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1. BBeaenue

MHorre rompl JIIOAEH, YYEHBIX HHTEPECOBANO, €CTh JHM BO DBcemeHHON
IUTAHETHI, TOX0XKKe Ha Hairy 3emutto. CeroHs KOCMOJIOTU CTaBAT TaKUE BOMPOCHI:
UMEIOTCS JTU BOOOIIE JIpyrue miaHeTbl BHe CONHEYHON CHCTEMBI?; CYIIECTBYIOT JIU
JIpyTrUe IUIaHETHbIE CUCTEMBI BO BceneHHoM, koTopble aHalornuHbl CONMHEUHON?;
MOTYT JIM CYIIECTBOBATh <«3eMIUIENOA00HbIe» TuiaHeThi? ComnHIle HE OjHa
€IMHCTBEHHAs 3Be3/1a BO BCceil BceneHHOoM, 1 BEpOSATHO, YTO BOKPYT JIPYTHX 3BE3N
TaK)Ke BpaIllatoTCsl TUIaHEThI, Kak BOKpYrCoJHIa.

[TonoOHBIE TUTAHETHI HA3BIBAIOTCS AK3OIUIAHETAMH («3K30» OT TPEUYECKOro
«BHEY», «CHAPYKU»). ITO TUIAHETHI, KOTOPbIE 0OpaIaroTCs BOKPYT JPYrux 3Be3]1 (He
sprsirorumucst ComHieM). OTU 3Be3fbl HaxoasaTcss ganexko ot CosHia (camast
ommkaimas - Ilpokcuma IlenraBpa - Ha paccrosHun 4,36 CBETOBBIX TI0ja),
arulaHeThl HAMHOTO TYCKJIEE W MEHbBINE 3BE3]l, MOATOMY BIIEPBbIE OOHAPYKUTH
AK30IUTAHETHI YIATI0Ch TOIBKO Julllb B KoHIE 1980-xromos.

[lepBo¥i MONBITKON OOHAPYKHUTH IK3O0IUIAHETHI MOYKHO CUWTATh HAOIIOJCHHUS
3a monokeHneM Onm3kor K CONHIy KpacHOM TYCKJIOW 3Be3[lbl B CO3BE3IUU
3MeeHOCIIa aMEPUKAHCKUM acTpoHOMOoM OjayapiaoMm bepuapaom (1857-1923). On
OOHapyXXuja, 4YTO 23Ta 3Be3/la JIOCTaTOYHO OBICTPO TMepeMeniaeTcsi 1Mo Hely
OTHOCHUTEJIPHO JPYTUX 3B€3] (XOTh W BCE 3BE3IbI MEPEMENIAIOTCS XaOTUYECKU B
NPOCTPAHCTBE CO CKOpOCThiO A0 S50 KM/C, 3TH mMEepeMelIeHUsI OCTaroTCs
HE3aMETHBIMU, €CITM HAOJI0J1aTh C OOJIBIIOrO pacCTOsIHUS). ACTPOHOMBI Ha3BaIM €€
Jlersieid 3Be3noi, unu 3Be3nod bepHapaa. Tak kak »Ta 3Be3ga mana (B CEMb pa3
MeHblie Maccel COJIHIIA), CIIEIOBATENIbHO, BIUSIHUE HA HEE BO3MOXKHBIX IUIAHET
JOJDKHO OBITh gocTaTtoyHo 3ameTHbIM. Ho B 1973 romy k. IediTBymompoBepr
HaJIMYKMe IUIAHEeT, TaK KaK OINpeleiusi, 4TO 3Be3/la JABIXKETCS 0e3 KoyieOaHwii, a
3HauuT, 3Be3na bepHapma 1ulaHeT MMeETh HE MOKeT. BriepBble BHeECOIHEUHas
cuctema Obuta Haiimena B 1988 kanaackumu ydeHeiMu  b.KammnOermiom,
I'"Yonkepomu C. Aurom y nBoiinod 3Be3nbl ['amma Iledes (45 cBEeTOBBIX JeT OT
ConHira), HO OblIa TOATBEPXKACHA TOIBKO Juib B 2003 roay, korna ruiadera ['amma

lepes Ab Oblma oOHapyxkeHa METOAOM JOIUIEPOBCKOM CHEKTpocKomuu. B
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JaJIbHEHIIIEeM C TMOMOIIBIO APYTUX METOIO0B ObUIO HAaWJEHO HECKOJIbKO COTEH
AK30IUIAHET.

