oJje, 216-217
macchl, 16, 154
obpazopanue, 21, 45-47, 49-50, 57, 65, 66, 73,
77, 84
onpejieJieHne paccTogHuit, 13
IIeKyJsIpHbIEe, 16
rnepeMennble, 22
[IOCJIeIOBATEILHOCTH Ha JguarpaMmme leprii-
npynra-Peccesa, 17-18
IIOTOK u3JIydeHus, 97
IPUINHBI B3PBIBOB, 209
paBHOBecHe rujpocraruydeckoe, 88-90
pa3Mephl yraoBble, 12
CBETUMOCTB, 13, 15, 16, 95-97, 148
CBOMCTBa BEIIECTBa HAPYXKHBIX CJIOEB, 88
cocTaB, 88
Henp, 91
cpefHssd MOJIEKYJIApHas Macca, 91
crasmu sBoJionun, 133-138, 156158, 221
TeMIepaTypa
B IIEHTPAJbHBIX obJyacTsax, 90-92
II0BEPXHOCTH, 15
TerioBas sHeprus, 94
THIIA
T Tespma, 80-81
U Bamzuenos, 159-160
UV Kura, sBosironiust, 137
Boasda — Paite, 157, 217
Mupser Kura, 65
yCJIOBHUS B Hempax, 122
XapaKTEePUCTUKHN XUMUYECKOIo cocTasa, 91
HapY2KHBIX cjioeB, 14-16
mBeT, 15, 16
ITapOBBIX CKoIieHui, 20

9BOJIIOINMS B TECHBIX JIBOWHBIX cUcTeMax, 154
dnepHasi sueprud, 96
Bouwr (obmacru) HI u HII, 30-39, 43, 44, 66-67,
7374, 76-80

N3nygenune
ramma-, 67, 184
rpaBuTanuonHoe, 193, 295-299
«¥XKecTKoey, 6
monekysn OH n HoO, 55-59
penukToBoe, 26, 290
peHTreHoBckoe, 6—7
ysibTpaduoseroBoe, 6
Nudpakpacubie «Todednble» UCTOUHUKE, 67, 77
UckyccrBennbie cuyTHuku 3emiun, 6-8, 14, 25, 33,
175, 184, 269, 270, 272, 284-287
Ncrouynuku
JKECTKOI'O PEHTT€HOBCKOrO (MSITKOrO raMma-)
n3rydenns, 284286
nzaydenust jmanit OH u HoO, 56-59, 63-66,
79-80
pamuounsiydenus, 5, 175-192, 207
PEHTTeHOBCKOTO n3rydenns, 174175, 180, 193

Kapannammas: muarpamMma HalpaBJIeHHOCTH, 259
Kapmuku 6ennie, 97
KapismkoBreie cBepxnoBbie, 217
Kaccuonest A, 175-181, 183, 185-190, 209, 211,
217, 234
Ksamgpynosbubiit Moment, 297
Ksazapsr, 9, 10, 183, 224, 290
KsanToBasa mexanuka, 119-121
«KokoHBI» ra30BO-TIBLIEBRIE, 73—77, 79
Kosuranc, 291-295
Kowmmrexke W3, 3080
«Koponay lamaktukn, 19-21
Kocvugeckue yan nepsuanbie, 183, 184, 192, 209
OuoJiorndecKue mocaeacTrust, 192
Kosddunuent normomennst, 97, 98
Kpabopuanas tymannoctn, 166, 177, 179, 184,
187, 193, 231-233, 235, 249
aKTUBHOCTD IeHTpaabHO#N yacTu, 202
BO3pact, 197
BBICOKOYACTOTHOE W PAJNON3IYIeHIE IyJIbCa-
pa, 262-264
JBUZKeHUE BOJIOKOH, 197
MarauTHoe nosie, 199, 206, 232
macca, 197
pensgTuBucTcKuX vyacrtut, 200
«HAKaYKay» PEISITUBUCTCKUX 3JIEKTPOHOB, 2006,
207
TIOJISIPU3AITU ST
201-202
mpupoga uasydenus, 199
IIPOCTPaHCTBEHHAs MoJjiesb, 197, 198

