OIIEHKA MACC “TEMHOIN” MATEPUU B TAJIAKTUKAX
10 U3MEPEHUAM CKOPOCTEM “CBETJION”

A. B. 3acos

© 2009

Mocxoscxuti Ynusepcumem, ocydapcmeennoiti acmporomuseckuti unemumym um. II. K. I[lImeprnbepaa
Ynusepcumemcexut np. 18, Mocxsa, Poccusa
e-mail: zasov@sai.msu.ru

O cymecrBoBaHuM JIMHUN B CIEKTPAX, MPUHAMJIEIKAINX PA3JAYHBIM ra3aM, ObLIO HU3BECTHO
n 10 kiaaccmueckux pabor I'ycraBa Kupxroda, packpbBIuX uX (PU3HIECKYIO TPUPOAY U
npoucxoxkaeHne. Ho uMeHHO 9TH pabOThI BEJIMKOTO YYEHOrO 3AJIOXKWUJIA OCHOBY CIIEKTPAJHHOTO
aHaJIM3a, U3 KOTOPOr0 BCKOPE BBIPOCIA aCTPOMU3UKA U MOIABUIACH BO3MOYKHOCTD JIMCTAHITHOHHOTO
WCCIEOBAHUST WCTOYHUKOB CBETA W TEX CPEN, Yepe3 KOTOPhIE CBET MPOXOAUT HA IyTH K
Habmonarento. AHaIW3 CIIEKTPOB IO3BOJIUJ HE TOJBKO H3ydaTh (DU3WYECKHE CBOHCTBA U
XMMUYECKUI COCTaB U3Jydaonmx ([IOMIOMAMNIUMX) CPel, HO U UCCJIeJI0BATH XaPAKTED JBUZKEHUs
BewecrBa 10 Jiydy 3penus (3ddekr Homsepa). OQHAKO HUKTO HE MOI IPEIIIONIOXKUTb, YTO
IO CIEKTPAJIbHBIM JIMHUSAM KOCMHUYECKMX OOBEKTOB MOXKHO OyIeT OOHApyKUTb U HCCJIEI0BATH
HECBETAIIYIOCs, “TeMHYI0’ MaTepUi0, TO €CTh U3MEPATb MACCy W IJIOTHOCTH CPEIbI, U3JIydeHue
KOTOPO# He mojmaerca obHapyxKeHwmio. Pa3ymeercs, pedb naer o0 aHaIW3€e CIIEKTPOB BUIAMBIX
TEJI U OIEHKAX CKOPOCTEl WX IBUKEHUS B CJIOXKHBIX 'PDABUTAIMOHHBIX MMOJISX.

BBEJEHUE

o cepemuupt XX BeKa €IUHCTBEHHBIM MPUMEPOM OOHAPYKEHUST MCTOYHHUKA T'PABATAINMOHHOIO IIOJS IO €ro
BO3IEiCTBUIO Ha HAOM0IaeMble Tejaa ObLIO OTKpbiTe Henrtyna mo ocobeHHOCTsIM ABukeHus Ypana. Ho
B 3TOM CJIy4Yae HCXOJHBIMU SBJISJINCH [TaHHBIE O BUAMMOM [IBUKEHWH ILIAHETHI, TO €CTh HCIIOJb30BAJICH
aCTPOMETPUYIECKUil TIOIXO0, MJI0C, KOHEYHO, 3aKOH BceMupHOro tsarorenus, 663 KOTOPOrO HU O KAKUX OIMEHKAX
MaCChl KOCMUYECKHUX T€JI TOBOPUTH HE IPUXOAUTCs. B ciiydyae rajJakTvK U UX CUCTEM BCE IIOUCKHU TEMHON MaTepuu
CBSA3AHBI C UCTHOJb30BaHueM 3ddekra lomrepa, u Juiib B MOC/IEIHEE BPEMsT HAYAIU TPHUBJIEKATH I(PDEKTHI
IPABUTAIMOHHOTO JINH3UPOBAHUS — CHJIBHOIO WJIK CJIa00ro, He TpedyIoliue aHaIn3a CIeKTPa.

Ucropusi OTKpBITHS ¥ WCCAEIOBAHUST TEMHOW MATEpUM B TAJIAKTAKAX ¥ CKOMJIEHWSX TaJIaKTHK,
HACYMUTBHIBAIOIIAS YK€ HECKOJIbKO ECATHUIETHIl, XOPOIIO OIMCAHA B IEJIOM psijie IyO/JUKAIWil U HE sBJISEeTCS
TeMOl HACTOAIIEH CTaThbu, KAK W MPODJeMa TPUPOIbI TEMHON MacChl. 3/1eCh pedb TONHIeT MPeXKJIe BCEro O
[TOIBITKAX M3MEPEHUsl MACChl CBETJIOIO W TEMHOI'O BEIIEeCTBA BHYTPU JUCKOBBIX IAJAKTUK HA OCHOBE AHAJIN3A
CIEeKTPOB ra3a u 3Be3nHoro Hacesnenus. Ilozg cioBamu “BHyTpHM ramakTuk’, OyJeM I0OIpa3yMeBaTh “BHYTPH
X HADJIONAEMbIX IDAHUI]’, TO €CTh TaM, [Je eIle 3aMeTHO H3JIydeHue 3Be3], UJIU Ia3a, OCTaBJIsAs B CTOPOHE
HEPEITIEHHBINA BOMIPOC O (PUBUIECKOH MPOTIKEHHOCTH TAJIAKTUK KAK TPABUTAINOHHO CBI3aHHBIX CHCTEM.

Hayuqnptit 6yM, mopomuBiiuil meiyio JjaBuHy pabOT IO CKPBITOM MacCe BHYTPH TaJlaKTHK, HAYAJCH C
MTOSIBJIEHUEM HAOJIIONATENbHBIX MTAHHBIX O CKOPOCTSX BpAIIEHHs V TAJaKTUIECKUX IUCKOB HA, JOCTATOYHO
60JIbIIOM paccTosiiud R OT neHTpa, TO ecTh € MOJIyYeHHWeM JOCTATOYHO JJIMHHBIX KpuBbix Bpauiexus V(R).
Bce kpuBbie Bpaienusi cTposTcs mo m3mepenusm ddderTa [ommepa myTem aHaIn3a CIEKTPA OTAETHHBIX
obsiacTeil raJJaKTHK B OIITUYECKOM WJIM PAJMO Auana3oHax (B IIOCIEIHEM CJydae, KaK [PABUJIO, 110 JIMHUU
Bogoposa HI). B onTrdueckoM auanasone it 3TOro 06bIYHO UCHOJIb3YIOTCs JTU00 KIacCudecKue AudpakInoHHbIe
crekTporpadbl ¢ JJTUHHON MEIbI0, Tu00 cKanupytorue narepdepomerpsl Padbpu—Ilepo ¢ BhICOKMMET TOpsaKaMu
narepdepennun. [lociennre He WMEIOT IMEIW, W C WX MOMOIIBI0 MOXKHO OIEHWBATH OIJIEPOBCKUI CIBUT
CHEKTPAJIbHBIX JIMHUI CPa3y BO MHOTUX THICSYAX TOYEK IO JUCKY raJIAKTUKNA, BOCCTAHABIMBAS IIyTEM JOBOJBHO
CJIOYKHOM MATEeMATHYIECKOH 0OpabOTKN MAHHBIX JIBYMEDHOE MOJie JIy9eBbIX CKOPOCTeH, a W3 Hero — KPUBYIO
Bpaienuns. Pannonabiiogenns ycTynaoT ONTHYECKUM 10 YIJIOBOMY Pa3PEIIeHuI0 U IPUTOAHBI JJIs [TOCTPOEHUST
KPUBOH BPAIEHUs, TOJIHKO €CJU B TAJAKTUKE €CTh JOCTATOYHOE KOJUYECTBO Ta3a HA OOJBINIOM DPACCTOSHUN
OT IEHTPA, B TO BPeMsd KaK ONTHUYECKHe HADJIIOIEeHWs MOTYT IaBaTh OIEHKMA CKODOCTEl KakK ra3a, Tak u
3Be3/, TMPUYEM C BBICOKMM pa3pemreHneM. 3aTO B TaJJAKTUKAX, OOTraThIX Ta30M, PAJIMOKPUBBIE BPAIIEHUS
[IPOCJIEKUBAIOTCS 3HAYUTENIHHO [AJbIE ONTHYECKUX, WHOTJA — [1aJeKO 3a MpeJeaMyd BUIUMBIX T'DAHUIL
TaJIAKTUKH.

Bompekn oxumanusm, OKa3ajaoCh, 9TO KPUBbIE BpPAIlEHWs, KAK IIPABUJIO, HE MAJA0T HA OOJIbIIAX
PACCTOAHUAX OT LEHTPA FAJAKTUK, & BBIXOIAT HA IMOYTH MJIOCKUH y9acTOK (HA MJIATO) WM JIa¥Ke MPOIOJIZKAIOT
pacru ¢ R (puc. 1).
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Puc. 1. Kpussle Bpamenns cruupaibHbIX ragakTuk (mo [1])

Pacnpocrpaneno 3a0iy2Kaeane, 970 pOCT CKOPOCTHU BPAIeHus 10 00abmux R uin BbIXO[ KPUBOH BpaIleHust

Ha, TJIATO SBJISETCH €CAU HE J0KA3aTeIbCTBOM, TO MO KpaiiHell Mepe peIamiyuM apryMEeHTOM B TOJIb3Y

CYIIECTBOBAHUS B FaJaKTUKAX TEMHOIO Iajio C MAacCO#, COMOCTABUMON WJIA MPEBOCXOIMINEH MacCy BHIAMMOIO

BerecTBa. Ha camom mene 3To He Tak, n popMa KpHUBOH BpallleHus, Kakas ObI OHa HYM ObIIa, cama 1o cebe errné
x99

HE TOBOPHUT O “CKpbITOi” Macce. [Ipuunn 31eck npe. [lepBast cBsA3ama ¢ 0OIIUM OMpEIETEHIEM MaCChl TATAKTUKH,
BTOpAs — C ee Pa3/Ie/IeHHeM Ha MACChI OTIEIbHBIX KOMIOHEHTOB. PaccMoTpuM ux mompobHee.

