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Annotation

AcmpoHOMUA — criaas u3uKu, Mamemamuku u 6e300HHol Kpacomel 38e30H020 Heba — He 00HO cmosemue
B800XHO08/1A10 Yes108€4ecme0 Ha 0CO3HAHUe c80e20 mecma 80 BceneHHoli, Ha MOUCKU U OMKpbIMusA. 3ma
obwupHas obaacme Hayku 06s1a0aem cobcmeeHHbIM 3bIKOM, KOmopbili, 00HAKO, MOXEeM 0C80UMb U YEs108€K,
He umerouuli cneyuansHo2o obpazosaHuAa. B amoli kHuee 8 docmynHoli popme OAHO KpamKoe onucaHue
OCHOB0M0/1a2atoWUX udell ACMPOHOMUU, 0 MAK*CE COBPEMEHHbIe MPUHYUMbI U hakmel, Heobxodumele 0718 8CeX,
KMo xo4yem y3Hamb KGK MOXHO 60sbuie 0 HOYHOM Hebe. Bbl y3Haeme 0 YepHbIX Oblpax U 2pasumayuoHHbIX
/AIUH3AX, O NyAbCapax, K8A3apax u MHO20M Opy20M, YMo rnopaxcaem e0o0bpaxceHue, 3acmaensas Aodeli ¢
pUCMAsnbHLIM UHMeEpPecom scmampusamsca 8 Hebeca. Cmameu pacrosnoxceHsl 8 aapasumHOM nopsAoKe.

KHue2a npedHasHavyeHa 078 WUPOKO20 Kpyaa yumamerseli, @ makxce 0415 y4auwuxca WKos U 8y308.



OXnum bpeutor
101 knouyesaa naea: ACTPOHOMMUA

BeepeHue

Bbl aepxuTe B pyKax KHUry n3 cepun «101 kntouesaa nagea». Hageemcsa, YTo Kak AaHHaA KHUra, Tak 1 cepusA
B LE/NIOM OKaKeTcA A/1A BaC MHTepPecHoW M nosnesHoi. Llenb aTo cepum — AOCTYMHbIM U YBAEKATE/NbHbIM
06pa3omM NO3HAKOMWTb YMTaTENA C CAaMbIMM PA3HbIMM 061aCTAMM 3HAHUA.

B Kaxaon KHure cogepxutca obbacHeHne 101 KAoyeBOM MAEN U MOHATUA, OTHOCALUMXCA K TON MW UHOWM
obnact 3HaHuA. [ns yoobcTBa No/b30BaHUA CTaTbW PaCno/IOXKeHbl B andaBUTHOM nopsagke. Bce KHuru cepum
HanMcaHbl TaKMM 06pa3oM, YTO OT YMUTATENA MOYTU He TpebyeTcAa HUKAKUX CneLmanbHblX 3HAHUN U NOATOTOBKM.
OHK 6yayT nonesHbl U ANA CTYAEHTOB, U ANA TeX, KTO TOJIbKO FOTOBUTCA K MOCTYMN/JIEHUIO B BbiCluee y4yebHoe
3aBefeHune, M NPocTo AN Ntobo3HaTeNbHbIX.

Ha Haw B3rnsag, 60/1bWMHCTBO YY4EOHUKOB C/IMWLKOM 06 beMHbI, YTODObI C/TY>KUTb CNPaBOYHbIMUK Nocobuamm, a
CTaTbM B C/I0BAPAX CAMLIKOM KpaTKK, 4Tobbl chopmmupoBaTh y untatens bosee namM meHee nosHoe npeacrasieHme
o npeamere.

KHuUrv aTol cepun coBmellaioT B cebe ydllme CTOpPoHbl U ydebHuKa, 1 cnosapa. Mx BoBce He ob6a3aTesibHO
YMTaTb OT KOPKM [0 KOPKU U B CTPOro onpegeneHHom nopsagake. ObpallaiTecb K HUM, KOrda HYKHO Yy3HaTb
3HayeHMe TOro WM MHOro MOHATUA, U Bbl HalAeTe KpaTKoe, HO coAepyaTeNbHOe ero onucaHue, Kotopoe, 6e3
COMHEHMSA, NMOMOXET Bam BbINOJIHUTL 3aJaHNe UMM HanucaTb AoKAad. MaTtepuan B KHMrax mM3naraercs Yetko, C
TLWaTeNbHbIM N0A60POM HEOHXOANMbBIX HayUYHbIX TEPMUHOB.

WTtak, ecnmn Bam notpebyetca 6bIcTPO 1M 6e3 60/1bWwKX 3aTPAT NONAYYNTL CBEAEHUA NP KaKon — nnMbo Teme —
BOCMO/Ib3YUTECb KHUFAaMU AaHHOW cepun!

enaem ygaun!

Mon Onusep, uzdamens cepuu «Teach Yourself Books»(Hodder & Stoughton Ltd)



NPEOUC/TIOBUE

dTa KHUra npefHasHayeHa pAns Toro, 4YTobbl MO3HAKOMUTb NIOAEN, HE UMELWMX CheunanbHoro
obpa3oBaHuA B 06/1aCTU aCTPOHOMMM, C OCHOBHbIMU MPUHLMNAMU U MOHATUAMM ITON HayKU. ACTPOHOMMA KakK
npegMmeT Hay4yHOro McCNefoBaHMA MMeEeT OO0/MYH0 MCTOPUIO M LUMPOKME NepcrnekTuBbl B byaywem. Uaeu
COBPEMEHHOM acTPOHOMMM, TaKWUE, KaK 4epHble Ablpbl, FPaBUTALMOHHbIE JIMH3bI, NynbCcapbl U KBasapbl,
3axXBaTbiBAlOT Hallle BOOOpPaXKeHUe CU/bHEE, YeM Hay4Hble OTKPbITUA BO MHOIMX APYrux chepax, — BO3MOXKHO
NoTOMYy, YTO aCTPOHOMMA NpeaHa3HayeHa ana ngei ntboro Bospacra. [axe Ucnosibayemble C/IOBOCOYETAHUSA U
TEPMWHbI, Takue, Kak «bonbwoit B3pbiB», nepeaatoT yBAEYEHHOCTb TEMOW W BAOXHOBEHHOE OTHOLWIEHWE K
npeameTy nccnegoBaHuit. OgHako 6bi1o bbl 3abayKAeHUEM AyMaTb, YTO B AaBHME BPeMeHa acTpoHOMUA bbina
MeHee yB/ieKaTesibHOWN, yem ceiyac. Camu co3se3amns OblnM HaHeCEeHbl HA KapTbl COTHM JIeT Hasag W Noay4ymau
TBOPYECKME Ha3BaHMA B COOTBETCTBMM C BOOOparkaemMbiMW PUCYHKaMKW 3Be3f. B TeueHMe MHOrMX CToneTui
ACTPOHOMbI MbITA/INCb MOHATb BceneHHyo M Hale mecto B Hel. OTKpbITMA lanunea u TAXXKUE WUCNbITaHuA,
BblNAaBLUME Ha €ro AO0/0, NMOJOXKWUAN HAYal0 COBPEMEHHOM Hay4YHOM 3MOXe, U HblHELWHWE yYeHble HaxoaaTcA B
npouecce OTKPbITUSA NOPA3UTENbHOM KapTUHbI NPOUCXOXKAeHNA BceneHHoN. MHOro neT Hasag Takue cobbiTusaA, KaK
CONHEYHble 3aTMEHMUA U MOoABAEHUE KOMET, UMEe/NN OYeHb BaXKHOEe 3HauyeHWe, HanpasasA MbICAU U MOCTYMKU
npasuTenen B pasHbix CTpaHax. OTKPbITUS COBPEMEHHOM acCTPOHOMWMM NO3BOJIAKOT HaM PacCMaTPMBaATb CaMMUX
cebs 1 Haly KpoLleyHyto NaaHeTy B 6o/1ee WMPOKOWN NepcneKkTmBe.

AcTpoHomua — obwupHas obnactb Hayku. B 3TOM KHUre AaHO KpaTKoe ONnucaHWe ee rNaBHbIX uaen B
OOCTynHoM 1 yaobountaemoin dopme. Kntouesblie naem acTpoOHOMUWU NpeacTaB/ieHbl B andaBUTHOM MopsaaKe U
npu HeobxoAMMOCTM CHabXKeHbl PUCYHKaMK, Tabavuamm M NepekpecTHbIMU cCbiikamu. K KalouyeBbiM maeam
OTHOCATCA OCHOBOMO/aralolmMe TEOPUM COBPEMEHHOW acTPOHOMWK, TaKWUe, Kak Teopua Bonbworo B3pbiBa, a
TaKX€ OCHOBHbIE NPUHLUMbI U PaKTbl, HEOOXOAMMbIE AN TEX, KTO TO/IbKO HaUMHAET M3y4aTb aCTPOHOMMIO U XO4eT
y3HaTb Nobo/iblie 0 HOYHOM Hebe.



AHTUBELLLECTBO

Belwectso COCTOMT M3 4acCTul, a aHTUBELLEeCTBO COCTOMUT M3 aHTMYacTUL. YacTuubl M aHTUYaCTMLbI
NPOMCXOAAT OT GOTOHa BbICOKOM 3HEPrMM, KOTOPbIA B pesyabTaTe 3TOro cobbiTMA nepecTaeT CyLecTBOBaTh.
AHTMYACTULA MMeEET MacCy MOKOA, PaBHYHO U NPOTUBOMNOOXKHYIO NO 3HaKY (TO ecTb OTpMLATE/IbHYI0) Macce NoKoA
aHa/ZIoOrMYHOM YacTuLbl, a TaKXe obnagaeT paBHbIM W MPOTUBOMOJIONHBLIM MO 3HAKY 3apAAOM aHa/l0rMYHOW
YacTMLbl, €C/IM 3Ta YaCTULLA UMEET 3/IeKTPUUECKMIA 3apag.

MNepBoit 0OHapPYXKEHHOM aHTUYACTUMLEN OblA MO3UTPOH, KOTOPbLIN SBASAETCS MPOTUBOMNOJIOKHbBIM aHAJ/IOTOM
3NeKTpoHa. MOoXKHO co34aTb aHTUMPOTOH (BMeCTe C APYrMM MPOTOHOM), 3aCTaBMB ABa MPOTOHA CTOJIKHYTbLCA Ha
CKOPOCTW, NPUBAUNKAIOWENCA K CKOPOCTM CcBeTa. AHTMYACTULbl MOFYT COeAMHATbCA ApYyr C APYrom W
06pa30BbIBaTb COCTABHble aHTUYACTMLbI, TAaKME, KaK aTOMbl aHTMBOAOPOAA, KaXAbli M3 KOTOPbIX COCTOUT U3
aHTMMNPOTOHA M NO3UTPOHA.

[na Toro 4tobbl GOTOH BLICOKON IHEPTrMM MPOU3BEN YaCTULY U ee aHTMYacTuLy, sHeprua ¢oto — Ha (hf)
A0/MKHA 6bITb PaBHOM MM 6OAbLIE MOMHOW SHEPTMM MOKOA YaCTMLbl M aHTUYACTMUbI (KOTopas paBHa 2myc?, rae
Mg — Macca nokos Yactuubl). Korga yactmua n COOTBETCTBYHOLLAA €/ aHTMYACTULA CTANIKMBAOTCA U YHUUTOXKAOT
ApYr Apyra, co34atoTcs ABa NPOTOHA, Yel 06WMin MOMEHT ABUMKEHUA M 00LLan 3Heprua pasHbl epBoHavyaibHOMY
MOMEHTY ABUKEHWUA W SHEPrun YacTuubl M aHTMYACTUUDBI. MHbIMM CNOBaMW, KaxKAbl pas, Korga cosgaetca
YyacTuua, NOsBAAETCA COOTBETCTBYHOLWLASA €M aHTMYacTULA, a KOorga 4YacTuua yHUYTOXKaeTcAa (aHHMruauvpyer),
COOTBETCTBYIOLLAA aHTMYACTULLA TOXKE YHUUTOXKaeTcA. [aNlaKTUKN COCTOAT U3 BELLeCTBa, HO He U3 aHTMBELLeCTBa.
HabntogeHna He BbIABUAN HWKAKUX CBUAETENbCTB B MOJb3Y CYLLECTBOBAHMA TFafaKTUK, COCTOALLUMX U3
aHTuBewecTBa. ACTpOHOMBbI nonaratT, YTo BceneHHaa nosaswunacb B pesynbTaTe TaK HasblBaemoro bonbloro
B3pbiBa 0Kon0 12 mapga,... net Ha3aa. CumTaeTcs, YTo aHeprua bonblworo B3pbiBa npmBena K 06pa3oBaHMIO YacTULL
W aHTM4YacTUy,. B npouecce nepBMYHOro OCTbIBAaHUA BceneHHOM M3 KOCMUYECKOro M3nydeHua obpa3oBbiBanoCch
ropasgo 6osblue YacTuL, 0BbIMHOMO Bel,ecTBa. ITa aCMMMETPUA NpUBESA K TOMY, YTO BCKope nocne bosbworo
B3pblBa BCe aHTMYACTULbI AHHUTUIMPOBAAN NPU CTOJIKHOBEHMM C OBbIYHBbIMM YacTULLAMK, 0O6pa3ys GOTOHDI.

Cm. TaKKe cTaTbu «Bbonbluoi B3pbiBy, «TeMHOe BeLLecTBO».



ACTEPOUADI

AcTepounabl COCTOAT M3 MasbiX MAAHET U ApYyrMx HebecHbIX TeN HebOo/NbLOro pasMepa, BPaLLAIOLMXCA MO
pa3HbiM opbuTtam BoKpyr CosiHUA, r1aBHbIM 06pasom mexay Mapcom mn HOnutepom. ITOT permoH U3BECTEH Kak
nosic acteponaos. MepBbln actepons, Lepepa, 6bin oTkpbIT B 1801 roay Axkysenne Muauun. C Tex nop 6biam
O6HapYKeHbI TbICAYM acTeponaos, opbOUTbl KOTOPbIX TEMEPb XOPOLLO U3BECTHbI. HEKOTOpbIE acTepounabl ABUKYTCA
NoO CUABbHO BbITAHYTbIM OpPOUTaM C mepurennamm BHyTpu opbutbl MepKypus. Bblan obHapy»KeHbl acTepouapl,
0opbUTbI KOTOPBIX NepecekaloT opbuTy 3emaun; nocnegHee 3aperucTpMpoBaHHOE NPUBANKEHNE OLHOMO U3 TaKUX
actepongoB K 3emsie npousowno B mapTte 1989 roga u coctasuno 700 000 km (0,005 acTtpoHomUYecKoW
eamMHuupl). CuMTaeTcs, YTO CTO/NIKHOBEHWE acTepomaa Cc 3emneil OKoo 65 MAH.. NeT Hasag, npueeno K
3aBepLIeHUto 3MoXU ANHO3aBPOB.

MHorve actepouabl ABUXKYTCA MO opbUTaM, HaKNOHEHHBIM MO OTHOLUEHUIO K 0pbUTe 3emaun nog ropasgo
b6onee KpyTbiMM yrnamm, yem opbuta Aobon M3 naaHeT. [uameTp camoro KpynHoro actepouaa, Lepepsl,
coctasnaet okono 770 km. [1Ba gpyrmx actepomnaa, pasmepbl KOTopbix npesbiwatot 500 km, — Becta u Nannaga.
MaKcumanbHas 4JMHA MHOTUX acTepouaos He npesbiwaeT 10 Km.

CpeaHee paccTtosiHMe oT acTeponaos Ao CosiHLA COCTaBAAET OKOAO 2,8 aCTPOHOMMYECKOW eanHuubl. [Be
rpynmnbl acTepPOMAOB, M3BECTHbIE MO Ha3BaHMEM TPOAHLbl, HAXOAATCA MOYTU Ha opbute KOnNuUTepa; ogHa rpynna
ABUXKeTCA BNepeam, Ha paccToAHUN oKono 60 rpagycoB Ayru, a Apyras rpynna — no3agu, NpMMepPHO Ha TAaKOM Ke
paccTosiHMU. ACTeponsbl C CUABHO SANUNTUYECKMMM OpBUTaMM NepeceKatoT opobUTbl BHYTPEHHUX NAaHeT. K Takum
actepomgam oTHocutca MKap, KoTopbln noaxoaut K ConHuy 6amke, yem MepKypuit. Bbian TakKe 0OHapyKeHbl
acTepouabl ganeko 3a opbutoi Onutepa M paxe HenTyHa, cocTtaBastouwme yacTb nosca Koiinepa, KOTOpbI
CYMTAETCA UCTOYHUKOM KOPOTKOMEPUOANYECKMX KOMET.

AcTeponapbl B OCHOBHOM COCTOAT M3 TaKMX MaTepManoB, Kak KPEMHWI, Kene3o U M3BepKeHHble FopHble
nopogapl. Portorpadmm HEKOTOPLIX AaCTEPOUAOB ObINM MOSYyYEHbl OT KOCMUYECKOro 30HA4A «lanunein», Koraa oH
npoxoaun yepes nosc actepongos. Cyaa no atum doTorpadusam, acteponabl rycto NoKpbITbl KpaTepamu, HO He
MMeIOT XapaKTepHoW ¢OopMbl, XOTA TaK Has3blBaeMble Ma/ble MAaHeTbl CUMTAIOTCA MoYTU chepuyecknmun. Bce
actepouabl AnLWEHbI aTMochepbl U3 — 33 HU3KOW CU/bl TATOTEHWA, KOTOPAsA HE MOMKET YAEepPNKMUBaTb rasbl OKO/0

NOBEPXHOCTU.

Cm. makxce cmamou «llaaHemol», «Opbumei naaHem».



ATMOC®EPA 3EMJIU

3emHaa aTmocdepa Ha 78 % cocTomT M3 asoTa, Ha 21 % u3 Kucnopoga U meHee Yyem Ha 1 % M3 aproHa,
ABYOKUCK yrnepoaa v BogAHbIX Napos. MaoTHOCTb aTMocdepbl YMEHbLUAETCA C BbICOTON OT CpeaHEero 3HavyeHua
1 kr/m3 Ha ypoBHe mopa go meHee yem 107° kr/m3 Ha BbicoTe 160 Km. Bbiwe 500 Km aTmocdepbl He cylLecTsyer.
Bonee 50 % maccbl 3eMHOM aTMochepbl COCPEAOTOYEHO Ha BbICOTE A0 6 KM.

ATmocdepa 3emnM 3alMLLAET KMBble CYLLECTBa OT BO34EWCTBUA MeTeopHOM 6ombapAMpoBKM, TaK Kak
METeopbl U Me/SIKMe METeoPUTbl CropaloT MNPU MPOXOXKAEHWWU Yepe3 aTMocdhepy, a TaKKe OT BO3AENCTBUA
COJIHEYHOrO M3/y4eHMA, COCTOALLErO M3 Pa3/IMYHbIX YacTul, YaAbTPadUONETOBOIO M3YYEHUA U PEHTFEeHOBCKUX
nyyen. YnbTpapuonetoBoe msnyyeHne GUAbTPYETCA 030HOBLIM CI0€M, PACcMo/IOKEHHbIM Ha BbiCOTE MPUMEPHO
25 KM. 3apsasKeHHble 4acTuLbl, ucnyckaemole ConHUem, 06bI4HO OTKIOHATCA MarHUTHbIM NOAEM 3eMAun.

Atmocdepa 3eman npospadHa Aas INEKTPOMArHUTHOrO M3Ny4YeHUA B ABYX MO0CAaxX, Ha3blBAaeMbIX OKHOM
BMAMMOIO CNeKTpa M OKHOM PagMOBOJIH; NOCAeLHEee OXBaTblBaeT YacToTbl HaunHaa oT — 30 Mly go 100 ITwu,.
MoaTtomy onTuyeckne WM pagmoTeneckonbl Ha YpPoBHE 3emIn MOryT ynaBAMBaTb CBET WAM PAAUNOBOJIHbI U3
KOCMOCa, B OT/INYME OT MHpPAKPACHbIX, YAbTPaPUONETOBbIX U PEHTFEHOBCKUX Niyyeit. Mpubopbl ana HabaoaeHus
33 3TMMM YACTOTAaMM KOCMWMYECKOTO W3/YYEHUS [O0MKHbI OblTb PacnosioKeHbl Ha CMNYTHUKAX, BblBEAEHHbIX 3a
npeaenbl 3eMHOM aTMmochepbl.

MoneKkynbl B aTmocdepe 3eMM paccemBatoT COJIHEYHbIM CBET, NO3TOMY AHeBHOe Hebo ApKoe BO BCex
HanpaBieHusax. Hebo nmeeT ronyboi UBET, MOCKOJIbKY Yem Bbille CTeneHb PacceuMBaHWsi, TeM Kopouye A/MHa
CBETOBOW BOJIHbI.

NoHocdepa Ha BbicoTe oT 100 o 300 KM cOAEepUT MOHbI M 3/1eKTPOHbl. KocMuyeckoe M COonHe4vyHoe
W3/ly4EHUA BbI3bIBAlOT MOHU3ALMIO aTOMOB WU MOJIEKY/ B aTmocdepe 3TOro pervoHa: PagnmoBONHbBI C YacToTOM
HuKe 30 Ml oTparkatoTca nmoHocdepoit M3 — 3a HGO/IbLIOTO KOJIMYECTBA MOHOB M 3/1EKTPOHOB, OTParkatoLmx
PaAnOoBOJIHbI TAK }Ke, Kak MeTannyeckas naactuHa.

Cm. markxe cmameu «Memeopel u  Memeopumsl»,  «3AEKMPOMA2HUMHOE  U3/y4YeHue»,
«PaduomenecKkonsbi».



BENbIN KAPZIUK

3Be3Abl TMMNa 6enbiX Kap/NMKOB 3HaYMTEIbHO MeHee ApKue, yem ConHue, HO ropasno bonee ropsumne; OHU B
6yKkBaNbHOM CMbICae packaneHbl gobena. CornacHo 3akoHy CredaHa, yem ropsyee 3Be3ga, Tem 6onblie
KONMYECTBO IHEPTUKN, U3Tly4aeMoe B CEeKYHAY C eAMHMUbI NowanM ee NoBepxHOCTU. Takmm obpasom, Henbii
Kap/AMK M3ny4aeT ropasao 6onblie SHEPrMM B CEKYHAY Ha eaAnHULY naowaan, Yem CoslHLUE, HO MOCKOJIbKY obuiee
KOJINYECTBO 3HEPruu, Msaydyaemoe B CEKYHAY, 3HAYUTENbHO YCTynaeT COJIHEYHOM, MoWaAb MOBEPXHOCTU U
AnameTp 6enoro Kap/aunKka AO0JKHbl 6biTb ropasgo meHbue, yem y ConHua. benbin kKapamk Cupuyc B, cnyTHUK
3Be3abl Cupuyc, 6611 06HAPYKEH OAHUM U3 NEPBbIX.

Benblii KapnuK obpasyerca nocse npekpalleHMa peakunmn SaepHOro CMHTE3a B 3Be34e- MMraHTe C HU3KOM
maccoli. Mpu BbIGpoOCe 3HAUNTENBHOM YAaCTU ee BHELIHWUX CIoeB U 0H6pa3oBaHMM TaK Ha3blBAEMOM NAaHETapHOM
TYMaHHOCTM OCTaeTcA ropsayee NAOTHOE AAPO, MOCTENEHHO OCTbIBAOLLEE U TYCKHENOWee B Te4eHne MUAAMAPLA08
net. Paguyc 6enoro Kap/smnka yMeHbLUAETCA NpU YBEIUYEHUM ero maccbl BNAOTb A0 npeaena YaHapacekapa,
KoTopbli cocTansaeT 1,4 maccol ConHua. Agpo 38e3abl ¢ maccoit 6onee 1,4 maccobl ConHua He CTaHOBUTCA 6enbim
Kap/IMKOM, MOCKO/IbKY OHa He CTabunbHa W B3PblBAETCA KaK CBEPXHOBaA. Benbli KapauK B cucteme ABOMHOM
3Be34bl NPUTATMBAET MACCy CBOEro CNyTHMKA U B KOHLLE KOHLLOB B3pPbIBAaeTCA KaK HOBaA MM CBEPXHOBAA 3Be34a,
KOrga ero macca gocturaet npegena Yangpacekapa. lNpu AoCTUXKEHWM 3TOro npegena B Heapax 3Be3apl
BO306OHOBANSETCA peaKkuma A4EePHOro CUMHTE3a, B pe3y/bTaTe Yero oHa cbpacbiBaeT BHELWHME CAON U CTAaHOBUTCS
HOBOW 3BE340M1 WKW B3PbIBAETCA LENNKOM U CTaHOBUTCA cBepxHOBOM. OAHAKo 6enblit Kap/iMK Kak oTAenbHas
3Be3/a ABNAETCA CTabWU/IbHbIM M MOCTENEHHO PACcXoAyeT CBOK BHYTPEHHIOK 3HEPruio, B KOHLE KOHL,0B CTAHOBACH
XON04HON U HEBUAMMOMN KapamKkoBon 3Be3aoi. C yyeTom Toro o6CcToAaTeNbCTBa, YTO B HEApax YEpPHOro Kap/aunka
COAEPKUTCA 3HAUUTENIbHOE KOMYECTBO Yr/epoaa, HEKOTOPble acTPOHOMbI MOAAratoT, YTO TaKasA 3Be34a MOXKeT
npeacTaBAATb COOOMN MMraHTCKUI anmasHbIl wap!

CM. makxce cmamou «380/104uUsA 38e30», «A0epHblli cuHmes», «CeepxHo8as».



BONbLLOW B3PbIB

Teopua bonbluoro B3pbisa rnacut, 4To BceneHHas nossunach B pesynbraTe B3PbIBHOMO PaclMPeHUs TOUKK
CUHTYNAPHOCTK, Koraa 6bls10 co34aH0 Bpems, NPOCTPAHCTBO M BelecTBo. CUMTAETCA, YTO 3TO COBbITME MPOM3OLLO
okono 12 mnpa. net Hasag. Mo mepe pacwupeHus BceneHHol ¢opmUpoBanuUcb ranakTMKU, NOCTEMNEHHO
yAanaswunecs Apyr ot apyra, BceneHHaa npoaonykana pacliMpAaTbCa M NO-NpeHeMy paclmnpaeTca. M3BecTHo, UTo
OTAaNeHHble rafakTUKK pa3beraroTcs Apyr OT Apyra CO CKOPOCTbIO, NPMOAMKAIOLLENCS K CKOPOCTH CBeTa.

Teopua Bonblworo B3pbiBa BO3HMK/AA B pe3y/abTaTe OTKPbITUA aMepUKaHCKOro acTpoHoMa d4BuHa Xabbna.
OH 0BHapyKuA, YTO AaneKkue ranakTUKKU yOansaoTca OT HAac CO CKOPOCTbIO, NPOMOPLMOHANbHOW PacCTOAHUIO A0
HUX. Ta B3aMMOCBA3b, BbiABAEHHAA B pe3ynbTaTe HabnlOAEeHUI, U3BECTHA KaK 3aKoH Xabb6ia, KOTOpbIA rnacuT,
4YTO ANA YAANAOLWENCA FaNaKTUKU Ha paccTosHuKM d, ee ckopocTb yberaHua v = Hd, rage H npeacrasnset coboi
KOHCTaHTY NPOMOpPLMOHaNbHOCTA, U3BECTHYIO KaK MocToAHHaa Xabbna. OgHaKo, XoTAa 3aKoH Xabbna obbAcHAeT
naew paclumpeHus BceneHHol, Teopus Bonbworo B3pbiBa He 6blia NpUHATA [0 OTKPbLITUA KOCMWYECKOro
$OHOBOro MMKPOBONIHOBOIrO M3aydeHua B 1965 roay. [1o 3TOro OTKPLITUA MHOIME aCTPOHOMbI CKJIOHS/IUCHL K
TEopUU PaBHOBECHOrO COCTOAHWA BceneHHoW, npeanonaraslueit, YTo paclmpeHue BceneHHoli obycnosneHo
BelLEeCTBOM, CO34aBaeMbIM B KOCMOCE MEXAY ranakTUKamm, KoTopble B pesy/bTaTte yaanaTca Apyr oT Apyra. Ta
Teopus bblna OTBEPrHyTa, Tak Kak OHa He 06bACHAa NPUCYTCTBUA MUKPOBOTHOBOTO U3/TyYeHUA, NPUXOAALLErO M3
KOCMMYECKOro NpoCTpaHCTBa.

Xab6n BbiBen cBA3ylolWee 3BEHO MeXAY CKOPOCTbio yberaHua M paccToAHMEM B pesy/ibTaTe U3MepeHUs
KpacHOro cmelleHmna 6onee 24 ranakTuk, HAXOAMBLUMXCA HA PACCTOAHUM A0 6 MJIH. CBETOBbIX JieT oT 3emaun. C Tex
nop nogobHble MamepeHus Oblan BbINOAHEHbl AAA ropasfo 6o/bluero KOAMYECTBA FafaKTUK; pesynbTaTbl
noATBep}KAann 3akoH Xabbna M No3BoAUAU onpeaennTb 6osee ToUHOe 3HaYeHMe KOHCTaHTbl H. ObwenpuHaTas
Be/INYMHA NOCTOAHHOMN Xabbna Tenepb cunTaeTca okosio 20 KM/c Ha MUAANOH cBeToBbix eT[1] nam (50-100) km/c
Ha meranapceK. YBesmMyeHne nocToaHHOM Xab6aa Ha 60/blMX PACCTOAHMAX YKA3blBAaeT HA TO, YTO paclIMpeHne
BceneHHOM Ha ee OKpanHax NpoucxoamT ¢ 6onbLIeit CKOPOCTbIO.

CmM. makxce «PacuwupeHue BceneHHol», «3aKoH Xab6a».
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BEHEPA 1: XAPAKTEPUCTUKU OPBUTDI

3a uckaoyeHnem ConHua v JlyHbl, BeHepa — camblit ApKUIA 06BbEKT Ha HebocBoae. Ee APKOCTb YacTUYHO
obycnossieHa Tem, 4YTO NJaHeTa MOCTOSAHHO MOKPbITa 6esibimM 06/1aKamMM, XOPOLLO OTPAXKALWMMKN COHEYHbIN
cBeT. BeHepa obpaluaercs Bokpyr ConHUa Ha cpegHem paccTosaHumM 0,72 acTPOHOMMUYECKOW eAMHULbI MO MOoYTU
Kpyrnoi opbute c nepnogom 225 cyToK. HanpaeneHune ee BpallleHUA BOKPYr COBCTBEHHOM OCM MPOTUBOMOJIOKHO
Hanpas/eHUIO BpPalleHUa 3eman; oAMH MOJIHbIM 000pOoT npoucxoguT 3a 243,2 cyToK. AunameTp BeHepbl
coctasnsaet 0,95 gnametpa 3emnun, a ee cpeaHAA NJOTHOCTL B 5,2 pa3a npesblwaeT NAOTHOCTb BOAbI.

Mpu HabaoaeHUn ¢ 3emnun BeHepa HUKoraa He otxoguT oT ConHua Aanblue yem Ha 47°; Takum obpasom, ee
MOHO BMAETb B TeYeHMe Tpex 4acoB A0 BOCXOAa COMHUA WAM B TeYeHWe Tpex 4YacoB nocae 3aKarta. lpwu
HabntogeHUU 4o paccBeTa BeHepa HaxoguTcsA B 3anaAHOM 3/10HraLMKM, MOCKO/IbKY OHa pacnosioXKeHa K 3anagy oT
ConHua. MNpu HabnogeHUM nocne 3akaTa BeHepa HaxoAMTCA B BOCTOYHOM 3/0HraLMKM, MOCKOAbKY OHa
pacnosioxeHa K BoCToKy oT CosHuUa. ApKocTb BeHepbl MeHAETCA, TaK Kak ee paccToaHMe OT 3eMM TOXe MeHAeTcA
oT1 0,28 acTPOHOMMYECKOMN eAMHMLbI B TOYKE HUMKHEro aCTPOHOMMYECKOTO CoeanHeHuns, Koraa BeHepa HaxoamTcs
mexay 3emneit u ConHuem, Ao 1,72 acTpOHOMMYECKON eaMHULbI B TOUKE BEpXHero coeauHeHun, Koraa BeHepa
HaxoAMUTCA C MPOTUBOMOJIOXNHOM CTOPOHbI OT CosHua. lpyU ABMMKEHUW OT BepxXHero acTPOHOMMYECKOro
coeaMHEHMsA K HUKHeMy 1M obpaTHo BeHepa npoxoauT 4vepes UmMKA ¢as OT MOAHOrO AMCKa A0 MoaymecAua v
obpaTHO. YrnoBas WWPUHA AWCKa NAaHeTbl TOXe npeTeprneBaeT M3MEHEeHWUA, NOCKObKY paccToAHue oT 3emau
MeHAeTCA Takum 06pa3om, UYTO Mbl BUAMM MafieHbKUA AUCK MONHOM BeHepbl, a 3aTem 60/blUOK noaymecal,
BeHepbl. Meproa makcmanbHOW APKOCTM BeHepbl COBMaAaeT C MaKCMMAanbHOM 3/10HraUmel, NoCKosIbKy ¢ 3emnu
BMAHa 60/bluaAd 4acTb ocBellleHHoM Co/NHUEM MOBEPXHOCTM, a Cama MNJaHeTa HaxoAuTCA Ha Hebo/Nbliom
paccToaHMK.

Opb6uTta BeHepbl HakNOHEHa nog yr/iom okono 3° no oTHolweHuto K opbute 3emnun. Korga BeHepa HaxoguTcs
B TOYKE HUMKHEro acCTPOHOMMYECKOro coeaMHEHMA, OHA OObIYHO PaCMo/IOKeHa Hag, CONHEYHbIM AMCKOM WK NOL
HUM M3-3a HaK/10Ha opbuTbl. OAHAKO B peAKuX C/lyyasx, Ha3biBaeMbIX NPOXOXKAEHUAMM, BeHepa aABuKeTca nepes,
CO/IHEYHbIM AMCKOM KaK 4epHasa Touka. llocnegHue npoxoxaeHus Habnwoganuce B 1874 mn 1882 rogax, a
cnepytowme asa oxungarorca 8 2004 n 2012 rogax.

Cm. makxce cmamou «llaaHemeoi», «Opbumel naaHem».
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BEHEPA 2: 9/IEMEHTbI NOBEPXHOCTHU

BeHepa MNOCTOAHHO MOKPbITa MAOTHbIM cnoem ob6nakos. [Mepwog BpaweHusa BeHepbl cHavana 6bin
onpeaeneH ¢ NOMOLLBI PafAPHbIX MMMNY/bCOB, HANPABAEHHbIX Ha NAaHeTy ¢ 3emsn. OTU UMNY/IbCbl YaCTUYHO
OTpaxka/Mcb NOBEPXHOCTbIO BeHepbl M mornm peructpuposatbca Ha 3emne. U3-3a BpaweHua BeHepbl gauvHa
BOJIHbl OTPAXKEHHbIX UMMY/bCOB TO YBE/IMYMBAETCA, TO YMEHbLUAeTCA. B pe3ynbTaTte nsmepeHusa cMeLeHusa AnHbI
BOJIHbl OTPaXKEHHbIX WUMMYAbCOB OblI0 YCTAHOBAEHO, YTO NJaHETa BpaliaeTcAd B OoB6paTHOM HaAMPaBAEHUM C
nepmnoaom 243,2 cyToK.

Cwna TArotTeHna Ha noBepxHocTu BeHepeobl coctasndeT 0,9 3emHOM, a TemnepaTypa Ha NOBEPXHOCTU — OKOJ10
750K (~ 500 °C). Atmocdepa BeHepbl Ha 96 % COCTOUT M3 YIIEKUCNOro rasa M Ha 4 % u3 a3oTa ¢ HebobWNMMM
npUMecAMnU LBYOKUCU Cepbl, CEPOBOAOPOAA U APYIUX XMMUYECKUX COeaMHEHUN. M3mepeHus, npoBeneHHble
KOCMUWYECKMMM 30HAaMM, HanpasaeHHbIMK B aTmocdepy BeHepsbl, yCTaHOBUAN, YTO aTMocpepHOe AaB/ieHMe Ha
nnaHete 8 90 pa3 npeBOCXOAUT 3emMHOe. BeHepumaHcKme obnaka, coctoAwMme rnaBHbIM 0H6pa3om M3 CepHOM
KUCNOTbl, MMET TONLWMHY OKONO 20 KM M pacnosioXKeHbl Ha BbicoTe npumepHO 50 KM Hag NOBEPXHOCTLbIO,
oCTaBnAs cBOH6OAHbIN OT 06/1aK0B aTMOCHEPHDBIN MPOMENKYTOK OT MOBEPXHOCTU A0 BbICOTbl NpumepHO 30 KMm.
TemnepaTypa Ha NOBEPXHOCTM FOPaA3Lo Bbllle, YEM MOXKHO 6bl10 Obl 0XKKAATb 418 06bEKTa, PACNONOKEHHOIO Ha
paccToaHum 0,72 acTpoHOMMYecKoin eguHuLbl oT ConHua. [leno B Tom, Y4To cnoii 06/1aKOB yNaBAMBAET COIHEYHOE
TENNO U NPENATCTBYET €ro pacCceMBaHUIO, CO34aBasA NAPHUKOBLIN 3ddeKT B aTmocdepe BeHepbl.

MoapobHble KapTbl MOBEPXHOCTUM BeHepbl BblM cocTaBneHbl B nepuod mexagy 1990 mu 1992 rogom ¢
NOMOLLbIO OpPBUTANIBHOTO KOCMMYECKOro 3oHAa «MarennaH», cHabXeHHOro pagapHoi cCUCTEMOMN, cneuuanbHO
npegHasHavyeHHoW gnsa aToh uenn. Ha msobparxkeHusax, nosyyeHHbIx ¢ «MarennaHa», MOXHO BUAETb MOTOKM
3aTBepAeBLlIEl laBbl U3 BY/JIKAHOB, KOTOPbIE, MO BCEM BUAMMOCTU, NPOAO/IKAOT AeNCTBOBATb U obecneynsatoT
OTHOCUTE/IbHO BbICOKUIM YPOBEHb COAEPKAHUA Cepbl B BEHEPUAHCKOM aTmocdepe.

CM. makxce cmamoeu «Ammocgepa 3emau», «PadapHaa acmpoHomua», «Cuaa mazomeHusa».
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BCMbIWWKU TAMMA-U3NTYYEHUA

Ecnun 6bl HawwM rnasa Mornm BUAETb ramma-ay4du, Mbl 6bian 6bl yaMBAEHbI, BpeMA OT BpeMeHU Habnoaas B
Hebe ApKuMe BCMbIWKK, Kaxkaan M3 KOTOPbIX NPOOOAXKAETCA OKO/M0 MUHYTbl. B cepeauHe 1960-x rogoB cuaamm
MuHucTepcTBa 060poHbl CLLUA 6biia paspaboTaHa U BbiBegeHa Ha opbuty cepus CNyTHUKOB, NpegHasHauYeHHbIX
ONA CNeXXeHUs 32 CEKPETHbIMU COBETCKMMMU UCMbITAHUAMU AAEPHOTO OPYXKUA B KOCMOCEe. BMecTo 3Toro CnyTHMKM
HEOXMAAHHO 3aPEerucTPMPOBaIN BCMbIWKWU raMMa-U3yYeHus, B Cy4yallHOM nopsaake nocTynatolme M3 pasHbixX
obnacten Kocmoca. MprMyYnHaA 3TUX BCMbIWEK 0CTaBanacb MCTOYHMKOM AOraZoK M rMnoTes cpean acTPpOHOMOB A0
1991 ropga, Koraa C KOCMMYECKOro 4YesiHoKa «ATnaHTUC» 6bln 3anyuieH cnyTHUK ¢ obcepBaTopuen ans
HabnogeHua 3a ramma-usnydeHnem. ObcepsaTtopusa 3adMKCUMpoBana BCMbIWKM C YAaCTOTOM MPUMEPHO pa3s B
cyTkU. CnyyaltHoe pacnonoXeHue BCMbIWeK ramma-usaydyeHma o3Hayano, YTo peHoMeH AOJIKeH ObITb CBSI3aH C
BceneHHoM B L,esIom, a He € Kakon-1Mbo oTaeNbHOM YacTbio BceneHHONM.

B 1996 roay 6b1a 3anyLw,eH HOBbI CMYTHUK, HECLUWNI Ha BOPTY LUMPOKOYIO/ibHbIA PEHTIEHOBCKUI TeslecKon U
OEeTeKTop ramma-nyyen. B ¢pespane 1 997 roga AeTeKTOp 3aperMcTpuMpoBasn B HanpassieHun cossesgma OpuoHa
BCMbILWKY ramma-usay4yeHumsa nog Kogosbim Homepom GRB 970 228, KoTopas npogoxKanack 6osee MuUHyTbl. ns
TOYHOTO OnpegeNieHns MUCTOYHMKA, MpeXae YeM CUTHaA CTan  CAMWKOM ciabbim, Obll  MCNOMb30BaH
PEHTreHOBCKUI Teneckon. Pe3ynbTaT Bbln NoATBEPKAEH B TeyeHMe 12 yacoB acTPOHOMAMM, NOb30BABLUMMMUCS
TeNeckonom MmeHu Yunbama leprena c gnameTpom 3epkana 4,2 M; 3TOT TeZIeCKON PacnosoxeH B obcepeaTopmm
Na-Manbma Ha KaHapckux octposax. B mae 1997 roaa CNyTHMK 3aperncTtpupoBan APYryto BCMbIWKY ramma-
M3/1ly4eHua nos Koaosbim HaszsaHnem GRB 970 508. Bblfo yCTaHOB/IEHO, YTO BE/IMYMHA KPACHOIO CMELLLEHUS 3TOM
BCNblWKKM cocTtaBnset 0,84.

He6ecHasn KapTa BCNbIWEeK rammMma-unsny4yeHuma

Takum ob6pasom 6bll CHAT BOMPOC O TOM, Ha KAKOM PaCcCTOAHUM HAXOAATCSA BCMbIWKM raMMa — M3/ydYeHus,
TaK KaK KpacHoe cmelleHune 0,8 YeTKO yKasblBaeT Ha paccTosiHMe NopAfAKa MUAINAPAO0B CBETOBbIX NeT. MpunynHa
BCMbILWEK raMMa-M3/y4eHna 40 CUX MOP He U3BECTHa.

CM. makxe cmamsu «31eKmpomMasHUMHOE ussayveHue», «KpacHoe cmeweHue», «CeepxHo8asn».
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TAJTIAKTUKU 1: KNACCUDPUKALUA

lanakTMka npeactasnsetr coboit cobpaHMe MHOIMMX MUANMOHOB 3Be3[, YAEPXKMBAEMbIX BMeECTe CUAOM
B3aMMHOIo npuTaAXeHua. Obuwas Knaccudukauma ranakTMK NPOBOAUTCA B COOTBETCTBUM C UX GOPMON:
CNUPanbHOM, SNNUNTUYECKON NN HENPABUIBHON.

CnupanbHaa 2an1aKMUKa

CnupanbHas ranakTMka MMeeT CnupasibHble PyKaBa, 3aKpy4YeHHble BOKPYr ee LeHTpa. ManakTnka MaeyHbin
MyTb ABAAETCA CNUPaNbHOM FranakTUMKOW, U ee AMaMeTp cocTaBaseT nopsagka 100 000 ceeToBbix AeT. Pasmep
CNupasbHOM ranakTnkm Bapbupyetca ot 0,1 pasmepa MaeyHoro MyTn oo NpUbAM3UTENBHO PABHOTO UM HEMHOTO
b6onbliero pasmepa. B cnnpanbHbiXx pyKaBax raakTuMK npeobnaaatoT ronybble 38e34bl, a B LLEHTPA/IbHbIX pernoHax
— KpacHble 3Be34bl.

AnaunmuyecKkasa 2010KmMuKa

ANAUNTUYeCcKaa rafakTMKa MMeeT AalueobpasHylo (annavncomaHyto) dopmy 6e€3 cnupanbHbIX PyYKaBOB.
Pasmep TaKux ranakTmk BapbUpyeTca OT Kapankosbix (npumepHo 1/50 MaeuHoro MyTu) Ao ruraHTckmux (8 5 pas
6osblwe MnaeyHoro Mytn).

Fanakmuku HenpaesunvHoU hopmbl

la1aKTUKN HenpaBuIbHOM GopPMbl KaKo-1Mbo xapakTepHoi ¢opmbi[2] HE UMEIOT.

B 1920-x rogax, B KanudopHun, 3aBMH Xabbn, ucnonbsya 250-CaHTUMETPOBbLIN Teneckon- pednekTop,
npoBen o4yeHb NOoApPOob6HbIE UcCNeaoBaHMUA ranakTUK. OH M306pen Tak HasblBaeMylo KaMepTOHHYIO Anarpammy,
M306parKeHHYIO HUXKe, KnaccuduuMpylolyo 3AAMNTUYECKME TanakTUKKU no WwkKane ot EO (chpepuueckan) ao E7
(cMrapoobpasHas), a cnupanbHble rafakTUKKU, B COOTBETCTBUM C POPMON UX LEHTPA U MAOTHOCTBIO CNUPANbHbIX
pyKaBOB, — MO TpexypoBHeBol WKane A, B u C.

3EK.FIHTHE CAMPANEHRE FAnaKTHKA

Bc SBb SBa

208 N
--0-9
/'tJ- (l} (Q} SNAVMTHYECKNE FANAKTHEN

OTEpeiTHEe CNMpansHbIE FanaKTuKe

KamepmoHHasa duazpamma Xabbna

Tenepb aCTPOHOMbI CYMTAIOT, YTO MHOTME SNIMNTUYECKME TaNaKTUKM MOI/IM 06pa3oBaTbCA B pesy/bTaTte
CMAHUA CNUPANbHBIX FANaKTUK, YTO NPUBOANIO K YHUUTONKEHMIO CNMPanbHbIX pyKaBoB. OTKpbiTMe B 1994 roay
OYeHb OTAANEHHOMN TUIAaHTCKON 3//IMNTUYECKOW rafakTUKK, COAepKalleld 3HaUUTEeNbHbIe KOAMYECTBa Mblaun,
NO3BO/INIO NPEAJIOKUTb, YTO HEKOTOPbIE INUNTUYECKME FaNaKTUKKN COAep KaT HOBble 3Be34bl U 06pa3oBannch
He KaK pe3yNbTaT CAMAHUA CNUPanbHbIX ranakTuK.

CM. makxce cmameoto «38e30b1 4».
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FTANNAKTUKWU 2: MECTHAA TPYMNA

[aNaKTUKN BapbMPylOT MO pasmepam OT Kap/MKOBbIX, ropasfo MeHblumx, yem MneyHbin [yTb, [0
TMraHTCKUX — 3HAUUTENIbHO Bonee KpynHbIX, Yem MaeyHblit MyTo.

ConHue — ofHa U3 MHOTUX MUNIMOHOB 3Be3f B anakTuke MaeuHbiii MNyTb, AnameTp KOTOPOW NpesblwaeT
100 000 cBeTtoBbIx feT. ManakTMKa MaeuHblit MNyTb ABNAETCA OAHOM U3 TPyMMbl COCEAHUX raNakKTUK, Ha3blBaemol
MecTHOM rpynnoii ranaktuk. Hanbonee KpynHbolM YneHom MeCTHOM rpynnbl CYUTAETCA FaflakTMKA B CO3BE3AUU
AHppomeabl (M31, TymaHHOCTb AHAPOMEZADI), CNUPAsIbHAA FANIAKTMKA, PACMONOKEHHAA Ha PACCTOAHUM OKOJIO
2 M/IH. cBeTOBbIX neT. Manaktnka MaeuHblid yTb TaKKe MPUHAONEXUT K CnMpasibHbIM rasiaktukam. CosiHue
pacnosioXKeHo B O4HOM U3 CNMpPasbHbIX pyKaBoB MneuHoro MyTtu. bankaliwan 38e3ga Haxo4MTCA Ha PaccTOAHUMU
BCEro N1Llb HECKOIbKUX CBETOBbIX eT oT ConHua.

