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KHura nocesiena coBpeMeHHBIM Tpo6ieMaM acTpOHOMHU: OT U3yueHwst JIYHbI U II1aHeT
710 TIOMCKOB I'PaBUTAllMOHHBIX BOJIH, TEMHOW MaTepUH M TeMHOW 3Hepruu. Yuenole Iocynap-
CTBEHHOTO actTpoHomuueckoro uncruryta um. [1. K. ltepubepra (MI'Y) pacckasblBaioT 0 TOM,
Kakye Ba)XHeHIre COOBITHsI IIPOM30LIIN B aCTPOHOMHHU Ha pyGesxe HOBOTO THICSUETETHS U
HaJ KakUMU HepelleHHBIMU pobieMamMy ceifuac paboTaroT ucciefoBarteni. YCIOBHbINA HCTO-
puueckuii pybexx — HavyaJo HOBOTO ThICSUEIeTHsI — ObUI OTMeYeH HECKOJIbKUMU BaXKHeHIIN-
MU OTKPBITUSIMU B u3yueHuu Bcenmennoit. [ToaTomy mocienHue roasl MOXXHO 6e3 mpeyBenu-
YeHHUS Ha3BaTh BEJIMKUM [eCATUIeTHeM aCTPOHOMMH, BO3MOXHO, Ha4a/loM ee HOBOTO «30710-
TOTO BEKa».

B {[lpuoxxeHun» moMereH OOMIMPHBIA CIIPaBOYHBINA MaTepras 110 COCTOSHUIO Ha Hava-
7m0 2015 .

KHnura agpecoBaHa crapiieknacCHUKaM, CTyA@HTaM ¥ PernojiaBaTessaM, a TakykKe BCeM UH-
TepecyomnuMCst IpobieMaMy COBPEMEHHOTO eCTeCTBO3HAHUSL

Ha I-ti cmopoHe ob6noxcku — tianerapHas tymaHHoctb NGC 7293 «Vnutka» (Helix) B co3Bes-
muu Boponeit. ®oTo B MHOpakpacHOM [uana3oHe MONTYYEeHO KOCMHUECKUM TeeCKOIOM
«Criruep» (NASA). Ligeta ycnoBasle: rony6oit — (3,6—4,5) Mk, 3enensiit — (5,8—8) MkM, Kpac-
HbIA — 24 MKM.

Ha 4-ii cmopoHe obnoxcku — civpanpHas ranaktuka NGC6217. @oTo: KocMUYeCcKUil TesecKoI
«Xab611», NASA.
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MPEANCNOBUE PEAAKTOPA

3Ta KHUTA TOCBAIEHA aCTPOHOMUM B ee PasHOOOPa3HBIX BOIUIOMIEHUSX: OT M3Y-
yeHus JIyHBI U IUIaHET [0 MOMCKOB IPaBUTALMOHHBIX BOJIH, TEMHOTO BelecTBa U
TEMHOM 9Hepruu. Mou KOJUIern ¥ 1 pacCKaXKeM BaM O TOM, KaKve BaKHeWInre coObl-
THsI IPOM3OLUTH B aCTPOHOMUH Ha pyberke HOBOTO ThicsAueneTus. [1o cTpaHHOMY cTeye-
HUIO COOBITHI UMEHHO 9TOT YCIOBHBIA MCTOPUUECKHUIT PYyOesK ObIT OTMEUEH HECKObKHU-
MU Ba)XXHEHIINMU OTKPBITUSMU B M3y4eHUH BceneHHO, kak Ha ee OMKHUX pybexax,
TaK ¥ HAa CaMbIX JaibHUX. [locennve rossl 6€3 mpeyBenuenst MOXKHO Ha3BaTh BEJIH-
KUM JIecsTUeTHeM acTPOHOMUMU. V BIONHE BO3MOXKHO, UTO 9TO TOJIbKO HA4aso ee HO-
BOTO «30JI0TOrO BeKa». B caMoM [iere, MpOCTO AyX 3aXBaThIBAeT OT OJHOTO ITepevrcse-
HUS QyHaMeHTalIbHbIX OTKPBITUH, CZle/ITaHHBIX 38 KOPOTKOe BpeMsi:

1992 r. OTKpBITHI IPOCTPAHCTBEHHBIE GIYKTYAIMK PENTUKTOBOrO uanyuens (HobGe-
neBckas npemus 1o pusuke 3a 2006 r.), ueM OKOHUYATENBHO JJ0Ka3aHa Teopust bosbioro
B3pbIBa U [10CTaBJIeHa Ha TBEPAYIO OCHOBY TEOpHS MPOMCXOXKIEHUS rallaKTHK U 3Be3[.

1992-1995 rr. OTKpBITEI MHOTOUHCJIEHHBIE MaJble IU1aHeTh! Ha nepudepuu ConHeu-
HOU cucteMbl, B 00;1aCTH, 01y4MBIIei HasBaHue «nosic Koiinepa» (TouHee, DmKxBopTa—
Kotinepa). C 1930 r. 3a opburoit Herrryna Gbut M3BeCTEH JUIIb OMUH 00BEKT — MaJleHb-
Kas wianeta [lnyton; B 1978 1. 6b11 OTKpBIT ero cnytHUK XapoH. Kasamocs, uto ato rpa-
HUI[A Hallel raneTHow cuctembl. Ho ¢ 1992 1. B okpectHOCTH 0pbuTh [IyTOHA U 38 Heil
Hauamu 00HapyK1BaThCsl HOBbIe 00beKThL. K 1995 . cTano sicHo, 4To 3Ta 0671aCTh — MO-
sc 9mxBopra—Koiinepa — HaceseHa MHOXeCTBOM TeJl C XapaKTepHbIM pa3MepoM B COT-
HU U THICSYU KWJIOMETPOB, IPUYeM HEeKOTOpble U3 Hux Oosblie [I1yToHa u uMeroT cob-
CTBeHHble CITYTHUKU. ['paHuIibl COTHEUHO CHCTEMBI «pa3fABUHYINCh» B HECKOJIBKO pas.

1993-1995 rr. PagroacTpoHOMUUECKUMY METOAaMU OOHApy)KeHa IUIaHeTHash CHC-
TeMa y HeHTPOHHOI! 3Be3abl-paguonyabcapa (1993 ). Metogamu onTuveckoil CreKTpo-
CKOMUM 00HAPYKEHO PUCYTCTBUE IIAHET-TUTAHTOB PSIIOM C HOPMaJIbHBIMU 3Be3/1aMU
(1995 r). K Hauany 2015 r. B OKOJIOCO/THEUHO!H OKPEeCcTHOCTH [anakTHUKU y)ke HaliieHO
oxono 1200 raHeTHBIX cUCTeM, cofepxalux B cymMme okoso 1900 mnaHer.

1996-1997 rr. OTKpBIT HOBBII Ki1acc HeGeCHbIX 0OBEKTOB — KOPUYHEBbIE KapJIMKH,
3aHMMalOIIMe [TPOMEeXXYTOYHOe MOJI0oXKeHre MeXAy 3Be3faMU U naaHeTaMu. Vix maccel
(ot 0,0013 o 0,08 macce! ConHIla) CIMIIKOM Masbl, ¥ IIO3TOMY TeMIleparypa B Hepax
C/IMIIIKOM HU3Ka 1Sl TePMOSIIEPHBIX peakUrid C yyacTheM OCHOBHOTO, JIEFKOro, U30TO-
IIa BOJIOPO/ia, XOTsI M JOCTATOYHA JUIsl CTOPAHUS PefKOro U30ToNa — JAeiTepus, He na-

Mpeancnosre peaaktopa 5



IOLLEro, OJJHAKO, CYIeCTBEHHOIO BKJIa/la B 9HEpruio. ENMHCTBEHHBIM ONIrOBpEMEHHbIM
HCTOYHUKOM 3HEepriuy KOPUYHEBBIX KapIUKOB CIYXKUT X I'PABUTALMOHHOE CXKaTHe.

1997-1999 rr. [IpyoTKpeiTa TaliHa KOCMUUYECKUX raMMa-BCIUIeCKOB, YacTb U3 KOTO-
PBIX OTOXKIeCTBJIeHa ¢ (paHTACTHUECKU MOIIHBIMU B3PbIBAMM MAacCHUBHBIX 3Be3[l, Bepo-
SITHO, CONPOBOXKAAIOIIMMU POXKJEHNe YEePHBIX JBIP.

1998 r. O6HapyskeHO, UTO pacuMpeHre BceneHHOI B MOCTeAHIE MUUTHAP/IbL JIET
MNPOUCXOAUT C YCKOPEHHEM, YTO CBUAETENbCTBYET O CYILIeCTBOBAHWM HEKON «TeMHOMN
SHeprur» CO CBOMCTBOM aHTUTPABUTALNU.

1998-2002 rr. Ha nop3eMHbIX HEMTPHUHHBIX JeTeKTOpax OTKPLITHI OCLUJUISLUY Hell-
TPUHO, B YaCTHOCTH IIpeBpallleH/e COJTHEUHOTO 3JIeKTPOHHOTO HEMTPUHO B MIOOHHOE U
Tay, T. €. JOKa3aHo, UTO y HEUTPUHO eCTb Macca MOKOsl, TEOPHsI BHYTPEHHEr0 CTPOEHUS
3Be3/] BepHa U HY>XHO KOPPEeKTHPOBAaTb TEOPHUIO 3JIeMeHTapHbIX YaCTHILL,

2004-2006 rr. Hayanu paboraTh mepBble OMHOMACIITAOHBIE JETEKTOPHI IPaBUTa-
LMOHHBIX BOJIH. VX mepBast peructpaunus npousomna B 2015 r. C aToro MomeHTa pac-
MaxHyJI0Ch HOBOE «OKHO» BO BceneHHyro.

2011-2014 rr. Ha ycraHoBke «bopekcuno» B I'pan-Cacco (Mrtanus) HafexHO 3ape-
TUCTHPOBaHbl HU3KO3HEPreTUUeCKUe COMTHEeUHble HeMTPUHO, POKAAIOIUecs B TepMOs-
JIepHOI peaklXy IPOTOH-TIPOTOHHOTO L{UKJIa — OCHOBHOT'O MCTOYHMKA 3Heprun ConHua.

YArMBUTETbHO HACBIILEHHBIMY OKa3aluCh MPOILeAIIre Fo/bl B acTpOHOMUM. U Benb s
TIEPEYHCITIIT TOJIbKO CaMble «CTUBKIM»,  CKOJIBKO 3@ 3TO BpeMs ObUIO C/IeIAHO «PsiIOBbIX»
oTkpbiTuil! [Ipomenimue aBa gecsaTUNIeTUS OCTaBAT B UCTOPUU HAyKU 3aMeTHBIN cref,
[IpUYeM He TOJbKO B ACTPOHOMHU — BCIIOMHHM XOT$ Obl O BIIepBbIe CO31aHHOM aHTHBe-
mectse: B 1995 r. B CERN u B 1998 1. B JTabopaTopun Oepmu G111 [0TyUeHb! He TPOCTO
AQHTUYACTULB! TUTA TO3UTPOHOB, @ HACTOSIIME aTOMbl aHTUBOAOPOJA — UJeaabHOe TO-
MBO i Oymymux 3Be3q01etos. B 2012-2013 rr. Ha BonbiioM anpoHHOM KoJutaiiiepe
OTKPBIT IOJITOXK/JAHHBIN 6030H XUITCA, OTBETCTBEHHbIM 38 MACCHI 37IeMeHTapHbIX YaCTHII,
MHOecTBO mocTiKeHu 1 B Ouonoruu: He Tak AaBHO (2000 r.) ObLT BIepBble MPOYH-
TaH IeHOM 4eJIOBeKa, & CEerofiHs 3Ta Ollepallys cTala pyTUHHOM. ba3bl reHOMHBIX JaHHBIX
y>Ke MO3BOJISIOT PEKOHCTPYUPOBATh XOf OMOJIOrMYecKol 3BOOLMU. W 3TH OTKpBITHS
MMEIOT OTHOLIEHKe K Halleil mpodeccuy, IOCKonbKy pabouee mose actpoHoma — Bcee-
JIeHHasi CO BCeMU MPOUCXOJSAIIMMU B Hell mpoueccamy. VIMEHHO MO3TOMY aCTPOHOMBI
CesIT 38 BCeMH HOBOCTSIMH, IIOCTYIIAIONIINMY U3 1ab0paTopHii eCTeCTBOUCIILITATEIeH.

A ¢ 1pyroii CTOpPOHEI, yueHble pasHbIX mpodeccuit craparTcs ObITh B Kypce acTpo-
HOMMUYECKUX OTKpBITHI. Benb B Hayke 0 BceneHHON KaKAbIM [eHb NMPOUCXOAUT YTO-
TO HOBOE. M KTO 3HaeT, He OKaXyTCS M HAXOAKU aCTPOHOMOB >KM3HEHHO BaXKHBIMHU
a1 6uosoroB nnu GpusukoB. Hanpumep, Ans GU3HMKOB KOCMOJIOTMYECKUe HCCIIeNoBa-
HUs celfuac mpuobpenu 0coOyIo MPUBIEKATETbHOCTD B CBSA3H C TEM, UTO YCKOPUTEIbHASL
TeXHUKa HbIHe MOYTH AOCTUI/IA IPAKTUYECKOTro Mpefiesna CBOMX BO3MOXXHOCTEH, U [jalb-
Hefillee MPOABIIKeHEe B 0071aCTh BBICOKUX SHEPTHif, a 3HAUUT — BLIYyOb MHUKPOMUDA,
CHUIBHO 3aMennnnoch. Co3aanye HOBBIX YCKOpUTeseil 00X0AUTCS Ype3BbluaiiHo JOPOro
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ManeHbkui1 LBETOK M rUraHTCKas CNUpanbHas ranakTuka,
Mo CyLLEeCTBY, COCTOST U3 O[JHOTO U TOTO Xe BellecTa —
13 06bIYHBIX XMMUYECKUX INIEMEHTOB, T. €. U3 NMPOTOHOB
1 HEMTPOHOB, unn 6apnoHos. OaHako 6aproHHOE BelLie-
CTBO, IeMOHCTpPUpYOLLLee Ham BClo KpacoTy BceneHHoW,
KaK BbISICHUIOCb, PeACTaBnaeT coboil HaMMeHbLLYIO CO-
CTaBNAIOLLYIO HALLIEro M1pa, B OCHOBHOM COCTOSILLEr0 13
TEMHOrO BeLLecTBa U TeMHOM 3Heprun. Toka Ham He u3-
BECTHO, KaK1e CTPYKTYpbl CIIOKeHbI 3TUMU HEBUAUMbIMU
¢dbopmamu matepun.
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MpoueHTHbIN cocTaB matepun BecenenHoit. Ecnn Bam cTaHoBUTCS He no cebe oT 6e36pexxHoro Mops Tem-
HOI SHEPrUM 1 TEMHOTO BELLLECTBA, 3arOMHSIOLLEr0 Hall MUP, TO MyCTb BAC COrPEET MbIC/lb O TOM, 4TO 6es3-
MepHO Manas 4ons ceporo Beluectsa BceneHHoit okasanach cnoco6Hoi NOHSTbL YCTPOXCTBO 3TOTO MUpa.

Y [03BOJISIET JIMIIb HEMHOTO MPOABUHYTHCS BBEPX MO LIKale 3Hepruil. B To sxe Bpems
KOCMOC GecriaTHO MOCTaB/sieT HaM YaCTHULIbI CBEPXBbICOKHX 3HEPIHil (B KOCMUYECKUX
Jyyax BCTPEYAIOTCS YacTHUIbl ¢ 3Heprueid 1o 102! 3B), a KocMooruyeckrie uccaenoBa-
HUS [O3BOJIAIOT aHa/IM3UPOBATh MIPOLECCh, IPOUCXOJUBILME B paHHel BceneHHOM mpu
¢danTacTrueckux sHeprusx. (B atom cmbicie onpasapiBaloTCs caoBa akaf. 1. B. 3emb-
noeuua: «BceneHnas — 3T0 yckoputenb A7st GefHbIx».) He MeHee 11eHHBI acTpOHOMMYE-
CKYe HaXOAKU U s 610JI0oroB. B Mexx3Be3AHOM IIPOCTPAHCTBE U B Apax KOMeT oOHa-
Py KeHBI OpraHuyuecKre MOJIEKY/Ibl. B HECKOMbKUX HEOKUAaHHBIX 06macTsax ComHeuHoi
crcTeMbl 0OHApPY)KeHbI 0JIarONpHATHBIE I )KU3HU yCI0BUs. HakoHel, HalifeHs! ma-
HeTHbIE CUCTEMBI U y)Ke HAauMHAeTCs IOMCK B HUX oOutaemblx mianet! CoOCTBEHHO, 3Ta
KHMTa ¥ Obla 3afyMaHa, YToObl pacckas3arb O JOCTIDKEHUSX U NepCIeKTHBAaX aCTPOHO-
MUH HalIUM KOJjlJIeraM-y4eHbIM U BCeM, KTO UHTepecyeTcs U3ydeHrneM IpUpPOADL
ABTOpPOB KHUTH 00BeUHSIET TO, UTO BCE OHU TPYAATCS B [ocymapcTBEHHOM acTpo-
HomuueckoM uHctutyTe uM. I1. K. Iltepubepra (TAULI) nmpu MIY. Hayano ucropuu
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lMoHATUE «aHTPOMHbBIA MPUHLMM» CTAn0 MOAHbIM, HO EMY YacTo AAOT HEBEPHOE TOMKOBAHMWE: sKOObI CO-

rnacHo emy Bcenennas cospgaHa ans yenoseka. B feiicTBUTENbHOCTM @aHTPOMHBIN NPUHLMN 3aKntovaeTca

He B 3ToM. OH BCEro nuiub NOCTYSMpYeT CBS3b MeXAy rnobanbHbiMM CBOMCTBAMM Hawero Mypa u ¢ak-

TOM CyLL,ECTBOBaHMA B HEM KOHKPETHOrO CYLLECTBa, M3y4aloLLero 3T1 CBoiicTea. B yacTHOCTH, aHTpOMHbIN

NPUHLMN YTBEPXAAET, YTO AaXKE Te XapaKTepUCTUKN BceneHHOM, KOTOpbIe HaM NMOKa HEM3BECTHbI, JOKHbI
6bITb TaKOBbI, YTOObI «3[ECH W CEMYac» MOr CyLL,ECTBOBATb YENOBEK.

['AUII, HblHe KpyIHeWIIero acTpOHOMUYECKOro LieHTpa Poccuu, BOCXOAUT K TepBOH
tperu XIX B, K OCHOBaHMIO ACTpOHOMHUECKON 0OcepBaTropurt MOCKOBCKOrO YHHBeEp-
cutera, Ha Oasze Kortopoit u Obut B 1931 r. co3man Ham uHCTUTYT. B KoHue 2021 r.
FAVII wucnonuunoce 190 netr — uBeTymuii Bo3pacT [Jg XpaMa acTPOHOMUH, HayKY,
KOTOpasi HeNpephIBHO Pa3BUBAETCSl Y)Ke HECKOIbKO ThICAUeseTHi. JToT robuneil u mno-
Oymun Hac chenatb CKPOMHBIM TMOAapok cebe, a Tak)Ke HAUIUM KOJJIETaM U BCEM
MOOUTENIM acTPOHOMUM — KOJUIEKTHBHO HANMCATh 3Ty KHUTY U PacckasaTh B Hell 0O
cBoel paboTe IO M3yueHHMIO KOCMOCA. Mbl BmOO/IEHbl B 9Ty pabOTy M XOTHUM, YTOOBI
4yacTUlla Hallero BOCXMIIEeHUSl OKpysKarollell NMpUpOAON BIUIOTb O CaMbIX JaleKuX
ee pybGexxeil mepefanach W BaM, Halll YBa)XKAeMbIil UUTATEb.
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[ToHATHO, UTO OXBAaTUTb BCE HANpaB/IeHUs UCCAef0BaHUN BceneHHOU B 0fHOM KHU-
re HeBO3MOXXHO. Mbl BbIOpaii HEKOTOphIe, Ha HAlll B3MIsA — BaXkHelve. B kuure pac-
cKazaHo U 00 uccremoBaHuax COMHEUHON CHCTeMBI, M O 3arajkax 3BOJIOLUU 3Be3f
(BKJTIOUAST HEPOHHBIE 3B€3/Ibl U YEPHBIE JIBIPHI), U 00 U3YUEHUU TATAKTHUK, U 06 OTKPbI-
THUU aHTUTPABUTALMH («TEMHON SHEPIUM»), U O IOMCKE TPaBUTALMOHHBIX BOJH... CBOUMU
YUTaTessIMU MBI [Ipe/ICTaB/ISUIN CTAPLIMX IIKOJIBHUKOB, CTYAEHTOB, yUuTelel 1 Hallux
KOJIJIEr-eCTeCTBOUCIIbITaTe e, XOTa OOJBIIMHCTBO ClelMaabHbIX IOHATUN 00bICHAeT-
Cs1 [0 XOAy M3JI0XKEHWs], B KOHIIe KHUTH TIOMEIL[eH CI0Bapb TEPMHUHOB, KOTOPbIH OymeT
10JIe3eH NPY YTEHUU He TOJIbKO 3TOM, HO U APYTrMX aCTPOHOMUUYECKUX KHMUT.

Kpowme Toro, B [Ipunoxenusx cobpanbl 0OIIMPHBIE CIIPABOYHbIE TaBIUIBI C CAMBIMA
COBPEMEHHBIMU JIaHHBIMU O BRXKHEHMIIIMX acTPOHOMUYECKUX oObekTax — CoHIle, Iia-
HeTax U WX CIYTHUKAX, ApYaiivX v OIrKaiIiux 38e3/1aX, CO3BE3/IUSIX, IPKUX TalaKTH-
Kax, [IpUBefleHbl COBpPeMeHHble 3HaueHUs] PU3NUeCKUX M aCTPOHOMUYECKHUX I1OCTOSIH-
HbIX, @ TAK)KE YaCTO UCII0JIb3yeMble B aCTPOHOMUY 0003HAUYeHUs. B OIHOM BU/ie JaHbL
karanoru Mecche v Konpyasia, npefcrasisioniye 0coOblil HHTEpeC it HabIOAar0IIIX
mobuTesnell aCTPOHOMMUU.

