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Ob6cyxkmaercs IPOrpece B UCCIEIOBAHUN HEJIJABHO OTKPBITHIX YIbBTPAXOIOIHBIX KAPJIUKOB, KOTOPHIE
BMECTe C U3BECTHBIMU KaPJIMKAMU CIIEKTPAIBHOIO Kjacca M cocTaBigior caMyio MHOTOYUCIEHHY O
nomyAnuio LamakTiky.

BBEJIEHUE

Ha mporszkeHnn mOCIeIHUX ABAJNATYA JIET W3BECTHBI 10 MEHBITEH Mepe maBe “TMXOPaIKU OTKPBITHI’ HOBBIX
THUIIOB KOCMHYECKUX 00bekToB B OKpectHocTu CosHIa: nepsasi orHocuTces K 90-M roJjaM MmpoIioro CToJIeTHs .
Torma HEMMOBEpPHBIN WHTEPEC MPEICTABJIAIA MPODJIeMa OTKPBITAS KOPUIHEBBIX KApJUKOB. BTOpOii BCIIECK
AKTUBHOCTH HAOJIOMAETCS cefdac, MPHU OTKPBITUU IK3OIJIAHET W OCODEHHO IITaHeT 3eMHOro Tuma. Boobie-to
CcaMO TIPOBEJIEHMWE STUX WCCJIEMOBAHUI CTAJ0 BO3MOXKHBIM 0OJIAr0omapsi TPUMEHEHWIO0 HOBBIX TEXHOJIOTHH U
uHCTpyMeHTOB. OJIHAKO NpU TOM HeMajas POJib IPUHAJIEKUT JHTY3UA3My U CAMOOTBEDPXKEHHOU pabore
YUIEHBIX MHOTHUX CTPAH. 3aAMETUM, 9TO TU JBE MO CyTU HAYIHO-TEXHUIECKUX PEBOJIIONNN B aCTPOMU3UKE CTAIU
BO3MOXKHBI U OJiarosiapsi aKTUBHOMY MPUBJIEYEHUIO MOJIOJBIX YYEHbIX KAK HAMMEHEe KOHCEPBATHBHON YaCcTh
HAYYHOTO COOOINIECTBA, K ITUM, BO MHOIOM MHOHEPCKUM, MCCIEI0BAHUAM. B CBOIO OYepenb, 9T WCCIeIOBAHUS
O3HAYAIOT HE TOJBKO DPsii TEXHOJIOIMIECKUX MPOPBIBOB B HADJIIOJATEIBHON U TEOPETUUIECKOH acTpodusnke, HO
¥ JAIOT MIAHC U3MEHUTh Harmwm mnpeacrasjerus o Kocmoce Bokpyr wac u o Kocmoce BHyTpu HAC.

Pannue npedcmasaenus
[Ipenmonoxkenre O CyrecTBOBaHUN CyO3BE3IHBIX O0BEKTOB OBLIO BBICKA3aHO B Hadaje 1960-x rr. B dopme
MIPEIOIOKEHUsT O “HEeCOCTOABIMNXCA 3Be3max . [loxkamnyil, mepBbIM Cpeau HccaemsoBaTeseil cy03Be3 ciemyer
Ha3BaTh WHIWICKOTO Teopernka Kymapa, KOTODBIH Mpu TEOPETUIECKOM MOIEJIMPOBAHUU JBOJIONNN O00HLEKTOB
Pa3HbIX Macc HoKa3ad [1, 2], 4ro KoJuiancupyomumii ra30Bblii [ap J0JKeH uMeTb Maccy He Menee yem B 80 pa3
6ombiie Mmaccel FOmurepa My, 9ToObI B €ro HEHTPAIbHONW YACTH Pearn30BAJINCH YCJIOBUs, HEOOXOIMMbIE JIJIst
SIIEPHBIX Peakiuii crabuiibHOrO rOpeHrs BOAOPOAa (ITUM OrPDAHMYEHUEM B HACTOSILEE BPEMs CYUTALTCH OKOJIO
75 macc FOmnrepa).

Josiroe BpeMsi CAUTAIOCH, YTO OOBEKTHI C MEHBIIMMHU MaCCaMU MOTLYT CYIECTBOBATH, HO OBLIO MPU3HAHO,
9TO WX OOHAPYKEHUE ABJISETCS UPE3BBIYANHON TPYIHOM 3a1a4eil, MOCKOIbKY OHHU, B MPUHITAIE, JOJIXKHbBI OBIThH
00bEKTAMU CJIMIITKOM HU3KOW CBETHMOCTH W MCIYCKATh OY€Hb MAJIO BUMMOIO CBETA.