Tak 3adeM JIOAM OTKPBIBAIOT JK30IUIAHETHI? Benp myremecrBue 10 HUX
3aiiMeT MHOTO BPEMEHH, a MPU HBIHEITHEM Pa3BUTUU HAYKU U TEXHHUKH IOJIET JI0
HUX MPOCTO HEBO3MOKEH. [IpsMOI MojeT MOKEeT 3aHATh U ThICAYU, U MIIIMOHBI
JIET,HO CBSI3b IO DJICKTPOMAarHUTHOW BOJIHE HE HACTOJIBKO MPOJIOJKUTEIbHA, 3TO
BCErO JIMIIb rofibl. Tak 4TO YYEHBIX BCE-TaKH BOJHYET BOIPOC, €IMHCTBEHHbBIC JIU
MBI KMBBIE CYIIECTBa B OrpOMHON BceneHHOW, OHM MBITAIOTCS HANTH pa3yMHBIX
CYLIECTB U BBIUTH C HUMHU Ha KOHTAaKT. JDTO CTpeMJIEHHE HE HOBO, emie B 20 Beke
JIOAM  OTHPABISUIA  TOCHAHWS O Halled IUIaHeTe BMECT€ C  Pa3IMYHBbIMU
MEXIUIaHETHBIMU cTaHIMsIMU. [lepBoe Takoe mocnanue ObU10 oTnpasieHo B 1972 .
BMECTe ¢ MexIulaHeTHOM craHuuen «[Iuonep-10», a uwepe3 rog ¢ «IIuonep- 11».
[locmanue OBUIO Ha PUCYHKE, BBITPABUPOBAHHOM HA aJIOMUHUEBOM JIMCKE,
NPUKPEIUIEHHOM K 60pTy. Ha pucynke nzo0pakeHsl oy Ha poHE KOCMHUYECKOTO
ammapara., TaKke Ha JOWCKe 3amudpoBaH Haml OOpaTHBIM aapec. A Ha OoOpTy
anmnaparoB «Boskep-1» u «Bosmxep-2», KOTOpbIE OTHNPAaBISUIMCH I M3YYEHUS
IUIAHET 3a MOSICOM acTEPOUJIOB, a ceiuac JIeTAT 3a npeaenamu COIHEYHOW CHCTEMBI,
actpoHoM Kapn Caran c komieramMyd NPUKPENUIN BUACOJUCKH C PUCYHKAMHU,
dbororpadusiMu ¥ 3ByKaMUIIPUPO/IBI.

Uccnenyemas mpobiieMa Ha CETOMHSAIIHUNA JCHb JOCTATOYHO AKTYyaJIbHA,
TaK Kak MpU OOHApYyKEHUH DK30IUIAaHET CTaHET BO3MOXKHA CPABHUTEIHHOE
U3Y4YE€HHE IUIAaHETHBIX CHCTEM, a TaKXKe JacT MpaBUIbHOE IMPEACTABICHHUE O
GbopMHUPOBAaHWY ¥ DBONIONWU TUTAHETHBIX CHCTEM, B TOM 4YHCJIE W HaIlIeH
Comneynoit cuctembl. Takke 3TO TOMOXKET O00JerdyuTtb oOTOOp THUIOTE3
BO3HUKHOBEHUS KU3HUKAK HA HallleH TUIaHETe, TaK U Ha 9K30IUIaHeTaX, MOJ00HbIX
3emiie, eciu yaacTtcs OOHAPYXKHUTh JKU3Hb Ha TaKWX TUIAHETaX, MOJITOMY JlaHHAS
paboTa akTyajibHa.

B coorBerctBUM C 3TUM, OblLIa TIOCTaBJICHAa WeJb: MPOBECTH IOJIHOE
HCCJIeJOBAHME METOJ0B TMMOMCKA 3JK30IUIaHeT M C/AeaTh KOJUYeCTBEHHYIO

OLICHKY OﬁHapy)KeHHLIX IK30ILIAHET HA CCI‘OI[HSIH_[HI/Iﬁ JACHb.



B cootBercTBUM C OEJIbIO, OBIJIM ITOCTABJICHBI cdieayromue 3aaavan:

1. JlaTh mogpoOHOe OMMCcCaHUEe CYIIECTBYIOIINX HA CETOIHSAIIHUMN 1€Hb
METOJIOB ITOMCKA IK30ILIAHET.

2. BrIBUTH HEMOCTATKH U MIPEUMYIIIECTBA KAXKIOTO METO/IA.

3. JlaTh KOIWYECTBEHHYIO OIIEHKY OOHAPYKCHHBIX HAa CETOMHSIITHUNA JICHb

OK3O0IIIaHCT.



2. MeToanl MOUCKA DK30IJIaHeT

OcHOBHOI npo6JIeMON MTPU MOUCKE IK30IUIAHET SBJISETCSA TOT (DAKT, YTO UX
JIOBOJILHO TPYIHO OOHapyXuTh. ECTh M0CTaTOYHO MHOTO METOJIOB TOMCKA
SK30IUIAHET, HO MBI PACCMOTPHUM TOJBKO T€, KOTOPBIE Jaldu 3HAYUTEIbHbBIC
pe3ynbTaThl, JOKa3aB HX COCTOATEIbHOCTh. MHBIE METONBI MOWCKA 3K30IUIAHET

1100 HE Jalli PE3yNIbTaToB, TM00 HAXOATCS B CTAAUN Pa3pabOTKH.

2.1 IIpsiMoe Ha0J/I0eHHE IK30ILIAHET

[InaneTsl camu mo cebe XONOJAHBIE Tela, KOTOPhIE HE M3Jy4aloT CBET, a
JUIIb OTpaxkaroT ero. llnaneTy, HaxoIsAlIyrOCsS BAQIM OT 3BE3/bl, MPAKTUYECKU
HEBO3MOXXHO OOHApYy>KUTh B ONTHUYECKOM Juama3zoHe. Ecim ke 3K30IuIaHeTa
JIBIKETCSI OKOJIO 3BE3/[bI U OCBEILEHA €€ JydyaMH, TO yJalleHHbI HaOJroAaTenb
MoI00HYIO TJIAHETY HE CMOXKET OOHApY>KUTh H3-3a Topazfo 0oJiee SPKOro cBeTa
CaMOM 3BE3/IBI.