3amMeuy, UTO B KauecTBe e[MHUI][ PAacCTOSHUS MbI MCIO/Ib3yeM Kak Hapcek (Kumo-
mapcek, Merarnapcek), Tak U CBeTOBOM TOfl, XOTSI TPaAUIUS MpeAIosaraeT UCI0Ib30Ba-
HUe N1apCeKoB B IPO(eCcCUOHaIbHbIX, @ CBETOBBIX JIeT — B HAyYHO-TIONY/ISPHBIX TEKCTaX.
Ho B Takoil kHWre, Kak 3Ta, OXBaTbIBAIOILEH OTPOMHBIN [UaNa30H aCTPOHOMUYECKUX
MacurtaboB, UCIOIb30BATh KAKYIO-TO OHY €AHHHULY [UIMHBI HeynoOHO. Mbl moib3yem-
Cs1 pasHbIMH, YTOOBI C/leNiaTh pacckas HarmaaHee, Hamomuto, uto 1 nk = 3,26 cB. roga.

B kuure MHoro wsutoctpaiMii — ¢otorpaduil niaaHeT, 3Be3f, raJlakTUK. ABTOPBI
GOJIBINMHCTBA U3 HUX — HAIIM KOJUIETH W3 PAa3HBIX CTPAH, KOTOPBIM MBI YpPE3BbIYANHO
[pU3HATENbHBL A ellle Mbl M HAIlK KOJUIErH BCeraa ¢ riayboKoil 61arofapHOCTbIO JyMa-
€M O TeX MH)XeHepax, IPOrpaMMucTax, pabouux, KOTOpbIe CO3/1alTH U3YMUTEIbHYIO TeX-
HUKY, [103BOJIIOLIYIO HaM M3y4daTb BcesleHHYIO: 3TO U IpeKpacHble TejleCcKOIbl, BKJIO-
4yag MOMCTHHE BEJUKUAM KOCMUYECKUM Teseckon «Xabbs», U 3aMeuaresbHble KOCMUYe-
CKUe€ 30H[pbl, IECATUIETUAMU PabOTAIOIINE B COTHSIX MUJUIMOHOB KUJIOMETPOB OT 3€eM-
JIM, ¥ CYNEepKOMIIBIOTEDDI, I03BOJISIIOLINE «B3pbIBAaTh 3BE3Abl» M «CTAJIKUBATh rajaKTH-
Ky» Ha MUCbMEHHOM crosie. Hakoner, Hama 61arofapHoCTb co3paressaM cetu Murep-
HeT, 00beJUHUBILIEN BCeX JII0003HATeIbHbIX JI0AeH IIaHeThl 3eMJIS U II03BOJIMBIIEH UM
(yxe ceifuac!) caMOCTOSITENILHO MCKATh KOHTAKTBI C APYTUMH JIF0O03HATEIbHBIMH CYIIie-
ctBamMu BcenenHoi.

A ere MbI 671aroiapHbI YUTATEITIO, B3SIBIIEMY C [IOJIKK 9Ty KHUTY. Hafeemcst, 4to oHa
MIOCTY>KUT BaM JIOJITO U IIOMOXXeT B yBJEKaTeJbHOM MBICIEHHOM IyTeIIeCTBUU K TeM
py6exkam, r/ie Halle 3HaHHe COMpUKacaercs ¢ dpaHTasueit.

B. I’ Cypoun



Beedenue ACTPOHOMMA —
OT BEKA K BEKY



ACTpOHOMI/IH TIIOC/IEIHEr0 IECATUIETUS [IepeXXUBaeT OYepefHOi 3Tan ObICTpPOro
Pa3BUTHS, BO3BPALIAONINI ee B JIMJepbl eCTeCTBO3HaHUs. B TeueHne fonrux et
pasBUTHE HAYKH UJeT IyTeM Me/ITIEHHOIO KOJIMYeCTBEHHOTO YTOYHEHNs 3HaHUN O MU-
pe, HO BpeMst OT BpeMeHH NMPOUCXOAUT ObIcTpoe paciimpenye chepsl T03HaHHOTO, OT-
KPBITHS CJIefYIOT OJHO 3a APYIMM, M CTapoe 3HaHMe MPe/ICTaeT JIUIIb KaK OCTPOBOK B
OKeaHe HOBOTO, O CaMOM CYIIeCTBOBaHUM KOTOPOTO U He MO/I03peBalIy.

MpeaBuaenne Jlannaca

[71aBHBI BONIPOC, BOJHYIOLIMI HAC MPY 00palleHny K MPOLIIOMY: MOXKET JIX OHO
[I0[CKAa3aTh HaM CyAbOY HALIMX HbIHEIIHNX TIpeAcTaBaeHuii o Beenennoit? ToBopsT, KTO
BJIajieeT Tpouuibiy, Biageet 6yayumm... C konna XVIII B. yueHbIM TIOAIM KaXKI0TO MO-
KOJIeHHUs OBbLIIO CBOMCTBEHHO AyMaTh, YTO OCHOBbI MUPO3aHUs yrKe MOCTUTHYTHI U 0CTa-
JIOChb JIMLIb YTOUHUTD AeTanu. HploTOHOBCKas MeXaHMKa NPeBOCXO/HO ONMUChIBajIa [IBU-
YKeHUe TJIaHeT U ABOMHBIX 3Be3[]; Ka3aloCh, YTO ee JOCTAaTOUHO [l OMMCaHuA KocMoca.
[Ibep Cumon Jlarutac rosopu B koutte XVIII B. 0 mepcriekTiBe 06bSTh «B OAHON HOpMy-
Jle JBYDKeHUe BeJIMuailiix Tesl BcesleHHOM HapaBHe C [BHM)KeHUEM JlerdalnX aTOMOB»,
YTO B U3BECTHOM CMBICJIE OCTAeTCsl Cepbe3HOH 3a/iauei U /7151 COBPEMEHHOT0 eCTeCTBO3-
Hauus, [Tocnenaue cnosa Jlamnaca Obun: «To, YTO MbI 3HAEM, TaK HUUTOKHO 110 CPABHE-
HUIO C TeM, Uero Mbl He 3Haem». OTKpBITHA B acTpoHoMuM Ha pybeske XX u XXI BB. mof-
TBepANIN OYKBalbHYIO IPABOTY 3TUX C/I0B. ByayT 71 OHU cripaBeIBEL U B Oyayiiem?
Benuuaiinras mpo6iemMa ecTeCTBO3HAHKS — BO3MOXKHO Jii ocTpoeHne OKOHUATeTbHOM
Teopuu Bcero? K sTomy Bonpocy MbI elije BepHeMCHL.

Yenexu actpoHomun Gyayiiero, Kak cuurai Jlamiac, 6yayT 3aBUCETh OT TPeX YCiIo-
BUI: TOUHOCTY U3MEPEeHUs BpeMeHU U YITIOB U COBEPLIEHCTBA ONTHUYECKUX UHCTPYMEeH-
TOB, IIpUYEM «IlepBble [Ba B HACTOslee BpeMsl He OCTaBJSIOT KeJaTb I10YTH HUYero
nyqmero». HelHe, Ba BeKa CIyCTs, OKOHUaTe/IbHO pellleHa JIMIIb [IepBas 3ajada: u3Me-
peHue BpeMeHH NepeluIo B BeJieHre aTOMHON U MOJIEKY/ISIPHOM (pU3HMKHU 1 JOCTUIIIO ab-
COJIIOTHOTO IIpefiesla TOUHOCTH, ONpefesIsieMOro 3aKOHaMM KBaHTOBOM MeXaHUKU. B u3-
MepeHHH YIVIOBbIX PacCTOSHMI Ha HeGecHOW cdepe — MOC/Ie MOUTH JBYXBEKOBOTO 3a-
CTOs1 — NIpUMeHeHue HHTep(epeHLOHHbIX MeTOJ0B U BBIXOJ B KOCMOC IIpUBeJIU K pa-
JAUKaIbHOMY IPOrpeccy, Ipefe/oB KOTopoMy He BUAHO. CoBepIlIeHCTBOBaHUE ONTHYe-
CKUX MHCTPYMEHTOB, Ha KOTOpOe Jlamiac Bo3saraa ocobble Hagex bl (IOCKOIbKY U3Me-
peHHs BpeMeHHU U YIJIOB, KaK OH CUHTAJ, yKe NOCTHUITIO COBEpIIeHCTBA!), TaKkxKe HIYeM
He orpaHuueHo. B 2015 r. KomM4uecTBO TMTaHTCKUX Ha3eMHBIX TeeCKOIOB C 3epKaaaMy,
IPEeBBIIAIOIIYMY 5 METPOB B IUaMeTpe, yKe IepeBaIuiIo 3a ABa JecsaTka. CeronHs nyd-
1ye ONTUYecKre MHCTPYMEHThbl UMeIOT 3epKasa AuameTpoM 8—10 M, yxke ClpoeKTHpo-
BaHbI TesiecKoIbl ¢ 3epkanamu oT 30 1o 100 m.

HukTo He MOXXeT mpe/BUeTh Pa3BUTHA B TeX 00JIACTSIX HayKu, KOTOpbIE elle He
poaunuch. Hanpumep, Jlannac He MOr 3HaTh O MOSIBJI€HUU CNIEKTPaabHOrO aHanMd3a —
OCHOBBI HaIlMX HBIHEIIHUX 3HaHUH 0 bu3vke u xuMuK 00beKToB BeenenHoit. Xoporio
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M3BECTHBI CJIoBa GpaHIy3ckoro ¢gpuiocoda, 0CHOBOIONIOKHUKA Mo3uTHBU3Ma Oriocta
Konra (1798-1857) 0 TOM, UTO €cThb Bely, KOTOPble Mbl HUKOIZIA HE Y3HAEeM, HallprMep
xuMudeckuit cocras 3Be3q. Ho B 1859 r. Kuprxod u ByH3eH nokasany, 4To spKue U TeM-
HBIE JINHUY B CIIEKTPaX YKa3bIBalOT Ha IPUCYTCTBHE B UCTOYHHKE CBeTa (WIM Ha IyTU
JIy4a) TOTO WM WHOTO XMMUYECKOTO 3JIEMEHTa; OCTaJI0Ch TOJBKO MPUCTABUTH CIIEKT-
porpad k Teneckony. 9To chesnan YuibsaM XErruHe, U oH ke B 1866 I. o caBUry IMHUN
B CIIEKTpe IepBbIM M3MepHJI JIy4eBble CKOPOCTH 3Be3n. Kak BunnmM, HanpacHo KoHT He
Cefj0Bal NpPaBUJTy «HUKOIZA He TOBOPH ,HUKOrAa“... Bripouew, Jlamiac Toxxe emy He
CJIe[JOBaJl — OH IMCAJT, YTO Mbl HUKOT/Ia HE YBUMM 00OpaTHOM CTOPOHBI JIVHEL

CTto net Hasag

Kaxkymu HabrmropaTebHBIMU CpefcTBaMU 0071ajjana acTpOHOMHUS CTO JIeT Hasan?
KpynHeitmmyumu uscTpyMentamu 6buti 40-mroitMoBbiit pedpaxtop Mepkckoit o6cepsa-
Topuy, 36-110iMOBbIN pedpakTop JIMKCKoH 06cepBaTopuu U 36-11I0AMOBBIN pediekTop
Kpoccres, Taxke paborasiuuii Ha JIukckoii obcepsaropuy, a B 1908 r. BcTymu B cTpoit
60-nroitmoBelii peduiekTop Ha MayHT-Buicos. MimenHo st fiBa peduieKTopa, yCTaHOB-
JIeHHbIe IOBOJIHO BBICOKO B ropax KanuopHuy, ¥ OTKPbIIM MUp ralakTUK, UCCIef0Ba-
HUe KOTOPBIX CTaJIO IJIaBHOM 3ajauveld acTpoHoMur XX B.

Koneuno, Bunenu ux paBHO: MarennanoBel O6naka Ha I0KHOM Hebe U rajakTu-
Ka AHApOMesbl Ha CEBEPHOM 3aMEeTHBI [jake HEBOOPY)XEHHBIM I71a30M. [lepBbiii cru-
COK «TTOMex B HeOeCHOI 0XOTe 3a KOMeTaMI» COCTABU/I U3BeCTHBIH oBel; koMeT Lllapib
Meccoe B 1781 r; B 9TOM crircke HbiHe 109 06BEKTOB, MHOTHE M3 KOTOPBIX — [allaKTHKHL.
Homepa no katanory Meccbe 0 CHX TIOp UCIOMb3YIOTCS i 0003HAYEHUS CAMBIX SIp-
KUX 3Be3[HbIX CKOIJIEHUI], TyMaHHOCTel u ranaktuk. Bunbam lepiiens B konue XVIII B.
COCTaBHJI KaTaJIOT 3Be3HBIX CKOIUIEHUI U TyMaHHOCTel (OOMBLUIMHCTBO U3 HUX TaKKe
0Ka3ayI0Ch JaJIeKUMU TalakTUKaMu), B KOTOPOM Ob110 0kos10 2500 06bexToB. B Hauane
XX B. KpoccieeBCKUi pedpieKTop 3aperucTpupoBa Ha GpoTorpadpuuecKux MaacTUHKaxX
okomo 120 000 «cnabbIx TyMaHHOCTEH», HO 00 WX MPUPOJE €Ie AOJr0 MPOJOIIKAIUCH
cropet. Cam Busbsam lepruens cunras, uto HabnogaeMele UM ciabble MATHBIIIKY CBETa
MOryT ObITh JaJeKMMK CHCTeMaMH 3Be3fl. B camMoM zese, HEKOTOpbIE M3 TaKUX TyMaH-
HocrTeit [epiiesb cMOr pa3perunTs Ha 3Be3Zbl, U BIIOJIHE eCTECTBEHHO ObLIO MPeArnoso-
XKUTb, YTO C GOJIee MOIIHBIMH TeJeCKOaMu 3T0 OyJeT CAeNaHO U JJIsi MHOTUX JPYTHX.
CaM OH BIOJIHE CHPABEINUBO CUUTAI, YTO HEKOTOPbIE TYMAHHOCTH MOI'YT OBbITh UCTHH-
HBIMU U COCTOSTh U3 JUPPY3HOTO CBETSIIEr0Cs BEIeCTBa, a APYTue SBJSITCS AaTeKU-
MU 3Be3[IHbIMU CUCTEMaMHU.

Opnnako urtoroBoe cyxaeHue XIX B. okasanoch ApyruM. B kHUre o pa3BUTHM acTpo-
HomuH B XIX B. Arneca Knapk (Agnes Clerke) mucana: «Bomnpoc o Tom, SIBASIOTCS U TY-
MaHHOCTY BHELIHMMH FaJIaKTHKaMH, BPsI JIM 3aC/Iy)KUBaeT Terepb o0cyskaeHust. [1po-
rpecc UCC/IeI0BaHUM OTBETU Ha Hero. MOXKHO C YBEPEeHHOCTBIO CKas3aTb, YTO HU OJUH
KOMIIETEHTHBII MBICTUTEIb II€pe] JMLOM CYLIeCTBYIOLMX (akToB He OymeT yTBep-
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Puc. 1. TuraHTckuii Teneckon nopaa Pocca. B 1845 r. upnanpackuii actpoHom Yunbam [NapcoHc, Tpetuin

nopp Pocc, cnpoektuposan 1 noctpoun B ceoem pofgosoM nomectbe bép-Kacn konoccanbHbiii 182-cantun-

MeTpOBbIi pednekTop ¢ GpoKycHbIM pacctosHuem 17 m. Teneckon nonyunn nposeuiue «/leenadan». C ero

nomotybto Y. MapcoHc OTKpbIN MHOXECTBO HOBbIX [eTaneil B TYMaHHOCTAX, B 4AaCTHOCTU CMMpasnbHyto
CTPYKTYPY HEKOTOPbIX 3 HUX, OKa3aBLUMXCA ranakTuKkamu.

IaTh, 4YTO XOTA OBl OfHA TYM@HHOCTb MOKeT OBITb 3BE3HOI CUCTEMOH, CpaBHUMOM 110
pasmepam ¢ Mneunbm [Iytem». [lepBoe u3ganue 3Toi kHuru Beiso B 1882 . B yetsep-
TOM ee M3[JaHuH, BhllIeJlIeM B pycCKoM IlepeBoje B 1913 I, IMEeHHO 3THUX CJIOB 5 He Ha-
11es1, HO Jpyrue raJlakTUKY, paBHO Kak U Hallla, He YIIOMHHAIOTCS U B HeM. 37iech rOBO-
puTCS, UTO MHeHwUe, OyITO «BCe 6e3 MCKIIIOUEHNS TYMAHHOCTH SIBJISIIOTCSI OT/EIbHBIMHU
,BCEJIEHHBIMU®, OT/EJIbHBIMU [AJIEKMMHU COOpPAHUSAMU COJHI, B MOC/IEHUN pa3 U HeHa-
JI0JIr0 BOCTOP>KeCTBOBAJIO II0C/Ie OTKPBITUS J10pAOoM PoccoM cniupasnbHbBIX TyMaHHOCTeH.

Jro cayyunock B anpese 1845 r, korma ruraHTckuil Teseckon Pocca ¢ Mertanuye-
CKUM 3€pKajioM AWAMEeTpPOM MouTH 2 MeTpa ObT HaBeeH Ha TymaHHOCTb M51 B ToH-
yux [1cax. K 1850 r. cTano usectHo ysxe 14 cnupanbHbIX TyMaHHoOcTeild. Ho ux mpupo-
Jla ocTaBaszach HesCHOM. /laxxe B niepBble fAecaTuneTs XX B. IO-IIPeKHEMY IOCIIOACTBO-
Basio yOeXzeHue, YTO BCe BUAVMbIE Ha HeOe 3Be3[bl U TYMAHHOCTH IPUHAJIEKAT TH-
raHTCKOM BceoObemimoLiel cucteMe MieqHoro [Ty, 67113 1leHTpa KOTOPOM HAaXOIUT-
ca Connile. Dto Gputa Tak HasbiBaemas «Bcenennast Kamreitna», cxema, pa3sutas roJ-
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Puc. 2. PucyHok cnupanbHoi ra-
naktmkn M51, cpenaHHbii nop-
pom Poccom npu HabniopeHun
B €r0 rMraHTCKMi Teneckon.

na"ackuM actpoHoMmoM flHom KanreifinoM. OgHMM M3 [0BOAOB B NOJb3y NPHUHAIJIENK-
HOCTH C/1a0bIX TYMaHHOCTeH K crcTeMe Mieunoro [Tytu GbIIO UX OTCYTCTBUE B CAMOM
cBeTsieiicsa nonoce Mieunoro [Tytu. 9To ObUT CHIbHBIM apryMeHT: eCTH TYMaHHOCTH
B CBOEM IPOCTPAHCTBEHHOM pacCIpe/ie/IeHIH «IyBCTBOBaNH reorpaduio» Mneunoro [1y-
TH, 3HAYMT, OHU OBUTH C HUM KakK-TO CBsi3aHbl. [IpeAnosnoKuTh, UTO CUSIOLIMI 3Be3na-
MU Mneunbiii [IyTh Henmpo3paueH A cBeTa JaJleKUX TYMaHHOCTEH, OKa3aloCh Hesler-
k0. O HaJIMYMK TIOITIOIEHNs] CBETA B MeX3BE3JHOM IIPOCTPAHCTBE BOOOIIEe OBbLIM TOJb-

Puc. 3. CoBpemeHHbliii cHuMok ranaktukn M51 (no ¢oto T. u [1. Xannac, APOD 10 uions 2002 r.).
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Puc. 4. Cnupanbrasa cuctema NGC 4414 8 co3eesaun Bonockl Beporukn.

KO JIOTaJiKH, & MBICJIb O TOM, YTO IOIJIOMIAIOIIAs CBET Cpefja CKOHIIEHTPHUPOBAaHA UMEH-
HO K I1ockocTy Mneunoro [1yty, HUKOMy He npuxoauia B ronosy Ao 1914 r, korga sto
IpeAIosIoKeHre BbICKasan ApTyp OaauHrToH. B Hallle BpeMst raJJlakTUKU B «II0JIOCE U3-
Geranus» Bronb Mieuroro [lytu o6HapyuBaiOTCa B UHGbpPaKpacHbIX Ty4ax, IpobrBa-
IOIIUX CJI0H ME>K3Be3JHOU ITbIJIN.

Uto6bl TIOHAT TIPUPOAY «CIAOBIX TYMAHHOCTeN», Ha/0 ObUIO 3HATH PACCTOSHUE JI0
HUX. 3[1eCb MOIJIM IOMOYb TOJBbKO (POTOMETpHUYECKIe MeTOb], HO JJIsl UX IPUMEHEeHus
TpebOoBaIOCh 3HATh UCTUHHYIO CBETHMOCTb KaKMX-TMO0 0O'BEKTOB, HAXOMAAIIMXCS BHY-
TPHU 3THUX TYMaHHOCTEH, U CPABHUTD €€ C BUAUMBIM OJIECKOM 3THUX OOBEKTOB, T. €. C UX
3Be3IHOM BeJIMYMHOM. JTy 3aauy BIepBble pellin/ aMepuKaHCKUi GU3UK U acTPOHOM
@psuk Bepu B 1911 1. CHavana oH oueHun paccrosiHue 1o HoBoi Ilepces 1901 r, cpas-
HHB CO CKOPOCTBIO CBeTA YIVIOBYIO CKOPOCTh paclINpeHHs] TYMaHHOCTH, BO3HUKIIIEH BO-
KpYT 3Be3[bl Iocsie ee BCOBILKYA. OH COBepIleHHO CIpaBeAMBO Npeanosaral, YTo pac-
IIMpeHre TYMaHHOCTH — 3TO He YTO MHOe, KaK BbI3BaHHOE BCIIBIIIKON PacIpocTpaHe-
HUe BOJIHBI OCBEIlleH!Usl B MeX3Be3HOU cpefie, OKpy»kalollell HOBYIO 3Be3zy. 3aTteM Be-
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Puc. 5. CnupanbHas ranaktuka B Tpeyronbhuke (M33, NGC598). ®oto NOAO.