CumnTaeTca, 4To BceneHHaa cOCTOMT M3 MUIJIMOHOB MWIZIMOHOB FaflakTUK, KaXaaa M3 KOTOPbIX COAEPKUT
MWIJIMOHbI MUAIMOHOB 3Be3a. Ha ¢oTtorpadumax rnybokoro Kocmoca BUAHO, YTO rasakTUKM cobupatlotca B
CKOMNEHUs, TAe KarKAoe CKOMNEHWEe COAEPHKMT ThbICAYM ranakTMK, a CKOMJEeHMA, B CBOK odepedb, obpasytoT
CBEPXCKOM/IEHUA, pa3aefieHHble OFPOMHbIMU MYCTbIMU PEFMOHAMM KOCMUYECKOTO NPOCTpaHCTBA. MaeuHbii MNyTb,
TymaHHOCTb AHApPOMEbI U ApYyrue ranakTukmM B MecTHOM rpynne obpasyoT CKOMJIEHNE AMaMETPOM OKOJ0 3 MJIH.
cBeToBbIX neT. K gpyrum ranaktmukam MecTHOM rpynnbl OTHOCATCA CNMpanbHan ranaktmka M33 u HecKonbKo
raflakTMK HenpaBuabHOM dopmbl, BKAOYaa MarennaHosbl Obnaka. Manaktnka M33 pacnosiokeHa NpMMEpPHO B
10° ot M31, B maneHbKOM co3Be3auu TpeyrosibHWKa, NOJIyYMBLIEM CBOE Ha3BaHWe U3 — 3a Tpex Haubonee
3aMeTHbIX 3Be3/, 3TOro co3Be3gma, obpasyomx oCTPOYro/bHbIM TPeyroibHUK. Elle oaHa rafnakTuka B co3Be3anm
Meyn HaxoamTcA ropasno 6aunxe K Ham, Yyem M31, HO ee MOYKHO BUAETb NNLLb B MOLLHbIN TENIECKON, TaK KaK OHa
ropasao MeHblue n Tycknee, yem M31.

MecTHas rpynna raiakTuk

Fanaxtuka Mnesnsii MyTe

(@)~ 3®) M
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Cm. makxce cmamoeu «fanakmuku 1», «fanakmuku 3».
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FTANAKTUKUA 3: CKONJIEHUA U CBEPXCKOMNJIEHUA

BONbLWMHCTBO rafiakTUK NPUHAANEKUT K KaKOMY-1MB0 CKOMeHWIo. bankanlwee cKonieHWe rafakTuKk no
OTHOLUEHUIO K Hallen MecTHOM rpynne HaxoauTtca B co3se3aumn [esbl U coaeput 6onee 3000 ranakTuk. Ero
MOXHO BWAETb KaK MATHO HenpaBWAbHOM GopmMbl pasmepom He 6onee 10 yrnosbix rpagycoB. CKonseHue B
co3se3gmn [leBbl HaxoAMTCs Ha pacctoAHMM bonee 10 mnH. napcekos, npumepHo B 20 pa3 Aganblue, 4em
TymaHHOCTb AHApOoMeZbl. ACTPOHOMbI HabatoAanu 60bloe KOMYECTBO CKOMJEHWUN raNakTUK Ha PAcCTOSHUN 4,0
6 Mnpa,. cBeToBbIX NeT.

MoacunTae oblee KONMYECTBO ralakTUK C APKOCTLIO Bbille onpeaeneHHoro npeaena, 481H Xabbn oueHun
mx obuwee Kosnmyectso B 3 000 000 000 000 000. Aarke Npu YCAOBUK, YTO KaXKA0€ CKOMIEHUE COAEPKUT HE MeHee
1 M/IH. ranakTUK, YUCNO CKOMJIEHUI A0MKHO npeBocxoantb 30 mapg. — 6osblle, Yem BCe HAaceseHWe 3eMHOro
wapa.

CkonneHuAa ranakTMkK pacnpezesieHbl BO BCEX HamnpaBneHuAX. TpexmepHasa moaenb pacnpegeneHus
CKOMJ/IEHUIA Ha WM3BECTHbIX PACCTOAHMAX OBHApYKMBaAET MPUCYTCTBME CBEPXCKOMNEHWIA, KOTOPble NpeacTaBaAAaloT
o060 CKOMMEHUS CKOMAEHUI FaNakTUK U OrPOMHbIE MYCTble PErMOHbI KOCMUYECKOTo NpocTpaHcTea. Kpome Toro,
66111 0BbHapyKeHbl CKOMEeHUA, YNOpPALOYEHHbIE B BUAE BOJIOKOH U NIMCTOBUAHDLIX CTPYKTYP. TaK HasbiBaemas
Benunkaa CreHa npepactaBnaeT coboi NMCTOBUAHOE CKOMAEHUE FAaNaKTUK, PACMON0MKEHHOE HA PACCTOAHMMU OKOJI0
200 MJIH. CBETOBbIX J1eT. [ipyron KPYMnHbIN CrYCTOK CKOMJIEHWUI, N3BECTHbIN Kak Bennknini ATTpakTop, Kak cuMTaeTcs,
NPUTATMBAET Halle CKOM/IEHME FaNaKTUK MU CKonneHue B co3se3auun [esbl. OgHako B 6onee KpynHoM macwtabe
6bIN0 OBHApPYKEHO Maso CBUAETENbCTB CYLLECTBOBAHMA OTAE/IbHbIX FPYMNN M CTPYKTYp; pacnpeneneHuve
CKOMMIEHWUI raflakTUK BbIpaBHMBAETCA BO BCEX HanpaseHUAX. Mpn namepeHuax Ha pacctoaHue nopaaka 100 maH.
CBETOBbIX /IeT KONMYeCTBO rasakTUK OAMHAKOBO B Pas3HbIX HanpasieHUAX. PacnpegeneHuve ranakTMK MOXKHO
CPaBHWUTbL C pacnpeaeneHMeM MaTepuana B rybke: Apipbl NpeacTaBAAOT cOOOM NyCTOTY, a matepuan ryokm —
ranaktmku. PacnpegeneHve matepmana BHYTPU rybKM, o4eHb HEPAaBHOMEpPHOE B MaclwTabe «OAHOMN AbIPOYKNY,
BMOJIHE paBHOMepHO B 6onee KpynHom macwTtabe. B 1999 rogy rpynna acTpoHOMOB M3 AHMMKM U FepmaHum
noATBEPAMNA 3TY KAPTUHY, COCTaBMB KapTbl BceneHHOM B cnekTpe MHOPAKPACHOrO U3Ny4YeHUA A0 PacCTOAHMUA
300 mH. cBETOBbIX NET.

Cm. makxce cmamoeu «fanakmuku 1», «fanakmuku 2».
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FANTUNEN

fannneo lanunent poamncs B 1564 rogy B uTanbAHCKOM ropoge [Mnsa. Kak cbiH gBopAHWHA lanunei
nonyynn obpasoBaHuMe npu MoHactblipe M B 1595 roay crtan npodeccopom matematuku B [lagyaHcKOm
yHUBepcuTeTe, O4HOM U3 BeAyLLMX €BPOMNENCKUX YHUBEPCUTETOB TOrO BPEMEHM, PACNONOXKEHHOM Ha TEPPUTOPUU
BeHeunaHcKon pecnybanku. PyKoBOACTBO yHMBEpPCMTETA NO3BOAANO [aNMAE0 3aHUMATbCA UCCNen0BaHNAMM, U
ero OTKPbITUA O ABWMKeHUWU Ten 3aBoeBanu LLnpokoe npusHaHue. B 1609 rogy 40 Hero gownu ceBefeHua ob
n306peTeHMn ONTUYECKOro YCTPOWCTBA, WM Teneckona, No3sosaBLero HabawaaTb OTAaseHHble HebecHble
o6bekTbl. 3a KOpoTKoe Bpems lanuneit n3obpen M Coopyamn HECKONIbKO COOCTBEHHbIX Teseckonos. OH
Nno/ib30Ba/iCA TeNeckonamu Ans UsydeHua HebecHbIX Ten, a KoAn4vectBo Habnogaembix um 3se3g B 10 pas
NPEeBOCXOAMNO KONMYECTBO 3Be3[, KOTOPOE MOXKHO BMAETb HEBOOPYMKEHHbIM rnasomM. OH OBHapyKMAa, 4To
NoBepXHOCTb JIyHbl N'yCTO NOKPbITa KpaTepamu, 1 OTKPbIA 4 KpynHenwmnx cnyTHUKa tonutepa.

B EBpone acTpoHOMUYECKNE OTKPbITMA Mannnea noayuynnum LWMPOKYI M3BECTHOCTb. [annnen Hagesancs, 4To
ero HabnaeHMA 1 BbIBOAbI B NOAAEPHKKY reiMoLeHTpUYecko moaenn KonepHuka byayT NpuHATbI LEPKOBbIO,
Ho B 1613 roay OH MOJIy4MA CypOBYH OTNOBeAb OT LEPKBU 3a cBOW B3rnsAdpl. B 1623 roay 6bin M3bpaH HOBbIN
Mana Pumckuin, u Fanuneit noexan B Pum B Hagexae ybeamTb ero CHATb 3anper c cuctembl KonepHuka,
HanoXeHHbIM B 1616 roay. OaHako [Mana OTKasancA M3MEHUTb CYLLEeCTBYIOLWMIA MNOPALOK Bellei, NnosTomy
lfanunen pewnn M3NOXUTb CBOW B3rNAAbl U CBOK MOAAEPXKKY moaenu KonepHWKa B KHUre Ha WUTANIbAHCKOM
A3blKe, AOCTYNHOM no ¢opme n cogeprkaHuto. OH 3aBepLlna CBOM Tpya «[uanor o ABYX raBHENLWNX CUCTEMAX
MUpa — NTONEMEEeBOM W KoMepHWKoOBOW» U onybaukoBan ero Bo dPnopeHumn B 1632 roay. KHura Fanunes
MrHOBEHHO CTana bectcennepom, 1 LEepKoBb BbICTPO OTpearMpoBana, 3anpPeTms ee YTEHME U PaCNPOCTPAHEHME.

12 anpena 1633 roga lannneit 6bin Bbi3BaH B Pum Ha cya nHKBM3MUMK. Cyabu pewnnun, 4yto Fanunem
Hapywun 3anpet oT 1616 roga v npuber K ymbllwaeHHOMY obmaHy. OH Obln BbIHYKAEH OTPeYbCs OT CBOMUX
B3r/1A40B WU NPOBE/ OCTAaTOK XU3HM NOA AOMALLHMM apecTom B cBOeM Agome Bo PopeHUnn A0 camon CMepTH B
1642 roay. Ornacka, KOTOpyto NoAyYnMan Tpyabl Fannnen, n cyg Hag HAM, BO3MOXKHO, MOMOT/IN PacNpPOCTPAHEHMUIO
refIMoueHTpMYeckon moaenm KonepHuKa.

CM. makxce cmameu «KonepHuk», «[lnaHemapHas mooens [Tmonemes», « Teneckonsi 1».
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’PABUTALULUNOHHDIE INH3bI

CBeT ABUMKETCA MO NPAMOWN, eCAN TOIbKO OH HEe MPOXOAMUT Yepes CUIbHOE FPaBUTALMOHHOE nose. AnbbepT
JAHWTENH O0Ka3an, YTO CMNa TATOTEHUA UCKPUBAAET Nyun cBeTa. OH TaKKe NpoAeMOHCTPUMPOBA/, YTO B 3TOM
OTHOLUEHMM BO3LENCTBME TPABUTALUM HENb3A OTANYUTbL OT ABUKEHWUs C ycKkopeHuem. OCHOBHaA ugea o
BO34EMCTBMM rPaBUTALLMM HA ABUMKEHME CBETA MOKAXKETCA HE CANLLKOM CNOXKHOW, ECIM Mbl PACCMOTPUM CBETOBOM
Nly4, NPOXOAALLMIA Yepe3 MANOMUHATOPbI, PACMNoIOXKEHHbIE HAa MPOTMBOMOJIOXKHbLIX CTOPOHaX YcKopAwlLleinca
pakeTbl. Eciv 6bl HabatogaTenb BHYTPU pPaKkeTbl MOT BUAETb ABUKEHME CBETOBOIO Jly4a, OH YBUAEN Obl U3OTHYTYIO
TpaekToputo. ITOT 3pPeKT BbI3BaH YCKOPEHMEM ABUNKYLLENCcA paKeTbl. [MOCKONbKY B AaHHOM Cay4vae yCKOpeHue
HeNb3s OT/IMYMTb OT rPaBUTaALMU, CUMNA TATOTEHUA TOME BbI3bIBAET MCKPUBAEHWE JSly4el cBeTa. JWHLWTENH
BbIYMCAWA, YTO CBETOBOM /iy, Npoxoaawmii y Kpas ConHua, byaeT OTKNOHEH nog yraom 1,75 yrnoBon cekyHAbl.
MpeackasaHue ditHWTEWHa bbl10 ycnewHo noaTsepaeHo B 1918 roay rpynnon acTPOHOMOB Mo/, PYKOBOACTBOM
ApTypa S44MHITOHA, KOTopble HabAl4ann U U3MepUan OTKIOHEHMEe CBeTa 3Be3[, 3aTMEBAEMbIX COJIHEYHbIM
ANCKOM BO BPEMS MOJIHOTO CONHEYHOTO 3aTMEHMS.

MeTtounme ceeTa

UckpueneHue caema e yckopaowelica pakeme

MoMKeT nn rpaBUTaLMA CO34aBaTb UCKAXKeHHble 06pasbl KOCMUYECKMX 06beKToB? B 1979 roay 6bin OTKPLIT
ABoViHOM KBasap Q 0957+ 561. OCKOAbKY CUrHaA OT KaxKAOW 4acTM KBasapa npeTepnesas OAWHAKOBblE
bNyKTyauum, 6bl10 [OKa3aHO, YTO 3TU YAaCTWM HA CaMOM Aene ABAAKTCA AByMA obpasamu OAHOIO M TOro e
KBa3apa. Cam KBa3ap CKPbIT 33 O4E€Hb MOLLHbIM UCTOYHUKOM FPaBUTALMOHHOIO MOJIA, HO Mbl MOXEM BUAETb ABa
ero obpasa, MOCKONbKY CBET KBA3apa MCKPMBAAETCA, NMPOXOAA BAO/b MPOTUBOMOJIONKHbBIX KOHLOB WCTOYHMKA
rpaBuTauMn. BnocneactBum ¢ NOMOLLBIO KOCMMYECKOro Tesieckona «Xabb6a» yaanocb nonyydnTb M3obparkeHue
OYeHb AaNeKUX rasNakTUK, UCKAXKEHHble M PacTAHYTble Ha MOJOCbl 32 CKOMJIEHUAMW APYrUX ranakTuK, KoTopble
OENCTBYIOT KaK TMraHTCKME rpaBUTALNMOHHbBIE IMH3bI.

CM. makxce cmamou «ConHevHble 3ammeHUa», «THWmelH».
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ABOWHbIE 3BE3Abl

[BoiHbIMK (BMHAPHbIMKM) Ha3bIBAKOTCA 3BE34bl, KOTOPbIE BPALLAIOTCA BOKPYr OOLLEro LeHTPa TAXKECTU U3-3a
B3aMMHOIO rPaBMTaLMOHHOIO NPUTAMKEHUA. HeKoTopble ABOMHbIE CMCTEMbI COCTOAT Bosiee Yem U3 AByX 3Be3a. K
npumepy, Muuap n Anbkop — age 38e34bl, 61M3K0 pacnosioKeHHble Apyr K Apyry B pykosaTu KoBwa co3se3gus
Bonblwoi Measeauubl. Habnogatenb ¢ OCTPbIM 3PEHMEM MOMKET PasanynTb UX 6e3 Momolm Teseckona Mau
B6UHOKNA. ACTPOHOMMYECKME NUCCAeA0BaHMUA NOKasann, 4To Muuap 1 AnbKop ABAAIOTCA ABONHbIMW 3BE€34aMMU.

[BoliHble 3Be3abl 6blnM Bnepsble obHapyKeHbl 6onee 200 neT Hasaj, Koraa B pesynbTaTe TLLATE/bHbIX
HabntoaeHU Oblo0 YCTAaHOBAEHO, YTO HEKOTOopble 3Be3abl 0bpalatoTca BOKPYr obuiero ueHTpa maccbl. K
npuMmepy, camasa ApKaa 3Be3ga HodyHoro Heba Cupuyc A conpoBokgaeTtca ropasno 6onee Tyck/ion 3Be3aom
Cupuyc B. Nepunog obpalleHma sTux AByx 3Be3f cocTaBaseT okoso 50 ner.

CyuwiecTByeT TpM OCHOBHbIX TWUNA ABOWMHbLIX 3Be34,. Bu3yanbHO-ABOMHbIMWM Ha3bIBAlOTCA 3Be34bl, TakMe, Kak
Cupuyc A n Cupuyc B, KoTopble MOXHO BUAETb KaK OTAe/ibHble CBETUAQ HEBOOPYXEHHbIM [/1a30M UAU C
nomolLLbio Tesneckona. MaockocTb opbuTbl ABOMHOM 3Be3Abl He 06A3aTeNlbHO A0/XKHA ObITb NepneHAMKYNAPHOM
JNIMHUKN 3peHnA. 3aTMEHHO-ABOMHbIMW Ha3blBAOTCA 3BE3A4bl, KOTOpPble Nepuoauyeckne 3aTmeBalroT Apyr Apyra,
NOCKONbKY UX OpbUTbl pacnonoXeHbl NO4 Yr1OM K HaM. APKOCTb 3aTMEHO-ABOMHOM 3Be34bl, TAKON, Kak Anronb B
cosge3aun lMepces, 3HAUNTENbHO YMEHbLUAETCA KaxAbl pas, Korga ofHa M3 AByX 3Be3f 3aTMeBaeT Apyryio.
CneKTpanbHO-AB0MHbIMM Ha3blBalOTCA 3BE34bl, KOTOpble ObiAM onpeaeneHbl KakK TaKoBble AWWb MOTOMY, YTO
CNEKTP CBETOBOFO W3/y4eHUs OBOMHON CUCTEMbI PEryNAPHO CMELLaeTca MO Mepe TOro, Kak [ABe 3Be3gbl
NpMBAMKAOTCA K HAaM W yaanaTca oT Hac. CNekTp CBETOBOrO M3AyvyeHWs 3Be3fbl COCTOMT M3 HenpepbiBHOM
nosocbl LBETOB pagyrM. B onpeneneHHbIX MecTax CMNeKTp MepecekaloT BepPTUKa/bHbIe JIMHUMK; 3TU JIMHUKU
obycnossieHbl NOrNoWEHMEM CBeTa B ra3oBoli 000JI0MKe, OKpyKatollen 3Besdy. B cnektpe aBoliHON 3Be3abl
HabntogaeTcA nepuoanyeckn NoBTOpAKOLWEeecs pa3fBOEHME CNEeKTPanbHbIX AWHUK. W3 — 33 3dodekTta
[0MNJepPOBCKOro CMeLLEHNA 3TU JIMHUM CABUIAlOTCA K KPACHOM YacTu CMeKTpa, Korga 3Besfa, M3ny4vatowan cBeerT,
YOANAETCA OT HAC, U K CMHEM YacTu CNeKTpa, Koraa 3se3ga npubanKaetcs K Ham.

Cm. makxce cmamou «3aKoHbil Kennepa», «Macca u #U3Hb 38€30».
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AWATPAMMA TEPULLUNPYHIA — PECCE/INNA

B 1911 roay aaTckuii actpoHom IiiHap MepuwnpyHr, a 8 1913 roay MeHpu Peccen He3aBMCMMO ApYr OT Apyra
NUCCNefoBaNN 3aBUCMMOCTb MEXKAY CNeKTpamMu 3Be3s U UX CBETMMOCTbIO. Ha OCHOBAHWKM 3TUX AaHHbIX Oblna
nocTpoeHa pguarpamma. [lonoxeHue 3Be3gbl Ha agumarpamme lepuywnpyHra — Peccenna onpegensetca
abCcoNtoTHOM 3BE34HOM BE/IMYMHOMN, OTKAAAbIBAEMON MO OCU OPANHAT, U TeMNepaTypoi 3Be3apbl, OTKAaAbIBaeMOM
no ocu abcuymcce.[3]

3Be3abl BapbupytoT No abcontoTHoM BennunHe ot +15, yto B 10 000 pas meHbwe mowHocTn ConHua, ao -10
(npumepHO B MUAAMOH pa3 molwHee ConHua). BoAbWKWHCTBO 3BE34, Ha AMarpamme pPacnofioXKeHO B npegenax
ANAroHaNbHOro MNosica, KOTOPbIA NPOTArMBaETCA OT HUMHEro MpPaBoOro yraa K BepxHemy seBomy yray. Takoe
pacrnosioeHWe HasbiBaeTcA [NnaBHOM nocnefoBaTeNbHOCTbIO. OueHb MOLWHble 3Be3abl  Kaacca M,
pacnonoXeHHble BbICOKO Hag [NnaBHOM Nocnefo0BaTe/IbHOCTbI0, HA3blBAOTCA TMraHTaMM UM CBEPXTUFAHTaMU. ITU
3Be3dbl ropasgo KpynHee CosHua. Mx pacnosiokeHue obycsioBsneHo Tem ¢GakTom, 4YTO 3Be3Apl Knacca M
xonogHee, yem ConHue, NO3TOMY OHM MCMYCKAlOT MeHbLUe CBeTa Ha eAuHMLY Naowanm noBepxHocTU. 3Be3apl-
TMraHTbl Ha anarpamme lepulnpyHra — Peccenna pacnonoeHbl MPUMEPHO B NATU 3BE34HbIX BEAMYMHAX HAL
ConHuem, a 3Be34bl-CBEPXTUIaHTbl PACMOOXKEHbI MPUMEPHO B MATU 3BE34HbLIX BE/MYMHAX HaL, 3Be3LaMu-
rMraHTamm.

lpynna o4yeHb ropavmx 1 TYCKAbIX 3Be34, pacnonoxeHHas nog MasHoM nocneoBaTenbHOCTbIO, Ha3blBaeTcA
B6enbimm Kapankamu. TemnepaTtypa NOBEPXHOCTM 3TUX 3Be3f, ropasgo Bbille, yem Ha ConHue, nostomy 6enbiit
Kap/IMK usnydaet 6onblie cBeTa Ha eguHULy naolaam, yem ConHue. OaHako no cpaBHeHutoo ¢ ConHuem 6enbiii
Kap/IMK M3/1y4aeT MeHblle CBeTa M3-3a ropasfo MeHbluero avametpa. Auarpamma lepuwnpyHra — Peccenna
AaeT MHGopMaumMio O TOM, Kak pa3BMBalOTCA 3Be3Adbl OT CBOEro 3apoxAeHusa A0 rmbenn n Kakum obpasom
3Be3/4bl-TMraHTbl U 6enble KapAuKM 06pasyroT YacTb 3TOMO KU3HEHHOTO LMKAA.

CM. maKxce cmamoeu «380/104UsA 36e30», «38€30HAA 8eAUYUHA», «KpacHsili cueaHm», «benbili KAPAUK».
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ANCTAHUUNOHHbIE USMEPEHUA 1: NAPANINIAKC

[Be coceaHnx 3Be34bl OAMHAKOBOM APKOCTM MOFYT HaxoAuTbCA Ha COBEPLUEHHO PasHOM PacCTOAHWKU OT
3emMnu; 0aHa MOXKET BbITb ropasao Apye 1 ropasao bosee oTAaNEHHON, Yem Apyras.

OrganenHue 388300
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Memod napannakca

PaccTtoaHusa 00 3Be3], PaCno/iIoXKeHHbIX meHee YemM B HECKOJIbKUX CBETOBbIX rogax OT 3eM}'IVI, n3amepAanncb
Ha OCHOBE XOPOLIO U3BECTHOro $aKTa: Takue 3Be3/bl eXerofHO HEMHOro CMELLAIOTCA N0 OTHOWEHUIO K APYruMm
3Be34aM M3 TOro e co3ge3auda. ITO fABNEHMEe, M3BEeCTHOe Mo/ HasBaHMeM napannakca, obycnoBaeHo
MEHAIOLWMMCA MONOMKEHNEM 3eMan MO Mepe TOro, Kak OHa [ABMMKETCA No cBoel opbute. /InHMA 3peHus,
HanpaBAEHHAA OT 3eM/IN K 3Be3/1e, U3MEHAET MNOJIOXKEHUE, KOraa 3emnsa ABUNKeTCA No opbuTe, NO3TOMY MO3ULMA
3Be3/bl CMELLIETCA NO OTHOWEHMIO K GOHY APYrMX 3Be3[, B TOM Ke CO3Be3guW. 3TO CMelleHue A0CTUraeT
KpailHero npegena 3a 6 mecaues, a B ciedyloue 6 MecALEB 3Be3/a BO3BPALLAeTCA B NPEXKHEe NoJNoMKeHMe.
MaKcUMabHbIA CABUT JIMHUKN 3PEHMA NO OTHOLLEHMWIO K 3Be3e 06pasyeT yroa Mmexay ABYMA rpaHuLammn JUHUK
3peHuA. ITOT Yroa MOMKHO M3MEPUTb € TouHOCTbio A0 0,02 yrnosoi cekyHabl (1 yrnosaa cekyHga coctasnseT
1/3600 rpaayca).

Yron napannakca 3Be3fbl ONpeAensieTca Kak MOJIOBUHA €e MaKCMMaJbHOro cmelleHus. PacctosHue o
3Be3/4bl C YI/IOM Napaniakca B 1 yrnoBylo cekyHay cocTasaseT 1 napcek. 3To paccTosiHMe paBHO 3,26 CBETOBOTO
rogda. NocKonbKy yron napannakca paseH yray mexay AmHuamm ot ConHua v 3emMau Ha AaHHYo 3Be34y, MOXHO
[lOKa3aTb, YTO PACCTOAHME B NAapCeKaXx A0 3Be34bl PAaBHO:

1/ (yron napannakca B fyroBbIX CEKyHZAAX)

Mpu HabntoAeHUN Yepe3 HaseMHble TeIECKOMbI 3Be3/, PACCTOAHME A0 KOTOPbIX npesbiwaeT 100 napceKkos,
METOLOM Napasiaiakca NoJsib30BaTbCA Heb3A, MOCKObKY aTMocdhepHaa pedpakLma «CMa3bliBaeT» nepemeLleHune
3Be3abl npumepHo Ha 0,01 cekyHAb! Ayru.

CM. makxce cmamoeu «38e30HaA 8eaAuYUHa», «Kocmuyeckuli meneckon «Xabbs»».
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ANCTAHUUNOHHbIE USMEPEHUA 2: 3A NPEAENAMU
NAPANITAKCA

Bneck 3Be3abl, Habnogaemol ¢ 3eMnaun, 3aBUCUT OT €€ CBETUMOCTM M PaCCTOAHUA A0 Hee. ADBCONOTHYIO
3BE3/HYI0 BEIMYMHY MOMKHO BbIYUC/IUTL HA OCHOBAHUW BUAMMOM 3BE34HOM BEIMYMHDBI U PACCTOAHMA A0 3BE34bl.
diHap lepuwnpyHr 8 1911 roay u leHpu Peccenn B 1913 roay He3aBMCMMO Apyr OT Apyra BblYUCAUAM
abcontoTHble 3Be3HbIE BENMYMHBI PALA 3BE34, Haxoaawmxcs B npegenax 100 napcekos oT CosHLA, U HAHECIU UX
Ha rpaduK C ocAMM KoopAauHaT (abcontoTHan 3Be3gHaA BenMyMHa/TemnepaTypa), co3gas Auarpammy, KoTopas
Ha3blBaeTca Aauarpammon [epuwnpyHra — Peccenna. lepuwinpyHr TaKXe OCYLWECTBUA MEepBYH OLEHKY
paccTosHMA A0 MepemMeHHOW 3Be3abl M3 Kaacca uedens, KOTOPYt OH 3aTeM WUCMNO/b30Ban ANsA KaanmbposKu
nepuoamyYeckoro oTHoweHuaA v, oTKpbiToro B 1911 roay FeHpuetToit JIMBMTT. 3TO BaXKHOE OTHOLUEHME C TeX Nop
MCNONIb30BaNIOCh AN1A U3MEPEHUA PACCTOAHUIM U APYTUX raNaKTUK, B KOTOPbIX MOXKHO Obl10 Pa3nyunTb OTAeNbHblE
uedenabl. Takum obpasom, Ledenabl UCNOAb30BAZINCL B KayecTBe YKasaTenel PacCToOAHUIA 40 APYrvX rafakTuK
ANA PaccToAHUM 20 1 MAH. NapceKos.

PacctoAHMA [0 ranakTMK cBbiwe 1 MJIH. NAapCceKoB ONpeaenAa/ncb C MOMOLLbIO WM3MEPEHUA KPacHOro
CMELLEHUA KaKAoM ranakTMKuW, 3aTemM pacCToAHWE A0 Hee BblYMCAANOCh Ha OCHOBAHMM 3aKoHa Xabbna. 3TOT
3aKOH, TIACALLUIM, YTO KpaCHOE CMeLLeHWMe TaNaKTUKM MPONOPLMOHANbHO PaccTOAHUIO A0 Hee, Bbln OTKPbIT
3aBvHOM Xab6nom B 1929 rogy nocne TOro, Kak OH M3MEPUN BENMYMHY KPAaCHOIo CMELLEHUs B ABYX AeCATKax
ranakTuK, PacnonoXeHHbIX B nNpeaenax 2 MaH. napcekoB oT MnedHoro MNyTu. Mo ero pacyetam, paccToaHMA A0
3TUX FaNakKTUK Haxo4MUCb 3a npeaenamum MeToda cpaBHeHMA Bnecka v Habnwgaemoro yrioBoro pasmepa
uedens B 3TUX raflakTUKax co CPeHUM YrioBbIM pasmepom u 6aeckom uedens B Honee KpynHbIX rafakTUKax,
HaXOAMBLUMXCA HA U3BECTHOM PACCTOAHUM.

Kocmunueckuii Teneckon Xabbna wucnonbsoBanca AnAa HabnwogeHus 3a uedbengamnm B ranakTukax,
Pacrno/ioXKeHHbIX Ha PaccTosHMM A0 20 MAH. MapceKoB. ITU U3MEPEHUs NOoATBEPAUIN LOCTOBEPHOCTb 3aKOHA
Xab6na. B ganbHenwem c NOMOLLbI0 KOCMUYECKOro Tesieckona «Xab6.1» 6bl1vM BbINONHEHbI Apyrue nccnenoBaHms
no HabnlAeHUI0 CBEPXHOBbLIX B OTAa/NIEHHbIX rafiakTUKax, NOATBEPAMBLUME AENCTBEHHOCTb 3aKoHa Xab6na Ha
OrpomHbIxX pacctoaHnax — Ao 1500 maH. napceKkos.

Cm. makxce cmamou «Llegpeudsr», «3akoH Xabbaa», «38e30HaA senuqyuHa», «KpacHoe cmeweHue»
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3AKOHDbI KEMNJIEPA

Hemeuknin matemaTuk n actpoHom MoraHH Kennep (1571-1630) »kun B MNpare B nepsble TpU AecATUNETUA
XVIl Beka. OH namepun opbutbl Kaxkaoh naaHeTbl CONHEYHOM CUCTEMbI U ONpeaenna nepuoabl ux obpalieHusn
BoKpyr ConHua. Ha ocHOBaHWMWM CBOWX M3MeEpPEeHUI OH CPOPMY/SIMPOBAN TPU 3aKOHA, OMUCHIBAOWMX ABUKEHUA
naaHer.

Mepesiii 3akoH Kennepa

MepBbilt 3aKkoH Kennepa rnacut, YTO KaxkAas naaHeTa ABMMKETCA Mo 3AAMnTUdYeckoi opbute, B 04HOM U3
¢dokycoB KoTopoi HaxoauTcs ConHue.

Bmopolii 3akoH Kennepa

BTopoit 3akoH Kensiepa rnacut, YTO CKOPOCTb NPOABUMKEHUA BOOBPaXKaeMon INHUU, COEANHAIOLEN LIeHTP
nnaHeTbl ¢ ueHTpom ConHUa, MeHseTcs 0bpaTHO MNPOMOPLMOHANbHO KBAApaTy PacCTOAHWMA OT NaHeTbl A0
ConHua.[4]

Kennep 3Han, yto pacctoaHve mexgy Mapcom u ConHuem B nepurennun (Kpatdyarilee paccTosHue)
coctasnser 0,9xr,, rae r, — pacctosHue B adpenun (Hanbonbliuee pacctoaHne). OH 0BHapyXuAa, YTO BUAMMOE
npoasuxeHne nnaHetbl B adennn coctasnset 0,81xr,, rae r, — ee BUAUMOE NPOABUMNKEHWE B nepurenmu. 31o
B3aMMOCBA3b pacwmndpoBbIBaNacb Kak KBaApaT PacCTOSHUA B NEPUreINN K PACCTOAHMIO B adennn (CM. PUCYHOK).
OTtctoga cneayet, 4To nsaHeTa B6AM3K Nepurenns MmeeT CKOPOCTb 6osbluyto, Yem B6AM3M adenunsa, To ecTb
OBUMKEHME NaaHeTbl HepaBHOMEPHO.

Tpemuti 3akoH Kennepa

TpeTuii 3aKkoH Kennepa rnacut, 4To KBagpaTbl BpemeH obpalleHuii naaHeT BoKpyr Co/iHLL@ OTHOCATCA Kak
Kybbl UX cpeAHux paccTosHuii oT ConHua. JTOT 3aKOH MOXHO 3anucaTb B BMAE YpPaBHEHWUs, rae nepuoj
obpatenuns (T) ncuncnserca B rogax, a cpedHuin paguyc (a) — B acCTpPOHOMMYECKNX eguHuuax T2 = a3,

Bnnuntuveckan opbuta POKANLHEIE TO4KH

Mepurenwi
Adenvi

Bpema geuxewsa ot P, go P, pagno
BpeseHd aBvxenrwa ot P, oo P,
ecnv nnowans SP.P; = SP,P,

3axousl Kennepa

3aKkoHbl Kennepa 6b1a1m goKasaHbl MaTtemaTnyeckm Mcaakom HblOTOHOM C MCnonb3oBaHMeEM 0bLwen Teopumn
TAroTeHUA. [loka3aTe/IbCTBO MOXHO MPUBECTU B BUAE YPABHEHWA, rAe MAcCa NNAHETbl BbipakaeTca B ApobHOoM
Be/MYMHe oT maccbl ConHua:
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mMaccaxnepuoa2 = CpeaHuit pagnycs.

Cm. makxce cmamou «HotomoH», « Opbumel naaHem».
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3AKOH TATOTEHNA HBIOTOHA

[o Toro Kak HbloToH chopmynmnpoBan BCeobOWMA 3aKOH TATOTEHUS, CYMTANOCh, YTO 06beKTbl obnagatoT
CBOWMCTBOM TSXKECTM, KOTOPOE TAHET BHU3, U JIETYYECTU, KOTOPOE TO/KAET UX BBEPX. HbIOTOH pasBesas KOHLEeNLmto
NETYYeCTM M NOKA3aJ, YTO MeXAy ABYMA N0O6bIMM 06bEKTAMU CYLLLECTBYET CUIA FPABUTALMOHHOIO NPUTAMXKEHUS.
OH 06bACHMA ABUXKeHMe 0bbeKTa, NadatolWero Ha 3em/to, CKasaB, YTO MeXay O06beKTOM M 3emselt cyllecTByeT
CMNA B3aMMHOrO TAroTeHWs. HblOTOH BOCMO/1b30BAsICA TOW e uaeen ans obbacHeHUs ABUMKeHMA JIyHbl BOKpYr
3emnun 1 nnaHet Bokpyr ConHua. Ecan 661 cnna taroteHns mexgy ConHUEM M NaaHeTamu BHe3arnHo nepecrana
CyLLecTBOBaTb, Kaxpasa MiaHeTa npojo/kana 6bl  MNocTynaTesbHble ABWMKEHUA MO NPAMON  JIMHUMK,
PacnonoXKeHHOM No KacaTesbHOM K ee opbute. CuMna rpaBUTALMOHHONO MpUTAKeHMA mexay ConHuem u
naaHeTaMu 3acTaBAsET NiaHeTbl obpawatbcs BOKpyr ConHua.

HblOTOH cuMTan, UYTO CuAa TATOTEHMA Mexay ABYMA obbekTamu, MpeacTaBiAembiMUM B BUAE TOYEK,
MponopLUMoHasbHa Macce Kakaoro obbekTa M 06paTHOW Be/NMUYMHE KBaApaTa PacCTOAHMA MeKAay ABYymsA
obbeKkTamu. [N ABYX TaKUX TOUYEYHbIX O6BEKTOB C Maccoi My M m, NPU PacCTOAHUMU I OH BbIABMA cleayloliee

ypaBHeHWe 4NA CUNbI TAXKeCTU F mexay ABYMSA Maccamu.

my m;
B

roe G — KoapduuMeHT NPonoOpLUNOHANbHOCTU, KOTOPbIN OH Ha3Ba rPaBUTALLMOHHON NOCTOAHHOW.

Bbi6op r? B ypaBHeHMM HblOTOHa BMECTO I UAK I3 UK KaKo-1Mbo Apyroi cteneHu r 6bii1 06yci0BeH ero
npeablayWwmmm OTKPbITUAMM 3aKOHOB ABWM»KeHMA. OH MOKasan, 4To Teslo, KOTOpPOe HaxoAMTCA B MOCTOSHHOM
KPYroBOM [BW)KEHWW, BCEraa WCMNbITbiBaeT BO34ENCTBME CU/bI YCKOPEHMS, HaMpPaB/IeHHOW K LEHTPY Kpyra u
paBHOM KBagpaTy CKOPOCTM, AefleHHOMY Ha paauyc. CBA3aB 3TO ypaBHEHWE CO CBOeil Gopmynon ANa Cunbl
TAroteHnsa, HblOTOH AoKasan TpeTuit 3aKoH Kensiepa ana AguskeHusa nnadHet. Jliobaa apyras cTeneHb r B ero
dopmyne He morna 6bl AoKasaTb TpeTuit 3akoH Kennepa. Cnegyrowumm warom HbloToHa 6blia nonbiTKa
pPacnpocTpaHUTb CBOM MAEN 3a Npeaesbl TOYeYHbIX 06EKTOB. ITO OKa3aNnocCb OYeHb TPYAHO, M B KOHLLE KOHL0B
noc/ie MHOTUX IeT UCCAeA0BaHMIA OH A0Ka3a, YTO 3aKOH TAFOTEHUA MOMKHO NPUMEHUTDb K 10BbIM ABYM 06beKTam
NPV YCI0OBMU, YTO PACCTOAHME B €r0 YPABHEHMM ABAAETCA PACCTOAHUEM MEXKAY ABYMA LLEHTPAaMU TAHKECTH.

Cm. makxce cmamoeu «HetomoH», «3aKoHbl Kennepa».
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3AKOH XABBJ/1A

3aBUH Xabbn nonb3oBasnca Teneckonom obcepBaTopun MayHT-YUACOH ¢ pednekTopom Auametpom 2,5
meTpa. Teneckon 6bin ycTaHOBNAEH Ha rope YuncoH B KanndopHuu, n Xabbn ucnonb3oBan ero AAA OUEHKU
PacCTOAHMM A0 ABYX AECATKOB raslakTUK C M3BECTHBIM KPaCHbIM CMELLEHWEM, PACMOJIOKEHHbIX B Npeaeniax 2 MJH.
napcekos oT lanakTMkmM Mneunbiii MyTb (1 napcek = 3,26 cBeToBOro roza). Pesynbtathl ero mMccnegoBaHuUM,
onyb6aunkosaHHble B 1929 rogy, NoKasanu, YTO C PaACCTOAHMEM KpacHOe CMelleHue yBenanumsaetca. [lpwu
HaHeCceHUM pe3y/ibTaTOB Ha AMarpamMmy, CBA3bIBAIOLLYIO KPAaCHOE CMeELLEeHWe W pPacCTOAHWe, CTaso ACHO, 4TO
CKOPOCTb YAANeHMA TaNaKTUMKM MNPONOPUMOHANbHA PACCTOAHMIO A0 Hee: v = Hd. 3To B3aMMOOTHOLEHMUE
Ha3blBaeTCcsA 3aKOHOM Xab6na. BennumHa H B 3ToM OTHOLLEHMM Ha3blBaeTCA NOCTOAHHON Xabbna.

UTak, CKOPOCTb OTAaNEHNA V = Hd, roe d— paccTtoAHne A0 ra1akKTuKu.

MunbTOH XblOMAcoH NPOM3Ben AanbHenlWwmne U3MepeHnsa ¢ UCNOb30BaHMEM Teneckona obcepsaTtopun. K
1935 roay Xabbn wn XblomacoH onyb6aMKoBanM pesynbTatbl HabnogeHuin ans 6onee vem 140 ranakTuk,
PacnoioXKeHHbIX Ha paccToAaHun 6os1ee 300 M/IH. MapPCEKOB M OTAANAIOLMXCA CO CKopocTaMM cBbie 40 000 km/c.
3TN pe3ynbTaTbl NOATBEPXKAANMN MepBOHAYAIbHOE OTKPbITME Xabbna. YueHble OLEHUAWN BEANYMHY MOCTOAHHOWM
Xab6na B 160 KM/C Ha MWAAMOH CBETOBbLIX NIET PacCcToAHMA. [anbHellmre U3MepPeHWAa C UCMO/b30BaHWEM
Teneckonos 60/blle MOLLHOCTU 1 Hoslee COBPEMEHHbIX AETEKTOPOB CHU3WIM BENIMYMHY NOCTOAHHOW Xabbna ao
€e HbIHelWHero 3Ha4eHna — oKoJo 20 KM/C Ha MU/IIMOH CBETOBbIX /IeT.

3aKkoH Xabbna ABNAETCA 3KCMEPUMEHTasIbHbIM 3aKOHOM, MPUMEHUMbIM B OrpaHUMYeHHOM MacluTtabe
n3mepeHnii. BosmorKHble 06bACHEHUA 3TOro 3aKoHa Bbliv npegmeTom GypPHOW AMCKYCCMM B TEUYEHME MOJyBeKa
nocne OTKPbITUA. Tenepb NPUHATO CUMTaTb, UTO 3aKOH Xabbna ABnAeTcA cneacTBMEM pacliMpeHus BceneHHol
rnocne MepBMYHOrO B3pbiBa, KOTOPbIM npousolwen B nepuod mexay 10 u 15 mapa. neTt Hasag. ITOT B3pbis,
M3BECTHbIN KaK bonbluoi B3pbiB, MpuBen K CO34aHWMI0 NPOCTPAHCTBEHHO-BPEMEHHOIO KOHTUHWYMA. BeanunHa H
MMeeT oYeHb BaXKHOe 3HaYeHue, MOCKObKY OHa UCNOb3yeTca ANA OLEHKM Bo3pacTa BceneHHOM.

Cm. maxxe cmamsu «bonbwoli Bapbig», «PacwupeHue BceneHHol», «KpacHoe cmeuwjeHue».
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3BE3AHAA BEJIMHUHA

CunTaeTcs, 4To Hallla HbIHeLWHAA cuctema KnaccuduKkaumm 3sesq no mx baecky boina cosgaHa 8o |l Beke ao
Haluei 3pbl [MNNapxom, KOTOPbIN pasaenna 38e3abl Ha 6 KaTeropuii COrnacHo UX APKOCTMU.

flpyanwme 3Be3abl Ha3blBAa/MCb 3BE34aMW NEepPBOM BE/IMYMHBI, @ Camble TYCK/Able, enBa BUAWMbIE
HEBOOPYKEHHbIM [/1a30M, Ha3blBa/IUCb 3Be34aMM LWIECTOM BeAuumHbl. B XIX Beke acTpoHOMblI M3mepuan
MHTEHCMBHOCTb CBETOBOrO MOTOKa A/1A 3Be3[ Pa3HOW Be/IMYMHbI U MEpPEBENN LKaay 3Be34HOW Be/IMYMHbI Ha
Hay4yHylO OCHOBY; Tenmepb pas3/iMuMe B 5 3Be34HbIX BE/AMYMH COOTBETCTBOBAJIO CTOKPATHOMY YBEJIMYEHUIO
KOo/MyecTBa cBeTa. TakMm o06pa3om, Bo3pacTaHME Ha OAHY 3BE3AHYH BENMYMHY COOTBETCTBYET YBENYEHUIO
ApKocTu B 2,512 pasa, cnegosaTtesibHO, OTHOLWEHMEe 61ecKa 38€34 NepBoi 3Be34HOM BE/IMYMHbBI K 3BE3aM LLIECTOM
BEeMYUHBI cocTaBasAeT 2,512x2,512x2,512x2,512 x 2,512 = 100. KnaccuduKauma ot nepsoi 40 WeCTON BEAUYNHDI
6bla NpogokeHa B 06a KOHLA LWKaibl, Tak YTO 3Be3dam, BUAUMbBIM MWL C MOMOLLbIO Tesneckona, 6bina
NPUCBOEHA 3Be34HaA BeMYMHA Bonee WeCcToi, a O4eHb APKMM 3Be3aaM Obliv NPUCBOEHbI 3HaYeHna oT 1 o O u
meHee 0.[5]

Ona cpaBHEHWA UCTUHHOMW CBETMMOCTU Pas3/INyHbIX 3Be34, HeoBXOAMMO BbIMUCAWUTL 3BE3AHYIO BEAUUYMHY,
KOoTopylo Mmena 6bl Kakaasa 3Be3ga, ecnn 6bl OHa Haxoaunacb Ha OAMHAKOBOM paccToAHuM oT ConHeyHol
cuctembl. [na ypobctBa 6biN10 BbibBpaHO CTaHAapTHoe pacctosHMe B 10 napcekoB. BenuumHa 3Be3gbl,
Habntogaemoi Ha 3TOM PaccToAHUM, Ha3blBaeTcAa abCcoNtoTHOW 38e34HON BenudmnHol (M).

AB6CONOTHYIO 3BE34HYI0 BE/IMYMHY MOXKHO BbIYMC/IUTb MO BUANUMOM 3BE3AHON BeNMUYMHE. PacyeTbl OCHOBAHbI
Ha MPUHLMNE, YTO MHTEHCMBHOCTb CBETA OT TOYEYHOrO MCTOYHMKA HA ONpeaeseHHOM PACcCTOAHUMU MEHAETCA B
OTHOLWWEHUM 06paTHO NPOMNOPUMOHANBHOM KBaApaTy pPacCToAHMA. ITOT MNPUHLMN NoApasymMeBaeT, u4To
MHTEHCUBHOCTb CBETa MeHsAeTca B cooTHoweHun (d/10)? npu asuskeHun oT paccroaHua d ao 10 napcekos oT
3pe3apl. Ecnim Dm npepcraBnseT COOTBETCTBYIOWYIO PasHULY 3Be34HON BeanuuHbl, To 100Am/5 = (d/10)?
Monb3yscb WKaNoh AecATUYHbIX norapudmos, nonyyaem ypasHeHme Am =5 log d — 5; cnegoBatensHo, M =T +
5-5log d (rae 5 — abcontoTHas BenmunHa ConHua).

CMm. makxce cmameto «C8emumocme».
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3BE3AHOE U COJ/IHEYHOE BPEMA

Xo4 Hallein noBceAHEBHOW KU3HM M3MEPAETCA CONHEYHbIM BpemeHem. OAHU CO/HEeYHble CYTKM — 3TO
WMHTEpPBa/ BPEMEHU Mexay nocnegoBaTesbHbiMK nepexogamu CoMHUA 4Yepes HUKHUIA MepuanaH, KoTopbli
cocTaB/iAeT NONOBMHY MepUANaHa, Haxoaawleroca 3a ropusoHToM. CoHeUYHble CYTKM NPOAONKAOTCA C NOMYHOUN
[0 cheayollein MNoayHouu; pasymeercd, OAMH NOAAEHb OTAENeH OT CAeAyHOLLero TakKMM e BPeMeHHbIM

MHTepBanom. ConHeyHble CYTKU pasaenatTca Ha 24 yaca.

3emnA BpalllaeTca € NOCTOAHHOWM CKOPOCTLIO, B pe3y/bTaTe Yyero Bce 38e3Abl, Kpome MonapHON, ABUNKYTCA NO
HOYHOMY Heby. MNepemelleHre 3Be3abl Ha HeboCBOAE MOXOXe Ha ABUMKEHME YacoBOW CTPeniKW, coBepluatoLleit
NMoJ/iHbIM 060POT 33 OAHU CYTKM. [IPOMEKYTOK BPEMEHU MeXAY ABYMA MOCnefoBaTe/bHbIMU MepeceyeHusamm
MepuanaHa oTAeNbHO B3ATOW 3Be340M Ha3blBaeTCs 3Be34AHbIMU CyTKaMu. MpoaoNKUTENbHOCTb 3BE34HbIX CYTOK
coctasfiAeT 23 Yaca M 56 MUHYT B eANHULAX U3MEPEHUA CONHEYHbIX CYTOK. 3TO NPOUCXOAUT NOTOMY, YTO 3emnn
TOXe ABUMNKeTcsA Nno cBoen opbute BoKpyr ConHLA, NO3TOMY CO3Be34usA B HOYHOM Hebe NMocTeneHHO MeHsoTcA.
3Be3/bl, KOTOpPble He HaxoAATCA B MONAPHOM PErMoHe, KaXKayto CAeAyioLLyo HOYb BOCXOAAT Ha 4 MUHYTbI paHblue
M3-3a TOro, YTO 3eMnA CMeLlaeTca NPUmMepHo Ha 1° B cyTKM no csoeit opbuTe. Takum obpasom, yepes mecal,
3B€3/a BOCXOAMT NPUMEPHO Ha 2 Yaca paHblue.