Ilepswie pesyavmamubt

WNuTrepec Kk uccaeqoBaHusIM MAIOMACCUBHBIX 00beKTOB [alakTrky HAaYaJT ycuauBaThcs Ha pybexe 90-x. Ha sTo
BpeMs IPUXOJIUTCS BCIUIECK AKTUBHOIO M3ydeHus MoJozabix 38e3 tuna T Tau 3, 4]. Oupenesnenus conepanus
gutusg B armocdepax 3Be3n Tuma 1T Tau B MOJOIBIX CKOIJIEHWSAX [MOKA3AJI0, 9TO €ro COAEPIKAHNE B HUX
MaJIO W3MEHSETCs, 110 MEHbIeil Mepe, Ha MNPOTSKEHWH MePBbIX MUJIHOHOB Jjer ux 3Bosornuu. C npyroi
CTOPOHbBI, TEOPETUYECKUE PACYETHI MOKA3BIBA/IM, YTO B 00beKTax ¢ Maccoil Menbine 65 M; (3mecr My — macca
IOmnurepa) suruit He Bhiropaer Boobe [6-9]. NIMenHo stu obcrogrenbeTBa HOCTy KU obocHoBanneM Peboo
U Jp. NPEIJIOKUTH T. H. “JUTUEBBIH TECT’ 1JIs BbIIEJEHUS KOPUYHEBBIX KAPJUKOB (K TOMY BPEMEHH TEPMUH
yxe ObL1 o0lenpu3Han Jyisi 0003HAYEHHs YJICHOB IOIyJdluu O0beKTOB ¢ Maccamu Menblie 65 Mj) cpeau
COBOKYITHOCTH MAJIOMACCHUBHBIX 3BE3]l, BHYTPU KOTODBIX IPOTEKAJIN SAEPHBIE DPEAKIIUU TOPEHUST BOIOPOIA.
Koneuno, Obuim ompesneseHHble COMHEHHST B TOM, BO3MOXKHO JIH OOHADYKEHUE JIMHUN JIMTHS B CIEKTPAX
00bekToB ¢ 3bdexkTuBabiMu Temneparypamu Hmke 2600K wa dome momekynasproro morsomenus Ti0,
KOTOPOE JIOMHHUPYET B OINTUYECKOM JUAINA30HE CIEKTPOB MO3MHUX M-KapiaukoB. Brepsbie 3Ta BOZMOXKHOCTD
ObLTa, TOKA3aHA YHCJIEHHBIM MOIEINPOBAHWEM JIMHWI JUTWs B CchoekTpax mo3naux M-kapiaukos [laBienko
u ap. [5]. Kcraru, B T0 Bpems cambIM XOJOAHBIM u3 u3BecTHbIX M-kapuukos cuuraics VB10 — kpacubiii
KapJIMK CIEKTPAJIhHOTO Kijacca M8 ¢ adderTuBnoit Temneparypoit mopsaka 2600 K. Vimenno oH 3ambIkal
MOCJIEIOBATEILHOCTD 3BE3/I, MOJIOKEHWe KOTOPBIX OTMEYasioch Ha juarpamme leprmmpysra—Peccena. Dror
KPACHBIA KaPJIWK ABJISETCA 3BE3/I0i, T. K. B €r0 CIIEKTPE JIMHUU JINTHSA OTCYTCTBYIOT, TTOCKOJIBKY ITOT JJIEMEHT
BBITOPEJI HA MPEIIECTBYOMUX CTaauAX Iposronun BayTpu VB10.
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Ormernm, 9T0 B KoHIle 80-X pa3BuTHe HAOIIOIATEILHON TeXHUKH, B 0COOeHHOCTH TTpreMHnKOB B IK-061acTi
CIEKTPa, YCKOPUJIOCh. DTO TO3BOJMJIO MOJYYUTh PsiJi CIEKTPOB, KOTOPBbIE HE YKJIAJIbIBAJIUCH B PAMKH
CYIIECTBYOIMIEH KaaccuduKaIum; OHM TOJIT0e BpeMs HE MOTLJIH OBITh OObSCHEHBI B PAMKAX OOIIEMPUHSITHIX B
To Bpems npeacrapienuii. Oupaum u3 Hux 6but cuekrp GD 165B, sror ouenb kpacHbiil (KMiM NOKpacHeBHIMiA)
obbekrT ObLT obHapyxkeH llykepmanom u Bykiun B 1988 roay Ha opbure BOKpyr bestoro kapauka. CobCcTBeHHO,
cnekrpanbao GD 165B Bnepsbie mposiBus cebs uzbbitkom moroka B UK-obmactu npu mabmiogenun 6eroro
Kapynka. HeCKOIbKO MO3Ke yIaJ0oCh 3aperucTpupoBarTh croekTp camoro GD 165B, korTopsiit pa3urenbHO
OTJINYAJICS OT WM3BECTHBIX B TO BpeMs CHeKTpoB 3Be3n. OJHAKO 970 ObLIM €JIUHUYHbIE HAOIIONEHUS TaKUX
00BEKTOB, MAKCHUMYM WX OTKPBITHIl MPUXOIUTCA HA BPEMs Cpa3y MOCIe OOHAPYKEHWsS MEPBBIX KOPUIHEBBIX
kapJiukoB. Celiyac 0BLIENPU3HAHO, YTO ITOT KAPJIUK 110 CYTHU $ABJIETCs IePBbIM U3 U3BECTHBIX (€CJIU HE [IEPBbIM)
L-xapmkoM.