1. IIpm mepexome OT U3MEPEHHOM CKOPOCTH BPAIIEHNST NI KPUBOM BPAIIECHUS K MACCe OOBIYHO JIEIAeTCS P,
MIPEIOIOKEHHU, BBIMOJIHSIIONIUXCA JIAIIh MPUOIU3UTETLHO, 8 WHOIIA MPOCTO HE BBINOMHSIIONUXCHA. [loaTomy
BBIBOJL O TEMHOI MaTepuu, 3aMOJHAIONEH TaJaKTHKy, JAJeKO He BO BCEX CAyYasdX OYeBHIeH. Tak, OOBITHO
MIPUHUMAETCs, 9TO JUCK FAJaKTUKNA TOHKHU, paclpeneeHne MacC B TATaKTUKE OCECUMMETPUIHO, a U3MEPeHHAST
CKOPOCTh BpAIlleHUsT HA JIOO0M R Majio OTINYAeTCss OT KPYTrOBOHl CKOPOCTH, CIPOEKTUPOBAHHOW HA JIyd
3pennsa. Poab aTux momymienuit He ommHakoBa. K mpmMmepy, TOIMMHA AMCKa €1ab0o cKas3bIBaeTcs Ha ¢opme
KPWBOIl BpallleHus, a OCOOEHHOCTH TIOJISI CKOPOCTEH, HE COBMECTHMBIE C OCECHMMETPUIHON MOIEIbIO JIMCKA,
MOrYT ObITb BbIsiBJIeHBI M y4TeHbl. C OoT/iM4meM HM3MepseMbIX CKOPOCTel OT KPYI'OBBIX CBS3aHbI, IIOXKAJIYI,
HanOOJIBINTNE OMMOKU OMpeIeeHrs Macc. JIOKaJIbHbIE HEKPYTOBBIE IBUMKEHUS OOBIYHO OBIBAIOT OOYCJIOBJIEHBI
AKTUBHOCTHIO MOJIOABIX 3BE3/I B OOJACTIX 3BE37000PA30BAHMS, HAJTMINEM KOHTPACTHOTO Oapa B IMEHTPAIbLHON
00JTaCTH, AKTUBHOCTHIO siIPA UJIU YK€ CBI3AHBI CO B3AUMOEHCTBHEM TaJIAKTUK, BO3MYIIAIOIINX TIOJIE€ CKOPOCTELt
B HamOOJIBbINIEHl CTemeHn KaK pa3 Ha mepudepun IUCKOB. Bce 3TO 3aTpyaHSIeT HHTEPIIPETAIHIO PEe3yIbTAaTOB
U3MEpPEHUit.

2. JIiobas dpopma KpuBOii BpallleHus — PACTYIIAs WK IA1A0IIasd, U JaxKe CIa/Ia0IIasd KPyde KenaepoOBCKOro
saxona V(R) ~ R™'Y? (uro Teopermdecknm BO3MOKHO, XOTsi HABMIOJAETCS OYEHb DEIKO), Ha CAMOM Jeje
HUYEro He MOBOPUT O IPUCYTCTBUU WJIA OTCYTCTBUUA TEMHOIO TAJO U MOXKET ObITh OObsICHEHA OJHUM TOJIBKO
JuckoM, bopMa KPUBOH BPAIEHWST KOTOPOTO OTParKaeT JIUITh OCOOEHHOCTh PACIpeiesieHrs Macchl B HeM. Yem
BEIECTBO, COCTABJISAIONIEE TUCK, TO €CTh 3BE3Ibl U Ta3, cjlabee KOHIEHTPUPYETCA K HMEHTPY, TeM 110 OOJIBIINX
paccTostHuil OT HeHTpa OymeT HabJIIOJAThCs POCT ckopocTy BpaineHusi. CKOpoCcTh BpallleHHs PaBHOBECHOTO
OJIHOPOJIHOTO JIUCKA B CO3/IABAEMOM MM K€ CaMWM TPaBUTAIMOHHOM moje Ge3ymepxkuo pacrer ¢ R. Konedno,
JINCKY PEATbHBIX FAJIAKTHK 3aBEI0OMO HE OJHOPOIHBI, UX MJIOTHOCTD MMaJaeT ¢ yAajaeHneM ot reHTpa. Ho n B aTom
caydae ¢ 0O0bsACHEHHEM ILJIaTO HAa KPUBOM BpAIeHHus TOKe HeT ocoboit mpobiembr. Kitaccuuecknit mpuMep — Tak
HA3bIBAEMbIH auck Mecress. 9TO TOHKHHA OCECUMMETPUYHBIH JUCK, TIOBEPXHOCTHAS MJIOTHOCTL Y (R) KOTOpOro

64



majaeT oT neHTpa K nepudepnn Kak K/ R, rae K — koHcranTa. TeopeTndeckn MOKHO MOKA3aTh, YTO KPYroBast
CKOPOCTh, KOTOpasi B OOITIEM CJIydae OMPeaessieTCs PAAUaJIbHbBIM IPAIUEHTOM IPABUTAIMOHHOIO TOTEHIIHAIA,

V3(R) = R-0®(R)/0R,

B ciaydae aucka Mecrenss 3aBUCHT TOJBKO OT 3HadeHus K, To ecTb He MeHsierca ¢ R. KpuwBaga Bparmenus
raJaKTUKU, MPEICTABIMIoNeil coboit nuck Mecrens, 6ymeT onuChIBATHCA MOPU3OHTAILHON JTHHUEH — OT Hy/IA
10 0ECKOHEYHOCTH — 0e30 BCIKOro TemHoro rajio!l Macca Takoro amMcka B Tpeneaax Joboro 3aJaHHOrO
pagmyca R Gyaer onpenenarses seipaxennem M (R) =V2R/G, 1o ecth Tak e, Kak U B ciydae chepaaecKu-
CUMMETPUYHOTO PACIpPEIe/eHns MIOTHOCTH. VHbIMU C/OBaMH, IO KPWBOM BpamieHus auck Mecrens Helb3s
OTJINYIUTH OT CHePUIECKU-CUMMETPUIHON raTaKTHKH.

Yro xe B TAKOM Ciiydae JefCTBUTEIbHO MOXKHO PACCMATPUBATH KAK IIPAMOE YKa3aHUEe HA HEBUIUMYIO MACCy
B JIMCKOBBIX T'aJIaKTUKAX W, B YaCTHOCTH, HA MaCCUBHOE TeMHOe rajio? B mepByio ouepensb, 3TO PACXOXKIEHUE
MEK/y U3MEPEHHON KPUBOIl BPAIEHNS MAJIAKTAIECKOrO TUCKA U O2KUIAEMOI B IIPEIIIOI0KEHNH, YTO TaJIaKTHKA,
COCTOMT TOJILKO W3 “CBETJIOrO BEIEeCTBa’, TO €CTh M3 HEMOCPEICTBEHHO HAOIIOIAEMBIX KOMIIOHEHTOB. K HuM
OTHOCHTCsI 3BE3/IHOe HACeJIeHWe [WCKA ¢ OaypKa IJII0C MEXK3BEe3Hasi ra30MbLIeBasi CPea, MPUYeM BKJIA/L
moc/IeiHeH, KaK MPAaBUJIO, MAJI MO CPABHEHUIO CO 3Be3nHbIMU. Hajimdme Takoro paCXOXKIEHWS BBISBIISAETCS
IPU COLOCTABJIEHUM KPUBOI, BBIYUCIEHHOW [0 DPACIPENEIEHUIO0 SAPKOCTU (IJIOTHOCTH) 3BE3IHBIX U [Aa30BbIX
KOMIIOHEHTOB, ¢ HAOJII0aeMoli KpuBoii Bpaienus V (R).

3aMeTuM, 9TO MPEJJIAralOTCs U PAJUKAJIbHBIE TEOPUH Iy OObSCHEHWs ILJIOCKUX KPUBBIX BpalleHus 0e3
MPUBJIEYEHUsT JOMTOTHUTEILHON Macchl. Tak, paccMaTpuUBaIOTCs, XOTS U O6€3 0coDOro ycrmexa, MpeImoIOKeHUsT
O HErpaBUTAIMOHHOW, HAIPHMEp MArHHTHOW, cuie, aelcrByromei Ha auddepeHnnaaTbHO BPAIAIONIAHACT
Ta30BBII CJIOW, WJIM MPEIIOJIaraeTcsd HEHbIOTOHOBCKUIM XapaKTep ABUXKEHUS TeJ B OOJIACTH MaJjbIX YCKODEHU
(reopust MOND). Takue nouxo/pt, 6e3ycI0BHO, UMEIOT IIPABO HA CYLIECTBOBAHUE U JIOJKHBL IIPOBEPATHCH, HO
HCCJIE0BATENIN BCTPEYAIOTCS C DOJIBIMMME CJIOYKHOCTSIMU MIPHU TOMBITKE MPUIATH UM YHUBEPCAIbHBIA XapaKTep.
Crpemiierre 060OATH BBIBOJ, O HAJIMYUU TEMHOW MATEPUH B MAJTAKTHKAX [TOIYAC [TOXOXKE HA TOMBITKY O0bICHUTD
3araJKy C MOMOIIbIO Iy/Ia.

KPUBAAd BPAIITIEHNA 1 “TEMHASA” MACCA

B abcomoTHOM OOMBIIMHCTBE COUPAJBHBIX TaJaKTHK OCHOBHAs MAaCCa BHINMOIO BEIECTBA MPUXOIUTCS Ha
3Be3ublil anck. Ho pagmanbHbie Mpoduin SApKOCTEH MUCKOB MAJAI0T C PACCTOAHMEM OT IMEHTPA TaJaKTUKH
kpyde, dem y mmcka Mecrens. Yame Bcero uHa 00sbmoM wHTEpBasie R mpodUIb SPKOCTH OMUCHIBAETCS
9KCIIOHEHITAATBHBIM 3aKOHOM

I(R) = Inexp(—R/Ry),

rae Iy — MOBEpPXHOCTHAS STPKOCTH JIUCKA, IKCTPAMOIUPOBAHHAA Ha IEHTp, a [y — pagmajbHas MKajaa JIHACKA.
Teoperudeckn MOXKHO [TOKa3aTh, 9TO KPUBAas BPAIIEHUS TAKOTO IKCIOHEHIINAILHOTO JAUCKA TOXKHA IIPOXOINTD
qepe3 MakcumyMm Ha R = 2.15Ry u mMIaBHO CHMXKATHCA HA OOJBMIUX R, 9YTO MOYTH HUKOTIA HE HAOJIIOIAETCS
y TaJaKTHK, W 3aBEJIOMO HE COBMECTHMO C IIOCTOSTHHOHW WJIM IOYTH IMOCTOSHHON CKOPOCTHIO BPAINEHHS HX
BHEITHUX 00JIacTell. ITO W JAeT OCHOBAHUE TPEANOJIOKUTh HAJIW4YMe TeMHON Mmacchl. Kak uimocTparus, Ha
puc. 2 moKa3aHa MPOTSKEHHAsT KPUBas BPAIEHNs CIIUPATLHOIN rajgakTtukn M 33, momydenHnas mo HabI0IeHUIM
ueiirpasibaoro Bogoposa (HI), B cpaBHeHuu ¢ 0:kuaeMoil KpUBOIi IPU OTCY TCTBUM HEBUIUMOM MaCChI.