B acTpoHOmMMUecKkuMx obcepBaTopuAx OObIMHO €CTb 4acbl, M3MepstolMe 3Be34HOE Bpems Hapagy ¢
COJIHEYHbIM BpemeHeM. 3Be34Hble CYyTKM HAcTynatoT, Koraa nepsas Touka Tenbla nepecekaeT BepXHUIt mepuamaH
obcepsaTopun.

MpAMbIM BOCXOXKAEHUEM 3BE3bl

MpAMbIM BOCXOMAEHMEM 3Be34bl Ha3blBAaeTCA WHTepPBan BpeMeHM (M3MepsemMblit B 3Be3AHbIX 4Yacax) oT
nepexoa nepson Toukn Tenbla Yepes mepuaunaH Ao nepexoaa 3sesbl. [losTomy 38e34a nepecekaet mepuamaH
obcepBaTopuK, KOraa Bpemsa Ha 3Be34HbIX Yacax o6cepBaTopun paBHO ee MPAMOMY BOCXOXAEHMIO. s TOYHOro
BPEMANCUNC/IEHNA MCNONb3YIOTCA aTOMHbIE Yacbl, TaK KaK CKOPOCTb BpalleHus 3eMan cnerka mameHsetcsa. B
aTOMHbIX Yacax CEeKyHAa onpeaenaeTca B TepMUHaX 4acToTbl BUGpaLumn onpeaeneHHoro sMaa atomos. s Toro
yTobbl XO4 aTOMHbIX YacOB COBMafaja C CO/IHEYHbIM BPEMEHEM, nepuoamnyeckn aobasnsaoTca nam ybasnsaoTca
«nepexoaHble» CeKyHabl.

Cm. makxe cmams to «HebecHas cgpepa 3».
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3BE3AHbIE CKONJIEHUA

3Be34HbIMU  CKOMIEHMAMM HaA3blBAlOTCA 6onbline rpynnbl 3Be34, O6'be[l,VIHEHHbIe CM/ION B3aMMHOTO
NPUTAXKEHUA.

AnameTtp pacceaHHOro, Uan ranakTUYecKoro, 3se34HOr0 CKONJieHUA BapbUpyeTca OT HECKONbKUX CBETOBbIX
net go 50 v bonee cBeToBbIX NIET. B LLeNIOM B OTKPbITbIX CKONAEHUAX NpeobnaaatoT ronybble 38e34bl M, NOCKObKY
3TV 3BE34bl UMEIOT ropasao 60s1ee KOPOTKMIA CPOK KU3HM, YEM KPacCHble 3Be3/bl, PacCEAHHbIE CKOMIEHMUA COCTOAT
M3 CpaBHUTE/IbHO MooAbIX 3Be34. K Hanbonee n3BecTHbIM 3BE34HbIM CKOMIEHUAM oTHOcATcs MA45, ckonaeHune
Mnean 8 co3sesanm Tenbua, Mvagbl B co3sesgum Tenbua n M44 B cossesaumn lepcea. CKkonneHune lMneag B
pernoHe, AMameTp KOTOporo coctasndeT 6osiee 20 cBETOBbIX /JIET, COCTOUT U3 FoNyObiX 3BE3A, OKPYMKEHHbIX
anodoysHbIMK cepebpuctbimm ob1akaMmmn KocMuyeckol nbinn. C Apyron CTOpPOHbI, paccesiHHOe cKonsieHue Mvag,
COCTOUT M3 HONbLIOrO KONMYECTBA 3B€34, PACMOIOKUBLLMXCA B npeaenax 6onee 80 cBETOBbIX IET U ABUXKYLLMXCA
napannenbHo apyr apyry. CkonneHne M44, nssectHoe nof HasaHuem lNyenuHblin Ynei, cogepxut okono 200
3Be3[, B perMoHe gnameTpom okoso 40 cBeTOBbIX f1eT. B cnupanbHbIX pykaBax anaktnku MneuHbit MyTb 6bino
obHapyxeHo 6onee 1000 pacceAaHHbIX 3BE3AHbIX CKOMNMEHUN. B Lenom 3Be3abl B TaKUX CKOMAEHUAX yAanawTca
ApYyr OT Apyra,  CO BpemeHeM CKOMJeHue npekpallaeT CBOe CyL,ecTBOBaHUE.

|.|.|a|OOBO€ 3Be3gHOe CKonaeHune

LLlapoBoe 3Be34HOE CKOoM/eHWE NpeacTaBaseT cobolt TecHbIM maccuB chepuyeckonn Gopmbl, COCTOALLMNA U3
MMWIIMOHOB 3BE34, YAEPXKMBAEMbIX BMECTE CUMAOM UX TATOTEHUA. [IMaMeTp LAPOBOro CKOMIEHUA COCTaBAAET OT
50 pgo 300 ceetoBbix net. Laposble ckonneHna B MaeyHom [lyTM pacnono)eHbl Hag M noh MNA0CKOCTbO
lanakTMKM M B6onee WA MeHee pPacnpoCTpaHeHbl BO BCEX HanpaB/ieHUAX OT ee LeHTpa. Bcero B lanaktuke
MneuHbiir Myt Habnwopaetca okono 100 wapoBbiX 3Be34HbIX CKOMJeHWM. B Hux npeobnagatoT beaHble
META/I/IOM KpacHble 3Be3bl, YKasblBaloWMe Ha TO, YTO 3TU CKOMNEHUA WMMEKT O4YeHb APEeBHUMA BO3pPacT.
lpaBUTALUMOHHOE MPUTAXKEHUEe 3Be3[, B LUAPOBOM CKOMIEHWM AOCTAaTOYHO CUJIbHOE, YTODbI NpenoTBpPaTUTbL MX
paccenBaHMe, NO3TOMY LIAPOBble CKOMAEHUA o4eHb cTabunbHbl. CaMbiM APKUM LLIAPOBbIM CKOMJIEHMEM ABAAETCA
Omera LleHTaBpa, 0OBbEKT YeTBEPTOMN 3BE34HON BE/IMYMHBI, PACNONOXKeEHHbIW B KOXKHOM nonywapum HebecHowm
coepbl. OH COAEPKUT OKONO MUNNUOHA 3Be3, B ChpepuyecKkom permoHe AnameTpom npmumepHo 160 cBeToBbIX NeT
Ha paccTosHuKn 6onee 20 000 cBeTOBbIX SIET OT 3EMIN.

Cm. makxe cmamsu «JUcmaHyUOHHbIe uamepeHusa 2», «38e30HaA seau4uHa», «llepemeHHble 36e30bi».
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3BE3/A4bl 1: USYMEHUE 3BE3 ],

ConHue — TMNWYHasA 3Be34a. 3Be3Abl BapbMpPYOT MO Pasmepy OT Kap/IMKOB A0 FMraHTOB M CBEPXTUraHTOB,
AVaMETP KOTOPbIX B COTHW pa3 npesocxoaut avameTtp ConHua. 3se34pl BUAHLI B HOYHOM Hebe Kak ToveyHble
06BEKTbI, MOTOMY YTO OHWM HAXOAATCA Ha OFPOMHOM paccTosHMM. CBET OT 3Be34bl AaeT HEKOTOpPYo MHGOpMaLMIO
O PaccToAHWM OO0 Hee, ee CKOPOCTU, XMMMYECKOM COCTaBe, TemnepaType MOBEPXHOCTM, paauyce, MOLLHOCTU
N3NIYYEHUA, MacCe N CPOKE KMU3HM.

Ecan 3Be3ga pacnonoskeHa A0CTaTovYHO 6AM3KO K Ham, paccTosHMe A0 Hee MOXKHO M3MepUTb MeTOoAOoM
napannakca, To eCTb U3MEPMB Yroa ee CMellleHMs 3a Nneproa 6 mecsaues. PacctoaHme A0 38e3/4bl, PacrnoioXKeHHOM
3a npegenamu 300 CBETOBbIX /1ET, HE/Ib3 U3MEPUTb METOAOM MapannaKkca, ero MOXHO BbIYMCANTb Ha OCHOBaHUM
abcoNtoTHOM 3BE34HOM BeNYMHbI, €CIM U3BECTHO NONOXKEHWe 3Be3abl Ha gnarpamme lepulwnpyHra — Peccenna.

CKopoCTb 3Be34bl ONpeaensercs 4Yepes M3IMepeHWe pPagMasbHOro WM TAHFEHLMANbHOrO KOMMNOHEHTOB
CKOpOCTU. [lonNNepoBCKOe CMELLEHME JIMHUI CNeKTpa HeobXxoguMo U3MepUTb O/ BblYMCAEHUA PaaNanbHOro
KOMMOHEHTA; TaHreHUMaNbHbIA KOMMOHEHT CKOPOCTM MOMKHO OnpeaennTb, eCin U3BEeCTHO COOCTBEHHOe
ABUXKeHMe 3Be3/bl M PaccTosHME 0 Hee.

XMMUYECKMIA coCTaB 3Be3abl OMNpeaensierca Yepes UsmepeHue AJMHbl BOAH B NIMHUAX ee 3MUCCUOHHOrO
CNeKTpa. ITU IMHUKN XapaKTepHbl 414 ONpeAeseHHbIX BUA0B aTOMOB, M3/y4aloWwmxX CBET, U, C1ef0BaTeNbHO, UX
MOXHO MCMOAb30BaTb A/1A ONpeae/ieHNs XMMUYECKUX 3/1EMEHTOB.

TemnepaTtypa NOBEPXHOCTM 3BE34bl ONPEAENSAETCA ee CNeKTpasibHbIM TUNOM (TO ecTb ugeTom). K npumepy,
TemnepaTypa MNOBEPXHOCTU KpacHoi 3Be3abl Knacca M coctaBnsetr okosno 3000K. Ons 6Gonee TouHOro
onpeaeneHna HeobxoaMMO M3MEPEHNE UHTEHCMBHOCTU CMEKTPA B PasHbIX AJMHAX BOJIH, YTOObl HalTU OAUHY
BOJIHbI, COOTBETCTBYIOLLYIO MaKCMMANbHOM MHTEHCMBHOCTU. 3aTeM TemnepaTypa 3Be34bl BbIYUCAAETCA MO 3aKOHY
BuHa.

Cm. makxe cmameu «JucmaHyuoHHsle usmepeHua 1 u 2», «[Juazpamma lepywnpyHea — Peccenna»r,
«38e30Has senuduHa», «CobcmeeHHoe 0guxceHUe», « Ternnosoe usnyvyeHuey.
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3BE3bl 2: KTACCUDPUKALUA

3Be3/4bl pa3nYaloTca No LBeTy 1 ApKoCcTU. betenbreiise B co3se3ann OpmMoHa — KPacHbIN ruraHT. Purenb B
TOM e co3Be3ann — ronyboit ruranT. CnekTp M3sydeHus 3Be3abl nNpeacrasnset coboit HenpepbIBHYIO Nosocy
LBETOB OT KPaCHOr0 1 OPaH}KeBOro Yepes KenTblil U 3e/eHblid 40 CUHEro n puoneTosoro. HenpepbiBHbIN CNEKTP
nepecekaeTca TEMHbIMM JIMHUAMM MOTFNOLLEHUA, BO3HUKAIOWMMM M3-33 TOrO, YTO pasHble BMAbl aTOMOB BO
BHELWHMX CNOAX 3Be3Abl MOr/IOWAOT CBET C ONpeaesieHHOW ANMHOWN BO/IHbI, U3/1y4aembliA BHYTPEHHUMWU C0AMM
3Be3apl.

MHTEHCMBHOCTb KaXAOoM 4YacTM CneKkTpa W3MEeHAeTca BMecTe C LBeTOM W 3aBUCUT OT TemnepaTtypbl
NOBEPXHOCTU 3Be34bl. Yem ropayee 3se3aa, Tem 6AuXKe MmaKcMmanbHaa MHTEHCUBHOCTb ee n3nyyeHnAa HaxoauTtca
K ronybomy KoHLUy cneKktpa. Takum obpasom, UBeT 3Be3abl onpeaenseTcA TemnepaTtypoli ee NOBEepPXHOCTU.
3Be3abl KAaccubuUMpPYOTCA B COOTBETCTBUM C LIBETOM, TEMNEPaTypoi U AUHUAMMU MOTNOLEHNA B UX CMEKTpe.
Cuctema KnaccudpuKaumm ¢ npucBoeHnem b6yks andaBuTa pasHbIM OTTEHKam LBeTa bbina paspaboTtaHa 4o Toro,
Kak y[anocb YCTaHOBUTb TOYHYIO CBA3b MeXA4y UBEeTOM W TemnepaTypoi. [lociie 3KCNepMMEeHTOB C
UCMoNb30BaHMEM NabopaTopHbIX MCTOYHMKOB CBETa MPM pPasHbiX TemnepaTypax nopAagoK 6yKe npuLuioch
M3MEHUTb, KaK YKa3aHo B Tabauue, 4Tobbl cO34aTb TEMNEPaTYPHYIO NOC/ef0BaTe/IbHOCTb.

leer Cunwe Foaylosaro-  beawii  ToayGosaro- Kearsnii Opamkessii  Kpacowii
ClHmii ST U TN
Tesmneparypa 30 20 1 8 [ 4 3

(TBIC, TPAIVCOB)

Kaace 3Bcan L) B A F G K i3 |
CHABHBIC THHHH reaMd  BOOOPOJA M BOJOPOIA JICTKHY NETHHX METANM0B OKCHI0B
NOCTOICHEA Hi="51 rCIHA JCTEHX METIIOE METIH OB METAIDB
NPHCYTCTEHA: METATOE

Cm. makxce cmameu «Juazpamma lepuywnpyHea — Peccenna», «Ceemumocms», «38€30HAA 8eaAUYUHAY,
«KpacHsili cuzaHm», «Cnekmp onmuyeckuli», «Tersnogoe usnyvyeHue».

-30-



3BE3/4bl 3: KAPJIUKU U TUTAHTDI

CBETUMOCTb, MM KONMYECTBO 3HEPINUM CBETA B CEKYHAY, U3/lydaemoe 3Be340M, 3aBMCUT OT TeEMNepaTypbl 1
niowaan ee MnoBepxXHOCTM B COOTBETCTBUM C 3akoHOM CrtedaHa (cm. Huke). Mpu M3BECTHOW TemnepaTtype
NOBEPXHOCTU U pagnyce 3Be34bl MOXXHO BblYMCAUTb €€ CBETMMOCTb. Pagnyc CoNHUA MOXKHO paccyMTaTb Mo ero
paccToAHMIO OT 3eM/IN U YINI0BON WNPUHE Ha HebocBoae. Cyaa no useTy ConHua, Mbl 3Haem, 4To TemnepaTtypa Ha
€ero noBepxHoCcTU cocTtasaaeTr npumepHo 6000K. IHeprua, manyvyaemasa ConHuem 3a 1 cekyHay, pasHa 400
MWJINOHOB MUNIMOHOB MUJITMOHOB MUIJIMOHOB BaTT.[6]

CseTmocTb nt060N Apyroii 3Be34bl MOMKHO BbIMUCAUTL MNPU CPaBHEHUM ee abCONOTHOW 3Be3AHOM
BEJINYMHbI C abcontoTHOM 3Be3gHoW BenmunmHon ConHua. K npumepy, ecnm bneck 3Be3gbl Ha 5 BesNUMH
npesblwaeT 61eck ConHUa, OHa M3ny4aeT B ceKyHAy B 100 pa3 6onblue sHepruu.

C nomouibto 3akoHa CtedaHa npu U3BECTHOM CBETMMOCTU M TemnepaType NOBEpPXHOCTU 3BE34bl MOXHO
BbIYMCAUTL M/OWAAb €e MOBEPXHOCTM U paanmyc. 3akoHa CredaHa rnacuT: KONMYECTBO SHEPruu, nsaydyaemoe
3Be340M B CEKYHAY Ha KBaApaTHbIN MeTp ee niowaau, NPponopLUMOHaAIbHO YeTBEPTON CTENEeHU TeMnepaTypbl ee
noBepxHOCTU. TakMm 0bpa3om, KaxKabli KBagpaTHbIM METP MOBEPXHOCTM 3Be34bl HA MOJMIOBUHY MEHEE ropsaYen,
yem ConHuge, m3anydaet 1/16 yacTb 3HEPrMM B CEKYHAY Ha eAUHULY NIoWaauM no oTHoweHuo K ConHuy. Ecam B
Le/sioM Takas 3Be3ga usnydyaet B cekyHay B 100 pas 6onblie sHeprum, yem CosHUE, TO NAOLLAAb €e NOBEePXHOCTU
[oMmKHa 6biTb B 1600 pas 6onblue, a paanyc — B 40 pa3 6onblie, yem ConHue. Takasa 3Be3ga HasblBaeTcs
KpacHbIM rmraHtom. CxoaHbIM 06pa3om MOXKHO A0KasaTb, YTO 3Be3da BABoe bosee ropayas, yem CosHuUe, HO
MeHee MOLLHasA MMEeEeT ropasfo MeHblKnii anameTp. Takas 38e34a Ha3bIBAeTCA Kap/IMKOBOW 3Be3401. K npumepy,
Anametp 3Be3abl, yctynatoweli ConHuy B 61ecke Ha 5 3Be3aHbIX BENMUKMH 1 BABOe bonee ropadeit, 6yaet B 40 pas
meHbLe gnameTpa ConHua.

Cm. makxce cmamou «Ceemumocme», «38e30HaAs 8eau4YuHa», «KpacHell eueaHm», «Tersioeoe usnyyeHue».
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3BE34bl 4: MACCA U CPOK XKU3HU

Maccy 3Be3abl [naBHOW Nocneno0BaTe/IbHOCTM MOXHO ONpeaesnTb No ee CBETUMOCTU B COOTBETCTBMMU C
OTHOLUEHMEM MeXKAY MacCoOi M CBETMMOCTbIO, OTKPbITbIM C3POM ApTypom DAAUHITOHOM. M3yyasa aBoMHble
3Be34bl, IAANHITOH CMOr NOKAa3aTb, YTO CBETMMOCTb 3Be3Abl [NaBHOM MocnenoBaTeNbHOCTU NPUBAN3UTENBHO
nponopLMoHasbHa Kyby ee macchbl.

B pe3ynbTate npMmeHeHUs HbIOTOHOBCKOM TEOPUN TATOTEHUSA K ABUMKEHUIO 3eman BOKpyr Co/HLA M3BECTHO,
yTo macca ConHua coctasnseT okono 2x10%° kr. [na BblUMCNEHMA MacCbl ABYX 3Be3f B ABOMHON cucTeme
HeobXxo4MMO 3HaTb PACCTOAHME MEXKAY HUMM UM OpbUTaNbHbIN Nepuod. PacyeTbl NPOU3BOAATCA NO TPeTbemy
3aKoHy Kennepa, BbipaxkeHHOMY B cieaytolein ¢opmyne:

macca (B conHeuHbIx maccax)xnepuog, (rogpl)? = pacctosHue (B aCTPOHOMUYECKMX eanHMLax)>.

Maccy oTaenbHbiX 3Be3g, B ABOWHOM CUCTeMe JIerKo BbIUMC/IUTL M3 0BOLEel Macchbl, TaK Kak OTHOLEeHue
Maccbl 04HOWM 3Be3A4bl K Macce Apyroit 06paTHO NPOMNOPLMOHAbHO OTHOLIEHUIO MEXAY Paganycammn Ux opbur.

KM3HEHHbIN CPOK 3Be3/pbl 3aBUCUT OT €e MacChl, TaK KaK 3Be3/lbl COCTOAT B OCHOBHOM W3 BOAOPOAa,
KOTOPbIV ABAAETCA UX «TONAMBOM». [IPOTOHbLI (TO ecTb AApa BOAOPOAA) COEAMHAIOTCA B AApe 38e3/pl, obpasys
agpa reama. B xoge storo npouecca BbicBoboxAaeTca sHeprua nopagka 70 102 BT Ha KaApll Kuaorpamm
BOAOpPOAA B cekyHay. Mockonbky ConHue nsnyyaeT sHepruio nopsagka 4x10%° BT, cneposaTeibHO, BOAOPOS, B €r0
A4pe npespallaeTca B reani co ckopoctblo 6x101t = 4x10%% / 70 x 102 kr/c. Obwaa macca ConHua coctasnsaer
2x10%° Kr, nosTomy 3anacbl €ro BOAOPOAHOrO Ton/auMBa 6yAyT MucyepnaHbl yepes 3,5x10® cekyHg, uTO
npubnnsutensHo pasHo 10 mapa. net. [lna 38e34bl C Maccoil T, BbIPaXKeHHOW B 9KBUBANIEHTE CONHEYHbIX Macc, U
CBETUMOCTbIO L, BbIpaKeHHOM B eAMHMULLAX CONHEYHOW CBETUMOCTM, CPOK 3KM3HWM COCTaBUT M/L CPOKOB KM3HU
ConHua. MoCKONbKY CBETMMOCTb 3Be3apl [NaBHOI MOCNeAoBaTeNbHOCTU NPUBANIUTENBHO MPONOPLMOHANbHA
Kyby ee macchbl, To Yem 6oble Macca 38e3/bl, TEM KOPOYE CPOK €€ XKU3HM.

Cm. makxice cmamoeu «/[eoliHbie 38e30bl1», «3aKOHbl Kennepa», «Ceemumocmoe», «30KOH MA20MeHUs
HeromoHa».
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3EMNA

3emns, TpeTba no nopaaky ot ConHua nnaHeTa, npepctasnAeT cobon 3Be3my cpefHero Bo3pacta B
lanaKTUKe, KOTOPYIO Mbl NPUBbLIKAW HA3biBaTb MseyHbli MyTb. [anakTMKa COCTOUT M3 COTEH MUIIMOHOB 3BE3A,.
BO3MOHOCTb CyLLeCcTBOBaHMA BO BceneHHOM ApyrvMx naaHeT, NOXOXWX Ha 3emnto, NpeacTaBAAeTcA A0BOJIbHO
BbICOKOM. MM3Hb Ha 3emne pas3Buaacb NOTOMYy, YTO Ha HalWeW NaaHeTe ecTb BoAa B Kuakoh dopme, a
NOBEPXHOCTb 3emMau 3alwuueHa oT yabTpadpuonetosoro uanydeHma ConHua atmocdepoir. Ecam 6b1 3emns
HaxoAmMNacb ropasao 6amnxke K ConHuy, TO OKeaHbl UCNapuanck bbl; ecnm bbl 3emaa HaxoAMNacb ropasao Aanblue
ot ConHua, oKeaHbl NpeBpaTUANChL bbl B ied. MU3Hb, CKopee BCero, He cmor/ia 6bl pa3BUTbCA B TaKOW 06CTaHOBKe.
K cyacTbto, Ha npoTaxKeHnn 6o/bluelt YacTM 3eMHOM UcTopuKn, nocie GopMnMpPoBaHMA NaaHeTbl 0Koso 4,5 mapa,.
NeT Hasag, oHa ABuranack Bokpyr CosiHLA MO KPYrosoi opbuTe, coxpaHasa pacctosHue B 149,6 maH. Km oT ConHua
€ To4HOCTbo 40 0,01 %. 3TO paccToaHME B AaCTPOHOMMUMU NMPUHATO B KayecTBe eAuHMUbl AJUHbI 418 U3MEPEHUA
paccTosHMi Mexay HebecHbiMn Tenamu B npepenax CONHEYHOW CUCTEMbl M HA3blBAeTCA aCTPOHOMWYECKOM
eanHuuen (a. e.).

Mo popme 3emna npeacraBnseT cobon chepy, HEMHOIO YN/IOWEHHYIO ¥ NOAOCOB;[7] ee NoAApHbIA paanyc
coctaBnsaetr 6357 KM, 4TO nNpuMMepHO Ha 13 KM MeHble 3KBAaTOPUMANbHOrO pagauyca. TepMUH «KUIOMeTp»
nepsoHavyanbHo onpegenanca Kak 0,0001 pacctoaHua oT aKkBaTopa Ao CeBepHOro noatca. 3To onpeaeneHue
ObINO 3aMEHEHO APYrMM, OCHOBaHHbIM Ha CKOPOCTM CBETA, COMIACHO KOTOPOMY PAcCTOAHWE OT 3KBaTopa A0
CesepHoro nontca coctasnser 9986 km. B ueHTpe 3emnn HaxogmTcA CNAOWHOE MJ0THOe AAPO AMAaMETPOM
0K0/10 2500 KM, OKpYyKeHHOe XNaKkMm agpom guametpom okono 8000 Km. BA3Kaa MaHTMA HAA BHELWHMM A4P0M
nepexoanT B TBEPAYIO 3EMHYIO KOPY HEPAaBHOMEPHOWM TOJILLMHbI, COCTaBAAOLWEN B cpeaHem npumepHo 40 km. B
3EMHOI Kope coaepKUTCA 3HaUMTeNIbHO 6oblue Kenesa, Yem B MAHTUM, KOTOPAA COCTOUT U3 MeHee MIOTHbIX
CUIMKATHbIX maTepuanoB. MarHutHoe none 3eMan CO3[3aeTCA B €e KMAKOM Afpe, BO3MOXKHO, B pesysibraTte
TeMMNepaTypHOM KOHBEKLMM MOTOKOB BellecTBa, 06/1afalolmx sneKTpuyeckum 3apagom. Hu ogHa u3 apyrux
naaHeT 3emHoro TmMna B CoNHeYHOM cnucteme He 061afaeT MarHMTHbIM NOJIEM; 3TO CBUAETENLCTBYET O TOM, YTO
cenvac Ux Hegpa Haxo4ATCA B TBEPLOM COCTOAHUM.

Cm. makxce cmameou «llaaHemel!», kAmmocgepa 3emau».

-33-


n_7

UHOPAKPACHAA ACTPOHOMMUA

NHbpaKkpacHoe nsnyveHne ABNAETCA 3NEKTPOMATHUTHBIM MU3lydeHUEM C SAUMHOM BOAHbI OT 740 HM[8] no
npumepHo 1 mm.

NHdpaKpacHoe nsnyyeHme OT KOCMUYECKUX 06BEKTOB MOr/IoWAeTca napamu BoAbl B aTmocdepe, nosTomy
WMHPaKpacHble TENECKOMbl PacnofioxeHbl IMH60 Ha 6ONbLIOKN BbICOTE, B YCNOBUAX HU3KOW BAAXKHOCTU, NMBO Ha
CNyTHUKAX 3a npegenamm atmocoepbl. MHPpaKpacHbIM Teneckon — 3To 6o/bluoe BOFHYTOE 3epKano,
doKycupytollee U3nyvyeHne Ha MHPpPaKpacHoM aaTtuumke. Mpubop AoMKeH BbiTb OXNaXKAEH, YTOObI cam Teneckon
rnepectan Mcnyckatb MHOpPaKpacHoe u3nydeHne. TPexmeTpoBbl WHPPAKPACHbIM TeNeckon pPacrnofoXKeH Ha
[aBansx, NOCKO/IbKY TaM OYEHb CYXOMN KAMMaT.

NHpaKpacHoe M3nyvyeHWe MCMYCKAaeTcA KOCMUYECKMMU OOBbEKTaMM HeLOCTaTOYHO FOpAYUMMM ANA TOro,
4yTobbl McNycKaTb cBeT. O6naKa NblIM B KOCMMYECKOM MNPOCTPAHCTBE TOXE MCMYCKAKOT 3/1EeKTPOMarHuTHoe
M37y4eHMe B 3TOM YacTu cnekTpa. Takum obpa3om, WMHOpaKpacHble TenecKonbl MOryT NpenocTaBAATb
n3obpaxkeHna 06bEKTOB 1 0613aKOB MNblIN B KOCMOCE, KOTOPblE HEBO3MOKHO HabN04aTb C MOMOLLLbIO ONTUYECKUX
TeneckonoB. B 1983 roay B TeueHue 10 mecAueB Ha opbuTe HaxoAMAcA MHPPAKPACHbIN aCTPOHOMMUUYECKUI
cnyTHUK IRAS. 3a 310 Bpema ero 60-caHTUMETPOBbLIN pedaeKkTop nepenan nsobpaxeHne 0b61akoB NblAN BOKPYr
6avKanwmnx 3sesa. bblno obHapyXKeHo, YTO AaneKue ranakTUKM TOXKEe WMCMYCKAKT 3HAUYUTe/IbHble KOMYecTBa
TENJ0BOro U3Ny4eHUA.

Mocne 3anycka B 1995 roay nHopaKpacHoM Kocmuyeckon nabopatopum ISO, acTpoHOoMbl 6onee aAByx net
nosay4yann n3obparkeHma o6vbeKToB M 061aKOB NblAM B KOCMoce. HOBbI MHGPAKPACHbI KOCMUYECKUI Teneckon ¢
anametpom pednekropa 0,85 m foMKeH ObITb BbiBeAeH Ha opbuty B 2002 rogy.

CM. TakKe cTaTbk «ATMocdepa 3eman», «INEKTPOMArHUTHOE U3NyHEHUEN.
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KATAJ1I0OI MECCbE

Wapnb Meccbe — ¢paHuy3ckmin actpoHom XVIII BeKa — OTKpblA B HOYHOM Hebe 6onee 100 06bEKTOB,
KOTOpble He 6bliM KOMeTamu, 3Be3gamMu UAW naaHeTamu. ITU 06beKTbl 6bliM Ha3BaHbl TYMAHHOCTAMM, M3-3a
pacnablBYaTbIX OYEPTAHWUN (B OTANYME OT 3BE3[, KOTOPble ABAAIOTCA TOYEYHbIMU 0OBbEKTAMM) U HENOABUKHOCTM
Mo OTHOLLEHMIO K 3BE34aM, B OT/IMUYME OT NAAHET UK KOMeET. Meccbe 0BHApYKMA UX B MOMCKAX KOMET, KOTOpPbIE,
Kak emy 6bl710 N3BECTHO, M3MEHAIOT CBOM MO3MLMK cpeau 3Be3a. PacnbiByaTble 06bEKTbI, HE U3MEHSABLLME CBOE
nosioxeHne Ha Hebocsoze, OblaIM 3aHEeCEHbI B KaTalor, KOTOPbIM No3aHee Noay4nn HassaHue «Katanor Meccbe».

K npumepy, KpaboBmgHas TymMaHHOCTb, KOTOpPas celyac CUYMTAETCA OCTaTKamMu CBEpPXHOBOW 3Be3gpbl,
B3opBaBlueica B Xl Beke Hawel 3pbl, Obla NepBbiM 06HEKTOM, 3aHECEHHBIM B KaTasior Meccbe, NO3TOMY OHa
M3BeCTHa nog Homepom MI. Meccbe BHeC B CBOW KaTafor rasakTMKy u3 cosse3gusa AHgpomeabl Nog HasBaHWeM
«TymaHHOCTb AHApoMeAbl», an M31, NOCKO/IbKY OH HUYEro He 3Han O rafakTukax. 40 o6bEeKTOB M3 KaTasora
Meccbe SBAAIOTCA rasakTMKaMM, COCTOSALMMU M3 MHOTMX MUAAMapaoB 3Be3sg. Cama BceneHHasa cocTouT um3
HecunmcneHHbIX raNakTuK, yAanaowWwmxcs Apyr oT Apyra B pesynbtaTe bonbworo B3pbiBa. [pyrme ob6beKkTbl 3
KaTasnora Meccbe npeactasnsatoT coboit AnMbo Wwaposble 3Be3aHble CKoNeHna B FanakTuke MaeuHbli MyTb, anbo
paccesHHble 3Be34Hble CKOMIeHWA UAn 06/1aKa CBETALLErOCA rasa W MblJIM B CNIMPAsbHbIX pyKaBax MaeyHoro MNyTu.
Ha cmeHy kaTtanory Meccbe, BkatoyaBwemy 110 TymaHHocTeil, B 1888 rogy npuwen "HoBbii obwmin Katanor
TYMaHHOCTEl M 3Be34HbIX ckonieHnin» (NGC).[9] OaHaKo Ha3BaHWA TYMaHHOCTEW M APYrMX 06bEKTOB M3 KaTanora
Meccbe no-npexHemy HaxoaAaTca B ynoTpebaeHnn. HekoTopbie U3 HUX NepedynciaeHbl HUKeE.

MI KpaboBnaHana TYMaHHOCTb — OCTaTKM CBEPXHOBOM 3Be34bl B cO3Be34MM Tenblia Ha PacCTOSHUN OKOJ0
6500 cBeTOBbIX N€T.

M27 MNnaHeTapHaA TYMaHHOCTb [aHTe b, PACNO/IOXKEHHaA Ha paccToaHuUM meHee 1000 cBeTOBbIX NET.

M31 TymaHHOCTb AHApoOMeAbl — CNMpasibHAs rasiakTMKa, PacnosioXKeHHada Ha paccToaHMKM Bonee 2 MH.
CBETOBbIX NeT.

M42 TymaHHocTb OpuvoHa — camas fApKas rasonblnesBas TYMaHHOCTb Ha Hebe B co3se3aumn OpuoHa Ha
pacctoaHun 6onee 1500 cBeTOBbLIX fET.

M45 MMneagbl — pacceaHHoOe 3Be34HOE CKOMJIeEHMe B co3Be3auu Tesbla Ha pacctoaHum b6onee 400
CBETOBbIX JIET COAEPKUT ANPPY3HYIO TYMAHHOCTb, COCTOALLYI0 U3 b6osiee Yem 250 3Be3a,.

M104 Combpepo — cnupanbHan ranakTMka B cosBe3guu [eBbl, pacnosoXKeHHas Ha PacCTOSHUU OKOJO0
40 M/NIH. CBETOBbIX N1ET.

Cm. makxce cmamoeu "lanakmuku 3", "CeepxHosas”.
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KBA3AP

KBasap npeactaBnseTr coboM acTPOHOMMYECKMM OOBEKT, TAaKOM e SPKUIA, KaK raslakTuKa, HO ropasgo
MeHblUero pasmepa, Bpode 3Be3dbl. KBasap — COKpalleHue OoT TepMuHa "KBasm3Be3dHbl 06bekT", 4To
noapasymMeBaeT ero CXoACTBO CO 3Be3Aoi. KBasapbl Haxo4ATCA Ha PacCTOSHUW B MUANMApPAbl CBETOBbLIX JIET,
O/IHAKO OHW AO0CTaTOYHO APKWE U AOCTYMHbI ANA HabnloaeHUA, HECMOTPSA Ha CBOM Masble pa3mepbl. 3Be34a Ha
TaKOM PaccToAHUM 6blna Bbl CULWKOM TYCKA0M A1A HabAloAeHMA C MOMOLLbIO COBPEMEHHbIX Np1bopoB.

MepBbiit KBa3ap 6bln OTKPLIT B 1962 roay, Koraa paHee 06HAPYKEHHbIM aCTPOHOMUYECKUI PafMOUCTOUHMK,
Ha3BaHHbIM 3C 273, 6b11 OTOXKAECTBAEH CO 3B€34,0M TPUHAALATOM BE/IMUYUHDBI, MMEBLUEN KpacHoe cmelteHue 0,15,
YTO COOTBETCTBOBA/IO CKOPOCTM yaaneHuna B 15 % cKopocTu cBeTa M paccToaHuio bonee 2 mapa. CBETOBbIX /eT.
Bblio paccunTaHo, 4To OH M3nydaet B 1000 pa3s 6onblie cBeTa, Yem Hawa Manaktiuka MneyHblit MNyTb, ogHaKo cuna
ero CBEeTOBOro MOTOKA roj OT roAa npeTepneBana UM3MeHeHMA. TakoW MacwTab, COOTBETCTBYHOLWMIA BPeMeEHMU
NPOXOXAEHMA CBeTa 4epe3 nonepeyHUK Ob6BEKTa, YKasbiBaeT, YTO €ero pasmMep He MpeBbiwaeT Mnopsaka
HECKONbKMX CBETOBbLIX NeT. na cpasHeHna — anameTp aucka MaeyHoro MyTtn npesbiwaeT 100 000 ceeToBbIX NeT.
Bnocneactsmm 6b110 06HapyKEHO MHOMKECTBO KBAa3apoB C KPAaCHbIM CMELLEHMEM B MHTepBase mexay 1 u 4,
COOTBETCTBYIOLLLEM PaACCTOAHMIO OT 5 A0 10 mapAa. CBETOBbIX JIET U CKOPOCTM OTAAJIEHUA CBblle 85 % cBeToBOW,
006yCcnoBAEHHOM pacwmpeHnem BceneHHol nocne Bonbworo B3pbiBa. KBasapbl NpMHagexKaT K APeBHENLUM U
Hanbonee oTaaneHHbIM ObbeKTam B Habnogaemon BceneHHol; A0 cux nop He oObBHapy)KeHO CBUAETE/bCTB
CyLLECTBOBAHMA KBA3apoB Ha PacCTOAHUM 6aunke 1 mapAa. CBETOBbLIX NeT.

MoapobHble pagno-n3o06paxKeHNa KBA3apoB YKA3bIBAOT Ha MpucyTcTBME OblCTpOABMKYLLMXCA 0BNaKkos U
PaLMOaKTMBHBIX CTPYW BellecTBa. Bo3mMOXKHO, 3TO pe3ynbTaT MPUCYTCTBUS MACCMBHOM YEpPHOW Ablpbl B LEHTpe
ranakTMKM Ha paHHem 3Tane ee dopmupoBaHuA. KpynHaa rasakTMKa C MAacCMBHOW YEpHOM AblpOM B LLEHTpe
YHUUTOXaeT Ntobble 6onee Meskue ranakTUKK, CTaIKUBalOLWMECH C Hell, KoTopble 3aTem HeccnefHO UcYe3atoT B
YyepHo ablpe.

Cm. makxce cmamou "bonbwoli Bapbim", "YepHoie Obipbl”, "38e30Has seauvuHa"”, "KpacHoe cmeweHue".
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KOMETDbI

KomeTa npeacrasnser coboit manoe HebecHoe Teno, KoTopoe AsuxkeTca BOKpyr CosHUa MO CUABbHO
BbITAHYTON 3NAMNTUYECKON opbuTe. KomeTa He MOKeT MOKUHYTb CONMHEYHYIO CUCTEMY M3-3a CW/bl TATOTEHUA
ConHua, KoTopas 3amennseT ee, Korga oHa gsukeTca oT COoMHUA W pasroHseT, Korga oHa npubauskaercs K
ConHuy. Korga Komerta Haxoautca ganeko oT Co/sHUa, OHA 3amep3aeT, CTaHOBWUTCA TEMHOW U HEBUAMMOW C
3emnn. Mo mepe npubamskeHna K CosiHLY MOBEPXHOCTb KOMETbl Pa3orpeBaeTcs CO/IHEYHbIM W3/lyYeHMeM WU
HauMHaeT McnyckaTb obnaka CBeTAWerocs rasa M nNblAW, KoTopble 06pasyloT BUAMMbBIA XBOCT KOMETHI,
Hanpas/IeHHbI B CTOPOHY, NPOTUBOMNOOXKHYI0 ConHLY.

Mepuopa obpaleHms AOATONePUOANYECKUX KOMET BOKpYr Co/iHL@ COCTaBASET COTHM TbicAd sieT. B 1997 .
KomeTa XeWna — bonna BepHynacb B CONHEYHYIO CUCTEeMYy Noc/e MyTelwecTBUs, NPOAOKaBLIEroca HeCKO/IbKO
TbiCAY JIeT, B TeYeHMe KOTOPOro OHa yAasufacb Ha OrPOMHOE paccTosHWe 3a opbuty MayTtoHa. B nepuop,
MaKCMMaibHOW APKOCTU KoMeTa Xelrna — bonna 6bina ferko pasanymMma B HOYHOM Hebe faxke nepes 3aKaTomM U
BCKope nocne Bocxoaa ConHua. CunTaeTcs, YTo goaronepuogmyeckme Kometbl obpasytotcs B O6n1ake OopTa,[10]
cobpaHnu HebecHbIX Tes, Bpallatowmxca no opbute BoKkpyr ConHUAa Ha PacCTOAHMU NPUMEPHO OHOIO CBETOBOrO
roga. baunskonpoxopAwaa 3Be3ga MOXKET NpUTAHYTb 06bekT M3 O6naka OopTa M nNepeBecTM ero Ha
3NAUNTUYECKYLO 0pbuTy BoKpyr Co/HLa, B pe3y/ibTaTe Yero OH CTaHOBMUTCA A0NTONepmnogmMyYeckon KoMeToun.

Mepuon obpalleHMA KOPOTKONEPMOAMUYECKMX KOMeT cocTaBnseT He 6onee 100 netr. Komerta Tlannes
Bo3BpalaeTca B Co/IHEUYHYIO CUCTEMY NMPUMEPHO pa3 B 76 neT. MNoapobHble HabAAeHUA 3TOM KoMeTbl bblan
npoBeZeHbl C MOMOLLbIO aBTOMATUYECKOro KocMmuyeckoro 3oHaa "Axkotro" B 1985 r., Koraa oHa BepHynacb BO
BHYTpPEHHIo0 4acTb Co/IHEYHOM cucTeMbl. ITU HabnaeHMA 3acTaBUAM acTPOHOMOB OTKasaTbCA OT MOAENu
"rpsA3HOrO CHe)KKa', Kak paHee MMEHOBA/IMCb KOMETbI, B Moab3y moAaenn "opexa B LOKosage", Tak Kak 6bii1o
0bHapyXeHo, YTO M3-NoA rNafZKoM M TEMHOM MOBEPXHOCTM KOMETbl BblpblBAlOTCA PeaKTUBHblE CTPYWU rasa,
obpasyemble B pe3y/ibTaTe CUAbHOIO BHYTPEHHEro AaB/ieHUsA Noj Bo3AeNCTBMEM CONHEYHOro Tenia. Bo3amokHo,
KOpPOTKONEepUoamnYeCcKMe KOMeTbl HeKkorga 6bliv Aoaronepuognmyeckumm, nepesefeHHbiIMU Ha Bosiee KOPOTKYHO
opbuty nputaxkeHnem tOnuTepa npu npoxoxKaeHun yepes ConHeuHyto cuctemy. C gpyroii CTOPOHbI, OHWU MOTAN
BO3HUKHYTb B MOACE acTepOMAOB, COCTOALLEM M3 ThICAY KaMeHHbIX 06/IOMKOB W PacrnofiodKeHHOM Ha OoAHOM
NJAOCKOCTU C 3KAUMTUKON. ITO TaK HasbiBaemblt noac Konnepa, spawgatowminca sokpyr ConHua 3a opbutoi
MNayTtoHa.

Cm. makxce cmameu "Acmepoudsi”, "Opbumel naaHem".
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KONEPHUK

KonepHWK BOCCTAHOBMA Tre/IMOLEHTPUYECKYIO MOZenb BceneHHoM, KoTopaa BhnepBble Oblia npepnoKeHa
Apuctapxom Camocckum[11l] noutm 3a 2000 net go KonepHuka, Ho cnycta 100 neT oTBEprHyTa B MOJb3y
reoueHTpuyeckonn mogenu MNronemen. MNronemeit M3obpen cBoto mMmoaenb Aasa OObBACHEHUA NyTEN ABUNKEHMUSA
nnaHeT 4yepes cosse3aua. CornacHo lMNtonemeto, ConHue BpalLaeTcA BOKPYr 3emau, a MNAaHEeTbl ABUMXKYTCA MO
OKPYXXHOCTAM, WM 3NUUMKAAM, C LEHTpamMu, KOTopble B CBOK o4yepeab MNepemeLlaroTca BOKpYyr 3emau,
HEMOABWMKHO 3aKPEN/IEHHOM B LieHTpe HebecHoI cdepbl. ITa mogenb roaunack s NPeacKkasaHUs MapLupyToB
naaHeT 4yepes CO3Be3AMA WM CHUCKana ONArOCKAOHHOCTb Y LEPKBW, MOCKONbKY COOTBETCTBOBAsA MAege, 4TO
YyenoBeYecTBO 3aHMMaeT ocoboe MecTo Bo BceneHHoIM.

KonepHuK poaunca s MNMonvwe B 1472 rogy v ewe B OHOCTM HAYan NPOABAATbL UHTEPEC K pa3HbIM HayKam. K
TOMY BPEMEHW NTO/SEMEEBCKAA MOAeNb BcefeHHONM cTana oyeHb YCNOXHEHHOW. B XV Beke ana obbAcHeHUs
ABUXKeHUA ceeTun Tpebosanock He meHee 80 cdep. B TeueHne mHormx net KonepHWK mM3yyan MpuYUHbBI, MO
KOTOpbIM Obl/IM OTBEPTHYTbI ApYrMe MoAenw, anbTepHaTUBHble NTosemMeeBCKON. OH PEKOHCTPYMpOBan Monesb
MTonemes, N B KOHEYHOM cyeTe OOHapPyXWA, YTO ee MOXHO YNPOCTUTb A0 Habopa KOHLEHTPUYECKUX Kosel,
BoKkpyr ConHua, npeactaBasatowmnx opbutbl naaHeT. OH onmacancs, YToO ero PeBOIOLMOHHbLIE MAEWN BCTPETAT
HaCMELKY Yy COBPEMEHHWKOB, M He nyb6/MKoBan pesynbTaTbl cBoel paboTbl MOYTM A0 CaMOW CMepPTW.
NccnepoBaHusa KonepHuKa B TeHEHUE MHOIMX 1IET OCTaBa/IMCb NOYTU HE3AMEYEHHbIMM, TaK KaK OH NPeACcTaBu UX
B BMAE MaTEMaTUYECKOro peLleHns, a He HOBOM Hay4yHou Teopuun. OagHako B 1600 roay Od»kopaaHo BpyHo 6bin
COXKEH Ha KOCTpe Mo MpUroBopy CyAa MHKBM3MLMKM 33 TO, YTO OH BOCMOJIb30BasicA mogesnbto KonepHuka ana
noanepKu ceoei Teopum o besrpaHMYHOCTM PU3MYECKOM BceneHHOM M OTCYTCTBMU pas 3a Npeaenamm TBepaomn
HebecHo cdepbl. Takum obpasom, [xopaaHo BpyHo npus/ek BHUMaHUE K moaenu KonepHuka yepes 60 net
nocne ero cmeptn (B 1543 roay). Bnocneactsum Tanuneo Tlanuneit 0BHAPYKMN  acTPOHOMMUYECKUE
[OKA3aTeNnbCTBa B NOAAEPHKKY Mogenn KonepHWKa, U KaToAMYecKas LLepKoBb Obina BbIHYXAEHA NPU3HaTb ee B
1822 roay, cnycTta goaroe Bpems Nocae Toro, Kak oHa bblana NPUHATA B HAy4HOM coobLuecTBe.

Cm. makxce cmamou "lnaHemapHas modens [Tmonemen”, "Manuneli”.
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KOCMWYECKWUIN TENECKON "XABBN"

Kocmunueckuin Teneckon "Xabbn" npeactaBnaet coboit Teneckon-pedieKTop, BpalLaloWMiAca No 3eMHOM
opbute Ha BbicoTe 60nee 500 Km. OH cHabxkeH MN3C[12] -Kamepon U APYTMMU UHCTPYMEHTAMMK, NO3BOAIOLLUMMU
BECTU HabNOLEHWA He TONAbKO B BUAMMOM [AMaNasoHe, HO W B MHOpPAKPACHOM W yAbTPadMONEeTOBOM.
Kocmunyeckuin Teneckon "Xab6n" 6bin BbiBegeH Ha opbuty B 1990 roay € NOMOLLbIO KOCMWUYECKOTO YenHOKa.
Mocne Toro Kak Ha pednekTope Teneckona Auvametrpom 2,4 m Gbina ycTaHOB/EHA KOPPEKTUpYoLWan onTuka (B
1993 roay), OH NO3BO/AIUA NONYYUTL NOPA3UTENBHbIE N30DPAXKEHUA MHOTUX KOCMUYECKMX 06beKToB,[13] npuuem
b6onee YeTKNe U APKKUe, Yem MNoJTyYeHHbIe C NMOMOLLbHO HAa3EMHbIX TeNIECKOMOB.

N306parkeHns 06bEKTOB, Hab1H0AAaEMbIX C MOMOLLbIO Ha3eMHbIX TENIECKOMOB, BbIMNAAAT PACh/bIBY4aTbIMMU U3-
3a aTMocdepHoOM pedpaKkumm, a TakxKe Us-3a gudpaKkumm B 3epkane obbekTmea. Teneckon "Xab6n" nossonser
BecTu 6onee peTanbHble HabawgeHuA. NOMMMO APYrMX MNPEMMYLLECTB, OH He MOABEPIKEH BO3AENCTBUIO
abcopbuum ceeta B 3eMHOM aTMmocdepe, No3TOMY BOCMPUHMMAET 6osiblle CBeTa, YeM TaKOW Ke TeNecKomn Ha
3emne. BonbWwWKUM CIOPNPU3OM A4S aCTPOHOMOB, UCMONb3YIOWMX Teneckon "Xab6n", 66110 OTKPLITME CKOMNAEHUM
rasakTMK B HanpaB/iieHNAX, KOTOPble paHee CYUTANUCh NYCTbIM KOCMMUYECKUM MNPOCTPaHCTBOM.