CT0 Nnet Hazaz
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Puc. 6. CnupanbHas ranaktuka TymanHocTe Anipomeabl (M31, NGC 224).
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pU CpaBHUJI ONpefie/IeHHYI0 UM U3 pacCTOSIHUS U BUAUMON BeJIWYHUHBI CBETUMOCTb HO-
Bo# [lepcest ¢ BUAMMOIL BeMunHOM HOBO# 1885 T, BembixHyBIIeH 613 neHtpa TymaH-
HOCTH AHJPOME/IbI, U OLIEHMJT PaccTosiHue 0 TymanHocTy B 500 mapcek. Bonee crnabbie
TYMaHHOCTH, 3aK/II04mI Bepy, nexxaT Ha paccTOsSIHUSIX B MUUIMOHBI ITapcek. B aTom pac-
CY’K/IEHUH BCE MPAaBW/IbHO, KPOMe TOro, 4To HOBas 1885 r. Obuia Ha caMOM iejie CBEepX-
HOBOIA, KOTOpBIE pYe OOBIUHBIX HOBBIX B COTHH THICAY Pas, — U, 3HAUUT, PACCTOSIHYE JI0
M31 — ue 500 nK, a B ThicAuy pas Gosbiie. B pesynbrarte aroro 3abmyxaenus Tymad-
HOCTb AHZIpOMe/IbI «OKa3anack» BHyTpy MieuHoro [lyTtu.

OpHako B 9TU roAbl CTa/IM MEHSTHCS B3MISAAbI HA CTpoeHue camoro Mieusoro [lytu.
Xapnoy Ulerny, onupasch Ha 3aBUCHMOCTb «[I€PUOJ—CBETUMOCTb» Ui Liedens, ore-
HWI pa3Mep 3Be3gHol cucteMbl Meunoro I[lytu B 100 knk. OH Taxke IpeAnnooxKu,
YTO KOHI[EHTpAlMsI [IAapOBbIX 3BE3IHBIX CKOIUIEHUH B co3Be3auu CTpesblia 00bsCHSeT-
Cs1 TeM, YTO OHM CTYIIAIOTCA K LIeHTPY cucTeMbl MeuHoro [lyTy, 1 onpefenit paccTo-
SAHUe 0 Hero B 15 KIK.

OTtkpbiTUe BceneHHom

Takum o6paszom, eie B Hayaze 1920-X IT. KOHKYPUPOBAIMU [BE CUCTEMBI MHUPO3/a-

Hus4. [1o lleruiy, B Hammelt ruranTckoi [anaxktuxe, cucreme Mneunoro [1yty, ConHue no-
MEIIaTIOCh Ha [a/IeKOU OKpauHe, KaK U «Cabble TyMaHHOCTH». Beenennas Kanreiina co-
nepskana ConHie 6,143 1ieHTpa v Oblla HaMHOTO MeHbiie, O TOM, UTO K€ HaXOAUTCA 3a
npenenamu Maeunoro Ilytuy, 06e cxeMbl MUPO3aHUsI TIOPA3UTEBHBIM 00pa3oM yMall-
YMBA/IM, XOTSI HEKOTOPbIE acTPOHOMBI ObutH yOexnens! (kak u [epmiens B XVIII B.!), uto
MHOTOUKMC/IEHHbIE C1abble TYMaHHOCTH SIBJISIIOT-
Cs1 OTPOMHBIMU 3Be3IHbIMU CHCTeMaMU, CPaBHU-
MBIMHU C Halllel, ¥ UTO CIMpalbHble TYMaHHO-
ctu Auzppomensl (M31) u Tpeyrompuuka (M33) —
JULIb OVbKafIIie U3 HUX.

Ho okxoHuaTespHO JoOKasaTb 3TO Y[alI0Ch
e B 1924 . OpBuny Xa66my. Vcnonbsys
100-aroiimoBeIil  Teneckon obcepBaTopun Ma-
yHT-BusncoH, oH Hauwen nedeugel B M33 u B
M31 ¥ 110 HUM C IIOMOIIbIO 3aBUCUMOCTH <«IIe-
pPUOJ—CBETUMOCTb> OIIpe/iesIul  pacCTOSHUS:
00e 3Be3fHbIe CHMCTEMbI OKAa3aluCh JAJIEKO 3a
npenenamu Mieunoro Ilytu. Onupasice Ha «ie-
deunHble» paccTOAHMSA OMKANIINX TaNaKThK,

Xab6s cMOr OIIEHUTh PACCTOSAHUS U 10 Gosee
panexkux cucreM. K 1929 r, nonp3yscs cBouMu
JAHHBIMUA O PAaCcCTOSIHUSX U JIyUeBBIMU CKOpPO-
CTSIMH, ONIpeJieIeHHbIMYA XbIOMaCOHOM, OH TIpeJ- Puc. 7. 3aeun Xa66n (1889-1953).
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CTaBUJI I0Ka3aTelbCTBa TOTO, UTO JIyueBble CKOPOCTU ra/llakTUK BO3PACTalOT C yBeslnye-
HHEeM pacCTOsIHUI 0 HUX. BoobIie roBopst, TOT GaKT, YTO AajeKue TYMaHHOCTH UMEIOT
GoJIbIIIKE TT0JIOKUTEIbHbIE JTyUeBbIe CKOPOCTH, ObUT U3BECTEH aBHO, HO Xab0/1 BIiepBbIe,
pacriosiarasi HaZle>KHbIMHM [JaHHBIMM, CMOT yBepeHHO OIpe[ennuTb K03(QPULKEHT IMpo-
MOPLIMOHAJIBHOCTU MEX/y PAacCTOSIHUSIMU U CKOPOCTSIMU T'a/IaKTUK, U3BECTHBIN HbIHEe
Kak mocrosgHHast Xa66a. V3 37Ol 3aBMCMMOCTH Cie/ioBasio, uTo BcenenHast paciups-
€TCs1: BCe paCcCTOSIHUS MeKIy CKOIUIeHUSIMU TaJIaKTUK YBeJIMUMBAIOTCS CO BpeMeHeM. [lo
KoHIa XX B. 3TO OCTaBa/JOCh BEJIUUYANUIINM [OCTHMKEHNEM aCTPOHOMMHU: BceneHHas Ha-
ceJleHa raJlakTUKaMy, U oHa paciuupsiercs. [lepeBopoT, mponsoneAnnii B Te ToJbl B CO-
3HaHUU aCTPOHOMOB 3a KaKOH-TO /1eCATOK JIeT, CpaBHUM I10 CBOE€H 3HaYMMOCTHU C peBo-
JIIOIMEeH, KOTOPYIO Ipou3Besio yueHue KonepHuka.

dBosouuna 3Be3p,

Baskueiiimumu npobiemamu acTpobU3UKHU MepBbixX Aecartunetuit XX B. Obuti BHY-
TpeHHee CTpOeHUe 3Be3[, IepPeHOC U3y4eHNs B 3Be3JHbIX aTMOcdepax U KOJINUeCTBeH-
Hbli aHanu3 3Be3aHbIx atMocdep. 3. lepunpysr B 1908 1. u I Paccen B 1910 1. moctpo-
WY AUarpaMMy, CBSI3bIBAIOIIYIO TeMIlepaTypy IOBEpXHOCTH 3Be3/bl C ee CBeTUMOCTBIO
(monpobuee 06 3TOM paccKasaHo B riaBe «3Be3/Ibl: POXKIEHUE, KU3Hb, CMEPTh»). OKasa-
JI0Ch, UTO GOJIBIIMHCTBO 3B€3/] PACIIOIOXKEHO BOJIb 10JI0CH, Ha3BaHHO! I71aBHO [OCIe-
NIOBATebHOCTBIO: OHA TAHETCS OT TOPSIYMX APKUX 3Be3[ M0 C1abbIX ¥ XOTIOAHBIX. ECTb
ellle ¥ TpyIIa XOJOJHbIX 3Be3]] BBICOKOH CBETUMOCTH — KPACHBIX TMTAHTOB U CBEPXTH-
ranToB. OObSICHEHYE 9TOM AUarpaMMBbl CTAJIO0 BaKHEHIIeH 3a1aueil Teopry BHYTPEHHE-
0 CTPOEHUs 3Be3]I, B CO3JAaHMUU KOTOPOit ocobast 3aciyra MPUHALIEXUT A. DAOUHITOHY.
Ou paspaboran k 1924 1. Mofiesb 3Be3/Ibl, MEXaHMYECKAs YCTONUMBOCTE KOTOPO#t ompe-
nensieTcs 6asaHCcoM CHJT TSDKECTH U JIYUeBOro IUTI0C ra30Boro AaeneHus. Ho 3Besna moc-
TOSIHHO TepsleT Hepruio 3a CueT M3JIy4YeHHUs; UYTO Ke SIBJISeTCS] UCTOYHUKOM ee SHep-
run? J[lxeitmc JIKMHC CUMTasI, YTO 9TO aHHUTW/IALUS, IpeBpallleHNe BelllecTBa B 3Hep-
THIO, 8 DAUHITOH — YTO 3TO si[ilepHble peaklyHy, TO eCTb IpeBpalieHus 31eMeHToB. OH
roBopua B 1926 t, uro Bo3MoxHOe B siaboparopuu Pesepdopaa He MOKET 0Ka3aTbCs
CJIMIIKOM TPYZAHBIM JJISl IPUPOABI U YTO «pa3yMHO HaJesIThCs, YTO B HE CJIMIIKOM OT-
naseHHoM GyAyIiieM Mbl OyzeM CIIOCOOHBI MOHATh TAKYIO IPOCTYIO Belllb, KaK 3Be3/ar.

B e sxe roapl Gb1a pasrafaHa MpUYHHA PA3TMYHON MHTEHCUBHOCTH JIMHUH B CIIEK-
Tpax 3Be3[ 1 TeM CaMbIM ObUIH ONpe/iesieHbl TeEMIIEPATYPhI ¥ TOUHBIA XUMUYECKHU# Co-
CTaB UX [TOBEPXHOCTHBIX CJ10eB. 1o caenana B 1925 . Cecunus [leitn, onupasch Ha Te-
opui0 BO30OYXKeHMsI ¥ MOHH3ALMY aTOMOB. BEISICHUIOCH, UTO OTHOCHUTEIBHOE COAepIKa-
HIe XUMHYEeCKUX 3JIEMEHTOB Y BCeX 3Be3/] IPUMEePHO OJMHAKOBO U OJIM3KO K COTHEUHO-
My: Ha 96-99,9% BHelIHUe c0M 3Be3[ COCTOAT U3 BOAOPOAA U Iesnd, a OCTaabHOe CO-
CTaBJISIIOT )KeJie30, KaJblU{ U Ipyrue 5JeMeHThl B IPOIIOPLIMY, TPUMePHO COOTBETCTBY-
IOLIelt cpe/iHeMy COCTaBy 3eMJIH 1 METEOPUTOB. Pe3koe pasiuuiie CieKTPOB 3Be3. ObU10
00bSICHEHO B OCHOBHOM Pa3J/IMUKeM TEeMIIEPATyp UX MOBEPXHOCTH.
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C 1920-x rr. pasButue ac-
TPOHOMUHU CTalO 3aBUCETb OT
ycnexoB (U3MKH, KOTopas Ha-
4aja BO3BpallaTb CBOM CTapbIi
JOIr acTpoHOMMH, MO0 Mexa-
HUKa Obuta cospgaHa Hbroro-
HoM, Jlarpamxem u Jlamsmacom
Ha OCHOBE J[aHHBIX O [BHXe-
HUU IUIaHeT. YcIexu sfiepHOH
¢usuku nossonunu XaHcy be-
Te 3a/10KUTb B 1938 I. OCHOBBI
TEeOpUM HCTOYHHUKOB SHEpPruu
3Be3n. Kowuenrtpauus 607b-
IIMHCTBA 3Be3/ Ha [JIaBHOH MO-
C/IeflOBaTeIbHOCTY  guarpam-
mbl Tepumnpynara—Paccena Obl-
na obbsiCHEHA TeM, YTO 3TO Ca-
Masl JJIMTesIbHasl CTagusl 3BO-
JIIOLMY, Ha KOTOPOM MCTOYHU-
KOM 3HEPIUU 3Be3[bl CIIYXKUT
IpeBpallleHue BOAOpOAa B Te-
i, Sapo remusa 4yTh Jlerde
HUCXOAHBIX YeTbIpex IIPOTOHOB, Puc. 8. Aptyp dpanHrton (1882-1944), ognH u3 cospateneit
U B COOTBETCTBUU C HOPMYIION ¢usnueckoii Teopun 3eesp.
duinmTeitna (E=mc?) u3ObITOK
MX Macchl IepexoJuT B 3HEPrui0 uanyueHus. TepMosiepHble peakldy UAYT NIPU TeM-
neparypax BO MHOTO MUUIMOHOB I'PaJyCcOB, KOTOpble JOCTUTAIOTCS B fApe 3Be3Abl Io-
cne ee popMUpPOBaHUA U3 06/1aKa MEXX3BE3JHOr0 ra3a U IOCJIeyIONero rpaBUTal o -
HOTO C)KaTusl.

[locne BbIropaHus BOAOPOAA PO 3Be37bl CKUMAETCsl U HarpeBaeTcs ellle CUIbHee,
TaK YTO CTAHOBSTCS BO3MOXKHBI PEAKLMU MpEBpAIleHus resust B Oosiee TsDKeNble 3ie-
MEHTbI, HO TEIUIOTBOPHAs! CIIOCOOHOCTh 3THX peakiuil HeBenuka. Yke B 1940-e rr. cra-
JI0 SICHO, YTO 3aMacoB SIAEPHOr0 TOpIoYero y Haubosee pacTOUNTENbHBIX 3BE37 BHICOKOM
CBETHMOCTH XBaTaeT JIMIIb HA MUIHOHBI JIET, C/IeI0BATE/IbHO, OHH AOKHBI 006pa30Bbl-
BaTbCs B HAlly KOCMUYECKYIO 3110Xy. COceCTBO 3TUX 3Be37 C ra30BO-TIbJIEBbIMU TyMaH-
HOCTSIMU YKa3blBajl0 Ha UX F€HETUYeCKy CBsA3b, U B 1942 r. O, Yunmn 3akmouus, 9To
Me)3Be3/JHOe BelleCTBO — eJMHCTBEHHBIN O4YeBU[HBbIN MCTOUHUK BellecTBa A1 (op-
MHUPOBaHUS 3Be3/. MoIoAOCTb 3Be3/] BbICOKOM CBETUMOCTH BCKOpe MOIy4nIa NOATBep-
)KIeHre U3 COBCeM Jpyrux coobpaxenuii. B 1947 r. B. A. AMbapuyMsH [oKasas, 4To
B pa3pekeHHbIX I'PYNIUPOBKaX — 3Be3[JHBbIX aCCOLMALMIX — 3Be3[bl He MOTYT JOJr0

JBONOLMA 3BE3], 21



V/IeP)KUBATHCSI BMECTE CHUJIOM TArOTEHMUs, CJIeI0BAaTeIbHO, 3TH TPYIINUPOBKU 06pa3oBa-
JIMCh HelaBHO. BeIBOJ 0 TpymIoBoM 06pa30BaHUM 3Be3/I, IPOIOJDKAIONIIEMCS U B HAllle
Bpems, cTa obiienpusHadHbiM, Ho rutotHbie 061aka, B HeJjpax KOTOPbIX GOPMUPYIOTCSA
3B€3/IBl, [IOJITO OCTABAIUCH HEBUIMMBIMH M3-3a X HU3KON TeMIepaTypbl U Obuti 06Ha-
PY>KEHBI 110 U37TYYEHUIO MOJIEKY/T MEK3BE3JHOTO ra3a TOJIBKO I0C/Ie POXKAEHHs pPaguo-

aCTPOHOMMM MUJUIMMETPOBOIO Avana3oHa, B cepeguse 1970-x rr.
Co3zpanue Teopuu 3Be3q — OOBSCHEHNE UX CTPOEHHsI, ICTOUHHUKOB 3HEPTHH, [IPOUC-
XOKZIeHUs U 3BOJIIOLIMK — Besnnvaiimuii Tpuym¢ Hayku XX B.

FanakTuka MneuHsliii MyTb

OTKpbITHE HACETIEHHOH rallakTUKaMu BceneHHOM ObUTO ¥ OTKPBITHEM Halllel raiak-
THKHM KaK OfIHOM U3 MHOTUX el Mo06HbIX. MBI Terepb CPAaBHUBAEM HAIlly 3BE3HYIO CU-
CTeMY C IPYTUMU ¥, HA000POT, ONUPAEMCS TIPU MX U3YUEHUM HA 3HAHUA O [anaKTHKe.

®oTomeTpuyeckue pac-
CTOSHMA [0 OOBEKTOB
BbIYMCIISIIOTCS MO UX CBE-
TMMOCTM Ha OCHOBaHMM
MpaBua, COMACHO KOTo-
poOMY MOTOK 3HEPrM OT
MCTOYHMKA 06paTHO Mpo-
nopLMoHaNeH KBappary

JlBe TPyAHOCTU NPENSTCTBYIOT McCaefoBaHUAM [amaktuky. OnHa
W3 HUX — IIOIVIOIIEHME CBETA YaCTUL[AMH IIbUIM, PACCESTHHBIMU B
Me>X3Be3[JHOM IIPOCTPAHCTBe, U3-3a Y€ro yMeHbIIAeTCsl BUAUMBIiA
Greck 3Be3[ M MCKXAIOTCSI UX (GOTOMETpUYECKHe PACCTOSHUAL
[IpeononeTs 3Ty TPYAHOCTb YAAIOCH JHUIIb HefaBHO, Graromapst
Ha0O/IONEHUsM B [aneKOM MH(PAaKpacHOM Auarna3oHe, B KOTOPOM
norionenue Mano (puc. 9). Bopouem, pasButre nHTepdepeHINoH-
HbIX HaO/IOJeHUI U3 KocMoca B Okaiiiire HecsTHIeT s T03B0-

PpaccToAHnA 0 Hero. JIUT OTIPE/IeNIATh PACCTOSHUA 0OBEKTOB B Halei [amakTuke 1ucxo-
Isl U3 TeOMeTPUYECKHUX PacyeToB, 6e3 HeoOXOAUMOCTH 3HATh CBe-
TUMOCTb U BUJJUMBIi 6I€CK MCTOYHMKOB, HCKa)KEHHBIE IOIIONIeHHEM.

Bropast TpyAHOCTb HOCHUT MPUHLMINAIbHBIN XapakTep. Mbl jkiBeM 6113 9KBaTOpa
HaIei [UCKoo6pas3Hoit 3Be3[HON CHCTEMBI U TO3TOMY HE MOXKEM OKHHYTb €€ B3MIAI0M
cBepxy. C 9TUM yrKe HUYero He MOfeaelllb — Pa3Be UTO KOrAa-HUOYAb Mbl YCTaHOBUM
CBA3b C Pa3yMHBIMHU CYLIECTBAMH, XKUBYLIMMHU XOTs Obl B KWJIONapceke Hap (WM MOA)
IUIOCKOCTBIO ['a/1akTHKHY, M OHU NOJeNATCs CBOUMU (oTorpadusaMy rajakTH4ecKoro Au-
CKa, HO HaJe /bl Ha 3T0 Maso. OcTaeTcs ynoBaTh Ha MOBbIIIEHHE TOUHOCTU ONpefese-
HUS PACCTOSIHUIA [71s1 BCe BO3PACTAOLIEro YMcia 00beKTOB Pa3HOro PoAa.

Puc. 9. MnotHoe rasoso-nbinesoe 06-
nako — rno6yna bapHapp 68 — Ha 6o-
ratom 3sesgamu ¢porHe MneuHoro [y-
™. B BMaMMOM pgmanasoHe cnektpa
(cnesa) 3t0 06/MaKo COBEpLUEHHO He-
npospauHo, Ho B GnmxkHem WK-gua-
nasoHe (cnpasa) yxe nonynpo3payHo.
®orto EBponeiickoii 1oxHOI 06cepsarto-
pum (Yunm).
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B 1940-e rT. ObIJIO YCTAHOBIIEHO, UTO B [alaKTUKE UMEIOTCA [[BA THIA HACEJIEHUS.
Hacenenue tuna I, k koropomy otHocsTcs ConHlle, paccessHHble CKOIUIeHHs], 3Be3/Ibl-
CBEPXTUraHThl, 00J1aKa rasa U bW, CKOHI[EHTPUPOBAHO K IJIOCKOCTH [alakTHKY, a Ha-
cesnenue tumna Il — 1mapoBble CKOIUIEHMS, IIaHETapHble TYMaHHOCTH, HEKOTOpble 3Be-
30BI-TUTAHTBI U AP. — K ee LeHTpY, 00pasys chepounanbHoe rano. O6beKTsl HaceneHus [
06parnaTcs BOKPYT IeHTpa [amaKTUKU «CTPOMHBIMU PSIIaMU», B OJJHOM HarpaBJIeHNH,
[0 MOYTH KPYroBbiM opburtam (kak rwianeTsl ComHeuyHoi cucreMsl). OObEKThI Hacese-
Hus [[ ABUKYTCS 1O BBITAHYTHIM OpOUTaM, Xa0OTUUYECKY OPUEHTUPOBAHHBIM K 9KBATOPY
lanaktyky. BeiscHUIIOCH Takke, UTO JIBa THUIIA 3BE3HOTO HACEeJeHUsl PA3INYyaroTCs He
TOJIbKO KMHEeMaTHKOM U pacnpejesneHueM B npocTpaHcTBe. CofepykaHue TSKebIX dye-
MEHTOB y 06beKTOB HaceneHus Il 0ka3anoch B COTHU pa3 MeHbIIle, ueM y HaceaeHus L.