Kak mpaBumio, B mpemenax HECKOJbKHX KHJIOMAPCEK OT TIEHTPa KPHUBBIE BpaIllleHuss He TpebyoT
MTPEITOIOKEHNST O CKPBITOI MaCCe U BIOJHE 00bICHAIOTCS MACCOM 3BE3IHBIX KOMIIOHEHTOB — AUCKa 1 Oasrmka. Ho
€Cc/Ti BpaIlleHne BHY TPEHHEH 9aCTH raJJaKTHKU BIOJHE MOYKHO OObSICHUTD BUIUNMBIM BEIECTBOM, TO UEM JTAJIBIIE
OT IIEHTPA, TEM BCe DOJIBITYIO POJIb JOJIZKHO UTPATh TPABUTAIIMOHHOE TI0JI€ HEBUIUMOM MaCChl, YTOOBI 00ECednTh
BBICOKYIO CKOPOCTD BpalleHus qucka. [IpaBaa, B HEKOTOPBIX C/Iydasix H3MEPEHNsT KPUBLIX BPAIEHNA MACCUBHBIX
TaJaKTUK JeHCTBHTEIBLHO “HOXOIAT’ 10 TeX PaCCTOSAHHH, TIOe CKOPOCTHh BpAINEHUS HAYMHAET MeIJIeHHO
YMEHBIATbCA, HO KAKOH-THO0 001116l 3aKOHOMEPHOCTH OTHOCUTEIHHO TOrO, TJIe 3TO IPOUCXOINUT, YCTAHOBUTD HE
ymasochk. B npunnume, “Hamngynars’ TpaHUIly raJio MOXKHO 110 aHAJIN3Y CKOPOCTEIl TBUKEHNS CITy THUKOB TaJIAKTHK
b0 o CAabOMY MCKaXKEHUIO (POPM JAJTEKUX TAJAKTHK, CBET KOTOPBHIX IMPOXOJUT CKBO3b TAJI0 U MCIBITHIBAET
UCKPUBJIEHUE B €r0 TPaBUTAIMOHHOM 110J1e (3¢bdeKT c1aboro MUKpoMH3upoBanus). VI ToT, u Apyroii moaxost
MaJI0 “H(MOPMATUBHBI [T OTAETHHO B3ATHIX TATAKTUK U JAIOT ONEHKH JIAIIHh HA CTATHCTHYECKOM ypoBHE. EcThb
OCHOBAHHE CYUTATH, UYTO TEMHAS MATEPUS MACCHBHBIX W JIOCTATOYHO W30JMPOBAHHBIX TAJAKTHUK TIHETCH HA,
HECKOJIKO COTEH KHUJIONApCeK (IPUMEPHO HA HOPAIOK JAJbIIE UX ONTUYECKUX PAHUL]) M COAEPIKHUT MACCY, B
HECKOJIBKO Pa3 MPEBBIMAIILYI0 MACCY BUIUMBIX KOMIOHEHTOB. OHAKO OT TaJIAKTUKU K TaJJAKTUKE CUTYAIUsT
MOXKET CHJIbHO MEHSTHCH, MPUYIEM B HEKOTOPBIX CIydasdxX Macca TajJ0 OKA3bIBAETCS COBCEM HEOOJBIION IO
CPAaBHEHWIO C MACCO#l 3BE3IHOrO WCKA. XOPOIIMM MPUMEPOM sBjsieTcd cnupaJyibHas rajaktuka NGC 157,
CKOPOCTb BpalleHus KOTOPOil ObICTPO IajaeT 3a [peejaMi ONTHIECKUX paHull [2].
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Puc. 2. Cpasrenne mabmomaemoii Kpusoii Bpamenus mua M 33 u KpuBoOii, 0:KMIA€MOIi B TIPUCY TCTBUH TOJHKO 3BE3THOTO
KOMITOHEHTa

BaMeTI/IM, 49TO B CJIyqae SIINIUNITUYIECKUX raJlaKTHUK, I'/Ie HET MAaCCUBHBIX BPAIIaIOIUXCA TUCKOB, Ha6JIIOILeHHH
TeM HE MEeHEee TaKJKe M[PUBOAAT K BBIBOAY O HAJWYAKA TEMHON MAaCChl, JIOMUHUPYIOMeH Ha Oosbimux R.
910 ciemyer W3 TMOCTPOEHUS CAMOCOMVIACOBAHHBIX JUHAMUYECKUX MOJeNell TaJakTHK, Oa3upyIONIuXCs Ha
u3MepeHun (POTOMETPUIECKOro Ipo(uisd M OUEHKAX JAMCIEPCHH CKOpOCTed 3Be31. A i 3JUIMITHYECKUX
TaJIaKTUK C PEHTTeHOBCKHMHU TI'a30BbIMH KOPOHAMH O HeBI/IﬂI/IMOI./’I Macce IJOIIOJTHUTEIBHO CBI/IﬂeTeJIbCTByeT
BbICOKAs TeMIIEPATypa ra3a, HOoJLyYeHHas 110 CHEKTPY PEHTIeHOBCKOIO U3JydeHus (MuIuoHbl KenbBUHOB), Ipu
KOTOpOﬁ T'PaBUTAIIUOHHOE I10JI€ OJHUX TOJIBKO 3BE3/] HE CMOTIJIO 6BI yﬂep)KI/IBaTb ra3 CKOJ'IB—HI/I6yﬂb JOJITOE BpeMd.

O,HH&KO, OII€EHUTHL KOJHUYECTBEHHO MaCCy HECBETAIIEroCd BEIleCTBa BHYTPH I'a/IJaKTHUK II0 KHHEMAaTHKE Ira3a
WIN 3Be3J, OKa3aJoCh 3aJadeil He IPOCTO CJIOXKHOH, HO U IOAYAC HE BBLIIOJHUMON 0e3 JOMOJTHUTEILHBIX
npenmnosioxkenuit. s ompeneseHHOCTH, YTOOBI 3a7a49a BCE K€ HMENIa pelleHne, MPUXOIUTCS OTPAHUIHUTD
paccMarpuBaeMyio O0JIACTh 3apaHee OrOBOPEHHBIM 3HAYEHMEM paauyca. B KadecTBe TMOCIeIHEr0 OOBIYHO
Gepercsi yCIOBHBIN ONTUYECKUl PAJUyC rajakTuku o5, KOTOPBI IPUBOAKUTCH B KATAJIOTAaX BHEIAJAKTUIECKHUX
00BEKTOB. DTOT PAIUYC COOTBETCTBYET ITOPOTOBOMY 3HAYEHUIO IDKOCTH TAJIaKTHKM, PABHOMY 25-i1 3B. BeJIndnHe
C KBaJpATHOW CEKYHIBI AYTW, YTO MPUMEPHO B 16 pa3 HMKe sSPKOCTH HUYEM He “TOCBEYEHHOr0” 0E3/IyHHOTO
HouHoro Heba. Ho mis ramakTuk, OTIHIAIONIUXCA OCOOEHHO HU3KON MOBEPXHOCTHON APKOCTHIO, TaKas CPAHUIA
OyZeT OXBaTbIBATHh 00JIACTDH, CIAUIIKOM OJM3KYI0 K siapy. B KadecTBe MpeneibHOrO MOXKET ObITh B3ST TAKXKe
paguyc, U3MEPEHHbI! B eIWHUIAX PAJUAIbHON MIKAJIbI spKOCTH [y, MOCKOJIBKY OH HEe 3aBUCUT OT CpeIHEl
HOBerHOCTHOﬁ APKOCTU TaJIAKTHUKHU. HI/I}Ke chIOBHO 6yaeM NpUHUMATb 3a OHTI/I‘{eCKyIO FpaHI/IHy JHUCKa
npenenbHbli paguyc R = 4Ry. /I HOpMAIbHBIX TaJaKTHK dTOT MPeIea B CPeaHeM TOBOJILHO O/M30K K Ros.

[Monuyro Maccy raJlakTUKW B MPEIeaX BHIOPAHHBIX TPAHUIL OIEHUTD KYIA TIPOIIE, IeM MACCY €€ PA3TUIHBIX
KOMIIOHEHTOB IIO OTJEJIbHOCTH. BOﬂee-MeHee HaJe2KHO, OIINPadACh Ha 3aKOHbI HU3JIyY€HHUA (TOT 2Ke 3aKOH
Kupxroda!), onenuBaerca macca rasa — mo paauoHab/IOAeHuaM JjuHuil u3aydenus HI u mosekymspHOro
raza. 3amedy, OJHAKO, 9TO U 3/I€Ch HET MMOJHOM sSICHOCTHU: BBICKA3BIBAJIOCH MIPENOJIOKEHUE, YTO CYIIECTBEHHAs
JIOJIST MOJIEKYJISIPHOTO Ta3a MOXKET OKa3aThCs HEYYTEHHOW, €CJIM €ero TeMmIeparypa OYeHb HU3Ka, W He
IPEeBbIIIACT HECKOJIbKUX KeﬂbBI/IHOB. K TOMY 2K€, MaCCa MOJIEKYJ/IAPHOI'O ra3da ONEHUBAETCA 110 MHTEHCUBHOCTHU
pPaJMou3/IyueHns HEKOTOPbIX MoJiekys1 (mpexzae Bcero, CO), KOTOpble NpPEACTABAAIOT CODOH /UL MAaJIYIO
J00aBKy K MOJIEKY/IAPHOMY BOIOPOIY, M OIEHKa KOd(ppUImeHTa Mmepexoa OT MHTEHCHUBHOCTHA H3IyUEHHS K
MOJIHOMY YHCJIy aTOMOB r'a3a Ha, JIyde 3PEHUs MPeACTaBiIsgeT OTACILHYIO MPodIeMy.

Ounpenenurb Maccy 3BE3QHOIO HACEIEHHs elle CJIOXKHee, 4eM rasa, JJis 3TOM0 HaJ0 XOPOLIO 3HATb
3BE3IHBII COCTAB FAJIAKTUKU, YTO ONAThb-TAaKU Tpedyer aHam3a €€ abCOPOIIMOHHONO CIEKTPa JIUOO MPOBEICHUST
doromMerpun B PA3NIMIHBIX CIEKTPAJBHBIX 00jacTaXx. HO #m 3TOro HEZOCTATOYHO, MOCKOJBKY AalpUOpH
HEU3BECTHO, KaK MEpeiTH OT paclpeIe/ieHus SPKOCTU [IUCKA K PAaCIpPeIe/IeHHI0 ero ILUIOTHOCTH WU OT
CBETHUMOCTH JUCKa K €ero IIOJIHOH Macce.