C nomoLLblo KOCMUYECKOro Teneckona "Xab6n" actpoHombl cmornm 6osee TOYHO M3MEPUTb PACCTOAHUA A0
3Be3/, M FaNlaKTUK, YTOUYHUB CBA3b MEXAY cpefHel abCoNOTHON BeIMUMHON Ledens U Nepruosom U3MeHeHUA X
6necka. dTa cBA3b 3aTeM MCMoJsib30Basacb Ana 6onee TOYHOro onpeaeneHuna PacCTOAHUN A0 APYrUMX rafakTUK
yepes HabatoaeHMe oTAENbHbIX Ledens B STUX rasakTUKax.

OAHUM M3 NEepBbIX SKCNEPUMEHTOB C KOCMUYECKUM Tesneckonom "Xabbn" 6bino HabnogeHne oTaenbHbIX
uedeng B cnmpanbHoi ranaktuke M100, umeBLlet N3BECTHYO BEIMYMHY KPACHOIO CMELLEHUA, B COOTBETCTBUM C
KOTOPOI ee CKOPOCTb yaaneHus coctasnana 1400 km/c. Bblno onpeaeneHo, 4to paccrosHue ao M100 coctasaaet
55 MJIH. CBETOBbIX JIET, YTO [aBajio 3Ha4YeHue NOoCToAHHOM Xabbna B 25 KM/C Ha MWINIMOHOB CBETOBbLIX JIET, C
ToyHocTblo Ao 20 %. CornacHo aTomy HabatoaeHWo, BO3pacT BUAMMOM BceneHHoM coctaBun npumepHo 8 mapa,.
net. Nocneayouwme HabAOAEHNA Aann BEANUYUHY NOCTOAHHOM Xab6aa B 20 Km/C Ha MUANIMOH CBETOBbIX JIET, YTO
COOTBETCTBYET BO3pacTy 12 mapa. nert.

Cm. makxce cmameu "Legpeuds!”, "Manakmuku 1", "Manakmuku 3", "Teneckonsl 1",
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KOCMWYECKOE MUKPOBOJ/IHOBOE ®OHOBOE
U3NYHEHUE

MWKPOBO/IHOBOE M3/ly4EHME — 3TO 3/IEKTPOMArHUTHOE M3NYyYeHMEe C AJMHOM BOAHbI OoT 1 go 100 mm.
MuKpoBo/iHOBoe ¢OHOBOE M3Ny4YeHMEe, NPUXOAALLEe K HAamM M3 KOCMOCA CO BCEX CTOPOH, 6blno 06HapyXeHo
AMEPUKAHCKMMM YyyeHbiIMM ApHo [leH3nacom n Pobeptom YuncoHom B 1965 roay Bo Bpemsa UCMbITaHUM
BO34YLWHOMW CUCTEMbI, NPeAHA3HAYeHHOMN ANA Npuema PagnoCUrHanos ¢ AJMHOM BOHbI 74 MM CO CnyTHUKa. B
Xo4e AanbHEenWwnx uccnegoBaHUM Obl0 YCTAaHOBEHO, YTO 3TO POHOBOE U3nyyeHMe o06s1afaeT TakMm Ke
pacnpegeneHnem 3HepPrumn, Kak usnydyeHue ot obbeKTa ¢ ¢oHoBoOM TemnepaTtypoi 2,7K, TO eCcTb ero CnekTp
6/11M30K K CneKTpy abcoNtoTHO YepHOro Tena.

MMWKpoBO/IHOBOE (POHOBOE M3/y4EHME WCMYCKANOChb BELLECTBOM Ha pPaHHUX CTagusax obpasosaHusA
BceneHHol nocne bonbworo B3pbiea.[14]

[o oTKpbITUA GOHOBOIO M3yyYeHUs Teopusi Bonblioro B3pbiBa bbiia He Honee YemM OAHUM M3 BO3MOMKHbIX
06bACHEHUI pacwupeHna BceneHHol. [pyras Teopwa, WM3BECTHas KaK Teopus CTabWUAbHOrO COCTOAHWA,
paccmaTpuBana BceneHHylo Kak HeYTo BeyHoe M He ummerloulee rpaHuy,. CornacHo 3TOM Teopuu, BELECTBO
CO3,aBasioCb B TMIAHTCKMX KOCMUYECKMX NPOBasax MeXAy ranakTMKamu, PacTaikmeas UX B CTOPOHbI M 3acTaBNAsA
BcesieHHY0 paclinpaTbca No mepe 06pas3oBaHMA HOBbIX ranakTuK. CywecTBoBaHME MUKPOBOJHOBOrO pOHOBOrO
N3Ny4EeHNA MOXKHO OBBACHUTL C MOMOLLLbIO TeopMM Bonbloro BapbiBa, HO He TeOPUKM CTabUAbHOIO COCTOAHUS.

MukpoBosiHOBoe $OHOBOE U3/y4YeHME COCTOUT U3 GOTOHOB, BbICBOOOXKAEHHbIX nocie bosblworo B3pbiBa,
Korga BceneHHasa Havana pacwmpATbCA M OCTbIBaTb. [JO 3TOro BpemeHu GpOoTOHbI NOCTOAHHO MOT/IOWAINCh U CHOBA
WCNYCKANNCb aTOMaMM, COCTaBAABLUIMMKW HESABHO BO3HMKLIYIO BceneHHyto. Mo mepe pacliMpeHma U oCcTbiBaHUA
BceneHHol Oblna AOCTUTHYTA KpuTMyecKas ¢asa, Korga ¢GoToHbl M atombl "oTgenunuch" apyr oT Apyra.
CumnTaeTca, 4To 3TO NPOM30LLNO, Korga Bo3pacT BceneHHol He npesbiwan 100 000 net, a ee pa3mep COCTABAAN He
6onee 0,001 oT HblHewHero pasmepa. PoToOHbI, BbICBOOOXKAEHHbIE Ha 3TOM 3Tarne, YBe/NMYMBAIN CBOKO OMHY
BOJIHbl B pe3ynbTaTe pacliMpeHua BceneHHOW 3a Bpems MoJsieTa Yyepe3 KOCMMYECKoe MPOCTPAHCTBO, NOSTOMY
Tenepb OHW HaXoAATCA HA MMKPOBO/IHOBOM OTpPE3Ke CMEeKTPa 3/1eKTPOMArHUTHONO U3yYeHuUA.

CmM. makxce cmameu "bonswol B3peig", "InekmpomazHumHoe uznyyeHue".
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KPACHOE CMELLEHUE

ONTUYECKNI CNEeKTp 3Be3abl UAW rafakTUKKU npeactasaseT coboit HenpepbiBHYIO NOJOCY, NepecevyeHHyo
TEMHbIMU BEPTUKANbHbIMU IMHUAMM, COOTBETCTBYIOLMMU ANMHAM BOJIH, XapaKTepHbIM A/A 3/1eMeHTOB BO
BHELLHUX CoAX 38e34bl. JIMHUM CNEKTpa CMeLLLatoTCA U3 — 3a ABUXKEHMA 3Be34bl, eCM OHa NPUBAMMKaeTCa K Ham
WAN yaanaeTca OT Hac. JTo npumep AO0MAepoBCKOro 3¢deKTa, KOTOPbIM 3aKalo4vaeTcd B U3MEHEeHUU
Habnoaaemolt ANWHbI BO/HbI, M31Yy4aeMOW WMCTOYHUKOM, HAxXOAALWMMCA B [ABMMKEHUM MO OTHOLUEHUID K
Habntopatento. CnekTpanbHble AMHUKM CcMellaloTca B 0bnactb 6osee OAMHHBIX BOAH (TO ecTb obHapy»KuBaloT
KpacHoe CMellleHWe), ecii UCTOYHMK CBEeTa OTAaNAEeTCA, AU B 061acTb KOPOTKUX BOJH, €C/IM UCTOYHMK CBeTa
npubaunkaeTca (Tak HasblBaemoe ronyboe cmelleHue).

Ona cBeTa, MCNyCKaeMoro MOHOXPOMAaTMYECKMM WCTOYHMKOM C 4YacTtoToi f, KoTopbii ABuKeTcA co
CKOPOCTbIO M, MOMHO A0Ka3aTb, YTO cmelleHne AauHbl BoaHbl AN = u/f = (v/c) A, rae c npeacrasnaeT coboi
CKOPOCTb cBeTa, a A — A/MHY BO/IHbL. Taknm 06pa3som, CKOPOCTb OTAANIEHHOW 3Be3A4bl WAM FaNakTUKNM MOXHO
WU3MepPUTb Ha OCHOBAHMM CMeLLEeHUA AANHbI BOAHbI AN, NoNb3yAch ypaBHeHnem U = cA A/A.

B 1917 roay, Habnwogasa CnekTpbl Pas/IMYHbIX FaNaKTUK C MOMOLLbIO LEeCTUAECATUCAHTUMETPOBOTO
Teneckona B obcepsatopun Jloyanna, 8 ApusoHe, Becto Cnandep o6HapyKun, 4to OTAE/IbHble CNUPAJibHbIE
rasiakTMKM OTAANAOTCA OT Hac co CKopocTbio 6onee 500 Km/c — ropasao bbictpee, Yem Nt060 06BEKT B HaleN
lanakTnke. TepMuH "KpacHoe cmelleHue" 6bln BBeAeH B ynoTpebneHne KaKk NoKasaTeslb OTHOLWEHUSA U3MEHEHUSA
AJIVMHbI BOJIHbI K UCMYCKaemMol AnuHe BosHbI. Tak, KpacHoe cmelyeHune 0,1 03HayaeT, YTo UCTOYHUK OTAANAETCA OT
Hac co ckopocTbio 0,1 ckopocTu ceeTa. 34BUH Xab6n npoponkun paboty Cnandepa, oLEeHUB pacCcToOAHWE A0 ABYX
AECATKOB raslakTMK C M3BECTHbIM KPacHbIM cmelleHnem. Tak 6bla chopmynnpoBaH 3akoH Xabbna, KoTopblit
rNIAaCUT, YTO CKOPOCTb YAaNeHMA FaNaKTUKM NPOMOpPLMOHA/bHA PAacCTOAHUIO A0 Hee.

B 1963 rogy MapTuH LUMuAT 0OHapy»Xu Nepsbit KBa3ap B pe3y/ibTaTe OTKPbITUA, UTO CMEKTPa/ibHbIE IMHUK
3Be340-noaobHoro obbekTa 3C 273 cmelleHbl B KPacHYH CTOPOHY CnekTpa npumepHo Ha 15 %. OH npuwen K
BbIBOAY, YTO 3TOT 0O6BEKT OTAaNAeTcA co ckopocTbto 0,15 cBETOBOM M A0MKEH HAXOAUTLCA Ha paccToaHMKU Bonee
2 MApA. CBETOBbLIX /IET, @, CIeA0BATENbHO, OH ropasao H6osee MOLWHbIA, Yem 06blyHas 3Be3ga. C Tex nop 6bIo
OTKPbITO MHOTMO APYruX KBa3apos.

Cm. TakKe cTaTbu "3aKkoH Xab6na", "KBasap", "CnekTp onTuyeckunin'.
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KPACHbIN TUIFAHT

lMraHTCKOIN 3Be340M HA3bIBAeTCA 3BE34a, 3HAYMTENbHO NpeBOoCXoAAllaa pasmepamu Hawe ConHue. Ecau
TemnepaTtypa NOBEPXHOCTM TaKOM 3Be34bl HUXKE, YemM Ha noBepxHocTM ConHua, ee UBeT BbiBaeT OPaHKEBbIM UK
KPAcHbIM, @ He enTblM, NMO3TOMY 3Be343 Ha3blBAaeTCA KPACHbIM FMraHTOM. AGCOMOTHasA 3Be3gHas Be/IMYMHA
KPacHOro ruraHta KonebnercA OKONO HyNA WAN MMEET OTPULATE/IbHYI0 BENYMHY, MO3TOMY Ha Auarpamme
lepuwnpyHra — Peccenna oH pacnonoeH BbICOKO Hag AuMHMeRn [naBHOM nocnepoBaTenbHOCTU. TaKasa 3Be3fna
nsnydaet muHMMmym B 100 pa3 6Gonbwe cseta, Yem CO/HUE, TaK KaK pasnvyine B abCONOTHOW BeSUUYUHE
cocTaBnseT okono 5; oaHako Temnepatypa ConHua BABOE MpeBbIWAET TemnepaTypy Ha NOBEPXHOCTU KPaCHOro
ruraHTa, nostomy ConHue u3nyydaeT B 16 pa3 bHosblle cBeTa Ha eAMHWUUY NAoWAAWM (TaK KaK KOMYecTBO
M3/ly4aemMoro cBeTa NPOMOPLMOHAZbHO TeMnepaType B YeTBepTOM cTeneHu). lNaowasb KpacHOro rMraHta no
MeHbLuelt mepe B 1600 pa3 npesocxoauT naowaab ConHua, NosTomy ero guameTtp npumepHo B 40 pa3 6onbLue.

ApKTyp B co3Be3ammn Bosionaca ABNAETCA OpaHMKeBO-KPacHOM 3Be340M C BUAMMOWN BenndmnHol okono -0,1;
OH PacnonoXeH Ha paccToAHUM npumepHo 37 cBeToBbix sieT oT ConHua. Ero moxHo Habnaogate B CeBepHOM
nonywapuun, ecan rnagetb NPAMO Ha tor He3aAonro A0 MNoJyHoYu B cepelmHe M KoHue mas. Ero abcontotHas
Be/InYMHa cocTasnseT -0,4, a guameTp B 40 pas bosblue anameTpa ConHua.

3Be3abl, MPeBOCXOAALLME KPACHbIX TUFAaHTOB Ha 5 wnan 6onee 3Be3gHbIX BEAMYMH HA  Amarpamme
lepuwnpyHra — Peccenna, Ha3blBalOTCA CcBEPXTUraHTamu. x anameTtp moxKeT NpeBOCXoAuTb CONHeYHbIn o 300
pa3. Camblii KpynHbIA CBEPXTUraHT, AHTapec, ABAAeTcA 3Be3foM Knacca M ¢ Bugumol senmuunHoih 0,9. OH
pacnonoxeH Ha pacctosHumM 520 ceeToBbix fieT oT ConHua. Ero abcontoTHaa BennMumHa pasBHa -5,1, a guamertp
noyTtn B 300 pas 6onblue, Yem y ConHua.

KpacHaAa 3Be3ga, nav CBepPXrmraHT, — 3T0 3Be343, NOKMHYBLWAaA [NaBHYO NocaefoBaTeIbHOCTb B pe3y/ibTaTe
Kosnanca agpa 3se3apl ¢ nocaeayrowmm B3ayBaHUEM N OCTbIBAHMEM BHELLHUX ee C/10eB. ITO NPOMUCXOAUT, Koraa
BeCb BOAOOPOA B AA4pe 3Be34bl NPEBPALLAETCA B resnn. Korpa Becb renuni s A4pe npespallaeTca B bonee Taxenble
3/1EMEHTbI, TMTaHTCKaA 38€34a KON/1anCUpyeT N CTaHOBUTCA 6enbim Kap/IMKOM Unun CBerHOBOVI.

Cm. makxe cmamou "3eonroyus 38e30", "Auaepamma lepywnpyHea — Peccenna ", "38e30Hasa seauvuHa ",
"Tennosoe uznyyeHue"
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KPATEPbDI

KpaTepom HasbliBaeTca YaweobpasHoe yrnybieHne Ha NOBEPXHOCTU NAaHEeTbl NAM Manoro HebecHoro Tena,
06blYHO MMeloLlee BHeWHee KO/bLO, BbICTyNalowee Hag MOBEPXHOCTbIO 3a npefefamun  KpaTepa.
MpoucxoxaeHre Kpatepa MOXKET ObiTb BY/JKAHUYECKMM WM METEOPUTHbIM. KpaTepbl Ha 3emse nogBeprKeHbl
3PO3MOHHOMY MpoLEccy Nog Bo3aencTeMem BeTpa 1 Ao aa. CuMTaeTcs, YTo Kpatep, 0bHapyKeHHbI Henoaaneky
OT MEKCMKaHCKOoro nobeperkbs, BO3HMK 65 MH. NeT Hasag B pesynbTaTe NageHUs MeTeopwuTa, 4yTo NPUBENO K
rmbenu AMHO3aBpOB.

MoBepxHOCTb MepKypus, nsobuaytowan KpaTepamu, B OCHOBHOM OCTaBa/flacb HEM3MEHHOM CO BPEMEHMU
dbopmmpoBaHMA NNaHeTbl, Tak Kak Ha Mepkypumn HeT aTmocdepbl, a cnefoBaTe/IbHO, U NPoLLeccoB 3po3mun. Kak
nosaaratoT acTpoHombl, bacceiH Kanopuc Ha MepKypun, KpynHaa KosbLeBas CTpykTypa 6Gonee 1300 Km B
anametpe, obpasoBanca B pe3ynbTaTe METEOPUTHOTO yaapa.

JlyHHbIEe KpaTepbl CU/bHO PA3/INYAKOTCA MO ANAMETPY; camblii 6ONbLIOK KpaTep Ha BUAMMOMN CTOpPOHE JlyHbl
umeet auameTp 295 KM. KonbLeBol Bas KPYNHOro KpaTepa MOMKET Ha TbiCAYM METPOB BO3BbILATLCA HAf, €ro
AHoMm. Mo cpaBHeHuto ¢ 3TUM bonbwoit KaHboH B ApU30HE MOXKeT MOKa3aTbCA He3HAUYMUTE/IbHbIM, NMOCKO/bKY €ro
A/MHA He npeBbiwaeT 10 kKm npu rnybuHe 1,5 Km.

CornacHo COBpeMEHHbIM NPeAcTaBAeHUAM, BObLIMHCTBO NYHHbIX KpaTeposB ob6pa3oBanocb B pesysbraTte
METEOPUTHBIX YA4apPOB Ha paHHeM 3Tane pa3BuTUa CONHEYHOM CUCTEMbI KaK CneacTBMEe CTONIKHOBEHMA C Ty4amMu
"Kocmmyeckoro mycopa, BpaltaBleroca nocne ¢opmumpoBaHua nnaHet BoKpyr CosnHua. CBeT/ble U TEeMHble
obnact1, BUAMMbIE HA NOBEPXHOCTU JIyHbI, CYUTAIUCH TOPAMU U MOPAMMU A0 TOro, Kak Nannnein Bocnosib3osasnca
TeNeckonom Ans HabnoaeHUA NyHHbIX KpaTepoB. TOT @aKT, YTo TeMHble 061acT MeHee TyCcTO NOKPbIThI
KpaTepamu, Yem CBeT/ible, NoApasymeBaeT, YTo 6obliasa YacTb yAapHbIX KpaTepoB obpas3oBanacb A0 TOro, Kak
JlaBa M3 JIYHHbIX Heap NpopBanachb Ha NMOBEPXHOCTb U MOKPblAa CcBeTable obaactu, obpasosas "mopsa". MpuHATo
CYMTaTb, YTO 3TU NaBOBble BbIOPOCHI, MOKPbIBalOWME OrPOMHbIE 061aCTN IYHHON NOBEPXHOCTM, 06pa3oBaimch B
pes3ynbTaTe yAapoB KOJ0CCa/lbHbIX METEOPUTOB. XapaKTepHOW 4epTo HEKOTOPbIX JIYHHbIX KpaTepoB ABASAIOTCA
"nyun", pacnonokeHHble Ha NOBEPXHOCTU U PacXogAaLLMecs BO BCE CTOPOHbI OT KpaTepa. ITU JIMHUK 06pa3oBaHbl
M3 MOBEPXHOCTHOrO MaTepuana, BbIOPOWEHHONO METEOPUTHbIM YAAPOM W pPas/eTeBLIErocs B PasHbIX
HanpaB/ieHMAX.

Cm. makxce cmamou "/lyHa 1", "Mepkypuli".
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NNYHA 1: HABTIOOEHUA C SEM/IN

JlyHa BpalaeTcA BOKpYr 3emamn Ha cpegHem pacctoAHmMm 384 000 Km ¢ nepuogom 27,3 CyTOK, HO npwu
HabnoaeHUU ¢ 3eMM OHa NPOXOAMT Yepes NOJHbIN LMK cBoMX $a3 Yepes Kaxagble 29,5 cyToK. 9To nponcxoamt
NoToMy, YTO 4acTb ocBeueHHon ConHUEM NOBEPXHOCTW JlyHbl, BUAMMOWN C 3eMsn, U3MeHAeT cBoto dopmy Mo
mepe Toro, Kak JlyHa ABMXKeTcA BOKPYr 3eMau.

B HOBO/IYHME MOKHO BUAETb TOHKUIA cepn JIyHbl, KOHLbI KOTOPOTO YKa3biBaloT B BOCTOYHOM Hamnpas/ieHUu.
JlyHa B 3TOT nNepuog pacnonoxeHa mexay 3emnein n ConHuem Takmm obpa3om, YTO NOYTU BCA ee OCBelleHHas
noBepxHOCTb obpalieHa oT 3emnun. o mepe TOro Kak JlyHa ABMXETCA Mo cBoell opbute Ha BOCTOK, YacTb ee
ocseuleHHon CosHUEM MOBEPXHOCTM, BMAMMAanA C 3emMau, nocTeneHHo Bo3pacTtaeT (Man npubbiBaeT) A0
NOMIHONYHUA, KOraa Ha 3emie MOXKHO HabaoaaTb BeCb NYHHbIA AUCK. Toraa JlyHa HaxoAuTcA B HanpaB/iieHUM OT
ConHua n obpaleHa K 3emne. Mpu aanbHelwem ABUMKeHMM No opbuTe YacTb ocselleHHoW CoMHLEM YHHOWM
NMOBEPXHOCTU, BUAMMAA C 3eMan, yMeHbluaeTca (Mnm ybbiBaeT) A0 TOHKOro MOAYMECALa, KOHLbl KOTOPOro
YKa3bIBaloT B 3aNaAHOM HanpasieHuK. 3aTem JlyHa ucyesaeT U CHOBa NOABNAETCA B HOBOYHMeE.

ConHeYyHbIn cBeT

HoeomyHme

@
& Nony-

MECALL
Bun

¢ 3emnu
NonHoNYHHE e —-O

®asbl JlyHbl

Mpu HabaoaeHUU € 3eMAM Ha /IYHHOM MOBEPXHOCTM BbIAENAIOTCA APKUE U TEeMHble 061acTu, KoTopble
Ha3bIBAKOTCA IYHHbIMK "ropamn’ n "Mmopsamn" cooTBeTcTBEHHO. KpaTepbl MOXKHO BUAETbL Ha JIYHHOM NMOBEPXHOCTU
NnoBCoAY, HO /lydLle BCEero OHM BbIAENAOTCA Ha Kpato ocBeleHHon CoNHLEM YacTu, rae Ux BbICTynbl OTOpacbiBaoT
Ha MNOBEpPXHOCTb A/IMHHbIe TeHU. "Mopsa" npeactaBnAoT cobon CpaBHUTENBHO POBHble 061acTU, KOTOpble, KaK
CYMTaeTCcA, BbI3BaHbl OOLWMPHBIMW J1TABOBbIMU WU3IUAHUAMM B pe3ynbTaTe YAApPOB KPYMHbIX METEOPUTOB Ha
paHHEM 3Tane JIYyHHOM UCTOPUM, KOrAa ee Heapa HaxoAUAUCh YaCTUUYHO B MKUAKOM cocToAHUM. Monycdepa JlyHbl,
obpalleHHas K 3emne, HUKOrga He MeHAETCSA, NOCKONbKY nepuos BpalleHus JlyHbl BOKPYr CBOe 0CU TOYHO TaKow
€, KaKk nepuopg ee BpaleHua BOKpyr 3emnn. IToT 3¢ddeKT obycniosneH "nNpuamBHbIMU" rpaBUTALMOHHbBIMK
CMNaMM, KOTOPble BO3AENCTBYIOT Ha JIyHY CO CTOPOHbI 3emAu.

Cm. makxce cmamoto "Kpamepoi".
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NYHA 2: TUBPAUUA

JlyHa Bceraa obpauleHa K 3emne ogHON M TOM e CTOPOHOM, MOCKO/IbKY OHa BPaLLAaeTcs BOKPYr CBOeN ocu
CO CpefiHel CKOPOCTbIO CBOEro BpalleHuaA no opbute Bokpyr 3emnun. Ana 3emHoro Habntogatena JlyHa aAuxketca
B BOCTOYHOM HanpaB/ieHUN Yepes CO3BE3AMSA OKOJIO NJOCKOCTU IKAUMNTUKU, MEANEHHO NOBOPAYMBAACH NPOTUB
YacoBOW CTPE/IKM BOKPYr CBOENM OCM, TaK 4YTO K 3emne Bcerga obpalwjeHa AulWb ogHa ee CToOpoHa. OgHAKo Mbl
MOKeM BuAeTb 6osiee NONOBUHBI TYHHON NOBEPXHOCTU, TaK KaK MHOrAa onpeaeneHHas ee 4acTb "BOKpyr Kpaes"
M Hag "nontocamn’ MoxKeT bbITb BUAHA. 3TN 3dPeKTbl N3BECTHLI NOL, COOTBETCTBEHHBIMW HAa3BAHUAMWU ANbBpaLma
no wupoTe u NMbpauma no JonrorTe.

JInbpaums no ponrote Aocturaer B mMakcumyme + 7°45 u npoucxoguT MOTOMy, 4TO opbuta JlyHbl
3NNNTMYECKAA, 2 HEe KPYroBad U pacCcToaHMe OT Hee A0 3emaun nsmeHaetca B npegenax ot 360 000 km pgo 406
000 kM. CKopocCTb ABuKeHuA JlyHbl Mo ee opbuTe TOXKEe HE3HAYUTeNbHO M3MEHAETCA: OHa Haubosiee BeNMKa,
Korga JlyHa Haxoautca 6auKe Bcero K 3emse, U HaMMeHee BesiMKa Npu Hanbonblwem oTaaneHuun. MocKobKy
CKOPOCTb BpalleHua JIyHbl BOKPYr €e 0CU He MeHAETCA, a CKOPOCTb ee OpbUTasIbHOIO BPaLLEHMA U3MEHAETCA B
He3HauyUTebHbIX NPesenax, oTAe/IbHbIe YHACTKM APYroi CTOPOHbI JIYHbl MHOTAA CTAHOBATCA BUAUMbBIMU C 3EMAN.

Korpa JlyHa aBuxkeTtcs bbicTpee cpeaHero, Mbl BUAUMM 4YacTb ee O6blYHO HEBMAMMOKN MNOBEPXHOCTU Y
3aMagHOro Kpaa NYHHOrO AMUCKa, Korda JlyHa ABUMXKEeTCA MeffieHHee CpedHero, Mbl BUAMM 4acTb ee 06blYHO
HEBMANMOWN NOBEPXHOCTM Y BOCTOMHOIO Kpas SIyHHOro AMCKa.

Ninbpaumsa no wWKMpoTe BO3HUKAET MOTOMY, 4YTO OopbuTa JlyHbl HaKNOHEHa Mo YrioM nodytv B 7° no
OTHOLLEHUIO K 3eMHOWN opbuTe (K akAunTuke). Koraa JlyHa HaxoAuTCA B BbiCOYalilleil TOUKe cBoel opbutbl (To
ecTb Hanbonee oTAaNEHHOW HaA NNOCKOCTbIO 3eMHON OpP6UTbI), Mbl MOXKEM 3arNAHYTb MOJ ee HXKHbIA NoC U
YBUAETb HacTb NOBEPXHOCTU C APYroi cTopoHbl. Koraa JlyHa HaxoauTcA B HU3LLEN TOUKe cBoel opbuTbl (To ecTb
Hanbonee oTAaNEHHOM NOA MIOCKOCTbIO 3€MHOIN OPBUTHI), Mbl MOXEM 3arisHyTb Yepes ee ceBepHbIi MoJC U
YBUAETb YaCTb MOBEPXHOCTU C APYroi CTOPOHbI. JIMbpauma No WnpoTe B MakCMMyme A0CTUraeT +6°41.

Cm. makxce cmameto "HebecHas cgpepa 2".
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NYHA 3: KOCMUYECKUE MUCCUU

JlyHHaa noBepxHOCTb — cpena, BparkaebHaa ona yenoBeKa, NOCKOIbKY TamM HET aTMocdepbl, 3aLmLatoLei
OT YaCTUL, BbICOKMX SHEPTUIA U YNbTPAadMONETOBOrO COHEYHOTO U3NyYeHUA. TemnepaTypa Ha 3KBaTOpe MeHAeTcA
oT 130 °C B cepeanHe OHA A0 oKono -180 °C HOublo, NO3TOMY OObBEKTbI, PACMNONOXKEHHbIE Ha MOBEPXHOCTU Y
NIYHHOTO 3KBATOpPaA, NOABEPXKEHbI ropa3fo 60nblLIMM TEMNEPATYPHbIM KoebaHuam, Yem Ha 3emne. B nonsapHbIx
pernoHax TemnepaTypHble KoiebaHns 3HaYUTENbHO MeHbLUe, TakK Kak COJIHLLE CTOUT HUXKE Hag, rOPM30HTOM, YeM
Ha 3KBaTope. B rnybuHe KpaTepoB OKOJIO MOJIOCOB HE WCKAIOYAETCA MPUCYTCTBUE /ibAa, KOTOPbIA MOXKET CTaTb
WMCTOMHUKOM BOAbI ANA ByayLnX KONOHWUI 3eMAsH Ha JlyHe.

Kocmunyeckme muccum Ha JIyHy CTanuM BO3MOXHblI /IMWb B pPe3y/ibTaTe YCMELWHOro COOPYXeHun
MHOTOCTYMEeHYaTbIX PAKeT, TaKMX, KaK MOLLHasA pakeTa-HocuTenb "CaTypH", KOTopan yHec/1a B KOCMOC acTPOHABTOB
"AnonnoHa".

BoT nepeyeHb rnaBHbIX KOCMUYECKUX MUCCUI K JIyHe.

Pycckue asmomamuyecKkue nyHHsble 30HObI

B 1959 roay 3oHA4 "/lyHa-2" pyxHyn B Mope CnokolicTeuaA, a 30HA "JlyHa-3" oborHyn JlyHy 1 nocnan Ha
3emnt0 nepsble ¢oTorpadum ee obpaTtHoi cTopoHbl; B 1966 roay annapat "/lyHa — 13" cosepwwun nepsyto
yCMeLwHy MATKyto nocagKy Ha JlyHe, a B 1970 rogy cnyckaemblt annapart "/lyHa-16" goctaBun Ha 3emto nepsble
06pa3Lbl NYHHbIX NOPOA.

AsemomamuyecKue amepuKaHcKue 30HObI "PeliHOxcep"

B 1 960-x rogax amepuKaHCKMe opbuTanbHble 30HbI W CRAyCKaemble anmnapaTtbl NPOBEAM AeTasbHYI0
$OTOCHEMKY 3HAUMTENBHOM YAaCTM IYHHOM NOBEPXHOCTH.

Muccuu "AnonnoHa"

CocToAN0Cb HECKONbKO nonetoB B KoHue 1960-x — Hauvane 1970-x ronos; cambiM WM3BECTHbIM 6bla
uctopuyeckuii nonet "Anonnonall" s 1969 roay, aoctasmeliero Ha JlyHy Heitna ApmcTpoHra (a TakXe dABWHA
OngpuHa n Maikna KonnuHsa), KOTopbi CTan MepBbIM Ye/0BEKOM, CTYNUBLUMM Ha €e NOBEepXHOCTb;[15]
ceiicMoMeTpbl, OCTaB/ieHHble Ha JlyHe "AnonnoHom" 1 ApyrMmm KOCMUYECKMMM annapaTamu, 3apercTprupoBanu
"NlyHOTpsAceHMs", KOTOpble OKa3a/MCb ropas3fio MEHee MOLLHbIMUK, YemM 3eMIETPACEHUA; KPOMe TOro, Ha
NOBEPXHOCTU HEKOTOPbIX IYHHbIX PEFMOHOB C 3emaun Habaoganmcb BblIGpoChI rasa.

Henunomupyemsbie nosemeol nocsae 3a8epuwieHuUs npo2pammeol
"AnonnoH"

ABTOMaTUYECKMI 30HA "KnemeHTuHa" B 1994 rogy onpegennn NpucyTcTBue fbga Ha HoXHOM notoce JIyHbl,
a "JlyHHbIN n3bickaTens" B 1998 roay noaTsepana npucytcTemMe 60bLINX KOANYECTB SbAa Y IYHHbIX NOHOCOB.

Cm. makxce cmameto "Kpamepoi!”,

-46 -


n_15

NNYHHbIE 3ATMEHUA

ConHeyYHble 1 NIYHHble 3aTMEHUA NpoucxoaaT, Koraa 3emns, ConHue u JlyHa HaxoaaTca Ha OAHON AUHUN,
Koraa JlyHa HaxoauTcsa TouHO Hanpotus Co/HLA MO OTHOLIEHMIO K 3eMe, MOXHO HabtoaaTh IYHHOE 3aTMEHue,
TaK Kak JlyHa NnpoxoamuT Yyepes 3eMHyI0 TeHb. Mpu NOAHOM NYHHOM 3aTMeHUK JlyHa He ucyesaeT CoBeplUeHHOo, TaK
KaK 4acTb CO/MIHEYHbIX Ny4Yei NPenoMAsAeTca B 3eMHOM aTmocdepe 1 nonagaet B 06/1acTb TeHWU. MOCKONbKY 3TOT
3bPEeKT MaKCMManeH ANA KPacHOW 4acTu CMeKTpa, JYHHbIA AWCK NPU NOJHOM 3aTMEHMM MOXKeT npuobpecTtu
TYCKN0-KPacHbIN MU MefHblii OTTeHOK. He3aao1ro neped NoAHbIM 3aTMEHMEM UM CPa3y e MOC/e Hero Ha Kpae
NIYHHOTO AMCKA MOTYT MOABMUTLCA APKME TOUKM, BbI3BaHHbIE NPENOMIEHMEM COTHEYHOrO CBETa Ha Kpasx KpaTepos
W APYrUX BbICTYNaoLWMUX 3/1IEMEHTOB /IYHHON NOBEPXHOCTH.

g Jemna
\ - . Teks
ConHue | o 'w
] - Ny «  JNyma
; ] - a .'.+
A I NonyreHs

SlyHHoe sarMeHne

JaTMeHHE TEOKE BOIMOXHD,
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i Yanonan
OpBura "?RHHH'—LH i
Tyt -l

IIFd_‘\‘.".-':'-n OBar
Yanona q@# ands
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HEBODIMOXHO

30eCh 3ATMEHWE
JAeCE NMPONCXOMAT
Fatmedne, ecnu Nysa
HAxXLIMTEHA B YHI':HHHI;'-
TOEE

Yanoase To4HxH
Cm. makxce cmameu "Kpamepeoi!"”, "ConHeyHble 3ammeHus".

JlyHHOe 3aTMeHMe He NPOUCXOAUT KaxKaoe MoAHOAYHUe. MpUUYMHa 3aKA04aeTca B TOM, YTO NiyHHaAa opbuTta
HaK/IOHEHa Ha 5° N0 OTHOLUEHWIO K 3eMHOM. B 60NbLUMHCTBE CNyYyaeB BO BpeMa NOJIHOAYHUA JlyHa NpoXoauT Hag,
3eMHOI TeHbIO UK NoA, Hel. [1Be TOUYKM, B KOTOpbIX opbuTa JlyHbl NepecekaeTca ¢ NJAOCKOCTbIO 3eMHOM OpbuThI,
Ha3blBatoTCcA y3namu. [11a Toro 4Tobbl MPOM3OLLIO CONHEYHOE AN NYHHOE 3aTMeHMe, JlyHa A0/KHa HaxoAUTbCA B
OZIHOM N3 3TUX ABYX TOUYEK, a8 CAMU TOUKN A0/KHbI HAXOAUTLCA Ha IMHUUK, coeauHsatoLLel 3emno n ConHue.
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MAPC 1: HABTIOAEHUA C 3EM/IU

Mapc — 6auaiiwas (3a ucknwouveHnem BeHepbl) K 3emne nnaHeta ConHeyHol cuctembl. Ero opbuTta
pacrnosioxkeHa 3a opbutol 3emnun, U OH coBepllaeT MOJHbIK 060poT Bokpyr ConHua Kaxkable 1,88 roga Ha
cpefHem pacctosHumM 1,52 acTpoHoMMYecKon eamHuubl oT ConHua. Ero anamertp coctaBaseT HemHormm 6onee
NOMIOBMHbI 3eMHOr0, a AeHb Ha Mapce npogoKaeTrca Ha 37 MUHYT gonble, 4yem Ha 3emne. Ocb BpalLeHUA
Mapca HakIOHeHa MPUMMeEPHO Ha 25° MO OTHOWEHUIO K OCU ero opbuTbl U OYEeHb MeASIEeHHO M3MEHAET CBOe
HanpasneHue. Cuna TArOTEHUA Ha MoBepxHOCTM Mapca coctaBnfeT 0,38 3emMHON, a CKOPOCTb yberaHus —
5,0 KM/c, UTO MeHbLLE NOI0BUHbI CKOPOCTU YBeraHma Ha NoBepPXHOCTU 3emu.

Mapc HaxoguMTCcA B NPOTMBOCTOSIHUM € 3emielt Kaxkable 2 roga n 50 gHeli. bharogapsa xapakTepHOMY pbixKe-
KPacHOMY OTTEHKY ero /Ierko pas/iMinTb B HOYHOM Hebe, TaK KakK OH MOCTEMNEeHHO ABUMKETCS Yepes3 co3Be3amns
3KNUNTUKNU. Ero Bo3BpaTHOE (peTporpagHoe) ABWMMKEHWE B TeYEHWEe NPUMEPHO OAHOro MecAua, Koraa 3emns
OOrOHAET U NeperoHsAeT ero He3aLo/ro 40 U Nocae NPOTUBOCTOAHMA, MOXKHO NErko nNpocneguTtb Ha GpoHe 3Be3a,.
Mpwn HabnogeHUM B TENECKON B KaHYH NPOTMBOCTOAHUA Mapc BUAEH Kak KPacHOBATbIN ANCK C TEMHbIMW NATHaAMMU
M 6enbiMU NONAPHLIMK LANKamK. Paamep NosApHbIX WanoK Ha Mapce M3meHsieTca B COOTBETCTBUM CO CMEHOM
BPEMEH rofa M3-3a HaKNOHa OCM BpaLeHWsa naaHeTbl. [MocKonbky Mapc MMeeT 3AAUMNTUYECKyto opbuTty, ero
paccTonaHue oT CosHUa U3MeHAeTca B npegenax oT 1,38 acTpoHOMMYECKon eaAnHULbl 40 1,66 acTPOHOMUYECKOM
eAMHNLbI, @ paccTosiHWe oT 3eman B Nepuos NpoTUBOCTOAHUA M3MmeHsieTca oT 0,38 acTpOHOMUYECKON eanMHULbI
0o 0,66 acTpoHOMMYECKOW eanHuupbl. Mapc nydwe Bcero HabawaaTb, KOrAa OH HaxoAUTCA B MPOTUBOCTOSHUM
NpU HaMMeHbLIEM PaAcCTOsHUM OT 3eMan. Takoe Hanbonee 6naronpPUSTHOE PACMONOKEHME NAAHET NPOUCXOANT
Kaxable 14—15 net B aBrycte unm ceHtabpe.

Y Mapca ectb aBa cnytHuka, ®oboc u Leiimoc,[16] KOTOpble CYMTAOTCA 3axBaYye€HHbIMM acTepouaamu.
doboc cosepluaeT obopoT BoKpyr Mapca Kaxkaple 7 4yacoB 39 MMHYT Ha BbicoTe npumepHo 6000 kKm, Jenmoc
BpaLLaeTCcsA BOKPYr NiaHeTbl Ha BbicoTe okono 20 000 km ¢ nepmnogom 30 gHel.

Cm. makxce cmamou "MaaHemesr”, "Opbumel naaHem".
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MAPC 2: HAB/TIOAEHUA C KOCMUYECKUX 30HAOOB

Kocmunyeckme 30HAbI, OTNpaBaeHHble Ha Mapc, Takue, Kak "MapuHep-9" B 1971 roay v "Mapc noban
Capseinop" B 1997 roay, Nokasa M, YTO MapCUaHCKas NOBEPXHOCTb YCeAHA KaMHSIMM, T'YCTO NMOKPbITa KpaTepamm u
nmeeT H60/1bLIME NYCTbIHW, IAe BO3HWUKAIOT MblbHble Bypu, 0XBATbIBalOLME OOLIMPHDLIE PErMOHbI NAaHeTbl. Tenepb
M3BECTHO, YTO KpPacHOBATbl OTTeHOK Mapca, Hekoraa ob6bACHABLUIMNCA O0COBEHHOCTAMM COCTaBa MapPCUMAHCKOM
aTmocdepsbl, Bbi3BaH LBETOM MWHEPasoB Ha ero noBepxHocTU. OpbuTanbHble KOCMUYECKME 30HAbI NpoBenu
AeTanbHyto GOTOCHEMKY FOp, KaHbOHOB, BY/IKAHOB, AOJIMH, XpebBTOB M Cyxmx peudHblx pycen. Fopy Oaumn —
BY/IKAH AuameTpom 600 KM Yy OCHOBAHMA WM BbICOTOM 23 KM — MOXHO Habnwoaatb ¢ 3emanM C NOMOLLbIO
[OCTAaTOYHO MoOLWHOro Teneckona. Ceiyac cyumTaeTca, YTO MOAApHble Wanku Mapca cocTosT M3 TBEpAoro
YFNeKucnoro rasa u obblyHOro snbpa. CeBepHaA MNONAPHAA LANKa YMEHbLIAeTCs B BECEHHee BpPemMs, 4TO
noapasymeBaeT TadHME YIIEKMCNOro ibaa; 0bbluHbIM fied, He TaeT Npu Takol HU3KOW TemnepaType. Bbicoxwne
peyHble pycaa ABHO CBMAETE/IbCTBYIOT O TOM, YTO BOAA Ha Mapce HeKoraa cyLecTBoBasia B XXUAKOM COCTOAHUMN.

MapcuaHckaa atTmocdepa coCTOUT U3 MOHOOKMKCH Yriepoa, Yr/IeKUCAOro rasa, Kucaopoaa M Bogopoaa npu
fasneHnn meHee 1% oOT aTmochepHOro AasneHuA 3emsn Ha ypoBHe mopA. XOTA MHorga B atmocdepe
06pasyloTca TOHKMe 0bnaka, TENOBOE U3/lyYeHME C MOBEPXHOCTM MO HOYAM MPUBOAUT K TOMY, YTO TemnepaTypa
Ha noBepxHOCTM Mapca onycKaeTcs ¢ MaKcMmanbHoli oTmeTkM +10 °C B cepeanHe AHA Ha 3KBatope ao -75 °C
Houbto M A0 -20 °C Ha nonApHbIX Wankax. XngKkas Boga He NpucyTcTByeT Ha Mapce, NOCKONbKY BOAAHOMN nej,
npeBpaLLaeTca HenocpeacTBEHHO B BOAAHOM Nap Npu 04eHb HU3KOM AasseHun. OgHaKo B NPOLIIOM HaK/IOH Ocx
BPALLEHMA NAaHeTbl MO COCTaBAATb A0 35°, 4TO MpMBOAMIO K ropasno 6osee KapKomy Kaumaty u Honee
BbICOKOMY aTMochepHOMY [aBAEHUI0 Ha MNOBEPXHOCTM nnaHeTbl. Kocmuyeckme 30HAbI cepun  "BUKKMHT,
npusemnaswnecs Ha Mapce B 1976-1977 ropaax, He OBHApPYXWUIN CBUAETENbCTB KU3HM B 0bpasLax Mousbl,
KOTOpble BNOCNeACTBUMN OblIM NPOAHAZIM3NPOBAHbI, XOTS BO3MOXHO, YTO KM3Hb B BUAE MUKPODOOB CyLLECTBYET B
OoTAeNbHbIX "KapMaHax" BHYTPU KpaTepoB. ABHbIX A0Ka3aTe/IbCTB CYLLECTBOBAHMUSA *KNU3HM He Obl10 0OHapYKEHO U
npu ganbHenwWwmnx aHanmsax B 1977 roay, BbINO/IHEHHbIX "Mapcoxogom", onyLeHHbIM Ha MOBEPXHOCTb M/1IAaHETbI C
nomolbto annapata "Mapc MatdanHgep”. O4HAKO HasMuMe OKATaHHOW FafibKM B HEKOTOPbIX MAPCUAHCKUX
OT/IOXKEHUAX CBUAETENLCTBYET O TOM, YTO BOAA CyLLECTBOBasAa HA Mapce B *KUAKOM COCTOAHUM.

Cm. makxce cmamou "Ammocgepa 3emnu”, "Kpamepeo!".

-49-



MEPKYPUN

Mepkypuit — 6aunxanwan K ConHuy naaHeTa, NO3TOMY ero odeHb TPYAHO Habatoaatb ¢ 3eman. Ero yrnosoe
paccTtoAaHuMe oT ConHLa HUKOraa He npesblwaeT 28°%; 3TO 03HAYaeT, YTO OH 3aX04UT He No3gHee, Yyem Yyepes 2 yaca
nocne 3akata M BOCXOOMT He paHblle, Yyem 3a 2 4yaca Ao pacceeta. OH pacnosioXKeH Ha pacctoAaHum 0,39
acTpOHOMMYECKUX eanHuy, oT ConHua M coBepllaeT NO/HbIA 060pPOT BOKPYr Hero Kaxable 88 cyToK. CuabHO
anmMnTMYecKas opbuta Mepkypus, Bapbupyowaa ot 0,31 go 0,47 acTpoHOmMYeckux eamHuuy, oT ConHua,
HaK/IOHEHa nog yrnom 7° no OTHOLWEHMIO K 3eMHOW opbuTe.

OnameTtp MepKypua coctasnaetr okono 0,4 pgmameTpa 3emnun. CumtaeTtca, YTO TemnepaTtypa Ha ero
noBepxHOCTN nogHumaeTca o 35 °C B cepeamHe AHA U nagaet novytn o -110 °C B cepeanHe Houn. MepKkypui
COBEPLLAET MOJIHbIA 060POT BOKPYr CBOEM Ocu Kaxaple 59 CcyTOK, To ecTb npumepHo 3a 2/3 ceoero roga. Cuna
TArOTeHMA Ha ero nosepxHoctn (0,36 3eMHOWN) HeAOCTAaTOYHO BeJsIMKa, YTOObI yaepXuBaTb aTmocdepy.[17]
MNoBepxHoCTb MepKkypua 6bina cdoTorpadpmpoBaHa Kocmumyeckum 3oHaom "MapuHep -10", KoTopbliit ABaXKabl
nponeten MMmo nnaHetol — B 1974 rogy n 8 1975 roay, — nocnae Ha 3emnto ¢oTtorpadumm Kpatepos, rop u
[onnH. CuntaeTca, YTO KosbLeBasa CTPYKTypa bacceitHa Kanopuc anametpom 1300 KM € yrnybaeHHbIM NOXKeMm,
OKPY*KEHHbIM FOpamMun A0 ABYX KUJIOMETPOB BbICOTOM, 06pa3oBanach B pesynbtaTte yaapa KPYnHOro MeTeopuTa.

MepKypuii Nepruoanyeckn MoXKHO HabloAaTb, KOr4a OH NPOXoAUT NPAMO Mmexay 3emneit u ConHuem. Ecnm
cnpoeumpoBaTtb M3o06bpaxeHve CONHUA HA NOAXOAAWLYH MNOBEPXHOCTb, TO MOMHO BMAETb YEPHYID TOUKY,
MoCcTeneHHO ABMMKYLLYIOCA MO COHEYHOMY AUCKY. ITOrO He NPOUCXOAUT KaxKabli pas, Korga MepKypuii npoxoaut
mexay 3emnelt n ConHuem, Tak Kak HakIoH opbuTbl MepKypusa NO OTHOLIEHUIO K 3eMHOI 0pbuTe NpeBoCXoauT
YFI0BYIO LWMPUHY COTHEYHOrO AMCKa.

Mepurennin opbumTbl MepKypms NocTeneHHO ABUKETCA Bnepes co ckopocTbto 0,16° 3a 100 net. 10T addeKT,
OTKpPbITbIN B 1859 roay, Hesb3si MNOJIHOCTbIO OOBACHUTL C UCMO/Ib30BAHMEM HbLIOTOHOBCKOM TEOPUU TATOTEHUS.
B1916 rogy dMHWTeNH ybeanTeNbHO 06BACHMA €ro ¢ NOMOLLbIO CBOEN 0bLLel TEOPUN OTHOCUTENBHOCTMU.

Cm. makxce cmameu "3lHwWmelH", "MaaHemeo!", "Opbumel nnaHem".
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METEOPbI U METEOPUTDI

MeTeopom HasblBaeTCA KOCMMYecKaa 4acTuia, KoTopasa nonafaer B 3eMHy0 aTtmMochepy Ha BbICOKOM
CKOPOCTM W MOJIHOCTbIO Cropaer, OCTaBAAs 3a COGON APKYID CBETALLYIOCA TPAeKTOpWio, B NpocTopeynu
Ha3blBaeMylo najatolleli 3se340M. NpPogoNKUTENBHOCTb 3TOMO ABMEHUA U LBET TPAEKTOPMUM MOTYT MEHATLCA, XOTA
60/IbLUIMHCTBO METEOPOB MOABASAETCA U MCYE3aeT 3a [A0/110 CEKYHAbI.