IIpencraBum, YTO MBI HAXOJUMCS OKOJO ONbKaiIned K HaMm 3BE3Ibl O
KenraBpa (paccrositnue g0 Hee 4,34 CBETOBBIX roja) W HaONIOIaeM 3a Hallen
Conueuno#i cuctremoit. B Takom ciydae mist Hac ComnHile OyzeT CUsiTh OY€HbB SIPKO,
a OJecK IMJIaHET OKaXXETCS OYeHb CJIA0BIM U 3aBUCAIIUM OT OPHEHTAIMH B €ro
CTOPOHY JHEBHOTI'O MOJyIapus mianeTsl. KpynHbie coBpeMeHHbIE TEIECKOIbl 6e3
TpyZa MOIJM Obl OOHAPYXUTh MOAOOHBIE HEAPKHE OOBEKTHI, €CIU Obl PSIAOM C
HUMHU HE ObLIO sipKoi3Be3Abl. Ho BCe-Taku i yAaJICHHOTO HAOJIIOIATENsyTJIOBOE
paccrosinue mianer or ColHIa O4eHb Majo, YTO JIeJlaeT 3aJa4y UX OOHAPYKEHHUS
MOYTH HEBO3MOXKHOM. Tak U B HamieM ciydyae, HaOmoaas 3 CoJIHEUHOW CUCTEMBI,
MBI €/IBa JIU CMOTJIM OBl OTKPBITh COTHH 3K30IIAaHET, OOHAPYKEHHBIX HBIHE, TOIHKO
JIMIIB 3TUM crioco0oM. Ha maHHBII MOMEHT y4YeHBIE CO3/IAl0T MOA00HBIE TTPHOOPHI.
K npumepy, mzoOpakeHue sIpkod 3Be37bl MOMXHO 3aKpPbITh JKPAHOM ISl TOTO,
YTOOBI €€ CBET HE MeIIaJl MCKaTh HAXOJIIYIOCS OKOJIO HEe IUIaHETY, JTaHHbBIN

npuOOp HA3BIBAIOT 36€30HbIM  KOpoHozpagom. EcTb U Apyroil  MeTof,



NpEINoNaraouil «raleHne» CBeTa 3Be3 bl 3a cueT 3P dexTa HHTepPepeHIInn e
CBETOBBIX Jy4ded, — 3Be3gHbIM wuHTEephepomerpoM. Tak Kak 3Be3ma u
pacmoioXeHHasl pSAIOM C Hel TUTaHeTa HaOMIOJA0TCS B Pa3HbIX HAIMPABICHUSAX, C
TIOMOIIBI0 UHTEPHEPOMETPAa MOKHO JOOUTHCS TMOYTH TOJHOTO «TallleHUs» CBETa
3Be31bl. Ho 00a ommcanHbIX TpubOpa KpailHe YyBCTBUTEIBHBI K BIUSHHUIO 36MHOM
aTMoc(epbl, TOITOMY JIJII HOPMAJIBHONW pabOThl MX HYXHO OyIeT JOCTaBUTh Ha
OKOJI03eMHYI0 opouty. HO B HEKOTOpBIX ciydasx Mbl JEHUCTBUTEIBHO MOXKEM
YBUJIETh JK30IUIAHETY, a TOYHEE, e¢ CBeT. HeKoTophble MIaHeThl OBOJBLHO MHOIO
U3JIy4aloT, HapuMep, OHa MOXKET ObITh OJIM3Ka K 3BE3/]Ie U HArpera J0 BBICOKON
TEMIIepaTyphl, WIK OHa TOJIBLKO 00pa3oBaiach, MPOAODKAET CKMUMATHCS U y HEe

€CTh CBOM UCTOYHUKIHEPTUHU.



2.2  Meton Jonjiepa (u3MepeHune CKOPOCTH 3Be3/IbI)

JlauHblii ~ METOJ]  perucTpaluy  3K30IJIaHeT  OJMH U3  CaMbIX
pactpoCTpaHEHHBIX U PE3YJIBTATHBHBIX. [Ipy moMoIu 3Toro Meroaa ObUTIO HalACHO
MHOXKECTBO TUIAHETHBIX CHCTEM (OOBIYHO 3TO TUIAHETHI C MacCOd HE MEHBIIE
HECKOJIBKAX 3EMHBIX M PACIOJIOKCHHBIX BOJIM3M OT 3BE3Mbl, WIH K€ IJIAHETHI-
TUTaHThI ¢ nepuoaoM obOpaimieHus: 10 10 ser). 3aperucTpupoBaHO 3THUM METOJIOM
yxe 6onee 600 sk301IaHET.

3Be3qa, KOTOpaso0aaeT IaHETHOM CHUCTEMOM, OyJeT UMeTh COOCTBEHHYIO
HEOOJBITYI0 OpOUTY TEPEBIKCHHS B OTBET HA MPUTSHKEHUE TUIAHETHI. JlaHHBIN
MeTOJ] paboTaeT Tak: eciid HabmoaTh 3a COJHIIEM ¢ Halllel TUTAHEThI, TO B CIIEKTPE
3BE3/Ibl, JBIKYIIEWCS OTHOCUTEIBHO 3E€MHOr0 HaOtojaress, MEHSeTCs JJIMHA
BOJIHBI BCEX JIMHHUM: €CIM OHA MPUOIMKAeTCs K 3eMiie, TO JIMHUU MepeMEeNatoTcs K
CHUHEMY KOHILY CTIEKTPa, a €CJIH YAaJAETCs — K KPaCHOMY.

