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TodHOCTDH OMpeIe/IeHrs JTy9EeBbIX CKOPOCTEH ACTPOHOMHUYECKUX OOBEKTOB SIBJISETCS BAXKHEUTITHM
KPUATEpUEM COCTOsIHUS AaCTPOHOMUYECKOW crmekTpockonmu. B mamHOit pabore paccMOTpeHb
u30paHHble acTpOdU3NIECKUe 33a4Ud, KOTOpPbIe TPEOYIOT PA3IUIHON TOYHOCTH U3MEPEHUS
JIy4€eBbIX CKOPOCTEN 3Be3.

BBEJIEHUE

JlydeBasi CKOPOCTh ACTPOHOMHUYECKOTO OOBEKTA — CKOPOCTH HU3MEHEHUS PACCTOSHUST MEXKIy HADIIOIATEIEM
u OObEeKTOM BIOJIb Jiy4a 3PEeHus — BCErjJa pacCMAaTPUBAJIACh KaK BAXKHEUIUN KpUTEPHUil COCTOSHUS
ACTPOHOMUYECKOH crieKTpockonuu. s g1060ro acTpodu3ndeckoro 00bLeKTa ONpeaeIeHne JTyIeBOi CKOPOCTH
npesacraBiger GpyHIAMEHTAJIbHBIH nHTEpec. B momasssiomem OOJIBIIUHCTBE CIy4YaeB B ACTPOHOMUU JIydeBast
CKOPOCTbH OTIPEIE/ISIETCS IO CMEIIEHNIO CIIEKTPAJIBHBIX JInHui BeaeacTBre dddekTta Jlomrepa, 3aKII09ai0nerocs
B M3MEHEHUH [IJIMHBI BOJIHBI IIPU OTHOCUTEIHHOM JBU2KEHUU UCTOYHUKA U HAOII0maTe 1. TOYHOCTD OIpe e/ IeHu st
TIOJIOKEHNS JIeTaJu CIeKTpa Ha MHOTOKAHAJIBLHOM TPUEMHUKE W3JTYyUeHUs OMpeedeTcsd YUCIOM KaHAJOB,
UPUXOJAIIMXCHA HA Ty JerTalb, U BEJIMYMHON OTHOLIEHWMs CHI'HAJ/IiyM B KaHaje. Ilepes acrponoMamu Ha
MPOTSKEHUN TOCJIEHUX MOYTH TTOJIYyTOPa BEKOB CTOSIIA 33a4a HAJEKHO OTKAJIUOPOBATH ITO MOJIOKEHNE KAK
JUIMHY BOJIHBI WJIM M3MEHEHWe [JIMHbI BOJIHbL. Hanpumep, s cnekrporpada ¢ pazpemratornieit cuioit R = 50 000
HU3MeHeHWe JIy9eBOoii CKOPOCTH Ha 1 M/C COOTBETCTBYET IO TIOPSKY BEJIWIWHBI OIHOM NeCATHTHICAIHON pa3Mepa
kanana (nukcena). Opuako takue (baKTOPbI, KaK HECTabUIIbHOCTH OCBETHTEJIbHON CUCTeMbl KaJubpOBKH,
HEeCTaOUIBHOCTh KOHCTPYKIIUK TEJIECKONa (KOTOPBIA Jyis crieKrporpada ABIsIeTcs OCBETUTEIHHON CHCTEMOI),
HEYKECTKOCTh CBETOIPHEMHUKA, & TAKKe HEOIHO3HAYHOCTH CACTeM OOpabOTKM M300paKeHuil, OKa3bIBAIOTC HA
MOPSIKY BeJINIUHBI 60sbIne. [Ipumennrensuo kK 6-merpoBomy teneckorny CAO PAH cooTHoImeHne pa3indHbix
ommboK paccmorpeHo B pabore [l], pa3BuTve TEXHUKM M3MEDEHUil JIy4eBbIX CKOPOCTEil 3arparuBaercs B
pabore [2]. B manuHO# paboTe MBI paccMOTpPUM W3OpaHHbIE ACTPOMU3MUECKHe 3a]a4d, KOTOPbE TPeGyIoT
Pa3JIMYHON TOYHOCTU U3MEPEHUsd JIy4YeBbIX CKOPOCTEN.

®POTOTPAPNMYIECKAS PETUCTPAIINIA CIIEKTPOB. TOYHOCTD 3-5 kMm/c

[TepBBhIM MpEITOKMUIT UCITOIH30BATH JOMJIEPOBCKOE CMEIEHUE JIMHWI B CIEKTPaX 3BE3J JJIA OMpPeIesIeHUsT UX
sydeBbix ckopocreit A. @uzo B 1867 romy. B 1868 1. V. XérruHc udMepusi TaKuM CIOCODOOM JIy9IeBYI0 CKOPOCTH
Cupuyca. C Tex mop mocyie1oBaTeIbHOe TpuMeHenne npuHiuna Jomnnepa—®u30 B aCTPOHOMUY TPUBEJIO K PSIIy
3aMedaTe/bHbIX OTKPBITHI.

B 1888 r. I. @orens cosmectno ¢ FO. IlleiinepoMm mepBbIM HAYAJI CHCTEMATHYIECKUE W3MEDPEHUs JIyIEBBIX
ckopocTeilt 3Be3 mo (GoTorpaduIecKuM CIEeKTporpaMMaM, moiaydeHHbIM B IloTcmamckoii obcepBaropun. Mx
paboTa MO CyTH OTKpBLIA 3Py TOYHBIX OMpEIeIeHW JIy4eBbiXx ckopocreit. CpeaHue BepOATHBIE OIIMOKU
HOTCAAMCKUX OIpPEJEeJIeHUIl COCTaB/IAIM OKOJIO 3 KM/C (Ijisi caMblX $IPKMX 3Be3J), 4Y4TO COOTBETCTBOBAJIO
YBEJIMYEHUI0 TOYHOCTH 1mouTd B 10 pa3 MO CPABHEHWIO C PAHHUMM BU3YAJbHBIMU MUKPOMETPUYECKUMU
uzmepenusmu. IIpu 3rom ObLIH OOHAPYKEHBI EpUOIuYecKre n3MeHenus: ckopoctu y Anronsg. B 1889 r. 66110
OKOHYATETHhHO TOKA3aHO, UYTO MEPEeMEHHOCTh OJIeCKa ITOI 3BE3/bI BhI3BAHA, 3aTMEHUSMHU B IBONHOI CHCTEME.
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B 1892 r. 6bu1 cocraBiieH KaTasor JiyueBbIx ckopocreii 51 3Besmbr [3]. B 1889 r. mupekrtop [apsapiackoii
obcepsaropuu . ITukepunr obuapyxui pasasoenue juuuil B cuekrpe Munapa [4]. Jlunuu o capuranuch,
TO PA3JBUTAIUCH C OMPEIETEHHBIM MEePUOIOM. [IMKEepUHT TOHSJI, 9TO 9TO TECHAsd ABOWHAS CUCTEMa, 3BE3IbI
KOTOPO#l HACTOJILKO OJIM3KHU APYT K APYTY, YTO MX HEIb3s PA3JIUYUTH HU B OJUH TEJECKOI, OJHAKO 3TO MO2KHO
CIeJIaTh C TIOMOIIBIO CIIEKTPAIBHOTO AHAJII3A.