MeTeopuT npeacTtaBaser cobon 6onee KpynHbIM pparMeHT KOCMMYECKOro BELLEecTBa, KOTOPbIA He
No/IHOCTbIO cropaeT B aTmocdepe 1 nagaeT Ha 3emnto. Bokpyr CosHLa BpalllaeTca MHOMXECTBO TakKMX pparmeHTOoB,
pasnnyaloWmxca no pasmepy OT HECKONbKUX KMAOMETPOoB A0 MeHee 1 MM. HekoTopble M3 HUX ABAAOTCA
YyacTULaMKM KOMET, MOABEPTLLIMXCA pacnaay Uauv npolealnx Yepes BHYTPEHHI0 YacTb CO/THEYHOM CUCTEMDI.

EanHnyHbIE MEeTeOopbl, KOTOPblEe NOMaaatoT B 3€MHYIO aTN\ocd)epy cnyqaﬁHo, Ha3bIBAOTCA CnopagunvyeCKkMmm
meTeopamun. B onpepgeneHHoe Bpema, Korga 3emna nepecekaer Op6MTy KOMEeTbl W/IK OCTAaTKOB KOMETHI,
C/ly4aloTCA MeTeOopHble 40X AWU.

Mpu HabntogeHnn ¢ 3eMan TPAEKTOPUM METEOPOB BO BPEMS METEOPHOrO AOXAA KAk byaTo McxomsaT u3
onpegeneHHoOn TOYKM CO3BE3AMS, KOTOpas HasbiBaeTcA pPaAMaHTOM METEOPHOro AoXAaa. IToT ¢deHoMeH
BO3HMKaeT M3-3a TOro, YTO YacTMUbl HAxXoAATCA Ha OAHOM opbuTe C KOmMeTol, pparmMeHTamm KOTOPOWN OHWU
asnaoTca. OHM nonagatoT B aTtmocdepy 3emnam € onpenesieHHOro HarnpasAeHUs, COOTBETCTBYHOLWLEro
HanpaB/ieHMo opbuTbl npu HabnaogeHun c 3emnun. K Hambosee 3amMeTHbIM METEOPHbIM AOMAAM OTHOCATCA
NeoHnapbl (B HoAbBpe) n Mepcenabl (B KoHUe ntons). ExxerogHo mMeTeopHbIN A0XKAb BbiBaeT 0COHEHHO CUJIbHbBIM,
Korga Yactuubl cobmpaloTca B NOTHbLIN PoM Ha opbuTe 1 3emia NPOXOAUT Yepes 3TOT PON.

MeTeopuTbl, Kak NPaBKao, HbIBAIOT KeNe3HbIMU, KAMEHHBIMU UK Kene30KameHHbIMWU. CKopee BCero, oHM
obpa3yloTcA B pesysbTaTe CTONKHOBEHMIM Mexay 6osiee KpynHbIMM TenaMu B NOsCe acTepouaos, Koraa
OTAEe/IbHble KameHHble dparmeHTbl pas3neTatoTca No opbuTam, nepecekarowmm opobuty 3emnun. Camblit KPyMHbIN
13 o0bHapyKeHHbIX MeTeopuToB Becom B 60 TOHH ynan B HOro-3anagHoin AppuKke. CuntaeTcs, YTo NageHne oveHb
KPYMHOrO MeTeopuTa 03HAMEHOBANO KOHEeL, 3MOXM AMHO3aBPOB MHOFO MWJIMOHOB feT Hasad. B 1969 roay
MEeTeopuT pacnancs B Hebe Hag MeKcukon, pasbpocaB TbicAYM GparMeHTOB Ha O0/blIONA MNaoWaaM.
Mocneayolwmii aHann3 3TUX GparMeHTOB MpPUBEN K TEOPWUW, COTMACHO KOTOPOW MeTeopuT obpasosancsa B
pesynbTaTe B3pblBa 6AMNKaMLLEN CBEPXHOBOM HECKONbKO MUINNMAPAOB NIET Ha3aA.

Cm. makxce cmamou "Ammocgepa 3emnu”, "Komemeoi", "CeepxHosas".
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M/EYHbIN NYTb

ConHue — oAHa M3 MHOMMX MUAAMapaos 3Be3g B MneuyHom [yTu, cnmvpanbHOM anakTUKe guMameTpom
okono 100 000 ceetoBbix net. CoNHLUE PacroJIOKeHO B OAHOM M3 PYyKaBOB crnupanbHoi [anaktnku. Cama
lanaKTMKa BpallaeTcs, coBepLuan ogMH NOAHbIN 060poT NpuMepHO 3a 240 MH. NeT.

ToT ¢aKT, YTO CKOPOCTb BPALLEHMA BHELIHWX CMUPasbHbIX PYKAaBOB MOYTM COBMAZAET CO CKOPOCTbIO
BpaLLLEeHMA BHYTPEHHNX PYKABOB, YKa3blBAET HA NPUCYTCTBUE BHYTPY [ANaKTUKM TEMHOTIO BELLLECTBA.

CnupansHbe pyxasa

ConHue

Lewrp Fanaxtiw

PacnonoxceHue ConHya

LLlapoBble CKOMMEHMA PACMO/IOXKEHDI BbIlIE M HUMXKE MAOCKOCTU CMMPAJIbHbIX PyKaBoB. M3 — 3a nblaeBbix
0621aK0B CBET, M3NyYyaeMblii AAPOM [aNaKTUKKM, He AoXoAMT A0 Hac. O4HAKO MNbl/ib HE BIMAET Ha pacnpocTpaHeHue
PaanoBOJIH, KOoTopble BblM UCNOIb30BaHbl A5 KAapTUPOBAHUA CTPYKTYpbl MnaeyHoro MyTtu. Fopadve ronybble
3Be3/bl, 6boraTble MeTan1aMu, KOTOpble Ha3blBalOTCA 3BE34aMM NEPBOro NOKoeHMs, NpeobnagatoT B CNMpanbHbIX
pyKaBax, B TO BpemMs Kak begHble MeTan/laMu KpacHble rMraHTbl, Ha3blBaeMble 3B€34aMM BTOPOro NMOKONEHUA,
npeobsagaloT B LWAPOBbLIX CKOMJIEHMAX M B uUeHTpe [lanaktuku. CumTaeTtcsa, 4TO 3Be3dbl MokoseHua |l
cbopmmnpoBanncb, Koraa Bospact BceneHHoM HeHaMHoro npesbiwan 1 mapa. net. KopoTKOXMBYLLME MACCUBHbIE
3Be34bl NokoneHua |, obpasosasBIMecs B CNMpasbHbIX pyKaBax [aflaKTMKK B Ty 3Moxy, AaBHO NpeBpPaTUIMCL B
CBEpPXHOBble 3Be34bl U B30PBA/INCL, OCTaBMB BoraTble MeTaN/IOM MblaieBble 0671aKa, M3 KOTOPbIX BNOCAEACTBUM
cbopmMmnpoBaNnUCh 38e3abl MOKOAEHMA |.

B AcHyt0 HoYb MeuHblit MyTb NpeacTaeT nepesn HEBOOPYIKEHHbIM 1a30M KaK TYCKAas CBeTALLAACA feHTa
HenpasuabHOW GopMbl, NepeceKkalowan Hebocsod. LleHTp ManakTMKM pacnosioXeH B HampasieHUW co3se3amn
CTpenbua, xota mexxay CONHUEM WM raNakTMYeckKumMm SAPOM HaxodAaTcA [ABa ChnMpasibHbiX pyKaBa. Haw pykas
MneuHoro Myt HasbiBaeTcA pykasom OpuoHa B YecTb co3Be3ama OpUOHa, KOTOPOE Pacno/IOKEHO B TOM e
CcnMpanbHOM pykase, 4To 1 CoiHeYHas cucTema.

Cm. makxce cmamoeu "TemHoe sewecmeo”, "Tanakmuku 3", "CeepxHosas".
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MO/E/IN BCEJIEHHOM

B 1929 rogy 2nBuMH Xabbn o6HapyKwua, 4TO, Yem Jainblle HAXOAWUTCA rajlakTUKa, Tem ObicTpee OHa
OoTAaNAeTca oT Hac. IToT peHoMeH 0bbACHAETCS Teopuei o0 paclumpeHun BceneHHoW. 3a ABa BeKa 40 OTKPbITUA
Xab6na Mcaak HbloTOH 0CO3Han, YTo ecnn BceneHHaa KOHeYHa, TO 3B8e34bl HE MOTyT HbiTb HENOABUKHbBIMU, MHAYE
OHM OKa3a/iMCb bbl NPUTAHYTbIMM APYT K APYrYy CUIOWM CBOEro TAroOTeHUs M cobpanncb B OFPOMHYHO Maccy, HO Y
HbloToHa He OblI0 A0KA3aTeNbCTB TAKOro ABWMMKEHWA, MO3TOMY HblOTOH cumTan, 4yto BceneHHasa craTtuMyHa U
H6ecKkoHeuHa.

HbloTOHOBCKas mogdenb BceneHHOM octaBanacb HEM3MEHHOWN A0 NOABAEHMA Tak Ha3blBaeMOro napagokca
Onbbepca.[18] OH OCHOBAH Ha OYEHb NPOCTOM HabAOAEHMN, @ UMEHHO, YTO HOYHOE Hebo TeMHoe, a He cBeT/ioe!
3TO Ha nepB.blli B3rnag TpuBManbHoe HabaoaeHue 6b110 BNepsble NpoaHaAnsnpoBaHo FeHpuxom Onbbepcom B
1826 roay. OH maTemaTU4YecKn AoKasas, 4To ecan bbl BceneHHan coctosina n3 6eCKOHEYHOro Koanyectsa 3sesf,
TO He6O NOCTOAHHO OCTaBasoCch Bbl APKUM. OTClOZa OH 3aK/OYW, YTO BceneHHas KOHeYHa, Tak Kak Houblo Hebo
TemHoe. OCKO/IbKY KOHeyHaa M cTaTUdyHaA BceneHHas A0/KHa KOANancuMpoBaTbh COrnacHO 3akoHam HbloToHa,
Onbbepc npuiuen K BbiIBOAY, 4TO BceneHHas paclumpsercs.

DNHWTENH BOCMO/Ib30BaJICA CBOEN 0OLLen Teopuein OTHOCUMTENbHOCTM AN MpPeAcKasaHua TOro, 4To
KOHe4YHas U cTaTuyHasa BceneHHan 6e3 rpaHuL, BO3MOXKHA, NOAOOHO NMOBEPXHOCTM 3eM/M, HO TO/IbKO He B Tpex
WU3MEPEHMAX, a B YeTblpeX. DMHLWITENHY NPULLIOCL BBECTU B CBOM YpaBHEHMA HOBbIN BUJ OTTA/IKMBAIOLWLEN CUNbI,
OeNCTBME KOTOPOM NPOABAANOCH /INLb B KOCMOJIOTMYECKUX MacliTabax. IUHILTENH cYUTaN 3Ty OTTa/IKUBAIOLLYHO
CUNY HeobxoaMMOW A5 NPEeonONEeHUA CUIbl NMPUTANKEHWUS, BO3HUKAIOLWEN B pe3ynbTaTe rpaBMTaLmMKM, KOTopas B
NPOTUBHOM C/ly4ae npusena bbl K Koancy KOHeYHOoM U cTaTUYHOW BceneHHol.

OpHako B 1927 rogy Hopx JlemeTp, 6enbrmincknii CBALLEHHMK U MAaTEMATUK, 0OHapYXMN HOBblE pelleHuA
YPaBHEHUN DWHWTeNHa, JAOMNycKaBwue pacwunpeHne BceneHHolt 6e3 HeobxoAMMOCTM  CyLLeCTBOBAHMA
KOCMONOTMYECKOW CuAbl. JIeMeTp TaKKe y3Has, YTo ero pewweHua bblan 06HapyXKeHbl Ha 5 neT paHblue PyCccKuUm
matematukom AnekcaHgpom PpuamaHom, KoTopbliii ymep B 1925 roay. Hanbonee nHTepecHbiM pelleHnem
ABNAETCA TO, B KOTOPOM BcenieHHaa cHavyana pacumpaeTca, a 3aTem CKMMaeTcA.

Cm. makxce cmamou "3lHWmeldH", "3akoH Xabbaa", "HetomoH".
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HEBECHAA CHEPA 1: HEBECHbIN SKBATOP

B pgaBHMe BpemeHa acTPOHOMbI Mnpeanonarann, 4To BCce 3Be3abl MPUKPenseHbl K HeBuAMMOW cdepe,
Ha3blBaeMol HebecHOl M OKpyKalowei 3em/to, Kak MoKa3aHO Ha PUCYHKe BHU3Y. 3ems BpallaeTcs BOKpYr
CBOEM OCU C NOCTOAHHOM CKOPOCTbIO, CoBepLUan oAnH 0bopoT Kaxable 24 yaca, 4To cooTBeTcTByeT 15° B yac, Tak
KaK MoAHbI 060poT 3eman coctaBnseT 360°. [ApeBHME acTPOHOMbI CYUTANM, YTO 3emMnA 3aKpenieHa B LeHTpe
HebecHoOM cdepbl, KOTOpasd, MO WX NPeAcTaBAeHMAM, COBEpLUAsa MNOJIHbIM 06OPOT C MOCTOAHHOW CKOPOCTLIO
Kaxkgble 24 yaca, yBneKas 3a coboit HenoABMKHbIe 3Be3/bl.

Monmpxas ageaga

1-a Touka Opna'P \-H et
wxeafop MpAMOoe BOCKOXDEHME
N F
oy S

HebecHan cdepa

MonApHas 3Be3aa pacnonoskeHa npamo Hag CesepHbiM nostocom 3eman. MoXKHO npeacTaBuTb, YTO OCb
BpalleHMa HebecHol cdepbl npoxoauTt yepes [MonspHyio 3Be3ay. HebecHbit 3KkBaTOp npeacTaBaser cobom
NPOeKUMI0 3eMHOro 3KBaTopa Ha HebecHyto chepy. Bonbluol Kpyr HebecHol cdepbl — 3TO Kpyr, KOTOPbIi
npoxoaut yepes oba ee nostoca.

MNMonoxkeHne 3Be3apbl Ha HebecHoM chepe onpegenseTcs ABYMA KoopauHaTamu. CKAOHEHMEM Ha3blBaeTcA
YFrON MexAay HanpasaeHWem U3 LeHTpa HebecHol chepbl Ha AaHHYH0 3Be34y M NAOCKOCTbIO HebecHOro aKBaTopa.
3Be34bl, Pacnosio’KeHHble K cesepy OT HebeCHOro 3KBaTopa, MMEIOT MONOMKUTE/IbHOE CKIOHEHWe; 3Be3fbl,
pPacnonoXeHHble K lory oT HebecHOro sKkeatopa, — oTpuuaTensHoe. BTopoli KoopauHaTtol ABAAeTcs npamoe
BOCXOMAEHME — YroN Mexay onpeaesieHHoN ToYKo Ha HebecHOM 3KBaTope, N3BECTHOM Kak nepsBas Touka OBHa
(Y),[19] v 6onbwimm Kpyrom CKAOHEHMA, NPOXOAALIMM Yepes AaHHYIO 3Be3dy. JTa KoopAuHaTa COOTBETCTBYeT
3eMHOW gonroTe.

Mpamoe BocxoXKaeHue 0bbluHO 0603HaYaeTcsA B Yacax, COOTBETCTBYIOLLMX BPEMEHHOMY MHTEPBaNy MeXay
NPOXoXKAeHNeM nepBoi Touku OBHa yepe3 mepuauaH HabawpgaTena (60NbLWOK Kpyr OT ceBepa Ha tor yepes
TOUKY, HaxoA4ALLYIOCA HEeMoCcpeACTBEHHO Hag, Habnogatenem, u MNonapHylo 38e34y) M NPOXOXAeHMEeM 3Be3apbl,
nepecekawowein mepuanaH Habnopatens ¢ BOCTOKA Ha 3anag. [pyrMmu Cl0BamM, NPSMOE BOCXOMKAEHWe
OTCUYMTbLIBAETCA B YaCOBOM Mepe B Hanpas/ieHNU, 06paTHOM HanpaB/eHUO BPALLLEHUA 3Be34HOro Heba.

Cm. makxce cmameto "38e30Hoe u conHeyHoe apemsa’.
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HEBECHAA COEPA 2: SK/TUNTUKA

3emMHanA OCb HaK/IOHeHa No OTHOLWEHUIO K MonsapHoii 3Be3ae. CeBepHbIli NoAOC 3eMAn HakNoHeH K ConHuy B
nioHe 1 ot ConHua B Aekabpe.

Ecnun 6bl cBeT ConHua 6bin ropasgo 6onee cnabbim, MOXKHO 6bl10 6bl HabAlOAATh 33 €ro NPOXOXKAEHUEM
yepes co3Be3amaA, Kak NoKasaHo Ha pucyHke c. 138. 31oT mapupyT ConHUA Ha3biBaeTCA 3KAUMNTUKON, TO eCTb
3KNIUNTUKa — 3TO Boobpaxkaemasa nnMHMA (6onbluoi Kpyr) HebecHon chepbl, No KoTopoi CosHLE B TedeHue roaa
nepemellaeTca cpegm 3sesq. Yron HakNoHa NJAOCKOCTU SKAUNTUKU K HebecHOMyY 3KBaTOPY paBeH Yray HaKNoHa
N/JI0CKOCTM 3KBaTOpa 3eMAM K NNOCKOCTU ee 0pbuThbl 1 coctasasaeT 23,5°.

B cepeanHe neta B CeBepHom nonywapum ConHUE AOCTUTaeT CBOEN HaMBbICWIEN TOYKM Ha SKAMNTUKE K
ceBepy oT HebecHoro skBaTopa. ITo npoucxoaut, Korga ConHue HaxoauTca B co3Be3guu Tenbua, 6AM3KO K
cosse3aunto bansHeLos.

B cepeanHe ocenun B CesepHom nonywapum ConHuUe npoasuraetca no skamnTuke Ha 90° No OTHOWEHUIO K
CBOEI NosuumMu B cepeamHe /ieTa. 3 3T0 Bpems roia OHO MPOXOAMT C CeBepa Ha tor Yepes HebecHbI IKBaTop B
cossesgun [esbl.

B cepeanHe 3mmbl B CeBepHOM nonywapum ConHue [OCTUraeT CBOEM HaMBbICWENW TOYKM Ha MaplipyTe
3KAUNTUKM K tory oT HebecHoro akeBatopa. B 3to Bpema roga CosHue HaxoguTcs B co3se3aum CTpenbua. B
nongeHb B cepeanHe 3umobl 8 CesepHom nonywapmn ConHLe HAaXoAUTCA TOYHO Ha ore M 3aHMMaeT camoe HU3Koe
nosioxeHune Ha HebocBoae.

B cepeaunHe BecHbl B CeBepHom nosywapum CoaHue NpoxoauT Yepes HebecHbI 3KBATOp C lora Ha cesep B
co3se3ann Pbib. 3To Bpema roaa HasblBaeTCA BECEHHMM paBHoAeHcTBMeM. MecTo, rae sKAUNTMKA nepecekaer
HebecHbI 3KBATOP, Ha3biBaeTcA NepBol Toukon OBHa (Y).

MonspHas 3sesna

i ConHUE B HIOHE
BECEHHErD PaBHDOEHCTEWR

=i
—— =

Convue 8 NeHb OCEHHErD

Convug 8 gexabped PABHOOEHCTEMA

MapwpyT ConHUa Ha HebecHoi cdepe

"PaBHOAeHCTBME" O3HAYaeT PaBHYH NPOAO/IKUTENbHOCTb AHA M HOYM. B cepeamHe BecHbl U B cepeduHe
OoCeHU Nepuoabl CBeTa M TEMHOTbI B KaXKAbli U3 3TUX AHEN MMEIOT PaBHYIO NPOAOIKUTENbHOCTD.

Cm. makxce cmameto "HebecHas cgpepa 1".
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HEBECHAA COEPA 3: HESAXOAALWUE 3BE3AbI

MonApHyto 3Be34Yy MOMKHO BUAETb B NIOOYIO ACHYIO HOub B CeBepHOM noJsiywapumn B ntoboe Bpems roga.
[Jonrota MNonsApHol 3Be3abl (TO eCTb yron MexAay HanpaBleHMeM Ha Hee W TOPM3OHTOM) paBHa LWKMPOTe, Ha
KOTOpPOI HaxoanTca Habnaogatens. K npumepy, Habarogatenb, KOTopbii Haxoautcs Ha CeBepHOM nontoce, byaet
BUAeTb lNonapHylo 3Be3dy NpsAMo Hag ronosoi. OKononosspHble 3Be34bl, OKpy:Katowme CeBepHbli NOAKOC
HebocBOAa, TOXKE MOMKHO BUAETb B NtOOYIO ACHYIO HOYb. M3-3a BpalleHMA 3emMaun KaKeTcA, Y4To 3TW 3Be3fpbl
ABUXKYTCA NO KPYry, LEHTPOM KoToporo seaseTcA MonapHaa 3se3ga. Ha ¢otorpadum ¢ gantenbHbIM CPOKOM
3KCNO3MNLUMN MOXKHO BUAETH CBET/Ible AyrM BOKPYr MonspHOM 3Be34bl; Kaxgan Ayra obpasoBaHa oTobpaxkeHnem
3Be34bl Ha NAEHKe, MOCKOMbKY CaMa NieHKa ABUXKEeTCA NO OTHOLUEHMIO K CBETY 3Be34bl BMeCTe C BpalleHWem
3emnn. Yron Bo3BbilWEHWA TAaKOW 3BE34bl MEHAETCA NO Mepe TOro, Kak OHa ABUMKeTcA BOKpYr MonspHoi 3se3abl.
Ecnn 3Be3da HMKOrga He OMyCKaeTcsa 3a FOPM3OHT, €e HasblBaloT He3axogAwen, WaM UMPKyMMoaspHoi. Ans
Habntopatena Ha wwupoTe L 3Be3aa, KOToOpas BUAHA HafZ CaMbiM FOPU3OHTOM, AO/XKHA HaxoAuTbCA Nog Yr1om
paBHbiIM L no oTHoweHuto K MonsapHoi 3Besge. fltobas 3Be3za, pacnosoXKeHHas nog 6onbwuMm yraom K
MonapHOM, He MOXKeT bbiTb He3axoaslweln Ha 3Tol wupoTte. Habaogatesnb Ha wupoTe L B KOXKHOM nonywapum
TOXE CMOXEeT BUAETb PAL, He3axo4ALWMX 3Be34, HO BCe OHM ByayT ApyrMmu.

3Be3/bl, KOTOpble He ABAAITCA He3aXxoAALMMM, BOCXOAAT U 3aX04AT Kaxable 24 yaca. K npumepy, paHHel
3umoit B CeBepHOMm nonytuapum cossesgme OpMoHa MOXHO BUAETb B ACHYIO HOYb CPa3y e Noc/sie Toro, Kak OHO
BOCXOAMT Haf BOCTOYHbIM FOPU3OHTOM. PaHHUM yTpom nepes socxoaom Co/HLA TO 3Ke Camoe CO3Be3ane MOXKHO
BMAETb Hafg 3anadHbiM FrOPU3OHTOM Mepen, ero 3axoAoM. Bce 3Be3abl, KOTopble He ABAAIOTCA He3axoAAWwUMM,
BOCXOAT Ha BOCTOKE W 3aX04AT Ha 3anaje, NOTOMY YTO 3eM/1A BPalllaeTca B BOCTOYHOM Hamnpas/ieHuu.

3Be3aa Ky/IbMUHUPYET, KOr4a OHa Haxo4MTCA B HaMBbICLLEN TOYKE Haj, rOPU3OHTOM. ITO NPOUCXOANT, KOrga
3Be3fa NPOXoAMT C BOCTOKA Ha 3amnag yepe3s mepuamaH Habniogatena — 6onbwoit Kpyr HebecHol cohepbl C
ceBepa Ha tor yepes MonspHyto 3Be34y M TOYKY, PACNONOMKEHHYIO HENOCPEACTBEHHO Hag, rofioBoi HabaoaaTens.
Kaxpan 3Be3ga KybMUHUPYET NMPUMEPHO Ha 4 MUHYTbl paHblUe BPEMEHM CBOEW KyNbMWHALMK NpeablayLien
HOYbH0. ITO MPOUCXOAMUT NMOTOMY, YTO 3eM/IA MOBOPAYMBAETCSA CO CKOPOCTbIO 1° KarKable 4 MUHYTLI, @ OpbUTanbHoe
AsukeHne 3emnum Bokpyr CoHLA cocTaBaAeT oKoo 1° 3a Kaxaple 24 vaca.

Cm. makxce cmameto "HebecHasa cehepa 1"
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HEMTPOHHAS 3BE3JA

HelTpoHHOI 3Be3401 Ha3blBaeTCcA OYeHb MasieHbKOe, CBEPXMN0THOe HebecHoe Teno, CocToAllee TOMbKO 13
HEWTPOHOB. B KayK40M aTome BELLLeCTBA COAEPKUTCA MOJIOXHKMUTENIbHO 3apANKEHHOE AAP0, COCTOALLEE U3 NMPOTOHOB
C NOIOXKUTE/NbHbIM 3aPAAOM U HEMTPOHOB, HE MMEIOLMX 3NeKTpUYeckoro 3apaga. OTpULAaTeNbHO 3apsAXKeHHble
3NEKTPOHbI ABUMKYTCA BOKPYr AA4pa aTOMa Ha CPaBHUTENbHO BO/bLUMX PaccToAHUAX. B HEMTPOHHOM 3Be3ae HeT
3/IEKTPOHOB W/IM MPOTOHOB; OHA LIEJIMKOM COCTOMT M3 HEWTPOHOB, YMaKOBaHHbIX TaK e MJI0THO, KaK B aape
aToma.

MOCKONbKY HEWTPOHbI HE HEecyT 3/IeKTPUYECKOro 3apsafa, OHW He OTTaskMBatoTca Apyr OT Apyra, Kak
npoToHbl. B 1934 r. BanbTep baage n ®puu, LIBUKKM onyb6AMKOBaAM CTaTblo, B KOTOPOI OHU NPesioXunm naeto
3Be3/bl, COCTOALLEN TONbKO U3 HenTpoHOoB.[20] CornacHoO MX TEOPUM, BCMbILKA CBEPXHOBOM MPOUCXOAUT Moce
TOro, Kak obblyHaA 3Be3aa NpeBpallaeTca B HEMTPOHHYI. MNOTHOCTb Takol 3Be3Abl 3HAYMUTE/NIbHO Bbllle, Yem
NAOTHOCTb 6esoro Kapauka. HelTpoHHaa 3Be3da C maccol, paBHoli macce CosHua, byger MmeTb AnameTp,
HeMHoro npesbiwatowmn 10 KM. Cuna TAroTEHUS Ha MOBEPXHOCTU HEWTPOHHOM 3Be3Abl OyAeT TaK BeNWKa, 4YTO
WUCKPUBAAET CBET M NOYTU A0CTAaTOYHA A5 TOro, YTobbl yAeprKaTb CBETOBOE U3/TYYEHUE.

TeopeTUKM TOro BPeMEHWU 3HanMu, YTO OOLLel Teopuel OTHOCUTENBHOCTM JMHWTENHa ObiNo NpeacKasaHo
CyLLEeCTBOBaHME YepHbIX Ablp — OOBEKTOB C TaKOM OrpOMHOM MACCOM, YTO AarKe CBET He MOXeT usbexaTb Mx
nputaxeHna. Mogenb HEUTPOHHOW 3Be3Abl NPEBPATUAA NOHATUE YEPHOMN AblPbl U3 MATEMATUYECKON rMnoTesbl B
dU3MYECKYIO BO3MOXKHOCTb. CyLLecTBYIOT /I 3KCNEPUMEHTa/IbHble CBUAETE/NbCTBA CYLLECTBOBAHMA HEUTPOHHbIX
3Be3n? B 1967 roay [OxkocenuH Benn, acnupaHTKa KembpuasKckoro yHuBepcuTeTa, OobHapykuna B Kocmoce
WUCTOYHMK MOBTOPSAIOLLMXCA BCMJIECKOB paamomsnydeHus. Yepes rog 6bi1o obHapy:KeHo ewe 20 Takux 3Be3f,
Ha3BaHHbIX Ny/IbCapamu.

ACTPOHOMbI A0Ka3anu, 4To ny/abcap npeactasnseT coboir 6biICTPO BPALLAIOLLYIOCA HENTPOHHYIO 3Be3ay,
MCMNYCKatoLLLYO NYYOK PaanoBOIH, KOTOPbI NOBOPAYMBAETCA U3 CTOPOHbI B CTOPOHY, KaK y4 CBeTa MasiKa, BMecTe
C BpallleHnem 3Be3abl. Kaxkablid pas, Koraa paavonyd Npoxoaut MMMo 3emau, Nnpubopbl perncTpupyoT BCnaeck
pPagMoBOSIH OT HEMTPOHHOW 3Be3abl. HelTpoHHas 3Be3ga B LUeHTpe KpaboBMAHOW TyMaHHOCTM fABAAETCA
ny/abCcapom, BPaLLAOLMMCA CO CKOpocTbio 30 pas B CeKyHAy.

Cm. makxce cmameu "YepHoie dbipsl”, "Mynscap”.

-57-


n_20

HEMNTYH

MnaHeTy HenTyH Habatoaan ewe Manmnein, KOTOpbIN cYUTAN ee 3BE3A0M, MOCKO/IbKY ee NoNoXKeHNe Ha GoHe
6MKaMWKMX 3B€34 No4YTM He meHsanocb. OgHako B 1843 roay OxoH Agamc B AHrnimu mn YpbeH JleBepbe BO
®paHUMM HE3aBMCMMO APYT OT APYra NPULLAK K BbIBOAY, YTO HEODBACHMMOE YCKOPEHWe, @ NOTOM 3amenJsleHune
YpaHa A0/1KHO 6biTb 06YC/I0BNEHO BO3AENCTBMEM BHELIHEN NaaHeTbl. [onoKeHMe 3TOM HeM3BECTHOM MIaHETHI,
BMOCNEACTBMM Ha3BaHHOM HenTyHom, Oblno BbIYUC/AEHO MO ABMMEHUAM YpaHa, M 3TO npeacKkasaHue 6bii1o
noateepxaeHo MoraHHom Fanne[21] 8 1846 roay.

HenTyH BuAeH c 3emnu KaKk ronyboi guck 6e3 Kakux-NMbo XapaKTepHbIX 4YepT, ABMNKYLMACA Yepes
CO3BE34MA CO CKOPOCTbIO OKOJIO 2° B oA, W COBEpLIAtOWMIA NOoNAHbIN 06opoT BOoKpyr ConHua 3a 164 roaa u 288
AHel Ha cpegHem pacctofHum 30 aCTPOHOMMYECKUX eauHuL,. Ero anameTp NpMMepHO TaKoM e, Kak y YpaHa,
XOTA cpeaHAn NAOTHOCTb B 1,3 pasa Bbilwe, YeM NJIOTHOCTb YpaHa. ABTOMATUYeCKUi 30HA "Bosaskep-2" nponeten
mumo HentyHa B 1989 rogy n obHapy»ua, 4to ero atmocdepa CxoaHa No cocTaBy M TemnepaType ¢ atmocdepoit
YpaHa. "Boagkep -2"Takxke obHapy:Kun cnaboBblpaxKeHHble MnosAca M 30Hbl, dopmaumm 061aKoB M OrpomMHoe
TEMHOe NATHO B aTmocdepe HentyHa. OgHaKo, B oT/iMuMe oT bosblworo KpacHoro nsTHa KonuTtepa, sToro TeMHOro
NATHa He OKas3a/socb Ha MecCTe, Korga KOCMMYECKUIA Tesieckon Xabbsa 6bl1 BnepsBble WMCNOb30BaH AN
HabntopeHns HentyHa. CumTaeTcA, 4TO MPUCYTCTBME MOACOB M 30H Ha HenTyHe 06ycnoBAeHO BHYTPEHHUM
pa3orpeBom MiaHeTbI.

30Hg, "Boagkep-2" BbIABUA HAaNANYME KOMbLEBOM CUCTEMbI BOKPYr HenTyHa v OTKpblA euie 6 CAYTHUKOB B
AonosiHeHWe K TPUTOHY, oTKpbiTomy B 1846 roay, u Hepeunge, oTkpbiTolt B 1949 roay. Auametp TpUTOHA, Camoro
KpynHoro cnyTHMKa HenTyHa, coctasnset 0,75 auvametpa 3emHoi JlyHbl. TpUTOH ABWMKeTcA no opbute B
HanpaB/ieHMM NPOTUBOMOJIOKHOM BPALLEHMIO CAMOW MJIAHETbl U HaKNOHEH nog yrnom 23° K akBaTopy HenTyHa.
"Bosarkep -2" Habntogan rensepbl, Oblowme BbICOKO Hag /NegAaHON MNOBEpPXHOCTbIo TpPUTOHA, MecTamu
N360pOXKAEHHON rYOOKMMM CKNaZKaMK, MecTaMn — rnagakon. Cuntaercs, Yto TPUTOH chopmmnpoBancsa B Apyrom
yactn Co/IHEYHOW CUCTEMBI, @ 3aTeM NPU BIM3KOM NPOXOXKAEeHMM bbln 3axBadeH HenTyHom. Mein3epobl Ha TpUTOHE,
CKOpee BCero, COCTOAT U3 XKMAKOro a3oTa, MPOopbIBAOLWEroca n3-nog NoBepxXHOCTU a30THOrO NbAa.

Cm. makxce cmameu "MaaHemel”, "Opbumel naaHem", "YpaHr".

- 58 -


n_21

HOBAA

HoBas — 3TO 3Be34a, KOTOpas BHE3anmHO CTAHOBMTCA ropasfo fApye o0b6bIMHOro, a 3aTemM MOCTENEHHO
TyckHeeT.[22] Tak, Hanpumep, ogHa 13 3Be3a B co3Be3gmn Opsa B 1918 roay 3a HECKOJIbKO AHElM HeOoXXUAaHHOo
CTafla TAKOW Ke APKOM, Kak Cupuyc, apyanwian 3se3ga B HOUHOM Hebe, M ocTaBanacb BUAMMOWN HEBOOPYKEHHbLIM
rnasom B TeYEeHWe HeCKobKuMx mecsues. MNMogobHO BbiCAEXKMBAHMIO KOMET, OXOTa 33 HOBbIMW 3BE3gaMW AN
aCTPOHOMOB-/I06UTENEN ABNAETCA OAHUM U3 cNocoboB NPOC/IABUTLCA, TaK KaK NOABAEHNE HOBOW 3Be34bl BCeraa
HbIBaeT HEOXUAAHHBIM COObITUEM, @ MPOdECCMOHAbHbBIE ACTPOHOMbI 06bIMHO HE MOTYT NO3BONTL cebe BECTH 3a
HebocBOAOM ciy4yaiiHble HabnogeHua. ActpoHom-ntobutens n3 Konopago MNutep KonnmHs 6ol nepsbiM, KTO
3ametun Hosyto B co3sesaun Jlebeaa B 1992 roay. Yepes HECKO/IbKO YacoOB NOCAE OTKPbITUA aCTPOHOMbI MO
BCeMy mupy Habnwganu 3ty Hosyto V1974 B co3Be3aun Jlebepa. Benbilwka HoBoW ABnfeTcA ApamaTUUYECKUM
cobbiTMEM, B XO4e KOTOPOro 3Be34a cbpacbiBaeT 060/104KY U3 BELLECTBA M €€ APKOCTb MHOMGA BO3pacTaeT cpasy
Ha 10 3Be3gHbIXx BenAnuMH. Pacwwupstowanca o060n104Ka Bew,ecTBa O0ObIMHO  CAMWIKOM  TycKnas  Aans
HEMoCPeACTBEHHOrO HabAtoAeHMA, HO ee MNPUCYTCTBME OYEBMAHO M3-33 LMPOKMX IMUCCUMOHHBLIX NUHUI B
3/IEKTPOMArHUTHOM CNEKTpe 3Be3Abl.

Yto e 3actaBsifaeT 3Be3ay Bectn cebs nogobHbim ob6pasom? OAHOM M3 BO3MOMKHbIX MPUUYUH CUMTAETCA
"nepetarnBaHue"” BewecTsa 6enbiM Kap/JIMKOM OT ApYyrol 3Be3abl — ero CnyTHUUbI B ABOWHON cucteme. benbii
KapAMK npeactaBnseT cobol ouveHb Tropavyro  Koanancupylouwylo 3Be3ny, 6/4M3Kyl0 K KOHUY CBOero
cywectBoBaHusA. Ero rpaBuMTauMOHHOE BO34eNCTBME Ha MeHee MJIOTHOE BEeLWecTBO 0bblyHOM 3Be3Adpl ObiBaeT
AOCTAaTOYHO CU/IbHBIM AN BTATMBaHMA BelwecTsa B cebs. ITo AONONHUTEIbHOE BELWECTBO NUTaeT B6enblit Kapauk,
BbI3blBanA CU/bHbIN Neperpes ero BHELWHWUX CN0eB, NOC/Ae Yero ciaeayeT MOLLHaA BCMbilKa CBETa C BbIBpoOCOM
HaKoMJIeHHOro BellecTBa. Habntogannck HoBble 3Be3apbl, KOTOPble BCMbIXMBanAu aAsaxabl. B 1946 rogy 3sesga T
CeBepHoli KopoHbl NoBTOpMAA CBOIO BCMbIWKY 1866 roga, Koraa ee ApPKOCTb BO3pOC/aa Ha 7 3BE34HbIX BENYMH U
[OCTUIN1a BTOPOI BEIMYMHBI.

CeepxHoBas Tuna la npeacrtasaseT cobo ropasgo 6onee gpamaTuyeckoe cobbiTue, Koraa 6enbii Kapauk
NPUTArMBaeT Tak MHOrO BellecTBa OT APYroi 3se3abl B ABOWHOM CUCTEMe, YTO B3PbIBAeTCA M3-3a CUAbHeMLwero
neperpesa.

Cm. makxce cmamou "38e30Has senuquHa”, "Cnekmp onmuyeckul"”, "CeepxHosasn", "benobili Kapauk".
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HbIOTOH

Cap Ucaak HbtoToH pogunca B 1642 roay, B rog cmepTu Fanunnea. Ero poamHoit 6b1n0 mecteuko Bynactopn
6113 ropogKa MpaHTem B rpadcTee JIMHKOABHWMP. OTel, ManbyunKa YMep ele A0 ero poXaeHusa, U nocsae Toro,
KaK ero maTb CHOBa BbllWANa 3aMyX, Mcaak BocnutbiBanca y gena. Ero nocnanu yuntbca B MeCTHYO MPUXOACKYHO
WwKony, a B 1661 roay oH noctynua B TpUHUTU-KoANeax KembpuaxKcKkoro yHmBepcuTeTa. B nepuoa mexkay 1665 m
1666 rogamu HbiOTOH W1 AOMaA, MOTOMY YTO YHMUBEPCUTET OblN 3aKPbIT N3-3a BeiMKol yymbl; 3a 3TU ABa roga oH
cbopmynmpoBan matemaTUyeckme Teopembl U GU3MYECKME Teopuu, BKAKOYAA 3aKOH BCEMMPHOrO TArOTEHMA,
KOTOpPbIA Npou3Ben peBoounto B Pu3mMke M maTtemaTuke. B 1667 roay HbtoToH BepHyaca B Kembpuax n asa
roga cnycta B Bo3pacte 26 net nonyumn kadeapy GU3MKM M MaTeMaTUKM B TOM e Koanearke CeaTon Tpowuupl
Kembpugka, Tak HazblBaeMyto HOKACOBCKYIO Kadeapy, KoTopyto 3aHMman go 1701 roaa.

B WMPOKKUI Kpyr Hay4dHbIX MHTEpPeCcOB HbOTOHA Hapady C GU3MKON M MAaTEMaTUKOW BXOAMAN acTPOHOMMUS,
XMMUA 1 ONTUKA. MaTemaTnyeckune n pusmyeckme Teopumn HblOTOHa HalLIM OTPaXKeHMeE B ero Beandaiiuem Tpyae
"Hayana",[23] B KOTOPOM OH MOKasaj, YTO TPW 3aKOHA ABWUMKEHWA M 3aKOH BCEMMPHOrO TArOTEHWUA AO0CTAaTOYHbI
AN 06bACHEHWA NPUPOAbI ABUKEHUA Nt060I cUCTeMbI Te.

OH pa3s ¥ HaBcerga fiokasan, uYto 3emns M Apyrue naaHeTbl BpallatoTca BoKpyr ConHua, 06BACHUA 3aKOHbI
Kennepa u Fanunea. Monb3yacb 3aKOHOM BCEMMPHOrO TAroTeHMs, HblOTOH Mor 06bACHATL M NpeacKasbiBaTb
Takne peHoMeHbI, KaK KOMEeTbIl, 3aTMeHMA 1 NPUANBLI. Ero naen obecneunnmn Hayky pyKosoAaawmMmmn npuHUMnamm
Ha cneaylowme ABa CTONETUA, NOKa DUHILTENH He A0Ka3a, YTO NPOCTPAHCTBO U BPems B3aMMO3aBUCUMBI.

Mocne nybankaumm "Havan" B8 1687 rogy HbHOTOH CTan BeAyLMM YYEHbIM CBOErO MOKONEHMUA, XOTA He
YKNOHUNCA OT OMECTOYEHHOW pJucKyccum ¢ JlelibHMLEeM, KOTOpbi yTBep)KAan, 4YTO nepsBbiM M306pen
anddepeHumanbHoe ucuncneHme. B yHuBepcutete Kapbepa HblOTOHA He MNOayYMna AOKHOIO Pa3BUTUSA, TaK Kak
OH MpUHagfexan K yHUTapHOW UepKBM U He Bepun B Ceatyto Tpowuuy. B 1695 rogy HbiOTOH 6bla1 Ha3HayeH
cmoTputenem, a B 1699 rogy — aupektopom MOHETHOro ABOpa, rae MOCBATWA CBOWM TanaHTbl NPOBEAEHMIO
OEeHeXHoW pedopmbl. HayuHble 3acnyrn HoetoToHa 6binn npusHaHbl B 1703 rogy, Korda oH 6bln n3bpaH
npesngeHTom JIOH4OHCKOrO KopoieBCKoro obLecTsa U BO3BEAEH B PbILAPCKOe A0CTOMHCTBO.[24]

Cm. makxce cmameu "lanunel"”, "3akoHsl Keninepa", "3akoH mazomeHus HetomoHa".
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OKYNAP

OKynsip, oAHa M3 OCHOBHbIX YacTell BM3yasbHOro Teseckona, npegHasHavyeH Ana Toro, Ytobbl HanNpasBAATb
CBET, NOMaJatoLWMii Ha IMH3bI TeNecKona OT OTAaseHHOro obbeKkTa, B r1a3 Habawgatens, a TakKe MO3BOAATb
HabnoaaTeNto BUAETb YBEANYEHHbI 06pa3 06beKTa, cGOPMUPOBAHHbIN O6BEKTUBOM.

YBennumBatlowan cuia Tesfeckona paBHa OTHOLWEHWMIO GOKYCHOM ANUHbI O6bEKTMBA K (OKYCHOM A/MHe
oKynspa. Yem Kopoue $OKycHaa A/IMHA OKyAsApa, TEM Bbllle CUla yBENMYEHUA Teneckona. Ee MOXKHO U3MEHSTb,
NOJIb3YACb OKY/IAPAMM C Pa3HbIM GOKYCHbIM PacCcToOsHMEM. DTO NOJIe3HO Npu HabatogeHUM JIyHbl UK NAAHET, Tak
KaK OHM He ABAAIOTCA TOYeUYHbIMW 06BEKTaMMN U NpU HabAOAEHUM B TENECKON KaXKyTCA KpynHee. MOCKObKY npu
BO3PACTaHUM CUJIbl YBEJIMYEHWA MOJIE 3PEHUA YMEHbLIAETCA, MaJIOMOLLHBIMM OKY/IPaMM NOJIb3YHOTCA 415 06LmX
HabnloaeHUn, rae KenaTenbHO WMETb LIMPOKOe noJsie 3peHus. Korga onpegeneHo MecTOMNOJOKeHUe
MHTepecylowero obbekTa (Hanpumep, NaaHeTbl), AnAa HabnawoaeHus 6onee NoapobHOro M3obparKeHUA MOMKHO
nocTaBuTb 6osiee MOLLHbIN OKYyAAp.

OnameTp NUH3bI OKyAApa 06bIY4HO HEMHOIO NMPEBOCXOAWUT 8 MM, YTO MPUMEPHO PABHO AMAMETPY 3payKa
4yesloBEYECKOro rnasa B TeMHoTe.[25] CBeT OT OTAaneHHOro obbeKTa MonagaeT B TENECKOM U NPoOXoamuT yepes
OKyNnAp, p[octuraa rnasa Habnwopatens. OKynap o06blMHO npeactaBnseTr coboil coyeTaHMe ABYX JINH3,
PacrnoioXKeHHbIX Ha PACCTOAHUN HEMHOIO MEHbLUEM WU PaBHOM cpeaHemy ABYX POKYCHbIX pPacCcToOAHWN. Takoe
pacnosioXKeHWe yCTPaHAET XPOMaTHYeCKyto abeppaumtio — pasgeneHune 6es0ro cBeTa Ha LBeTa CNeKTpa, KoTopoe
MCKaXKaeT Habnaogaembln 06pas. BbICOKOKauyeCTBEHHbIE OKYNAPbI TaKXkKe YCTpaHAT chepuyeckyto abeppaumtio,
UCKaXkeHWe o6pasa, BbI3BaHHOE TeMm, YTO BHELWIHAA 4YacTb JIMH3bl (GOKyCMpPyeT LBET HEMHOrO MHaye, 4yem
LEeHTPaNbHan YacTb.

Teneckon, cHab)eHHbI ¢oToannapaTtom, NO3BOAAET MNojay4yaTb 0b6pasbl C ANMUTENbHON 3KCno3uuunen wm
HabntoaatTb 06bEKTbI, CAUWKOM cnabble ANA HenocpeaCTBEHHOrO BM3yanbHOro HabnwaeHwa B Teneckon. Ana
€03/aHu1A peasbHOro 06pasa Ha GoToNNEHKE NONIOKEHNE OKYNAPA PEryanpyeTca.

Cm. makxce cmameu "YeenuyeHue", "Teneckonor".
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OPBUTDI NNNAHET

OpbuTon nnaHeTbl HasbiBaeTcA ee NyTb BOKpyr ConHua. MnaHeTbl ABMxKyTcA BOKpyr CoMHUA B OAHOM
HanpaB/ieHUM U MOYTUM B OAHOM NNOCKOCTU ApYr C apyrom. Cuna TArOTEHMA 3acCTaBAAET MJAHETY UM KOMETY
BpaLwaTbca BOKpyr ConHLa No oa4HOM U To e opbuTe. B Lenom opbuTbl NAaHET U KOMET UMEIOT INIUMNTUYECKYIO
dopmy, rae CosnHUE pacnonoXKeHo B OAHOM M3 ABYX (GOKa/bHbIX ToYeK 3naumnca. Bnepsble 3ToT $aKT 6bin
yctaHoBneH B XVI Beke B pe3ysbTate HabnogeHnii MoraHHa Kennepa. K cyactbio, opbuta 3eman mmeer noyTtu
Kpyrayio ¢opmy; B NMPOTUBHOM C/Ayvyae Hawa MJiaHeTa MUChbITbiBana 6bl ropasgo b6onee peskue exerogHble
KonebaHuns Temnepatyp. [lAyTOH BpawaeTca MO CUIbHO 3//IMNTUYECKOM opbute, KoTopas B TeyeHue
onpegeneHHoro BpemMeHu BbiBogMT ero 6amke K ConHuy, Yyem cocepgHtoo nnaHety HentyH. (Ha pucyHke
NMoKa3aHo, KaK HapMCoBaTb 3/IMNC.)

OpbuTa nnaHeTbl XapaKTepusyeTcs rMaBHbIM 06pa3om ee cpegHUM Paauycom U MepuoaomM obpaLLeHuUs.
CpefHWn paguyc COCTaBASAET CPEAHION apUPMETUYECKYIO BENMUYUHY MEXAY MaKCUMMAJbHbIM U MUHUMANbHbLIM
AnameTpom opbuTbl. Mepuros obpalieHna naaHeTbl — 3TO Bpemsa, KoTopoe Tpebyetca ana Toro, 4Tobbl OHa
coBepwmaa nosHbli 06opoT BoKpyr ConHua. Yem ganblie nnaHeTa HaxoautcA oT CoNHUA, TEM NPOAOIKUTENbHEE
nepuog, obpauieHns. Ha ocHoBaHuM HabaogeHui Kennep npuwen K BblBOAY, YTO KBaZpaT nepmoaa obpaleHus
naaHeTbl NPONOPUMOHaNeH Kyby cpegHero paauyca ee opbutbl. 3Ta GOPMYINMPOBKA M3BECTHA KaK TPETUIN 3aKOH
Kennepa. K npumepy, CaTypH nmeet nepuog obpatlteHua 29,4 roga v cpegHuii pagmyc opbutsl B 9,5 pas 6onblue,
yem y 3emMnu. Bbl moxeTe camu nposeputb, uto 29,42 = 9,53 ¢ TouHocTbio A0 1 %. TpeTuit 3akoH Kennepa MOXHO
06BACHUTD, NO/Ib3YACb HBIOTOHOBCKMM 3aKOHOM TATOTEHUA M 3aKOHaMU ABUNKEHUSA.