Co3panue x xoHIy 1950-X IT. TeOpUH 3BE3AHON IBOJIIOLMH [T03BOINIIO OLIEHUTDb BO3-
pacrt 3Be3n. Y HaceneHus Il oH cocraBnsieT okono 10—15 mipp seT, Torzna Kak y noaasis-
I0111eT0 GOJIBITUHCTBA 0OBEKTOB [IMCKA HE MPEBBIIIAeT 8 MIIP/ JIET U MOKET ObITh CKOJb
yrofHo Mas. VIHbIMU C/IOBaMH, TOJIbKO B [MCKe HAOIIONAI0TCs MPU3HAKK 3Be31000pa-
30BaHUS, MAYIIEr0 Ha HAIIKX [71a3aX B ra30BO-MbUIeBbIX 001akax. ComepikaHue semMeH-
TOB TSDKEJIee rejivsl y BCeX 3Be3[| HacesaeHus | «HopmasnbHoe» (6IM3K0e K CONHEUHOMY)
HWMEHHO TOTOMY, UTO OHU 06Pa30BalUCh M3 Ta3a, ke 0OOTalleHHOTO ITHMU 3JIEMeH-
TaMU I[IPYU BCIBILIKAX CBEPXHOBBIX IEPBOTO MTOKOJIEHHUs. BOBIIMHCTBO CIUpaIbHBIX ra-
JIAKTHK, BUZIUMBIX C pe6pa, YETKO MMOKA3bIBAET TIOCKYIO TUCKOOOPA3HYIO CUCTEMY TONTY-
ObIX (MOJIOIBIX) 3BE3M U ra30BO-MbUIEBEIX 00IAKOB, a Takke cHeporganbHYI0 CUCTEMY
3Be3fl ¥ IIAapOBbIX CKOIJIEHUI, CKOHLIEHTPUPOBAHHBIX K LIEHTPY TaJlaKTUKU. DJUUNTHU-
YecKHe TaJaKTUKU COCTOAT MOYTU MCKIIOUMTEIbHO U3 00beKTOB Hacenenus Il a B He-
MpaBUIbHBIX FaJlaKTUKax npeobiagaer HaceaeHnue I [[puunHy 9TOr0 HaM elile mpeacTo-
UT TIOHATE.

Bce wno xopouwo...

Takum obpasom, k cepequie XX B. ObUT 3a105KeH DYHAAMEHT HAIIMX MPe/CTaBIe-
HUH O pUpoZe 3Be3f, O CTPOEHUM rajakTHK U BcenenHoii B nesom. B 1952 r. Hauwia
pasperiieHue, Ka3anoch Obl, TTOCIEHASA cepbe3Has nmpobrema acrpoHomui. Ee cyTh 3a-
KJII0Yaiach B TOM, UTO COIJIACHO HaiijeHHoi Xa6610M B 1929 . cKOPOCTH paciIUpeHus
BcesieHHOII BCe BeleCTBO OKOJIO 2 MJIPA JIeT Ha3aj ObLJIO COCPeOTOYEHO B TOUKe Oec-
KOHEUYHO OOJIBIION TJIOTHOCTH, BO3pacT BcesleHHOM mpu 3TOM MOTy4ascs Hermpuemsie-
MO MaJIbM — MeHbllle Bo3pacTa 3eM/IH, U3BeCTHOIO U3 reoyIorMy. 3HaYeHre ke MoCTo-
suHOM Xab0sa, naroneii «Bo3pact BceneHHON», Onpeesiioch Ha OCHOBE PAacCTOSIHUIA
raJaKTHK, BEIYMCIEHHBIX [0 CBETUMOCTAM nedeus! 1 UX BUAUMBIX 3BE3[HBIX BETUUMH.
Ledeunap! uccneoBanuch B OMM3KKUX alaKTUKAX, TJI€ OHU JOCTYITHbI KPYITHENUIIUM Te-
JIecKonam.

! TogpoGuee o Hux cM. c. 165.
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B 1952 r. B. baaze B pe3ynbrare uccinefoBaHUl raJakTHKA AHApOMenbl Ha 5-Me-
TpoBoM [lasomapckoM pecdreKkTope mpHIen K BBIBOAY, YTO CBETUMOCTb Lieden]| Ipu-
MepHO Ha 1,5 3Be3/(Hble BeJIMUKHBI Bhillle, ueM cuntayn Xab0/. BoigBuiack u ere oqHa
omubKa KIacCuKa: pacCTOSIHUS JI0 IANEKUX IallakTUK OH OTPeIessiyI, U3Mepsis IPKOCTh
MX SIpyakIIMX 3Be3Zl, HO MHOTHEe U3 HUX OKa3a/JriChb KOMIIAKTHBIMU 3Be3JHBIMU CKOILIe-
HUSIMH, CBETUMOCTb KOTOPBIX HAMHOTO 00JIblile, YeM MHANBUYaIbHBIX 3Be3/. B pe3ysb-
tare BMecto 500 kM/(c-Mnk), kak 6buT0 y Xab671a, MOCTOSHHAS €r0 UMEHU COCTaBHIIA
npumepHo 50-100 km/(c-Mrk), a BospacT Becenenno#t yBenuumics o 15-20 mupg net.
K aromy BpemeHu 6bUIO Y3Ke SICHO, YTO BO3PACT CAMbBIX CTAPbIX 00bEKTOB HaceaeHus [I —
IIAapOBBIX 3Be3[IHBIX CKOIJIEHHI — coctasiser okono 10-15 mapa net. B xapTtuHe 3Bo-
JIOLUU 3BE3JI, TAJIAKTUK U BcesienHoit 6osibiiie He ObLIO MPOTUBOPEYHH.

3aBepurenuve sTa KapTuHa monydnna B 1965 r., korga 66110 00HAPYKEHO MUKPOBOJI-
HOBOe (P)OHOBOE M3JTyYeHUe, PeIUKT IepBOHAYaIbHOIO FOPSIYero COCTOsIHUSI BeenleHHOM.
OHO BO3HUKJIO B MOMEHT OT/eJIeHUS BEllecTBA OT M3/yueHUs, KOIJa ero TeMiepary-
pa cocrtasnsia okono 4000 K, Ho HelHe U3-3a paciuupeHus BceneHHO! OHa yMeHbIIN-
nach 1o 2,7 K. [logTBepkAeHHas 3TUM OTKpBITHEM KOCMOJIOTHYecKasl MoJiesib IIepBoHa-
YaJIbHO TopAuel paciupsonielica BeeneHHol 00bsICHUIA, TOYEMY JIaXKe B CAMBIX CTa-
pbix 3Be3gax Hacenenus Il Habmomaercs: Boicokoe (25-30% mo Macce) cofepkaHue re-
nvst: OH 06pa30BasICs B OCHOBHOM ellle B [I03BE3/IHOM Ta3e Ha PaHHed CTafuu paciiu-
penust. BriocnencTBuy HavasbHble GIYKTYA[MK JIOTHOCTH Pa3BUJIMCh B ITPOTOCKOILIe-
HUS TaJIaKTHK.

OTKpBITHE DPEIMKTOBOTO H3JyYEeHHUS MOATBEPXKJATI0 KOCMOJIOTMYECKYI0 MOesb
A. A. OpunmaHa, OCHOBaHHYIO Ha TeOpUM rpaBUTanuu OiHmTelHa. Kasanocs, uto oc-
HOBHbIE TPOOIeMbl aCTPOHOMHUY PeLIeHbL.

CTapoe «06/1auK0» — TeMHas Macca

TTpaBaa, ocTaBasoch 00J1aUKO COMHEHHUH, 3apO/Iblill KOTOPOro BO3HUK ere B 1933 1.
HblHe 0HO pa3pocioch B TUTAHTCKYIO MPo6aeMy HeHaOII0IaeMOoM, HO TPaBUTHPYIOLIEH
Marepu, 00IIyI0 U 7ist GU3KUKU U [UIs aCTPOHOMUU. A HeZlaBHO K Hell mpubaBuiach u
npobiemMa «TeMHOM IHepTrUm».

B 1933 r. ®pur LIBuKKU 0OGHAPYKUII, UYTO CKOPOCTU XAOTHUECKOTO [BHKEHUS Ta-
JIaKTUK B CKoruieHuu Bosoc Beponuku coctaenstor okono 1000 xm/c. Eciu npeprmo-
JIOXKUTD, UTO TAJIAKTUKU B CKOIUIEHWH ABIDKYTCS CTAlIOHAPHO, YTO CaMO CKOIUIEHHE
He pacIIMdpsieTcsl U He CXKUMaeTcs, TO M0 CKOPOCTH IBMW)KEHUS TajlakTUK HeTpPYAHO
BBIYMCIIUTD IMOJHYI0 Maccy CKOIUIeHHs, 4To U chenan LiBukku. PasmenuB maccy cko-
IUIeHUsl Ha YMCJIO0 Fa/lakTHK B HeM, OH HallleJl CPeJIHIOI0 Maccy, IPUXO/SIIYIOCs Ha Ofi-
Hy ranakTuky. OHa OKasajach 3HAUUTENILHO OOJIbIIE, UM CJIEJOBAJIO OKU/ATh, KCXO/S
M3 KOJMIMYECTBA 3Be3[l B TAJAKTHKAaX. L[BUKKM He MOT HaiiTH 0OBACHEHHIT 3TON CTpaH-
HOCTH, GOJIBIIMHCTBO K€ acTPOHOMOB B0OOIe He 06palaso BHUMAaHUs Ha 3Ty MPO-
Gremy.
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Opnaxo yxe c koHua 1930-x rr. Ha-
YyaJid NOSIBASTLCS NPU3HAKU TOTO, YTO
HeHab/I0jaeMoe  BeIleCTBO MMEeeTCa
He TOJIbKO B CKOIUIEHHUSX, HO ¥ B UHAU-
BUJYya/IbHBIX rajiakTukax. Ha aTo yka-
3bIBa/IM BBICOKHE CKOPOCTH BpallleHusl
JIMCKOB IaJIaKTUK Ha OOJIbIIINUX PacCTO-
SIHUSIX OT LIEHTPa, TaM, IJe 3Be3f yxe
He BugHo. B 1974 1. [Ix. Octpaiixep
n JIx. [Tubac ¥ He3aBUCUMO OT HUX
S. DiiHacTO M ero COTPYOHUKU IpU-
IIJTU K BBIBOZLY O CYIIecTBOBaHUU Y ra-
JIAKTHUK OOIIMPHBIX KOPOH U3 TEMHO- Puc. 10. ®puy Lisnkkn (1898-1974).
TO BelllecTBa, cofepxarux okosao 90%
Macchel ranakTuku. Takum 06pa3oM, 3HaYeHNsT MacC Ta/lakKTHK C/Ie0BaJI0 YBEIUYUTD Ha
nopsifok. [Ipy 3ToM cpasy cTano MOHSITHO, I0YeMY CKOIIJIeHHs IaJlakTHK OCTaloTCs rpa-
BUTAIMOHHO CBSI3aHHBIMY, HECMOTPS Ha OOJIBIIYIO CKOPOCTDb JBH)KEHHS WX UJIEHOB, a
TaK)Ke — KaK 3T CKOIUIEHUS VIePKUBAIOT BHYTPU cebsl upe3BbluaiiHo ropsiumii ras, 06-
HapY’KEHHbIA B Te K€ IO/Ibl 110 HABGIIOEHUAM B PEHTTEHOBCKOM [IHaIa30He,

O[HaKO UTO >Ke ABISETCS HOCHUTENeM HEeBUIMMOM Macchkl B ranmaktukax? [Ipobie-
Ma «CKpBITOM Macchl» 10 CHUX TIOp He pellleHa, XOTsI IPaKTUUeCK! BCe YBePeHBI, UTO 3TO
He 00bIuHOEe GapUOHHOE BellecTBo. SICHO, YTO Oe3 MOHMMAaHMUST IPUPOABI 3TOTO BEIECT-
Ba IOIBITKY TIOCTPOUTb TEOPUIO ITPOUCXOXK/IEHHS TalaKTUK HAlIOMHUHAIOT TOMBITKH CO-
3[aTh TEOPHIO UCTOUHMKOB SHEPIUHU 3Be3 JO OTKPLITUS SiepHbIX peakuuii... Hy uTo X,
npujeTcs nopoxaarh. [louckn Helitpuno ot CosHLA 3aBepIUIMIACh YCIIeXOM JIMLIb I0-
cie 30 et pabOThI MOA3EMHBIX «<HEUTPUHHBIX TEIECKOIOB». Bynem TepresuBo mpoaos-
’KaThb IIOMCKY HOCUTe el HeBUAMMOI MaccChl.

Matb npo6aem Lknosckoro

B 1979 . U. C. lIknoBCKMiA OMy6IMKOBaI CTaThio «BTOpas peBomonus B aCTPOHO-
MUU MOAXOAUT K KOHIY». B Hell oH mucai: «Bmoxa ,0ypy 1 HaTUCKA“ B aCTPOHOMUH, CBS-
3aHHAas CO BTOPOW PEBOJIOLKEH, TOAXOJUT K KOHIY».

[MepBag peBosmonust Obina cBs3aHa ¢ umeHamu Komepuuka u Tanumnes;, ¢ Bospo-
JKIeHHeM U BeJIMKUMU reorpaguuecKMMy OTKPBITHSIMH, BTOpas — C HAy4YHO-TEXHU-
yeckoil peBoustonuedt XX B, C pasBUTHEM 3JeKTPOHUKHU. BceBOMHOBas acTpPOHOMMS
BCKpbUIa IIPUPOAY 3Be3f U sjiep rajJakTHK, IpUHec/ia NoHMMaHue BceseHHO!H BIUIOTD
[0 caMbIX OTfaneHHbIX BpeMeH. Ho BakHee Bcero, nucan llIki0oBcku, To, 4TO «reHe-
pa/IbHBIH TI/1aH, B3aUMOCBS3b O0OBEKTOB, a IJIABHOE — WCTOPHS PA3BUTHS, MOHSITH U
mepeluid B KaTeropuio abCoOMOTHbIX UCTHH. Bo BceneHHo#t HeT Takoro ¢pyHmameH-
TaMbHOTO (aKTOpPa, KOTOPHIH, OYAyUM OT HAC CKPBITHIM, ONpeenseT GU3MYecKue yc-
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JIOBUS B KOCMHYECKUX oObektax. [[OCTUTHYTHIA B Ha-
crosiiee BpeMsl U3MKON ypOBEHb MO3HAHUS CTPYK-
TYpbl MAaTePUH MPUHIUITUATIBHO JOCTATOUEH /st 00b-
SICHEHWSI TIOYTU BCeX sIBIeHWH BO BceneHHo# (kpo-
Me CHUHTYISIpHOCTH)». OH OTMeuvas [ajee, 4TO KaXKaoe
Ba)KHOe sIBIeHMe BO BcesleHHOI CBs3aHO C si/iepHbI-
MU IIpoLieccaMy, a aCTPOHOMHUS [10JITOe BpeMsl yCIeLl-
HO pa3BUBa/ach, He MoA03peBast 06 3Tom. Takas cuTy-
anus Gonbllie He MOXeT moBTOpUThCs: «Hu omHO U3
GyMyIIUX OTKPBITUN (QU3MKMU... HE U3MEHHT CKOJBKO-
HUOYIb PafUKalbHO Ty KApTUHY CTPOEHUS U Pa3BU-
s BcenmenHoii, kotopast 6buta co3zaHa B pe3yibTa-
Te BEJIMKUX OTKPBITUI BTOPOU PEBOJIOLMU B aCTPOHO-
mun. He MoskeT GbITh GOJTbIIIe TaKO# CUTYAIUH, YTOOBI
B pe3ysbTare Kakux-Tub0 OTKPHITHII B (U3MKE MUD
Puc. 11. W. C. LLiknosckuii 0Ka3aJicsa COBCEM He TaKMM, KaKUM MBI ero cervac ce-
(1916-1985). Ge mpencTaBisem».
JTO OKaszasnock He Tak. OnmucaHue MpoCTPaHCTBEH-
HOU CTPYKTYpbl BeesleHHOM AelcTBUTE/IbHO 3aBepllieHo pa3 u HascerAa B XX B.; AMe-
PHUKY HeJb3s OTKPBITE ABaKabl. Ho uto ckaszan 6e1 Mocud Camymnosuy, ecnu Obl y3HaT,
YTO JIUIIb O 5% MJIOTHOCTH 3HEpruu BeeseHHOM Mbl MOXKEM CKa3arh, 4eM OHa 0OYCIIOB-
nena? He 3HauuT /111 9TO, YTO MUP OKAa3asCs Y BIPSIMb COBCEM He TaKUM, KAKUM MbI €r0
npencrasnsiu cebe B 1979 1.2

B 1979 . U. C. IlIk70BCKMit HAa3bIBA ATH KPYIHEHIINX HepelleHHbIx mpobiem. [Tpe-
KJle BCETO 3TO CYILEeCTBOBAHME JPYrUX IIJIAaHETHBIX CUCTEM, O KOTOPBIX B Te TOJbl HUYe-
ro He 6bUT0 u3BecTHO. B 1995 r. Gb1a OTKpBITA EpBasg BHECOJHEYHAd MJIaHeTa, Ceiuac
(2021 r.) ux usBectHo okoso 5000. CBepiieHre BEKOBOW MeYTHl aCTPOHOMOB 0Ka3aloCh
ZIeJIOM TeXHUKH...

Bropas u3 «ipobiem IIIKI0BCKOro» — CyIIeCTBYeT /v BHe3eMHOM pasym. OTKpbI-
THe JIPYTYX IUIaHEeTHBIX CHCTeM, KOHeUHO, 1aeT HOBBIe HazleX/1bl, HO U TosbKo. Hukako-
ro Iporpecca 3/1eCh HeT, XOTS MPOJO/IKATCSA U PaAnoHabIaeHus, U Bce 6onee riy6o-
KO€ OCMBICJIEHVE CUTYaluu. DTO IeHCTBUTEIBHO pobiemMa pobiieM, TeCHO CBA3aHHASA
C TOPU30HTOM HAIIIEr0O 3HAHUS U CyAbOOit YesoBeyecTsa.

Tpetbst mpobemMa — CylecTBOBaHHE BO BceseHHOM «CKpBITOM» Macchl. Kak yxke ro-
BOPUJIOCh, €€ Ha/IM4Ke TBEPAO YCTAHOBJIEHO, XOTS MPUPO/ia COCTABIISIONINX ee 00beK-
TOB IIOKA He OIpejesieHa. BbISICHSIETC s, UTO «TeMHOe XOJIOHOe BEIEeCTBO» COCTABIISIET
10 Macce MOYTH TPeThb COLEeP>KUMOro BceneHHOM.

Yereeproii mpobaemoii Y. C. [lIknoBckuil Ha3Basm HEOOXOAUMOCTD [TOJIHOTO TIOHUMa-
HUS QU3UUECKUX TIPOLIeCCOB, UAYLIMX B aKTUBHBIX sApax rasakTuk. OH oTMeuas, 4yTo B
061X YepTax KapTHHA y)Ke CYIIeCTBEHHO MPOSCHUIACh — ¥ ObLT IpaB, roBops 00 ak-
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KpeLrH Ha CBepXMAaCCHUBHbIE YepHbIe JbIPhI KaK 00 UCTOYHUKE SHEPrUu sfep ralaKkTHK.
HelHe Hanmuuue Takoi «AbIpbl» ¢ Maccoi 0koso 4 MiH M, B IleHTpe Hauei [anakTuku
IIpaKTUUYEeCKU A0Ka3aHo. He MeHee ueM B Tpex COTHAX ffep APYTUX TalakTUK TakKxke
Hali/leHbl MPHU3HAKU CYLIeCTBOBAHUS YEPHBIX JbID.

«V1, HaKOHell, COBEpIIeHHO OTKpbITa QyHAaMeHTanbHasa MpobaeMa CHHTYISIPHOCTH
Bcenennoit». Cepbe3Hoe MpojiBrKeHre B pobieMe 9BOJIONUY BceneHHoi, 10 MHEHHIO
W. C. lIknoBCKOrO, — /€10 CPaBHUTENbHO OTAaseHHOro Oyayutero. «KTo 3HaeT — Mo-
KeT ObITb, 3TO U OyZEeT ITIaBHBIM COfiep)KaHUeM TPsAyIell TpeTbeil peBOMIOLUK B ac-
TPOHOMHUU?»

[Toxosxe, uto B 1998 1. 3Ta peBooLXs Hayanach.

HoBas kocmonorus

[lo HeaBHUX MOp paciMpeHre BceneHHON 0cTaBanoCh BaKHEHIINM U CaMbIM Heo-
JKU/IaHHBIM M3 BCeX OTKPbITUI acTpoHoMuu. OfHako npuiesniee K KoHIy XX B. IIOHU-
MaHle TOTOo, YTO Mbl He 3HAeM, ueM HaroiHeHa Bcenennas, — eie BaxkHee, 100 MOXKET
W3MEHUTDb U U0 Gu3nKu Boobile. U 1eno He TONMbKO B MOCTENIEHHOM MPU3HAHUM CY-
I1[eCTBOBaHMS BO BceeHHOI rpaBUTHpYIOLIeit Macchl HeM3BeCTHO npupozbl. CoObITHH,
HayaBLIMXCS B KocMosioruu B 1998 1., HUKTO He npeaBuUier.

Ha ocHoBe co3aHHO# UM 0011eit TeOpHUU OTHOCUTEIBHOCTH A, DitHinTelid B 1917 1.
nocrpow1 GU3UKO-MaTeMaTUYeCKyl0 Mo/ie/lb MUpa — BEYHOI'O U B 11eJI0M HeH3MeHHOr 0.
Jlabbl MPOTHUBOCTOSITh BCEMUPHOMY TSTOTEHHIO, DHHINTENH BBEJI B CBOI MOJEIb KOC-
MOJIOTMYECKYIO KOHCTAaHTY (1AMO/a-uieH), BEJIMUMHY U 3HAK KOTOPOU MOXKHO TOJ0-
Opath TaK, 4ToObI HU KOJUIAIICa, HU paciuupenns Mupa He npoucxonuio, Becenennas B
11e/I0M OCTaBa/ach CTAaTUYHOM. []es10 OBIIO OTHIO/b HE TONBKO B 3CTETHYECKOI MpHBIIE-
KaTeJIbHOCTH MOJIEJIU BEUHOM caMonoo0Hoi BcenenHoi. DifHINTeMH onmupascs Ha ac-
TPOHOMHUECKHE [aHHbIE CBOETO BPEMEHU: CKOPOCTH 3Be3Z ObIIM HEBEeJIUKU (HedcTBU-
TeJIbHO, Ha NIpeo/j0JIeHre PacCTOsIHUS, paBHOTO CBOEMY JUaMeTpy, 3Be3/ia 3aTpauuBaeT
B CpelHeM Ilesible CYyTKU — OTHOCUTEJIbHO CBOUX pa3MepOB YIUTKA ABUXKETCS B THICS-
uy pas OeICTpee), U KpoMe 3Be3HOu cuctembl Mieunoro Ilytu — «Bcenennoii Kamreit-
Ha», — B MHpe HAYero Her...