C 1890 rousa (u cucremarudecku ¢ 1893) paboThbl 0 U3MEPEHUIO JIyUEBBIX CKOPOCTEH 3BE3| IIPOBOIMIIUCD
B IlynakoBckoit obcepBaropuu. llepBoHAYANBHONW MEJBI0 CHCTEMATUYECKUX CIEKTPAJIBHBIX UCCIEI0BAHUN
ObLIO CO3JAHME KATAJOora JydeBbIX CKopocreil 3831 spue 4 3B.Besuuudbl (0kosno 200 3BE31, JOCTYHHbLIX
76-CaHTUMETPOBOMY IIYJIKOBCKOMY DPedpPaKTOpy) € IENbI0 BBIBOJA CKOPOCTH M KOOPIMHAT AIEKCA COJHEYHOrO
npukenust. s sroro Besononbekuil nHavasn HabiroAeHus OHOPHBIX 3BE3/1 Karajora (“3BE3/1pl CO CTaHIAPTHBIMU
ckopoctamu”). C 1901 1. mo mnpejioxKenuio Vlepkckoit oGCepBaTOPHE OH BK/TIOYH/ICA B MEKIYHADPOIHYIO
uporpammy HabJII0JeHusl JIy4eBbIX CKOpocTeil (yHIaMeHTalbHbIX CTaHaapTHbIX 3B€31, (yuacrauku: [Tynkoso,
Menon, JIuk, Hepkc). Oamako Kammarmueckme yciaoBus IIyikoBa He O/IarompHSTCTBOBATH OBICTPOMY
HaOTIOIEHUIO 3BE3 T KATAJIOra, TI09TOMY HAO/TIOAeHUS ObLIN IPOBEIEHBI TOMBKO JJIsi CTAHAAPTHBIX 3B€31. B 1892 1.
A. A. Benomnosbckuil onpeaennsi CKOpocT pacimpenus 0001049k HoBoii 3Be3161 B co3Be3auu Bozuudaero, psin
HOJIOOHBIX W3MepeHuit ObUT BBIIOJHEH 3aTeM s HOBbIX B coszsesausx: [lepces (1901 r.), Bimsuenos (1912 r.),
Opia (1918 1), JIebena (1920 r.). B 1894 r. A. A. Beonosibckuii OTKPHIBAET CUHXPOHHYTO, HO HE COBIIAIAIOIILY IO
no daze ¢ usmeHenuem Oiiecka nepeMeHHOCThb Jiy4ueBoii ckopocru 3se3ipl 0 Lledes [5]. Ilepuos uzmenenus
JIyI€BO# CKOPOCTHU OKA3aJICS COBIAIAIOIIMM C TEPUOIOM n3MeHeHus 0j1ecka. POpMbl KPUBBIX M3MEHEHUST JIY 9€BOM
CKOpoCTH u OJlecKa TakKXKe OKAa3aJIMCh MOXOXKWME, OJHAKO (ha3a MHUHMMYMAa Jy4eBOHl CKOPOCTH OKAa3aJlaCh
BOMm3u da3el Makcumyma Osecka. llepBoHAYAJBHO JAHHOE W3MEHEHWE JIy49eBOil CKopocTy medens ObLIO
00BSICHEHO WX JBONCTBEHHOCTHIO. I'Mmore3a o paamanbHOM mynbcanuu edens ObLia BIEpPBbIe BLHICKA3aHA B
1896 r. mpodeccopom Hosopoccuiickoro (r. Omecca) yuusepcurera H. A. YMOBBIM, KOTODBIH ObLI OJHUM U3
OIIIIOHEHTOB BO BpeMs 3allUThl JOKTOPCKOit auccepramuu A. A. Benomosbckum B MOCKOBCKOM yHUBEpCHUTETE.
C 1891 r. Beonobckuii 3aHUMAJICS OMpEeeIeHreM CKOPOCTe U MeproI0B BpallleHus miaHeT. Ecan moctaBuTh
wiesb crekrporpada NepreHAuKyIsSPHO 9KBATOPY ILIAHEThbl (HO HE HA LEHTPAJIbHOM MEPHIUAHE), TO MOXKHO
uccaenoBarh auddepennuaibHOe BpalleHue IIAHEeThl [0 IMpoTe (Tak ObUIO MOKA3aHO, 9TO YryIOBasg CKOPOCThH
oceBoro Bpaienusi FOnurepa usmensercsa ¢ muporoii). Eciau nocraBurh iienab BIOJb 9KBATOPA IIAHETHI,
CHIEKTPAJIbHBIE JIMHAU MOJIyYaT HAKJIOH (OJMH Kpail MJIaHeThl K HAM NpuUOIMKAETCsd, & APYyroil — ymaaasercs).
[Mpunoxus sror Meroxn K Kouabuam Carypha, Benonosbckuil nokazan [6], 9410 y4acTKku KoJibla 0OPAIAOTCs
BOKDPYT TLIaHETHI Mo 3akoHaMm Keriepa, a 3HAYWUT, COCTOST W3 MHOMXKECTBA OTIE/IHHBIX, HE CBI3AHHBIX MEKIY
co0O#l MENKMX YACTHUI[, KaK 3TO IPEINoJaraand, HCXOAd W3 TeopermdecKux coobpaxkenmit, I. Makcsesn
u C. B. KoBamesckasi. OIHOBpEMEHHO W HE3aBUCHMO COOTBETCTBYIOINEe HaOogennss CaTypHa BBITOTHUIT
Kunep [7].

B nepsrie roasr XX B. BO3MOXKHOCTH H3MEPEHUS JIYIE€BBIX CKOPOCTEil 3B€37, ¢ moMOIIbio adhderra Jomrepa
ObLIM CTOJIb MHOIOODEIIAIONUMY, 9YTO BCE, KTO HMEJ JIOCTYI K OOJIBIIUM TEJEeCKONaM, C SHTY3Ua3MOM
3aHUMAJINCh 9TOH paboroit. D. ®pocr, mupekTop Mepkckoit obcepsaropun ¢ 1905 roma, 4acTo TOBOPHI, €UTO
OH IPE/IIOYNTAET U3MEPEHHE JIyYEBbIX CKOPOCTEH JII0ObIM APYTUM BUIAM HAy9HON PabOTHI.

Bosbime pedpakropnr mocienneii gersepru XIX Beka (B T.49. u 76-CM MyJIKOBCKHUil) UMeIn 0ObEKTHUBHI,
XpOMATU3M KOTOPBIX ObLI WCIPABIEH TOJBKO i BU3YaJbHON ODJACTH CIIEKTPA, [MOITOMY IIOJIy49€Hue
KAQYECTBEHHBIX CIIEKTPOB HA, CHHEIYBCTBUTEIHHBIX (POTOMIACTUHKAX sABJISIOCH nckyccrBom. C 1908 roma Ha
nporskennu noutu 50 JIeT BBINOJIHAIACH NHTEHCUBHAsI PabOTa 10 OIPEeesIeHUIO JIy9eBhIX CKOPOCTEl 3Be3/ B
obcepBaropun MayuT Bujicon, rie npusMenHbie crieKTporpadbl yCTaHABIHBAINCH HA PedIeKTophI. B 3T0it cBsA3U
cJlejlyeT OTMETUTh PAabOThI [0 OLPEIEIEHHIO JIyYeBbIX CKOPOCTeil 3HaduTe bHOro uuciaa 3se3m: [8] — 100 3se3n,
[9] — 500 3Be3m, [10] — 1013 3Be3m, [11] — 741 3Be3na, [12] — 600 3Be3m, [13] — 181 3Be3ma, [14] — 204 3Be3xabI B
Fuamax, [15] — 2111 3Be3n, [16] — 360 3Be3x.

Paborapmme B Cumensckom ornemenun [lyikoBckoit obcepBaropuu Ha 1-MeTpoBOM pedJeKTope ¢
onuonpusMmentabiM crekrporpadom, B. A. Anpbunkuit u . A. [laitn nonyuwniun B Tedenune 1929-1931 romos
okosto 2300 creKkTporpaMM ¥ 10 HHM ONpPeJeUIN JiydeBble ckopocTh 343 3me3n [17]. B mocmenyomye roast
Anbbunkum 6bL1 cocraBiien Karasor jy4deBbix ckopocreil 800 3Be3x. Aubbuukuit orkpout 3se3ay (HD 161817),
06T TAIONLY IO OHOM 13 HAHOOJILIINX H3BECTHBIX JIyUeBLIX CKopocTeil B LamakTuke — 360 xM/c [18].

Ommibka —omnpeeseHnst JIy9eBbIX CKOPOCTEH IPU  HMCIOJb30BAHUU [PU3MEHHBIX CIEKTPOrpadoB ¢
dbororpadudeckoii perucrparpeii cocrapisIa OKoI0 3-5 KM/C.

KOPPEJ’IHL[PIOHH]’:)IfI ®OTODJIEKTPUYECKUN METO/. TOYHOCTbD 0.3-0.5 xm/c

KawecTBenHnoe, Ha TOPSAJIOK, TOBBIMIEHNE TOYHOCTH ONPEIETEHUs JIYYeBbIX CKOPOCTell 3Be3] OKa3aJioCh
BO3MOXKHBIM TOJIBKO IIPH MEPEX0Je K KPOCC-KOPPEJISANUOHHBIM METOJAM U IPH OTKa3e OoT (rororpadudeckoit
PErUCTpAIK CIIEKTPA, T.€. MOBBINIEHHE TOYHOCTHA W3MEDEHUs MOJIOXKEHWH JIMHUM 00eCrnevnBaIoCch 33 CYeT
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yBEJINYEHNsI OTHOIIEHWsI CHTHAJ/IIYM W BHEJIPEHHs CHCTeM cueTa (DOTOHOB. DTH MephI MPUBEJH K DPE3KOMY
YBEJIMYEHUIO [IPOHUMIAIOIIEH CIOCOOHOCTH MO3UIMOHHBIX U3MEPEHH B CIIEKTPOCKOIIHH.