CKopoCcTh KakoW-IHOO 3BE3/IbI BOKPYT OOIIEro IEHTpa MacC IUIaHETHOU
CHUCTEMBI BO MHOT'O pa3 MEHbINIE, YeM y IiaHeThl. CKOpOCTh 3Be3Nbl OT 1 M/Cc u
BEIIIIE BCE K€ MOXKET OMPENETIATHCS C MOMOIIBI0 COBPEMEHHBIX CIEKTPOMETPOB:
HARPS wmu criekrpomerpom HIRES nateneckorre.

C mnoMompl0 METola HM3MEPEHUS CKOPOCTH 3BE3/IbI aCTPOHOMBI MOTYT
OTIPEICNTUTh AMIUTUTYTy KOJeOaHUi paauaabHOW CKOPOCTH IS Maphl «3BE3/la —
OJIMHOYHAS IUIaHETa», MacCy [IaHHOW DK3O0IUIAHEeThl, TMEpPHoj] OOpalleHus,
AKCIICHTPUCUTET W HWKHIOIO TPAaHMIy 3HA4eHHs Macchl IuiaHeTthl. M Bce ke y
JAHHOTO METOJla TMPHUCYTCTBYET OJHWH OOJBIIOW HETOCTaTOK — BO3MOXKHOCTH
ONpeeNeHus] JIUIIb MHUHUMAJIbHOM Macchl IUIaHEThl. Meroa paauaibHBIX
CKOPOCTEH MOKET HCITOJIb30BAaThCA KaK CHOCOO MPOBEPKM HANWYUS IIAHET TIPU
MOJITBEPXKACHUN WX OTKPBITHHA, CIETaHHBIX TPH TIOMOIIM APYroro crocoda
pEerucTpaIy dK30IUIaHET, TPAH3UTHOTO MeTtoAa. Ecnu ucmonbs3oBath 00a MeTrona B
KOMIUIEKCE, TO €CTh BO3MOXKHO Y3HATh HCTHUHHYIO MaccCy IiaHeThl. Meron Jlormiepa
BCE JK€ MAJIOMPUTOJICH /I OOHAPYXKEHHUS MHOTOIUIAHETHBIX CHUCTEM, M BCKOpPE

HCUCPIIAaCT CBOU BO3MOKHOCTH.



2.3 Mertoa nepuogu4ecKux MyJabcamnui

JIaHHBII METOA PErucTpanuyu SK30IUIAHET KOCBEHHBIM, TO €CTh M3HAYajbHO
OH TpeAHa3Hayayucs He JUIsl 3TOro, HO €ro BBICOKAs TOYHOCTb B OIpPEAENCHUU
JBWKEHUSI MyJbCapOB MOMOIJIAB OOHAPYKEHUHU IUIAHETHBIX CHCTEM. JTOT CIOCO0
OOHapyKEeHHsI IOAXOIUT IS IUIAHET, BPAILAIOIINUXCS BOKPYT MYJIbCAPOB, K TOMY K€
C MOMOIUIbIO HEr0 MOKHO OTKPBITh IUIAHETHI ¢ Maccoi naxe Menwiie 1/10 macchl
3eMiIu.

JlaHHBI METOZ OCHOBAaH Ha TOM, KaK BpAallleHHE IUIAHETHI BOKPYT IyJIbCcapa
MEHSIET NMEPUOJIUYHOCTh ErOMMITYJIbCOB, KOTOPHIEB OOBIYHOM CIIy4yae 4Ype3BbIYAHO
IIOCTOSIHHBI U IIOYTH HEU3MEHHBI, BEJb BpAIICHHUE ITyJIbCAPOB IOYTH HE3AMETHO,
II03TOMY MOKHO IPUHATH €70 34 BEJIUYHUHY IIOCTOSHHYIO.

N Bce ke B dTOM crocoOe ecTh OauH OO0nbIION HemocTaToKk. B Miieynom
IyTH, B HAaLIEH TaJIaKTUKE, ITyJIbCapbl HE CUJIBHO PAaCIpOCTPaHEHbI (M3BECTHO BCETO
okosio 2000 mynbcapoB), MO3TOMY BEPOSITHOCTh PETUCTPAIIMU IUIAHET CHUXKAETCS, K
TOMY K€ M3-3a CWJIBHOI'O U3JTy4Y€HHUs IyJbcapa *KU3Hb Ha IUIaHETaX, BPAILAOIIHUXCS

BOKPYT TaKHUX 3BC3/I, OBITH HE MOXKET.

2.4  TpaH3uTHBIA MeTO/

Ha ceroansimmHuii neHb JaHHBIM METOHOCTAETCS IMOKa 4YTO €IWHCTBEHHBIM
METOJIOM PETHCTPALMH IK30IUIAHET ¢ OOJIBIION JOCTOBEPHOCTHI0. MeTo T TpPaH3UTOB
3aKJII0YaeTCsl B OOHAPYKEHUU YMEHBILICHUs] CBETUMOCTH 3BE3/Ibl B TO BpeMsl, Kak
IJIaHETa MPOXOJUT MEpPE] €€ NUCKOM, HO JaHHAasl BEJIWYMHA 3aBUCUT OT Pa3MeEpPOB
CaMOM 3BE€3/bl M JIAHHOW IUIAHETHL. B OTIIMUMMOT APYruxX METONOB 3TOT IOMOIaeT
ONpPEACIUTh HE MAacCy 3K30IUIAHEThI, a €€ paauyc. llmaHeTsl, HAWJEHHBIE ITUM
CIIOcO0OM, HAa3bIBAIOT TPAH3UTHBIMHU.