[Tocse oTKpbITUA pasberaHus raJakTUK HEOOXOJUMOCTb B KOCMOJIOTHUECKOM uJie-
He OTnasa: BceseHHas okasanach He CTaTUYHOM, a pacluupsomnieiicsa. Beegenue kocmo-
JIOTMYeCKOM OCTOSIHHOW DHHIITEHH HAa3bIBAJI CBOEN camoii rpy6oii omunbkoit. OxHako
Terepb Mbl TOHUMAEM, YTO OMMOOUHBIM OBIIO JIUIIE TIPUAAHKE 3TOM MOCTOSHHOMN 3HA-
yeHwsl, HeOOXOMMOTO JIJIsl CTaTUYHOCTU BeesenHoi. B 1iesiom ke mpepnonoxenve DifH-
HmITefiHa OKa3aJoCh B IPHHIUIE NpaBUIbHBIM. CylecTBOBaHNe HeKOel CHIbl aHTUrpa-
BUTALlUM, KOTOPAst B IPOTUBOOOPCTBE C OOBIYHBIM TATOTEHHEM YIIPABISET AUHAMUKOM
BcesneHHOI, ObUTO HEABHO [0KA3aHO. BOMBIIMHCTBO CHELUaanCTOB YBEPEHO, UTO OHA
COOTBETCTBYET KOCMOJIOTMYECKOMY JIIMO/Ia-WieHY B SMHIITEHHOBCKOM YpaBHEHUH Ipa-
BUTALIMOHHOTO TTOJIA.
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3HaueHHe KOCMOJIOTMUECKOM MOCTOSHHOM MO3BOJNMIN HEAaBHO OMpefeIUTb Ha-
OMIofIeHNs ATIEKUX TATAKTUK. BeIGop Mexay mMozensamu BceneHHOM MOXKHO Cienath,
M3y4YMB 3aBUCUMOCTb MEXJY KPacCHBIM CMellleHHeM JIMHUM B CTIeKTpe U pacCTOsIHHuEeM
JaeKux 0O'bEKTOB: MPU OOJBIINX KPACHBIX CMEIIEHUSIX [OJKHBI MOSIBUTHCSI YKIIOHE-
HUsI OT JIMHEeMHOro 3akoHa Xab6ia (T. e. U3MeHeHHe «[I0CTOSAHHOM» Xab6ma Bo BpeMe-
HU), KOTOpbIe 0JIXKHBI yKa3aTh, Kak UIMEHHO, — YCKOPEHHO, paBHOMEPHO UJIU 3aMe[ijIeH-
HO, — uzeT paciuupenue Beenennoit. OCHOBHAs TPYAHOCTD CBsi3aHa € HEOOXOUMOCTHIO
HMETb HaJIeKHbIE JAHHBIE O MAaKCUMAJIbHO JAleKUX 0ObEKTax C W3BECTHOM CBETHMO-
CTBIO, @ TAK)Xe B ONIpeJieJIeHHH 3TOM CBeTUMOCTH M TeM CaMbIM — PacCcTOsIHU. [losroe
BpeMsl e[IMHCTBEHHbIMU 00beKTamu, Gosiee WM MeHee YIOBIETBOPSIONIUMU 3TUM Tpe-
60BaHUAM, OCTABAIUCH SIpUAMIlie TATAKTUKY B OOraThIX CKOIUIEHUSIX.

B 1980-e rT. cTano BBISICHATHCS, YTO OPas3fo AYYLIMMU «CTaHAAPTHBIMU CBEYaMK»
MOTYT CTY)KUTb CBepXHOBBIe TuIa la. B Makcumyme 6ecka OHH UMEIOT OYeHb BBICOKYIO
CBETUMOCTD (aOCOMIOTHAS 3Be3AHAs BelIUYHHA OKOlMo —19™ 1), Grarofapst uemMy BU/IHBI
Ha 6obinx paccrostHusx. Ho elile BakHee, UTO B Ky/IbMHUHALNK BCIIBILIKY BCE OHU UMe-
IOT TIOYTH OIMHAKOBYIO CBETUMOCTD, KaK 3TO TIOKA3a/IM MX HAOMIO/IEHUS B JOCTATOYHO
OMU3KUX raakTHKax C M3BECTHBIM PacCTOsHUEM. DTH CBOMCTBA CBEPXHOBEIX la npuBie-
KJIM BHHMaHUe KOCMOJIOTOB, U He HalpacHO: M3yueHue NaJleKUX CBepXHOBBIX [IPUBEJIO
K BbIBOAY 00 ycKopeHuu pacivipenus BcenenHoit. CriencTBUS U3 3TOTO OTKPBITHS BbI-
XOZISIT 32 paMKU KOCMOJIOTHH, OHH MOTYT IIOTpeOOBaTh PafiMKaIbHOr0 pa3suTus Gpusu-
YEeCKOW TeOpUM.

Ycrmex mpuiien ofiHOBPEMEHHO K IBYM KOMaHzaM yueHbrx. OfiHa u3 Hux 6bu1a cdop-
mupoBana B 1988 r. B HarponanbHoit maboparopuu um. Jloyperca B CLIA u coctosiia B
OCHOBHOM K3 (pu3uKOB, ee Bo3raasui C. [lepamyTTep; Ipyryio KoMaHAy, M3 aCTPOHOMOB,
BosriaBui B 1994 r. B. lmuar u3 obcepsaropuit Mayut-Crpomiio u Caitausr-Cripusr
(ABcTpanus). HabmomeHus Benuch Ha KPYMHENIINX Teseckonax Mupa. B susape 1998 r.
KoMaH/a (pU3MKOB IIepBOil 00bABUIA, HA OCHOBAHWK [AHHBIX O 42 CBEPXHOBBIX, UTO BO
BceneHHol AOMUHUPYET aHTUTPAaBUTALMS, TaK UTO B COBPEMEHHYIO 3M0Xy BceneHHas
pacimpsieTcs ¢ yCKopeHHeM. Bckope K aHaIOrMYHOMY 3aK/TIOUEHHIO MpHIIa U Hosee
OCTOpPOXKHAs1 KOMaH/la acTPOHOMOB, KOTOpasi, OJJHAKO, TIepBOii omybirMKoBasa noapob-
HYIO CTaThio. 3Be37 y Hee ObI/I0 MeHbIlle, HO MEeHbIIIe ¥ 3HAYeHHsI OMIHOOK.

[lanexkvie CBEpXHOBbIE OKa3aIMChb CHCTeMaTHuecKd Oosee caabbIMH, YeM OXHfa-
JI0Ch TI0 JIMHEWHOMY 3akoHy Xab6sa, 1 3T0 03Hauasno, 4to Bcenennas paciuupsiercs ¢
YCKOpeHHeM. JTO paBHOCHJIBHO YTBep KeHUIO, YTO KOCMOJIOTHYecKasi IOCTOSIHHAS He
paBHA HY/IO, a UMeeT IOJIOKUTeNbHBIM 3HaK, M 3TO SKBUBAJEHTHO CYIECTBOBAHUIO
KOCMUYECKOH aHTWUrpaBUTauuy. Pesynprar omenomistomuii! B Te roabl oH Kasancs —
a HEKOTOPBIM KakeTcst M ceifyac — HeBeposATHbIM. OOyCIOBIMBaIOIIAA AHTUTPABUTA-
LIUI0 «TeMHasl SHeprus», CKopee BCEro, CBsS3aHa C OTpHULaTe]bHbIM JAaBiaeHueM ¢usu-

! Nupexc m (ot magnitude) o3HayaeT 3Be3[HYIO BEIHIUHY.
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YeCKOro BakyyMa, IJIOTHOCTb KOTOpPOrO Telepb U3MepsieTCsl aCTPOHOMUYEeCKUMH Me-
TOJAMMU.
[Mocneayroriue HabGMIOIEHNS TTIOATBEPAMUIN TIEPBbIE€ BBIBOJbI U TOKA3AIU TAKKE —
Ha 3TOT pa3 B COOTBETCTBUU C OXXUIAHUSIMU, — YTO CaMble [jaJleKrie CBEPXHOBbIE YKJIO-
HAIOTCS HE BBEPX, a BHU3 (B CTOPOHY OOJIBIIEH SIPKOCTH) OT JMHEHHON 3aBUCHMOCTH
6recka OoT GOTOMETPUUECKOTO PACCTOSHUA. DTO 03HAYAET, YTO B emie Gosee panexvie
BpeMeHa BcesieHHast paciiupsiach ¢ 3aMefiJieHeM — IIOTOMY UTO B Te BpeMeHa OHa Obl-
na Oosee IJIOTHOW Y rpaBUTALMS ellle TOpMO3uiIa paciivpenue. [lobena aHTUrpaBUTa-
LMY HaJ| TATOTeHWeM CBeplInIach 0K0JI0 6 MIpZ JieT Has3as,
JlaHHbIEe O CBEpXHOBBIX B JajleKUX rajlakTUKax M IapaMeTpbl IPOCTPaHCTBEHHBIX
(ayKTyaluit peMKTOBOrO M3/1yueHus NIPUBOJAT K TaKUM BHYTpPEHHE COIVIaCOBAaHHBIM
IaHHBIM O Hamel BceneHHOI:
¢ HbIHelIHUH Bo3pacT Bceenennoit cocrasnsier 13,8+0,04 mupa ner;
e mocrosguHas Xab6ma Hy=678+0,8 km/(c - MIk);
* OTJieJIeHHE BelecTBa OT U3My4YeHHUs («IIpOCBeT/IeHHe») IPOU30LUIO IIPY BO3pacTe
Bcenennoii 370+15 ThIC. 11€T;

¢ BcesneHHas 1u10cKas, T. €. 3BK/IMI0BA: CyMMa YIJIOB B TPeyrojbHUKe Ha BCeX Mac-
mrabax paBHa 7. CpefHss IUIOTHOCTh BeesleHHO!N paBHA KPUTUYECKOH, 1 OHA Oy-
JIeT PacLIMPSTHCS BEUHO;

* TeMHad 3Heprus, 06/1a/1ar0Ias CBOMCTBOM aHTUTPABUTAIINY, BHOCUT B IIOTHOCTh
sHepruu BcesneHHOU BKaz, paBHbIN 68%;

* BKJIA/] HEHAOJI0IaeMOT0 TPABUTUPYIOIIETO BEIeCTBa paBeH 27%;

* BKJIaJi OAPMOHOB COCTaBJsAeT 5%, B TOM UuCiIe 38e31 — MeHee 1%.

AcCTpOHOMY €O CTa)keM HeJIerKo [10BepUTh B IOCJIe[HKe ITYHKThI 3TOro ciucka. Ha
CTOJIb JIOOMMbIE HAMH 3BE3JIbl, KOTOPbIE Mbl COBCEM HEIaBHO CUMTAIM CAMbIMM BaX-
HbIMM 00'beKTaMu, IpuxoauTcs He Gornee 1% maccel Beenennoit. Bonbimas monsg 6apuo-
HOB — 9TO TOPSIUMiA ra3, HabIJaeMbIil 10 er0 PEHTTEHOBCKOMY U3JYUEHHUI0 B CKOIUIE-
HUSX TAIAKTHUK. Bipouewm, mouTtu Bce Hamm 3HaHus 0 Beenennow, B Tom uucie u 06 ee
CKPBITOI OT IJ1a3 COCTABJIAIOIIEH, TPUIIUTH UMEHHO OT HaOJII0/IeHNi 3Be3/1: OHU COCTaB-
JISIIOT BEPIIUHY «aiicOepra», M0 KOTOPOU OOHAPYKMUBAETCSI CaMO €ro CYIeCTBOBAaHMUE.
KTo MoeT Tenepb cOMHeBaThbCsl, YTO aCTPOHOMUSI CHOBA, Kak BO BpeMmeHa [anuies u
HbloTOHA, CTAaHOBUTCS JTMIEPOM eCcTecTBO3HaHUS? TeecKombl IpeBpaTUIuCh B UHCTPY-
MEHTBhI He TOJIbKO aCTPOHOMMYECKOro, HO ¥ (PU3NYEeCcKOro UCCieJOBaHUsl.

YepHble abipbl

YepHBIMU JBIPAMH, COTJIACHO TEOPUH, CTAHOBATCS MCTOIIMBIINE CBOM MCTOUHUKHU
SHEepryu 3Be3[Ibl, MacChl KOTOPBIX MPEBBILAIOT 3 M. YBUETh UX Heb3s IO Olpesese-
HUIO: TPABUTAIMOHHOE TI0JIe 3TUX 0OBEKTOB HE BBIMYCKAET JjaXKe KBAHTHI CBETA, — HO
MOKHO KOCBEHHO y3HAaTb 00 UX CYIIIeCTBOBAHUH 10 IPABUTAIMOHHOMY BO3/EACTBHUIO HA
cocenuue 06beKThl. HeiHe B Hamel [anakTyke HacuuThIBaeTCsl 0K0Io 20 KaHAWJATOB B
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YyepHble JbIPbI 3Be3JHBIX MACC, a HAIMUKe CBePXMACCUBHBIX (B MU/UTHOHBI Macc CoHLIA)
YepHBIX JbIp 3aM0[03peHo B aapax npuMmepHo 300 ranaxkTuk, BKIouas U Hamy. [lapato-
1 Ha YepHYIO AbIpy ra3 o6pasyeT BOKPYT Hee OBICTPO BPALIAIINICS AUCK, B3AUMHOE
TpPeHHe CJI0eB B KOTOPOM NPUBOAUT K HarpeBy U MOILHOMY DEHTTeHOBCKOMY HU3jyue-
HUIO. B3anMogzelicTBre BpallleHus 3TOr0 JUCKA U 31eKTPOMAarHUTHBIX T10JIeH TPUBOJUT
K TOMY, UTO U3 €ro IOJIFOCOB Y YePHBIX [IbIP BCEX MacC BEIOPAChIBAIOTCS Ha CYOCBETOBBIX
CKOPOCTSIX y3KMe IOTOKHU 3apsKeHHBIX YaCTHUIl — JPKeThl, HecyIlye OrpOMHYI0 SHEpTHIO.
/13 HEKOTOPBIX S/l ralakTUK UCTEKAIOT J)KEThI, IPOCTUPAIOILMECS HAa COTHU KUJIONap-
CeK; OHM YacTO 3aKaHYMBAIOTCS B OTPOMHbIX 00/1aKax, U31y4aiolnuX B paAroAHanasoHe.

«[loutn nokasaTesbCTBOM» HAMUMS YepHBIX AbIP B s/Ipax raJakTUK CIy>KaT O4eHb
BBICOKHE CKOPOCTH /IBI)KEeHHS Ta3a B CaMOM LIeHTpe Ta/laKTHK; B LleHTpe ke Halei [a-
naktvky ¢ 1999 r. HabMoaA0TCa 3B€3/IBI, C OTPOMHON CKOPOCTBIO 0OpAIAIoIIuecs BO-
KpYT Hero; ofHa u3 HUX — Bcero 3a 15 jert. [To opbuTam 3THX 3Be3[ MOXKHO OLIEHHUTDb U
Maccy LeHTpaIbHOro 00beKTa — 3 MIH Mg, ¥ pacCTOSIHUE /10 HErO — 7,5 KIIK, UTO JIEXXHUT
B IIpefenax oumrbOoK AyYIINX U3MepeHNH, BHIIOIHEHHBIX TPAJUIOHHBIMU CIIOCOOaMIL.
OreHKH pajinyca LeHTPaIbHOr0 00bEKTa AAK0T JIUIIb er0 BEPXHIO IPaHUILY; OAHO3HAY-
HOTO JI0Ka3aTelbCTBa «UePHOBIPHON» MPUPOLBI LIeHTPaIbHOr0 00beKTa ere HeT, 160
10 TOPU30HTA COOBITHI MBI €llle He JOLUIM, HO CKOPO 3TO OyaeT JOCTUTHYTO C HUCIOJIb-
30BaHHEM KOCMMUECKUX pafuorHTeppepoMeTpoB. Eciu 3T0 1 He [bIpa, TO HEUTO elle
fonee 3arago4Hoe.

M3yueHune uepHBIX OBIP U JKETOB B SIAPAX TalaKTHUK CTABUT [IP0OIeMbl He MeHee
cepbesHble, YeM CYLIecCTBOBaHMe TeMHOW SHepruy WK MaTepuy, 3aMeuaeMoH JUIIb Mo
ee IpaBUTALMOHHOMY BO3/eHCTBUIO. VcueprbIBatoleil TeOPHUHU YepHBIX AbIP, 10 Kpaii-
Hell Mepe UX BHYTPeHHed 06/1acTH, elle HeT, ¥ 3TO OTKPHIBAET IIUPOKHIA IPOCTOP /I
CaMBbIX CMeJIBIX IIPeANoaoKeHUH. UepHble AbIPEl MOI'YT 0Ka3aTbCsl OKHAMU B pyTHe Bce-
JIeHHbIe, B IPyTHe IPOCTPaHCTBEHHO-BpeMeHHbIe U3MepeHUsl.

MHo)XecTBeHHOCTb HeobuTaeMbIxX Mupos

KoHrjernuusa MHOXXECTBEHHOCTH BCeJIeHHBIX (C 60sbInoi GYKBBI yuliie 0603HAYaTh
Ty BceneHHyr0, B KOTOPO# MBI KMBEM) SIBISIETCSI COCTABHOM YacThIO TaK Ha3blBaeMOM
MHQIALIMOHHON KOCMOJIOTHH, COITIACHO KOTOPOM B M3BEYHOM OKeaHe IepBUYHOrO Ba-
KyyMa TO TaM, TO TyT BO3HUKAIOT XaOTH4YeCKue GIyKTyaluy INIOTHOCTH, O4€Hb OBICTPO
pasayBarolyecs Bo BceleHHble. DU3MuecKye 3aKOHBI B HUX U — CTpAIIHO CKa3aTb — Aa-
’Ke MaTeMaTHhKa MOTYT ObITh COBCEM PYTHMMM, UeM B Hairei BceneHHOIA.

[TonyuuTth CBUAETENbCTBA CYLIECTBOBAHUS APYTUX BCEJEHHBIX BpOZe Obl Helb3s
1o onpepjenenuo. [Ipapaa, HEKOTOPble TEOPETHUKU FOBOPSAT O BO3MOXXHOCTH CYILECTBO-
BaHUA COEAMHAIOIINX Pa3Hble BCeJEeHHbIe IPOCTPAHCTBEHHO-BPEMEHHBIX TYHHeJIed U3
BeI[eCTBA, HAXO/SIIEr0Cs] B COCTOSIHUY, 0JIM3KOM K COCTOSIHMIO (PU3MIECKOro BaKyyMa.
[loBeneHvie Ten U U3NMy4YeHHE BOMU3KM TOPIOBUH 9THUX TYHHeIeH MOXeT ObITb MOXO0Xe
Ha NOBefieHHe 00BbEKTOB, HAXOMAIIMKCS HOJ JeliCTBHEM OTPULATENbHON IpaBUTALNY,
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HarpuMep, MOKET HaOJIOaThCs OTKJIOHEHKE CBETa B MPOTUBOMOJIOKHYIO OT OXKHIae-
Moi1 cTopoHy. CKBO3b Takoro poja ropJOBUHY MOXKHO YBUZIETb U BCEJIeHHYIO, HaX0[s-
IIYIOCS HA paHHel CTaJuM Pa3BUTHS, U OHA MOXKeT HAllOMUHATH SIPKOE sIIPO rayiaKkTu-
ku... H. C. KappaieB HejaBHO IpuIles K BBIBOAY, YTO BXOJ, B TYHHEJIb, BeAYIUH B Apy-
TYI0 BCEJIEHHYIO, MOKET 00/1a[iaTh OYeHb CHJIbHBIM PaJiiaibHbIM MAarHUTHBIM I10JIEM
OZIHOTO 3HAKa; HATSDKEHWEe MarHWTHOTO II0JIS1 CIIOCOOHO UrpaTh POJib TEMHOM 3HEPrUu
(c ee oTpuLAaTENBHBIM JaBIeHUEM), YAEPKUBAMOLIEH TYHHEIb OT CXJIOMbIBaHUS. [losB-
JISIOTCS W HAOMIO/[aTeNbHbIe NAHHBIE O CHIbHBIX MAarHUTHBIX TIONSX B OKPECTHOCTSIX
YepHBIX JbID.

[IpencraBrieHue 0 CyIleCTBOBAaHMU MHOECTBA APYTMX BCEJIEHHBIX SIBJISIETCS Heu3-
GeXXHbIM BBIBOJIOM COBPEMEHHOM KOCMOJIOTUM U BMECTE C TEM — CaMbIM 3KOHOMHBIM
00bACHEHVEM TIAPAIOKCa, 3BECTHOTO KaK aHTPOIHBIA MPUHIUIL. B KOHEUHOM cueTe OH
COCTOHUT B YTBEPK/EHUH, UTO HEOOXO[MMa TOHKAasl U TOYHAS COIMIACOBAHHOCTb MHOKe-
CTBa mapaMeTpoB (Harueit) BceneHHOM ¢ BO3MOXHOCTBIO MOSIBJIEHHUS M3YYaIOLIEro 3Ty
Bcenennyio Hamtero pasyma. Ho Befib COBEpIIIEHHO OYEBU/HO, UTO B aHCcamOJie MHOKe-
CTBa BCEJIEHHBbIX MOXXeT HaWTHChb U, IIOCKOJIbKY MbI CYIIeCTByeM, [eiCTBUTEeJbHO Ha-
[IJIOCh MECTO AJIS1 TAKOM M3 HUX, pU3NYecKre 3aKOHbI B KOTOPO COBMECTHMEI C CyIIle-
CTBOBaHHEM CJIOXHBIX CTPYKTYP M, B KOHEYHOM CyeTe, YeJoBeKa, TO eCTb [/ Hallei
Bcenennoit. BesymHOe umcio Jpyrux BceseHHBIX cyinecTByeT Oe3 Habmomareneil. Ha-
BepHOe, KaXk/Ibll YesoBeK B IeTCTBe 3aaBaJiCsl BOIIPOCOM: I104eMy s1 — 9TO UMeHHO {7
[Tocne Toro, Kak COOBITHE CBEPIIM/IOCH, €r0 BEPOSTHOCTh CTAHOBUTCSI PaBHA €UHHUIIE,
KakuMU Obl HU3KMMU HU ObUTH €€ OLeHKH [I0 9KCIIePUMEeHTa. A B TPOTUBHOM CITy4ae He-
KoMy ObI10 ObI ¥ 337aBaTh BOMPOCHL. B Apyrux BCeeHHBIX TaK U CIYUHIIOCH.