IIpu cmekrpasbaoM pasdperntennn R ~ 10000 TOYHOCTH OMpeeeHnsT CMEIIeHUs CIeKTPAJIbLHON JIMHUU B
OIITHYECKOM Juanasone cocrapiger AN ~ +0.5 A, npu 3ToM cooTBeTcTByOmAas OMMbKA OIIPe/Ie/IeHI Iy 9eBOil
ckopoctu 6Vr ~ ¢+ SAN/A ~ 3-10%-107% km/c ~ 30 km/c. U3 obmux coobpaskeHuil CaegyeT, UTo st
yMeHblenus ommbku B N pa3 HyKHO n3Meputb ~ N2 juanit. Takum 06pa3oM, B IPUBEIEHHOM HAMHU IPHMEPE,
9T00BI JOCTHYb TOYHOCTH + 0.5 KM/C, HY>KHO W3MepuTh cMenieHusi ~ 4000 JHHWiA.

Koppensarmuonusiiit (poTo3IeKTpUIeCKuii METOI N3MEPEHHS JIyIeBbIX CKOpOCTel ObLT mpeamoxken PemkeTrom
B 1955 1. [19]. OH cocrour B cienyromem. Ecin B GOKaIbHYIO MIOCKOCTh BBHICOKOMCIIEPCHOTO CrieKTporpada
moMecTuTh (BU3MIECKYI0 MACKy, OTBEPCTHS B KOTOPOH COOTBETCTBYIOT OIIPEIEJIEHHbIM JIMHUSM B CIEKTPE
3BE3IbI, TO JIETEKTOD, HAXOIAIIWICS 3a MACKOi, OyIeT perucrpupoBaTh MOTOK OT 3BE3IbI KaK (DyHKIHIO
CABUTrA OITUYECKUX IJIEMEHTOB, WMHUTHUPYIOIIEro Ja0miepoBckuit casur. llpm coBmazenww sumHUil crekrpa
C OTBEPCTHSIMM B MaCKe OyIeT 3aperucTpupOBaH MUHUMYM I[TOTOKA, a COOTBETCTBYIONINN CIBUT MACKUA U
CIEKTPA IO3BOJIUT OIPEIEIUTh Jy4eByI0 CKOPOCTh. Takum 00pa3oMm, JjiydeBasi CKOPOCTDb OIIPEeJIsieTcs C
TOMOIIBIO KOPPEJISIIUOHHOIO MPOMUIIsA, OTPAYKAIOIIEr0 CYMMapHOE BO3/eiCTBHE W30OPAHHBIX JIUHUN CIEKTPA
[ocjie UX IIPOXOXK/EHUs dYepe3 MacKy. Xors wuHdOpMAalus, KOTOPYIO HeceT KaxKjas OTIeJIbHasd JINHUS,
TEpPSIeTCH, JIyYeBas CKOPOCTh U3MEPSAETCS 3HAYUTEILHO ObIcTpee (YeM 1o (hOTOIIACTUHKE), M3MEPEHUIO JOCTY THBI
6osiee ciabbie 3Be3/pl (Miau peasusyercs 6oJiee BBICOKAs TOYHOCTH 110 OTHOCHTEJIbHO sipKUM 3Be3uam). Eciu
€IMHCTBEHHO TEJIBIO SIBJISETCSI M3MEPEHUE JTyYeBOM CKOPOCTH, HEIKOHOMUIHO HADJIIOIATH BCE IE€TAJN 3BE3THOTO
cuekrpa. [puddun [20] co3gan nepsblii Takoii npubOp U IPAKTUYECKH JI0Ka3ajl BbICOKYIO 3(h(hEKTUBHOCTH
MeTona. TOYHOCTh M3MepeHus: JIy9eBOil CKOPOCTH OOPATHO MPOMOPIMOHAIbHA, KOPHIO KBAIPATHOMY U3 YHCJIA,
usMepseMbix juauil. [ToaroMy mis HOKPBITHS GOJBIIOrO CIEKTPAILHOrO UHTEPBaa (IpuBjedeHus HOJIBLIIOrO
YHUCJIa CHEKTPAJIbHBIX JIMHUI) MCIO/Ib3YIOTCs SIIEIbHbIE CHeKTPOrpadbl. JInesie B COBOKYIIHOCTH C JIEMEHTOM
ckpeleHHoll jucrepcuu  (npusmbl, JuPAKIMOHHOM PpelIeTKd, WM IPU3Mbl) “pa3BopadyuBaer’ CIEKTD B
JBYMEPHYIO KAPTUHKY, PACIIOJIATast CIEKTPAIbHBIE MOPSAIKYA OIUH MOI ApyTruM. JITnHA KasKI0T0 TOPSIKA, IIesie-
crexTpa cocrasiger or ~ 200-300 A 1o ~ 20 A, nopsku pacunosaraiorcs ¢ HeGOIbIINM HePeKPLITHEM 110 JITHHE
BOJIHBI. DT 00CTOATEIHCTBA TIOMOTAIOT JIErKO COOPATH CBET OTO BCEX INeJIeil M HAITPABUTD €ro Ha OJHOKAHAIbHBIM
[IPUEMHUK.

[Mosimenne 3¢ HEKTUBHBIX KOPPETANMOHHBIX METOJO0B W CO3JAHME HA WX OCHOBE CIEKTPOMETPOB HOBOTO
nokoseHus Ha 0Gasze smenbHbIX crekrporpados (tuna CORAVEL [21]) mosBosmin moydarb MaccoBble H
OTHOPOIHBIE M3MEPEHNsA ¢ HEeOBIBAJION 10 TOH mopbl TOYHOCTHIO 0.3-0.5 KM/ c. BblIu BBITIOJTHEHBI U3MEPEHUS
JIy9EBBIX CKOPOCTEH y [ECATKOB THICAY 3BE€3J, UTO IO3BOJUJIO M3y4aTh KuHeMaTuky [asakTuku B MIMPOKOI
OKpecTHOCTH (CM., HanpuMep, paborsr [22-24]).

B 1984 r. s TAUII MT'Y 6611 cKOHCTPYUpOBaH u co3ad koppessanuonnbiii cuekrpomerp tuna CORAVEL na
6ase Bricokommcnepcroro (1-2 A /) suressroro criekTporpada, B hoKaIbHO TIIOCKOCTH KOTOPOTO TIOMETIeHa
macka, BocupousBoasiias cuekrp « Boo (K1III). IIpuGop 6bu1 Ha3Ban u3MepuTeseM JIy4eBbIX CKOPOCTeil
(JIC) [25]. OH npennasnaden njsi paboThl B KaccerpeHOBCKOM (dokyce cpenunx pedaekropos. NJIC paboraer
B crmekrpajbHOM uana3one F5-M) mis HOpMasbHBIX 3Be3 I[VIABHON mmociemoBareabHocTu. B cepenune
CIEKTPAJIHLHOTO JMANa3oHa ¢ 1-M TeJeCKONOM MOTYT U3MepAThCd 3Be3nbl 10 12V, a B HMCKIIOYUTETHHBIX
caygasx — g0 14™V. XapakrepHasa dKcmo3uiiusi cocrapager 10 MuH, HO MoxkeT moxomuTh 1m0 20-30 mMuH a1
cJ1a0bIX 3BE€31 UK 115 3BE3]], C HU3KUM KOHTPACTOM Jiuhuii. TouHOCTh M3Mepenuii (110 BHENTHEH CXOMMOCTH ) 115
apkux 3Be3] cocrasaser 0.3 kM/c, upu BHyTpeHnux omubkax usmepenus ~ 0.05-0.2 km/c. Pabounii nuanason
MU3MepsieMbIX JIy4deBbIX ckopocreit or —300 mo +300 km/c.

C 1985 roga Hauar crarucrudeckuii 0030p om3kux K- u M-KapJinKoB /1Jisi BbISIBJICHUS UX JIBOMCTBEHHOCTH.
Beun cmesaHbl MHOTOYHC/IEHHBIE OTKPBITHSI IBOWHBIX M KPATHBIX 3BE3J, MPOW3BEJEH pacdeT WX OpoOwuT,
OIIPeIesIeHbl MACCHI U CBETUMOCTH KOMIIOHEHTOB, IIPOBE/IEHO MCCJIEIOBAHNE CTATUCTUIECKUX CBONCTB aHCcaMbJId.
Buepsbie cocrapiien obumit karasor KparHbix 3se3q [26]. B 1994 r. Gbuia madara mporpamma M3MepeHuil
JIYIEBBIX CKOPOCTEH KOMIIOHEHTOB BU3yaJIbHO-ABONHBIX W KpaTHBIX 3Be31. K 2008 romy OBLIO MOIyYeHO OKOJIO
4700 m3MepeHHi JIy4eBBIX CKOPOCTe# il 574 KOMIIOHEHTOB W ompejiesieHbl 46 HOBBIX CIEKTPOCKOIMYIECKUX
opbur [27]. Pactopryes n Camych [28] m3Mepuian JiydeBble CKOPOCTH KDACHBIX THTAHTOB B CEMHU IMIAPOBBIX
ckortenusgx Lamaktuku. i ngTu CKOILIEHUI MOJTy9YeHbl OIEHKN MAacChl M OTHOIIEHWS MACChl K CBETUMOCTH.
OGrapy»eHO BpailleHne mapooro ckoriennss M 5. Crmenana oneHka paccrosuuss 10 M5 [29]. Dimymkosa
u Pacropryes [30] oupesnenuiu siydesbie ckopocru 3Be3n B noje 18 paccesinubix ckoiuvtenuil [asakruku.
3aboaorckux u Ap. [31] ucnonb3oBaIM NAHHBIE O JIYYEBBIX CKOPOCTSAX Hedens n pacCessHHbIX CKOTIIEHUIT [t
JIETaJIbHOIO M3yYeHWs KWHEMATUKW TajlaKTHYeCKOro nucka. BbiBemena mHambosiee TOYHAsI KPUBAasi BPAIIEHUS,
OIIEHEHDI [TAPAMETPDI JLIUIICOU/IA OCTATOUHBIX CKOPOCTEl U MapaMeTphbl CIIUPaIbHOrO y30pa (yroJ 3aKpyTKU U
AMILIUTYIbI BO3MYILEHUIT 110Jisi CKOPOCTEid).
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JIVHEBBIE CKOPOCTWU LIE®EN/I