OTKPBITUE INTEPBBIX KOPNYHEBBIX KAP/JINKOB
Teide 1 u GJ 229B

[IepBoe coobimerne 06 OTKPBITHN KOPUIHEBOrO Kap/nKa ObLIo 3assiaeHo B “Nature” rpymmoit ucciaemoBaTesiei
u3 Nucruryra acrpodusuku na Kanapckux ocrpoBax 14 centsiopst 1995 roga B crarbe ¢ HazBanueM “OTKpBITHE
KODUYHEBOIO KapJiuka B 3Be3qHoM ckomieHun [Liesn” [10]. D10 OTKpbITHE €TI0 BO3MOXKHO B pe3y/brare
MTPOBEJIEHNUS IIEJIEHANPABIEHHOTO (POTOMETPUIECKOTO TJIYDOKOro 0030pa IMEHTPAIBHON 00JIACTH OTHOCUTEIHHO
mostozioro ckorutenust [Tmesn. 3amerum, aro doromerpus mpoBommwirack Mapueit Poza 3amarepo O3opuo u
KOJIJIETAaMH Ha, OTHOCHUTEJbHO HebosbioM tejeckorne TAC-80, ocuarmennom kpacuoii [13C-marpureii. Boisos
o craryce Teide 1 Kak KOpUIHEBOrO KAPJIUKA ObLT CIEMAH HA OCHOBE KOMILIEKCHOTO aHaIn3a (POTOMETPUIECKUX
JTAHHBIX U COOCTBEHHBIX [IBHKEHHN 3TOro oObexTa. I'omom mozike PeGomo um gap. [11] moxasaau mpuCyTCTBHE
JOCTATOYHO CHIBHOM OJIEHIbI TUHUKM PE30HAHCHOTO aybsera muTus B criekTpe Teide 1, mogydeHHOM COBMECTHO €
aMepuKaHCKUME KoJuteramu Ha Testeckone Keck. ITapienxo [12] mokazasn, uro nabmonaemast mmust Lil 6708 A
BIIOJTHE COOTBETCTBYET OXKUIAEMOMY KOCMHYECKOMY cozepxkanuto Jjutusd B armocdepe Teidel, T.e. sror
KapJIMK COXPAHUJI JIUTUI CO BPEMEHHU CBOEro (pOpMHUPOBAHUsI, KAK U MIPEIMOJIAraJ0Ch B “IUTHEBOM TecTe” s
cy63Be3IHBIX OOBEKTOB.

Crycrs HECKOJIBKO Heeb nocjie crarbu 00 orkpeiTuu Teide 1 B “Nature”, Tam ke MOSBUIOCH COOOIEHUE
06 oTKpbiTUM BTOpOro Kopuunesoro kapsuka GJ229B [13]. Bropoii kopuunesbiii Kapiauk Gbli 0GHAPYKEH Ha
opbure pamuycom 50 a.e. oT 3Be37pl crekTpaigbHoro kiaacca M1V. Hakamknma n ap. [13] u Onnenreiivep n
ap. [14] ony6aukoBasu OTKPbITUE U CIHEKTPAJIBLHOE HOATBEPKAeHHE OYKBAJILHO Y€Pe3 HECKOJIbKO HeJellb II0CsIe
coobrmienus 00 orkpbiTuu Teide 1. /IBa mepBbIX KOPUYHEBBIX KAPJMKA, PASUTEHHO OTIUYAIOTCA IO XAPAKTEPY
crmekTpa: crmekTp Teide 1 mpakTudecKu He OTIMIAETCs OT ceKTpa Apyrux M-kapaukos Ilnesm Toro xke Bo3pacra,
32 HCKJIIOUeHHeM HAJMYMs B CHEKTpPE JOCTATOYHO CUIBHOM juHumm juTus Ha 6708 A. B To ke BpeMs crekTp
GJ 229B Ha MOMEHT OTKPBITHS “HEOMPOBEPKUMO”’ OTIUIAIICI OT CIEKTPOB U3BECTHBIX 3BE3]I.

Crmcok mepBBhIX OTKPBHITHIX KOPUYHEBBIX KAPJIUKOB MOXKHO Haiitu B VlHTEpHETE 110 ajpecy
http://astro.berkeley.edu/"basri/bdwarfs/tablel.htm.