Konuennus MHO)XXeCTBEHHOCTH BcesleHHbIX, Kak oTMevaeT H. C. Kappaues, — enus-
CTBEHHOE HEeNPOTUBOpeurBoe 00bsicHeHre Muposnanusa. OHa BO3HUKAeT HEU30eKHO U
B MHQUISIIMOHHOM KOCMOJIOTHH, U B COBpEMeHHO! TeopuU YepHBIX Ablp. OHa JaBHO yxe
BbICKa3biBasiach U ¢usnkamu (M. A. MapkoB u 11p.), 1 nostamu. [lajeko He Bce Creny-
aJIMCThl ee IPUHUMAIOT, IOTOMY YTO CUUTAIOT PacCy’>KIeHHs Ha 3Ty TeMy CIIeKyIsSTHB-
HbiMu. OZHAKO CJIOBO «CIEKY/IALMs» B HayKe O3HauaeT He 0OMaH M He MaxMHAIMIO, a
YMO3pEeHHUE...

MoaBoasa urorn

B03MOHO /i1, 4TO KOCMoOJIOrndeckas npobiema npebymer ¢ Hamu Haseku? Mo-
KET JIM YeJI0BEK, HUUTOXKHOE TIOPOXKeHue BeeeHHOH, 00bACHUTD €€ NCUYEPIIbIBAIOIIUM
06pa3om? BosbIIMHCTBO MCC/IEIOBATEIEH 0/1aratoT, BMECTe C DUHIITEMHOM, UTO «rO-
CIO/Ib XOTS U M3OIIPEH, HO He 3JI0HAMEPeH» U YTO MbI BCe OJIMIKE, XOTS U aCUMIITOTH-
YecKH, TOJXOAUM K ITOJIHOMY 3HaHMI0 0 Mupe. [Ipy 3TOM HUKTO He OAHKMMAET IUIaHKY
nepej; HaM{ BCe BBbIIlIe U BBIIIIE.

CyuiecTByeT u apyrasi TOYKa 3peHus1, HauboJiee TAKOHUYHO BbIPasKeHHasl B U3BECT-
HOM M3peueHMHU: [0 Mepe paclivpeHus cdepbl Halllero 3HaHWs IUIOLab ee COIPUKOC-
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HOBEHMUsI C HEM3BECTHBIM CTAHOBUTCS BCe Gosbiire. OKOHUATENBHOIO 3HAHKS HET Jaxe
u B nipesiene. OnHako yxe Gosee 40 et pa3pabaTbiBA€TCS TEOPUS CTPYH, B PaMKax KO-
TOpPOY MOSAB/IAETCA U /IeMeHTapHas YaCTULid CO CIIMHOM, PaBHBIM 2, — TOT CaMblii Tpa-
BHUTOH, KOTOPbI HE0OX0ANM 151 00beAMHEH!sT KBAHTOBOM MEXaHUKHU U TEOPUH TSATOTe-
uus B Exunyio Teopuio Beero. MoskeT GbITh, yoke BUEH CBeT B KOHLe TyHHest. Ho ecu
Takasl TeOprs U BO3MOXKHA, OHA BCe PABHO NPHUMEHMMa JIMIIb K Halleld BceneHHOM: B
JPYTUX BCeJIeHHDIX, T10 Ollpeie/IeHuI0, U PU3KKa, U MaTeMaTuKa Apyrue...

Benukuit actpodusux @. Xoiin nucan: «..Mbl CKIOHHBI K HEKOTOPOMY 3a3HAMCT-
By, KOIZla TOBOpPUM, 4TO BcesieHHas moctpoeHa JIOTUYHO C Hamlel Touku 3peHus. Ho sto
BCE paBHO, UTO 3ampsraTb Tejery Brepeau nomaau. He Bcenennas moctpoena morud-
HO C Hallell TOUKU 3pPeHHs; 3TO Mbl U Hallla JIOTUKa pa3BUWINCh B COOTBETCTBUHU C JIOTHU-
Koi Bcenennoit. Takum 06pa3oM, MOSKHO CKa3aThb, YTO Pa3yMHAs KU3Hb €CTb HEUTO, OT-
pakaroliee caMmylo CyTb TBOpeHUs BceseHHOM... MBI IOCTpOeHBI 110 NIPUHIUIIAM, KOTO-
pble BBITEKAIOT 13 00I1Iero ycTpoiicTea BeeneHHoi». DTO 03HAUAET, UTO [TOKA TUIIOTETH-
YeCKHi IMUasor C PeACTaBUTESIMU MHBIX [UBHIM3ALMI OyaeT UATH B paMKax yiKe I10-
3HAHHOTO HaMH, TP006JIeMbl B3aUMOIIOHMMAaHUA He BO3HUKHeT. A ecu OKOHYaTe pHas
Teopus Beero cymiecTByeT, TO BB U3 MIaJieHuecTBa U IPU/s K Hel, Mbl CMOXKeM I10-
HATb Beex! Ecam oHU cylecTByoT...

Hrine Mbr 3HaeM, rjae rnpoxogAT rpaHulibl Halllero He3HaHu4. rpaHI/IL[bI IIO3HAHU He-
NPEepPBIBHO Pa3[BUTAIOTCS OT HAC B CTOPOHBI GECKOHEUHO Mayioro u GeCKOHeUHO 60Jib-
LIOT0 — & BHYTPU HUX Hallle 3HaHUe IIOATBep)kKJaeTcsl TMraHTCKUM MacCUBOM B3alMOC-
BSI3aHHBIX JIAHHbBIX, BCel 00I1eueI0BeYeCcKOM MPaKTUKOM.

B 1972 r. J1. A. ApuMMOBHY IPOPOYECKH TTHCAJ, UTO OyayIee IPUHAIEKHUT acTpo-
¢dusuke. HeiHe 310 Oyayiiee mpUuuIo.

QOO0



[JIARETBl
COJTHEHHOW
CNCTEMB

Mnaea




OB30P COJIHEYHOW CUCTEMbI

O6Lan xapaKTepucTuka

ConHeyHasl maaHeTHasl CUCTeMa, B KOTOPOM Mbl XKHMBEM, — 3TO M30JMPOBaHHbIN
0CTpoBOK B Ge3bpexxHoM mpocTpaHcTBe [anakTuku. PaccrosHre ot CosmHIA O CaMblx
JaJeKyx IUIaHeT BO MHOTO TBICSY pa3 MeHbllle, YeM JI0 CaMblx O1M3KuX 3Be3n. U xots
HeKoTopble 00bekThl COTHEUHOM cuCcTeMbl (HallpuMep, OTAeIbHbIE KOMEThI) YAaISI0TCS
ot CosHIIa Ha 3HAUMTe/IbHbIE PACCTOSIHUSA, OCHOBHAS [I071S1 BEIIeCTBA 3TON CUCTEMBI COC-
pefoToueHa B HECKOIbKUX KPYIHBIX I7IaHeTax, obparatonuxcs Bokpyr ComHua.

C npesroctu B ConHEUHOM crcTeMe ObIIO U3BECTHO AT I1aHeT: Mepkypwuii, Be-
Hepa, Mapc, I0nurep u CaTypH, BUANMbIe HEBOOPYKeHHBIM I71a30M. B Hauane XVII B. ac-
TPOHOMBI OKOHUATeJIbHO [0Ka3aju, UTO 3eMJisl — PaBHONPABHBIN NpefCcTaBUTeb T1/1a-
HeT, U UX «CTaa0» wecThb. B 1781 . ciyyaiito 6eu1 oTKphIT YpaH, a B 1846 1. 661 TeopeTu-
YecKH MpeJcKasaH 1 cpasy ke oOHapyxeH Ha HeGe HentyH — BocbMast ¥, O-BUAMMO-
My, TOC/enHsAs KpynHas mianeta ConHevHo#t cuctembl. Ho B Te ke rofsl ObLIM OTKPHI-
ThI MaJIble [UIAHETHl — aCTEPOU]IbI, B OCHOBHOM «00UTAIONINEe» MEXAY opOuTamu Mapca
u Onurepa. OxHako 06Hapy uTh uTO-1M60 3a opbuToit HerntyHa [oiro He yaaBaaock.

OfHaKo HACTOMYMBBIE TOMCKM HOBBIX IUIaHeT mpuHecnu ycmex: B 1930 r. 3a opbu-
toit Hentyna 6bl1a oTKpbiTa HeGonpias mianera [I1yton. U XoTsa cBouM MasbeiM pa3me-
POM ¥ CHJIBHO BBITSIHYTOW ¥ HAKJIOHEHHOM opOuTO#t [IyTOH BBIIEAICS CPEH APYTUX
IJIAHET, ero BCe JKe «3aMucajr» B 3TO CEMeNCTBO, OCKOIbKY OH ObUT 3aMETHO KpyIHee
moboro u3 acreponsios. /1o kouna XX B. IPUHATO OBIIO CYUTATH, uTO B COTHEUHOM CHC-
TeMe [eBATh I71aHeT. Ho nocnenHee fgecatuietye NpUHeCI0 HaM OTKPBITHE MHOXKeCTBa
06beKToB 3a 0p6uToit HerTyHa, mprueM HEKOTOPbIe U3 HUX MTOX0XHU Ha [I1yToH, a uHble
Jaxke IIpeBOCXoAT ero pasMmepamu. [Tostomy B 2006 I. aCTpOHOMBI YTOYHUIM KJIACCHU-
¢dukanuio: 8 kpynHelmux ten — oT Mepkypus fo HentyHa — cunuTaloTCs KJIaCCUYeCKU-
MU r1aHeTamy, a [I1yToH cTaa MPOTOTUIIOM HOBOTO Kacca 00beKTOB — KapIHUKOBBIX
miaHeT. bankaiimue k ConHiy 4 naHeTbl NPUHATO Ha3blBaTh IJIaHETAMU 3eMHOM IpyII-
B, @ CJIeAyouye 4 MacCUBHBIX Ia30BbIX Tesla Ha3blBAIOT IlaHeTaMHu-rurantamu. Kap-
JIMKOBBIE TJIAHETHI B OCHOBHOM HACeJNA0T 001acTh 3a opobutoit Henrryna — nosac Koiire-
pa, XOTS HEKOTOPbIe KPYIHbIE aCTEPOM/bI, «00uUTaolKe» BHYTpH opouTsl HenTyHa, Bo3-
MOXKHO, TOXXe OYAyT OTHECEHbI K 3TOMY CeMeFCTBY.

[naHeTsl 3eMHOM TPYINBI OX0XH MeXAy COOOM MO pasMepy, Macce U COCTaBY.
B ary rpynny Bxonar Mepkypuii, Benepa, 3emns u Mapc. Vx oBepXHOCTU CJI0eHBbI
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Mepkypuii
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Puc. 1.1. Cxema pacrnionoxehus nnaHet B ConHeuHoii cucteme (6e3 cobniofermns maciutaba).

TBepAbIMU nopogamu. CpefHss IVIOTHOCTb MX BellleCcTBa BecbMa Benuka: ot 3,9 r/cm3
y Mapca zo 5,5 r/cm? y 3emnn. Ilo cpaBHeHHMIO ¢ IUTaHeTaMU-TUTaHTaMU pa3Mepsl IUia-
HeT 3eMHO! I'pYNIIbl CPaBHUTEIbHO HeBeIUKU. [lake KpynHeliire cpefu HUX — 3eMJIs
u Benepa — B 10 pa3 menb1ue IOnurepa u CarypHa u B 4 pa3a MeHble Ypana u Henry-
Ha. Cpeguuii papuyc Beneps! (6052 kM) nmouty paBeH 3eMHOMY (6371 xkm). Mapc noutu
BIBO€ MeHbllle 3eMJIH, er0 CpeJHUi sKBaTopuaabHbIl paguyc 3397 kM. MeHblle Bcex
B 9TOH rpymme 6mmwkaiimas k Connuy iaHera — Mepkypuit: ero paguyc 2440 km. OH
JBWDKETCS Ha cpegHeM paccrossHuu 58 muH kM, wid 0,4 a. e. ot Conxua (1 a. e., acTpoHo-
MUYecKas efuHUIA — cpenHee paccrosiHue 3eman or Conuua). Paguyc op6utsr Bene-
pel — 0,7 a. e, a Mapc orcrout ot ConHua B 1,5 pasa gaselie 3emMiu.

[Tepurosl 0OparieHus mIaHeT Mo OpOuTaM 3aKOHOMEPHO YBEIMYHBAIOTCS C yaae-
uuem ot ConHia. Beictpee Beex o op6ute ABMKeTCS MepKypuit — co cpenHeii CKOpo-
creio 48 kM/c; oH coBepiraer o6opot Bokpyr Connia 3a 0,24 3emHOro roaa, Benepa, 18u-
rasicb co ckopocteio 35 km/c, — 3a 0,62 roza; 3emiis1, eCTECTBEHHO, — 3 T'Ol; €€ CKOPOCTb
oxoio 30 kM/c, a Mapc, cpenHsis ckopocTb koToporo 24 km/c, — 3a 1,9 roga.

Camast cvIbHas 3JUTMITHYHOCTE OPOUTEI Y MepKypus: ee 9KCIEHTPUCHUTET PaBeH
0,2, K TOMY >Ke OHa 3aMeTHO HaKJIOHEHA K IUIOCKOCTH, OJIM3 KOTOPOU JieKaT OpOUTHI
OCTa/IbHBIX TUIAHET. A caMblif Masblil 3KCIeHTpUucuTeT opouTel — v Benepsr (0,01), ona
JBVDKETCS ITPaKTUUecKu Mo okpy»HocTd. Ho B onHoM Benepa u Mepkypuii oueHs cxo-
KM UX CYTOYHOE BpallleHre — caMoe MeJIIEHHOe cpey Beex ruianeT. Oxun 060poT BO-
KpYT OcH (3Be3[Hble CYyTKHU) AMUTCs y Mepkypust 58,6 3eMHbIX CYTOK (2/3 MEPKYpHAHCKO-
ro rozal), a y Berepsr — 243 cyToK, 4TO [jake IpeBBIIAET JUIMHY BEHePHaHCKOro rojal
Ocu BparteHust 00erx IUIaHeT MOYTH MepreH/UKY/ISIPHbI UX OPOUTATBHBIM [IOCKOCTSIM,
HO HAaIpaBJieHVsl BpalleHus pasHble: MepKypui, Kak v OOMBIIMHCTBO IIJIAHEeT, Bpalia-
€TCs1 B IPSIMOM HallpaByieHnH (TO eCTh TaK e, Kak JBIXKeTcs 1o opbute), a Benepa — B
00paTHOM, ¥ B 3TOM OJIHa U3 ee 3arafoK. 3aTto 3emsst 1 Mapc BpallaroTcs OfUHAKOBO
«IIpaBUJIBHO»: B IPSIMOM HallpaB/IeHUH, C CYTOYHBIM [IEPUOOM OKOJIO 24 4yacos, U Ja-
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Actepouppl,
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Pacctoanue ot ConHua

Puc. 1.2. Maccbl nnaxet (B eAuHMLax Maccbl 3eMnn) U ux cpepHee paccrosHue ot ConHua.

’Ke OCH UX BpallleH!sl HaKJIOHeHbl MOYTH Ha OJUHAKOBBIM yTo/I: MeXAY MOJISIPHOM OCbIO
U TepIIeHANKYISPOM K OpOUTanbHOM IockocTy y 3emiu yron 23° a y Mapca — 25°.
VIMeHHO 3TOT HaKJIOH IIPUBOJUT K CMeHe BpeMeH roja Ha 3emse U Mapce, moacrasis-
forux COJTHILY TO CBOE I0XKHOE, TO CeBepHOe IOJTyIapye.

Y nnaHeT 3eMHOI IPYNINbl OYeHb Majo CITYTHUKOB: Ha 4 IJIaHEeThbl BCero 3 CIyTHU-
Ka, TOIZla KaK y IUIaHeT-TUraHToB ux 6onee 170! CaMblii GO/BIION CIYTHUK — Y 3eMiy,
1o JlyHa. Eie nBa manenbkux — y Mapca: ®oboc u [leiiMmoc, Kakblit pasMepoM MeHee
30 kM. A Mepkypuii u BeHepa CIryTHHKOB BOOOIIE He UMEIOT.

Yem panbiue or CosHIa pacnosaraeTcs IUIaHeTa, TeM MeHbllle TeIula U CBeTa OHa
MOJTy4YaeT, OJHAKO TeMIlepaTypa Ha ee IOBEPXHOCTH 3aBUCHUT TaKXKe OT HAJTWYMS U CO-
craBa atMocoepsl. Y Mepkypust arMocdepbl TPaKTUIeCKH HET, U CONHEeYHble ay4u bec-
MPEeNSITCTBEHHO ITPOHMKAIOT K ero II0BepXHOCTH. MakcuMarbHas TeMnepaTypa Ha Mep-
kypuu gocruraet nmoutd 700 K. Ho camas BricOokas TemmepaTypa HaOIH0faeTcs Ha mo-
BepXHOCTH BTOpOo# oT CosHIla I1aHeTsl — BeHeprl, pacronokeHHOM MOYTH B/IBOE [ajb-
me ot Conuxua. Ee MomHas atMocdepa U3 yI7eKUcIoro ra3a yaepKuBaeT TeIulo, Coxpa-
HfIs Y TTIOBEPXHOCTH JHEM U HOYBIO OfIMHAKOBYIO TeMreparypy — okoso 735 K. Ha 3em-
e cpenHerozoBas Temneparypa 6u3ka k 290 K, a Ha Mapce ¢ ero oueHb pa3pexeHHOi!
yriaekucnoi armocdepoit — b k 220 K.

Cpenu Bcex IUIaHET 3eMHOM TPYMIbI CYLeCTBEHHBIM MarHMTHBIM MosieM 001azna-
eT TOJMbKO 3eMJIsT: Y OCTaIbHBIX IUIAHET OHO OueHb cinaboe. MaruutHoe mone Mepky-
puYs IpUMEpHO B CTO pa3 caabee 3eMHOro, a y Mapca u Beneps! oHO ele Menbute. Ta-
KUM 00pa3soM, cpesy OA0OHBIX eil IIaHeT 3eMJisl BbIAENAeTCsl TpeMst CBOMCTBaMU: Ha-
JIMYMeM MaCcCHUBHOTO CITYTHUKA, OOMBIINM KOJMYeCTBOM KH/KOH BOJbI Ha TOBEPXHOCTH
Y BeCbMa CHJIbHBIM MarHUTHBIM IojieM. BeposiTHO, 3TO U ChIrpajo pemarollyo posb B
NOSIBJIEHUU JKU3HU Ha Hell.

M3yueHue kapT penbeda IOBEPXHOCTEH IIaHET 3eMHOM IPYIIIbI II0Ka3aslo, uTo Iie-
pemnazibl BBICOT (OT caMoit BBICOKOM TOUKHM 10 CaMOM HU3KOM) yBeIMUMBAIOTCS C PaccTo-
suueM ot ConHia: Ha MepKypuru nepernaj BeICOT MeHee 5 KM, Ha Benepe — 15 kM, Ha
3emie — 20 kM (BK/IIOYAst OKeaHCKUe BraAuHb), Ha Mapce — 6onee 30 ku. [To BHYTpeH-
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HeMy CTPOeHUIO IIaHEeTbl 3eMHOM TPYIIIbI pa3/IM4yaloTcs Majlo: OHY, Kak IpaBUJIO, UMe-
10T MeTal/IMYecKoe SIpo, MATKYI0 MaHTHUIO U TBEPAYIO KOPY pasauuHOi TommuHbL OT-
JIMYUTENIbHON 0cOOGeHHOCTBI0 Mapca C/yKaT rUraHTCKue JpeBHHe BYJIKaHUYeCKHe ro-
Pbl, caMble KPYIHbIE U3 KOTOPbIX JOCTUTAIOT 26 KM B BBICOTY.

I'pymma 6onee ynanennsix ot ConHia miater, Bktovatonias 0nurep, CatypH, Ypau
u HenTyH, coBepIlieHHO He [OX0a Ha TPYIIY NJIaHeT 3eMHOr0 TUMa. JTO OueHb Mac-
CHUBHBIE IIJIaHeThI-TUraHThl. Ha ux nomo npuxogutcs 99,5% Bcell Macchl Halllel IUiaHeT-
Hoil cuctemsl. Hampumep, macca IOnurtepa B 318 pa3 mpeBocxoaut maccy 3emnu. Ca-
TYPH NIPeBOCXOAUT 3eMuIto o Macce B 95 pas. [louTu Bcst KuHeTHUecKast S3Heprus Bpa-
IeHUSI U MPaKTUUeCKU BeCb MOMEHT uMIy/bca COMHeUHOH CHUCTeMbl IPUXOAUTCS Ha
IUIaHeThI-TUraHThl. CpefiHsIsl IJIOTHOCTD BelllecTBa MJIaHeT-TUTaHTOB YAUBUTEIbHO HU3-
ka: ot 0,7 r/cm? y Catypra o 1,6 r/cm® y HentyHa. Camoe 1:060MBITHOE, UTO Y HUX HET
TBEpZOH MOBEPXHOCTU B MPUBBIYHOM /7151 HAC cMbIcie. OHU COCTOST B OCHOBHOM U3 BO-
JOpofia U renvist. BuanMas moBepxHOCTb 3THX IUIAHET — He YTO MHOe, Kak 00/1auHbli Mo-
KpOB MOIIHOM aTMOC(epbl, OKPY»KalOIeii OKeaH >KU/JKOT0 MOJIEKY/ISIPHOTO BOJOPOJA.

[lepuozp! 0OpaleHus n1aHeT-ruraitoB Bokpyr COJHIA BecbMa BeNUKU: OT 12 sieT
y IOnurepa no 164 ner y Hentyna. OnHako BOKpYT CBOel OCHM OHH BpalllalOTCsl OUeHb
6BICTpO, OBICTpEe MOOOM U3 TTAHET 3eMHOM TPYIINBL CPEIHUIN MIePUOJ BPAIIEHNS BHU-
JuMbIx oBepxHocTel IOnutepa u CatypHa cocrasisier okosno 10 yacos, a Ypana u He-
ITyHAa — OKOJIO 17 4acoB. Bce maHeThI-TUraHThl OKPY>KEeHbl CUCTeMaMU KoJell ¥ MHO-
’KECTBOM CITyTHHMKOB, OOJIblIast 4acTh M3 KOTOPBIX ObUIA OTKPBITA B IOC/IEJHUE [ecs-
TUJIETHSI C IOMOLIbI0 KOCMUUECKUX allapaToB U Ha3eMHbIX Teseckomnos. Y lO0nurepa B
HacTosIIIlee BpeMs HaCUMTbIBaeTCs 67 CITyTHUKOB; caMblil KpyNHBI — [aHuMen, fuame-
tpoM 5268 kM. V CaTypHa 62 cnyTHuHKa; KpymHeimuit — Turan, 5150 kM. YpaH umeer
27 cniyTHUKOB; KpynHeimuit — Tutanus, 1580 kM. Y Henryna 14 criyTHUKOB BO I71aBe €
Tpuronom (2700 km).