Bymara
Ha QOCKe

Cm. makxce cmamou "3axkoHoel Kennepa”, "MaaHemeor”.
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NMEPEMEHHbIE 3BE3/bl

MepemeHHOW HasblBaeTcA 38e34a, 61ecK KOTOPOI NpeTepneBaeT peryaspHble nsmeHeHus. [lBoliHanA 38e34a
3aTMEHHO-NEePeMeHHOro TUMNa BPEMEHHO M3MeHAEeT CBOM B1eCK KaxKAabli pas, Koraa oAWH U3 ee KOMMNOHEHTOB
3aTMEBaEeT 4PYrou.

MepemeHHble 3Be34bl, 6AECK KOTOPbIX M3MeHaeTcA 6e3 nMepuoamyeckoro 3aTyxaHWus, XapaKTepHoro Ans
LI,BOVIHbIX 3Be3/ 3aTMeHHO-NepemMeHHOro Tmna, Ha3blBalOTCA HAaCTOALWLMMU nepemeHHbIMN, NN NYNbCUPYHOLWLKUMN,
TaK Kak M3MeHeHMs 61ecka 06ycnoBieHbl BHYTPEHHWMM MPOLEccamu, NPOUCXOAALMMKU B Hegpax 3Be3gbl. K
npumepy, 6neck 3sesgbl Mupa B co3sesanm Kuta nocteneHHO M3MeHAEeTCA OT BTOPOM 3BE34HON BENMYMHbI 40
[ecATOM 38€34HOM BeIMUYMHBI M 06paTHO 33 131 cyTKu.

Mepuroa nsmeHeHuna 6aecka uedeuns coctaBaseT oT cyTok 4o 6onee 100 cyToK; Npy 3TOM U3MeEHeHUe bnecka
HEHAMHOro npeBblWaeT OAHY 3BE34HYI0 BenunuuHy. bneck uedenabl ycunueaerca 6bicTpee, yem ocnabesaer.
M3BecTHO, YTOo uedeunabl ABAAOTCA MYAbCUPYIOWMMKM 3Be34aMu, Tak KaK /JIMHMM UX CNeKTpa npeTepnesaoT
perynspHbIi cABUr TO B OAHY, TO B APYryl0 CTOpOHy. Mepuon usmeHeHus 6necka uedeungbl 3aBUCUT OT ee
abconoTHOM 3BE34HOM BEANUYMHDBI, NO3TOMY Ledenapl UCNOoNb3YIoTCA ANA ONpeseneHna paccToaHMA 40 o6bekTa
B KOCMoOcCe.

3Be3abl TMNa RR JlMpbi[26] wm3MeHslOT cBOM 6O/eck TaK ke, Kak uedenabl, M TOXKE CYUTAIOTCA
NyAbCUPYIOLWMMN 3BE€34aMN, O4HAKO UX Nepno, COCTaBAAET HECKO/IbKO YacoB, @ HE CYTOK, M OHU NPUHASNEKaT K
3Be34am Knaccos A 1 F, B To Bpemsa Kak uedenabl NpuHagnexaT K 3se3gam Kaaccos G n M. 3se3abl Tuna RR /lnpbl
BCTPEYatoTCA rnaBHbIM 06Pa3oM B LLAPOBbIX 3BE34HbIX CKOMIEHUAX.

3Be3gbl TMNa RV Tenbua umetoT nepmog nameHeHus 6aecka ot 30 go 150 cyTok. YcuneHue bnecka y Takux
3Be3/, NPoMcXoauT NaaBHO, a oclabneHne — ckadykoobpasHo. bneck 3se3a Tmna T Tenbua M3MEHAETCA XaOTUUYHO
B NpeAenax HECKO/IbKNX 3BE3HbIX Be/IMUYMH. TakMe 3Be3bl BCTPEYAOTCA TOJIbKO B ra3onbl/ieBbiXx 061akax; ckopee
BCEro, 3TO 03HA4aeT, YTO OHU — OYEeHb MONOAbIE 3Be3bl.

bneck gonronepuMoanyYHbIX NepemeHHbIX, TakMx, Kak Mupa B cossesann Knta, nsmeHaetca 3a nepuog, ot
100 po 1000 cyToK. BennunHa nameHeHua moxKeT gocturatb 10 1 60nee 38€34HbIX BENYUH.

HoBble 3Be34bl NpeacTaBAAloT cobol elle OANH Kacc NepemeHHbIX 3Be34, Ha3biBaeMbIX B3PbIBHbIMWU, UK
3pYNTMBHbLIMKU. ITW 3BE34bl YBENYMBAIOT CBON B61€CK Ha MHOIO 3Be34HbIX BE/IMYUH 33 O4YEeHb KOPOTKOE Bpems, a
NoTOM MeANeHHO TYCKHEIT 1 06blYHO BO3BPALLAOTCA K CBOEN MpeXKHel APKOCTU. K 3TOMY e Kaaccy OTHOCATCA
CBEepXHOBble, MOBTOPHO HOBble, HOBOMNOAOBHbIE U CMMBUOTUYECKME 3Be3abl. K 3pyTUBHbIM 3Be34amM OTHOCATCA
Mmosioable BbICTpble HenpaBUAbHble NepemeHHble 3Be3abl, 3Be3abl TMna UV KuTa UM pag poACTBEHHbIX MM
06BbEKTOB.

M. K. bU uosl”, Hble ckonaeHua", H AUYUHa", b1 2",
Cm. markxce cmamou "Llegpeudst”, "3se30Hbie ckonneHua", "3se30Has se. a", "3se30br 2"
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NNAHETAPHAA MOAE/Nb NTONIEMEA

MNTonemein — anekcaHAPWUNCKUIA acTPOHOMOM, XUBWKMK BO |l Beke Hawen 3pbl. Ero Benukuini Tpynq
"Anbmarect", coctoawmMn n3 11 KHUr, cogepran BCE W3BECTHble Ha TOT MOMEHT acTPOHOMMUYECKME 3HaAHUA.
KaTanor, Boweawuii B "Anbmarect" 1 cogepkaswmin 1022 3e3a, He 6bl1 NpeB3oiaeH B TedeHune cnegytowmx 300
net. NTonement Hanbonee M3BECTEH CBOE Mmoaenbto BceneHHon,[27] rae 3emns HaxoAMTCA B LLEHTPE, @ NAaHeThI
1 Co/HUE BPaLLAOTCSA BOKPYr HEE MO Kpyram, Uan SNULMKNAM.

Mronemei cumtan, yto ConHue n JlyHa ABUMKYTCS NO KPyry B O4HOW NJIOCKOCTU BOKPYr 3em/au, npuyem
NyHHasa opbuTa ropasgo mMeHblue conHeyHoW. OH TaKKe CYMTas, 4YTO 3Be3abl HEMOABWMKHO MPUKpPEensieHbl K
HebecHoM cdepe, KoTopaa BKAKOYAET Bce naaHeTbl. HebecHana cdepa BpallaeTcs C NOCTOSHHOM CKOPOCTbIO —
060pOT B CYTKM, YHOCA 3BE34bl, KOTOPbIE BOCXOAAT KaxKAylo HOYb Ha Hebe, c BOCTOKA Ha 3anag. MepRypuit m
BeHepa aBuranncb No 3NUUMKAAM, LLEHTPUPOBAHHLIM Ha NNHUM mexay 3emnelt n COnHUEM; COrnacHo 3ToM
cxeme Mepkypuii Haxogunaca 6amxke K 3emne, yem BeHepa. Mockonbky Co/HUE ABUrasnocb BOKPYr 3emnu,
MTonemelt nokasan, noyemy MepKypuit n BeHepa HUKorga He otaanatotca oT ConHua. Kaxgan M3 apyrux niaHer
ABuranacb HesaBmMcumo oT ConHLA Mo CBOeMy 3MULMKAY, LLEHTPOM KOTOporo bblia 3emnn. PaananbHaa AMHUA OT
BHELWHEN MNaHeTbl A0 LEHTPA 3NMUMKNA Bcerga Oblfa napannesbHa AVHUM Mexay 3emneit u ConHuem.
Monb3ysicb 3TOM Moaenbto, NMTonemelt Mor 06bACHUTL peTporpaaHble gsukeHns Mapca, KOnutepa un CatypHa.

HebecHan cdepa

e
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Magens Mronemes

CM. makxce cmameto "KonepHuk".
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NAAHETDI

[eBATb M3BECTHbIX MAaHeT B MOpAfKe yBennyeHusa pacctoaHuAa oT ConHua — 310 Mepkypuin, BeHepa,
3emnna, Mapc, lOnutep, CatypH, YpaH, HentyH v MayToH. Tpy BHELWHME NAaHETbl MOXHO HabaoAaTb TOMbKO C
NOMOLLbIO Teneckona. YeTtbipe BHYTPEHHME MAaHeTbl Ha3blBAlOTCA MNJaHEeTaMW 3€MHOro TWUMa, MOCKOJIbKY OHWU
NAOTHbIE N ropa3ao meHblle Onutepa, CaTypHa, YpaHa v HenTyHa, Ha3biBaeMbIMUM Fa30BbIMU TMFAHTaMMU.

MnaHeTbl MOXHO HabnAATb MOTOMY, YTO OHU OTPAXKAOT CONHEUYHbIN CBET. APKOCTb NAaHeTbl U3MEHSEeTCA B
COOTBETCTBUM C MOJIOXKEHNEM Ha OopbuTe MO OTHOLWEHUIO K 3emse, Tak KaKk pasmep 4acTu ee OCBeLleHHOW
ConHuUem NoBepxHOCTU, BUAMMON C 3eMAN, TOXKe U3MeHAeTca. M HakoHel, B cnyyae B CaTypHOM KO/bLa NAaHeThbl
OTparkatoT 60/ibllie CO/THEYHOrO CBETa, KorAa OHW BUAHbI "naockocTbio”, a He "pebpom”.

Mo mepe cBoero BpaleHWsa BOKpYr CoMHLA NAaHEeTbl MOCTENEHHO ABUNKYTCA Yepes CO3Be34MA B MIOCKOCTH
aKAMNTUKKU. CnoBo "nnaHeta" B [peBHein peumm o3Hayano "cTpaHHWUUA", TaK KaK MnaaHeTa WU3MeEHAeT cBoe
NoNOXKeHWe Ha HenoABUKHOM GoHe 3Be34 1 CO3Be3aUN.

Mepkypuit 1 BeHepa BOCXOAAT M 3aX04AT 32 HECKO/IbKO YaCOB A0 3aKaTa MM Mocae paccBeTa, NOCKOJbKY
OHM pacnonoxeHbl 6anke K ConHuy, Yem 3eMns, a TakKKe MMEIT NOAHbIA UMK $a3s, Kak 3emHas JlyHa. Koraa
BeHepa Haxo4WUTCA B TOYKE HUMKHEFO AaCTPOHOMMUYECKOFO COEAMHEHMUA, ABUMAACb MexKay 3emneit u ConHuem, ee
MOKHO BUAETb Kak 6osblloi nonymecay,; ocselieHHaa CoNHLEM NOBEPXHOCTb B OCHOBHOM 06palleHa B CTOPOHY
oT 3emaun. Mo Mepe ABUMKEHUA nnaHeTbl BOKpPYr ConHUA naowWwanb OcBeleHHOM CONHUEM NOBEPXHOCTU
BO3pPAcTaeT, M HaKOHeL, Mbl MOXemM BUAETb BeHepy Kak cpaBHMUTENbHO HeOONbLWON AUCK, KOrga OHa
NPUBAMKAETCA K TOYKE BEPXHEr0 aCTPOHOMMYECKOrO COEAMHEHWS, PACMOJIOKEHHOW MOYTU AMAMETPanbHO
HanpoTmMB 3eMnu.

Mapc 1 apyrue nnaHeTbl, pacrnosioxKeHHble ganblie oT ConHuUa, He 06HapyKMBalOT NONHOIO UMKNa ¢as, TaK
KaK OHM HMKOrga He npoxogAat mexay 3emseir n ConHuem. [OBOPAT, YTO BHELWIHAA MNJaHeTa HaxoAuTca B
NPOTUBOCTOAHUM, KOTAa OHA HAaXo4MTCA B NPOTUBONONONKHOM HanpasaeHnn ot ConHLa No OTHOLWEHUIO K 3emne 1
MOXKeT HabntoaaTbes B CeBEpHOM MOJyLWIAPUN B MOJIHOUYb, €C/IM CMOTPETb NPSAMO Ha toT.

~n
7

Cm. makxe cmamou "3emna”, "fOnumep", "Mapc", "Mepkypui", "Henmynr", "Maymon", "Camypr", "Ypar",

"BeHepa".
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NAYTOH

MnytoH 6bin oTKpbIT B 1930 roay Knagom Tombo, KOTOpbIA NOMb30BANACA LWMPOKOYIrO/NbHOM KamMepoi,
NPUKPEnIeHHoN K Teneckony. Tomb6o obOHapyXun naaHeTy, KoTopaa b6bina 6onee Tycknoi, yem HenTyH, wu
OBWUranacb yepes cospes3gna megneHHee. TwaTtesibHble M3MEPEHUA MO3BOJINAN aCTPOHOMAM MPUNATU K BbiBOAY,
yto lMnyToH ABuketca Bokpyr CosHUA No ropasgo 6osee BbITAHYTON opbuTe, Yyem nobas Apyras nnaHeTa.
PacctosiHne ot MaytoHa go ConHua coctasnseT oT 30 Ao 50 acTpoOHOMUYECKUX eAMHUL, a MOJIHbIKM 060pOoT no
opbuTe NnaHeTa coBepLlaeT NpumepHo 3a 248 net. B nepunog ¢ 1979 no 1999 rog MayToH 6bin 6anKe K ConHuy,
yem HenTyH. HaknoHeHne ero opbuTbl K NIOCKOCTM IKAUNTUKM, coCTaBAaatowee 17°, ToXKe 3HaUMTeNbHO 6oiblue,
yem y ntoboin gpyroi nnaHeTbl. JuameTp MayToHa cocTaBaseT meHee 0,2 3eMHOr0, a €ro cpeaHsAsa NAOTHOCTb B 2,3
pasa NPeBOCXOAUT NAOTHOCTb BOAbI.

B 1978 roay 66110 06HapyKeHo, 4To y MAyToHa ecTb CNYTHMK, 06PaLLAOLLMACA BOKPYT MNAHETbI 33 6 CYTOK U
9 pHelt Ha pacctoaHMm 20 000 KM. ITOT CMYTHMK, Ha3BaHHbIM XapOHOM, 3aMKHYT B CMHXPOHHOW opbute M
BpaweHun ¢ MayToHom. B TeyeHne HecKoNbKUX NeT XapoH v MAyToH perynapHoO 3aTMeBaloT APyr Apyra, Korga
NAOCKOCTb OpbUTbI XapoHa oKa3biBaeTca "pebpom” K 3emne.

Cuntaetca, yto NyTOH MmeeT paspsAMKeHHy aTMocdepy M3 a3oTa U OKUCM yrnepoga. bonee nonHasA
nHdopmaums o MNaytoHe n XapoHe 6blaa NosydeHa ¢ NOMOLLBIO KOCMMYECKOro Tesieckona Xabbna. YepegosaHue
CBET/IbIX U TeMHbIX obnacTeir B paiioHe 3sKBaTopa [11yTOHA yKa3blBaeT Ha LIECTUCYTOUHbIA Nepuoa BpalleHusA
XapoHa, a TaKKe gaeT OCHOBaHWE NoJsaraTb, YTO OCb BpalLeHUA M1yToHa HaKNOHeHa noA yrnom npumepHo 120° K
opbuTe cnyTHMKa. AnameTp XapoHa cOCTaB/AAET OKO/10 NONOBUHbI AnameTpa MNayToHa, TaK YTo 3TU ABa HeBeCHbIX
Tena 6onee cxogHbl No pasmepy, Yem nobasa Apyraa naaHeTa U ee CNyTHUK. OHU MMEIOT CXOAHYO NAOTHOCTb U
XMMMUYECKUI COCTAB; MOBEPXHOCTM 0BOMX TEN YACTUYHO NOKPbITbI IbAOM.

Cm. makxce cmamou "Henmyn", "lMaaHemsi"”, "Opbumei nnaHem",
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PABHOAEHCTBUE

3emna BpalW@eTcA C MOCTOAHHOM CKOPOCTbIO, WM Hanpas/eHWe ee OCM MOYTU He W3MEHAETCH, MOo3ToMy
MonsapHasa 3Be3ga HaxoguTca npamo Hag CeBepHbiM nostocom 3emnun. Ocb BpalleHMA Halwel naaHeTbl
HaK/JoHeHa nog yriom 23,5° K ocu ee opbUTbI; 3TO O3HAYAET, YTO 3EMHOI 3KBATOP HaKNOHEH nog, yriom 23,5° K
NAOCKOCTM 3KAUNTUKK. MpeactasbTe mogenb ConHua 1 3emnan, B KOTOPOM 3€MHOM 3KBATOP HAXOAMUTCA Ha OAHOM
NJA0CKOCTM ¢ opbuToit. Torga 3emns ctasia bbl 0O4EHb CKYYHbIM MECTOM, MOCKObKY KaxAabli AeHb cocTosn Obl 13
12 yacos gHeBHOro cBeTa M 1 2 4HacoB TEMHOTbI.

HanpaBneHue 3emHOI ocK nocTeneHHO meHseTcA. B cneayrowem Toicayenetnn, 8 3000 roay, 3emHan ocb
nosepHeTcA NpuMmepHo Ha 35°. 3ToT adpPeKT, M3BECTHbIN MoA Ha3BaHMEM MpPeLLeccusa, MOXKHO Habaaatb,
PacKpyTMB OETCKU BONMYOK. OCb BOMYKA NPU BPaLLEHUM MeAJIEHHO MOBOPAYMBAETCH BOKPYr BepTUKasbHOMU
JIMHUK, NPOBEAEHHON Yepes ero oCHoBaHWe. 3eMHan OCb COBEPLUAET MOJHbIA LMKA NpeLeccum npumepHo 3a 26
000 net. M3-3a npeueccMm TOYKU PaBHOLAEHCTBMA, rae HeOEecHbI 3KBATop MepecekaeTca C MJ0CKOCTbIO
3K/NIUNTUKN, MOCTEMNEHHO ABUXKYTCA MO 3SKAUMTUKE CO CKOPOCTbio npumepHo 1° 3a 70 net. [Mpeueccusn
pPaBHOAEHCTBMI 0ObBACHAET, noyemy nepsBas Toyka OBHaA, KOTOpas SABASAETCA MNONOXKEHMEM BeCeHHero
paBHOAEHCTBUA Ha HebecHol cdepe, Tenepb HaxoauTca B co3Be3anu Poib, a He OBHa, rae oHa Haxoamnacb 3000
NleT Has3ag, Koraa BeceHHee paBHOAEHCTBUE Bbl10 Ha3BaHO B YecTb co3Be3ama OBHa.

K NMonspHoi Imeane 4

Opfiura 3emnu i ‘

Mpeveccua 3eMHOE OCH

Mpeyeccus 3emHoli ocu

Cm. makxce cmameto "HebecHas cgpepa 2".
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NYZ1IbCAP

Mynbcap MOXOX Ha KOCMWYECKMI MasK, MCMYCKaloWMi CBETOBble M PaauMoBOAHbI. ly4oK PagvoBOSH OT
ny/fbcapa PeryifapHoO NpoXoauMT MMMO 3emau, rae npubopbl PErmcTpupyroT odYepesHON KpPaTKOBPEMEHHbIN
BCN/IECK paguomnsnydeHua. Mynbcapbl BnepsBble 6bliv obHapyxeHbl B 1967 rogy, Koraa pagMoacTPOHOMbI
YCTaHOBUAMN GAKT perynapHbIX PaavoCUrHaN0oB M3 KOCMOCA. B TO Bpems HEKOTOpble XKYPHaNUCTbl YyTBEPXKAANM,
YTO pasyMHble CYLLECTBA C APYrMX MIaHET NbITalOTCA YCTAHOBUTb KOHTAKT C 3eM/IAHAMMU.

Mynbcap npeactaBaseT coboi BPaLLAOLLYOCA HEMTPOHHYHO 3BE34Y, UCMYCKAIOLWYO 3/1EKTPOMArHUTHbIN NyY,
KOTOpbI BpallaeTcd BMecTe cO 3Be3gol. [lepBblii M3 OBHapyMeHHbIX My/n1bCcapoB JAaBan  BCMJIECKU
paguounsnyyeHma Kaxkgble 1,33 ceKyHabl, 4YTO COOTBETCTBOBAaJO nepuogy BpaweHua 1,33 cekyHabl. [OnA
cpaBHeHus: ConHue coBepluaeT NONHbIM 060POT BOKPYr CBOEM ocu npumepHo 3a 4 Hegenu. Ecam 661 ConHue
YMEHbLUMNOCh B pa3amepax 6e3 noTepu macchl, OHO CTano 6bl BpaWaTbCA ObICTpee, TOYHO TaK XKe, Kak pUrypucTka,
KOTOpasA BCKMAbIBAET PYKU BBEPX Npu BpaleHMU. OyeHb 6bicTpoe BpalLeHWe NyabCapoB HaBENO aCTPOHOMOB Ha
MbIC/1b, YTO NyNbCaPbl AO/KHbI ObITb O4EeHb HEBOIbLWOrO Mo cpaBHeHMO ¢ COHLEM pasmepa, a c/leoBaTesbHO,
O4YeHb NAOTHbIMW. HeNTpoHHasA 3Be34a ¢ maccol paBHoi macce ConHua umeet He 6osiee 20 KM B AMaMeTpe U
BpawaeTtca ropasgo ©Obictpee ConHua. Bckope 6Obii obHapyXeHbl HOBble My/abcapbl, BKAw4Yaa 33-
MWIMCEKYHAHBIA Nynbcap B UeHTpe KpaboBWOHOW TyMaHHOCTWU. 3TOT nyabcap Obla NepBbiM, MCMYCKaBLIUM
3/IEKTPOMArHUTHOE U3NYYEHWE B AMana3oHe BUAMMOIO CBeTa. ITO OTKPbITUE MOATBEPAMIO TEOPUIO O TOM, YTO
nynbcap — HEWTPOHHAas 3Be34a, OCTaBLUAACA NOC/e B3pblBa CBEPXHOBOW. Mysnbcap 06nagaeT oyYeHb CU/bHbIM
MarHWTHbIM nonem (nopaaka 108 T) ¢ nontocamm, pacrnofioKEHHbIMKU MO YIIOM K OCU BpalleHus. MarHuTHoe
nosie cobmpaet 3/1eKTPOMarHMTHoOEe U3ly4eHme B Ny4YkKn BAOIb MAarHUTHOM OCK; 3TO O3HAYaEeT, YTo y4 ONMUCbIBaeT
OKPY)XHOCTb MO Mepe BpaleHnA 38e34bl. YacToTa BpaleHnA nyabcapa MeaseHHO YMEHbLIAETCA, YTO YKasblBaeT
Ha MOCTENeHHy noTepto 3Heprun. [epuogMYHOCTb BCMJIECKOB Myabcapa B KpabosBMAHON TymaHHOCTM
yBennymnsaetca npumepHo Ha 10 MuKpocekyHa B rod. B uenom, yem crapee nynbcap, TeM measieHHee ero
CKOPOCTb BpalLeHUA.

Cm. makxce cmamou "Jsonroyus 38e30", "HelimpoHHas 3ee30a”, "PaduoacmpoHomus”.
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PAOJAPHAA ACTPOHOMMA

Pagap — 3TO pPaAMONOKAUMOHHOE YCTPOWCTBO, OCHOBAaHHOE Ha MpUHLMNE  NYAbCUPYHOLLMX
KOPOTKOBO/IHOBbIX ~ PaAMOMMNYNbLCOB, NpegHasHauyeHHoe [Ana Oo6HapyKeHWA OObLEKTOB, OTpakatoLmx
PagMoBOHbI, U AN U3MEPEHUA PACCTOAHWUIA 40 TaKMX 06BbEKTOB.

PaguoTteneckonbl NOCbINAIOT pagapHble CUrHanbl K JIyHE MAM KaMeHUCTbIM NAaHEeTaM, TakMM, Kak Mapc u
BeHepa, a 3aTeM NPUHUMALIOT OTPaXKeHHbIE CUTHabl. M3mepsaa HTepBan Mexay nepegadeit CUrHana v NpUemom
OTPaXEHHOro CUrHana, MOHO BbIYUCIUTb PACCTOSHUME [0 OObEeKTa, YMHOMMB MONOBUHHbLIN  LUKA
nepegayun/npuema Ha CKOPOCTb PacnpoOCTPaHEHUA 3AEeKTPOMarHUTHbIX BOMH B Kocmoce. K npumepy, Bpems
nepegayn U npuema oTpaxkeHHoro curHana ot Mapca (42 munHyTbl) aaet pacctoaHue 21x60 c¢x300 000 km/c = =
378 000 000 Km. B papapHOi acTpOHOMMM MCMNONbL3YIOTCA OonblMe paguoTeneckonsl, onpegenstowme
KOPOTKOBOJ/IHOBblE  PAAMOUMNY/bCbl  AJIMHOM MNOPsAAKa HECKONbKMX CAHTUMETpPOB. PagapHble MMMyAbChl,
ucnyckaemble 60/bloON NapabosiMyeckon aHTEHHOW, PaccemBaloOTCA MPU OTPAXKEHUU OT OTAANEHHOro 06BEKTa,
NO3TOMY AETEKTOP AOJIKEH BbiTb OYEHb YYBCTBUTE/IbHBLIM, TaK KaK OTPa*KeHHbIe MMMY/bCbl KpaliHe cnabble. Tem
He MeHee TOYHOCTb TaKMX U3MEepPEeHM NO3BOUAA ONpPeaenaTb AMAMETP U NOBEPXHOCTHbLIN penbed NaaHeTbl Npu
CKAaHMPOBaHMM WMMMYAbCOB, OTPAXKEHHbIX OT MOBEPXHOCTU HebecHoro Tena. Kpome TOro, wm3ameHeHue
O0NNEPOBCKOrO CMELLLEHNA OTPAXKEHHbIX MMMYAbCOB OT NPOTUBOMOOXHbIX KOHL,0B 3KBaTOPMaAbHOIO gMameTpa
NAaHeTbl NO3BOJINIO TOYHO U3MEPUTb CKOPOCTb €€ BPaLLEHMA.

C nomolubio PagMoacTpOHOMUKM YOANOCh MOATBEPAMTb, UYTO 3/IEKTPOMArHUTHblE BOJIHbI, Npoxoasline
B86im3n ConHua, msrmbatotca nog BO3AENCTBMEM CONIHEYHOrO TATOTEHWUS B. COOTBETCTBUM C obuiei Teopuen
OTHOCUTeNbHOCTU AnbbepTa diHWTeNHA. Mo Mepe TOro Kak /IMHMA 3peHus mexay 3emnein M Habnwogaemon
naaHeTon npubaunkaetca K ConHUy, 3TOT apdeKT yBeNNUMBAET UHTEPBAN NOCTYN/AEHMA OTPAXKEHHbIX PafapHbIX
UMNynbcoB. [pyU M3MepeHUsix BbIACHUAOCb, YTO 3Ta BEAMYMHA COBMaZaeT C NpeackasaHuamu Anbbepta
SMHWTEeMHa ¢ ToyHocTbio o 0,1 %.

Cm. makxce cmamou "MnaHemeol”, "Paduomeneckonsi”, "KpacHoe cmeweHue".
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PAANOACTPOHOMMUA

PagmoactpoHomus — 3To o06nacTb aCTPOHOMWK, KOTOpas 3aHMMaeTCcA onpedefieHMem M M3MepeHnem
aCTPOHOMMYECKMX UCTOUYHMKOB PAAMOBOJIH C AJIMHON OT HECKO/IbKMX CAaHTUMETPOB M Bbllle. 3eMHas atmocdepa
no3Bo/siAeT paanoBoaHaM ANMHOM Ao 10 M A0CTUraTb NOBEPXHOCTM 3eMAK, NO3TOMY BonbluMe pagmoTeneckonsl
MO>KHO UCMONb30BaTb A1 KAPTUPOBaHMA MCTOYHUKOB pPaamomnsnyydeHna Ha Hebocsoae.

YyeHble, paboTalouiMe Hag BOEHHbIMM paanoycTaHoBkamu B 1942 roay, obHapyxuau, yto ConHue —
MOLLHbIA UCTOYHMK paamnoBoaH. B 1946 roay 6bin 0bHapyKeH elle 0AMH MOLUHbBIA UCTOYHUK PafMOU3IyYeHUn B
cosge3aun Jlebean, nonyumswnii HaseaHue Jlebeab A. K ApyrMm M3BECTHbIM MCTOYHWMKAM pPaguounsyyeHus
oTHocATcA KpaboBuaHaa TyMaHHOCTb (OCTAaTKM CBEPXHOBOM 3Be3apbl) M ranaktuka M87. Kpome Toro, 6bino
06HapyKeHO, YTo AMCK ManakTUKM MneydHbil MNyTb TOXKE UCTOUYHWUK PAANOUN3TYUYEHMA.

Bnarogaps MCNoOAb30BaHUIO PaAMOTENECKONOB, HACTPOEHHbIX Ha OnpeaeeHne paanoBOaH ANMHOM 21 cm,
Y43aN0Cb COCTaBMTb KapTy PacnpoCTpaHeHUs Bogopoaa B Ancke MeyHoro MNyTu. Takue paguoBO/HbI U31y4YatoTca
aTOMOM BOAOPOAA, KOrAa ero 3/eKTPOH CO CIMHOM MapasiesibHbIM CMMHY NPOTOHa NepexoauT B 6osee HU3Koe
SHepreTMyYecKoe COCTOAHME CO CMMHOM NPOTMBOMONOMKHOIO HamnpasieHWs. B oTanume oT cBeTa PaZMOBOJIHbI
NnpoxoanT Yyepes nbiaeBble 06/1aKa, 3aKpbiBatowme 60/bLIYIO YacTb ancka MneuHoro MyTn. N3amepas BennumHy
[ONNEePOBCKOIO CMELLEHUA AJWHbI PAAMOBOIH, YYEHble ONpeaeNUAN XapaKTep ABUMKEHMA W pacnpeneneHus
rasoBblx 06/1aK0B, YTO 2710 BOSMOXHOCTb COCTaBUTb KapTy CNMpPanbHbIX pykasoB MneyHoro Mytu. B pesynbrate
AETEeKTUPOBAHMA CUJIbHBIX PAgMOCUTHANO0B B NMAOCKOCTU ManakTUKKM Bbinn 0bHapyKeHbl MOoNeKkyapHble 06/1aKa,
COCTOALLME U3 OKUCK a30Ta U YINepoaa; U3BECTHO, YTO PAANOBOIHbI ONpeseneHHOM ANMHbI COOTBETCTBYHOT TaKUM
MOJIEKYNaM.

Brnocneactsmm 6b110 06HAPYKEHO MHOMECTBO APYrMX UCTOUHWUKOB PagMousaydeHus, BKAOYaa Nyabcapsbl,
KBasapbl W cBepxHoBble. TOT GaKT, UYTO KO/NMYECTBO BHEraflakKTUYECKUMX WCTOYHUKOB pPaaMOU3NyYeHUs
YBE/IMYMBAELTCA C PACCTOAHMEM, MOPOAN COMHEHME B TEOPMM CTabUABbHOrO COCTOAHMA BceneHHoM M npueen K
OTKPbITUIO KBa3apos.

Cm. makxe cmameu "InekmpomazHumHoe usayuyeHue", "Mynascap”, "Keaszap", "Paduomeneckons!"”,
"KpacHoe cmeweHue", "CeepxHosaa".

-70 -



PAOUOTE/IECKOINDI

PagmoTeneckon — acTPOHOMMYECKUA MHCTPYMEHT, NpeAHa3HaYeHHbI oas uccnefoBaHmsa HebecHbIX Ten B
AnanasoHe paguoBonH. [pocToii pedneKTopHbI MOBOPOTHbLIM PagMOTeNeckon CcocTout w3  6onblioro
napabonnuyeckoro 3epkana C aHTEHHOM B LEHTPaNbHOM TouKke. Koraa 3epKano HanpaBieHO Ha MCTOYHMK
pasuou3NyYeHUss B KOCMOCE, PafMOBOJIHbI OTPAXKAKOTCA OT HEro Ha aHTEeHHY M CO34al0T CUrHajl, KOTOPbI
ABNAETCA MPOM3BOAHOW OT MHTEHCMBHOCTU PAAMOBOJIH, CO34aBaeMblX MCTOYHMKOM. CUrHan, NOCTynalowmin c
QHTEHHbI, NPOXOANUT Yepes MOLLHbINA YCUAUTENb, KOTOPbIM, B CBOIO O4epenb, HAaNpPaBAseT YCUNEHHbIA CUrHAN B
KOMMblOTEP A/1A aHanAM3a U 3anucu. 3epKano 0bbIMHO COCTOUT M3 MPOBOJIOYHOW CETKWU, Bosee nerkom, yem
MeTa/Inyeckme NIUCTbl, U CTONb Xe 3GPEKTUBHOW B KayecTBe oOTpaxkaTens PafMOBOSIH MPWU YCAOBUMU, 4YTO
paccTofHMe MeXKAY OTAE/NbHbIMU 3/1eMeHTaMU CETKU cocTaBnseT meHee 1/20 ganHbl M3MepsaembiX PaguoBOJH.
Ycunutenb [OMKEH yBEIMUYMBATbL MOLLHOCTb CMTHANA OT UCTOYHWMKA PagmounsnydeHusa, He ycuamsas GOHOBbIM
Wwym, mam "wunerHne", obycnoBaeHHOE NOKaAbHbIMU PAAMOTOYKAMMU U CAYHAUHBIM ABUMKEHMEM 3/1EKTPOHOB B
KOMMOHEHTaX camMoro ycunutens. @POHOBbIM LWyYM YCTPaHAETCA NyTeM YCpPeAHEeHUA CUrHana depes
nocnenoBaTe/ibHble KOPOTKUE UHTEPBASIbI.

OnameTp 3epkana onpegenset obnactb cbopa, nostomy ana obHapyxeHusa 6onee cnabblx UCTOYHMKOB
HeobxoaMmbl 3epKana bonbliero pasmepa. Kpome Toro, AnameTp 3epKana onpeaenser paspelleHne Teneckona
WAN CTeMeHb [AEeTasibHOCTM €ero noKasaHui. [lBa WCTOYHWMKA, PaACMOIOXKEHHble No6AM30CTU, MOryT ObiTb
onpegeneHbl Kak OAWH WMCTOYHWMK, €C/IM AMameTp 3epKasa CAMWKOM Maj, MNOCKOAbKY ANDPAKLMA CAMLLKOM
CUIbHO pPa3MblBaeT M306parkeHNe UCTOUYHWUKOB. JIOyaNNOBCKUIA paguoTeneckon B Yewwupe (AHrava) obnagaet
3epKanom guametpom 78 m ¢ paspeweHnem 0,2° ans pagnmoBonH gnvHoi 21 cm. PagmoTteneckon Ankmbo B
Myspto-Puko npeacrasnser coboint 300-meTpoBoe GUKCUMPOBAHHOE BOFHYTOE 3epKano, YCTaHOBJIEHHOE B
€cTecTBEHHOM MOHMXEHUN pesbeda MECTHOCTH.

Bnarogaps coeguHeHMI0 OTAEeNbHbIX TENeCKOMNOB yAasoch 3HAYMUTENIbHO MOBLICUTbL WX paspelleHue. B
LEeNoM, paspeLlleHne KpaTHO PACCTOAHUIO MeXKAy OTAE/bHbIMW TeNecKonamu, HO JINWb MPU YCA0BUM, YTO
TeNIecKomnbl PacnonoXKeHbl B4Ob O4HOW ANHUN.

Cm. makxce cmameu "PaduoacmpoHomus”, "Teneckonoi 3",
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PACLUMPEHWE BCEIEHHOM

CyLLecTBylOT O4eHb BECKME HayyHble CBMAETENbCTBA B MOALEPIKKY TEOPUW, COTNAacHO KOTopoi BceneHHas
paclwmpseTca B pesynbTaTe NepBUYHOro B3pbiBa, CO34ABLUErO NPOCTPAHCTBO M BpemMsa npumepHo 12 mapa. net
Hasag. o mepe pacwupeHus BceneHHOM, KOTOpOe NpoAo/KaeTca M Tenepb, GOPMUPOBANUCH TaNaAKTUKMK,
nocTeneHHo oTAaansAslMeca ApPYyr oT Apyra. M3BecTHo, YTo cKopocTb pasberaHua Haubosnee AaNeKkUx ranakTuk
NPMBANKAETCA K CKOPOCTM CBETa.

PacwupeHne BceneHHoM 6blno OoTKpbITO B 1929 roay amepmrKaHCKMM acTpoHOMOM JaBMHOM Xabbnom. Ha
OCHOBE CBOMX HabAlAeHWA OH [OKasan, 4YTo [afieKMe TaNaKTUKM OTAANATCS OT HAac CO CKOPOCTbiO
NPOMOPLMOHAIbHOW PAcCTOAHUIO. ITO YTBEPXKAEHWNE, N3BECTHOE KaK 3aKOH Xabbna, MOXXHO chopmyinpoBaTb B
Cnefyowem ypaBHEHUN: ANA ranakKTUKK, OTAANAIOWeENCA Ha paccToaHue d, ee ckopocTb oTaaneHusa v = Hd, roe H
— nocTosiHHaA Xabbna.

C 1929 roga 6binn npoBeAeHbl USMEPEHUS PACCTOAHMA U CKOPOCTU A1 MHOTMX FrasiakTUK, YTO NOATBEPAM/IO
NpPaBUAbHOCTb 3aKOHA Xabbna u nossosmao 6osiee TOYHO BbIMMCAUTL 3HauyeHMe H. Tenepb cuuTaeTca, 4To
Be/IMYMHA NOCTOAHHOM Xabbna coctasnaeT npumepHO 20 KM/C Ha MUANIMOH CBETOBbIX /ET.

3aKkoH Xab6sa nogpasymesaeT, UTo BcenieHHaa pacwimpaeTca, No3TOMy YemM Aasiblie HaXOoAMTCA ranakTuKa,
Tem bbicTpee oHa oTaanaeTca oT Hac. PacwmnpeHne BceneHHOM MOXKHO 06bACHUTL Teopuelt bosblioro B3pbiBa 1
Apyroi Teopueid, N3BeCTHOW Nog, Ha3BaHUEeM TeopUN CTabUAbHOIO COCTOAHUSA, Npeanonaralowen, YTo BeLLecTso
MOCTOAHHO CO343aeTCA B NPOCTPAHCTBE MENKAY rafakTMKamu M Npu 3TOM pacTajkMBaeT UX B CTOPOHbI. OAHaKo
OTKPbITUE KOCMUYECKOTO MUKPOBOIHOBOTO GOHOBOIO M3/Iy4EHUA MOMKHO OBBACHWUTHL NULWbL B TOM C/lyyae, ecau
u3fydyeHMe noABUAOCb B pe3ynbTaTe bonbworo B3pbiBa, TaK 4YTO TeopuAa CTabUAbHOTO COCTOAHUA 6blna
oTBEprHyTa.

[0 cux nop HeM3BeCTHO, 3aMeaIMTCA /i1 B byayliem paclumpeHne BcenleHHOM 1 OHA HauHeT CMMATbCA UK
e NPOoAO/MKUT paclMpATbCA BeyHo. Heobxoammo onpenenntb CpeaHio NAOTHOCTb BceneHHoW; ecnu oHa
NpeB30iAeT BEIMUMHY, U3BECTHYIO KaK KPUTMYECKas NNOTHOCTb, 06paTHbIN NpoLecc HensbexKeH.

Cm. makxie cmameu "bonbwoli B3peig", "Kocmuuveckoe mMuUKpososiHogoe poHosoe u3nyveHue", "3aKoH
Xab66na".
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PETPOIrPAAHOE ABUXKEHUE

PeTporpaZiHbiMm ABUXEHWEM BHELUHEeW NnaHeTbl Ha3biBaeTCA ee BO3BPATHOE ABWMMKEHWE yepes co3Be3aus
HoyHOro Heba B onpegeneHHbI Nepuos BPEMEHW 4O W Nocae NPOTUBOCTOAHUA. BHewHAa nnaHeTa 06blYHO
nocTeneHHoO ABUMKETCA C 3anaja Ha BOCTOK Yepes CO3Be3AuA, KaxKAaylo Cleaylowyto HoYb MoABAAACL HEMHOIO
BOCTOYHEE OTHOCUTE/IbHO CO3Be3aMA, B KOTOPOM OHa HaxoauTca. [BUXeHue B BOCTOMHOM Hamnpas/ieHuu
HabsogaeTca NOTOMy, YTO MaHeTa MoCTeneHHO ABuyKeTcs BOKpyr CosHua no cBoei opbute NpoTUB YacoBoM
CTpenku npu HabnaogeHun us CesepHoro nonywapua. OQHaKo, NOCKO/IbKY MAaHeTa ABUXKETCA No cBoen opbute
meaneHHee, yem 3emnsA, Halla NaHeTa B KOHLIE KOHLOB [JOroHAEeT ee, a 3aTeM MeperoHAeT B Mepuoj,
NPoTMBOCTOAHUA. IdPdeKT "obroHa" NpUBOAUT K TOMY, YTO ANA HabnwgaTens nnaHeTa HauMHaeT ABUraTbCs B
NPOTUBONONOXKHOM HanpasneHun. OgHako, Korga 3emnn NPoABUHETCA MO CBoei opbute 3HAUNTENbHO Aanblie
TOYKN MPOTUBOCTOSAHUA, PETPOrpaZiHOE ABUNKEHME OCTaHAB/IMBAETCA U CMEHSETCA HOPMAas/ibHbIM ABUXKEHUEM B
BOCTOYHOM HanpasBAeHUMU.

PeTporpagHoe asuxeHue Mapca NpoucxoauT Kaskaple 26 mecAueB M AAUTCA B LEe/IoM OT ABYyX A0 Tpex
mecaues. lNockonbky opbuta Mapca He KpyroBsas, Haumbonee 6naronpuATHOE NPOTMBOCTOAHME € Mapcom
BO3HMKaET NPN HaMMEHbLLIEM pPaccToAHMM 40 3emaun. OnuTep HaxoamMTCA B MPOTMBOCTOAHUN Kaxable 13 mecAues
W ero peTtporpagHoe ABWMKeHMEe MeHee 3aMeTHO, YyeM y Mapca, TaK Kak paccToAaHWe A0 3eMAu B MOMEHT
NPOTUBOCTOAHMA NOYTK B 8 pa3s bosblue.

MTonemen, anekcaHAPUNCKUIN acTPOHOM, *KMBLIKIK BO |l BeKe Haluel 3pbl, M306pen moaenb NAAHETHOro
OBUMKEHUA, KOTOopan yCrnewHo obbACHANA peTporpagHoe ABUMKEHME BHELWHUX NAAHET C MOMOLLbIO 3MULMKIOB.
MTonemeeBcKkas mogenb Mo/sib3oBasack obwmm npusHaHvem 6onee 1 400 neT, HO B KOHLE KOHLOB OHa b6bina
OTBEPrHYTa B N0J1b3y KONEPHUKOBCKON moaen CoIHEYHOM CUCTEMDI.

Cm. makxce cmamou "KonepHuk", "Op6umei nnaHem", "MaaHemapHas mooesns [Tmonemes”.
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CATYPH 1: N1AHETA U EE CNYTHUKH

CaTypH — BTOpadA no BennymnHe nnaHeta ConHeyHoM cuctemsl. Ero anametp B 9,5 pas npesbilaeT guameTp
3emnn. CpegHee paccrtosHue ot CatypHa ao ConHua 9,5 acTpoHOMMYECKUX eguHul. [MonHbIM 060poT BOKpYr
ConHua oH coBeplaeT 3a 29,5 net. Ero KonbueBaa cMcTeMa Haxo4MTCA B 9KBaTOPMaNbHOM NAOCKOCTU NIAHETLI U
NPOCTUpPAETCA Ha pPaccTosHWe, BABOE MpeBblwatouee ee anameTp. Konbua oTparkatloT CONHEYHbI CBET, MO3TOMY
6neck NAaHeTbl AOCTUrAaeT MaKCMMyMa, KOrga KoJsibLeBasa cucTema pacnonoxeHa 'avuom" K 3emne. lMpu
HabnogeHun CaTypHa C NOMOLLbIO TE/IeCKONOB OOHAPYXUNOCh MPUCYTCTBUE CBET/IbIX U TEMHbIX MOSCOB,
napassieNbHbIX 3KBAaTOPY NAAHETbI, XOTA M HE TaK YETKO Bblpa*KeHHbIX, Kak nosca KOnutepa.

CaTypH coBepLUaeT MNOJIHbIN 06OPOT BOKPYr CBOEN OCK Kaxable 10 yacos, MO3TOMY €ro 3KBaTOpPWasibHbIM
anameTtp npumepHo Ha 20 % 6onblwe nonapHoro. CuntaeTca, YTo atMocdepa nnaHeTbl, cocToAwas Ha 90 % us
Bogopoaa u Ha 10 % m3 reana npu Temnepatype -180 °C, pacnonoxeHa Hag chepoit XKMAKoro Bogoposa co
CPaBHUTENIbHO HEBONBLIMM NIOTHBIM SAPOM B LIEHTPE.

Bug ¢ Semnu ﬁ

Bua ¢ 3emnn I‘ﬁ&

CarypH npu HaOmageHus ¢ 3emnu

TuTaH, camblli KpynHbIA M3 18 M3BECTHbIX cNyTHMKOB CaTypHa,[28] obpalaeTca BOKPYr NAaHeTbl C Nepuogom
15 cyTOK Ha cpegHem pacctoaHumn B 10 pa3 npeBbiwatowem gMaMeTp nnaHeTol. B ero atmocdepe npeobnagator
a30T M MeTaH npu Temnepatype okosno —168 C; aTMocdepa OuveHb N/IOTHAA, OPaHXKEBOro OTTeHKa.[29] 3a
ucknodeHnem Tedumn,[30] AunoHbl, Pen 1 Aneta, AnameTp BCEX OCTa/IbHbIX CMYTHUKOB 3Ha4MTeNbHO MeHblue 1/4
AvameTtpa TwutaHa. M3BecTHO, 4TO OAHO nonywapue fAneta ceBeTnee Apyroro. TemHad CTOPOHa CNYTHUKA
obpalleHa B HanpaBiAeHUM ero ABUMKEHUA, NO3TOMY AnNeT MOXHO BUAETb C 3eM/M, Wb KOrAa OH HAaxoauTca K
3anagy ot CaTypHa un yganaetca oT 3eman.

Cm. makxce cmamou "MaaHemesi”, "Opbumel naaHem".
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CATYPH 2: KOJ/IbUA CATYPHA

Mpu HabnogeHun 6e3 Teneckona CaTypH BbIFAAAWUT KaK »KeNToBaTasA 3Be34a, MOCTENEHHO ABUMKYLLANACA
yepes co3Be3aMA B NJIOCKOCTU IKAMNTUKK. C MOMOLLBIO TE/IECKOMA MOXKHO YBUAETL €ro KOJbLLa, KOTOpble ObiBatoT
obpaueHbl K 3emne pa3 B 7 neT. Konbua CaTypHa HaKNOHEHbl Ha 26° MO OTHOLWEHWIO K ero opbute. MNpu
HabAlAeHUN C 3eMAN ero Kosblia MMEHT PasHyo OpPUEHTaLMIO, COOTBETCTBYHOLLYIO NosoXeHuto CaTypHa Ha ero
opbute. Korga KonbLa noBepHyTbl "pebpom"”, X MOXKHO YBUAETb NULLIb B MOLLHbIN TENECKOMN, TaK KaK OHW O4YeHb
TOHKMe.