II'ponywerrvie omrpbumus
B 1994 roay Tunneit va 3.6-m rTeneckone B Epponeiickoit FOxuo#t obcepBaropun mpoHAOIIONAT JOCTATOYHO
sipkuit M-kapisiuk LP944-20. Ncnonb3ys cekrporpad CASPEC, oH moIydnI cClieKTphI 3TOr0 KPacHOTO KapJInKa,
¢ ymepennbiM paspemrenueM R = 20000 na 6700 A. Ha nosyueHHBIX CHEKTPaX 4eTKO BbLIEIAIACH JOCTATOYHO
cunbHAs GJIeHga JUHUH pe3oHaHcHOro mybmera qutus ma 6708 A. B 1998 roxy Tummeit [16] omyGmmkosar
pe3ynbTaThl KOJWIECTBEHHOIO aHAIN3a dToH juHnn. V3mepeHHas “SKBUBAIECHTHAS IMUPHUHA’ ONC€HIBI JTUHNM
pe3oHaHCHOrO aybsera okadajach paBHo#t 0.6 A, uTo mpm MCHOAB30BAHME TEOPETHYECKMX KPHUBBIX DPOCTA
[TaBnenko u Marassy [15] maer obunue smrus 1g N(Li) =0.6, 1.e. obuine ropasjo MeHblIe “KOCMUYECKOTO”.
U roawko B 2006 roxy ITaBnerko u ap. [17] Ha ocHOBe aHann3a HAGIIOAATEILHOTO MaTepraia 6ojee BHICOKOTO
Ka4vecTBa W MHTEPIIPETAlMUd ero B PaMKax 0oJiee CJIOXKHON Mozesin arMocdepbl MOKa3aJid, 9TO COJEpPKAHUe
murus B armocdepe LP944-20 cymecrsenno Boimie u cocrasiser lg N(Li) = 3.2 4+ 0.2, 1. e. 95TOT KpacHbIH Kap/Iuk
COXPAHUJI CBOM NEPBOHAYAILHBIH JTUTHN U [IOITOMY [TOJI2KEH PACCMATPUBATHCS B KAY€CTBE KOPUIHEBOI'O KAPJIUKA.
Coznepxkanue jurus, nojydennoe Tunneem B 1998 romy okasajoch 3anukeHHbiM (Gosee dem B 100 pas!)
BCJIEJICTBUE HEY4YeTa MOJIEKYJISPHOIO MOTJIOMIEHUsI IPU pacydere npoduiis OJIeH /bl JIUHAN PE30HAHCHOrO 1ybiera
qutus. [lo cyru TunHeill wcmosb30Ba /I8 aHAIN3a TMCEBIOIKBUBAJIEHTHYIO MIUPUHY 1y0JeTa pPEe30HAHCHBIX
JIMHUN JIUTHS, KOTOPasi OblLiIa OIPe/IesIeHa [T0 OTHOIIEHHUIO K JIOKAJIbHOMY [ICEBIOKOHTHHY yMY, C(DOPMUPOBAHHOMY
MOJIEKYJIIPHBIM TIOTJIOIIEHNEM B OKPECTHOCTH mayOsrera jimtust 6708 A. Kak nokazan Ilassenko [12], BesmanHb
[ICEB/IO9KBUBAJIEHTHBIX MIUPUH JUHUN MOTYT B Pa3bl OTJIMYATHCH OT TEOPETHIECKUX IKBUBAJEHTHDBIX MIUPUH,
PACCUUTAHHBIX M0 OTHOIIEHWIO K MCTUHHOMY KOHTHHYYMY, KOTODBI, BOOOIIE TOBOPsi, HE BUIEH B CIIEKTPAX
no3aHuX M-KapauKoB u3-3a CUILHOrO morjomnieHus Juausamu cucrem mojoc TiO.

Takum obpasom, HabmomeHnsa 1994 roma OBLIN BIOJHE JOCTATOYHBI At HoMuHamun LP944-20 B kadecTse
epBOr0 KOPUYHEBOro Kapuuka. IIpasna, crarbs [laBienko u ap. [5] o camoit Bo3MOKHOCTU HaBJIIOJEHUSs
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OeHabl UTUA HA (DOHE MOJEKY/ISPHBIX TOJOC B CIEKTPAX KOPUYHEBHIX KAPJIUKOB MOsABMIach B 1995 romy,
a [IpeacraBJIeHUuA 00 IICEBJAO9KBUBAJICHTHBIX MMUPHUHAX JIUHUN B CIIEKTPaX KapPJHUKOB MO3JHUX CIEKTPAJJIbHBIX
KJIACCOB ObLIH pa3sutrsl mocie 1996 roga ([12], cm. Takske [18]).