OraenpHO OcTaHOBUMCS HA pabOTaX, MOCBSAIMIEHHBIX UCCJIEIOBAHUIO ME(En]] C MOMOIIbIO KPOCC-KOPPEIAIUOHHBIX
mpuOOPOB B CBSA3U C YHMKAJIBHOCTHIO 3TUX OOBEKTOB I pelneHns (PyHIAMEHTAJIBHBIX 337139 YCTAHOBJIEHUS
mKajabl paccrosgamii u Bo3pacroB. C 1988 1. mockosckasi rpynma MHACAH w TAUIIT MIY wagana
CUCTEMATHYECKNE HADJIONEHUST ITUX TMEPEMEHHbIX. BhIIn mOCTaBIEHBI 331491 W3MEPEHUsT JIYIEBBIX CKOPOCTEH
KJIaccuIeckux 1eden, UCCIeI0BaHna OMMOMAMbHBIX Iedena, OOHAPYXKEHUS W HCCIeIOBAHUS CIEKTPAIbLHO-
JIBOMHBIX 1eden/1, ONpeIeIeHus My/IbCAIMOHHBIX PaauycoB medenn meromom baane—Beccenunka, ompenenenns
Moz mynbcanuii. s pemenusd 3tux 3ama4d 6bu10 mosyderno Kk 2009 rogay okosio 11000 u3mepenuit JrydeBbIX
ckopocreit 171 3Be3apl (0ko0 72% OT BCErO MHPOBOIO MacCHBa OMyOJUKOBAHHBIX JAHHBIX MO Iedengam
cesepHoro He6a). IIpu T0M BbICOKOTOUHBIE KPUBbIE U3MEHEHUs JIy YeBbIX cKopocreil 89 nedeunss 6bIU 101y YeHbI
Brepsble. Habmonennst aydeBbix ckopocreii nedens 1986-1997 rr. omyGarKoBaHbI B Tpex Karajorax [32-34].
DTOT MACCUB OJHOPOJHBIX U BHICOKOTOYHBIX U3MEPEHUl ceifiaac saBJIseTcs CaMbIM ODIIUPHBIM B MUDE.

Cy1ecTBeHHBIN BKJIA, ObLIT CI€JIAH B UCCIIEIOBaHIE OMMOJAIBHBIX eden. ¥ Takux nedens B U3MEHEHU X
OJ1ecKa 1 JIy9eBO# CKOPOCTH OTHOBPEMEHHO HAOIOMAIOTCS ABe MmepuoandHocTr. B Hamei ['amakTrke n3BecTHO
Bcero 23 OumomasbHBIX nedenapl. g yBepEeHHOTO pa3feeHus KPUBBIX JIyYEBBIX CKOPOCTEH Ha JIBE MOJIbI
nysnbcaiuu Tpedyercs aiaurebHbii pan zabsoxenuil (6osee 100). Vmes paszenbHble KPUBbIE JIy4YeBbIX
CKOPOCTeil /It KaXkJ0ro Meproia, ObIIN CIeJIaHbl ONEHKH WX paauyca [35].

Ocoboe BHUMaHUE YIEISETCS HCCIETOBAHUIO CHEKTPATbHO-ABOWHBIX Tmeden. IIpobrema crekTpagibHO
aBoiicTBeHHOCTH Tedpery BarKHA KaK [JIi TEOPUU 3BE3IHONW 3IBOJIONMM, TaK W [JIsi TEOPUU 3BE3IHBIX
[IyJIbCAIUH, /1151 U3y YeHUs PACIPOCTPAHEHHOCTH SBJIEHUS IBONCTBEHHOCTHU CPEIH ITUX 3BE3/I, [JIs OIPEIeIeHUsT
dusrIeckux XapaKTEePUCTUK caMuX Iedens u uX CIyTHUKOB. BOmpoc O ABOHCTBEHHOCTH medens BO3SHUKAET
[IPA KCCIIEOBAHAN 3aBUCUMOCTH II€PUOI-CBETHMOCTh M KuHeMarTwku. [Io omeHkaM pa3HbIX aBTOPOB, H0JIs
CIIeKTPaIhHO-TBOWHBIX 3Be31 cpean nedens 3akmodena mexay 20% n 50% nm gazke soime. OIHAKO TOIBKO HA,
OCHOBAHUU BBICOKOTOYHBIX, OJHOPOIHBIX M MACCOBBIX M3MEPEHMUil JIyIeBbIX CKOpocTeii nedens ObLia BhIABICHA
WJIM TIOZITBEPIK/IEHA, CIIEKTpasibHas ApoiicTrBeHHOCTb 20 neden [36], uro cocrapnsier okoso 22% Bceit BLIGOPKY 1
SIBJISIETCSI JJOCTATOYHO PEAJMCTUIHON OIEHKOU YaCTOTHI BCTPEYAEMOCTH CIEKTPAJIbHO-IBONHBIX cpeau mneden/.

B BocbMumecsThie-neBsiHOCThIE TOABI 20 BeKa ObLIN TPEANPUHATH MHOTOYUC/IEHHBIE TOMBITKU OIPEIEICHUS
MyJIbCAIIMOHHBIX paauycoB nedens merogom baage-Beccenuuka. CadkoBy yAaaoch MOCTPOUTH 3aBUCHUMOCTH
HePHO—PAINYC JJis CAMOii BOJIBINO 0THOPOIHO# BBIGOpKH (64 Knaccuaeckux [37], 13 mMamoammanTyaubx [38] n
7 6umonabHbIX edens [35]), 94TO HO3BOJIUIO YTOUYHUTD MOJY ILyJIbCALMIA, IIOCKOJIbKY BBIYMCIIEHUE PAAUYyCa He
3aBUCUT OT MOJBI MyJIbCAIKi. B 9acTHOCTH, BBISCHUIOCH, 9TO BHIOOPKA COMEPKUT KaK Ieder Ibl, MyIbCUPYONINe
B 11epBoM OOEPTOHE, TaK U 3BE3/Ibl, IIyJIbCUPYIOIINE B OCHOBHOM TOHE. BbIsICHUIIOCH, 9TO Pa3/In4dnsi B PE3yJIbTaTax
OPUMEHEHNST METOJa CTATHCTHYECKUX MapajiyIakCOB K DPa3HbIM BbIGOpKaMm medens [39] d4acTUIHO BBI3BAHBI
‘Barpsa3HeHneM’ BBIOOPKH KOPOTKOIEPUOIUIECKHX Tedens MyJIbCATOPAMH IIEPBOr0 OOEPTOHA, OITHOOTHO
MPUHATHIMA 33 IIyJIbCATOPHI OCHOBHOI'O TOHA.