OIITUYIECKOI'O N3JIyICHNA,
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mysabcap B neaTpe, 198, 206, 207, 227-228, 234,
235, 237-243, 245, 260-263, 265, 298
paaunonsiaydenue, 197-199
paccrosinue, 203
peHTreHoBckoe usnaydenue, 203-205, 266
criekTp, 194-195, 197, 204, 205
CIIEKTPpaJIbHas IJIOTHOCTD ITOTOKa, 199
CTPYKTypa IeHTpasbHoit yactu, 201, 203
dopma u pasmepsnl, 195
Kpacunie ruranter, 18, 70, 135, 146, 150, 217
BpeMms KusHu, 147
KosmgecTBo B anakTuke, 147
crpoenne, 131-132
sposttonius, 144, 146, 150, 153
Kpacusie kapaukum, 137
Kpuseie omunakosoro Bozpacra, 140-141
«Kyonosckuit 6apbep», 103

JlarpamzkeBbl TOUKH, 155
Jlazepsnl, 58
Jlebenp A, 175
Jlebemn X-1, 266, 271, 296
Jlebenap X-2, 266, 268, 282, 288
Jlebenp X-3, 275, 282
JleqHUKOBBIE TIEPUOMBI U UX TpUYUUHBL, 116-117
JIunun 3amperenunie, 30
MEeK3Be3/IHble, 25, 5558
JIuaua 21 cm, 35-37, 40
JIyuancroe pasHOBecue, 99

MareianoBsr obJtaka, 19
MaruuTHOe 10JIe MexK3Be3aHoe, 28, 34, 43-44, 47
Magzepsr kocmudeckue, 10, 55-68, 79-80
MruoBenHOe naabHOAeiicTBre, 297
Mexk3Be3aaas cpea (MeK3Be3/HbIC Ta3 U MbLIb),
10, 24, 51-53
Mepa mucnepcnm, 248249
«Mucrepuymy», 55-56, 58
Monenu 3Be3n, 126, 213, 221-222
IJIaBHOM mocsesoBaTeabHOCTH, 128-131
KPacCHBIX TUTAHTOB, 131-132
HEOTHOPOIHbIE, 128
pacueTsl, 127-128
cybkapJimkos, 131
Monenb 3Be311bI
naeaan3upoBannas, 211
Kapnamesa, 232-233
Mousexynsipabie 00J1aKa «OKOJIO3BE3IHBIEY, 7D

Hacenenne ramaktux I u II Tuma, 21
Heitrpunnsnrit nerexkrop, 112-113
Heitrpuno, 110, 114
MIOOHHBIE U 3JIeKTpoHHbIe, 111, 114
norok u3 #eap Cosnna, 111
crrocobbl obHapyxKenns, 111

Heitrponunnie 3Be3anl, 10, 211, 221-222, 229, 231,
242, 279, 286
aKTUBHOCTD, 242
MarauTHoe mnoJie, 125
mojenu, 253—-265
HeycroituunBocts Panesa — Teiiiopa, 44
Hosomonobubre 3pe3ab1, 158159
IIOBTOPSIEMOCTD BCITBITIEK, 159
Hosrie 3Be3apI, 22, 154, 158—-159
IIOBTOPSIEMOCTD BCIIBIIIEK, 159

ObJraka Mexx3Be3aHO# cpenwl, 24, 27, 31, 33, 39,
43-44, 46-49, 51-54
MOJIEKYJISTpHBIE, H1-H4
«Te€MHBbIE U YepHbIe», 43
Ob6parHbrit beta-pacta, 111
Ob6imas Teopusi oTHOCUTEIbHOCTH, 291292
O6mbext Kneitmana — Jloy, 77

[Tapanokc Asrons, 154
[Tapcek, 13
IIepenoc sueprun kousexmeir, 99-101
[Tnazma, 119
[Tnanerapubie Tymannoctu, 144—153

BpeMs kKus3HH, 146

macchl, 146

pacmtpenenenne B ['amakTuke, 145

pacmupenune, 144

CBETUMOCTD, 144

CKOPOCTH paciupenus, 150

COCTaB HAPYKHBIX CJIOEB, 145

qucao B [amakTuke, 146

anpa, 146-148

sBoJtortus, 147

[InamerHble cucreMbl BO Beenennoit, 8
[Inepuownsr, 177, 242
[Tnesmaer, 160-161

[IPUYUHBI IepeMeHHocTH OJtecka 3Be371, 160
[Tnockas cocrapmsiomast, 20-21
[LnoTHOCTL M3MyUYeHUs, 29-30, 93
[ToBepxnocTb