YJIIBTPAXOJIOOHBIE KAPJINKN

Kopuunesbie KapJMKy — 9T0 TOJBKO 9aCTh HACETEHUsT [ATaKTHKK, COCTOSINEr0 U3 COBOKYITHOCTH PA3HOPOHBIX
MaJIOMACCUBHBIX KOCMHUYECKUX Tesl. Jljis obo3HavYeHnst 3TOW BBIOOPKHU MCIOJIL3YETCS TEPMUH YIbTPAXOJIOHbIE
Kapauku. B Hacrosiiiiee BpeMsi MOMYJISANUs YIAbTPAXOJIOAHBIX KAPIUKOB 3aHUMAET NPABBI HUXKHUI KBAJIPAHT
rJ1aBHOM mocienoBaTessbHOCTH. CyInecTBeHHAs YacTh YJIbTPAXOJIONHBIX KapJIMKOB Obla OOHAapy:KeHa IMocJe
1995 roza [19, 20].

MOKHO OTIpe/IeINTh 10 KpaiHeil Mepe TPU Pa3HbIX MOJIMHOYKECTBA YJIbTPAXOJIOAHBIX KapJINKOB:

— 3se3apl Maubix Macce (low mass stars, LMS). Bogopou ropur B ux siape.

— Kopuunesbie kapiuku (brown dwarfs, BD). Bomopox se ropur B ux siape. 3amerum, 4T0 JIUTUI BCe Ke
BBITOPAET BHYTPH MaccUBHBIX (55My < M < T5My) KOpu9HEBbIX KapJaukos (cM. [21] myst Gosee moapoGHOi
undopmaruu). CKOPOCTb UCTOIIEHUSI JIUTHsL B TOM CJIydae Bblile st OObeKTOB 6GOJiblieil Macchl.
IIpu stom pmeiirepuii oTcyTCTByeT B arMocdepax KOPUYHEBBIX KAPJIUKOB, 3(M@MEKTUBHO BBHITOpas MPHU
remmeparypax mnopsiaka 1 MK.

— ITnanerst (M < 13Mj) coxpansior u aefirepuii, n IATHI B X0z UX dBosonun [22].

[TepBbie crekTpaibHble KaacCu(UKAINN YIbTPAXOJIOAHBIX KAPJIUKOB ObIIN TpeocTaBienbl Kupknarpuk u

Jp. [23] u Martin u gp. [24].

Ha cerogus B IlHTepHeTE MMEIOTCS OOIMIMPHBIE OUOIMOTEKH CIEKTPOB YIbTPAXOJIOJHBIX KapJIUKOB [25, 26]
PA3JINYHBIX CIEKTPAIbHBIX TUIIOB:

— M-kapmuku (GJ 406, VB10, VBS...), TiO nomunupyer B ux crnexrpax [12].

— L-kapsuku (GD 169B, Kelu-1, 2MASS 0920 35), ux onrudeckue CneKTpbl (GOPMUPYIOTCSA MOMIONIEHUEM B
Pe30HAHCHBIX JuHUAX HeliTpasibubix aromoB K u Na [27, 28], Ti u V aroMbl cBg43aHbL B IIbLIEBbIE YACTHUIIbL.

— T-kapauku (GJ229B, SDSS0151, SDSS1110) — B uH(pakpacHbIX CHEKTPAX XOPOIIO BUIHBI [OJOCHI
noryonenns merana CHy.

— Y-KapJKu — [OKa TUIOTeTHYeCKHe OODBEeKTHI, 3aHUMAIOIINe TPOMEKYTOUHOE MOJIOKEHNEe 0 MaccaMm
mvexay T-kapaukamu u mianeramu. [louck stux 06bekToB B OKpecrHocTr COJTHIIA AKTUBHO TPOBOIUTCS
B Hacrosiiee BpeMsi [29].

— Ilnanersr (cMm. cnmcok obHapyskeHHBIX aHer Ha Web [30] u ccbuiku B HeM). CrneKTpbl 9K30ILIAHET,
[OJTy YeHHBIE C BBICOKUM DPA3PEIIEHUEM, TIOKa OTCYTCTBYIOT.

SaMernM, 91O “TJIABHBIE ITOCJIEIOBATEILHOCTH KOPUYHEBBIX KapiaukoB, L-, T- Y-kapiukoB u 60IbIIHX
wianer (¢ Mmaccamu nopsjka Maccel FOnmrepa) cocraBisIOT Ha JMarpaMMe Macca—pajuyCc [PUMEPHO
ropusoHTaJIbHY0 JuHuI0 ¢ FOmmrepom Ha sieoii rpanuie [31]. 3aBUCHMOCTH DATUYCOB YIBTPAXOIOIHBIX
KapJIUKOB OT WX MAaCChl UPE3BBbIYAWHO cjiaba W3-3a BBIPOXK/IEHWS ra3a B WX sipax. B pesysbrare, pasmepbl
CTapbIX KOPUIHEBBIX KAPJIUKOB, L-kapaukos u FOmurepa cpaBHUMBI.