KonbueBas cuctema CaTypHa (Kak NOKa3aHO Ha pUCyHKe c. 186) COCTOUT M3 TYCK/AOro BHELIHEro Kosbla,
M3BECTHOFO KaK Kosbuo A. BHewHee KoibLo A oT 6osiee APKOro BHYTPEHHEro Konbla B oTAeNeHOo WMPOKUM
NpPoemMom, KOTOpbI HasbiBaeTcA AeneHnemM KaccuHu. BHyTpu Konbua B HaxoauTca 3HauntenbHo 6onee Tycknoe
Konbuo C. Camo KonbLo A pasgeneHo Y3KMM MPOEeMOM, KOTOpPbIN Ha3lbiBaeTca aeneHnem IHke.[31] [eneHue
KaccnHu u geneHune DHKe CyLLeCTBYIOT M3-3a rPaBUTALMOHHOIO BO34ENCTBUS CNYTHUKOB CaTypHa, BPallatoLmnxcs
BOKPYT N/aHeTbl B HENOCPEACTBEHHO 6IM30CTU OT Ero KO/IbLLEBOMN CUCTEMBI.

DengHue IHxe

-

Aenedve KaccuuM

Koneleean cucrema CatypHa

B KonbueByto cuctemy CaTypHa BXOAAT KoAbla, 0603HaYaemble 6ykBamu D, E, F u G. Konbuo D goBonbHO
TYCK/I0€ M PacnosioxkeHo mexay atmocdepoit CatypHa u Konbuom C. Konbuo F pacnonoxeHo 3a npeaenamu
Konbua A, mexay ABymA cnyTHMKamu, MNaHaopoit n MNMpometeem. Konbuo G o4YeHb TYCK/Ooe M HaxoauTca 3a
Konbuom F B npegenax opbutbl Mumaca. Konblo E ToXKe o4eHb TYyCKN0e M HaxoguTca B npeaenax opbuthl
JHuenaga. Kocmuuyeckunini 3oHg, "Bosaxkep-2" oTnpasBun Ha 3emato noapobHblie ¢oTorpadpum Koneu, CaTypHa,
noaTBepAMB, YTO OHM OYEHb TOHKME MO CPABHEHWUIO C UX OMAMETPOM M COCTOAT U3 YacCTUL, BAapbMpPYHOLWKUX NO
pasmepy OT KOCMMYECKOM Mbl/IM A0 KPYMHbIX Ba/lyHOB.

Cm. makxce cmameto "CamypH 1"
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CBEPXHOBAA

CBepxHOBass — 3TO 3Be3/a, 3aKaHYMBAlOLLAA CBOM KU3HEHHbIA UWMKA MOLWHENWMM B3pbiBOM, bnecK
KOTOPOro MOMKET 3aTMeBaTb Lie/yI0 raJlakTUKy B TeYeHWe HecKoNbkux mecsaues. KpabosuaHaa TymaHHocTb Ml B
cosBe3gmn Tenbua npeacTaBasaeT cobol MOMOCY CBETALWLErocs rasa Henpasu/bHOM ¢GopMbl C OTAENbHbIMMU
BO/IOKHaMM, pacxodawWMmMncs B pasHble CTOPOHbl. CumTaeTcs, Yyto KpaboBuaHasa TymaHHOCTb obpasoBanach B
pesynbtaTte B3pbiBa cBepxHoBon B 1054 roay Ha pacctoAaHuMM okono 2000 napcekoB oT 3eman. Kpome
KpaboBMAHON TYMaHHOCTU B Hallel ranakTuke 6blIM OTMEYEHb! BCMbIWKK Wb ABYX APYIMX CBEPXHOBbIX.[32]
OpHa 13 HKUX, TaK Ha3biBaemasna 3Be3aa Tuxo bpare, BcnbixHyna B co3ge3gmmn Kaccuoneun B 1572 rogy v B TeyeHmne
roga ocTaBanacb TaKOW e APKOM, Kak BeHepa. [pyras, 38e3ga Kennepa, BCrbixHyNa B co3Be3gum 3meeHocua B
1604 roay. Ewe ogHa ApKas BCNbiWKa CBEPXHOBOM Habnwganack B 1987 roay B Bonbwom MarennaHosom
Obnake, KOTOpoe npeacTaBAfAeT cobo HeboNblUYO FaNakKTUKY HenpaBuibHOU GopMbl, BAMMKANLLIYIO CNYTHULY
MneyHoro lMyTW. ITa CBEpPXHOBaA, AOCTUrLAn TPeTbel 3Be34HOM BEe/NIMYMHBbI B TeYEeHWEe HECKOJIbKMX MEeCALEB,
3aTeM TMOCTENeHHO MOTYyCKHesna, Ho o6siaka rasa, ob6pasoBaBlUMECA MpPUM ee B3pbiBe, MPOAOINKAOT
pPacnpoCTPaHATLCA C OFPOMHON CKOPOCTbIO.

CBepxHoBble TUNa |, 0bHapyKMBatoLWue B CBOEM SMUCCUOHHOM CMEKTPE HeA0CTAaTOK BOAOPOAa, AENATCA HA
3 KaTteropuu: a, b u ¢, B COOTBETCTBUM C OOHAPYKEHHBIMU XMMUYECKMMWU 31emeHTamn. CBepxHoBasa Tmna la B
OTAANEHHOM FanakTUKe CAYXUT "BepcToBbiIM CTONO6OM", MO KOTOPOMY MOXHO Y3HaTb, Ha KaKOM pPacCTOAHUU
HaxoamTcA ranakTMKa. CBepxHOBbIe TMNA 1a BO3HUKAIOT, KOraa 6enbli KapanK, NPUTArMBatoLLmniA OrpOMHbIE Maccbl
BellecTBa CO 3Be3abl — CMyTHULUbl B ABOMHOM cUCTEME, BHE3AMHO KOoANAncupyeT ¢ obpa3oBaHWEM yaapHOM
BOJIHbI, PACNPOCTPAHAIOLWLENCA Yepe3 BHELIHME C/IOM 3BE34bl, KOTOpble Pa3ayBatoTCA M YNETAlOT B YyAO0BULLHOM
B3pbiBe. [lpyrne BMAbl CBEPXHOBbIX BO3HWKAIOT B pe3ynbTaTe Kosnanca 3Be3f, mMacca KOTOpbIX NpeBocxoguT 8
CO/IHEYHbIX MACC, MOCKOJIbKY 3TN 3BE3/bl HE B COCTOAHUMN M36aBUTLCA OT U3/IMLLKOB MACChbl BbllLe OnpeaeseHHOro
npegena. 310 6bIn0 ycTaHosneHo B 1930 rogy CybpaxmaHbsHOM YaHApaceKapom, KOTOPbIM AOKasan, 4yTo
yMuUpaloLwan 3se3aa Koanancupyet, ecnm ee macca 6onee yem B 1,4 pasa npesocxoaut maccy ConHua. 3To cTano
M3BECTHO Kak npegen Yanapacekapa.

CmM. makxce cmamou "3eonroyus 3ee30", "HelimpoHHas 36e30a”, "Benbili Kapauk".
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CBETUMOCTD

CBeTMMOCTb 3Be34bl — 3TO Mepa ee CBETOBOr0 M3/ayyeHus, 0bOblMHO BbipaXkaemasa B BaTTax MAM MO
OTHOLWeHUIO K ceBeTumocTu ConHua, coctasasowen 4 10 26 Bt. Takum obpa3om 3Be34a, CBETUMOCTb KOTopoit B 1
00 pa3 npeBoCXoANT cBeTOBOE U3nydeHne COMHLA, MCMYCKaeT CBET € MOLLHOCTbIO 4 x 1028 Br.

B 1920 romy cap ApTyp D4AMHITOH cobpan AOCTAaTOYHO OBWMPHYO MHOOPMAUMIO O ABOMHbLIX 3BE343aX U
NPOAEMOHCTPUPOBAJ, YTO Yem Dosblle macca 3Be3fbl, TEM CU/ibHee ee CBETUMOCTb. [na 3Be3s u3 [NnaBHOM
nocnefoBaTe/IbHOCTM 3Be34HasA Macca W3MmeHseTcAa B npegenax oT 0,1 CONHEYHOMW B HUMKHEN YacTu
nocneaoBaTeNbHOCTW, TAe HAXoAATCA 3Be3abl, CUAKOLWME TYCKNO, CBETUMOCTb KOTOpbix Hosnee yem B8 10 000
MeHbLUEe CO/IHeYHON, A0 okKono 30 COMHeYHbIX MacCc B BEPXHEM 4YacTW Moc/iefoBaTesibHOCTM, TAe HaxoAAaTcA
3Be3/bl, CBETUMOCTb KOTOpPbIX B 1 MAIH. pa3 NpeBOCXOAUT CONHEYHYH. DAAMHITOH MOKasas, 4To AnAa 3Be3[,
lnaBHOM nocnefoBaTeNbHOCTM CBETUMOCTb YBE/IMYMBAETCA NPONOPLMOHANbHO Kyby macchl,[33] HbIMK cnoBamy,
3B€3/a, Macca KOTopoi BaBoe npeBocxoaut maccy CosHua, M3ydaeT npumepHo B 8 pa3 bosiblie cBeTa, Yem
ConHue; 3Be34a, macca KoTopoi B 3 pasa npeBocxoamt maccy ConHua, nsnydaet npumepHo B 27 pas 6onblue
cBeTa, yem CosnHue, a 38e3ga ¢ maccort B 10 pas npeBocxoasuen maccy ConHua msnyyaet npumepHo B 1000 pas
6onble ceeTa, yem ConHue.

AGCOMIlOTHaA BenMuMHa 3Be3abl onpegensetca ee CBeTMMOCTbIo. OTHOWeEHMeM 3SAAUHITOHA MOXKHO
NnosIb30BaTbCA A4 TOro, YTobbl Y3HATb CBETUMOCTb, A C/1ef,0BaTe/IbHO, U aBCONIOTHYIO BENMYNHY ABOMHbIX 3B€34, C
M3BECTHOM MacCOM, PAcMONOXKEHHbIX HAa HEM3BECTHOM paccToAHUK. Mocne 200 napcekoB MeTog, Napansakca Ans
NU3MepPEeHMA PACCTOAHUIN nepecTaeT AeWCTBOBATb, TAK KaK yro/l Napasanakca OKasblBaeTca CAULLIKOM MasbiM. Tem
He MeHee 3a NpegenaMmn 3TOro PAcCTOSHUA MOXKHO MPOBOAUTb CMEKTPAJIbHbIA aHanu3 ABOMHbIX 3Be34, YTOObI
y3HaTb UX Maccy. 3Has Maccy ABOMHOM 3Be34bl, Mbl MOXXEM ONPeaeNnTb ee CBETUMOCTb M aBCONIOTHYIO BEANYMHY,
€C/IM OHa MPUHAANEeXUT K [NaBHOW MoOCNenoBaTeNbHOCTU. 3aTeM MOXKHO NPOWM3BECTU OLEHKY PacCTOAHMSA,
NOJIb3ysiCb OTHOLIEHWEM MeXKAy abCoNOTHON BEJIMYMHOM, pPaccToAHMEM U BUAMMOWN BeJIMYMHON. [Momumo
BO3MOHOCTM OLEHKW pacCTofsHMA A0 [BOWMHbIX 3Be3s 3a npegenamm 200 napcekoB, OTHOLIEHWE
CBETMMOCTb/Macca npeaocTasiAeT rpaHNYHbIe YC10BUA, KOTOPblE A0/XHbI 6biTb 06bACHEHbI Ana N06oN moaenn
CTPYKTYpPbI 3B€34,bl M NPOLLECCOB, MPOUCXOLALLMX B €€ Hegpax.

Cm. makxce cmamou "38e30HaA seauyuHa', "38e3061 4"
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CUNA TATOTEHUA

Cuna TAroTeHUA, UAN CMAa FPAaBUTALMOHHOIO NOAA MACCUMBHOIO 0ObEKTa, TaKoro, Kak 3Be3aa WKW naaHeTa,
onpeaenseTca Kak cuia TATOTEHUA Ha eAMHULLYY MacCbl Masloro 06bEKTa, KOTOPbIA HAaXo0AUTCA B FPaBUTALLMOHHOM
nose 3Besfdbl UAU NNAHETbl. BeinumMHa CUNbl TATOTEHMA 3aBUCUT OT paccTosiHus Ao obbekTta. K npumepy, cuna
rpaBuTauMoHHOro nosna 3emnu Ha BbicoTe 1 000 KM Hajg NOBEPXHOCTbIO MAaHeTbl coctasaset 7,5 H/kr no
cpaBHeHMIo ¢ 9,8 H/Kr Ha ypoBHe NoBEepPXHOCTW.

Cuna rpaBUTALMOHHOIO NO/A B OKPECTHOCTAX 3BE3/bl MW NAAHETbI 3aBUCUT OT MACChl 3BE34,bl UM NAAHETDI
W PacCTOAHMA 40 ee LLeHTPa B COOTBETCTBMM C 3aKOHAaMM HbloToHa. Taknm o0b6pasom, cuia rpaBUTaLMOHHOIO Noas
Ha PacCTOAHMM r OT LLeHTPa MAaHeTbl UAKM 3Be34bl C Maccoi T paBHa Gm/r2. MHbIMM CNOBaMu, cuia TArOTEHUA
3B€3/4bl UK NAaHeTbl 06paTHO NPOMNOPLMOHabHA KBagpaTy PAcCTOAHUA A0 LLeHTPa 38e34bl UK MAaHETbI.

Cuna TAroTeHWUsA Ha MOBEPXHOCTM NAaHETbl UAK 3Be3bl C pagnycom R pasHaetca Gm/R?

Takum 0bpa3om, rpaBuTaLma Ha NoBepxHOCTU JlyHbl cocTasnsaeT 1/6 oT rpaBuTaLMM Ha NOBEPXHOCTU 3emMAn,
TaK Kak macca 3emau B 81 pas 6osblie, a agnameTp 3eman npumepHo B 3,7 pasa 6onblue flyHbl (81/3,72) u (9,8/5,9
=1,6). Cuna TArOTEHMA Ha NOBEPXHOCTM NAAHETbI UAKU ee CMYTHMKA onpeaenaeT CKopocTb yberaHus.

CmM. makxce cmamoeu "Ckopocme ybezaHusa", "3akoH mazomeHua HetomoHa".
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CKOPOCTb YBEFTAHUA

PakeTe HeobxoamMmo HabpaTb cKOpocTb NpUMepHo 11 Km/c, 4Tobbl NPeoaoNeTb CUAY 3eMHOTO TAFOTEHUA U
£0ocTnub JlyHbl uan 6onee ganekux nnaHeT. 3Ta MUHUMA/IbHAsA CKOPOCTb HA3bIBAETCA CKOPOCTbO yberaHus. Ecau
ABUraTenn pakeTbl HEAOCTaTOYHO MOLLHblE, OHA He AOCTUIHET CKOPOCTM yberaHus, ee KMHETUYecKan aHeprus
OyaeT He0CTaTOYHOM ANA NPEOoA0NEHMA CUbl TATOTEHMA U OHA ynaaeT o6paTHO Ha 3emto.

CkopocTb yberaHus ob6bekTa M3 TOYKM BHYTPU FPaBUTALMOHHOIO MO/ ONPEAEnsieTca Kak MUHUMAJbHas
CKOpOCTb, Heobxoaumasna ana Toro, YTobbl 06bEKT MOT YA3UTLCA U3 AAHHOM TOUYKM B OECKOHEYHOCTb.

MOHO A0Ka3aTb, YTO CKOPOCTb Y6eraHMﬂ M3 TOYKU Ha PaCCToOAHME I OT UEHTPA N1AHETbI PpaBHa 2gr, roe g —
3Ha4YeHune CnUibl TATOTEHUA B ILI,aHHOI\/‘I TO4YKe.

Ha nosepxHoctv 3eman g = 9,80 H/kr, a r = 6370 km. OTcloaa ckopocTb yberaHuna pasHa 2x9,80x6370x1000
=11 200 m/c.

Ha nosepxHocTu JlyHbl g = 1,62 H/Kr, a r = 1740 KM, NO3TOMY CKOPOCTb yberaHua ¢ IYHHOW NOBEPXHOCTU
pasHa 2380 m/c. bnarogapa 3HauYUTENbHO MeEHblLen CKOPOCTU yberaHusa Ha noBepXHOCTU JIyHbl KOCMOHaBTbI
cnyckaemoro mogynsa "Open" ¢ "AnonnoHa-11", Bnepsble CTynuBLIKE Ha NOBEPXHOCTb JIyHbl, CMOF/IM BEPHYTbCA
Ha NIYHHYIO OpbUTY 6e3 NoMoLM MOLHbIX pakeT-HocuTenei "CatypH", HeobxoAuMbIX ANs YCMELWHOoro ctapTa
3emaun. Y 3eman, B otamume ot JlyHbl, ecTb atmocdepa. MoseKybl rasa B 3eMHOM aTMocdepe ABMKYTCA CO
CKOPOCTAMM ropasgo MeHbWMMK ckopocTh y6eranmsa (11,2 Km/c), NOSTOMY OHM HEe MOTYT BbIMTU 3a Npeaebl NoAsA
3€MHOro TAroTeHus. MoneKynbl ra3os, BblAENAIOWMXCA HA NOBEPXHOCTU JIyHbl, UMEIOT CKOPOCTU, CXOAHbIE CO
CKOPOCTSIMW MOJIEKYN B 3eMHOM aTmocdepe, Tak Kak TemnepaTtypa Ha JlyHe He HAMHOro OT/IMYAETCA OT 3EMHOA.
OaHaKo MoneKynbl rasa Ha JlyHe BbIXOAAT 3a npefesibl NONA ee TATOTEHUA B OTKPbLITbIA KOCMOC M3-3a ropasao
6onee HU3KOW CKOPOCTUN yberaHus.

Cm. makxce cmameto "Cuna mazomeHusa".
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COBCTBEHHOE ABUXEHUE

3Be3abl B co3Be3auM 06pasyoT cBoeobpasHbll PUCYHOK, KOTOPbIM ceiyac BbIrNAAMT TaK XKe, Kak COTHU net
Ha3ag. 3Be3bl, pacnonoxeHHble B npegenax 100 napcekoB oT ConHUa, U3MEHAKOT CBOE MNOJIOXKEeHune 3a 6
MecALeB, a 3aTeM Bo3BpallatoTca obpaTHO 3a cneayowme 6 mecaues. IToT 3dPEKT BO3HMKAET U3-3a NapasiaKkca,
KOTOpbIA obycnosneH asuxkeHnem 3eman Bokpyr ConHua. OAHaKo HeKoTopble 3Be3Abl WM3MEHSIOT CBoe
nosoxeHne Ha ¢OHe HenogBWMKHOrO 3Be3gHOro Heba 3a nepuog, MUCHMCASEMbIA rogamu. IToT 3pdekT
Ha3blBaeTCA COOCTBEHHbIM ABUMKEHMEeM U 0bByCcNoBNEH ABUMKEHWEM 3Be3Abl MO OTHOWeEHU K ConHuy M ee
6mKanwmm coceaam.

Hanbonee xapakTepHbiM npumepom ABnAeTca 3Be3ga bapHapaa B co3Be3amm 3MeeHOoCLa, M3MeHsowan
CBOE MNONOXEHWE CO CKopocTblo npumepHo 0,3° 3a 100 net.[34] ITOT KpacHbIM Kap/MK OeBATOM 3BE34HOM
BEJINYMHbI, PACNONOXKEHHbIA BCEro NMWb B 6 cBEeTOBbIX rogax oT CosHUA, ABUMKETCS B KOCMOCE CO CKOPOCTbIO
6onee 160 kKm/c. Ecnn 6bl 3Be3ga bapHapaa Haxoaunack Ha pacctosHum 600 cBeTOBbIX NeT, ee cobcTBEHHOoe
ABUXKeHue bblno 6bl ropasao MmeHee 3ameTHbIM M cocTasnano 6bl 0,003° 3a 100 net. AcHo, yTo 3BE3da, He
BblKa3blBaloWan NPU3HAKOB COBCTBEHHOrO ABUMKEHMUA, PACMOJIOKEHA CAMLWKOM AaneKo, YTobbl U3MEHATb CBOe
NnosioXKeHne B CO3BeE3gMM ANA HabaogaTena ¢ 3eMan, XOTA OHa MOMKET ABuratbcAa ObicTpee, Yem 3Be34a
bapHapga. [BuKeHune TaKNx 3Be34, CTAHOBUTCA 3aMETHbIM JINLWLb Yepe3 MHOTUE COTHU UK TbICAYM NeT.

CobcTBEHHOE AOBMMKEHME 3BE34bl MCMOMb3YeTCA ANA BbIYUCAEHMA CKOPOCTM M HanpaB/ieHWa 3Be3abl No
oTHoweHuto K CosiHLY. ITU napameTpbl MOXHO ONpeaennTb, eciv U3MEpPUTb PaaMabHYl0 CKOPOCTb 3Be3Abl
(paccTosHMe B yrnoBbIX CEKYHAAX, NPOWAEHHOE MO OTHOWeHWO K Co/HLY) M ee TaHreHUManabHYl CKOpPOCTb
(paccTonHMe B yrnoBbix CEKyHAAX, NEPNEHANKYNAPHOE K INHWUM 3peHuns).

PagmnanbHaa CKOpOCTb M3MepAeTcA Ha OCHOBE AOMNAEPOBCKOrO CMELWEHWA B CNEKTpe 3Be3gpbl,
TaHreHUManbHaas — BbIYUCAAETCA NYTEM YMHOMEHMA PacCTOAHWUA A0 3Be3gbl Ha ee cobCTBeHHOe ABUMKEHME B
pafauaHax B cekyHay (rae 1 pagmad = 180/n rpagycos). 3HaHME CKOPOCTU U HamnpaBAEHUA ABUMKEHUA 3Be3q, No
oTHoweHuto K ConHuy, MO3BO/JINAO BbIYMUC/IUTb COOCTBEHHYHO CKOPOCTb M HanpaBneHue ABuxeHua ConHua:
npMMepHO 4,2 acCTPOHOMUYECKOM eanHULbI B rod, nav 20 KM 3a CekyHAy, N0 HanpaB/IeHUIO K co3Be3auam JInpbl n
lepkyneca.

Cm. makxce cmameu "Co3ee3dua 1", "ucmaHyuoHHble usmepeHus 1", "Cnekmp onmuyeckuii”.
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CO3BE3AUNA 1: BCTYNJIEHUE

Co3Be3ama, KOTopble Mbl MPUBLIKAM BMAETb Ha KapTax 3Be3gHoro Heba, npeacrasnsaoT coboil
MPOM3BO/IbHbIE TPYNMbl 3B€3f4, BblAe/NEHHblE ThICAYM NET Ha3ah APeBHErpeyeckMmMuM actpoHomamu. [pyrue
APeBHME UMBMUAM3ALMM TOXEe COCTaBAAAM KapTbl HebocBoga B ¢opme co3sesamit, Ho 88 cossesguid,
0603HaYeHHbIX B COBPpEMEHHbIX 3Be3HbIX aTnacax, onpeaennnnce 8 [ipesHeit Mpeumnn. Ha camom gene 8 HOYHOM
Hebe [fBe 3Be3fbl, KOTOPble Ka)KyTCcA o4YeHb 6/1M3KO PacnofioXKeHHbIMW, MOTYT HaxoAWUTbCA Ha 6osbliem
paccToAHMM APYr OT Apyra, Yem oT 3emnu. Kaxylasaca 611M30CTb BO3HUKAET M3-3a TOrO, YTO OHM HaXOAATCA NOYTU
B OAHOM M TOM e HanpasaeHun oT HabiaaTens, Ho B AEUCTBUTEIbHOCTU UX Pa3aenserT orpoMHOe PaccTosHue,
€C/IM TO/IbKO OHM He AB/AIOTCA ABOWHbIMMU 3Be34aMMU.

3a UCKAOYEHUEM CO3BE3AUI, COCTOALMX U3 He3axodAlMX 3Be3f, OCTajibHble co3Be3gusa HOYHOro Heba
MEHAIOTCA B TeYeHne roaa. ITo NPOUCXOAUT NOTOMY, YTO OHU HAXOAATCA B Hanpas/ieHUM, NPOTUBOMONOMKHOM OT
CosiHUa, Korga Mbl HabAaem UX C HOYHOM CTOPOHbI 3emin. 3emaa coBepLuaeT noJiHbIM 06opoT Bokpyr ConHua
3a rog. Mo mepe TOro Kak Halla nnaHeta ABuxkeTcA BoKpyr ConHua, BMA HOYHOro Heba M3meHAeTcA B
Hanpas/iieHMM, NPOTUBOMONOXNKHOM nonoxeHuto ConHua. K npumepy, cossesane OpuMoHa — OAHO M3 CaMbIX
3aMeTHbIX 3MMHMX co3Be3guii B CeBepHOM MOAyLWAPWUKW, MOTOMY YTO B 3MMHEe BpPemMs OHO HaxoauTca B
HanpaB/ieHUM, NPOTUBONONOXKHOM OT ConHua. HeT cmbicna McKaTb co3sesgne OpuoHa NeTOM, MOCKO/bKY OHO
HaxoAMTCA Ha OAHOM HanpasieHuu ¢ ConHuem. ITO NPOUCXOAUT MOTOMY, Y4TO 3eMaa nepemecTunacb no ceoeu
opbute npumepHo Ha 180° OT 3UMHEro MoJsioXeHua. Bbl MoXKeTe y3HaTb, KakMe CO3Be34AMA MOXHO BUAETb B
Kakaoe Bpems roaa, NoNb3ysacb 38e34HbIM aTNacoM.

Mosic co3Be3auii, Yepes KOTOPbIN NPOXOAMT NJOCKOCTb SKAUMNTUKK, Ha3biBaeTcs 3oamnakom. Ecnm 6bi ConHue
6bl210 TOpa3ao MeHee APKMM U Mbl MOT/IM OAHOBPEMEHHO BMAETb 3B€3/bl M Halle CBeTU/0, TO Mbl Habaoaanm
6bl, KaK OHO B TEYEHME rofa ABUKETCA Yepes co3Be3ama 304MakKa. NNoCKoNbKy opbuTbl OCTasIbHbIX NAAHET NeXat
NPUMEPHO B OAHOWN M/AOCKOCTM, NAaHeTbl, Habnogaemble ¢ 3emMaU, He OTKIOHAKTCA AAaNeKo OT MNJI0CKOCTU
3KANNTUKMN, a MOTOMY TOXKE ABUXKYTCA Yepes co3Be3auns 304MakKa.

Cm. makxce cmameto "HebecHas cehepa 1"
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CO3BE34UA 2: BAXKHEMLUME SNNIEMEHTbDI

BoT ABa ynpa)HeHuA, npegHa3HadYeHHble 1A HAaYMHAoWMX, KOTOpble MOMOryT BamM OPMEHTUPOBATbCA B
rNaBHbIX CO3BE3gNAX HOYHOTIO Heba CeBepHoro noaywapus.

1. MocmoTpuTe Ha ceBep U onpeaennuTe MecTONoNOXKEeHNe CeMU 3Be34, M3BECTHbIX Kak bonbwoi Kosw B
co3Be3amn Bonblioli Measeanupl. B 6UHOKAb MAKU NOBUTENbCKMIA TENECKON MOXHO BUAETb NpeanocnenHIow
3Be3gy pykoatn Koswa, 3Be3gy Mwuuap, n ee cnytHuuy — Anbkop. Ha pgpyroit ctopoHe Koswa Bosnbluoit
MegaBegmubl gBe 3Be3abl lybxe n MepakK yKasblBatoT Ha MNonspHyto 38e34y B co3sesanun Manoit Measegmubi.

MpoaonxKuTe Boobparkaemyto IMHUIO 3PEeHUs OT yKasaTenel B KoHue bonbwoi Measeauubl Ha MonapHyio
38e34y W ganblue. Tam Bbl yBUAMTE co3Be3ane Kaccmonen, erko obHapymnsaemoe B HOYHOM Hebe, TaK KaK OHO
obpa3yeT ruraHTcKyto 6yksy W, pacnonoxKeHHy NpUMepHO Mo Taknm Xe yrnom K MonapHoi 3Be3ge, Kak Kosuw
Bonbwon Measeanupl. Cpasy 3a Kaccuoneeit Haxoautca cossesane AHApomMeabl, BKAoYatolee M31, ranaktuky
n3 co3se3amna AHApomeabl — eAMHCTBEHHbIM 06beKT 3a npeaenamu MaedHoro MyTH, KOTOPbIN MOXHO BMAETb
HEBOOPYKEHHbIM r/1a30M.

BeHeTHALW
AnwoTt
e
rpey >
exaa -
Mepax Aybne
BONbLUAR MEOBEOWLLA
Kai Ha|Ti MonapHyo 3se3qy

2.3umoit B HOYHOM Hebe BnacteyeT co3Besame OpMOHa, KOTOpoe MO34HelN OCeHbio BOCXOAMUT Hag,
BOCTOYHbIM FOPU3OHTOM OKOJIO MOJIYHOUM U 3aXO4MUT HE3AMETHO A/1A HAC OKOJ/I0 NoayaHA. BepxHaa nesan 3Be3aa
B co3Be3gmum OpuoHaA — 3TO KpacHbI cBepXruraHt betenbreinse. 3Besga B KOHUe ero "npasBoi cTynHW" —
ronybosato-6enblii cBepxruraHT Purenb. log 3Be3noi, obpasyloller OKOHeyHocTb "nesoit Horn" OpuoHa,
pacnonoxeH Cupuyc — nApyaiwan 3se3ga HoyHoro Heba. K 3amagy ot OpuoHa M HEMHOIO BbILWIE MOKHO
06HaApYXUTb pacceaHHoe ckonneHune Mneag 8 cossesaun Tenbua.

EeTenwredse
OPUOH

] .-"_‘ﬁhﬁﬂx\
Purens
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OpUOH U eco okpecmHocmu

Cm. makxce cmamoeu "HebecHas cipepa 3", "CeepxHosan".
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COJIHEYHAA CUCTEMA

ConHe4yHaa cuctema coctouT u3 CoNHUQA, MJAHET, UX CAYyTHUKOB, acTepounaosB U KomeT. HekoTopble
d)VI3MLIECKVIe CBOWCTBa NaaHeT npueeneHbl B Ta6nmu,e BHUM3Y; CO/HLLE BK/IIOYEHO B Taﬁl’lMLl,y Aana cpaBHEHUA.

Cpeanee Mepnoa Juaverp IavrmoeTe (K

PACCTOHIIE O ﬂﬁl]'ﬂlilﬁ‘lllﬂl (B ANAMETPAX  ILIOTHOCTH BOILL)
Coamna (a. ) (o6 Fevom)

Coanne —_ — L0900 140

Meprypunii 0,39 0.24 0.38 540

Benepa 0,72 0.61 0,95 5,20

Jesn 1.00 1.00 1.00) 5 50

Mapc 1,52 188 0,53 3,90

HOmirrep 5,20 11,90 11.20 1.30

Carypn 950 29 40 9.50 0,70

¥pan 19,20 83.80 4.00 30

Hemryn 30,10 163,70 3.90 180

Mayron 39,50 248,90 018 1,10

ConHue obpasoBanocb 0KoMO 4,5 Mapa,. NeT Ha3ag U3 MegNeHHO Bpallatoleroca obnaka mexsBesLHOro
rasa W nblAM, KOTOPOE CWMMaJNOCb Moh BO3AeNCTBMEM COOCTBEHHOM TaxecTu. LleHTpasnbHbIA pervoH
CKumatoweroca obnaka CTaHOBWACA MOTHee W ropadvee, obpa3ya TakK HasblBaemyk NpoTO3Be3ay, KOTOpas
NPoAO/IKANA CHMMATLCA M Pas3orpeBaTbCsA A0 TeX NOop, MOKa B AApe 3Be34bl He Hayasacb Peakums A4epHOro
CUHTe3a. U3 BpallLatoLleroca AMcKa, 06pa3oBaHHOIO BHEWHMMM permoHammn obnaka, cpopmmnpoBasmcb NaaHeTbl,
KOTOpble ABUKYTCA BOKPYr CONMHLA B O4HOM HanpaBAeHUN U B OAHOM NAOCKOCTU Apyr ¢ Apyrom. bonee Taxkenble
3N1EMEHTbI, TAKME, KaK XKenes3o U KpeMHUN, CKOHAEeHCUMpoBaancb 6amke B ConHLYy M chOpMUPOBaNN BHYTPEHHME
naaHeTbl, B TO BpPemsA Kak bosee nerkme snemeHTbl, BKAKOYAA fied, OCTa/MCb Ha BHELWHEN OKpauHe AUCKa U
cbopmMpoBann BHelWwHMe nnaHeTbl. MolHble BCMbIWKKM, npoucxoguewne Ha CosHUe BO Bpema ero
CTabunmsaumn, BbITaZIKMBANM MENKNNAHETHbIM a3 M Nblb AaZeko 33 npeaenbl GOPMUPYIOWMXCS NAAHET.
BosmoxHO, 3TO npuBeno K obpasoBaHuio ob6naka OopTa, OTKyAa, KaK CcyMTaeTca, npoucxoaat
Aonronepuoanyeckne KOMeTbl.

CmM. makxce cmamou "Acmepoudsl”, "Komemel", "MnaHemsi”, "38e3061 2",
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COJIHEYHbIE 3BATMEHUA

ConHeYyHble UK NiyHHble 3aTMEeHUA NpoucxogAT, Korga 3emns, ConHue u JlyHa HaxoaAaTcA Ha OAHON NMHUK
apyr ¢ apyrom. Korga /lyHa Haxoautca mexkay ConHuem v 3emsieid, MPOUCXOAUT COMHEYHOE 3aTMEHME, TaK KaK
JIWHHAA TeHb YaCTMYHO 3aKpblBaeT MNoOBepPXHOCTb 3eman. 0O6nacTb MNONHOrO 3aTMeHMA, obpasyemas
KOHycoobpa3Hoi TeHbto JlyHbl, COCTaBAAET Ha AHeBHOW cTopoHe 3eman okoso 300 Km B AuameTtpe. M3-3a
BpalieHMa 3eman ob6nacTb MOAHOFO 3aTMEHMA ABUMKETCS MO 3eMHOM MOBEPXHOCTM CO CKOPOCTblO MopsiaKa
1000 KM B 4ac, MO3TOMYy Mepuos TEMHOTbl B NOBOM MecTe, rae MPOXOoAMT 3aTMeHMe, CoCTaBnfeT He bonee
HECKOJIbKUX MUHYT. B MOMEHT NOIHOro 3aTMeHMA BOKPYT COIHEYHOrO AMCKA MOXHO BUAETb COMIHEYHYIO KOPOHY,
COCTOALLYIO M3 PACKasIeHHbIX ra3oB. JTU rasbl NPOTArMBAOTCA B KOCMOCE Ha MUIIMOHbI KMAOMETPOB. PernoH
YaCTUYHOro 3aTMEHUA HA MOBEPXHOCTM 3eMNM 3aHMMaeT naowaab okosno 5000 km2. Kaxablt HabaoaaTens B
3TOM PErMOHE MOXKET YBUAETb YaCTUYHOE CONHEYHOE 3aTMEHMEe NO Mepe TOro, KaK NYHHbIA AUCK NOCTENEHHO
3aKpblBaeT M OTKPbIBAaeT YacTb MOBEPXHOCTM CONHEYHOro AucKa. KonbueBoe COoNHeYyHoe 3aTMeHWEe MOXKHO
HabntoaaTtb, Korga JlyHa HaxoauTes Aanblue, Yem 06blMHO OT 3eMJIN, TaK YTO ee TeHb He MOIHOCTbIO AOCTUraeT
NoBePXHOCTU NnaHeTbl. Torga ConHue BUAHO KaK KoAbLo Ha GOHE TEMHOFO IYHHOIO AMCKa.

TaHk
]

NonyTeHb

Nonuoe
JaTMEMHME

Connug

3emann

ConHeyHoe 3ammeHue

ConHeYHoe 3aTMeHMe He MPOUCXOAMT BO BPEMSA KaXKAOro HOBONYHMA, KOrga JlyHa NpoxoauT mexay 3emnei
n ConHuem. lMpuunHa 3aKkN04YaeTca B TOM, YTO AyHHasa opbuTa HaKNoHeHa B cpegHem nog yrnom 5°8,7 no
OTHOLLUEHMUIO K MJIOCKOCTU 3EMHOMN 0pBUTHI (K SKAUNTMKe). B 6ONBLIMHCTBE CNyYyaeB BO BPEMS HOBOYHUA NYHHAsA
TeHb NPOXOAMT Hag, 3emnei Un nog Hew.

3anoMHUTE, YTO CONHEYHOE 3aTMEHME HYKHO HabnopaTb TONbKO 4Yepes TeMHbld GpuAbTp, YTobbl He
noBpeauTb 3peHue.

Cm. makxce cmamou "/lyHHbie 3ammeHus”, "ConHuye 2"
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COJIHEYHDbIE YACbI

[OpU30OHTa/IbHbIE CONHEYHbIE Yacbl — NPOCTEMWNIA NPUBOP ANA onpeaesieHna BPeMeHN B COOTBETCTBUN C
NOJOXEHNEM TEHWU THOMOHA (YKasaTeNs UAM CTPE/IKM COMHEUYHbIX YacoB), Koraa uudepbnat pacnonoKeH Tak, Kak

NoKasaHO Ha pUCyHKe BHU3Y. Llndepbnat oTrpasynpoBaH B 4Yacax, rge uuédpa 12 cooTBETCTBYIOT NOAYAEHHOMY
nonoxenuto ConHua.

Yron wapoTe

MHomow (cTpenka conHevHbX Yacos)

MopuaonTansHi uwdepbnar
(¥TAibl NOoKazanw anm 55° c,uw.)

ConHeYHsle Yack

lMOKa3aHMA COMHEYHbIX YAaCOB OTAMYAIOTCA OT TaK Ha3blBAEMOrO FPa*KAAHCKOrO BPEMEHM B KaxKAOM U3
BpemeHHbIX nosacoB 3emnu. [paxaaHCcKoe Bpema onpefensercd Mno aTOMHbIM 4Yacam B CneuyanbHo
npegHasHavyeHHbIX A5 3TOr0 Hay4yHbiX flabopatopusax. NNOKasaHWe CONIHEYHbIX YAaCOB COOTBETCTBYET MECTHOMY
conHeyHomy BpemeHu (MCB), KoTopoe MeHAEeTCs B COOTBETCTBUWM C AonroTon. Hynesaa gonrota onpeaenserca
KaK MepuamaH, npoxoasawmii 4vepes CTapylo KOpOneBCKyto obcepBatoputo B [puHBMYE B npeamecTbe
JNoHgoHa.[35] Takum 06pasom, CONHEYHbIE Yacbl, pacnosoXKeHHble B MPUHBMYE, 4AIOT FPUHBUYCKOE COJHEYHOE
Bpemsa (FCB), KOTOpoe OT/IMYAETCA OT NOKa3aHWI COHEYHbIX YacoB, PACMONOMKEHHbIX Ha WKupoTe X° Ha (x/360) x
24 yaca. [1ns mecT, pacno/iIoXKeHHbIX K BOCTOKY OT pUHBMYA, 3Ta pa3HMUa BbluMTaeTca M3 MCB, 4TobObl Noay4nTb
ICB; Ana MecT, pacnofioXKeHHbIX K 3anaay oT puHBMYA, pasHuua npubasnsetcs K MCB, ytobbl nonyunts CB.
MocKkonbKy opbuUTa 3eMAN UMEET He BMOJIHE KPYrayto ¢opmy, NOKa3aHMA COMHEYHbIX YaCOB MOTYT OTNYATbLCA A0
15 MUHYT B KaXKayto CTOPOHY OT MX NMOKa3aHWUI, YTo He Haboganoch 6bl, ecan bbl opbuTa 3eman bbiia Kpyraom.
OTa pa3HMUA MEHAETCA B TeYEHME ro4a, KaK MOKA3aHOo Ha guarpamme Ha c. 211.

AHE. MApT wad wont  cewt. HoRbPe  Aue,
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B muvyTax

CpeaHee conHeyHoe Bpems = GpaKTMUECKoe CO/THEYHOEe BpeMa — MonpasKa Ha ypaBHEHME BpemeHun

YpasHeHue spemeHu
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Cm. makxce cmameu "HebecHas cghepa 2", "38e30H0e u conHeyHoe spems”.

-87 -



CO/THEYHbINA BETEP

deHomMeH COMHEYHOro BeTpa Jierye Bcero ObHapyXuTb Npu HabAOAEHUM KOMETbl C BUAMMbIM XBOCTOM.
XBOCT KOMeTbl Bceraa HanpasaeH oT ConHua, He3aBUCMMO OT HanpaBs/ieHUA ee ABUXKEHMA. ITO NPOUCXOAUT MU3-3a
BO3JENCTBMA 3aPAMKEHHbIX YacTML, TaKMX KaK MPOTOHbl W 3/EKTPOHbI (418 TaKMX 4YacTul, WMCNob3yeTtcs
cobupaTenbHoe Ha3BaHMe MJia3ma), KOTOpble W3/y4aloTCA COMHEYHOM KOPOHOW CO CKOPOCTbIO MNopsAAKa
HECKONIbKUX COTEH KWAOMETPOB B CekyHay. Kocmuuyeckme 30HAbLI U3MEPUAU CUAY COJIHEYHOro BeTpa Ha
pa3nnyHbIX pacctoaHmax ot ConHua, onpegenvnan Buabl 4YacTUL, WX KOHLEHTPAuMiO UM CKOpOCTb. Ha
n3obparkeHusx, noaydeHHbix oT SOHO, KocMuyecKkoro 3oHAa, NpeAHasHaYeHHoro Ana nsydyeHms ConHua, MOXKHO
BMAETb "Ablpbl" B CO/THEYHOM KOPOHE, KOTOPbIE ABAAOTCA BbIMYCKHbIMW KaHanammM AN YacTUL, COTHEYHOTO BETpa.
YacTuubl, BbleTaloOWME U3 MOCTOAHHbLIX Ablp Hag nosatocamu CosHUa@, ABUMMKYTCA MOYTM BABOE bObicTpee, yem
4YacTMLbl, BblIETAIOWME N3 SKBATOPMAJIbHbIX AbIp.

Mnasma COMHEYHOro BETPa OYeHb XOPOLLIO MPOBOAMT TEM/I0, NO3TOMY OHa Pa3orpeBaeTca U YCKOPAETCa no
mepe yaaneHua oT ConHua. [BMMKEHWE 3apAXKEHHbIX YacTUL, COJIHEYHOrO BeTpa CO3JaeT MarHUTHoe nose,
KOTOpOoe, B CBOIO ouyepenpb, pacnpocTpaHAaeT geicteme marHuTHoro nona ConHua Aaneko B Kocmoc. M3-3a
BpaleHnA CO}'IHLI,a JNHUN PaClUMPEHHOro MarHMTHOro NoAA 3aKpPy4MBakOTCA CnUpasblo. ConHeyHble BCMbIWKKU
BbIGPACHIBAIOT B KOCMOC 3apAsKeHHble YacTMUbl C OYEHb BbICOKMMM CKOPOCTAMM, KoTopble npubasnatotca K
NOCTOAHHOMY MOTOKY 3aPAXEHHbIX YaCTUL, U3 COHEYHOMN KOPOHDI.

MarHutHoe none 3emnu ynaBAMBAET 3apPAXKEHHbIe YacTULbl COJIHEYHOrO BETPa B ABYX TOPOUAAJIbHbIX
noscax BOKPYr 3emau, KOTOpble Ha3blBAOTCA PagMaUMOHHBIMKM Mnosacamn BaH AnneHa. BHyTpeHHWI noAc
NPOCTUpPAEeTCA OT BbicOTbl 0K0/10 2000 KM Ao 5000 Km. BHewHKU noAac npoctmpaetca ot 12 000 ao npumepHo 20
000 KM Haf, NOBEPXHOCTbK MAaHeTbl. Ha TpaeKTopuu 3eMHOIM OpbUTbl KOHLEHTPaLMA NPOTOHOB CO/IHEYHOTO
BETPa M3MEHAETCA B HECKOJ/IbKO COTEH pas, a MX CKOPOCTM BapbupytoT B npeaenax ot 300 km/c go 700 kKm/c. 3Tun
BapWaLuumM MHOTAA BbI3bIBAOT BO3MYLLLEHMA B MarHUTHOM MoJie 3eM/In, KOTOPbIE CUABHO YXYA AT BO3MOXHOCTHU
pagnocsaAsu.

Cm. makxce cmamou "Komemeoi", "ConHue 2",
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COJIHLUE 1: CTPYKTYPA

ConHue npeacrtasaneT cobolt ceeTalytoca chepy packaneHHbIx ra3os npumepHo B 100 pa3 6onble 3emnn.
ConHue — cnabonepemeHHan 3Be34a TUMA XKENTOro Kap/MKa, CIEeKTPanbHOro Knacca G, usayyaroLas sHepruto
nopagka 4x10%% Bt/c. Ero macca coctasnset 2x10%° kr, cpegHaa nnoTHOCTb B 1,4 pasa npesbilaeT NAOTHOCTb
BOAbl. XOPOLWO O4YepyeHHas CBeTousnyyatowas noBepxHocTb ConHua HasbiBaeTcA doTochepoit. TonlwmHa
doTocdepbl Kak cnoa — okoso 300 Km. Cuna TAroteHMa Ha nosepxHoctM ConHua npumepHo B 28 pas
npesocxoanT 3eMHyto. Temnepatypa ¢otochepbl coctaBaseT okono 6000K. doTorpadum, caenaHHblie C NOMOLLbIO
KpacHbIX GUAbTPOB, MOKa3biBalOT, YTO PoTocdhepa NOKPbLITA CNOEM Fa30B TONWMHOM oKono 20 000 Km, KOTopbIi
Ha3blBaeTcA xpomocdepoin. Ha doTorpaduax, caenaHHbIX BO Bpemsa 3aTMEHUA, MOXKHO yBMAETb, 4To CosHue
OKPY)KEHO pPaspsAXKeHHbIMM rasamu, NPOTATMBAOWMMMUCA [aZEKO B KOCMOC, OHM HA3blBAlOTCA COJIHEYHOWM
KOPOHOMN.

BHyTpn ConHua HaxoguTca A4pOo, FAe MPOUCXOAMUT peakuma AOQepHOro CUMHTEe3a, B Mpouecce KOTopoi
BblcBObOOXKAAOTCA GOTOHbI U KBaHTbl FAMMa-MU3nydeHna. Mo nyTn oT agpa HapyKy GOTOHbI B3aMMOLENCTBYIOT C
ObICTPO ABMKYLWMMUCA aTOMHbIMM A4PAaMKN U 3/1IEKTPOHAMM, NOKa He AO0CTUraloT 061acTu, HasbiBaeMoWn 30HOM
KOHBEKUMU, T4e f4pa M 3NeKTPOHbl coeguMHATCA B BUAe aTOMOB WM MOHOB. BHelwHsA rpaHuua aton obnactu
obpasyet dotochepy. BHyTpeHHsA yacTb CoMHUA MeXKAy dHepro-npovsBoAsAWMM AAPOM M 30HOM KOHBEKLUK
Ha3blBaeTCA 30HOM W3/yYyeHUs. BewecTBO B 3TOM 30He nNpeacTaBaseT cobOM NAOTHbIM ras, COCTOALMN U3
pPa3pO3HEHHbIX A4EP WU SNEKTPOHOB CO CMLIKOM BbICOKOW KMHETUUYECKOWN aHepruen ana obpasoBaH U A aTOMOB U
MoHOB. Bo3aencTBue CUbl TATOTEHWA Ha BELLECTBO B 30HE M3/Iy4eHUA CTAa/IKUBAETCA C MPOTUBOAENCTBMEM B BUAE
BHELWHEro AaB/ieH W A rasoBbiX Macc MpPW YCA0BMMU, YTO ra3 NPOLOJIKAET Pa3orpeBaTbCsl MOCTOSAHHbIM NMOTOKOM
n3ny4yeHuaA ns sgepHoin "Tonkun" B agpe ConHua.

'\.‘* i
ConxeyHan xopoHa

ConHye B paspese

HanomuHaem: HU rnpu KaKkux obcmosmenbcmeax He cmompume Ha ConHue bes 3awWuUmmHbix d)unbmpoe, mak
KAK amo moxcem rnpusecmu K nospe)fcdeHwo 3pEeHUA.