HYJIEBOM CKOPOCTH, 155

Poma kpurnueckas, 155
[Tokpacuenue ymaaeHHBIX 00BEKTOB, 27
[Toste nzmyuenns, 93-94

n3oTpoinnoe, 93-94

MHTEHCUBHOCTH, 93
ITonocts Pomra, 155
[TocnenoBarenbHOCTH TiaBHas, 17-18
[TocTostrHas Xaboma, 170
[Torok mznmydenus, 4, 12, 93
[TpenceepxmoBas 3Be3a, 213
[Tpuanumn ITaynm, 119-121
IIpoTosee3aubie obosouku, 72, 75, 80
[Tporoseesmnl, 49, 52, 64, 68, 7577, 80, 134-135
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spoJttoriud, 47-49, 69-75, 81-84, 134
ITporon-tiporonnast peaximst, 104—106, 113
[Iynbcapublit BeTep, 258
[Iynbcapwr, 10, 154, 171, 177, 193, 198, 217-218,

224-265, 290

BO3pacT, 235-236

KomdecTBO B ['anakTuke, 237

MEXaHU3M ITyJIbcanuii usjaydenus, 228—-230

MoJjtesta, 253-265

mogentb lonma u [Mavuan, 234

HEM30TPOITHOCTDb U3JIydeHns, 234

OTKpbITHE, 224226

IIepPEPBIBBI B paIMON3TydeHnn, 247

IIPUHA/JIEX)KHOCTH K JIBOMHBIM cucTtemaM, 245

IIPOCTPAHCTBEHHOE paclipejiesienue, 237

pammonsiaydenne, 243-248, 258-265

peuTrenoBckue, 274, 275, 277, 278

«CHHTETHYECKNE» CIEKTPHI W mpodmmm, 243,

246-247

CKaIK00OpasHoe m3MeHeHne mepuoja, 244

ckopocTH, 236—237

cocTaB ILIa3Mbl, 263

CHMHTWUIAIUN  PAJTUOUIIIYIeHUSI,

250

Teopusd, 253

SApKOCTHas TemIiieparypa, 262, 263
[Teme Mexx3Be3HAs, 2728, 34, 40

224-225,

Paanoacrponomust, 4-6, 9
Pagnoranakrtuku, 176
Pagnounrepdepomerpus Ha CBEpXJIMHHBIX Oa-
3ax, b, 9
Pasmoreneckonsr, 5, 9, 53
Paspermatomast crtocoOHOCTD yIJIOBast U CIIEKTPAJIb-
Had, 4-5
Peakiuu mpoTOH-TIPOTOHHAST U YTJIEPOIHO-230T-
Has, 71
Pezonancubre unum, 25-27
PekyppentnocTsb, 159
Penarusucrckoe Boipoxkenue, 123-124
PenrrenoBckue 3Be3nl, 154, 266, 289, 295-296
B ApYyrux rayaktukax, 270-271, 275
W3MeHeHNe TTOTOKA M3TydeHus, 272
HUCTOYHUK U3JIydeHus, 278-279
HOBbIE, WJIM BpeMeHHbIe, 281
IIepeMeHHOCTDb n3Jyrydenus, 271, 281
MMEPUOTUIHOCTD, 272
Pentrenosckue nynbcapsr, 274, 275
Penrrenosckuit ucrounuk SS 433, 282-284

Csepxrurantsl, 18, 217
CaepxHOBast
1006 r., 207-208, 218
1054 r., 208
1572 1. («3Be3nma Tuxo»), 208, 234