Cpeny Kap/lUKOBBIX IUIAHET Jydllle Apyrux uaydeH IInyToH. OH He IOXOX HU Ha
onHy u3 Gosbiinx miaHet. Ero auamerp Bcero okono 2400 kM — MeHblie, ueM y JIVHBL
JTo oueHb X0J04Has I1aHeTa: oHa HaxonuTcs B 40 pa3 panbine ot ConHila, ueM 3eMisl.
Y IInyToHa eCcTb KPYIHBIM CIYTHUK, AMAMETPOM JIMIIb BABOE MEeHbIlle CaMOM TJIaHeThl, —
XapoH, pacronoxeHHbIi Ha paccTosiHuu MeHee 20 Tbic. kM OT [liyToHa. Ty napy Hepe-
JKO Ha3bIBAIOT JBOMHOM Mm1aHeToN. BOKpyr HUX 00palaTcs yeTbipe HeOObIINX CIIYT-
nuka. [ns [Tnyrona, XapoHa v mofoOHBIX UM ITaHeT-KapaukoB mosica Koiinepa, Bepo-
STHO, XapaKTepHa TOJICTasl JefisiHasi Kopa, XOTs ee COCTaB, M0-BUAUMOMY, paszaudeH. [1o
CBOMM IapaMeTpaM, BHYTPEHHEMY CTPOEHHIO U cocTaBy [I1yToH GoJblile OX0X Ha Je-
JsIHble CTyTHUKU NJIaHeT-TUTaHTOB, YeM Ha [UIaHeThbl 3eMHOM I'PYIIIbL

ACTPOHOMOB HMHTEpEeCYIOT NPUYHUHBL, 110 KOTOPBIM IJIAHETHI 3eMHON TI'PYMIBI Tak
CUJIbHO OTIMYAIOTCS OT IUIaHeT-TMraHTOB. [7laBHas MpUYMHA OYeBUJHA — Pas3UyHOe
paccrosHre ot ConHna. M neno 31ech He TOJMBKO U HE CTOJIBKO B KOJWYeCTBe TeIula U
CBeTa, [10JTy4aeMoM 3TUMHU IIaHeTaMU: IIPOCTO Ha 3ape 3BOJIIOLUY [IJIaHeTHOU CUCTEeMbl
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Puc. 1.3. Cxema BHYTpeHHEro CTpOEHUS NNaHeT-TMraHToB B CPABHEHWW CO CTPOeHMeM 3emnu.
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ycnosus popmupoBanus miaHeT B6nu3u ConHI@ ¥ Ha OOMBIIOM PACCTOSIHUU OT HETO
Obut pa3nruHbIMU. CyIeCTBEHHO pas3inyaavch U IJIOTHOCTb BeIeCTBA, U3 KOTOPOrO
¢$hopMUpPOBaIKCh IIAHETH, U ero XUMHUYecKuil coctas. Bonpoc o ToM, moyemy cyuiect-
BOBA/IM TaKKe PasIMyrs ¥ KaK MPOUCXOAMIO 00pa3oBaHUe IUIAHET, [IBITAeTCsl PeLnThb
OZIMH U3 Pa3fiesIoB aCTPOHOMUHM — KOCMOTOHHS. MarepHranoM Ajst pa3MblIIeHUH Koc-
MOTOHHUCTOB CITy>XKaT AeTajbHble AaHHble 0 COJTHEYHOM CHCTeMe U APYIUX IUIaHEeTHBIX
CHCTEMaX, KaK CYIECTBYIOIMX, TaK U GOPMHUPYIOIIMXCS.

NyHa

JlyHa — ecTecTBEeHHBIH CITYTHUK 3eM/IM U CaMblif IpKUit 0OBEKT HA HOUHOM Hebe.
@opmanbHO JlyHa — He I1aHeTa, HO OHA CYLeCTBEHHO KPYIHee BCeX IIaHeT-Kap/aUKOoB,
GOJIBIIMHCTBA CIYTHUKOB TUIAHET W He OueHb yCTyaeT B pasmepe Mepkypwuio. Ha Jly-
He HeT IIPUBBIYHON [ HAac aTMOC(epbl, BOJOEMOB U XUBbIX OpraHu3MoB. Cuia Tsxe-
CTHU 371eChb B 6 pa3 MeHbllle, 4eM Ha 3emle, IeHb ¥ HOUb C TepenafgaMu TeMIepaTyp A0
300 rpaaycoB marcsa mo aABe Hepenu. Tem He MeHee JIyHa Bce OOJIblile TIPUBIEKAET 3€M-
JISTH BO3MO>KHOCTBIO MCII0/Ib30BaTh €€ YHUKa/bHbIe YCI0BUS U pecypchl [loaTomy oHa —
HaIla repeast CTyIeHb B 3HAKOMCTBe ¢ 00bexTaMy COTHEYHO CUCTEMBL

Jlyna, kax Gmrpkaiiiiee k HaM HeGeCHOe TeJlo, CTAaHeT IEpPBbIM 0OBEKTOM ISl BHE-
3eMHOTr0 IPOMBILIIEHHOTO Ipou3BoacTea. Cosnanue nyHHOU 6askbl, a 3aTeM U cetu 6a3
IUTaHUpYeTCs yKe B Omrbkaiiive gecstuaetrs. M3 JTyHHBIX MOPOJ MOXKHO M3BJIEKaTh
KUCJIOPOJI, BOJOPOZ, XKeJle30, alIOMUHUM, TUTaH, KpeMHUI U ApyTHe Noje3Hble 371eMeH-
Tbl. JIyHHBIH TPYHT SIB/ISI€TCS MPEKPACHBIM ChIPbeM [Isl MTOJYYeHUs Pas3IUuHbIX CTPO-
UTE/IbHBIX MaTepUasoB, a TaKKe, BO3MOXHO, Ui JOOBIUM M30TONA reluii-3, KOTOPBIi
criocobeH cTaTh Uil 37eKTPOCTAHIMi 3eMin Ge30macHbIM M 3KOTOTHUYECKH YHCTBIM
AnepHbIM roprounM. JlyHa OygeT MCIONb30BAaThCs I YHUKAAbHBIX HAYYHBIX HCCIIe-
IoBaHU U HabmofeHui. M3yuast IyHHYIO TOBEPXHOCTb, YU€Hble MOTYT «3al/ISIHyTh» B
IpeBHUI [IeprOof UCTOPUH Halell cOOCTBEHHOM IIaHeThI, TOCKOIbKY 0COOEHHOCTH pas-
BuUTHs JIyHBI 00€CIIeYnI COXPaHHOCTb pesbeda MOBEPXHOCTH B TeYeHHe MIJUIMAPAOB
net. Kpome Toro, JIyHa MOCIYKUT 9KCIIEpUMeHTaNbHON 6a30it A1t 0TpaboTKU KOCMHU-
YeCKUX TEXHOJIOTWH, a B AaJbHEHIIeM MOKeT MCII0/Ib30BaThCs M KaK KIUeBOW TPaHC-
[OPTHBIN y3€J1 [JI1 MeXXIJTaHeTHBIX COOOIeHIH.

JlyHa x0poII0 KcCIef0BaHa KakK C IIOMOIIbI0 Ha3eMHbIX TeJIeCKOIIOB, TaK ¥ Oaroza-
pst monetam Gonee 50 MUIOTUPYEMbIX U GECIIMIOTHBIX KOCMUYECKUX aIlllapaToB. ABTO-
MaTtndeckue ctaHiyu «JIyHa-3» (1959 r.) u «3oHa-3» (1965 r.) Bnepsele chortorpadupo-
Ba/Id BOCTOYHYIO U 3alafHyI0 4aCcTU HeBUAUMOTro ¢ 3emiu nonyurapus JIyHer Vckycct-
BEHHbIe CTyTHUKU JIYHBI MCClleoBay ee rpaBUTALlMOHHOE NoJe U pesbed. CaMoxonHbIe
anmnapathbl «J/IlyHoxon-1» u «Jlynoxop-2» nepenany Ha 3eMJ/II0 MHOXKECTBO CHUMKOB U UH-
dopmanuio 0 PU3NKO-MexaHUUeCKHUX CBOMCTBAX IPyHTA. [[BeHaaTh aMepruKaHCKUX ac-
TPOHABTOB C IIOMOIIIBI0 Kopabieii «Anouton» B 1969—-1972 rr. mobbiBanu B 6 pa3inuHbIx
MecTax Ha BUAUMON cTOpoHe JIyHbI, TPOBeIr UCCIej0BaHuUs TI0BEPXHOCTH U YCTaHOBU-
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M HAy4yHYIO anmapaTypy. AcTpo-
HaBThl MPUBE3/M Ha 3EeMJII0 OKO-
70 400 Kr JyHHBIX NOPOJ. 30H/BI
«Jlyna-16», «Jlyna-20» u «Jlyna-24»
B aBTOMAaTUUYeCKOM peXXUMe BbI-
nonHwIM OypeHre U JOCTaBUIN
JIYHHBIN TPYHT Ha 3emmo. Kocmu-
YyecKye anmnapaTbl HOBOTO MOKOJIe-
Hus «Knemenruna» (1994 r.), «Jly-
Hap [Ipocnextop» (1998-1999 rr.),
«Cmapt-1» (2003-2006 rr.) 11 mp. KO-
nyuuan 6osee TOUHbIE CBEAEHUS O
penbede U TpaBUTALMOHHOM II0-
ne JIyHBL, a TakKe OOHAPYXMIHU
Ha TMOBEPXHOCTH 3aJeXU BOLOPO-
J0COofiepKallluX MaTepuasnoB, BO3-
MO>KHO — BOJSHOrO JjbJa. B yacTt-
HOCTH, TIOBbILIEHHAs! KOHLEHTpa-
[Ms 3THX MarepuanoB oGHapyKe-
Ha B IIOCTOSIHHO 3aTEeHEeHHBbIX I10-
HIDKEHHUSIX OKOJIO TIOJIFOCOB.

IBrxercs JlyHa 1o BO34eHCTBUEM TATOTEHHS B OCHOBHOM [BYX HeOeCHBIX Tenl —
3emnu u Connua. JTloboneitHO, uTo K ConHuy JIyHa npUTATMBaeTCs BOBOE CHUIIbHEE, YeM
K 3emuie, 103TOMY TpaekTopus JIyHbl Bcerna obparieHa cBoeit BOrHyTocTbio k ConHIy.
Ho mockonbky u 3emiist nBusketcs BOKpyr ComHua o 613Koit TpaeKTOpHHY, OHa KOHTP-
onupyet AsukeHue JIyHbI U yaep KUBaeT ee Ha cpegHeM paccrtosiHau 384 400 kM ot ce-
6s1. B amoree ato paccrosiave yBenuunBaetcss 1o 405 500 KM, B epuree yMeHbIIAeTCS
1o 363 300 xm. [Teprion obparuenys JIyHBI BOKPYr 3eM/M 110 OTHOIIEHHIO K JaeKUM
3Be3/laM COCTaBJIseT OKOJIO 27,3 CYyTOK (CHAepUUYecKUil Mecsl), HO TOCKOJIbKY BMeCTe C
3emeit Jlyna obparuaercst Bokpyr ConHIla, ee MONOXKeHHEe OTHOCUTeNbHO nuHuu Coit-
HIle—3eMJIs TOBTOPSETCS Yepe3 HEeCKOJIBbKO OOJBIINI MPOMEXYTOK BPEMEHH — OKOJIO
29,5 cyTok (cvHOAMUYECKUH Mecsly). 32 3TOT NEepPUOA MPOXOAUT TIONHAs CMeHa JTYHHBIX
¢$a3: oT HOBOJYHMS K IEpBOI YeTBEPTH, 3aTeM K IIOJHONYHUIO, K TI0CTeJHell YeTBepTH
Y BHOBb K HOBONYHMIO (puc. 1.6). Bpauenue JIyHbl BOKpYT OCH IPOUCXOAUT C TIOCTOSIH-
HOI1 YIJI0BOM CKOPOCTBIO B TOM K€ HalpaBJIeHNH, B KOTOPOM OHA obparaercss BOKpYT
3emy, U ¢ TeM xe nepuofoM 27,3 cyTok. FiMeHHO o3ToMy ¢ 3eMy Mbl BUAUM TOJIBKO
OIHO Tonyiapue JIyHbl; pyroe Bceraa CKPhITO OT HAIMX I71a3. OTO HEBUAUMOE C 3eM-
JIY TIOJyIIapyie Ha3blBAOT 0OPaTHON CTOPOHOI JIYHEL

CoueraHne paBHOMepHOTO BparieHus JIyHbI BOKPYT OCH C ee HepaBHOMepHBIM IBU-
JKEHHEM MO0 3/UIMITHYECKOH opOuTe IPUBOAUT K TOMY, UTO Hab/IOAaTeb ¢ 3eMJIM MO-

Puc. 1.4. Bugumas ctopoHa JlyHbl B dase, 6113Koi K nonHo-
nyHuto. CHUMOK NMOMyYeH C MOMOLLbIO HA3eMHOTo Tenleckona.
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XKeT «3ar/AfblBaTh» 3a I'PaHULy BUAUMO-
IO [oJTyIIapys € 3anafHoro 1 BOCTOYHOIO
kpaeB JlyHbl Ha 8° OT cpefHero nosoxe-
HUS. JTO sIBJIeHHE Has3blBaeTCsl ONTHYe-
ckoii mubparpeit o ponrore. CyiecTBy-
eT TaK)Xe ONTHYecKas Aubpauus 1o Ln-
poTe, BO3HUKaIoIas 1U3-3a TOro, YTO OCb
BpaleHusa JIyHbl HEMHOTO HaKJIOHEHa K
IUIOCKOCTH ee opOuthL [109TOMYy B Teue- Puc. 1.5. CHUMKM, Nony4eHHble B pasHoe Bpems of-
HHe Mecsla Ha6J'I}OZ[aTeHb Ha 3emyie mo- HAM U TEM e TeseCKonom, ACHO NoKasbiBalT pas-
JKeT 3arIAHYTH 3a KayKIbiit TOMmoc Ha 7°. NMYHYIO yAaneHHocTb oT Hac JlyHbl B anoree (cnpa-
Ba) W nepwuree.

Jlynnasa ocp BpalleHus COCTAaBIAET
no4TH npsimMoit yrou (88,5°) ¢ IIOCKOCTBIO SKJIMITHUKY, T. €. C IIOCKOCTBbIO 3eMHOI op-
OUTEL, TaK YTO IOJISIPHBIE JHU 1 HOUM Ha Hell CYLIeCTBYIOT TOJAbKO B HENOCPECTBEHHOM
61130CTH OT MOMIOCOB. Y 3eMIi 3TOT yros paBeH 66,5°, M03TOMY Ha Hallel [IaHeTe mo-
JISIpHBbIE JHU U HOYM OXBATBIBAIOT OOJIbIINE TPOCTPAHCTBA, U CE30HHbIE Pa3/INyHsi B OC-
BEIIeHHOCTH U TeMIlepaType BecbMa 3aMeTHbL. A Ha JIyHe Ce30HOB HeT.

Ho opburanbHoe fBrkeHye JIyHbI IPOMCXOOUT He B IUIOCKOCTH OpOUTHI 3eMiH, a
0[] YIJIOM: JIYHHAs1 OopOUTa HAaK/IOHEeHA K SK/IMITHKE IIPUMEPHO Ha 5° ¥ UCIBIThIBAET
Hebosnbive Konebanust. [TosToMy B mpoctpaHcTse JlyHa paciionaraeTcst TO ¢ OfHOMH, TO
C [PYroif CTOPOHBI OT SKJIMITHKY, TIEpeceKast ee ABAXK/BI 38 OAUH Meprof obpalieHus
BOKPYT 3eM/IM. OTO U CIYKUT IPUYUHON TOro, uTO 3aTMeHus: COMHIA JTYHHbIM JUCKOM
(conHeuHble 3aTMeHHMs) WM Nonafanus JIyHbl B TeHb, oTOpaceiBaeMyio 3emueil (yH-
Hble 3aTMEHMSI), IPOUCXOAAT JaleKO He KaKAblil MecsL.

Kouduryparus ¢pusndeckoit mosepxHocty JIyHb OueHb 6113Ka K IPaBUIBHOMN cde-
pe co cpenHuM paguycoM 17375 kM. LleHTp aToi pUrypsl CABUHYT OTHOCUTENBHO 1leH-
Tpa Macc JIyHbl puMepHO Ha 2 KM B CTOPOHY 3eMiu. [lnomanb MOBepXHOCTU JIYH-
HOTO Iapa — OKoso 38 MJIH KM% 3TO Bcero suiib 7,4% TIomaay 3eMHOM TOBEpPXHO-

HoBonynne  [ocnepuss yetBepts  [lonHonywmne  [lepsas yetBepts  HoBonyHue

(OFED] O D
JlyHbl
— T

o

/”ﬂyHa N

Puc. 1.6. Matb nocneposarenbHbix nonoxexuin 3emnu u JyHbl Ha opbuTe (6e3 cobnioperms
macwraba) u cootseTtcTBylOWME UM dasbl JTyHbl.
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Puc. 1.7. ®otorpadum JlyHbl B pasnuunbix dpasax: 1 — monopas JlyHa (nyHHbIl cepn, nonymecsy;: cBoeid
BbINYK/0M CTOPOHOM OH Bceraa obpatuet B ctopoHy ConHua); 2 — nepeas yeteptsb; 3 — pactywas JlyHa;
4 — nonHonyhue; 5 — ybbisatowasn JlyHa; 6 — nocneagHss YeTBepTb.

CTH, VI OKOJIO YeTBEPTHU IUIONIaX 3eMHBIX MaTepuKkoB. OObeM JTYHHOrO 11apa paBeH
22 mnpz xm?® (okono 2% obbvema 3emutn). CooTHoIeHHe Macce JIyHbI U 3eMIN COCTaBIIA-
et 1:81,3. Eciu npuHaTh Maccy 3emuu paBHO# 5,97-10%* kr, To macca JIyHbl cocTaBUT
7,35-10%2 xr. Jlerko nopcuuTaTh CpeAHIOI IIOTHOCTH JIyHBL: OHA cocTtaBiseT 3,34 r/cM?,
YTO 3HAUUTEIbHO MeHbIle cpefgHeit wiotHoctu 3emnu (5,52 r/cm3). Cuna TspkecTd Ha
Jlyne B 6 pa3 MmeHblile, ueM Ha 3emJie, I03TOMY YeJIOBeK, HaXO[sCh Ha ee [MOBepXHOCTY,
6ymer omtymars cebs B 6 pas jnerde. [IpaBaa, mpu 3TOM ClieflyeT TIOMHUTD, YTO HA MO-
BepxHOCTH JIyHBI UeloBeK NOJDKeH ObITh ofieT B cKadaHp, Macca KOTOPOro 0OBIYHO
IIPeBOCXOZIUT MacCy 4esoBeKa. [loaTomy Bec kocMoHaBTa Ha JlyHe oT cunsl B 2-2,5 pa-
3a MeHbllle, ueM Ha 3emite 6e3 ckadangpa.

[Tockomnbky Macca JIyHBI OTHOCUTENIBHO Masla, INIOTHOM arMocdepsl Y Hee IIOUTH HeT.
B ee caboM mosie TArOTEHHs rasbl MPAKTHYEeCKH CBOOOJHO PACCEUBAIOTCSA B OKPYIKal0-
I11eM KOCMHUEeCKOM IIPOCTPAHCTBe, IOTOMY ITIOBEpXHOCTh JIyHbI BecbMa MHTEHCHBHO OC-
BeIl[aeTCs He MOMIOLIeHHBIMU aTMOCepoii TPSIMBIMU COTTHEUHBIMU JTydaMu. TeHu OT He-
poBHOCTe#! penbeda Ha JIyHe 0YeHb uepHBI, TOCKOJIbKY HET PACCesTHHOTO B BO3JyXe CBe-
ta. CosHIle ¢ TYHHO! TOBEPXHOCTH BHIIAAUT ApUe, 4eM ¢ 3eMy, a Hebo naxke JHEM co-
BepIIeHHO TeEMHOE.