Baﬂaqa onpeneIeHnd BKJIaJa PA3JIUIHBIX KOMIIOHEHTOB IaJIJaKTUKHW B 06[[[}7}0 KpI/IByIO BpalieHusd 1o a,Ha,JII/I3y
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Puc. 3. Ilpumep meommosmawHOCTH mexoMmMmo3uun Habaomaemoi kpusoit Bpamerms NGC 6503 (Touxkm) ma
COCTABJIAIONIME, OTHOCATINECA K OAJIIKY, TUCKY € (PUKCHMPOBAHHON pasuaJ bHON mIKasoil u rano (TOHKue JuHuK). 31ECh
{4 — OTHOIIEHNE MACCHI HEJIUCKOBBIX KOMIIOHEHTOB K MACCe JUCKA. I1epBbIil PUCYHOK COOTBETCTBYET CJIy9al0, KOI/Ia MaCcCa
[UCKA PABHA CyMMe MacC OaJsiIKa U rajio

PACTIPEIEIEHNs] WX CYMMAapHOTO TDABHTAIMOHHOTO TOTEHIMANA OTHOCATCA K YUCTY HEKOPPEKTHBIX 3a/1ad.
Kpyrosas CKOPOCTb OIIpeIeIsieTcs: 4epe3 IMPOU3BO/IHY IO PABHTAIMOHHOrO OTEHIIMAA 110 paauycy. [loTeHnmabt
OT/IE/TBHBIX KOMIIOHEHTOB CYMMUPYIOTCS AJJIUTHBHO, T03TOMY ecau P,(R) — pacupesenenne MOTEHIHATA
N-ro KOMIOHEeHTa, TO cymmapueii norennuan ®(R) = > ®,(R), wm 0P(R)/OR = ), (09,(R)/OR).

CrenoBaresbHO,
1/2

VR) = (> VZRr)| . (1)

Nupive  coioBamu, CyMMUPYIOTCS  KBaJparTbhl KPYTOBBIX CKOPOCTEil, OOYCIOBJIEHHBIX OT/IEJIbHBIMEI
KOMIIOHEHTAMY, TPU ITOM HADIIOZAEMas CKOPOCTb BPAIIEHUS MOXKET OBITh MPEJCTABIEHA WX CAMBIMU
pa3mudHBIME KOoMOuHarusaMu. [losTomy 0e3 AOMOTHHUTENbHONH HH(MOPMAIME O MACCaX KOMIIOHEHTOB WJIH
paclpee/ieHuu BEIIeCTBA B HUX 33/3a49a HE PEIraercd. 37eCh Ha, MOMOINb MPUXOIUT TO OOCTOATEIHCTBO,
9TO BKJIQJl PA3JIMYHBIX KOMIIOHEHTOB B O0Ille€ I'PABUTAIMOHHOE II0JI€ HA PA3HBIX PACCTOAHUSAX OT LEHTPA
rajlakTuKu He OAuHAKOB. Tak, OasK (€Ciu OH eCTh B TaJaKTHKe BOOOIIE) JOMHHUDPYET BO BHYTpEHHei
00JIaCTH TaJlAKTHKHY, JIUCK — HA paccrosganm 2-3 Ry oT meHTpa, a rajo — BO BHernHeil objacru. AHamu3upysi
¢dopMy KpHUBBIX BpAIlEHWs] B TFAJIAKTUKAX, [ a0 JOMWUHWPYET, MOXKHO 3aK/IIOYUTh, 9TO OHA JIyYIle BCEro
OIMCHIBAETCS IICEBIOM30TEPMUYECKON MOIE/IbIO PACIPE/IeeHUs JIOTHOCTH, B KOTOPO# PaguaJIbHBIN TPOMUIH
TJIOTHOCTH TaJI0 Ha, GOABIMHX R aCHMITOTHYECKH TIPHOIIKaeTca K 3akony p (R) ~ R™2 (on owennb ymoben s
BbIUUCJICHUT, XOTs BPsi/l JIM CHPABEIJIUB s JIIOOON JUCKOBOM rajlakTUKK). DTO [O3BOJILET [IPU JOCTATOYHO
JIJIMHHOU KPUBOI BPAIEHNS BBIIEIUTH COCTABIISIONLYIO, CBI3aHHYIO C TajI0. UTO KACcaeTcs APYyTruX KOMIOHEHTOB,
TO HA MPAKTHUKE [PU pPacdere WX BKJAJAA B OOIIMI MOTEHIHAJ TAJaKTHKHM IIOMOTAeT IIPEIIIOJIOXKEHUE, ITO B
TEPBOM MPUOJIMKEHNN UX TIJIOTHOCTH PACIPEIEIEHa B COOTBETCTBUAN C HADIIOJAEMBIM PACIIPEIETIEHUEM SPKOCTH.

Ho maxke mpu TakoM MOIXO0Ie MBI BCE PABHO HE MOJIYYUM €IMHCTBEHHOTO PENIeHUs 3aa9M 10 JeKOMITO3UIIHHI
uabuio1aeMoil KPUBOI BpAIlleHus HA COCTaBjsdionme. B kadecTBe mpumepa, HA PHUC. 3 MPECTABIEHA KPUBAs
Bpamenust crupaabHoii ramakTukua NGC 6503 m ee BO3MOXKHBIE MpeACTaBIeHHsi. Bce Tpu mpeacTaBIeHHBIE
BapPUAHTHI DeIeHrs] XOPOIIO OIKMCHIBAIOT HAOIIONAEMYI0 KPHUBYIO BDAIIEHWs, HO M[PUBOAAT K CHJIBHO
PA3IMIAOIIUMCS OIIEHKAM MACCHI VCKA U TaJI0, HECMOTPS Ha, TO, 9YTO OJINH U3 MAPAMETPOB MOIEIN — PAIUAIbHAS
mkaJia qucka Ry — 3/1ech cauTaercs m3BeCTHBIM.

JABA CIIOCOBA YTOYHEHNSA MACCHI INCKA

WNrak, nas toro, 9robbl MOHATH, TPEOYETCS U HAJUYUE TEMHOW MACCHI /i OObSCHEHWS] KUHEMATUIECKUX
XapPAKTEPUCTUK TAJAKTUKH, U €CJIH J1, TO KAKOBA TA MACCA U [JIe OHA COCPEIOTOYEHA, B TAJAKTUKE, HEOOXOIIMO
HaWTU MeTOJi He3aBUCUMOU OIIEHKUA MAacCChl JIUCKA, & 3aTeM CPAaBHUTH MOJIy4YeHHOe 3HadeHue ¢ MHTerpajibHO
JUHAMUYECKON MACCONl rajlaKTUKU U OIEHUTH TaKUM O0pPa30oM KOJUYECTBO HENOCTAOMIEH (TeMHOI) MacChI.
Takux MeToJ0B M3BECTHO HECKOIBKO, HO KAXK/IbIl W3 HUX 0A3UPyeTcs Ha CBOUX IIPEIOJIOKEHUSX, U HOITOMY
HE TIPETEHYeT Ha CTPOrOCTh W OCTABJISET JIA3€HKy MJIsi COMHEHUs. 31eCh Mbl OCTAHOBHUMCS HA, JIBYX MOIXOAX,
HanboJjiee YHHBEPCAJIbHBIX B ILJIAHE IPUMEHEHUsI K OOJIBIIIOMY 9HCJIy OOBHEKTOB.
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Memod 1 (pomomempuueckuii).

Meron 6a3upyercs Ha U3MEPeHuH MACChl COBOKYITHOCTH 3BE3[I FAJTAKTUKHU IO HAOIIOZAEMOMY abCOPOIIMOHHOMY
crekTpy (ImyTeM ero MOJE/UpPOBAHNUs) U WHTEIPAJILHON CBETUMOCTH 3BE3/IHOIO HACE/IEHUs, a B DOJIee TIPOCTOM U
60J1ee MIMPOKO UCIIOJIb3YEMOM BAPUAHTE — UCXO/Isl U3 OIMEHOK HHTErPAIbHON CBETUMOCTHU 3BE3/IHBIX KOMIIOHEHTOB
B Pa3IUYHBLIX (POTOMETPUUECKUX IMOJ0CaX. B 00OMX BapwaHTaX HAXOIUTCS TAKas MOMEIb 3BE3IHOTO COCTABA
FaJIaAKTUKU, KOTOpasl HAWIYUIIMM 00pa30oM OObICHSET HADIIOMAEMbIA CHEKTD WU W3MEPEHHBIE MOKA3aTesn
nBera. 3HAHWE 3BE3IHOTO COCTABA MO3BOJISET OIEHWTH IMOJIHYIO MACCy 3BE3 TaJIAKTUKH, €C/IM HU3BECTHA, ee
CBETUMOCTDb B KaKOH-1160 obsacTu crekrpa (C y4eroM CeJIeKTUBHOIO OCJIabJIeHUst CBETa, bLIEBOI CPeoil).

[Ipex e Bcero, HAC MHTEPECYET MACCA TAJTAKTUIECKOTO JUCKA, HA JOJII0 KOTOPOTO TPUXOAUTCS B aOCOTIOTHOM
GOJIBIITMHCTBE CJIyYaeB OCHOBHAS YACTh 3BE3]1, FAJAKTUKU, KAK U OCHOBHAs JIOJI €e HHTErPaIbHON CBETHMOCTH.
OueBuIHO, 9TO YeM OOJIbIIE CBETUMOCTh IUCKA, TeM DOJIbIIe CyMMapHas Macca ero 3se3i. Bces mpobiema — B
otierke Kod(dduimenTa nponopuuonaibHocru M, /L Mexiy Maccoil U CBETMMOCTBIO: €ro BeJUYUHA 3ABUCUT
OT BKJIaJA 3BE31 PA3JUYHON MACCHI W PA3JIUYHOrO BO3pacra B u3jaydeHnune rajaktuku. C Bo3pacTaHueMm
OTHOCHTEJIBHOI'O YHUCJa MOJIOABLIX 3Be3y najaer orHowenue M,/L. Ho opHoBpeMeHHO MeHsieTcs U 1iBeT
3BE3IHOIM CHCTEMBI, €€ IOKA3ATeNN I[BETA YMEHBINAIOTCH, TMOITOMY OJI2KHO WMETh MECTO OIPEIeIeHHOe
COOTHOIIIEHUE MEXKJIy ITUMU mapamerpavu. I3 reopuun 3Be3HOM SBOIONUN U3BECTHO, KAK MEHSIETCS B TEYECHUE
JKA3HU CBETUMOCTH W I[BET 3BE€3], B 3aBUCUMOCTHA OT WX MAaCChl U XUMHUYECKOTO COCTABA, MOITOMY MOIEIH
SBOJIIOLMK 3BE3/IHOIO HACEJIEHUs [I03BOJIMIOT TeoperudecKu ouenutb M, /L kak DyHKUIUIO HOKa3aTeseil upera.
[IpumedarenbHO, YTO COOTHOIEHWE MEXKIYy HHUMU OYeHb CJIa00 3aBUCHT OT WCTOPUU 3BE31000pa30BaHUs B
rajakruke (cMm., Hanpumep, [3]).