1604 r. («Cepxnosas Keruiepas ), 208, 234
1972 r., 218
CaepxHOoBBIE 3Be31bI, 22, 49, 163
KpuBble Oyiecka, 166—-167
Hamei [ayraktuku, 166, 207
ompeJie/ieHe PACCTOSAHUN O OCTATKOB BCIIbI-
mrek, 190-191
ImapaMeTpbl B3pbIBOB, 210
paInon3IydeHne OCTaTKOB BCIbIIEK, 176192
cJIeficTBUS B3pbIBa, 172-174, 211
cruekTpbl, 169—170
Teopus B3pbIBa, 171-173
tunet 1 u 11, 167, 170, 209, 212-213, 216-219,
242
CBepxTOHKast CTPYyKTYypa, 35, 41, 50
CserumocTn, 13, 15, 93, 135, 137
3aBUCUMOCTB OT Macchl, 98—99
«Cuamckue 6ymsHens», 160
CunxporpoHHast peabcopbiiusi, 264—265
Cunxporponnoe  wusJsydenue, 183,
199-200
Cupnyc B, 118
Cucrema B Jlupswr, 157158
CxorteHust
muarpaMmbl Leprmmpynra-Peccena, 19-21
paccesiHHBIE U T1apoBble, 18-20
Ckopoctb rpytimoBast, 248
Ckoprmon X-1, 223, 266-269, 272, 281-282, 285
CotHeYHAST MTOCTOSTHHAA, 13
Connne
aKTHUBHOCTB, 151
Bo3pacT, 95, 113
3arac giaepHoit suepruu, 96
3Be3/IHAs BeJUYnHA, 12
WCTOYHUK SHEPTUU U3JTydeHus, 96
ko3 durimenT noryomenusi, 99
JIyaucras sHeprus, 94
MecTo Ha aumarpaMmme lepmmmpynra-Peccena,
141
mozenn, 113-117, 129-131
IIJIOTHOCTH BEIEeCTBa, 88
neHTpasbHas, 130
ITOCTOSTHCTBO MOITTHOCTHU U3JIydeHUs, 88
ITOTOK
u3jIydyeHus, 12
HeiiTpuHo u3 Heap, 111-115
paHHUE cTajuu dBosornuu, 81-83
PEHTTeHOBCKOe M3JIydenue, 266
TeMIieparypa B IEHTPaJbHBIX obJsacTtsx, 91,
92
TerioBas sHeprus, 94, 103
dnepHas sueprus, 96
CuekTp, JUHUU PE30HAHCHBIE, (
CuekTpajbHbIe KJIacchl, 14

188-189,
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CuexTpbl
3Be3, 14
MEK3BE3/IHBIX MOJIEKYJ, 206
CrupaJibHast CTPYKTypa rajakTuk, 39—40
Cnupasibablie pykasa, 3941
Cranust
cBoboHorO mageHus, 48, 69, 71
Xasrmu, 64
CroskHOBeHUs yIIpyrue u Heyupyrue, 37
Cy6ruranTsl, 154
Cybkapanku, 18-21, 209
crpoenue, 131
Cdepa papmmmiabia, 292
Cdepuueckas cocrapisiomast, 19-21
CrmaTmutsiniun, 224-225, 250

Teyreckon KoCMUYIECKMit
onruveckuit, 6, 9, 14
peHTreHoBcKuii, 7, 9, 175
Tesrerr A, 266
Temmeparypa, 28-29
BO3OYKIeHUsI, 28
KuHeTnveckas, 28—29
nBeToBast, 28—29
Teopema o Bupmadte, 95
Tepmoaunamudeckoe paBHoBecue, 28
Tepmosimepunle peakruu, 96, 103, 212-213, 215,
218
Tecubie JBOIHBIE CUCTEMBI
poucxoxkjaenue, 160
spostonus, 280281
ToOHKOBOJIOKHUCTBIE TyMaHHOCTH, 173-175, 177,
186
B Jlebene, 173-175, 186-188
«Tpanenust Opuonay, 77
Tpexk ma gmarpamme [eprmmpynra-Peccena,
133-137
TymanHOCTH
raszosble, 31, 43, 51
mwianerapuble, 10, 50
TymanHoCTB
W3, 57
Opuona, 43, 52, 77

YriepomHo-a30THBIN 1K, 105107
YroabHble MemmKH, 27

VYnapubie BoJsiHbl, 216217
Ypasaenue Ditnimreiina, 29
Ypxka-nporiecc, 215-216

Duryopecnienius, 30
Popmyiia
Boabnmana, 59
Kpamepca, 98
Psnea- Ixunca, 267

Oyuknusa mace, 16

Lentasp X-3, 272-274, 277, 278, 280, 281, 288

Hedenpr, 10, 22

Yepusie geiper, 10, 211, 222, 291, 296
criocobbl obHapyKenust, 295-296
«Yepublit kKapauky, 221

Inyp, 191-192

DBoJTIOINS BelecTBa BO Beesennoit, 10
Dueprus, cuocobbl 1epenoca, 97
Dddexr Homnepa, 24

Anepuvie peaknum, 104-109
ApkocTh moBepxHOCTHAS, 31
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