Meron TpaH3UTOB OOBIYHO MCHOJB3YIOT BMecTe ¢ MeroaoM Jlomepa,
IIOMOTAIOIIEr0 TaKX€ OLEHUTh M MACCy HCCIEAYEMOM IUIAHEThI, €€ IUIOTHOCTh U
bu3udecKkyro CTpykTypy. IMeHHO HamOosiee MCCleIOoBaHHbIE AK30IUIAHEThI OBLIN

0OHapY>KEHbI TUMH JIBYMsI CIIOCOOAMM.



[IpeuMyIiecTBOM TpPaH3UTHOIO METOAA SBIAETCS TO, 4YTO OH Jaer
BO3MOKHOCTh OMPEIEIUTh, UCXO/SI U3 KPUBOM OJiecka 3BE3]Ibl, pa3Mephl MJIAHETHI.
Takke JaHHBIA CIOCOO PErucTpaluu SK30IUIaHET MOMOTraeT TIIATENIbHO H3YYHUTh
atMocdepy IUIaHEThl U €€ cocTaB. Bo Bpemsi TpaH3UTa CBET OT 3BE3/bl 3a4acTYIO
MPOXOJIUT CKBO3b BEpXHHUE Ciion aTMOchepsl. 3ydnB CIEKTp 3TOrO CBETa, YUCHBIC
MOTYT OOHApY>KUTh XWMHUYECKHE DJIEMEHThI M CJeJaTh BBIBOABI O COCTaBe
atMochepbl. Kpome 3Toro, xorjaa mjiaHera OJOKHPYETCS CBOCH 3Be3/10H (BTOPHYHOE
3aTMEHHE), MOXXHO OINpPEAECIUTh HU3Iy4eHUE HCCIEAYEeMOM »BK3oIuiaHeThl. Ecnu
HaWTU pPa3HOCTh (POTOMETPUYECKOM HMHTEHCUBHOCTH BO BpEeMs BTOPUYHOTO
3aTMEHUS M €€ OOBIYHOW WHTEHCHUBHOCTH, TO TMOJOOHBIC JCHCTBHS MOTYT JaTh
BO3MOXKHOCTh HM3MEPCHMs TeMIlepaTypbl Ha IUIaHETe W OOHAPY)KCHHUS HaTUYHS
00J1aKOB.

Ho y nmanHoro merona oOHapy>KeHHsSI IK30IUIAHET €CTh JiBa CYIIECTBEHHBIX
HeJocTaTka. B mepByto ouepesp, sIBICHHE TPaH3UTa MOXKET HAOMIOJAThCS JUIIL Y
TE€X IUIAHET,y KOTOpPhIXOpOWTa MPOXOAUTHO MJUCKY 3Be3abl. OtHomenue D
(nnametpa) 3Be3abl K D muIaHeThl U €CTh BEPOSITHOCTH PACION0XKEHUSI TUIOCKOCTH
OpOUTHI UCCIIeyeMOM TJIAHETHl Ha JIMHUU TPSIMOK ¢ TAaHHOW 3BE3/I0M U yJIaJICHHBIM
HaOmronarenem ¢ 3eminu. MHaue roBops, yem 00JbIle pa3mMep 3Be3/Ibl U 4eM OJIKe K
Hell  opOuTa IUTAHEThI, TEM  BEPOSTHOCTb  PETHCTPAIlMU  DK30IIAHETHI
yBenuuuBaercsi. 110AToMy HaHHBIA METOJ HE MOXET C MOJIHOM JI0CTOBEPHOCTBHIO
JaTh OTBET HA BONPOC O HAIMYMUM IUIAHETHI Y KakOW-TuOO 3Be3/bl. Bo-BTOpBHIX,
MOTYT OBITh JIOKHBIE CpabdaThIBaHUS, IOATOMY OOHAPYKEHHbIE TPAH3UTHI TPEOYyETCs
MOATBEPAUTH JOMOJHUTEILHBIM METOJOM MOUCKA HK30ILIaHET.

B 2006 rony Ha opbuty 3emun Obut BeimymieH cmyTHUK COROT, kotopbM
Ob10 OOHapyxeHOo yxe 17 nsk3omnaHeT. J[aHHBIM CHOYTHUK OBLT 3alylleH C
KOHKPETHOH 1enbto morcka Tpan3uToB. A B 2009 NASA 3amycTiiio KOCMUYECKUAN
teneckon Kerep. OH Benm HabmomeHue 3a o0JacThi0 Heba, I/Ie HAXOIUTCS
co3Besaue Jlebens, oOHapyKUBaJ IJIAHETHl pa3MepOM B 3eMIII0 B 0OUTAaeMOM 30HE
KOHKpeTHOM 3Be3qbl. Ho B mae 2013 rojma u3-3a HEMONAJ0K TEIECKOI MPEeKpaTHi

CBOIO pa60Ty. [Tomumo BBIIICIICPCYNCIICHHBIX CITYTHHUKOB CYIONCCTBYIOT HA3CMHBIC
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NpPOCKTHI, K iprmMepy, MEarth.