OCHOBHBIM HEIOCTATKOM (POTOMETPUIECKOrO METOMA SBJISIETCS 3aBUCHMOCTH PE3YJIbTATa OT MPUHATON
MOJIEJTM IBOJIIOIUE 3BE3IHONO HACEJEHUs, U OCOOEHHO CHJIbHAS 3aBUCUMOCTH — OT TOIO, KAKUM 3a/1aeTcs
pachpenesieHne POXKIAIONIMXCS 3BE3J, MO MacCaM, TO €CTh OT TPUHUMAEMON HAYaIbHON (YHKIUA MaCC
(HOM). O6bruno HOM cuuraercs oauHaKOBOI /1Jis PA3HBIX IAJIAKTUK, YTO, KOHEYHO, $BJISETCs YIIPOLUIEHUEM.
OrnpeneneHHO W3BECTHBI TAJAKTUKU, MOKA3ATENNW I[BETa KOTOPBIX SBHO HE BIUCHIBAIOTCA B CTAHIAPTHBHIE
CXeMbl JBOJIOIMYU 3BE3JHONO HACEJIEHUs U HE COIVIACYIOTCH C OXKUAAEeMbIM cooTHouienuem “user — M, /L”
(cMm., Hampumep, [4]).

Memod 2 (dunamuuecruii).
Meros, OCHOBAaH Ha OIEHKE BEPXHErO MpeJeNa JOKAJbHBIX 3HAYEHUN [MOBEPXHOCTHOW IJIOTHOCTH JIUCKA,
KOTOPBIil BHITEKAET U3 YCJIOBUS €r0 TPABUTAIMOHHON ycToanBocTr. K peasbHbIM raJlakKTUKaM MpPU HEKOTOPBIX
YIPOIIAIOIIUX [IPEIIOJIIOKEHUIX OH BlEpBble Obwl npumenen Borrema [5]. Bpaimarommiics 3Be3ublii 1ucK,
KaK ¥ JUCK JII00ON MPUPOIBI, COCTOSIIUN M3 YaCTHUIl, MEXKIY KOTOPBIMU IEHCTBYET TOJHKO CHUJIA TATOTEHUS,
JIOJIZKEH XapaKTePU30BATHCS OMPEIEJIEHHON NUCIepCheil paIuaibHbIX CKOPOCTe 3Be3/1, YTOObI JUCK HAXOIUJIICS
B PABHOBECHOM T'DABUTAIMOHHO YCTONYMBOM COCTOSHWH. ECau aucmepcusi CKOpOCTeil 3BE3[ MUCKA OKAYKETCs
O4Y€Hb HM3KOMH, TO OH HAYHET ObICTPO JIUHAMUYECKH HArpeBarbcs. [103TOMy HET CHMpPAIbHBIX MAJIAKTHK, JIUCK
KOTOPBIX COCTOSLT ObI M3 3BE3JI, C TAKOW YKe HU3KOM NUCIepcueil CKOpoCcTeil, Kak y 00JIaKOB ra3a, TO €CTh U3 3Be3/I,
UMEIOIIAX MPAKTHIECKH KPYroBbie opouThl. OCTaHOBUMCS HA 3TOM METOJIe 9yTh MOJIPODHEE.

3Be3IHBIN JUCK — 9TO OECCTOJKHOBUTEIHLHAS CUCTEMA, TOCKOJIBKY CIYyJIaiHBIMU COTMKEHUSIMU 3BE3]1, MOKHO
npenebpedb u3-3a KpaiiHe MaJjoil BepodaTHOCTH TakuX cobbituit. Kazamoch Obl, ecin 3Be31bI HE COMHKAIOTCS
JIPYT C APYTOM HACTOJIBKO, YTOOBI 3aAMETHO W3MEHUTh CBOU TPAEKTOPHUH JBUKEHUsI, TO XapaKTep OpOUTATHHOTO
JBUKEHWS 3BE3J [TOJIKEH ObITh 3aKOHCEPBUPOBAH W OMPEIEIAThCA HAYAJIHHBIMU YCJIOBUSAMEU OOpPA30BaHUS
3Be37. Ho sro He Tak. Bmecro mapbix cOMMMKEHUIT MOrYT JeiiCTBOBATH KOJJIEKTUBHBIE IMTPOIMECCHI, KOI/A
KazK/1as 3BE3/1a, OIIYIIAeT U3MEHEHIE IPABUTAIIMOHHOTO MTOTEHITNAJIA, CBA3AHHOTO C MOJI0YKEHUEM BCEX OCTAJIbHBIX
3B€37l, COCTABJISIONINX JIUCK, TO €CTh Pearupyer Ha JMUCK, HA COBOKYIHOCTb OCTAJbHBIX 3BE3[, KAK HA I[EJI0e.
Jluck OOBIYHO OMUCHIBAETCS KAK HEKOTOPAs MACCHBHAS IJIOCKAS CHCTEMa BO BHEITHEM TDABUTAIMOHHOM ITOJIE
JPYIUX [OACHCTEM TaJaKTUKH, B KOTOPON MOI'YT PACIPOCTPAHATHCA KpylHOMAacurabubie Kosiebanus (ux
OOBIYHO OTOXKIECTB/IAIOT CO CIUPAJIbHBIMU BOJHAME [JIOTHOCTHU) U PA3BUBATHCSA HEYCTONUUBOCTH HA, PA3IAIHBIX
macmrrabax. [Tociegare Beerga NPUBOAAT K JAMHAMHYECKOMY PA30TPEBY JIMCKA 0 TAKOLO COCTOSHWS, IPH
KOTOPOM OH CTQHOBUTCH YCTONYMBBIM K MaJjIbIM BO3MyINeHusM. Kciiv HaYa bHAS JUCIEPCHsT CKOPOCTEil OBbLIa
MaJia, TO €CTb ECJId 3Be3JIbl JIUCKA JBUTAJUCH [0 MPAKTUYECKH KPYIOBBIM OpOMTAM, TO 3a BpeMsi, PABHOE
HECKOJIbKVM [EPUOJAM BPAIIEHWS IUCKA, MTPOU30IIeT MepecTpoiika opOuT 3Be3: OJiarogapsi KOJLIEKTHUBHBIM
s dexkram, u B pesyjbrare IUHAMUYECKOTO HAIPEBA JUCK CTAHET HEMHOI'O MEJJIEHHEe BPAIAThCHA, & 9aCTh
SHEPTUH BPAIIEHUS IUCKA TIEPEHIeT B SHEPTUI0 XAO0TUIHBIX BUKEHNI, 00ECTEINBAONINX €0 YCTONIUBOCTD.

Jluck i000# raJakTHKA COCTOUT U3 3Be3, 00Pa30BABIINXCA B CAMOE PA3IUIHOE BpeMs, u 60Jee MOIOIbIe
3Be3/IbI BCEr1a 00/1a1aI0T HEDOJTBINOH qucnepcueii ckopocreii. Ho ocHOBHAS Macca AUCKa MPUXOIUTCS HA 3BE3/IbI,
KOTOPBIE MUMEIOT BO3PACT B HECKOJIBKO MWJLIHAPIAOB JieT. Jlucmepcusi X CKOPOCTEH COCTaBIISeT HECKOIHKO
JIECITKOB KM /C, YMEHBINAsiCh OT NEHTpaJbHOM obiacti gucka K mnepudepunn. Ilpuvep wamreit TamakrTuku
[MOKA3bIBAET, 4TO ¥ CTAPBIX 3BE3]I JUCKA JIUCIEPCUs CKOPOCTEH C1ab0 3aBUCHUT, €CITU 3ABUCUT BOOOIIE, OT BO3PACTA.
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Uckirodenue cocTaBisger HEOOJBIION MPOIEHT CAMBIX CTAPBIX 3BE31, 00pa3yIoNMX BO MHOTUX TaJIAKTHUKAX,
B TOM YHC/€ B Halllel, TaK HA3BIBAEMBbIH “TOJCTBIA’ IHUCK, 0OJee CHIbHO JUHAMHUYECKH HACPETHIH, HO €ro
BJINSTHUE HA YCTONYMBOCTH OCHOBHOTO MUCKA HecylecTBeHHO. CO BpeMEHEeM IUCIIePCUs CKOPOCTEH 3BE311 MOKET
b0 OCTABATHCS IMOCTOSIHHOM, OO BO3PACTATH, €CIU AEUCTBYIOT ONpPEIe/IeHHbIE MEXAHU3MbI YBEJIM9eHUst
KUHETHUYECKON HEPTUN XAOTHMYECKUX IBUZKEHUI 3Be3J, TaKhe KaK IOIVIOMIEHWEe TaJIAaKTUKON MPOJIETAIONIAX
CKBO3b Hee CILyTHUKOB.

Yem BBINIE Macca HEIUCKOBBIX KOMIIOHEHTOB TAJAKTUKH — W B TEPBYIO OYepe/b TEMHOTO Trajo — IO
CPaBHEHWIO C MAaCCOW JuCKa, TeM ciabee BiusgHHE COOCTBEHHOIO I'PABUTAIMOHHOIO ITOJIS JNCKA HA JBUXKEHUE
COCTABJIAIOIIAX €r0 3BE3J, U TEM MEHbIIas IUCIepCHsl CKOpocTeil 3Be3x (IpU JaHHOM 3HAYEHUH KPYTOBOM
CKOPOCTHU U IIOBEPXHOCTHOM IIJIOTHOCTH JUCKa) oDecrneduBaer ero ycroituusocrs. [losromy, mosy4dus Ha ocHoBe
HaOJTIOIEHUI KPUBYIO BPAIEHNS TAJIAKTUKN U PAIUAJIBHOE PACIPEIETIEHNE TUCIIEPCH CKOPOCTEH CTapbhIX 3BE3 /T
JIMCKA, MOYKHO OIEHUTH MaKCHMAJIbHO BO3MOXKHYIO MOBEPXHOCTHYIO IJIOTHOCTH JUCKA, KOTOPasi TPedyercs is
YCTOWYMBOI'O PABHOBECHS, & OTCIONA HAUTU BEPXHUU Ipeses ero MacChl.

K coxasenuro, Kpurepuit ycToMdMBOCTH JUCKa B OOIIEM Buje He OmUchiBaeTcs anamrudecku. Crporoe
pelreHue jd npefejia yCTOHYUBOCTH IMOJIYYEeHO TOJNBKO JJIA YIPOIIEHHON MOJIeIN TOHKOrO BPAIAIOIIErocs
JUCKA C MeJJIEHHO MEeHSIOIUMUCA B/IOJIb Pa/IMyca IapaMeTpaMu U TOJbKO JJjid PaJuajbHbIX BO3MYIIEHUN
IJIOTHOCTH (3TUM I'DABUTAIMOHHAS HEYCTOWYUBOCTD JIJIS BPAIIAIONIErOCs JMUCKA OTJIMYAETCS OT “KJIACCUIECKOi”
JPKUHCOBCKOM HEYCTOMYMBOCTH [1Jisi OECKOHEYHOI OJHOPOIHON CPEeIbl, Iie BCE HAIPABICHUS PABHOMIPABHBI, a
BO3MYIIIEHHUS C JJINHON BOJIHBI GOJIBINE JZKUHCOBCKOIN BCEra HEYCTONYUBEI).