B szaBucumocru or Bospacra, T-kapiuku MOryr ObITh KOPUYHEBBIMU KapJUKaMu (eciu OHU crapbie) Jmubo
“manerapHbiMu 00beKTaMu” (¢ MACCOl HUKE MPEeIesia FOPeHus IeTepus, eC/iu OHU MOJIO/B). Bojtee MaccuBHbIe
MoJtoibie T-KapauKy MOryT COXPaHSTh HEKOTOPOE BpeMs jiefirepuii.

ViIbTpaxosonHble KapJauKNA B 3aBUCHMOCTH OT MacChl UMEIOT Pa3HOe CTPOEHHe:

— Buyrpu 3Be31 Masoit Macchl IMEeTCst 30Ha TOPEHUs BOIOPOIA.

— KopuuneBbie Kapiuku CKUraior Jefirepuii, MaccuBHbie KopuuHeBble Kapuauku (55My < M <75My)

CIKWUTAIOT U JINTHH B OTHOCUTEJILHO KOPOTKUX BPEMEHHBIX Maciirabax [32].
— Ilnaneramu ABASIOTCS OOBEKTHI 0€3 KAKUX-JTMOO0 TTPOIECCOB MOPEHUsT BOIOPO/IA, JJUTUS U IeHTEepusi.

PUN3NYIECKUE YCJIOBISA B ATMOC®EPAX VYVJIBTPAXOJIOOHBIX KAPJIMKOB

BcenencrBue HM3KUX TeMIEpPATyp W BBICOKMX 3HAYEHUI MJIOTHOCTH W JaBJIeHHA HA 3POEKTHUBHBIX TTyOHHAX
dbopMupOBaHNSA CIEKTPOB YIBTPAXOJIOIHBIX KAPJIUKOB IMPHU WX HKCCAEIOBAHUU HEOOXOJVMO YUIUTHIBATH P
JOCTATOYHO CJIOKHBIX (PU3MIECKUX IIPOIECCOB:

o Dopmuposarue NvLAUHOK.

3-3a HU3KUX TeMIleparTyp U BBICOKOIO JABJIEHMs aPLUAJIbHbIE JIABJICHUs MHOIMX MOJIEKYJ (U aTOMOB)
MPEBOCXO/ISIT BEJIMYWHBI TABJEHUN HACHIEHWS, MMOITOMY [Jii HUX BBIMTOJIHAETCS ycJIoBue (ha30BOro
nepexona [33, 34]. Koneuno, dusuka dopmupoBanusi nbuiMHOK B arMocdepax ropas3io CIoxkKHee: 371€eCh,
[O-BUMMOMY, PEAJIM3YIOTCS PA3IMIHBIE MEXAHU3MBbI C BKJIFOUEHUEM MPOIECCOB HA, MOBEPXHOCTH MBLINHOK,
doroxumuaeckux mporeccos u jp. OJHAKO B ETOM UMEHHO CBSI3BIBAHUEM ATOMOB METAJLIOB B MBLIMHKA
00bsICHSIETCS TOT HADJIOAATENbHBIH (hakT, 9T0 MoJeKyaspHbie mojaockl VO, TiO u apyrux mosexys ciabee
B CIIEKTpPaxX L-Kap/JHKOB [0 CPaBHEHUIO CO ciaydaeM M-Kap/imkos.
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o Pesonancrole AURUY KGAUA U HOMPUA.
IIpu nonmxkennun 3¢pPHeKTUBHBIX TeMIeparyp B arMocdepax yIbTPAXOJOIHBIX KapJIUKOB CTEIEeHb
HOHW3AIMU U BO30YKIEHUS ATOMOB KaJis W HATPUS YMEHBIIAETCH. JTO O3HATAET, UTO IMOIABJIAIONIAL
9acThb TUX ATOMOB HAXOAUTCH B OCHOBHOM cocrosinmu. Kak pesymbrar, yke B ciaydae L-xapiamkos
MPOUCXOIUT CUJIbHOE ycuyenune pe3onaucHbx juamit Nal w KT AA589.1, 589.7 am u 796.6, 770.1 um
coorsercTBeHHO. Ilo cyTu, napa 3TUX CynepCUsIbHBIX JTUHUIN HOIJIONEHUS W OIPEIe/sieT BUJ ONTHIECKUX
criekTpoB L-kapiamkoB. POpMaJbHO PACCIYNTAHHBIE SKBUBAJEHTHOE IMIUPWHBI ITUX JIMHANW [JIs CJIydast
L-xapaukos ¢ sddexkruBapivu Temmeparypamu mopsaka 1800 K moryr ObiTh nopsiika HECKOJIbKHX
kuioanrcrpeMm [28, 35]. Ilpum srom MexaHw3Mbl (GHOPMHUPOBAHUS STUX JWHWUA 37€Ch OTJIHYAITCS
or ciydas armocdep M-KapJuKOB paHHUX CIIEKTPAJIbHBIX KJIACCOB, [J€ JOMUHUPYET W3BECTHOE
ymupenue BaH nep Baasbca, XOpOIIO OMUCHIBAEMOE B pPaMKaX CTOJIKHOBHUTEIBHOTO MPHUOIHAKEHUS.
B ycnoBusax miIOTHBIX W XOJOAHBIX aTMOCHED YIBTPAXOJIOIHBIX KAPJIUKOB HPUMEHHUMA T.H. TEOPUs
KBA3UCTAIMOHAPHOTO YIIUPEHUs, KOTOPAs MO3BOJISIET PACCUNTATH CMEIEHNe KBAHTOBBIX YPOBHE aTOMa,
BCJIE/ICTBUE BO3/EWCTBUS BHEITHEI'O JJIEKTPUYECKOrO IO/, CO3aBAEMOI0 ATOMaMU BOJAOPOIA U TejIHs, a
TaKKe MOJIEKYJIaMHu Bomopona [36-38].