2.5 Meroa rpaBUTAMOHHOT0 MUKPOJIUH3UPOBAHUS

B 1991 rony nBa ydeHbIX MPENIONKWIM KUCIOIB30BaTh JAaHHYI0 METOIMKY B
OOHapY>KEHHH JK30IUIaHET, HO YCIIEHNITHOCTh ATOr0 METo/a Oblia IMOJTBEpKIICHA
mumib B 2002 rogy B XOA€ OKCIEPUMEHTA ONTHUYECKOrO TPaBUTALMOHHOIO
muH3upoBanusa. B 2011 romy ¢ moMoImpio 3TOro MeToja ObLIO 3aperucTpupoBaHo 13
9K30IIAHET.

B ocHoBe »3TOro cmocoba JIEKHUT SIBJICHHE OTKJIOHEHHS CBETa TpH
NPOXOXKJIEHUMBOIN3M MacCUBHBIX Tenl. Hampumep, cBer Ooiee naiexoil 3Be3/bl
MIPOXOUT OKOJIO Oosiee OIM3KOro K HaOJII0IaTeIl0 MACCUBHOIO Tejla, OTKIIOHSETCS B
€ro TPaBUTAIMOHHOM TOJIe, TIO3TOMY H3-3a 3TOrO SIBJICHUS Ha TEJIEeCKOM IMOMajaaeT
OonbIre cBeTa, YeM oO0baHO. Eciiu B ciydae TOro, 4To BOKPYT HCCIICIyEMON 3BE3 bl
oOpa3yeTcsi TUTaHeTa, TO OHAa Ha HEKOTOpOe BpeMs eme Oojiee yCWIHT OJecK
JTaJIEKOM 3BE3/bl, BBICTYIIAs B POJIM JOINOJHUTEIBHOM JIUH3blL. W BCce-Taku 3Be31a
caMa MOXET yBEIMYMBATh CBOM OJIECK: Hampumep, TUIPOJUHAMUYECKOE
paBHOBECHE B MEPEMEHHBIX 3BE€3/1aX COpachIBAeT M3NUIIHEE JIaBIICHUE B IIEHTPE 3a
CY€T pacUIMpEeHUs] W OXJIAXICHHUS BHEIIHUX CJI0EB, TO OWINb 3Be37a Kak Obl
«apimuT». Takke, HaOMrOIaemMasi 3Be3/la MOXKET 3aXBaThIBaThb Marepuall 3BE3IbI-
cocenia (BCIIBIIIKA HOBOM 3BE3/IbI).

Ho HyXHO oOTau4aTh SBJICHHE TPABUTALMOHHOTO JIMH3UPOBAHUA. ITO
JIOCTaTOYHO JIETKO, TOTOMY YTO IMEPEMEHHBIM 3BE€3/1aM XapaKTepHa MEePUOIUIHOCTb,
a BEpPOATHOCTh IMOBTOPEHHUSI TMH3UPOBAHUS KpaliHe Mana. To ecTh KOrja TelecKoIl,
3Be€3/la W JUH3UPYIOMINN O00BEKT MEepecTaHyT HAXOIUTHCS HAa OJHOW ONTHYECKOU
OCH, TO JIMH3UPOBAHUE MPEKPATUTCS, TTOTOMY YTO aOCOJIOTHO BCE 3BE3NBI B HAIEH
["aakTUKe JBHXKYTCS: UX CKOPOCTH CKJIaABIBAIOTCS U3 YIOPSAOUYEHHOTO JBHXKEHUS
3BE31T BOKPYT IeHTpa ['amakTWKH, a TakKe UCXOJs U3 COOCTBEHHOIO0 XAaOTHUYHOTO
nBIWKEeHHs (To Ouib copmupoBaBinascs W3 oOjaka ra3a 3Be3jla cama 1o cede
UMEET OIPECIICHHYI0 CKOPOCTh IO 3aKOHY COXpPAHEHHWs SHEPTUU U UMITYJIbCa, K
TOMY K€ J1I00aBJs€TCS TpPaBUTAIMOHHOE B3aMMOJCUCTBHE CO 3BE3/IAMH,

HAXOSIIIIUMUCS MOOIU30CTH, KOTOPOE MOKET U3MEHUTH €€ TPACKTOPHIO).
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CyliecTBEHHbIM  HEJIOCTATKOM SIBJIIETCSA Kak pa3 To, 4YTO COOBITHE
JIMH3UPOBAHUS HE MOYKET MOBTOPHUTBCS, IMOCKOJIBKY BEPOATHOCTh BBIPABHHBAHUS
3eMiIM M ABYX 3B€3J HAa OAHOM JIMHUM IMPAKTUYECKH paBHA HYJO. A HalJICHHBIE
IUIAHEThl HAXOJATCS HAa PACCTOSHUM MHOTHX TBICSY CBETOBBIX JIET, IMO3TOMY
nocieayomiee Ha0II0AeHUE 32 HUMU HEBO3MOKHO.

[TperMy11€CTBOM TaHHOTO METOA SIBJISETCS TO, YTO OH pabOTaeT mpu J000M
yTiIe OTKJIOHEHMS], TAK)KE 3TOT METOJ YyYBCTBUTEJIEH K IUIaHETAaM C MaJIOM MACCOM, a
TaK)Ke€ JaeT BO3MOXHOCTb OOHapy’>KEHUs IUIaHET Ha JIaJeKOM PAacCTOSHUU OT €€

3BC3EbI.