Pab6ora ¢ nputopamu CORAVEL B Hacrositiee Bpems 3asepiiena. [Ipubop NJIC npomoirkaer 3¢ deKTHBHO
HCIOJBb30BAThCA JIJTsT M3MEPeHHuil JIydeBbIX CKopocteil 3Be3n. Koppenamumonubiit (pOTOTEKTPUIECKAN METO,
MTO3BOJIMJI COBEPIIUTH MPOPHIB B TOYHOCTU M3MEPEHUsI JIy9YEBBIX CKOPOCTEH W PEITUTh Pl BAXKHBIX HAYIHBIX
3aga4d. Ho B TO ke BpeMs BBISBUINCH W OFPAHUYEHUA HA ero mpuMmeHeHue. [Ipubopbl paboTanm B JOCTATOTHO
Yy3KOM [Mala30He CIEeKTPAJbHBIX TUIOB 3Be37 (B ocHoBHOM, F5-M5, wnccaeqoBajuch HEKOTOPBIE TUTAHTHI
cnekrpanbabix kiaccop FO-F4). IorennuasbHo uMeIach BO3MOXKHOCTH HCHOJIb30BATH CMEHHBIE MACKHU JIJist
PA3/IMYHBIX CIEKTPAJIbHBIX KJIACCOB, HO HM HA OJHOW 00OCEPBATOPUU B PE3Y/IbTATE TOT METOJ HE TOJIY YU
[IPUMEHEHUsI, IO-BUIMMOMY, W3-3a CJIOXKHOCTH OcTHpOoBKH crekrporpados. Kpome Toro, meron okazascs
HEMPUMEHUM JIJIS UCCJIEIOBAHUS XUMUIECKY MEKYISPHBIX 3BE3] U MEPEMEHHBIX 3BE3/I, ¥ KOTOPHIX HAOJII0IAETCs
capur a3 MeK/1y KPUBBIMU JIy9EBbIX CKOPOCTEH, TOMYyYeHHBIMY TI0 JIMHUSAM PA3IHIHbIX HOHOB. ChIrPAo CBOIO
POJIb ¥ CTPEMJIEHUE UCCIIEN0BATEIEH BCe-TAKKU HE OrPAHMYUBATHCS OJHUM MapaMerpoM (JIy4eBoil CKOPOCTBIO), a
MMEeTh B PACIOPSKEHUHN BECh CIIEKTP.

JIN®OEPEHIIMAJIBHBIE CABUTY JIMHUN

B mporskerHbIx armMocdepax 3Be37 BHICOKOH CBETHMOCTH TeOMeTpHYecKas IyOmHa (hOPMHUPOBAHUS PA3HBIX
JIMHUN CYIeCTBEHHO pazjimdaercs. Emre B cepemmuae XX Beka ObLIO OOHAPYKEHO, YTO JIy4eBbIE CKOPOCTHU
rOPSYMX CBEPXTUTAHTOB, U3MEPEHHbBIE 110 PA3JIMYHBIM JHHUSIM OATbMEPOBCKON CEpUU BOJOPOIA, PA3IUIAIOTCS U
mepeMeHHbI BO BpeMenu. [103ke u [1j1st TuHuil MeTa OB M WX MOHOB ObLIN OOHAPYKEHBI 3aBUCUMOCTH JIY9€BOI
CKOPOCTU OT UEHTPaJIbHON riiybunbl sapa Juauu [40]. DTy 3aBUCUMOCTH TaKKe M3MEHSIOTCS CO BPEMEHEM.
Hapuune muddepeHnmagibHbIX CABUTOB JUHUN HE MMO3BOJISIET MPUMEHSTH KPOCC-KOPPEISIIUOHHBIE METOIbI
K W3ydeHuio guHamMuku armocdep cBepxruranToB. COOTHOIIEHHE HECTAIMOHAPHOIO paclIupeHus aTMocdep
CBEPXTUTAHTOB U MYJIbCAIW OKOJOMOTOCHEPHBIX CI0EB M3yYIAETCs KJIACCUIECKUMHU METOJAMHM WU3MEDPEHUs
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WHIUBUIYAJIbHBIX JIMHUHN, C TMOCIEIYIOINe TPYNIUPOBKOW W3MEPEHUil MO rpymmaM JIUHUH, (GOPMUPYIOMIAXCS
B onpejesieHHbIx cioax armocdepst [41]. Takoii noaxox 103801 OOHAPYXKUTH OJAHOBPEMEHHOE IIPUCY TCTBUE B
aTMocdepax BOCXOIAMNX U HACXOJAIIUX ITOTOKOB ra3a.

IMPUMEHEHUE MOJANCTON SYEMKN. TOYHOCTD 2550 m/c

[IpumeneHue B CIEKTPOCKONUY MAHOPAMHBIX NpUeMHUKOB m3iydenus (I13C-marpui) cO34a10 BO3MOKHOCTH
“MOIEPHU3UPOBATL’ KOPPEIAIUOHHDBIN (POTOITEKTPUIECKAN METOI U3MEPEHU JTyIeBbIX ckopocreii. [losBumach
BO3MOXKHOCTb HCIIOJb30BAHNS TaK HA3BIBAEMON “IiPOBOi” MaCK¥ U MOBBICUIO KAK TOYHOCTb M3MEPEHUS, TAK
¥ IpeiesibHYI0 3BE3/IHYIO0 BEJIUYUHY W CIEKTPAJIbHBIN AMANa30H KCCIEIyeMbIX 3Be3[l, XOTS BPEeMs IOy 9eHUst
OJIHOTO HAOIIIO/IEHNs 3HAYUTENHHO yBeandniaochk [42]. IIpu 5ToM B KadecTBe MACKW MCMOJIb3YeTCst JIMOO CIEKTD
3BE3/bl C U3BECTHOI JIy4eBOll CKOPOCTbIO, HOJIyYEHHbI ¢ TeM 2Ke IpubopoM (CTaHAapT JIy4YeBbIX CKOPOCTENd),
b0 cuHTeTHYecKuii cuekTp. KoppeasimuonubiM MeTOIOM OIPEIEISIOT CMEIeHre JTUHUI CIeKTPA UCCIIeLyeMOit
3BE3/IbI OTHOCUTEILHO MACKHU, COOTBETCTBYIOIIEE NCKOMON PA3HOCTH CKOPOCTEH.

Ewe B 1969 r. 6bu10 nokazano [43], 4ro 3oHasbHbIe OMIKUOKKM ONTHKU creKTporpada MOryT HPUBECTU K
CIBUTY 3BE3JHOTO CIIEKTPA OTHOCUTEIHLHO CIEKTPa CpaBHeHus . [Ipenmnosokenus, 9T0 Ha MEPBBIM TIJIaH BHIXOIAT
omuOKu, OOYCJIOBJIEHHBIE PACCOTJIACOBAHMEM KAHAJOB OMOPHOIO W HCCJIELYeMOrO CIIEKTDPOB, ITOATBEPIUIINCH
nocsie paboTsI [44], Te B KauecTBe OMOPHOTO CIIEKTPa GBI KCIIOIB30BaH TEJITYPUYECKHl ClieKTp. BhIio mokasaHo,
9TO yCTPAHEHWE PACCOIJIACOBAHUS KAHAJIOB O3BOJISIET YBEJIWYUTH TOYHOCTH U3MEPEHUl JIy9YeBbIX CKOPOCTEi
Ha, TopsaoK. Meron dororpadudeckoil perucTpanuy TeIIyPUIeCKOr0 CIIEKTPA MPUMEHUM TOJBKO K CaMBIM
APKUM 3Be3/aM, T. K. [IPH JJIMHHBIX SKCIO3UIUAX TOIOLEHTPUYECKAs: CKOPOCTb CYIIECTBEHHO u3MeHAeTcs (Jis
3Be3/IbI C HEDOJIBINM CKJIOHEHUEM B TEYEHHE JETHIPEXIACOBOM SKCIIO3UINU BOIM3W MEPUINAHA ITO U3MEHEHUE
nocruraer 350 m/c). Ilosromy cienyommii mar B UCIOAB30BAHUM TEJJIyPUYECKOrO CIEKTPa ObLI CHEJAH C
npuMeHeHneM JuHefkn (boroauonos [45], rae mpu MoCieI0BATEeIHLHON PErHCTPAIiK CIIEeKTPOB ¢ KOPOTKUMHU
SKCIIO3ULUAMU ObLI 1101y YeH pa3bpoc B = 7 M/c. OCHOBHBIMU IPEUMYILIECTBAMY UCIIOIb30BAHUS TEJLILY PUIECKOrO
CIEKTPA SBJISIETCS TOJTHAS UIEHTUIHOCTD MOy 9€HUs 3BE3THOTO U PErepHoro cnekTpos. K HemocTraTkamM MOKHO
OTHECTHU TO 0OCTOATEIHCTBO, YTO HHTEHCUBHOCTD JIMHUN TEJLIYyPUIECKOIO CIEKTPA 3ABUCUT OT BO3/LYIITHONW MACCHI
U KoJaMuYecTBa BOABI B armocdepe, a dopma junuii (1, CIEIOBATENBHO, MOJOXKEHHE MX [EHTPA TAKECTH)
3aBUCHUT OT OJIEHIUPOBAHUSA U3MEPSAEMbIX JUHUN CIA0BIMU JTHHUSME, IPUIEM CTENeHb OJIeHIMPOBAHUS MEHAETCS
¢ BozaymHo# Mmaccoii. Co BpemeH pabOTHI [46] OCHOBHOW MOTHBAIME#l MOBBINIEHHS TOYHOCTH W3MEPEHHs
aydeBbix ckopocreil (myume 0.1 km/c) gBisisiach 3azada moucka 3dK3omsianer. COrIaCHO IIPEJCTABIEHUSM
TOrO BPEMEHU, MUHUMAJBHBIN MEPUOI OOpPAIEHNS MJIAHETHI-TUTAHTA BOKPYT 3BE3/bl COJHEYHOIO THIIA HE
JIOJI’)KeH TIPEBBINIATh TPEX JIeT, HO3TOMY BBICOKYIO TOYHOCTH W3MEPEHUS M KAJUOPOBKH JIy9IeBOH CKOPOCTH
HEOOXOIMMO OBLIO TTOIEPKUBATH B T€UEHUE HECKOJIbKUX JIeT. I3 9Tux coOOparkeHuil TeIaypUdIecKuil CIeKTpP
B KAYECTBE OMOPHOTO ObLT HEIPHUIOIeH, HEOOXOAuM ObLT pemep, CTabUILHOCTH KOTOPOI'O MOXKET COXPAHATHCS
JymTenbHoe BpeMs. [IpenmyiecTsa iio1a B kadecTBe pabodero ra3a Jajis abCOPOIMOHHON S9eiKr ObLIN N3BECTHDI
nasuo: B amanazone 5000-6000 A mmeerca cuibHAs 3IEKTPOHHAS CHCTEMA IIOJIOC MOJEKY/IbI Iy ¢ y3KuMH
BpallaTeIbHBIMA JINHASMW, CMEIeHWs JIMHUI TpW W3MEeHEeHWN JaBjieHuss Hesenuku [47]. Meron mnosydwn
IIAPOKOE pacIpocTpaHeHue. Brepsbie itomHas abcopOnuoHHAs s49eiKa B acTpodU3WKe HCIOIb30BAHA IPU
cnekrpockormu Conmna [48, 49]. 3areMm ObLna MONBITKA UCIONB30BATH CIEKTP HONA B KAUECTBE KJIACCHIECKOTO
CLIEKTPa CPABHEHMUs, PACIIOJIO?KEHHOIO PsiJIOM CO ClieKTPoM 3Be3/bl [50], u, nakoner, abcopbiuontas s4eiika ObLia
YCTaHOBJIEHA HEITOCPEICTBEHHO B 3Be31HOM Kanase [51]. UTak, Kk Hadaxy 90-X HECKOJIBKO TPYII UCCIe0BaTeNe,
HCIIOJIB3Ysl PelepHbIe CIIEKTPhI, PerucTpupyeMbie HA (pOHE 3Be3IHBIX, [T0OMINCHh TOYHOCTH U3MEPEHUS JIy I€BBIX
cKopocTeil OKOJIO 25M/c Tpu HAOIIONEHUSX SAPKUX 3Be37 Ha OOJBIIMX Teseckormax. 3a 1 9ac Ha TeJecKore
4-MeTpOBOro KJIacca YKa3aHHYI0 TOYHOCTb MOXKHO OBILJIO TIOJIyYUTh Uit 3BE€3, apue 6.