o Braad nowiu 8 HENPO3PAULHOCTD.

Baxknocrb yuera Henpo3padHOCTH, OOYCJIOBJIEHHON HAJIMYMEM IIOIJIONIEHUs /PACCesHUs U3JIyYeHUs] [IPU
YHUCIIEHHOM MOJENMpOBaHWU crekTpoB L- n T-kapiawkoB Obuta mokasaHa IlaBmenko u ap. [35].
Koneuno, npobiema ydera Henpo3padyHOCTU, 00YCJIOBJIEHHAS PACCETHUEM U/ MJIU [IOIJIOLIEHUEM U3Jly YeHUST
NBIMHKAMY, JIOCTATOYHA CJOXKHA — MBI JIOJPKHBI YIUTHIBATH 3aBUCHUMOCTb HEMPO3PAYHOCTH OT
XUMHAYIECKOTO COCTaBa MBLINHOK, WX Pa3MepoB M OpHMeHTanmu. KpoMme TOro, MOCTEIHWE KCCIEI0BAHUA
MPEIOCTABUIA OIPEIE/IEHHbIE TOKA3ATeIbCTBA MPUCYTCTBUS OOJAQYHBIX CTPYKTYp W3 CJIOEB TbLIA B
armocdepax L-kapsukos (cm. marepuanst IAUS 211 [20]). B nurupyemoii Bbiuie pabore 10 OLpeIeJIeHUTo
comepxkauus utusg B armocdepe LP944-20 MbI nCIOIB30BAIHN JOCTATOYHO CIOKHYIO MOIETh aTMOChepbI —
B Hell IIpe0/1arajaoch Hajuaue 00J1a4HOro CJIos Ha HeKOTOpoii BbicoTe. CaM BU/L CIIEKTPOB, PACCYMTAHHbLA
IIJIsT 9TOM MOJENH, MOKA3BIBAET 3aBUCUMOCTDH KaK OT TOJIIWHBI OOJTAYHOIO CJIOS, TAK W OT TOJIOKEHUS €ro
B armMocepe KOPUIHEBOTO KAPJIHKA.

OT KOPUYHEBBIX KAPJINKOB K IIJIAHETAM

Jlo HemaBHErO BPEMEHM CyIIEeCTBOBAHUE K30IJIAHET OBLIO YAEJIOM HaydHBIX (aHTacroB. AcTpoHOMaMm OBIIO
U3BECTHO O cylnecTBoBaHuu Jepsatu iianer CoJiHEYHON cucreMbl U uX CIyTHUKOB [39]. YauBurenbHO, HO
obHapy KeHre MepBoil 9K30IIaHeThl, (haKTHIECKH 36MHOIO THIIA, Ha OpOWUTe BOKPYT HEHTPOHHOI 3Be3xbl [40]
PACCMATPUBAIOCH CKOPee KaK HeKWil yHUKAJIbHBIA CIydail. 9Ta CUCTeMa, HECOMHEHHO, UMEET UCTOPHUIO, OY€Hb
OTJIMYAIONILYIOCA OT mcropuu paszBurus Hamreit CosHedHOl cucrembr. /leiicTBUTEIBHO, CYINECTBYIONIAsA OpOUTa
9TOI IK30ILIAHETHI B IPOILJIOM PACIOJIAraJIach BHYTPH CBEPXIUIAHTA, HA MECTe KOTODPOro ceifdac HabJi0gaoT
TyJIbCap.