2.6 Actpomertpusi

OTOT METOJ SABJISETCS CTapeUIIMM METOIOM IMOMCKa IK30IUIaHeT. Bo3HUK OH
eme B kKoHie 18 Beka. JlaHHBINM METON PETUCTpAIlUU TUTAHET 3aKII0YaeTCS B OYEHB
TOYHOM M3MEPEHUM IIOJIOKEHUS 3BE3/Ibl, a TaK)Ke HM3MEHEHUE €€ TOJIOKECHUS B
TeueHrue BpemeHu. HalOmomaemasi 3Be3na Oyler MEHSATh CBOE TOJIOXKEHUE TOJ
BO3/ICHCTBUEM TIPABUTALMOHHON CHJIBI BpAIAIONICHCS BOKPYI HeEE 3BE3[bl, a
JIBUTATbCS OHa OyleT MO MaJeHbKOW AIUTUNTHYECKOW OopOWTe, TO eCTh 3Be3la H
rmiaHeTa OyAyT BpamaTbCsi BOKPYT 00IIero IeHtpa wmacc (OapulieHTpa), HO
MOCKOJIBKY 3B€3/IbI HAMHOTO OOJbIIE IJIaHET, TO 3a4acTyIO LIEHTP MacCc HaXOIUTCS
BHYTpPH OOJIBILLIETO TENA.

Henoctatok maHHOrO MeTola B TOM, YTO HW3MEHEHHUS TIOJIOKEHUS 3BE3[IBI
HACTOJIBKO Mayibl, a aTrMoc(pepHble WCKaXEHUs TaK BEIUKH, 4YTO JIaXKe
COBPEMEHHEHIINE TEIECKOIbI HE CMOT'YT BBITIOJIHUTH TOYHBICU3MEPEHUSI.

[IpenmyiiecTBOM 3TOr0 crocoba SBISETCS TO, YTO OH YYBCTBUTEIECH K
OOHapY>KEHHMIO TUIAHET C OTHOCHUTEIBHO OONBIIUMU OpPOUTaMH, HO HJisi ITOTO
TpeOyeTcsi JOCTATOYHO JOJATHH CPOK HAOIIOJEHUS, BOBMOXHO, JIaXe JECITUIICTUS,

IMOCKOJIbKY Op6PIT&JIBHBIfI MNCPpHUOA TaKUX ITNIAHCT 3aHUMACT JJIMTCIIbHOC BPCM:.

2.7 MeToa Ha0J1I01eHUsI MEPUOUIHOCTH 3aTMEHHUSA IBOMHBIX
JlaHHBIN METOJI HE TaK paclpOCTPaHEH, KaK BBIIICIIEPEUUCICHHbBIC, TaK KaK

OH IPHUMCHATCA AJIA CUCTCM I[BOﬁHBIX 3BC3A. On sABISIETCS CaMbIM AJOCTOBCPHBIM

12



METOJOM TOMCKA 3K30IUIAHET, BPAILAIOUIMXCS BOKPYT ABOMHBIX 3BE€3]l. JTHU 3BE3]IbI
pPacroyioKeHbl TaK, 4TO HAOMIOJaTeNN0 ¢ 3eMJIM BUIHO, KaK OHHU MEPUOUYECKHU
NPOXOAT TIepe JUCKOM ApYyT apyra. Habmronarorcst Takue sSIBICHUS Kak MEPBUYHOE
U BTOpUYHOE 3aTMeHUsl. MOMEHT, Korja 0oliee sipkasi 3B€3/1a 3aKPBhIBACTCS JUCKOM
BTOPOW 3BE3/IbI - 3TO TIEPBUYHOE 3aTMEHHE. A Korja Oosee sipkasi 3Be3/1a 3aKpbIBacT
CBOEr0 «KOMMaHbOHA», TO 3TO BTOpUYHOE 3aTMeHHE. CIIOBHO MMIYJLCHI MyJbcapa
OTU 3aTMEHMS NMEPUOINYHBL. Torga 3Be3pl MOJ JAEHCTBUEM I'PABUTALIMOHHBIX CHII
IUTAHETHI, BpaIAIOMIEHCs BOKPYr HaOJIOAaeMbIX 3B€3/, OyIyT CMemaThes
OTHOCHUTENBHO IIEHTPAa MacC M JBHUraThCid MO COOCTBEHHOM HEOOJBIIONW OpOuTe.
Ucxonst w3 3TOro, MOMEHTHI 3aTMEHUW OyIqyT MEHSThCS, TO €CTh CHayaia
MIPOUCXOJUTh PaHbIIE WM 3ala3AblBaTh, IOTOM BOBPEMS, a 3aT€M CHOBA PaHBIIIE

WK 3a11a3ablBaTh.

3. BrbiBoabl

N3yueHne 5K30IUIAHET HAYaJIOCh OKOJIO 25 JEeT Ha3zald, KOorja pa3juyHble
MEeTOAbl HAOMIOJACHUN TO3BOJUIN OOHAPYKHBATh MAJIOMAaCCUBHBIE CITYTHUKHU Y
3BE3/IHbIX 00bEeKTOB. Ha ceromnsmiuuii neHp, T. €. Ha Tpetuil kBaptan 2017 rona,
W3BECTHO HEMHOTUM MEHEE YETBHIPEX ThICSAY MOJTBEPKJICHHBIX IUIAHET, OTKPBITHIX
Pa3TMYHBIME TPYIIIIAMHA HAOIIOJATENCH U Pa3TUIHBIMA METOAaMH, B TOM YHUCIIE:

e (OoJee MBYX C TIOJOBUHOM THICSY TUTAHET — TPAH3UTHBIM METOJIOM, KOTOPBIH
OCHOBAaH Ha TMaJIEHUY BUJIUMOTO OJIECKa 3BE3/IbI MPU MPOXOXKICHUN TIJIAHETHI
o €€ IUCKY;