MMPUMEHEHUE MOANCTOMN SYENKN. SK30IIJIAHETHI. TOYHOCTb 1 M/c

B BochbMmIECATHIX TOJAX MPOIIIOrO BEKA OBLIA COBEPINIEHA MEPBasi CEPbE3HAS MOMBITKA, MOWCKA TIJIAHET Y OIHOMN
u3 Gauzaiinumx 3Be3x — 3Be3abl BapHapia, obsajgaoneil cambiM 6osbiluM cOBCTBEHHBIM JBrzKeHreM (6osiee
10 ¢z B TO) U ABJAIONIEHCS BTOPOii 10 6in30cTH K HaM ocie cucreMbl @ IlenraBpa. OHa uaea bHO MOAXOAUIIA
JITsI TIOMCKA ILUTAHET aCTPOMETPUYECKUM crnocobom. Axanusupyst doromnactuiku, caenanasie ¢ 1938 roga mo
1962 rox, Ban ge Kamm o0bsBuI O cymiecTBOBaHuu miaHeTbl, B 1.6 pa3a Tskemee FOmmrepa ¢ mepuomom
obpairienusi B 24 roja. 3areM, PACHIMPUB AUANA30H U3YUYEHHBIX ApXUBHBIX (OTOCHUMKOB 10 1916 roma, oH
3a8BUJI O JIBYyX IJIAHETaX ¢ Maccoil mopsizka Macchl HOmmrepa [52]. Kocmuuecknit remeckon nmenn Xa66uia
uposesi ouenb Tounbie (10 0.001 ca) acrpomerpuueckue u3mepeHus: 3Be3iubl BapHap/a, He BbISIBUB HUKAKUX
kosiebanumii. Torma m crajo $ICHO, 9TO HA3EMHBIE W HECIEeNUaIN3WPOBAHHBIE KOCMUYECKHE OOCEPBATOPHUU HE
CIIOCOOHBI ODHAPYKUTH ITUM CIOCODOM ILTAHETHI Hazke OKoJyo Ommkaimunx 3se3m. M. Maiiop n . Kemoc
Ha 1.93-merposom rteseckone O6cepBaropun Bepxuero Ilposanca (®panmus) co crnekrporpadgom ELODIE
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U3MEPUJIN JIydeBble CKOPOCTU OKOJIO COTHHU 3Be3J J0 8 3BE3JIHOW BEJUYMHBI C TOYHOCTHIO 70 15 MeTpoB B
CEeKyHJly U ODHAPYKUJIM KoJieDaHUs JIy4eBbIX CKOPOCTel ¢ aMiuTyaoll okoso 60 M/c ¢ nepuogom 4 ans y
3Be3npl 51 Peg (maHera ¢ MMHMMAJIbHBIM PACCTOSTHHEM J0 3Be3zpl, “‘ropsiumii tormrep” [53]). k. Mapcu n
II. Barnep u3 Jlukckoit obcepBaropuu NOATBEPAMJIA 3TO OTKPBHITHE, OOHAPYXKWUB Te K€ caMmble KojebaHus B
cBoux Gosee ToUHBIX (3—4 M/c) HabmoneHusx [54]. Cnycrs necsarunerne GO OTKPHITO y3Ke OKOJIO 120 ra30BhIX
TUTAHTOB.

B 2004 romy, ncrnonb3yst HOBbIE CEKTPOrpadbl, yAaI0Ch MOBBICUTH TOYHOCTHh H3MEPEHUS JIyIeBbIX CKOPOCTEH
10 1 M/c, 94TO MO3BOIMIIO CPa3y OTKPbLITh COBEPIIEHHO HOBBIH KjacCc 0OObEKTOB — TaK HAa3bIBAEMbIE “ropsyue
wenrynbsl” (c Maccamu mopsanaka 15 macc 3emsm) ¢ ucnosb3oBanueM crekrporpada HARPS, ycramosiernoro
Ha 3.6-m reneckone B Jla-Cuma [55] u reneckone Hobby-Eberly (HET) B obcepsaropuun Maxk-onamnb [56].
B Hacrosiiiee BpeMst HAMJIydIIast 3asiBJIEHHAST TOYHOCTh OMPEJIeJIeHHsT JIyIeBbIX CKopocTeii cocrasisier 0.9 M/c.