Yewm Houibiire yriioBast CKOPOCTb OCECUMMETPAYHOIO JUCKA M 9€M BBIIIIE JUCIEPCHs CKOPOCTEH COCTABJIAIONINX
€ro 3Be3/], TeM OH YCTOWUYMBee K T'PABUTAIMOHHBIM BO3MYIIeHUAM. Kputmdeckoe 3HaAUEHWE DPaINATbHOMN
JUCIEPCUN CKOPOCTEH, CTAOUIM3YIOIIEH paanaabHbIe BO3MYIIEHUS ITOTHOCTH C JTFOO0H JTUHON BOTHBI 71 TUCKA,
C TIOBEPXHOCTHOM IJIOTHOCTBIO Y. Ha JAHHOM PACCTOSHUM OT IeHTpa, cocrasiger (o Toompe)

C.r = w’ (2)

K

T7le K — SMUIUKINIecKas 9acToTa, OIpeIesseMast 1epe3 yIIoBYI0 CKOPOCTh BpaIlleHus TucKa () 1 ee paJInajibHyIo
upousBoanyo (00bruHo Kk B 1.5-2 pasa upesbimaer 2). JIuck ycroddus K paguajibHbIM BO3MYIIEHUSIM, €CJIU

mapamerp Toompe Qp = C—r > 1. Monoxus Qr = 1 u 31as £(R), MOXKHO OLUEHUTH MPEJEJIbHYIO JIOKAILHYIO
cr
IJTOTHOCTH JUCKA, KaK (DYHKIIUIO PAJUYCA, TPU KOTOPOl OH MOYKET OBITH YCTOWYIUBBIM.

Boiee cioxubie, HO 6osiee Gin3KHE K PEATBHOCTA MOJIETN HECKOJIBKO MEHSIOT BBIPAYKEHUE JIJIsi KPUTHIECKON
gucnepcun ckopocreil. Tak, ydeT KOHEYHOH TOJIIMHBI [IWCKa JejlaeT ero 06ojiee yCTOWYUBLIM, a YdUer
HEPATUAJIBHBIX BO3MYIIEHUN B ILIOCKOCTH JUCKA, HAOOOPOT, MOHMXKAET MOPOr YCTOWIUBOCTH. XOTs IIPOCTOrO
AHAJINTUYECKOTO BBIPAKEHUST [IJIsI KPUTEPHUsT YCTOWYIUBOCTH B OOIIEM CJIydae He CyIIeCTBYeT, YNCJIeHHBIE
mojies N Test TO3BOJISIIOT HAILYIATH 9TOT MPEIe] B 3aBUCUMOCTH OT DPA3JIMYHBIX MapPAMETPOB TaJaKTHKH.
MHOro9HCIeHHBIE MOJEIU MPEIEIbHO, WM, KaK MPUHATO TOBOPUTH, MAPKUHAJIBHO YCTOWYMBBIX IMCKOB,
COCTOSIIUX 13 BOJIBIION0 YUCIA TPUTATUBAIONINX JIPYT IPYTa TOYEK-3BE3L, MOKA3AIU, ITO MPeIesl YyCTONIUBOCTH
JINCKOB C THMAYHBIM JJII TAJIAKTUK SKCIOHEHINAIHHBIM PAJHATIBLHBIM PACIPEIeICHUEM MIJIOTHOCTH JTOCTUTAETCS
pu 3HaYenuu (Qp, PABHOM HE €IMHUIE, & 9yTh BBIIIE €JUHUIBI B 00JIACTH, I/I€ TOMUHAPYET AUCK, U 2—3 HA ero
nepudepun, riae TOMUHUPYeT rajo (cM., Hanpumep, [6]).

Paccmorpum Terepb, K KAKAM BBIBOJIAM IPUBOAAT 004 OIMUCAHHBIX BbIIe MeToa. HadHeM ¢ HHTerpaibHbIX
OleHOK oTHoMeHusi M, /L 1iist 3Be31HBIX JUCKOB M WHTErPAIbHOTO OTHOIEeHUst M /L 1Jid raiakTuk B Tpe/enax
ux onruyueckux rpanuil. Maccosble olienku orHotuerust M /L MOXKHO MOy YUTh, €CJIU UCIOJIb30BATD JJIsi OLEHKU
M wnaTerpasbHyio mmpuny paguosnuaun Wy ueiirpansuoro Bogoposa (H1). Ta3 pacnosoxen BOIU3HU MIOCKOCTH
JIMCKA ¥ BPAIIAETCH BMECTE C HUM, [IO3TOMY MIMPUHA JIMHWEM u3jydenust Wiy, obycnosiennas 3ddexrTom
Horepa, TeM BbIIIe, YeM OO0JIbIlle TPOEKIUst CKOPOCTH BPAINEHUsT HA JIyd 3pEHUs . Y UNThIBas yroJl HAKJIOHA ¢
OCH JIMCKA K JIyqy 3PEHHsT, MOXKHO 3alUCATh:

M/L = a- W{Ry/Lsini. (3)

KosddurmenTt o ciabo 3aBUCAT OT MOJIEN PACIIPEIeIeHNsT BEIeCTBA B FATAKTUKE U IPUMEPHO PABEH eIUHUIIE.
Eciu maccy omenuwBarh B egmuuiax maccbl CoJHIA, a CBETUMOCTH — B emmummax cBerumoctu CoHIA,
TO OTHOIIEHWS MAaCChl K CBETUMOCTH B auana3oHe B s abcosioTHOro OOJBIIMHCTBA TAJIaKTUK OKAXKYTCs
3aKJIOUEHHBIMU B Tipeaenax or 1 mo 10. Bosee Boicokue 3navenuss M/Lp > 10 B mpemenax ONTHYECKUX
IPaHUI] BCTPEYAIOTCH OYEHb PEJIKO U I[MOYTU HCKIIIOYUTESHHO CPeIu KAPJIUKOBBIX TAJAKTUK HJIN TAJAKTUK
HU3KOW TIOBEPXHOCTHON SPKOCTH, IJe OHU W3PEIKA JOCTUTAIOT HECKOJbKHUX JIECATKOB €IWHWI], YTO TOBOPHUT O
upeobiiajanuu TeMHOro rajo B nux. Tak, B Karasore 6auskux rasakruk Kapadennesa u ap. [7] cpeau npumepHo
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Puc. 4. 3aBucumocTb Mexky HMHTErpajbHBIM IIOKa3aTe/leM IBeTa I'aJakKTUK W OTHOIIeHHEeM “Macca—CBeTUMOCTL’ B
npeesax ONTUYeCKoro paauyca Ros. 2KupHasa jquaus — MOIeIbHAS 3aBUCUMOCTD JJIs 3BE3/IHBIX CUCTEM C Pa3IuIHBIM
TEMIIOM 3aTyXaHus 3Be3m000pasoBanus (mo Beswr, ne Txour [3])

COTHU PaJIAKTHK CO CBETUMOCTBIO He Huxke Mp = —16"", T.e. He OTHOCAIIUXCS K MPeIeIbHO CIabbIM KapIHKaM,
conepskurcs Beero nee (1) ramakruku ¢ M/Lp > 10.

Ha puc. 4 ps 6osbimoro gncia (okosmo 1300) ramakTuk comocrasyieHbl orHoenus M /Lp, nomydeHsabie
0 TIPUBEIEHHON BbIme (POPMYJe, C WHTErPAJIbHBIMU WCIPABJIEHHBIMU 33 TOIJIOMIEHNE TMOKA3ATEIIMHU IIBETA,
ranaktuk (B — V) (no pabore [4]). ZKupHoii juHueil Ha pucyHKe IOKa3aHa 3aBUCHUMOCTb, KOTOPAs CJIELyeT
U3 9BOJIIOIOHHOTO MOJIEJIMPOBAaHUS 3Be3NHBIX cucTeM 1o pabore (Besr, me Ixkour [3]). Bepxmwmii kowmer
JIMHUY COOTBETCTBYET FAJIAKTUKAM, COIAEPIKAIINM JIWIIb CTaPbIe 3BE3/IbI, HUZKHWI — FAJAKTUKAM C WHTEHCUBHBIM
3Be371000Pa30BAHNIEM.

Hecvorpsa wa pa3bpoc Todek Ha mguarpamme, OOJbINAd YaCTh TAJAKTAK O0OpPa3yeT UYeTKO BBIPAZKEHHYIO
MOCJIEOBATEILHOCTD, PACIOIOKEHHYIO HAJl TEOPETUYECKH PACCIYUTAHHON 3aBUCHUMOCTBHIO MO YIJIOM K HEi.
3HAYNTEIbHBIN “OTCKOK’ HEKOTOPBIX TOYEK OT ODIIEil 3aBUCUMOCTH BO MHOTHX CJIy9asiX MOYKET ObITh PEAJBHBIM,
HO 9YacTO OH CBsi3aH C OIMUOKON OINEHKW MAacChl IO IMUPUHE JIMHWH, HAIPUMED, U3-33 CUIbHBIX HEKPYTOBBIX
JBUKeHuit ra3a. Pasnuaue nyx 3aBucumocteil (Hab/II0IAeMON U MOIEILHOIN) €CTECTBEHHO 00bACHUTD HAJIUIUEM
TEMHON MacChl B rajakTukax, koropas ypeauuusaer M/Lp (ni1s HeGOJIbUION Y4acTU KAPJIMKOBBIX IaJIAKTHK
CYIIECTBEHHYIO POJIb MOXKET TaK¥Ke UrpaTh Macca rasa). /I3 cpaBHEHUs HAKJ/IOHA JIBYX IPSIMBIX HA JUArPAMME
cjesyer, 94TO J0JIS TEMHON MACChl 110 OTHOIIEHUIO K MACCe 3BE3/HOTO HACeJeHWs B Hpejenax pajumyca Ros
CHCTEMATHIECKH YMEHbIAeTCs 0T Myqri /My /= 3=5 mist rony6bix ranaktuk ¢ (B — V) = 0.3-0.5 mo < 1.5 myst
HanboJIee KPACHBIX AJAKTUK, MPAKTHIECKH HE COAEPIKAIIUX MOJIOIBIX 3BE3/I.

Taxkum 00pa30M, JOJIT TEMHON MACChI B TAJAKTHKAX CTATUCTUYECKUW CBA3aHA C €€ 3BE3IHBIM COCTABOM, a
3HAYUT C XaPAKTEPOM JBOJIIONUN 3BE3JHOIO HACEJIEHUS: JIJIsi PAJTAKTHK, B KOTOPBIX MAJIO MOJIOBIX 3BE3]I, BKJIA]
TEeMHOI MAaCChl OKA3bIBAETCA B CpegHEeM MeHbIre. [Ioxoxe, 9TO Takwe rajlaAKTUKU ObICTPEE IBOJIIOIUOHUPYIOT,
pacxomys 3amachl ra3a Ha 3Be31000pa30BaHue.