® UyTh MEHEE THICAYU IUIAHET — MEeTOAOM Jloruiepa, WiM METOJIOM JIYYEBBIX
CKOpocCTel (radialvelocities), KOTOPbIN 3aKIII0YAETCS B
CIIEKTPOMETPUYECKOM U3MEPEHUU BapUalUii JIy4EBOM CKOPOCTH 3BE3/IbI;

® YyTh MEHEE CTa SK30IUIAHET — MPSIMBIM HAONIOJCHHEM, MPU KOTOPOM
pemiaercs TpyAHAs 3ajJada  BBIACIEHUS B HW3JIYYECHHH, HIYIIEM OT
POIUTENBCKON 3BE3/1bl, CUTHAJA OT IUIAHETHI;

e 0K0J0 60 K30IUIAHET — METOJOM T'PABUTAIIMOHHOTO MHUKPOJIMH3UPOBAHUS,

IpU KOTOPOM IUIaHeTa y Oosiee OMM3K0iM K 3emiie 3Be3/lbl (JIMH3bI) MOXKET
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ObITh 3aukcupoBana Oiarogaps >GQexTy JMH3UPOBAHUS CBETa OT Oojee
nanekou (T.e. GOHOBOIN) 3BE3/IbI-UCTOUHHKA;
e yyTh Oojee [JBaJaUATH IUIAHET METOJOM TalMHUHIa NEPUOJUYECKHUX
mpotieccoB (MyJibcalluid, TBMKEHUS B IBOWHOW CUCTEME U T.J.).
[ToMmuMO 3TOTO — HA CETOAHSIIHWI JIEHh HACYUTHIBACTCS €IIE HECKOIHKO
THICSY KAHAWIATOB B SK30TUIAHETHI, HYXKIAIOITUXCS B TIOJITBEPKIACHHH.
AcTpodusuka HK30IIAHET SBIsieTCS OAHOM W3  Hambomee OypHO
pa3BUBAIOIIMXCS oOyacted acTtpoHomMuu. HeynuBurenbHO, dYTO OOWMIHE U
Pa3pO3HEHHOCTh HAOMIOATENbHBIX JaHHBIX, HEOOXOAMMOCTH MPOBEPOK U T.II.
NPUBOJAT K TOMY, YTO HE CYIIECTBYET €AMHOM 0a3bl MO IK30IIAHETaM, Te ObUIH
OBl COOpaHBI BCE CBEJICHUS 00 ATUX 00BEKTaX.

B Hacrosuuii MOMEHT CYIIECTBYET psii OHJIAWH-PECYpCOB, Ha KOTOPBIX

MOKHO  Haiith  kartamorm  ok3omrader  (http://spacetimes.ru/exoplanets,

http://www.exoplanetkyoto.org/catalog/?lang=en, http://exoplaneet.info/,

http://www.allplanets.ru/extrasolar all.php, http://phl.upr.edu/projects/habitable-

exoplanets-catalog/data/database, http://www.univie.ac.at/adg/schwarz/

multiple.html u ap.). Kpome 3toro, cymecTByer 00JbIIOe KOJIHYECTBO JOCTYITHBIX

OH-JIAMH NaHHBIX HAOJIOJICHWH 2K30IUIAaHET WJIM KaHAWJIaToB. Tak HampuMmep, B
despane 2017 rona ydyensle, paboTarpIine Ha TOT MOMEHT yxke mopsiaka 20 yer B
paMKax IPOEKTA IMOUCKA 3K30IUIAHET METOJIOM JIYUYEBBIX CKOPOCTEM C MOMOLIBIO
ciektpoMerpa HIRES Ha Tenmeckome oOcepBaropuu um. Keka, BBUIOKUIU B
OTKPBITBIN JocTym 0a3y ¢ 65 ThicsyaMu U3MEpPEHUN 3HAYEHUH JIy4eBBbIX CKOPOCTEHN
nopsinka 1700 3BE3n, MPEIOCTaBUB BO3MOXKHOCTH TPHUHATH AKTUBHOE Y4YacTHE B
MOMCKE AK30IUIAHET BCEM KeNarIuM. Takke JOCTYIHbI MHOTHE JAHHBIE CITyTHHUKA
Kemnep, n oprannzoBan cnenuainbHblil mpoekT Planet Hunters, B paMkax KOTOporo
YKEJAIIME MOT'YT y4aCTBOBATh B AHAJIN3€ TAHHBIX M MOMCKE DK30ILIAHET.

B mowmckax BceoxBaThIBAIOMINX, YAOOHBIX MJisi pabOThl W BHYMIAOIIMX
JIOBEpUE HAIMYHUEM CCBhIJIOK Ha UICTOYHUKH KAaTaJIOrOB BHIOOP OBLI ClieaH B TOJIb3Y
paccMaTpuBaeMbIX HIDKE YeThIpEX 0a3 mo sk3oruiaHeTam. Bce derbipe 0a3bl

OTIIMYAeT TaKXKe TO, YTO OHU TMPEJOCTABISIIOT BO3MOXHOCTH i oddnaiin-
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N3Y4YCHHUA: ITOCCTHUTCIIb caura Ka)K)IOﬁ n3 STUX 0a3 MOXKET cKayaTbh KaTaJior

9K30IUIAHET B BUJIE OTAEIBHOrO (ailyia TOro Wiv HHOro gopmara.
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