ACTPOCEMCMOJIOT S

Acrpoceiicmoniorusi — uCCIEIOBAHUE BHYTPEHHErO CTPOEHUs MyJAbCUPYIONUX 3BE3[l I[MyTeM AaHAJIUu3a UX
9aCTOTHOIO CIIEKTPA — METOJWYECKW OKA3aJlach OYeHb OJIM3Ka, 33Jade TOWCKa IK3omaaner. s Hee Takxke
HEOOXOIMMO ITOJIy 9€HUE PSi/IOB TAHHBIX — M3MEPeHnii 6JIeCKa WK JIy YeBbIX CKOPOCTEH — C MPEeAeIbHON TOYHOCTHIO.
Pagnanbable mysnbcamum, MpU KOTOPBIX 3Be3/a MEPUOJIUYECKH DPACITUPSETCS U CXKUMAETCS C COXPAHEHWEM
cepudeckoil CUMMETPUN — MPOCTEHINUA THUIl IIyJbCalldii, BOBHUKAIOIIUX B 3Be3max. BHyTpum 3Be3npl ecTb
JBUXKYyIIuecs obsactu. B oguH u TOT Ke mepuos BPEMEHH HEKOTODPbIe W3 HUX ABUKYTCH K IEHTPY 3Be3IIbI,
a Jpyrue K ee MOBEPXHOCTHU. |'DAHMIBI MEXK/y 3THMHU O0JIACTAME, MPEICTABIIIONEe COO0M KOHIEHTPUIECKUE
TTOBEPXHOCTH, HETTOABMKHBI. KOTMIeCTBO TaKUX MOBEPXHOCTE N HA3BIBAETCS PAIMATHHBIM BOJTHOBBIM YHCJIOM.
Haubosnee u3BecTHble NpeACTABUTENN DPAIUAIBHO IYJIbCAPYIONMX 3Be31 — edennbl, KPAaCHbIE TUTAHTHL U
nepemennbie Tuna RR Jlupbl. Besegcrsue MOHOIEPUOAUYHOCTH (ITYJIbCAIMN C OJHUM IIEPUOOM ) TIOIAB/ISIONIEe
GOJIBIITMHCTBO TAKUX 3BE3J1, HE MCIOJb3yercs i ceficMuaeckux uccyeaoBanuii. OIHAKO 3aBUCHMOCTD MTEPHOA
PaJMAIbHON My/lbCAlMU OT CpeHeil IoTHOCTH (Mepuoj, 06paTHO MPOMOPIMOHAIEH KOPHIO KBaJPATHOMY W3
cpeHeil JIOTHOCTHA 3B€3,ILI)I) JIeTaeT 9TU 3Be3/bl BaXKHEHIIINME 11 ONpeesieHusl PaccTosaHni BO BeenmenHoi u
OTIpeIe/IeHUsT KOCMOJIOTMYECKUX TIOCTOSHHBIX. B OT/IMYne OT paJuajbHO MyIbCUPYIOMINX 3B€3, HADII0IATeIbHBIE
[IPOSABJICHUS HEPAAUAIbHBIX IIYJIbCAIUNA — CIEJCTBUE NEPUOINYECKNX OTKJIOHEHui (pOopMbI 3Be31bl OT chepbl.
[TosTomy Bapumaluu BUAUMOrO OJIECKA W JIy9EBBIX CKOPOCTEH, COMPOBOXKIAIONINE HEPAIUAIbHBIE KOJIEOAHUS,
KaK [PAaBUJIO, 3HAYUTEILHO MEHee 3aMeTHbI [0 CPaBHEHUWIO ¢ paauaibHbiMu. [losromy mo magama 1970-x rr.
€IMHCTBEHHBIM W3BECTHBIM THUIMOM HEPANAJLHO TYILCUPYIONINX TMePEMEHHBIX OCTAaBAJUCh 3BE3IbI THUIA
( Uedest. Jlunib 3Ha9uTEIbHOE MOBBIIIEHHE TOYHOCTH (POTOMETPUIECKUX U CIEKTPATBLHBIX U3MEDPEHUI O3/ Hee
C/IeJIaJI0 BO3MOXKHBIM OOHAPYKEHUE OOJIBIITOr0 YKCJIa, HEPAIUAIBHO MyIhCUPYIOMUX 3BE3/I B PA3HBIX yIaCTKAX
muarpaMmMbl Lepmmmnpysara—Peccena.

Teopust aKyCTUYIECKUX MYJIbCAIMI MTPEICKA3BIBAET 3HAYEHNE YACTOTHI MyIbCaIu 38e31b1. [1pu yemosuu n > 1
9Ty YaCTOTy OIMCHIBAET cieytomas dopmyia (1):

Ui ~Av x (n+1/24¢€)+ ov. (1)

B npusenennoit hpopmysie ecTh aBa BaskHeHuX mapaMerpa: Av — O0JIBINON YaCTOTHBIA WHTEPBAJ, KOTOPBIH
BO3HMKAET MEXK/y YaCTOTHBIMM MaKCUMyMaMu KoJjebauuil ¢ BosiHOBbiMU 4uciaamu (n, ) u (n — 1, 1), u dv —
MaJIblii YACTOTHBIN WHTEPBAJI, KOTOPHI PABHAETCS PA3HOCTU YACTOTHBIX MAKCHUMYMOB MEKIY KOJEOAHUSME C
BosIHOBbIMU uuciaamu (n, [) u (n — 1, [ 4+ 2). Boabiuoil 4acroTHblil MHTEPBAJ 3ABUCUT OT CPEJHEH [JIOTHOCTU
3BE3/bI, & MAJbII OMpeneseTcss OCOOEHHOCTSIMU CTPOEHHST 3BE3HOrO sifpa. J3HAas 3TH BEJIMUUHBI, MOYKHO
OIIPeIe/INTh MACCY 3BE3bI U, CIEI0BATEHHO, BO3PACT, TAK KAK COCTAB A1Pa M €ro Macca MEHSIOTCs 110 Mepe
TIPEBPAIIEHNS BOJIOPO/IA B TeJINil B pe3ysIbTarTe s11epHOro ropenns. TakuM o6pa30M, MasIblii YJaCTOTHBIA HHTEPBAJ
OTPaXKaeT IBOJIONUOHHBIA cTaTyc 3Be3abl. Jl0 HACTOSAIEro BPEMEHW YBEPEHHO OIPEIeIuTh 00€ BeJNYUHbI
(6OJIBbIIIOf 1 MaJIbIi YaCTOTHBIE MHTEPBAJIBI) YAAI0CH TOJIBKO Ayl CoHIA. YCIexXu renoceiiCMOIOM N IO BUTIIN
ACTPOHOMOB K TOHCKY IyJIbCAIUH, TOJOOHBIX TeM, KoTopble Habmomgaorca na CosHie, B 3Be3/1aX COJTHETHOTO
THIA, & 3aTeM M B JPYTUX 3BE3/IaX BO BCEM [Mara30He MacC U CBeTHMOCTeil. B pesysibrare poauiach HOBas
obJtacTb 3Be34HON acTpodu3nuKu — acTpoceiicMosorusi, OyPHO PA3BUBAIONIASICS B [TOC/IEIHAE JIECATUIETHS.

TpagunnronHo acTpoceiicMosiorust Obliia 3aa4eit 11t poTomeTpudeckux nccyueaosanuii. st pernenns 3a1a4
acrpoceiicMosioruu ObLIM 3alyiieHbl crenuainu3uposannbie cuyrauku (manpumep MOST [57], COROT [58],
KEPLER [59], ycnemuo paboratoniie ceiidac Ha opbute). OmHAKO, MCIOJIH30BAHME CHEKTPAIBHBIX JIAHHBIX
[TOKA3aJ10, 9TO JIy9YeBble CKOPOCTHU JAIOT CYIIECTBEHHO DOJiee 3HAYMMbIE PE3yJIbTAThI IIPU MEHbIIIEM KOJIUYECTBE
nmauubix. Hanpumep, vabmomenus 38e3a61 o Cir ¢ momompio cuyrauka WIRE B Teuenne 84 cyrok mo3Bosmim
JIMIIb [OATBEPIUTH W3BECTHBIE J0 TEX [OP 4acTOThbl ¥ ODHAPYKUTb OAHY AonosHuresbuyio [60]. B 1o ke
BpeMs uccaenosanue 3se3161 HD 101065 (38e31a ITummbbLinckoro) ¢ moMorpio cnekrporpada HARPS B reyenue
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Puc. 1. Ilynbcanuonnas kpuBas Jy4ueBbix cKopocteir roAp 3sesapt v Equulei. Habsmonenus co cnexrporpadom HIC,
ycranoBjieHHOM Ha 6-M Tesreckorie CAO PAH. V3Mepenus iy 9eBbIX CKOPOCTE IPOU3BEIEHBI TI0 OTAE/IBHOI CIIEKTPATLHON
samm Nd IIT A 4570 A. TouwrocTs omoro mameperns + 30 M/c

YerbIpex HOYell [03BOJIKIIO ONPEIEJIUTh JIBA AECATKA HOBBIX YaCTOT C aMIiuTyaaMmu 10 1.6 M /¢, KoTopblie He ObLiu
OGHapy KeHbI C MCIOJIH30BAHNEM IOpa3io Gosee INTEIbHBIX (GOTOMETPUYECKUX PsiIoB Habmonenuii [61].

B 3amagax acTpoceficMOIOruU MCCIeI0BATEM CTOJKHYIUCh C TEMU YK€ OPAHUYEHUSIME HA, UCIIOJIb30BAHUE
HaOMIOAEHU ¢ HOOUCTON STYEKOi, ITO W paHee MpPHU KCIOJIb30BAHWU KOPPEIIIHOHHOTO (POTOIIEKTPUICCKOTO
meroja. Y HeKOTopbix 3Be3n (B uacrHocru, y roAp — rapidly oscillating chemically peculiar A stars)
ObLTa, OOHAPYIKEHA, ITYIHCAIMOHHAS N30MPATEILHOCTD JINHUN, TPU KOTOPOH JIMHUK OJWHAKOBONU WHTEHCHBHOCTHU
[MOKA3bIBAJIA PA3HBIE AMILIUTY/bI IyJbCAIMA, & HEKOTOPbIE HEe IIyJIbCHPOBAJIUA COBCEM B 3aBHCHUMOCTH OT
OPUHAJIEXKHOCTH K TOMY WM WHOMY aiementy [62]. Kpome Toro, B 9TMX 3Be3JaxX JOCTATOYHO CHIIBHO
MposBseTCs Tak Ha3biBaeMblii 3dderT BaH Xodda — caBur (a3 Mexkay KPHUBBIMH JIYIEBBIX CKOPOCTEH
JVHWA Pa3JMYHBIX 3JeMeHTOB (cM., Hampumep, pabory [63]). as ucciemoBaHust STUX 3BE3J TPUMEHSETCS
CHIEKTPOCKOIIMs C BHICOKUM BPEMEHHBIM ¥ CIIEKTPAJIbHBIM PA3PEIIEHUEeM U BHICOKMM OTHOLIEHMEM CHIHAJL/IIyM
(“ciekTpasibHas acrpoceiicmMosiorus”), 9TO peaau3yeMo TOJAbKO Ha KpynHeimmx rejeckonax. Vlcnosbp3oBanue
TaKuX HaOJIIOJEHUI 1103BOJIIET HUCCIEJ0BATH BEPTHKAJBbHYIO CTPYKTYpy armocdep roAp-zsesn [64—66].
Ha6monenns na cnekrporpade HIC [67] na BTA CAO PAH no3Boisiior onpeaeisTh JIyYeBble CKOPOCTH MO
UHIUBUYaJIbHBIM JMHUAM ¢ TouHOCTBIO £ 30 M/c (puc. 1). Jaunubie co cuekrporpada UVES, ycranosiennoro
Ha 8-M resieckorie VLT ESO, m03BoISAIOT 10CTHIATh TOYHOCTH J0 HECKOJIBKUX M/c (puc. 2).