OHaKO JTABUHOODPA3HOE YBEJIMYEHIE YUCIA OTKPBITHIX 9K30IIaHeT nociae 1995 rona, co BpeMeHu OTKPBITHS
Maitepom u JIBemocom [41] ¢ mocienyrommm moareepxKaeHnem Mapen u ap. [42] miamersr Ha opGure
BOKpyr 51 Peg, no cyru KapauHAIBHO M3MEHUJIO KapTUHY OJMKHEro kocMoca BOKPYr CoHEYHON crCTeMbl.
Bosbrast rpynma ropsaux sx3omianer (csoire 200 Ha JaHHBIE MOMEHT) ObLia OOHAPYKEHA 10 BapUAIUIM
paJauaJbHO cKopocTu 3Be3[, [43], BOKPYr KOTODBIX OHM BPAIIAIOTCH. DTH OOBEKTbI MHOIJLA CYIIECTBEHHO
6osbiie FOnurepa, u m0BOJbHO uYacTo (o cpasuenuio ¢ uameill CojaHedHON cucTeMOil) OHM OJU3KH K
[EHTPAJIbLHON 3BE3/e W JBHKYTCS IO dJIunTudeckuM opburam. B mociennee Bpemsi 10CTaTo9HO OO0IBIIIOE
KOJIMYIECTBO JK3OIJIAHET OBbLIM TaKrKe OOHAPYKEHbI METOIOM ‘TPAaH3UTOB’, OCHOBAHHOM HA PErHCTPAINAN
MEPUOINIECKUX MU3MEHEHUN MOTOKOB W3JTyUYEHUs, MOIyIaeMOr0O OT IEHTPAJIBHOM 3Be3/IbI BCJIEACTBIE MOKPHITUI
ee sk3omiaderoli (naupumep [44]). Cpeau Ipyrux MeroJoB CJelyer OTMETHTb METOJbl, OCHOBAHHBIE Ha
OOHapy KEeHUH IPABUTAIMOHHOIO MUKPOINH3UPOBAHUS [45], ¥ IPSIMYIO DErMCTPAIMIO ABUKEHHS [JIAHET BOKPYT
HEHTPAIBHBIX 3Be37 [46].

OrmeTuM psif BayKHBIX MOMEHTOR:

e HenmaBHue OTKPBHITHS TIJIAHET U TJIAHETHBIX CUCTEM BOKDYT OJIMKAUIINX 3BE3] U3MEHUIN TTPEICTABICHUS O
Haiel cobcrBeHHo mnaneTHol cucreme. CaMbIM Ba’KHBIM MOMEHTOM SIBJISIETCS OCO3HAHUE TOTO, 9TO ITA
CHCTEMA He sIBJIAETCS] YHUKAJLHON U eIUHCTBEHHOM He TOJIbKO B [ajakTuke, HO u B okpecTtHOCTH COJIHIIA.

e B ceere mociemHUX OTKPBITHI 9uCa0 (POPMAIBHO MPU3HAHHBIX IJIAHET — “HeHCTBUTE/HHBIX YJIEHOB’
CouiHe4Holi cucreMbl — JaXKe yMeHbIInJI0ch 10 BocbMu [51]. U3 uucaa nuaner 6but uckioden IliyTow,
mMOCKO/IbKY B cucteme COJIHITA OBLIN OTKPBITHI HOBBIE MAJOMACCUBHBIE OOBEKTHI CO CPABHUMBIMHU C HUM
pa3MepaMu U MaCCaAMU U OXKHUIAETCH OTKPBHITHE HOBBIX.

e OTKpbITHIE cHCTEMBI OKazajuch He noxoxkumu Ha Cosmednyio cucremy. [lo-Buammomy, WX NIAHETHI
OTIMIAIOTCS M XUMUIECKUM COCTABOM.

234



e B Hacrosimee BpeMsi I[UIAHWUDPYETCS W DEAJU3yercss DPsiJi KOCMWYECKHX W HA3EMHBIX IPOEKTOB
(superWASP [47], COROT [48], Keppler [49], ELT [50]...) ¢ menpio obHApyKeHHS W U3y4EHUS HOBBIX
9K30ILIAHET, B TOM UHCJIE U IITAHET 3€MHOIO THIA, KOTOPLIe OOPAIAlOTCs BOKPYT CBOUX 3BE3J HA
paccrosiuuAx BHYyTpH OOMTAEMOIl 30HBI, T.€. TaMm, [Ae AO0KHA OblTb B KUAKOH ¢opme Boma W,
CJIeIOBATENILHO, BO3MOXKHO CYIIECTBOBAHNE XKU3HU B (bOpMax, HATOMUHAIOIINX 36MHYI0 IKOCUCTEMY, VJIH,
9TO BIIOJIHE BEPOATHO, OTJIAIHBIX OT HEE.

¢ Gmaromapo CBOMX COABTOPOB 3a ILIOAOTBOPHOE COTPYIHUYECTBO, SlkoBuHY Jlapucy 3a mOMOIIL B IIpaBKe
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