PaspexxenHast ra3oBast 0600uka JIyHbl, COCTOALIAS 13 BOAOPOZAA, M'e/lks, HeoHa U ap-
TOHa, SBJISIeTCS B 1eCsATh TPU/UIMOHOB pa3 MeHee IUIOTHOM, YyeM Hallla 3eMHas atMocde-
pa, HO OHa B TBICSIUY pa3 IJIOTHee MeXIUIaHeTHOro BakyyMa. [lockonbky JlyHa He 3amiu-
I[eHa IUIOTHOW Ta30BOi 000II0UKOM, Ha ee TIOBEPXHOCTH B TEUEHHE CYTOK MPOUCXOJUT
pe3koe u3MeHeHHe Temieparypbl. ComHeYHOe M3TyueHWe OTJIMYHO IOINIOMAeTCs JyH-
HOI1 IOBEPXHOCTEIO. B cpeHem ocBerenHoe monymapue JIyHbl pacceuBaeT okomo 1/
TaJIAk0IIEero M3MyUeHsl, OCTalbHbIE /1) COMTHEUHOM SHePruHy TIOMIOMAITCSA TIOPOIaMH
MIOBEPXHOCTHOT'O CJIOSI ¥ IPEBPAIIAI0TCs B Terto. Ho TerionpoBogHOCTb IYHHOTO Bellle-
CTBa BeCbMa HU3Ka, I03TOMY CYIIeCTBEHHO pa3orpeBaeTcs TOIbKO CaMblil BepXHUI C/0M
TOJILMHOK 0Koj10 1 M. Hrke TemmepaTypa nopoj ocTaeTcsl IOYTH IIOCTOSIHHOM. B net-
HU oneHp 6113 9KBaTOpa MOBepXHOCTb pasorpeBaetcs 40 +130 °C, B OTAeIbHBIX Me-
CTax U Bblllle; @ HOUblO TeMIlepaTypa nazaet 1o —170 °C. boicTpoe ocThIBaHKe IIOBEPXHO-
cTy HabMI0AeTCst U BO BPEMsI JTYHHBIX 3aTMEHHUIA,
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Ha Jlyne BbizensioT 0671aCTH ABYX THUIIOB: CBET/IbIE — MaTePUKOBbIE, 3aHUMAIOLIHe
83% Bceil MOBepxXHOCTH (BKJII0Yast 0OPATHYIO CTOPOHY), ¥ TEMHbIE, HA3BaHHBIE MOPSIMHL.
Takoe nenenue Bo3HUKIIO ewle B cepegune XVII B, koraa npefmnonaranocs, uto Ha Jlyne
J€MCTBUTENIbHO MMeeTcs BoAa. [IoCKonbKy Ha3BaHWA MOpel B TeYeHHE HeCKOIbKUX CTO-
JIeTUH UCIIO/Ib30BaTKCh Ha KapTax JIYHbI, UX He CTaIK MeHsThb. JII0OOMBITHO, UTO B Ha3Ba-
HUSAX MOpel, peIoKeHHbIX UTATbSHCKUM acTpoHOMOM Pryuonu B 1651 r, oTpasmiocs
CyIllecTBOBaBLIIee B TO BpeMs1 MHeHHe, OyaTo ¢asel JIyHbI OpeesgioT TOroAy Ha 3eMIte.
[ToaToMy B BOCTOUHOH 4acTH BUAMMOTrO IOyIapus (OcBeleHHOH, koraa JlyHa B dase
IepBOii YeTBEPTH) MOPsI HOCAT «ITHTIeBble» Ha3BaHUs: Mope Crokoiictus, Mope Hek-
tapa, Mope fIcHocty, Mope M306uust, a B 3amafgHON 4acTy JYHHOTO AKCKa (OCBerleH-
HOH B (a3e 1ocaeHelt ueTBepTH) Ha3BaHUs «IITOpMOBbIe»: OkeaH Byps, Mope [loxxnel,
Mope Bnaxxnoctu, Mope O61aKoB.

[lo MUHepanoruyeckoMy COCTaBy U COJePKaHUI0 OTJEeIbHBIX XUMUUYECKUX 3JIeMeH-
TOB JIVHHbIE [IOPOABI HAa TEMHBIX yYacTKax IIOBEPXHOCTHU (MOPSX) OueHb OIU3KU K 3eM-
HBbIM [IOPOfiaM THIa 6a3asbToB, a Ha CBET/bIX (MaTeprKax) — K aHopTo3uTtam. [l aHop-
TO3UTOB XapakTepHO OoJsiee BbICOKOe, ueM Jyisl 0a3aibToB, COAEpIKaHHe OKHCIIOB allio-
MHHHUS U KajbLMs U MeHbIllee KOJTUYeCcTBO OKMUC/IOB jKesle3a U TuUTaHa. JIyHHbIE MOp-
ckue 6a3anbThl OTIIMYAIOTCS OT 3eMHbIX 6a3anbToB Gosee BHICOKUM cofeprkanueM FeO,
a nHorga u TiO,. [Ipyrue ocaéBHbIE oKucabpl — Si0,, MgO, CaO u Al,0; — BXOZAT B CO-
CTaB JIYHHBIX TOPOJ] TPUMEPHO B TEX e KOJUUeCTBAX, UTO U B COCTAB 3€MHBIX IIOPO/,.

[IpencraBieHue 0 BHYTpeHHeM CTpoeHUH JIyHBI AAIOT CeHCMOIOTHUecKye UCCIeso-
BaHMS, IPOBOANMBIE HETIOCPEICTBEHHO Ha TYHHOM IIOBEPXHOCTHU. Bo BpeMs skcneannni
«Anos710HOB» Ha oBepxHOCTH JIyHBI OBUIH YCTAHOBIIEHHI celicMorpadbl, KOTOPbIE TOKa-
3a/14, 4TO €CTeCTBEHHasl celicMMuecKas akTUBHOCTb ee OTHOCUTE/IbHO HeBenuka. [1pu-
HATO BBIZENATH [BA TUIMA AyHOTpsceHuit. OnHu U3 HuX, HabmogaeMble BO BpeMs IIpo-
xoxzeHusa JIyHO# amnorest U Iepuresi, CBSI3aHbl C IpoLieccaMy B IyOOKuX Henpax JIyHEL,
Ha rny6une 600-800 kM. [Ipyrue kosnebGaHus BbI3BaHBI IOABMKKAMU B JIYHHOM KOpe, U
BO3HHKAIOT OHU PEXe: 38 TPU roJia HENPEPhIBHBIX H3MepPeHuit ObUIO 3aperucTpHpOBaHO
b 11 TyHOTPSACEHUH 3TOrO THUIIA.

Hapsany ¢ HaGmrofeHHUIMH eCTeCTBEHHBIX JIYHOTPSICEHUI ydeHble BBI3BAIM U He-
CKOJIbKO UCKYCCTBEHHBIX. [I71st 9TOro Ha OBEPXHOCTH JIyHbI ObIIM COPOLIEHBI TOC/IeHIE
CTYIEHU paKeT-HOCUTeJel U JIYHHble OTCeKH Kopabuell «AnonsoH» (pasymeercs, mocie
B37IeTa acTPOHABTOB C JIVHBI, KOTZa 9T OTCEKH CTaau He HyxHbI). Habmogas ¢ momo-
I[bIO OCTaB/IEHHBIX Ha JIyHe MpuOOpPOB 3a pacpoCTpaHeHHeM CeHCMUUECKUX BOJIH, CIIe-
IIUAIUCTBl YTOUHUIN MOJie/Ib M3MeHeHHUsl CKOPOCTH 3ByKa B JIVHHBIX HeJ[pax, OTpakaro-
IIyI0 pacrpeesneHre NOpos pa3HOM MIOTHOCTH.

YcI0BHO NYHHBIE Heflpa pasfessioT Ha NATh 30H. Camast BepXHss U3 HUX, TOJIIU-
HO# 60 kM Ha BUAUMOii cTtopoHe u 6osee 100 KM Ha 0OPATHOH, OTOXXIECTBIISIETCSI C JTyH-
HO#1 KOpo#i, 06pa30BaHHO# TOPOJaMK B OCHOBHOM aHOPTO3UTOBOTO cocTaBa. Bropas 30-
Ha (BepxHss MaHTHSI) UMeeT TOJIUHY 0K0sI0 250 KM, TpeThbsl 30Ha (CpeJHsss MaHTUS) —
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Puc. 1.8. Cxema
BHYTPEHHEro
cTpoeHus JlyHbl

okomo 500 km; B Heil sexxat ouyaru rmyOOKOOKYCHBIX JTyHOTpsiceHuit. [Ipemnonaraior,
YTO MOpCKHe 6a3anbThl BOHUKIIN BCIEACTBYE YACTUYHOTO II/IABIEHUS BEIeCTBa UMEH-
HO B CpefiHel MaHTUU. YeTBepTast 30Ha — HIDKHSS MaHTHUs, BEIeCTBO KOTOPOM MOXKeT
HaXO[UThCS B PaCIUIABJIEHHOM COCTOSHUMU. TakuM ob6pasom, Ha riaybure okoso 800 KM
KOHuaeTcs1 TBepzAas obosnouka JIyHel — nuTochepa; HidKe pacrosnaraercs acteHocde-
pa. TemmepaTypa B BepxHel 4acTH 9TOr0 o MokeT noxoauTts o0 1500 °C. Ha rny6u-
He 1400-1500 kM 65U10 0OHAPYKEHO pe3KOe YMeHbIIeHHe CKOPOCTH [IPOAOJIbHBIX BOJH.
Jra rpaHulla oTMeYaeT Hayaslo MATOM 30HbI — ayHHOro saapa. [lo nanubM 30172 «JIyHAp
[TpocniexTop», y JIyHbl UMeeTcs sxene3Hoe apo paaurycoM 300-400 xm.

B Bompoce o mpoucxoxaeHuu JIyHbI MOKa HET MOMHON sicHOCTH. OCOGEHHOCTH XU-
MUYECKOT0 COCTaBa JYHHBIX TOPOJ [I03BOJIAIOT IPEAIOI0KUTh, uTo JIyHa 1 3emist obpa-
30Ba/IMCh B OIHOM U TOH e obnacti ConHeuHoi cucteMbl. OHAKO Pa3HUIIA B MX COCTa-
Be ¥ BHYTPEHHEM CTPOEHUH 3acTaBjsieT AyMaTh, yTO 00a 9TH Tea He ObIIH B [IPOLIOM
eIMHBIM I[eJIbIM. B HacTosiiee BpeMa ofiHa U3 Haubosiee MOMYJISIPHBIX TEOPUH MIPOWC-
x0xeHUst JIyHbl — TeopHust «KOCOTO yaapa»: MpeAnonaaraeTcs, 4To B Iepuof GpopMupoBa-
HUS IJIaHeT 0 3eMJII0 yAapujoch Teslo pa3MepoM ¢ Mapc, B pe3ysbTaTe 4ero 3HaunuTeslb-
Hast 4acTh BellecTBa KOPHI U BepxHel MaHThy 3eMu Obla BeipBaHa. YacTb paccesHHO-
TO TIPY 3TOM BEIecTBa CHauasa 06pa3oBasa Kombio 06JIOMKOB BOKPYT 3eMJIH, a 3aTeM
CUIaHye 3TUX 06JI0MKOB IPUBeNo K GOPMUPOBAHHUIO HAILIETO eCTeCTBEHHOTO CITYTHUKA.
Ha camoii panneil craguu cymecrBoBanus JIyHel, B nepuog ot 4,3 fo 4,6 Mapn et Ha-
3aj, mpousoria robanbHag Marmatiueckast uddepenipanunsa (pasgeneHye) TyHHOTO
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mapa, B pesynbTate KOTopoi copmuposa-
JIMCb JIyHHAsl KOpa U BepXHSs MaHTUsS. OTOT
MPOLIeCC CONPOBOX/AJICS UHTEHCUBHON Me-
TEOPUTHOW 6OMOAPAMPOBKON U MajieHueM
($parMeHTOB, OCTABLIMXCS 110CIe OCHOBHOI'O
stana ¢popmupoBaHus JIyHbL
BOJBIIMHCTBO KPYIHBIX KpaTepoB U OT-
pOMHBbIe BHaJuWHbI (MHOrOKOJIbLIEBEIE Oac-
CeliHbI) MOSIBUINCh HA TOBEPXHOCTH JIYHHO-
ro Iapa B epuoj CUIbHOY 60MbaparpOBKY
nosepxHocTd. Okono 3,5 Mapa neT Hasan B
pesysbTaTe BHYTPEHHETo pa3orpesa U3 Hesip
JIyHBI M3MMIMCh HA MTOBEPXHOCTb 6a3asbTo-
Bbl€ JIaBbl, 3aMI0/IHUBIINE HU3UHBI U KPYI/ble
BraAuHbL Tak 00pa30BajvCh JYHHbIE MOPSL
Ha obpaTHoit cTopoHe u3-3a 6osee TOICTON
KOPBI U3/TUSAHUI ObIIIO 3HAYHUTEIBHO MEHBbIIIE.
Ha BuauMoM mnomyiiapuv Mopsi 3aHUMAroT
30% moBepxHOCTH, a HA 0OPAaTHOM — JIHIIb
3%. TakuM 06pa3oM, IBOJIONKMS JYHHOM 10- Puc. 1.9. Usobpaxetne mHorokonbuesoro Gac-
BEPXHOCTH B OCHOBHOM 3aBEpIIM/IACh OKO- ceiiHa Mope Bocrtounoe Ha [lyne, nonyueHHoe
30Hg0oMm «JlyHap Opbutep-4».
710 3 MypA net Hasaz. MereopurtHas 6ombap-
JUPOBKA MPOJ0/IKaIach, HO y)Ke C MeHbIleH
MHTeHCHBHOCTHI0. OCHOBHYIO Maccy 6ombap-
JUPYIOLIMX TeJl B HACTOsIIee BpeMs COCTaB-
JISIIOT MUKPOMeTeOpUTHL. B pesynbraTte anu-
TeJIbHOM epepaboTKY MOBepxHOCTH 06paso-
BaJICSl BEPXHUM pBIXJIbIN €101 nopog JIyHel —
pEeroJuT, TOJIIMHON B HECKOJIBKO MEeTPOB.
M3yuas [BM>KeHMe UCKYCCTBEHHBIX CITYT-
HUKOB JIyHBI, yAa/I0Ch 0OHAPYXKUTD TTOIOXH-
TeJbHble aHOMaaU{ TPaBUTALMOHHOIO IO-
JI9 — MacKoHbI (0T aHIJI. mass concentration);
OHU BBISIBJIEHBI B Psifie MeCT, B TOM UUCJIe U
oA MOpsAMHY, OKPY’KEHHbIMU KOJIbLIEBBIM Ba-
nom. Ilo-BuauMoMy, rpaHuIia KOpbl U MaH-
THHU B 3TUX MecTax Haubosee 6U3K0 IOgHU-
MaeTcsl K II0BepXHOCTHU. A MOCKOJIbKY Bellle-
CTBO MaHTHH IUIOTHEe KOpBI, 3T0 Bbi3biBaer FyC. 1.10. OBparhas cropowa Jlywsl, cotorpa-
JIOKaJIbHOE YBeJINYeHHe CUJIbl TSDKeCTH Haf posaKHas ¢ kopatna «Anonnon-16».
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Puc. 1.11. PaitoH kpatepa KonepHuk. CHUMOK Kocmuueckoro Teneckona «Xa66s».

JIyHHOﬁ HOBerHOCTbIO. B OTAOEe/IbHBIX paﬁOHax HyHbI BbIABJIEHbI 1 OTpI/IL[aTETIbeIe dHO-
MaJIuy IpaBUTAllMIOHHOTO I10JIS.

V JIyHBI IpaKTUYECKH OTCYTCTBYET I100aNbHOe MarHUTHOE TOJIe IUTIObHOTO THIIA,
no06HOe 3eMHOMY, II09TOMY KOMITAC C MAarHUTHOU CTpesKoi Obut Obl Ha JlyHe Gecro-
ne3ed. OfHaKO Ha MMOBEPXHOCTH JIYHBI CYLIECTBYIOT JIOKaJbHble MarHUTHBIE IOJIs, WH-
OVKIUS KOTOPBIX B ThICSYM pas ciabee, ueM y 3emHoro mosst. OxpectrHoctu Mopst [lo-
KIed Ha BUAMMOW CTOPOHE U IeHTpalbHas uacTb CaMoro KpymHoro Gacceitna «HOsx-
HBI{ NOMIOC — JUTKEeH» OTIMYAIOTCS MOBBILIEHHOM HaMarHM4eHHOCTbo nopog. [1o-Bu-
JIMMOMY, 3TO OCTaTOYHAasl HAMarHUUEHHOCTb, KOTOPYIO OPOJIBI KOTIa-To MpUoBpenu Bo
BHEIlIHEeM, 3HAYUTeIbHO 00jee CHUIbHOM MarHMTHOM M0Je, 0O1afaBIieM HHAYKIUen
~1074Tn (. e. 1 I't). mena nu Jlyna nosne, mopo6GHOE 3eMHOMY, KOT/ja ee Hezipa Obutu pac-
IUTABJIEHBI, WK OHA MproOpesia HAMarHUYeHHOCTh B KAKOM-TO paiioHe COJHEUHOI Cu-
CTeMbl U TI03/Hee Obia 3axBaueHa 3emsieit? OTBET Ha 3TOT BOMPOC CMOTYT JaTh Majeo-
MarHuTHbIE JaHHbIe, 3alM(PPOBAHHbIE B JTYHHBIX IOPOJAX.

[Ipeobnagatonmm TUoM 06pa30BaHUN Ha JIYHHON MMOBEPXHOCTH SBJISIOTCS Kpa-
Tepbl, BO3HUKILKE OT yIapOB MeTeOPUTOB U acTeporzoB. VX monepeyHrky caMble pas-
Hble — OT AECSTKOB CAaHTHUMETPOB /0 COTEH KUJIOMETPOB. Pa3muyaroTcs Kparepsl He
TOJIBKO pasMepaMy, HO U COCTOSIHHEM KOJIBLIEBOTO Bajia: CPaBHUTEIbHO MOJIOZbIe UMe-
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0T UeTKO BBIpa)KeHHBIH Bas, a y 6oJiee APEBHUX OH 3aMETHO paspyileH. BoabHCTBO
MOJIOZIbIX KPaTepoB Ha BHYTPEHHUX CTEHKAX Baja MMEIOT Teppachl, a Ha IHe Kparepa, B
00671aCTH €ro LeHTpa, BCTPeUarnTCs TOpKu. Ha [iHe HEKOTOPBIX KpaTepoB MOXKHO YBUETh
TaK)e TPeIMHbI WK LeMIOYKU U3 MeJIKUX KpaTepoB. [IHO psifia KpaTepoB 3aJUTO JaBOM.

Y caMBbIX MOJIOJBIX KpaTepoB MNOMEepeuHUKOM B JeCSITKU KUJIOMETPOB IIPU OTBECHO
nagaomyx aydax CosmHia (B MOMHONYHME) MOXKHO BHZIETb PafAHalbHO PACXOJSIHecs
CBeTIble I0JIOCH], IPOCTUPAIOLIMeCcs. Ha COTHH, & UHOTJA U ThICSYM KUIOMeTpoB. MHO-
TOUYMCJIEHHbIE CBETIbIe TT0JIOCHI PACXOAATCS OT KpaTepoB Tuxo, KonepHUK U HEKOTOPbIX
apyrux. Ectb Ha JlyHe 1 ruraHTCKue L[eTOYKY KpaTepoB, IPOTSHYBIINECS K CeBepo-3a-
nany ot Mopst BocTo4HOro Ha ThICSUM KUZIOMETpOB. [l0/IMHBI IIMPHUHOU B HECKOJIBKO [ie-
CSITKOB KWJIOMETPOB U AJUHOM B COTHU KWJIOMETDPOB BCTPEYAIOTCS Ha OKpanHaX MOpeH.
Bosnee y3kue u 06pbIBUCTbIE T0XKOUHBI — H0PO3/IbI BCTPEUAIOTCSI ¥ HA MOPSIX, ¥ HA MaTe-
pukax. [opHble MaccUBBI Yallle BCEro OKalMIISIIOT KpyroBble Mopsi. [1obCcKuit acTpoHOM
Au l'eBenuii emte B 1647 I. mpe[yI0’KK/ HAa3bIBaTh UX [10 KMEHaM 3eMHBIX rop: AlIeHHUHB,
Anraii, KaBka3, Kapnatbl. CaMble BBICOKHE JIYHHbBIE TOPbl — ATIEHHUHBI JOCTUTAIOT 6 KM.
Kparepn! Ha3BaHb! B 4ecTb acTPOHOMOB, ¢uiocodoB U JPYrUX y4ueHbIX. Bce HOBble Ha-
3BaHug 00beKTOB Ha JIyHe, Kak 1 Ha Apyrux Tenax COMHEYHOM CHCTEMBI, YTBEPKAAIOT-
cs1 Mex/yHapOaHbIM aCTPOHOMUYECKHM COIO30M.

JlyHa — efMHCTBEHHBI KOCMUUYECKH 0OBEKT, IOBEPXHOCTb KOTOPOTO MOXKHO [ie-
TaJIbHO U3y4aTh C 3eMJIM B TeJIeCKOII, IpUUeM He TONbKO B MPOpecCUOHaIbHbIN, HO U B
moburenbckuit. [laxke Xxoporuuit GUHOK/Ib JaeT BO3MOXXHOCTDb TO3HAKOMHUTBCS C CEJIEeHO-
rpaduei, T. e. ¢ «reorpadueid» Jlynsl A teneckorn c¢ yBennyenueM B 150-300 pa3 nosBso-
JISIeT JeTabHO UCC/Iefl0BaTh JIYHHYIO I0BEPXHOCTb U II0Iy4aTh OTPOMHOE Hac/laXAeHue
OT 3THUX «BUPTYaJIbHBIX IKCIeAUNu». [l mobuTeseil acTpOHOMHH CYLIECTBYeT HeMa-
JI0 UHTePEeCHbIX 3a/1ay, CBA3aHHBIX ¢ HabmoaeHnsamMu JIyHBL: 3TO U TPEHUPOBKA I/1a3a Ha-
Gmrofareris, U MOMCK BO3MOXKHBIX M3MEHEHNH, TaK Ha3blBaeMbIX «BpEMEHHBIX SIBIEHUI»
Ha JlyHe, u orpaboTka MeTof0B actpodororpaduu, 1 U3yUeHHe ONTHYECKUX CBOUCTB
Tesneckomna. JIyHHast MOBEPXHOCTb, OCOOEHHO B paiioHe TepMUHATOpa (IpaHHULbI OCBe-
I[EHHOW ¥ TeHeBOM 30H), BLICOKOKOHTPACTHA U CITYXKUT MPEKPACHON «Tabuieid» s
HaCTPOMKM ONTHUYECKOH crucTeMbl Teseckona. OnHUM c0BOM, JIyHY O4eHb UHTEpecHO
U [I0J1e3HO HAOIO/ATb.

Mepkypwuii

Brwxaitimasa k ConHny nnanera — Mepkypuil — uMeet 3arajouHoe npouuioe. He
HCKJIIOYEHO, YTO B IPEBHOCTU OH ObUI HE CAMOCTOSITE/IbHOM [UIAHETO, a CIIyTHUKOM Be-
Hepsbl. Dta Grvkaiimag k CoMHIly 1aHeTa Ha3BaHa B YeCThb JpeBHepuMCcKoro 6ora Mep-
KypHsl, COOTBETCTBOBABIIIETO TpeueckoMy [epMecy, KOTOPBIHM cuuTascs riamaraem 3eB-
€a, BECTHUKOM OOrOB, a TaKkKe MOKPOBUTEJIEM TOPTOBJIM ¥ IUTYTOBCTBA. [[peBHUE erur-
TsiHe HasbiBaM 3Ty miaHety CoOkoy, B CkanauHasuu 1 [epmanuu oHa Oblia M3BECTHA
kak OpuH, B fAnonun — Cyiicelt, B Mnnuu — byax.
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