ObnapyzkeHue mysbcaruii B HEKOTOPBIX 3BE3/IaX CTAJI0 BO3MOXKHBIM TaKKEe TOJBKO C HOMOIIBI0 U3MEPEHUs
JIy9YEBBIX CKOPOCTE(i ¢ MPEeIeNbHOM TOYHOCTHIO [68].

KATAJIOTY JIVYEBBIX CKOPOCTEM 3BE3/],

Ha momenT Hanmcanusi crarbu (ceHrsiops 2009 r.) B 6ase manubix CDS comepskurcst Gosee 730 KaTajoros
kiodeBbiMu cioBamu “radial velocity”. OcHoBHBIMU SIBISIOTCS:

— Apxus ELODIE, ~ 35000 cniekrpos ¢ S/N>10 (http://atlas.obs-hp.fr/elodie/);

— Apxus SOPHIE, > 30000 crekrpos gist 3000 3Be3
(http://www.obs-hp.fr/www/guide/sophie/data_products.html);

Geneva—Kopenhagen Survey, > 14 000 3Be31 [69];

— Apxus UJIC (TAUII MI'V), ~ 30000 n3mepenwuii st ~ 10 000 3Be3;

Bubauorpaduueckuii karasor Jjydesbix ckopocreii Malaroda et al. [70], > 82000 3Be3;

— Pulkovo Compilation of Radial Velocities for 35495 HIPPARCOS Stars in a Common System [71];
— Astrophysical supplements to the ASCC-2.5: Ia. Radial velocities of ~ 55000 stars [72].

Cambivu kpymabIME KaTajgoramu 0ynyT RAVE u SDSS.

RAVE: >48000 3Be31 B Hacrosiree BpeMst, oxkugaercs g0 1 mian (http://www.rave-survey.aip.de/rave/).
RAVE (the RAdial Velocity Experiment) — aMOMIHO3HBIA TIPOEKT W3MEDPEHUsT JIyYEBBIX CKOPOCTEH u
XMMHYECKOTO COCTaBa 1 MJIH 3BE€3], HaYMHAs C FOKHOro Heba, Ha 1.2-M MIMHATOBCKOM Teneckome AHCIo-
amepukanckoit obcepsaropun (AAQO) B reuenme 2003-2010 rr. Ilenu npoekTa: UCCIEAOBAHUE KUHEMATHKU
lFanakTuky 1 co3manme caMoil OOMMPHON 6A3BI JAHHBIX 10 JIy9E€BBIM CKOPOCTSIM; MOJArOTOBKA K KOCMUYECKOMY
npoekty GATA. Beibopxka Oyzmer Briodars ~ 700 000 3Be311 nucka amaktuku, ~ 250 000 38€37 “ToJicToro aucka’
lamakTuku, ~ 100 000 3Be31 6GaamKa U rajo.

SDSS: Sloan Digital Sky Survey (http://www.sdss.org/). B mpoekre — Gosree 150 yaacTHUKOB n3 Gosiee dem
25 waCTUTYTOB. OCHOBHBIE 3a7a4M MPOEKTA: M3YYEHHE KPYMHOMACIITAOHON CTPyKTypbl Beenennoil, uyuenune
CKOIJIEHUl TAJIaKTHK, IIOUCK U UCCJIEOBAHUE KBA3apPOB, U3yUEHUE CBONWCTB MAJAKTHK W MX CIIyTHUKOB, MOUCK
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Puc. 2. Yuacrok cnekrpa ¢ jmHUEH, 0 KOTOPOil TPOM3BOANTCA W3MEPEHHE JIy9eBO#H CKOpOCTH (@), CIIEKTP MOITHOCTH
(6) m mymabcarmoHHas KpWBas JIyUeBBIX CcKopocTeir (e) s smEmE Kemesa Fel X 5615 A (Beepxy) m mammm
PrIII A5300 A (Buusy). Habomarensubie qannsie crekrporpada UVES, ycranosnentoro na 8-m remeckone VLT ESO,
ays roAp-3sesant v Equulei. TounocTs onpesesenus: aMIuIaTyabl myabcanun g guaun Fel A 5615 A-942 M/c, mst
mrmm PrIIT A 5300 A — 460 £ 7 m/c. IlITpuxoBas AUHEUS B CIEKTPE MOITHOCTH OTMEHYAeT YPOBEHb curHama 1o, 20, 30

CBEPXHOBBIX, MOUCK HOBBIX 3BE3JIHBIX CKOILICHUI W KAPJIUKOBLIX raJlakThK. HabromeHus mpoBOasaTes ¢ 2.5-M
resteckoniom B Apache Point, NM (CIIA) ¢ aBymsi ONTOBOJIOKOHHBIMHU SIIEJbHBbIME CleKTporpadamu co
CIIEKTPAJILHBIM pa3perrenneM ~ 1850-2200 (+ 10 km/c). B nacrosimee Bpemsi (Data Release 7) momydeno okosio
1500000 cuexTpos, u3 Hux ~ 930000 cnekTpos rajmaxkTuk, > 120 000 kBazapos, ~ 460 000 crekTpoB 3Be3/I.

3AKJIIOUYEHUNE

Ha ceronusmmuaunit nenp npubausurensao 350000 3Be3: umeior crnekTpasbHyio Kiaccudurammio. Pazymeercs,
KOJIMYECTBO TOJIYUEHHBIX CIEKTPOB MEHbINEe JTOTO YHC/A, & KOJMYEeCTBO CHEKTPOB HE DABHO KOJIMYECTBY
M3MEPEHHBIX JIyYeBbIX CKOpocTeii. B HacTosImee BpeMs Hawty diiias 3asgBIeHHAS TOYHOCTH OIPE/IETICHUSI JTy IEBBIX
ckopocteii cocrapisier 0.9 M/c. Kak yTBep:KIAOT HCCIIEIOBATENN SK30MJIAHET, MOTEHIMA HCIOIb30BAHUS
JIy4eBBIX CKOPOCTEHl B CMBICJIE yBeIWYeHUs TOYHOCTH ucueprad. Cieiyer OTMEeTHTh, YTO BO BCEX CIIydasX,
KOTJ[a, COODIIAETCS O TOYHBIX (METPBI B CEKYH/LY ) H3MEPEHUSAX JIy UEBBIX CKOPOCTEHl, PeUb UeT 06 OTHOCUTEIHHBIX
U3MEPEHUsX, KaK IIPABUJIO, 00 U3MEHEHMU CKOPOCTU OTHOCUTEJIbHO CPE/IHel BeJIMIMHbL (AMIINTYa CKOPOCTEil).
Ocraercsi OTKPBITBIM BOIIPOC 00 AOCOIIOTHBIX CKOPOCTSX. TOYHOCTH WX OINpEJesieHus, MO-BUIUMOMY, He
npesbimaer 0.3 km/c.
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NudopMaTuBHOCTL CIIEKTPOB  3BE37, BO3PACTAeT IO MEpe MPOABUKEHWS B O00JaCTh HA3EMHOrO U
BHearmocdepHoro yiabrpaduosera. Peanusanus B Gumkaiiem 6yaymem npoekra “Crekrp-Y®@” (Bcemupnas
KocMudeckasi obceparopusi — Yabrpaduoser) [73, T4] mo3BONUT MPOBOAWTH HHTEHCHBHBIE CIEKTPAJIBHbBIE
uccienoBanus 3se3x B Y ®-06/1acT, 9TO CYIMIECTBEHHO YBEJIMYUT HAIKM BO3MOXKHOCTH B TOM YHUCJE U IPHU
OTIPEJIJIEHUN WX BBICOKOTOYHBIX JIYYEBBIX CKOPOCTEH.

Pabora gacruano nogzgepzkana rpantom PODU 09-07-00492-a.
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