Ho ocraercs BOmpoc — Kak pachpeaesieHa TeMHasi Macca BHYTpM rajlakTuk! Pacmosraraercs i OHa B
3BE3/HOM JIMCKe, Oy/Lydu MeHee CUIBLHO CKOHIIEHTPUPOBAHHOMN K [IEHTPY, 9€M OObIYHBIE 3BE3/Ibl, UK JKe 00pa3yer
TemMHOe Taj0? Macchl UCKOB, ONpeIeIeHHbIE (POTOMETPUIECKUM METOIOM, CBUIETEIHLCTBYIOT O TOM, YTO OHU HE
coZIepKaT TAKOTO OOJIBIITOrO KOJTUIECTBA ‘CBET/IOr0” BeIecTBa, KOTOPoe Tpedyercs s 00bsICHEHUS CKOPOCTH
Bparenuns Ha Oosbiux R. Ho mocTtaTodno B MOmE/siX 3BE3HOTO HACETEHUS W3MEHUTH HUKHUN MPEIesl Mace
3Be3x, kak oruowmenwe M,/L, a, cienoBareibHO, U MOJEJIbHAs OLEHKA MACCHI JIUCKA U3MEHATCH — Belb
MaJIOMaCCUBHBIE 3BE3/IbI TAaI0T OOJIBINON BKJIA B ODIIYIO0 MACCYy U COBCEM HEDOJBINONW — B cBeTUMOCTh. [IpaBma,
JITsi OObsICHEHUsI KPUBBIX BPAIIEHUsT TOTJA HAJIO MPEIOI0XKUTh, 9TO HUXKHUN IPEIe] MACC 3Be3/] OIIyCKALTCs
IO Mepe YAAJIEHUs OT [EHTPA FAJAKTUKU, YTO BBITJISIUT JOBOJHHO CTPAHHO.

[Tonydenne paamaabHOrO MPOQUIS IUCIEPCHH CKOPOCTEH — 3aaada HEeCpaBHEHHO 060jee CIOXKHASI, 9eM
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Puc. 5. zo06paxenne NGC 1167 (konTpacr meraseii ycusieH) u pajuaibHbli TPOQHIL CKOPOCTH BPAIIEHUS U TUCIIEPCUR
CKOpOCTH 3BE37, BAOIb 601bmoil ocu o mHabmoneanam zHa BTA [8]

“3MEepEeHne KPUBOI BPAIIEHNS, W 9TO CBI3aHO C IEJIBIM PsIOM MpUYnH. Bo-mepBhIx, aIucnepcrus CKOpOCTeil 3Be3.1
BBICOKA JIUIIb JIJIsl S/IpA TaJaKTUKH, & B JIUCKE OHA, KAK IPABUIIO, B HECKOJIBKO Pa3 MEHbIEe, U yKe TO0ITOMY ee
TPYIHO U3MEPUTD C XOPOITIeH TOYHOCTHIO. BO-BTOPBIX, €C/IM CKOPOCTH BPAIIEHUS OIEHUBAETCS MO JOTLIIEPOBCKOMY
CABUTY JIMHU#, TO IUCIEPCUS CKOPOCTEH — MO MupuHe MPOMUIsi 3Be3IHbIX JIUHUI, KOTOPYIO TPYIHEE U3MEPUThD.
Haxkomer, m0maepoBcKoe yIIUpEeHHe JIMHUN ONpEeessieTcss He [0 SMUCCHSM, a [0 COBOKYIHOCTH CJIaDbIX
aOCOPOIMOHHBIX JTUHUN B BHIOPAHHOM yYACTKE CIIEKTPA MYyTEM WX CPABHEHWS CO CIEKTPOM CTAPBIX 3BE3JI, UJIU C
MO/IEIbHBIMU CIIEKTPAMU 3BE3/IHOTO HACEJIEHUS IAJIAKTUK.

[To ykazaHHBIM TpPUYWHAM CYIIECTBYET HE TaK MHOTO TJIAKTHK, TI€ AUCIEPCUU CKOPOCTEH 3BE3. yIaI0Ch
[IPOCJIEIUTH [0 AOCTATOYHO Ooubiux paccrosiauit ot nearpa. B Poccun takme paborsr BeayTea Ha 6-MeTpoBOM
reneckonie BTA (CAO PAH). Ucnosnb3oBanue COBPEMEHHON HAOJIIOIATEILHON TEXHUKU MO3BOJIAET 33 BPEMS
HAKOILIEHUSI CBETAa OKOJIO JIBYX YaCOB IOJIYYUTh CIEKTDP, [0 KOTOPOMY MOYKHO OPOCJEIUTH PaSHATBHOE
M3MEHEHNE CKOPOCTH BPAIIEHUs U IUCITEPCUU CKOPOCTEHN 0 PACCTOSTHUS B HECKOJIBKO PAIMAIBHBIX IITKAJI JIUCKA,
XOTs TOYHOCTH OLEHKH Jijisi Oobinux R, KoHedHO, najgaer. Kak npumep, Ha PUC. b MOKA3AHBI PACIPE/IETIeHUsT
CKOPOCTH BPAIIEHUS W JUCIEPCUYM CKOPOCTEl MUCKA BIOJb 00JBINOI ocu jgua30BuaHOl rajaktuku NGC 1167 ¢
TOHKOM IICEBIOCIUPAJILHON CTPYKTYpPOii, moiydernbie Ha BTA ¢ momompo crekrporpada ¢ JJIUHHON IIe/bIo
(mo pab6ore [8]). Ilpn Hajm4mu He OXHOrO, & JABYX WJIM HECKOJBKHUX CIEKTPAJIBbHBIX DA3Pe30B TAJAKTHKU C
BbICOKMM OTHOILIEHUEM CUIHAJ/IIyM, HOSABJSETCH BO3MOXKHOCTD OIPEJIEIUTh OTAEIbHO JUCIEPCUI0 CKOPOCTEH
3Be3 no Kaxkzoh u3 tpex ocei: Cr(R), Cy(R), C,(R). A cpaBHeHHe ¢ MOIEIbHBIMU CIEKTPAMH 3BE3IHOTO
HACEJIEHUsI TO3BOJISIET OIEHUTh HE TOJIHKO CKOPOCTH BPAIEHHUS U JUCIEPCUIO CKOPOCTEH 3BE3HOrO IUCKA, HO U
TaKWe TmapaMeTpbl, Kak XapaKTepHBI BO3pacT M XUMHUYecKuii cocras 3e3s [9]. K coxkasenuio, sra mporneaypa
JIO CUX TIOP BBIMOJHEHA JIIIb JJIs O9€Hb HEDOIBIIIOrO YUCTA PATAKTHK.

Ecsm m3BecTHa KaK KpHWBas BpAIlEHWs 3Be3[ /MM ra3a, Tak W MPOMWIN IUCIEPCHH CKOPOCTell, TO
MOKHO, UCHOIB3Ysi MeTO N TeJl, MOCTPOUTH TUHAMUYIECKYIO MOJIE/h MAJTAKTUKHU, OMUCHIBAIOILYI0 COBOKYITHOCTh
MTOJIy9YeHHBIX U3 HAOJIOAEHUI MAHHBIX, W BBIACHUTH, HACKOJbKO JAJEKO COCTOSTHHE 3BE3IHOTO JUCKA, OT
upeienabHo (MapKUHAJIBHO) YCTORYMBOIO JIJIsi MPABUTALMOHHBIX M U3TUOHBIX BO3MYIIEHWIH, U KAKOBA JOJIZKHA
OBITH MUHUMAJILHAS MACCA TEMHOTO TaJI0 JIs OOECIeYeHusi YCTOWINBOrO PABHOBECHOT'O COCTOSHUS HA BCeX R
(cM., nanpumep, [8]). OqHako, eciiu He CTaBUTD LEJILIO CO3JAAHUE JIMHAMUYECKON MOJIeJU BCEil rajlak TUKU, MMeeT
CMBICII YIPOCTUTH 33/1a49y, ¥ PACCMOTPETH YCJIOBHUS YCTONIMBOCTH TOJBKO JJIst 30HBI BOM3N R ~ 2Ry, r1e
BKJIAJ, INCKA B PAJUAJbHBIA I'PAJUEHT IPABUTAIMOHHOIO MOTEHIMAIa MakKcuMasieH. JIis 3Toro paccrosHus,
KaK MMOKA3bIBAIOT YUC/IEHHBIE SKCIEPUMEHTHI, napamerp Qr B ypaBuenuu (2), Tpebyemblil mjis yCTORYUBOCTH
JIUCKA, KOHEYHOI TOJIILUHBI, CJ1a00 3aBUCUT OT IPUHATON Moiesu u cocrasiger 1.2—1.5 [6]. B upennosnoxenuu
MapKUHAILHON yCTOWYMBOCTH U3 (2) MOMKHO OIEHUTh MAKCHMAJbHYIO MOBEPXHOCTHYIO IJIOTHOCTH JUCKA Ha,
9TOM PACCTOSHUU W, 3HAs U3 (POTOMETPHUM WM AHAJIA3A KPUBOW BpAIEHUS 3HAYEHUE PATUATLHON MIKaabl Ry,
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Puc. 6. 3aBucumocts oTHOmenus maccel aucka My K csermmoctn Lp, roe macca My omeHeHa AJia MOAETH IWICKA,
MapKUHAIBHO yCToiunBoro Ha R & 2R, 0T MHTErpaJbHOro MOKa3aress [Bera rajakTuku (mo [10])

OIPeIe/INTh BEPXHUIl MIPEJIeST MACChl IUCKA, PElInB TeM CAMBIM 3319y O BO3MOXKHOM BKJIAJE TEMHOI'O IaJjio B
KpUBYIO Bpalenusi. [Ipu 9T0M, eciv JUCK TUHAMUYECKU HE MEPErPeT U IeHCTBUTENBHO OIM30K K MapPKUHAJIHHO
ycroiiuuBomy cocrosuuio (Kcraru, Haubosiee GJArONPUATHOMY [Jis PACIPOCTPAHEHHs B HEM CIIMPAJIbHbBIX BOJIH
IJIOTHOCTH), TO MOJIyYeHHAs MACCa JAUCKA JOJKHA ObITh OIM3Ka K Macce, OlEeHeHHOH u3 (hOTOMETPUYECKON
MO/IEJIN, TO €CTh COOTBETCTBOBATH CBETUMOCTH U I[BETY IaJIaKTHKH.

Ha puc. 6 #Ha oCHOBe OIMyOJMKOBAHHBIX JAHHBIX MO AUCIEPCAU CKOPOCTEH 3BE3, CIUPAJBHBIX TaJaKTHK
MpefCcTaBIeHa AuarpaMMa “IBET — OTHOIIEHWE MAaCChl JUCKA K CBETHMOCTH , Tje Macca maucka My Haiimena
OTMCAHHBIM BBIIIE CIIOCOOOM — B TIPENOJIOKEHIN MAPKUHAJIBHONW YCTONIUBOCTH JUCKA, T.€. M0 CYTH SIBJISETCS
BepxHUM mpezesiom maccol M, ero 3Be3gHol cocrasisionieil. [lokasarenn npera u CBETUMOCTHU HCIIPABJIEHBL 33
CEeJIEKTUBHOE OCJIab/ieHre cBeTa B ['ajlakThKe U 33 HAKJIOH MAJJAKTUYECKUX ITUCKOB K JIy4y 3penus. /luarpavma
nocrpoena 1o pabore [10] ¢ mobaBieHueM HOBbIX HAHHBIX. [IpsMas JIMHUS — MOZEJbHAS 3aBUCUMOCTb JJIsi
3BE3IHOTO HACEJIEHNUS C PA3IIUYHBIM OTHOCHTEIBHBIM COIEPYKAHNEM 3BE3]1 PA3INYHOro Bo3pacTa 1o [3]. TounocTs
OlIpe/IeJIeHUsl MHTErpajibHOli Macchl M, He o4eHb BbICOKAa u cocrasiser B cpeguem 30-40% (0.10-0.20 B
JorapuMUIECKO 1TKaJIe), ¢ YeM B 3HAYUTEIHHON Mepe CBsa3aH pa30dpoc TOYeK Ha 3aBucuMocTu. Tem He MeHee,
obiree corsiacue MeXKy MOJEJIbHOI 3aBHCHMOCTHIO U IIOJIy9€HHBIMU OIEHKAMU OYEeBUIHO: HANHIEHHAST MacCCca
JIMCKOB TAJIAKTUK COOTBETCTBYET OXKHUIAEMOI, TO €CThb COTJIacyeTcs C ee (POTOMETPUYECKUM OIIPEIE/IEHUEM.
Orcioma MOXKHO ¢eJIaTh BBIBOJ O TOM, YTO JIMCKH PACCMATPUBAEMBIX CIMPAJBHBIX TAJAKTUK HE COJEPIKAT
GOJIBIIMX MACC TeMHOW Marepuu (MHAYE Ijid UX yCTOWIMBOCTU MOTPEOOBAIACH ObI 0OJIEE BBHICOKAS JIUCIEPCHSs
cKOpoCTeii) U JeficTBUTENIbHO BJM3KKM K COCTOSHUIO Map:KUHAJIbLHOI ycroiiduocru. [lociennee o3nagaer, 4ro
3a MUJIJIHAPIBL JIET CYIIECTBOBAHUS TAJIAKTUK MEXAHW3MbI JUHAMUYECKOTO HATDEBA, CBA3AHHBIE, HAMPUMED,
¢ Hen30eKHBIM IOIVIOIIeHreM HEeOOBbINX TAJAKTUK WU CO B3AMMOJEHCTBAEM C COCEIHMMH CHCTEMAaMU, JJIs
MHOTHX TQJIAKTUK He ObLIN HACTOIHKO 3D MEKTUBHBIMU, YTOOBI IPUBECTH K CUILHOMY JUHAMUYECKOMY HATPEBY
3BE3QHOIO JucKa. VICKII09eHs BCTPeYaloTcs, HO, KaK [PABUIIO, CPEJM JIMH30BUHbIX rajakTuk (Ha puc. 6 oHu
orcyrcTByior). Ilpennosoxkenne 0 MapKUHAJIBHONW yCTOWYMBOCTH JUCKA JAeT BO3MOMKHOCTH OLEHUTDH, XOTHA U
rpy60, BKJIa/l AUCKA B MAcCCy rajakTuKu. 1aK, y PacCCMATPUBAEMBIX HA pUC. 6 TajJakKTUK IUCK BKJOYaeT B cebds
or ~ 30% mo Gomee 80% MOMHON MACCHI B TPEAEIax ONTHYECKWX TPAHMUIL, OCTAJILHOE MPUXOAWTCA HA TEMHOE
raJio.

3AKJIFOYEHNE

W3mepenns qucnepcnu CKOPOCTeH 3Be371, B INCKAaX FaJJaKTUK TPUBO/IAT K BBIBOLY O TOM, UTO JUCKH, KaK TPABUJIO,
03K K MAPKUHAJBHO YCTOMIMBOMY COCTOSIHHUIO, ITO ITO3BOJISIET PA3JEIUTh BKJAJ 3Be31 U TEMHOI'O Tajio B
WHTErpaJjibHYI0 Maccy rajakTuku. OIHAKO 3TOT BBIBOI MPUMEHUAM JIAJIEKO HE KO BCEM JIMCKOBBIM TaJIAKTHKAM.
Hanpumep, oH He MTOAXOAUT K HEKOTOPHIM TaJJAKTHKAM, IUCKH KOTOPBIX y7Ke JTaBHO CPOPMHUPOBATUCH U MTOYTH
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HE COEPKAT MOJIOIBIX 3Be311. IIpek e BCero, MMeIoTcs B BUIY JIMH30BU/IHBIE TAJTAKTUKY — OBIBIITHE CIUPAJIbHBIE
PAJIAKTUKH, [0 TeM WJIM WHBIM MPUIUHAM [TOTEPSBIIIE 3aMachl MEXK3BE3THOIO ra3a. AHaim3 ux abCOPOIMOHHBIX
CIIEKTPOB MOKa3a/J BO MHOIMX (HO HE BO BCex!) Cilydasx CyIIECTBEHHOE MPEBLIIIEHHUE JUCIEPCUN CKOPOCTEei
3BE3]] JUCKA HAJ, MUHUMAJIbHBIM 3HAYCHUEM, TPEOYONUMC JIJIsd UX YCTORIMBOCTUH. DTO HPSIMOE CBUAETEIbCTBO
BHEITHUX BO3JEUCTBUIl WM CIAUSHWIA TaJAKTUKN C 00JI€e MEJKVMU CITy THUKAMU, MIPU KOTOPBIX 3BE3IHBIN THUCK
“HarpeBaJics’” U OJHOBPEMEHHO JIUINAJICS OCHOBHBIX 3a11aCOB MexK3Be31Horo rasda. [1o nanubiv Hoopaepmeepa [11],
MCCJIE0BABIIErO BPAIEHNE TUCKOBBIX TAJAKTHK PAHHUX TUIOB IO JIBUKEHUIO 3BE3/T U I'a3a, J0JId TEMHON MaCChI
IJIsl HAX B IIPEJENIax OITHIECKOr0 PaIdyca MOKeT OBbITh caMoii pasaugnoil — ot 10 7o 90% , cocrapnsas B cpegaeM
30-50%, TO ecTh COOTHOIIEHHUE “TeMHO” M “CBETION” MACCHl MPAKTHYECKN TAKOEe K€, KaK W IJIS CIHPATbLHBIX
rajakTuk. Brpodem, JTUH30BUAHBIE TAJAKTUKA HE 00Pa3yioT OJHOPOTHON MO CBOHCTBAM TPYIIIbI, U CHJIHHO
OTJIMYAIOTCS APYT OT JAPYyra KakK MO (PU3NIECKUM MMapaMeTrpaM, TaK U MO MPUYWHAM TIOTEPU OCHOBHOM MACCHI
XOJIOJTHOT'O ra3a.

Takum 00pa3oM, aHAJIW3 KPUBBIX BPAIIEHHS C WUCIOJb30BAHUEM JAHHBIX (DOTOMETPUU U KPUTEPUS
IPABUTAIMOHHON YCTOWYHUBOCTH JIMCKA TO3BOJISIET CHAEIATHh ONPEIeeHHbIE BbIBOJAbI KaK 00 OCOOEHHOCTSX
9BOJIIONUU TAJAKTUK, TAK W O Macce WX TeMHOro rajo. IlomaTBep:kmaercsi CyIecTBOBaHUWE “TEMHOMW’ Cpepl,
Ha JIOJI0 KOTOPOI MPUXOAUTCS CYIECTBEHHAS 9aCTh Macchl rasakTuku. OHA cOCpegoTOYeHa, B OCHOBHOM, 33
peaeaMu 3BE3IHOTO [VWCKA, B MPOTSKEHHOM TaJji0 rajakTuku. [Ilpu 3TOM OTHOCHTEIbHAS MACCd TEMHOTO
BEIECTBA B MpEJeIaX HECKOIbKUX (POTOMETPUUECKUX MIKAJ JIUCKA HE OJMHAKOBA JAyKe JJisi FaJaKTUK OTHOrO
THUIA ¥ B CPEJHEM BBIIIE Y MAJIOMACCUBHBIX TAJAKTUK W TAJAKTUK C OOJIBITAM MPOIEHTOM MOJIOIOTO 3BE3IHOTO
HACEJIeHUSI.

[Ipobsiema TemHOM MaTepuu B TaJaKTHUKAX €Ie majeka orT perrenusi. He scHO, Hampumep, Kakyo (hopmy
HMMEET TEMHOE Iajio ¥ KAKOBA €ro MPOTSKEHHOCTh Win 3(PPEKTUBHBIN pa3Mep B FalaKTHKAX PA3IUIHBIX THUIIOB,
HE TOBOpsi y?Ke 00 OTCyTCTBHUU OTBETa HA (DyHIAMEHTAJIbHBIE BOMPOCHI O MPHUPOJE U COCTABE HECBETSIIEHCs
Marepud. Xors OGOJIBIIUHCTBO WCCIENOBATENEH CKIOHMIOTCA K BBIBOJY O TOM, 9TO TEMHAs MAacCa CBI3aHA
C TEOPETHYECKHU MPEICKA3BIBAEMBIMI JIEMEHTAPHBIMU YACTUIIAMU, CIA00 B3aUMOAEHCTBYIOIMUMHA C OOBITHBIM
BEIECTBOM, HAJIUYINE OOJIBIIOr0 KOJTUIEeCTBA OAPMOHHON TEMHON MACChI TAK2Ke IMOKA HEb3s UCKII0YINTh. T pedyer
MCCJIEOBAHUS W BOIIPOC O BJIUSHUN MACCUBHOIO T'ajI0, U3 9ero Obl OHO HU COCTOSLJIO, HA SBOJIIOIIIO TAJJAKTUKY KaK
1esI0ro: Ha, OPMUPOBAHUE CIUPATIBLHON CTPYKTYPhI, HA 3Be3/1000pa30BAHUE U HBOJIIOIUIO MA30BOH CPE/IbI B TUCKE.
W3mepennst mojisi CKOPOCTEH W AUCIEPCUN CKOPOCTEH 3BE3IHBIX AUCKOB HA OOJIBINMUX PACCTOSHUSAX OT IEHTPA
HE TOJBKO JTACT BO3MOXKHOCTH YTOYHUTH KOJUYECTBO M MPOCTPAHCTBEHHOE PACIIPEEIEHUe TEMHON MaCChl, HO U
TO3BOJIUT 3aTJITHYTh B KCTOPUIO TAJIAKTHUK, 8 TAKZKE TIOHSITH, KAK PEArNPYET raJakKTHKa, Ha BHEIITHEe BO3AeCTBIE
CO CTOPOHBI COCEHUX CHCTEM HJIU OKPYKAIOIMIEr0 MEXKIaJlaKTHIeCKOro ra3a. Bo Bcex aTux mporeccax HaJIudne
TEMHOI MACChI B TAJIAKTUKE UTPAET TAJIEKO HE MOCJIETHION POJIb.
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