Cm. TaKKe cTaTbu "ApepHbiit cuHTes", "3Besapl 2".
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COJIHUE 2: CONHEYHAA AKTUBHOCTb

Ha doTtorpadunax conHeyHon ¢oTocdepbl, caenaHHbIX C BbICOKMM paspelleHnem, BUAHO, YTO OHa UMeeT
rPaHy/IMPOBAHHYIO, AW NATHUCTYLO, CTPYKTYPY. MNATHA npeacTaBaAatoT coOb60i KOHBEKLMOHHbIE AYENKM LUMPUHOM
npumepHo 1000 KM. OTM KOHBEKLMOHHbIE AYENKM ABAAIOTCA YaCTblO KOHBEKUMOHHOM 30HbI, KOTOpad, Kak
cumtaetca, coctasnseT ao 0,3 paguyca ConHua. Kaxaaa rpaHyna cywecrtsyeT He 60/iee HECKONbKUX MUHYT, MO
Mepe TOro KaK pacKkasleHHoe BeLecTBO NOAHMMAETCA BBEPX B €€ LieHTPpe, a 3aTem OCTbIBAeT M OMYCKaeTcA BHM3 NO
Kpaam. Xpomochepon HasbiBaeTcA TOHKMMA CAOM rasa, ropasfo MeHee MA0THoro, 4yem d¢otocdepa, wu
HaxoaAauerocs Hag, Helt. Temnepatypa xpomocdepbl meHsaeTcs oT 4000K Ha rpaHuue ¢potocdepnbl go 6onee 20
000K Ha rpaHuue xpomocdepbl. PeakTUBHbIE CTPyW rasa, KOTOpPble Ha3blBAOTCA CAWMKYNAMM, MOAHMMAOTCA C
BbICOKOM CKOpOCTblo A0 BbicoTbl 10 000 KM M nmagatoT, mcyesaa yvepes 10-20 muHYT. CNMKyAbl BO3HMKAKOT MO
rpaHMLam cyneprpaHyn, KoTopble NpeacTaBaAloT CcObOM KpyrnHbie rpynmnbl FrpaHya HenpasuibHON ¢opmbl.
la30Bble MOTOKKU MepecekatoT doTochepy OT LEeHTPasbHbIX PErMOHOB CyneprpaHy/bl OO ee rpaHuu, rae ras
onyckaeTtcs obpaTHO B ee Heapa.

ConHeYyHasa KopoHa — 3To 060/104MKa ropayvero rasa, okpyarmouwana ConHue M NPOCTUPAOLLAACA Ha pasHble
pPaccToAHMA BO BCcex HanpasaeHusax oT ConHua. Ee nNAOTHOCTb COCTaBAAET OKOAO 1 MUAAMOHHOW MWAJIMOHHOM
nnaotHoctn ¢otocdepsbl,[36] a Temnepatypa A[OCTUraeT Moyt 2 MAH. rpagycoB. Ha ynbTpadumoneToBbIx
n306parKeHUsX KOpPoHbI, caenaHHbIX KoCMMYeckum 30HA0M SOHO, MOXXHO BUAETb AblPbl B COJIHEYHOM KOPOHE,
KOTOPbIE UrPaOT POJib BbIMYCKHbIX KNAaMaHOB A/ CONHEYHOro BeTpa. Bo Bpemsa MOLLHbIX U3BEPKEHUN B KOPOHe
NPoOUCXoaAT BblIBPOCHI CO/MIHEYHOrO rasa B KOCMOC Ha OrpoMHble paccTtosiHus. Kpome Toro, u3 doTtocdepsbl
BblpacTaloT T[UrAHTCKME AyrKn, COCToAWME M3 COJIHEYHOrOo BELEeCcTBa W HasbiBaemble MpoTybepaHuamm.
MpoTybepaHLubl NPOAO0MKAOTCA HECKONIbKO AHEN UAWN AaXKe HeaeNb, @ 3aTEM UX aKTUBHOCTb 3aTyxaeT. CoIHeYHble
BCMbILWKM OT/IMYAtOTCA elle 6oblwen MOWHOCTLI0. [py coHeYHOM BenblwKe M3 doTochepbl MPOUCXoamnT Bbibpoc
OFPOMHOrO KOJINYECTBA BELLECTBA U U3Y4eHUs, a oTAeNbHble y4acTkM ¢oTochepbl BHE3ANHO HarpesBatoTca Ao
Temnepatyp bonee 5 000 O00K.

CmM. makxce cmameto "ConHeuvHoili gemep”.
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COJIHUE 3: CO/NHEYHbIE NATHA

ConHeYHble NATHA, BO3HMKawme B poTtocdhepe, MMEOT HeNnpasuabHYO GOpMy 1 BapbUPYOT NO pasmepy oT
10 000 Km n 6onee. ConHEYHOE MATHO CYLLECTBYET OT HECKOJIbKMX YacoB A0 HECKOJIbKMX MECALEB, a NMOTOM
mcyesaet. Yacto BO3HMKAKT TPynnbl COMHEYHbIX MATEH; Kax4oe MATHO WMMeEeT CBOM TEMHbIA LEHTP C
Temnepatypoit okosio 4000K. DTOT TEMHbIM y4acCTOK, KOTOPbIM Ha3biBAeTCS TEHbIO, OKPYXeH 6osee CBET/bIM
pervMoHom c TemnepaTypoit okono 5000K, Ha3biBaeMbIM MOJIYTEHbIO.

ConHeYHble MATHA ABMMKYTCA MO CONHEYHOMY AMCKY, TakK Kak CoOnHUe NOCTOAHHO BpaliaeTcs, coBepluas
NoNHbIA 060OPOT BOKPYr CBOEW OCM MPUMEPHO 3a 4 Hegenn. Yem ganblue CONHEYHOEe MATHO PACMO/IONKEHO OT
3KBaTopa, Tem bosblie BpemeHUM emy TpebyeTca Ha MojHbIM 060pPOT BMecTe C Bpawgatowmmea ConHuem.
ConHeuHble NATHA B6/AM3M 3KBATOpPa COBEPLUAOT MOJIHbIM 060POT NpMMepHO 3a 25 AHel, Torga Kak CosiHeYHble
NATHA OKOJ/I0 MOJIIOCOB COBEPLUAIOT MOAHbIA 060poT 3a 35 gHeld. MpuunHa 3aknoyaeTca B Tom, Yto ConHue
npeacrasnsetT coboi wap rasoobpasHOro mMartepuana W CKOPOCTb €ro BPALLEHMS YMEHbLUAeTcs BMecTe C
YMEHbLUEHWEM LUMPOTI.

Kaxkgble 11 neT KOAMYeCcTBO COMIHEYHbIX NATEH B poTochepe yBENNYMBAETCA A0 MAKCMMasbHOrO, a 3aTeM
YMeHbLUaeTca 40 MUHUMYyMa. MaKcMmanbHOE KOJIMYECTBO COTHEYHbIX NATeH Habatoganock 8 1989 u 2000 roay;
cnegytowmii makeumym npousonget 8 2011 roay. B 1986 rogy Ha ConHue 6bln0 o4eHb Mano naTeH. B kaxkaom 11
— JIeTHEM LMKNEe CO/HeYHble MATHA CHavana noasastotcAa B 30° K ceBepy W tOry OT 3KBATOpPa M MOCTEMEHHO
npubanxkatTca K aKkBaTtopy. Yepe3 11 neT OHM OKasbiBalOTCA B 3KBATOpMasbHOM 06sacTu, nepen Tem Kak
McYe3HyTb U BHOBb NOABUTLCA B 30° K ceBepy M tory OT 3kBaTopa. ConHeYHble NATHA CBA3aHbl C MAarHUTHbLIM NOJAEM
ConHUa, TaK KaK NATHA B TbIJIOBOM 30HE, ABMXKYLLMECA TPYNNON, UMEIT NPOTUBOMNONAOXHbIA MarHUTHbIN 3apas no
CpaBHEHUIO C NATHaMM BO PppoHTaNbHOM rpynne. Kpome Toro, MarHMTHasa noaspHOCTb, CBA3aHHAA C CO/THEYHbIMMU
NATHAMM, UCMbITbIBAET MHBEPCUIO Kaxable 11 neT, Koraa noAApHOCTb MAarHUTHbIX nostocos CoNHUA MeHAeTCcA Ha
NPOTUBOMNOJIOXKHYIO.

Apkme natHa B ¢doTocdepe, HasbiBaemble dakenamu, unm GAoKkynamu, HabaogatoTca He3agonro Ao
NOSABJIEHUS COJIHEYHbIX NATEH. Kpome TOro, cuMTaeTcsi, YTo TemMHble "BOMIOKHA", Habalogaemble B OKPECTHOCTAX
baKenoB M CONHEYHbIX MATEH, COCTOAT M3 XPOMOCHEPHOro BeLLECTBA, WM3OFHYTOrO B OFPOMHbIE AYyrM nojg
BO34eNCTBMEM MarHMTHoOro nossA. Korga atv ayrM HabnofaloTcs y Kpas CO/MIHEYHOro AMCKa, OHW 06pasyloT
npoTybepaHLbl, KOTOpPble MOTyT CyLLECTBOBATb B TEYEHME HECKO/IbKMX MECALLEB.

Cm. makxce cmamoto "ConHye 1",
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CNEKTP ONTUYECKUN

CBeT 3Be34bl COCTOUT U3 HENPEPbLIBHOIO CMEeKTpa LBeeToB. CNeKTP CO/IHEYHOrO CBETAa MOXKHO BMAETb B pagyre
WX NPONYCTMB NyY CBETa Yepe3 NpmM3my U Habatoaaa BbIXOLHOM /lyd Ha 3KpaHe. B oboux cayyanx Habawogaetcs
HenpepbIBHasA M0/10Ca LLBETOB OT KPAaCHOIO M OPAHMKEBOTO YEpPEes KEeNTbIN M 3e/1eHbli 40 ronyboro n pruoneToBoro.
C nomolublo cnekTpockona (Npubopa, npeAHasHaYeHHOro A4 Pa3oXKeHUs lyya CBeTa Ha COCTaBAsoLLMe LBeTa)
MOXHO HabntogaTb cnekTp nboro MctouyHuMKa ceeTa.[37] Karkablh LBET CneKkTpa COOTBETCTBYeT CBeTy C
onpeaeneHHon ANMHOM BO/HbI, U3MeHsAwWelca B npeaenax or 0,0004 mm gnsa ronyboro cBeTa A0 NPUMEPHO
0,0007 mm gna KpacHoro ugeTa.

Jlamna HaKaauBaHWA TOXe gaeTt NMOCTOSAHHbIN CNeKTp, HO rasosble samnbl, TaKNUe, KaK HaTpunesaa wUan
HEeOHOBaA J/s1amna, OalT CNEeKTp COCTOﬂLLI,MVI U3 APKUX JNINHUI pa3HOro uBeTa. PacnonoxxeHue lWIHMVI, a
cneanosaTtesibHO, AJ/IMHA BOJIH B TAKOM CNEKTPE XapaKTepHa ANA aTOMOB, NPUCYTCTBYHOWNX B UICTOYHUKE CBETA, YTO
Ha3bIlBAETCA JIMHEMAYATbIM 3MMUCCUOHHbIM cnekTpom. Mamepus OIMHY BOAHbI KaXaoro uBeTa B NINHeYyaToM
9IMUNCCNOHHOM CMEKTPEe, MOXHO onpeaeintb XMMmmnyeCkme 31eMeHTbl, NPUCyTCcTeyrolme B UCTOYHUKE CBETA, TaK
KaK Ka)-l-(p,blﬁ BUA aTOMOB COOTBETCTBYET KOHKPETHOMY XMMUNYECKOMY ITEMEHTY.

Co/HEYHbIN CMEKTP COAEPKUT TeMHble BepPTUKasibHble JMHWUWM, KOTOPble BUAHbLI Ha ¢OoHEe HemnpepbIBHOro
CNEeKTPa. TW JIMHUW TOTNOWEHUA COOTBETCTBYIOT OMNpeAefieHHbIM AJIMHAM BOJIH U BO3HMKAOT M3-3a TOrO, YTO
HeKoTopble LBeTa, COCTaBAAlOWME CBET CONHeYHON ¢oTocdepbl, NMOFIOWAOTCA rasamn BO BHELLHEW KOpOoHe.
PacrnonoseHue MHUIA NOT/IOWEHMA, KaK U PACNoIOXKEHUE IMHUIN B SMUCCUOHHOM CNEKTPE, MOXKHO UCMONb30BaTb
AN onpeneneHns XMMMUYECKUX 3/1IEMEHTOB, MPUCYTCTBYIOLLMX B TEMHbIX y4acTKax. Fennii 6bin oTKpbIT B 1868 roay
HopmaHom Jlokbepom[38] B pe3ynbTaTe HabAOAEHMA U U3MEPEHUA IMHUI CNEKTPA COTHEYHOrO CBeTa.

Cm. makxce cmameto "ConHye 2",
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TEJIECKOIbI 1: PE®GPAKTOPbI U PEDJIEKTOPDI

Teneckon npeaHasHayeH Aaa yBeNMYEHMA OTAANEHHbIX OOBEKTOB UM O/ YCUIEHUS IPKOCTU TOYEYHbIX
06bEKTOB, TaKMX, Kak 3Be3ga. lNpocTol Teneckon-pedpakTop COCTOUT M3 ABYX BbIMYKAbIX JINH3, 06bEKTMBA M
okynsapa. O6bekTMB GopmUpyeT peanbHoe M306paxkeHWe OTAANEHHOrO 0ObEKTA B CBOEW POKYCHOM MAOCKOCTM.
MpnM HOpMaNbHOW HACTPOMKe Habnwpatenb, rAAAAWMA B OKYAAp, BUAWUT YBEAMYEHHOE BUPTyasbHOE
n306parkeHne peasbHOro o6bLeKTa.

TpyGka
oKynApa

CeeT oToANSHHOR
aBeanw
HaGmoparens

NMuH3a
obwexTuea

Nunaa

oxynapa
PeansHoe
uanBpaxeHne

Teneckon-pegpakTop

Yem wmpe obbeKTMB Teneckona, Tem Bonblie cBeTa MoXKeT HbiTb COBpPaHO OT ToueuyHOro o6beKTa, Takoro,
KaK 38373, NO3TOMY LLUMPOKOYro/IbHbIM 0O bEKTUB NO3BOAAET BUAETb 3BE3/bl CIMLLUKOM TYCK/ble ANA HabntoaeHns
c bonee y3kum obbekTMBom. Kpome Toro, yem wnpe obbekTns, Tem 6o/bliee KO/IMYECTBO AeTasiel MOXKHO
pasrnAafeTb Ha M306paKeHUM NPOTAXKEHHOTO 06beKTa. B 60/bLUMX ONTUYECKUX TeNleCKOMaX B KavecTBe 06beKTnBa
A1A GOKYCMPOBKM CBETA UCMO/b3YETCS LMPOKOE BOTHYTOE 3ePKano. ITo AeNaeTca NoTomy, YTo Ho/blune 3epKana
NnpoLe U3roToBUTb U UMM JIETYE NOb30BaTbCA, YeM 6ONbLIMMK IMH3aMK. Hebonblioe 3epKasno, pacnonoKeHHoe
B OKONOGOKYCHON TOYKEe BOFHYTOrO 3epKana, UCNOAb3yeTCA A1A OTPArKEHWUA CBeTa B OKyAsAp. XpomaTtuyeckas
abeppauma[39] yctpaHseTcs B o0bbeKkTMBE Gnarogapa MCNO/Ab30BaHMIO BOTHYTOrO 3€pKana BMECTO BbIMYK/bIX
nmH3. Kpome TOro, ecin BOTrHYTOe 3epKano mmeeT napabonmyeckyto Gopmy, OHO YyCTpaHAET U chHepuyecKyto
abeppauymio.[40]

:

HabniogaTens

CBET OTOANEHHORA

3pe3ans
/ Oxynap unm
7 - N3cC-kamepa
Buinynoe BorHyToe 3epranc
IBPKARD (napabonuqeckan OTPaEKHLER

NOBEPXHOCTL)

Teneckon-pegnexTop

nn

Cm. makxce cmamoeu "Okynap"”, "Kocmuyeckuli meneckon "Xa66a"".
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TENECKOInbI 2: CUJ1IA U MOLLb

OCHOBHbIMW XapaKTepUCTUKamu oboro Teneckona SBAAKOTCA AMAMETP BXOAHOro orsepctua D (amnametp
06beKTMBa — JIMH30BOrO WAWM 3epKanbHOro) M ¢okycHoe pacctosHue fo, onpepgensalowme oTHocUTENbHOE
oteepctne A= D/f,, KOTOpOe 4acTo Ha3blBAlOT CBETOCUION MHCTPymeHTa. CTporo rosops, csetocuaa 3to A2 =
(D/f,)?. Ansa BU3yanbHbIX HABAOAEHWUI NPOTANKEHHbIX 06EKTOB BECbMa CYLLECTBEHHO YBe/MYeHne Teneckona —
XapaKTePUCTUKA, KOTopas coobLlaeT Nob30BaTE/I0 BO CKOJIbKO pa3s yBe/IMYeHHbIN 0bpa3 6onblie Habogaemoro
obbeKTa.

YBenuueHue teneckona M pasHo oTHoweHuto f, /f,, roe f, — ¢doKycHoe pacctosHue obbekTmea, f —
bOoKycHoe paccTosiHue okynapa. Hanbonbllee AoNyCTUMOE yBenMYeHMe Npu CNOKOMHOM COCTOSIHMM aTmocdepbl
Mmax = 2D, rae D — anameTp obbekTnBa B muaanmertpax. Mpu HabaogeHUAX 3payoK rnasa COBMELLAETCA C
BbIXOAHbIM 3PaYKOM CUCTEMbI; MO3TOMY BbIXOLHOM 3PaYOK CUCTEMbl He A0J/IKeH ObiTb 6osblie 3payka rnasa
Habnogatena (To ectb 6onbwe 8 mm B aAnameTtpe). MHaye YacTb cBeTa, CObpaHHOro 06bEKTMBOM, He NonageT B
rnas un 6byaet noTtepsaHa. Takum o06pa3om, yBenuuyeHWe Teneckona AO0MKHO bbiTb Bosblie 1/8 auvamertpa
06bEKTMBA B MUZIMMETPAX, EC/IN CYUTATb, YTO AMAMETP 3payKa rnasa Habaogartena 8 Mm.

Teneckon cobupaet 6o/blie CBETa, YEM HEBOOPYKEHHbIN 133, Tak Kak /IMH3a 06beKTMBa ropasao wupe
3payka rnasa. 3To0 NPenMmyLLECTBO MMEET BaXHOE 3HayeHWe B acTpoHomuu. KosnmyectBo ceeTa, cobupaemoro
TENeCKOMNoMm, 3aBMCUT OT MAOWAAM /IMH3bl OObEKTMBA, a KO/AMYECTBO CBeTa, CObMpaemoe HEeBOOPYMHEHHbIM
r71a30M, 3aBMCUT OT NJIOLLLAAM 3payKa rnasa. CnefoBaTesibHO, KONMYECTBO CBETA, COOMPAEMOro BXOAHbIM 3pa4KOM
Teneckona, MHaye — cobupartenbHaa cnocobHOCTb, TO eCTb CNOCOBHOCTb O6HapY:KMBaTb Cnabble UCTOYHWUKM
CBeTa, BO3paCTaeT NPonopLMOHabHO OTHOLEHUIO KBaApaTa AMameTpa 06beKT1BA K KBagpaTy AMameTpa 3padka.

OnTnyeckasa moub

OnTuyeckasa mMolLLb (MM NPOHULAOWAA CUAA) TeNeCcKona onpeaenaeTca npeaenbHol 3Be34HO0M BeNIMYMHOM
3B€3/, BUAMMbIX B TeNecKon B 6e3/1yHHY0 HOYb NPU MAeaNbHbIX aTMocdepHbIX ycnosusax. K npumepy, Teneckon ¢
obbektMBOM gnameTpom 100 MM MO CpaBHEHWUIO CO 3payvykom rnasa anametpom 10 mm gaet B8 100 pas 6onee
cunbHoe yBsenudeHue (1002 /102%), 4TO COOTBETCTBYET AOMONHWUTENbHLIM MATU 3BE3AHbIM BeNuuYMHaM. TaKkoi
TeflecKon No3Bo/IAET aCTPOHOMAM BMAETb 38e34bl 40 11 3Be34HOM BENUUYNHDI.

Mone 3peHna Teneckona

Mone 3peHusa Teneckona (Bugmmas B Teseckon obnactb Heba) 3aBUCUT OT yBeaUYeHUA. JuameTp nons
3peHusn, BbipaXKeHHbI B MMHYTax ayru, coctasnaeT 2000/W, rae W — ysenundeHue.

CnocobHocTb Teneckona "pa3aenatb” ABe CBETAWMECA TOYKU XapPaKTEPM3YeTCA ero paspeLlatollen cUnon,
UM paspellatoweit cnocobHocTbio. OHa onpeaenseTcs HaMMeHbLIMM YFNOBbIM PAacCTOSHUEM MeXAy ABYMSA
3B€3/aMM, KOTOPbIE B TEIECKON MOTYT BbITh BUAHbI OTAENbHO.

MpoTAXeHHbIN 06bEKT, HabNtoAaeMbI Yepes Teseckon ¢ ysenndyeHmem M, Kaxetca 8 M pas wwvpe n 8 M?
pa3 6onblue no naowaaun. MockoabKy KOMYECTBO BO3PacTaeMOro CBeTa BO3pacTaeT Mo TOMY e 3aKOHY, APKOCTb
n306paxeHns TeopeTUYecKkn A0/XHa BO3pacTaTb NpPonopumoHanbHo. OAHAaKo Ha MPaKTUKe MOr/oleHNe CBeTa
NIMH3aMM 0cnabnsAeT ero cuay, NosTomy MsobparkeHue, Habaogaemoe B TENECKON, KaXKeTcsa bosiee TYyCKIbIM.

Cm. makxce cmamou "YeenuyeHue", "3s8e30Hasa seauqyuHa".
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TENNECKOIMbI 3: PASPEWWAKOLWWIAA CIMOCOBHOCTDb

Paspeluatollein cnocobHOCTbIO Teseckona Ha3biBAaeTCA HaMMEHbLIUA PasiNYUMMbIA YroN Meay ABymA
JIMHUAMM 3PEHUSA, HanpaB/IeHHbIMM Ha ABa ToYeYHbIX 06bEKTa, TaKMX, KaK ABe 6an3neskalwme 3se3gbl. Hanpumep,
€C/IM B Te/fleCcKon C TPYAOM MOMKHO Pas/iMunTb ABe 3Be3/bl, pa3gefieHHble YrN0BbIM PaccToOAHMEM B 5 yrioBbIxX
CEKYH/, rOBOPAT, YTO pa3pellaroLlas cnocobHOCTb Teneckona pasHa 5 yriosbiM cekyHaam. Obpatute BHUMaHUe,
yto 3600 yrnoBbIX CEKYHA paBHbl 1 yrnoBomy rpagycy. Yem Bbille pa3pelieHue Teseckona, Tem 6onee nogpobHo
MOXHO HabntoaaTh 306parkeHme obbekTa.

Ondpakuma cBeTa B /IMH3ax 06bEKTMBA MPUBOAUT K Pa3masblBaHUIO M306parKeHUA TOUYEYHOro obbEeKTa.
CornacHo Kputeputo Panen,[41] ocHOBaHHOMY Ha Teopuu AMIPAKUMM B KPYFIOM OTBEPCTUM, ABa BAMMKalLmx
TOYEYHbIX 06BbEKTA HeNb3sA PasfennTb, eCn YIr0BOe PAacCTOAHME MEXAY HUMU, BblpaXKeHHOe B CEKYHAAX Ay,
meHee 2,5x10° A/D, rage A — 3TO A/IMHA BOAHbI cBeTa, @ D — wnpuHa AnH3bI 06bekTusa. Takum obpasom, 1 00-
MUNIMMETPOBbLIN TeNeckon-pedpaekTop MNO3BONAET pPas3nMyaTb 3Be34bl, PACMOJIOXKEHHble ApPyr OT Apyra Ha
pacctoAaHMM 1 ceKyHAabl Ayrn. Ha npakTUKe HasemHble Tefeckonbl ¢ AuameTpom pedaektopa b6onbue 0,5 m He
AOCTUIAlOT TEOPETUYECKOM pa3peluatolleit CnocobHOCTH, TaK Kak B aTMocdepe nponcxoguT paccemBaHue cBeTa.
OnameTp 3epkana KOCMWYecKoro Tesieckona Xab6na — 2,4 m, No3TOMy ero TeOpeTUYeckoe paspelleHue
coctasnset 0,04 yrnosoi cekyHabl. 9To obecrneynBaeT ropasao 601ee BbICOKYIO AEeTa/IbHOCTb, YEM AJ1A TeNecKona
TAKOro e pasmepa, Pacno/ioKEeHHOro Ha NoBepPXHOCTU 3eM/IN, NOCKOJIbKY KOCMUYECKUt Teneckon Xabbnia He
noABeprKeH BANAHUIO aTmocdepHol pedpaKkumm.

Paspeluatolyto cnocobHOCTb paamMoTeneckona MOoXKHO OLEHUTL MO KpUuTeputo Panes ¢ yueTtom AMHbI BOJIHbI
N AMameTpa 3epkana. 3epkano avametpom 50 m, paboTatollee Ha AsvHe BosHbI 0,1 M, HEe B COCTOAHMM AaBaTb
paspelleHme ToYeUHbIX 06beKToB meHee 0,1°, UTO Xy)Ke NoKasaTtesiei MasoMOLLHOro oNTUYecKoro Teneckona. Ho
6narogapAa napannenbHOMy COeAMHEHMUIO 3epKan MOXHO MOBbICUTbL  paspellatrollyo  CnocobHOCTb
pagmoTeneckona BO MHOrO pas Mo CPaBHEHWIO C HEKOTOPbIMM TUMaMM TE/IECKOMOB.

Cm. makxce cmamoeu "Kocmuyeckuli meneckon "Xab66a"", "Paduomeneckonsil”.
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TEMHOE BEWECTBO

OaHoM n3 BennuaMuMX 3arafoK Hayku B Hadane XX| BeKa ABAAETCA MeCTOHaxoXAeHwe 6onbluei YacTtu
BelecTBa BO BcesieHHOW. 3TO CKPbITOE BELLECTBO, M3BECTHOE KaK TEMHOE, MHOrA4a Ha3blBaeTCA OTCYTCTBYIOLLEN
maccoil. TemMHOe BeleCTBO MOXKET HaxXxOAUTbCA BHYTPWU TafakTMK U Mexay HUMMU, HO ero npucytcteme
HECOMHEHHO, MOCKO/IbKY OHO 3ameasfaeT ABuXeHWe ranaktuk. OHo cocTasnAeT Kak MuHumym 90 % macchbl
BcenieHHOM, oAHaKo He MoAadaeTcA MPAMOMY OMpPeAeseHMIo, Tak Kak HedoCTaTouHO ropsadee, 4yTobbl M3NyYaTh
CBeT, 1 He nor/aouaeT ceeTa.

OueHKka oblei Maccbl FafakTMKM MOXeT OblTb MpoM3BedeHa MO CKOPOCTM ee BpalleHuA. 3Be3aa,
pacrno/io)KeHHaa Ha BHELWHEN OKOHEYHOCTM CMUPANbHOM rafakTUKK, OBUMKETCA BOKPYr LEHTPpa ranakTUKK,
NMOCKO/IbKY Ha Hee BO34eNCTBYET CU/Ia TATOTEHMSA — TOYHO TaK ¥Ke, KaK Ha NiaHeTy, ABMKyLytocA Bokpyr ConHua.
OaHako, yem ganble oT ConHUA pacnonoxKeHa opbuTa nnaHeTbl, TemM 6o/blue BpeMeHn el Tpebyetcs, 4Tobbl
COBEPLLUMTb MOAHbIA 060POT, B OT/IMYME OT 3Be3f B CMMPa/ibHbiX PyKaBax ranakTMKWU, KOTOpble B OCHOBHOM
coBepLUaloT 060pOoThl 33 PaBHblE MPOMENKYTKM BPEMEHM HE3AaBMCMMO OT paccTosiHMA. COrnacHo HbFOTOHOBCKOWM
TEOPUWN TAFOTEHUA, ANA TOro YTobbl Nepuoa BpemeHM He 3aBMCen OT paanyca, Heob6Xxo4MMO NPEeANONOKUTb, YTO
ranakTUKa COAEP’KUT B CBOMX CMMPasbHbIX PyKaBax ropasgo 6osblue BewecTBa, YeM CyMMapHas macca Bcex
BMAMMbIX 3BE3L.

Takum obpasom, BO3HMKaeT npobsiema nNponaBLen Macchl, NOCKO/IbKY ec/in Bbl BCA Macca ranakTuKu bbina
cocpefoToYeHa B 3Be34ax, OHa bblia 6bl ropasgo spye, Yem Ha camom aesne. Mo cpaBHEHUIO C TUMUYHOM 3BE3401,
Takol Kak CosiHLEe, OTHOLIEHME CBETUMOCTU K Macce ANA TUMMYHOM ranakTUKK cocTasnseT meHee 0,1 Takoro ke
COOTHOLUEHUA AN TUMMYHOM 3Be3abl. [TOCKO/IbKY CBETUMOCTb FaNakTUKKU LLe/IMKOM CO34aeTcsA ee 3Be3gaMu, no
MeHbLuet mepe 90 % maccbl TUNMWUYHOM raflakTUKKU AO/IKHO HaXxOAUTbCA BHe 3Be3/, 3a npeAesamn COBPEMEHHbIX
MEeTOL0B HabntoaeHus.

B HacToAwee BpemA MOUCKM TeMHOrO Bel,ecTBa ABAAIOTCA MPeaMeTOM aKTUBHbIX MCCJ'IEAOBaHVIﬁ. OHo
MOXeT coaepaTbCA B Cy6aTOMHbIX 4acCTuUUaX, Ha3blBaeMbIX HEVITpMHO, KOTOpble Npon3BoaATCA U MU31YyHaloTCA
3Be34aMM B OrpOMHbIX KOZIMYECTBAX B pe3yibTaTe npoueccos A4EepPHOro CMHTe3a, 04HaKO macca HEﬁTpMHO A0 cnx
nop He n3BecCTHa.

Cm. makxce cmameu "Ceemumocms”, "AdepHsili cuHme3s", "38e30b1 4",

-96 -



TENTOBOE U3NTYHEHUE

TennoBoe U3nyyeHMe — 3TO 3/1EKTPOMArHUTHOE W3/lyYeHUe MOBEPXHOCTU 0bbeKTa, 0bycnoBleHHOe ero
Temnepatypoi. CBeTAWMNCA 0ObEKT HapAaAy C MHPPAKPACHbIM U3NyYeHUeM UCnyckaeT cBeT. Takum obpasom,
Tenno0Boe U3y4eHne CBA3aHO C ONTUYECKOW M MHOPAKPACHOK YACTblo CNEKTPA 3/1IEKTPOMArHMTHOIO U3TYYEeHUs.

06'bEKT, I'IOFI'IOLU,&IOLLI,MVI 3/1EKTPOMaArHnMTHOE n3nyvyeHume

O6beKT, NOrNOWAWNA 3NEKTPOMArHUTHOE M3Ny4YeHWe, HanpaBNeHHOe Ha Hero, HasblBAaeTCA YepHbIM
TeNoMm. 3Be3a — YepHoe TeNo, NOCKOJbKY Ntoboe U3nyyeHne, HaNpaBJeHHOE Ha Hee, noriouaeTca. MamepeHue
WHTEHCMBHOCTU U3/Tly4EeHMA YEPHOro Tena No CPaBHEHMUIO C AMANa30HOM AJNH BOJH ANA Pa3HbIX TemnepaTtyp AaeT
pe3ynbTaTthl, NpeACcTaBAeHHbIe KPMBbIMM HA PUCYHKe Ha C. 237.

AHann3 aTux KpuBbIX NpuUBeN K OTKPbITUIO 3aKOHOB U31ly4eHMA YepHOro Tesla, KOTopbleé MOXHO NMPUMEHATL K
3Be34aM ana onpegeneHna ux gnameTpa n tTemnepaTtypbl NOBEPXHOCTU.

3aKoH BuHa rnacuT, 4To AJ/IMHA BOJIHbI HA Y4acTKe MaKCMMaNbHOM WHTEHCUBHOCTU B CNEKTPe U3/ay4yeHusA
3Be3/bl CBA3aHa C TEeMMNepaTypoi ee NOBEPXHOCTU Yepe3 MNOCTOAHHYIO BENMYUHY. M3MepeHMA NOKasblBatoT, YTo
3Ta noctosHHaa pasBHa 0,0029 m Ha rpagyc KenbBuHa. Takum obpasom, ecnnm U3MepuTb AJMHY BOJIHbI A4
MaKCMMaNIbHO MHTEHCUBHOIO U3/lyYeHMA 3Be3bl, MOXKHO OnpeaennTb TeMnepaTypy ee nosepxHocTu. K npumepy,
HanboNbllas MHTEHCMBHOCTb CO/IHEYHOTO CreKTpa HabnogaeTca Ha AJIMHe BOJIHbI OKoso 5x1077 m, uto paer
TemnepaTtypy noBepxHocTM nopagka 5800K.

HMHTEHCHBHOCTE

Kpuese npy nocTORHHbEX
Temneparypax T, T, u Ty

Onvxa BOAHLI

Kpussie TENAOBONO M3NyHeHUA YEpHOro Tena

3akoH CredaHa rnacut, 4TO MOJSIHAA 3HEPrua, U3nydaemas 3Be3[0i B CeKkyHAy, paBHa oAT?, roe T —
TemnepaTypa NMOBEPXHOCTM, A — MAOLWaAb NOBEPXHOCTU, a 0 — nocTosHHaa CTedaHa, koTopas pasHa 5,67x108
Brxm2ZxK*

CornacHo 3akoHy CtedaHa, ConHue npu TemnepaTtype nosepxHoctn 5800K n paguyce 6,96 x 108 m nsnyuaet
B CEKYHAY NOJIHYIO 3Hepruto, pasHyto 3,9 x 10%° Br.

Cm. makxce cmameto "InekmpomazHUMHoe u3ssaydeHue",

-97 -



YBE/TUMEHUE

Teneckon ysenuumsaeTt 060N OTAANEHHbIA OBBHEKT, KpOME TOYeuyHbIX, TaKMX, Kak 3Be3abl. YeBenuueHue
Tefleckona npeacTaBaseT coboli OTHOLWEHWe YrAoBOoro pasmepa obbekTa Npu HabaogeHUM B Teneckon K
YyrnoBoMy pasmepy ob6beKkTa npu HemnocpeAcTBeHHOM HabawoaeHun. K npumepy, yriosoin pasmep JlyHbl
coctasnAeT okoso 0,5. Mpu HabawoaeHUN B TeNecKon ¢ ABeHaAlLuaTUKPaTHbIM yBeanYeHUeM BUAUMbIN Yri0BOM
pa3mep iyHHOro Aucka byaeT cocTaBasaTb 6°.

YBenuueHune Teneckona npyM HOpMasbHOM UCNOMb30BaHMUM PABHO OTHOLEHUIO GOKYCHOM ANMHBbI 06 bEKTUBA
K PoKycHOI anmHe okynsapa. Takum obpasom, Teneckon — pednekTop c 3epkanom GoKycHol annHoli 600 mm u
OKYNAPOM c poKycHOM asnHon 40 mm Byaer nmeTb NATHagLUaTMKpaTHoe ysenndeHne (600 mm / 40 mm). Ecan
NocTaBUTb OKyNAP ¢ GOKYCHON AanHON B 30 MM, yBeIMYEHWE Tesleckona BO3pacTeT A0 ABaguatukpaTtHoro (600
Mm / 30 mm).

YBenuueHne Teneckona AO/KHO MPEBOCXOAWUTb OTHOLIEHWE AMameTpa OObEKTMBA K AMameTpy 3payka
4yesI0BEYECKOro I/1a3a, MHayYe He BeCb CBET, MOCTYMAloLWMIA B TeNleCKon OT TOYe4yHOro o6beKTa, nonasaeT B rnas
Habntopatens. NMockoNbKy B TEMHOTE AMAMETP 3payka COCTaBAAET NPUBAN3UTENBHO 8 MM, YBEAUYEHUE [O0MKHO
6bITb paBHbIM MAKW Bbllwe 1/8 AnameTpa 06beKTMBA B MUAAMMETPax. ECAM yBenuUYeHUe CAULLIKOM BesnKO,
KauyecTBO M306parkeHUs NI0X0e, TaK KaK OKYAApP CAMLIKOM MOLLHbIA ANA TenecKona W Bbl3blBAET UCKAXKEHWe
06beKTa. B KavectBe obuwiero npasuia yBesMdeHne He AO/KHO NPEBOCXOAUTL YUCEHHOE 3HAYeHWe AnameTpa
06bEeKTUBA, BblpaXKeHHOe B MUAAMMETpax. Takum obpasom, Teneckon ¢ ob6beKTMBOM guameTpom 120 mm
[OMIKEH UMETb YBEIMYEHME HE MeHee NATHAALATUKPATHOro 1 He 6bonee cTo ABaALLATUKPATHOrO.

Cm. makxce cmameu "Okynap"”, "Teneckonbl 2"
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Y/IbTPA®UONIETOBAA U PEHTTEHOBCKAA
ACTPOHOMMA

3a $10NeTOoBOM YACTbO BUAMMOrO CMEKTPa HaxoanuTca 061acTb yAbTPAaPUONETOBOrO U3TyYeHNA, 38 KOTOPOW
B CBOO o4epeab HaxoaAatcAa 061acTM PEHTFEHOBCKOro M ramma — M3aydeHus. 3emHaa atmocdepa NornowaeT 3Tu
BMAbl 3/1EKTPOMArHUTHOIO M3yYeHUA, MO3TOMY MX MCTOUYHMKM MOMKHO OMPeae/inTb TO/bKO C MCMOJ/b30BaHWEM
COOTBETCTBYOWMX NPUBOPOB Ha OPBUTANbHBIX CNYTHUKAX.

MoapobHble uccnenoBaHWa B 061acTU yNbTPadUONETOBON aCTPOHOMMKU BblIM BbIMOAHEHbI CO CMYTHUKA
International Ultraviolet Explorer B nepuog mexagy 1978 n 1996 rogom. B 1992 roay 6bin 3anylieH HOBbIN
cnyTHUK, Extra Ultraviolet Explorer, ana HabntoaeHns 3a UCTOYHMKAMM C ropasno 6osee KOPOTKOM AJIMHON BO/HbI
— oT 10 go 70 Hm. Kocmuuyeckuii Teneckon Xabbna ToxKe OCHalWeH annapaTypor Ana HabawoaeHua 3a
WUCTOYHMKaMM yNbTPaPpUONETOBOro U3/yYeHUs, HO B AManasoHe BOJIH He Kopode 120 Hm.

K MCTOYHMKAM PEHTreHOBCKMX Jlydell OTHOCATCA YepHble Ablpbl M B30PBABLUMECA 3BE3/bl, @ TaKXKe ropayuve
rasbl B Kocmoce. lNepBoe nccnefoBaHNME KOCMUYECKUX UCTOYHUKOB PEHTFEHOBCKMX Jlydel OblNO BbIMNONHEHO B
1971 roay ¢ nomollbio cnyTHUKa "Yxypy". ITO uccnegoBaHWe MPUBENO K OTKPbLITUIO ABOWMHbIX MYy/bCapOB.
PeHTreHOBCKME TENECKOMbl, YCTaHOBAEHHbIE HA OPOUTA/bHLIX CMYTHUKAX, OOHAPYXUAN UCTOYHUKU U3NYYEHUA,
JaloliMe BCMbIWKMA PEHTTEHOBCKUX Jlydeld C OTHOCUTENbHO 60/blMMKM  MHTepBanaMu. [puHUMN paboTsbl
PEHTrEeHOBCKOrO TeNecKomna OCHOBAH Ha OTPaXKEHUM Ha CreLManbHbIi AEeTEKTOP PEHTIEHOBCKUX Ny4velt OT ragKo
OTNO/MPOBAHHbIX METANJIMYECKUX NAACTUH.

Kocmuuyeckne BCMbIWKM Framma-usnyyeHusa 6biav obHapykeHbl 6onee 30 neT HasaZ, KOrga BOEHHble
CNYTHWKMK, UCNONb3YEMbIE ONA CNAEKEHMA 3@ UCMbITAHUAMW ALEPHONO OPYXKUA, OOHAPYKMAM BCMbILWKK ramma-
M3/ly4eHMA B pPa3HbIX HaMNpaBAeHMAX KOCMMYECKOro npocTpaHcTea. C 6opTa KOCMUYECKOro YesHoKa "ATnaHtuc" B
1992 roay 6bina 3anyweHa KomnToHOBCKan obcepBaTopua, NpeAHasHaYeHHasa A1a U3yYeHUss UICTOYHUKOB raMma
— u3nyyeHna B Kocmoce. B 1997 roay ropasgo 6osee coBepLUEHHbI PEHTrEHOBCKMN AeTeKTop Ha bopty
CnyTHMKa Beppo SAX 3aperncrpmpoBas BCMbILWKY raMma-u3ay4eHns, MeCTOHaxoX4eHne KOTopoi BNocaeacTsmnm
6b1N10 onpeseneHo € UCMONb30BAHUEM ONTUYECKUX TelecKonoB. Mpu n3MmepeHnn BeMUYNHbI KPAaCHOr0 CMeLLLEHMUSA
6b110 YCTaHOBAEHO, YTO UCTOYHMK HAaXOANUTCA HA PACCTOAHUN MUINMAPLO0B CBETOBbIX /IET. B ganbHelwem yaanoch
06HapyXUTb BCMbIWKW raMMa-U3y4eHUs, ICTOYHUKM KOTOPbIX HaXo4ATCA HA PaccToaHMM 40 10 mapa. CBETOBbIX
ner.
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YPAH

YpaH 6bin oTKpbIT Yunbamom leptenem B 1781 roay, XoTs OH U paHblue 0603HaYanca Ha 3BE34HbIX KapTax
KaK TycKknaa 3Be3fga. [epTenb npocieaun 3a U3MEHEHWEM MONOXKEHWUA YpaHa OTHOCUTENIbHO APYruxX 3Bes3g U
npuwen K BbIBOAY, YTO 3TO NAAHETa, PACMNONOXKeHHAA 3a opbuTon CaTypHa, KOTOpPAa OYeHb MeAJ/IEHHO ABUMKETCA
yepes co3Be3anA CO CKOPOCTbIO OKo/o 4 rpasycos B rod. PakTnyeckn YpaH cosepliaeT nosHbli 060poT BOKpYr
ConHua 3a 84 roga Ha cpegHem paccToaHUM 19 acTpoHOMMYECKUX egmHuu,. Ero gnametp B 4 pasa npesblwaeT
AnameTp 3emnu, a cpeaHAa NAOTHOCTb NpumepHo B 1,3 pasa 6onblie NAOTHOCTM Boabl. CMAa TATOTEHWUS Ha ero
nosepxHocTH coctasasAeT 0,9 3emHol4, a Temnepatypa 55K (-218 °C).

Mpn HabnogeHun c 3emnn YpaH BUAEH KaK 3e1eHOBATO-roNyboi AUCK, NULWEHHbIA Kakux — Anbo
XapaKTepHbIX YepT. Kocmuueckunii 3014 "Boaarkep -2" nponeten mmmo YpaHa B 1986 roay v 3admKcupoBsasn, uto
aTMocdepa naaHeTbl COCTOMT MPUMEPHO U3 6 YacTel Bogopoda Ha 1 yacTb reama ¢ HebOsbWOW NPUMECHIO
TAMXKENbIX 3/IEMEHTOB M MeTaHa, npuaatowero atmocdepe ronybosaTbil OTTEHOK.

lepTenb Tak:Ke Hablo4an ABa CMYTHMKA, 0OPALLAOLLMXCA BOKPYr YpaHa nog NpsmMbiMU yriamu K opbute
nnaHeTbl. 3TO CBUAETENLCTBOBA/IO O TOM, YTO OCb BpalleHMs YpaHa HaknoHeHa Ha 90° No OTHOLIEHMIO K OCK ero
opbuTbl. HblHE M3BECTHO, YTO Y NaaHeTbl 15 CNYyTHUKOB, KOTOpble 06pPalLaloTCA BOKPYr Hee B OAHOW MJIOCKOCTW.
CornacHo faHHbIM "Bosigykepa-2", HaKNOH OCY BPaLLLEHWUA NAaHeTbl K NJ0CKOCTU opbuTbl cocTaBnseT 98°.

MocKoNbKy OCb BpalweHWa YpaHa Bcerga yKasblBaeT B O4HOM M TOM Ke Hanpas/eHUM, Ha KaXKgom M3
MONIOCOB MAaHEeTbl AECATUAETMA MOJHOW TbMbl CMEHAIOTCA AECATUAETUAMM MNOCTOAHHOrO AHEBHOro CBeTa.
CumTaercs, YTO HEOBbIYHbIN HAKAOH OCK BpalleHUs YpaHa ABASETCA Pe3y/bTaTOM CTO/IKHOBEHUA C KPYMHbIM
HebecHbIM TesioM. CXo4HOEe CTO/IKHOBEHME MOMKEeT 06bACHATb $parMeHTapHblli BUA, NOBEPXHOCTM MupaHgbl,
04HOro U3 CNyTHUKOB YpaHa.

"Boagxkep-2" Takke noATBEPAUN CYLLECTBOBaHWE C/1aboOM KONbLEBOW CUCTEMbI BOKPYr YpaHa, KoTopas
BrnepBble bblna OTKpbITa Ha 10 neT paHblue, KOr4a acTpoOHOMbI Habatoganu, Kak YpaH 3aTtmeBaeT 3Be3ay (To ecTb
NPoOXoauT Nepejs HeM N 3aKpbiBaeT ee CBOMM AMCKOM). 3Be3[a HeoXUaaHHO Hadana "muraTb" He3agonro 4o u
nocne 3aTMEHUs, YTO YKa3biBaso Ha NPUCYTCTBME KOJiel, BOKPYr YpaHa, KOTopble 3aKpbliBasin CBET 3Be34bl, Koraa
npoxoauau nepeg, Hew.
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LEDEUADI

Uedenabl — 310 NnynbcupyrolmMe nepemMeHHble 38e34bl, 61€CK KOTOPbIX NIaBHO MEHAETCA B ONpeaeneHHbIX
npezenax 3a NOCTOAHHbIN Nepuos, coctaBaaoWwmii ot 1 o 50 cyToK. ITOT Knacc nepemMeHHbIX 38e34, 6bla1 OTKPbIT
B8 1784 roay actpoHoMom [KoHom yapaikom, KOTOPbIM Habaogan 3a USMEHEHUAMW APKOCTU 3BE34bl Ae/bTa
Uedes B co3sesann Lleden, 6aeck KOTopol NnaBHO M3MeEHS/CA 3a nepuog 5,4 CyTOK NpMmepHO Ha 1 3Be3aHyto
BEe/IMUYUHY. B apyrmnx yactax HebocBoaa 6blinM 0BHapyKeHbl HOBble 3Be3Abl, 61eCK KOTOPbIX MEHANCA 33 CXOAHbIE
nepuoabl BpEMEHU; UX CTaNn Ha3blBaTb Ledengamun. MUameHeHus 6necka uedenabl 06ycnosneHbl GpuanMyeckumm
U3MEHEHUAMM B Hegpax CaMoW 3Be3fpbl, KOTOpble MPUBOAAT K PerynapHOMY YMEHbLIEHUIO U YBEIMYEHUIO ee
AnameTpa, YTO OTPANKAETCA Ha ee APKOCTW.

leHpueTTa J/IMBUTT namepuna usmeHeHme bnecka 25 uedeng 8 Manom MarennaHosom Obnake, KoTopoe
npeacTaBaseT coboi MaseHbKYI ranakTUKy HenpasuabHOU Gopmbl Ha okpanHe MnedHoro MNyTu. ConoctaBue Ha
rpaduKke cpeaHIo0 3BE3HYI0 BEIMUYNHY KaxA0M 3Be3bl C Nepuoaom nsmeHeHus ee bnecka, MeHpmetta /insutr
06HapyKKANa, YTO 3BE34HaA BE/MUYNHA HEYKIOHHO BO3PacTaeT BMeCTe C BO3pacTaHMEM Nepuosa M3MeHeHua. XoTa
B TO Bpemsa paccToaHne Ao MarennaHoBa Ob6naka He Oblo M3BECTHO, JIMBUTT 3HANA, YTO BCe 3BeE34bl B HEM
HaXoAATCA NPUMEPHO Ha OAMHAKOBOM PaccTosiHMM OT ConHUa (CXOAHbIM 06Pa3oM MOXKHO CKasaTb, YTO KaxKAbll
*uTenb Hoto — Mopka HaxoanTca Ha NPUMEPHO OAMHAKOBOM PacCTOAHUM OT Habmoaatena B AHraum). OTcioaa
JInBnTT npuwna K BbiIBOAY, YTO cpeaHAAa abcontoTHaa cBeTUMOCTb Ledenabl BO3pacTaeT BMeCTe C yBe/iMdeHnem
nepuvoga nsmeHeHus ee 6aecka.

Foa cnycta diiHap MepunpyHr CMOr BOCMOAb30BaTbCA METOAO0M Napannakca A1a U3MepeHUs paccTosHUA
[0 ropasao 6onee 6nM3KoN Ledenapl, a 3aTeM BbIYUCAUTL PasHULY Mexay cpeaHeit abcoNtoTHOM U BUAUMOM
CBETMMOCTbIO Ledeunabl, KOTOPYI MOXKHO Obllo NPUMEHUTb K ntoboi nepemeHHOM 3Be3ae 3TOro Knacca Ans
onpeaeneHna ee abcolOTHON CBETMMOCTM, a CNeAoBaTeNbHO, U PaccTofHMA A0 Hee. lMocne OoTKPbITUA JINBUTT
uedenabl MCNONb30BANNUCL aCTPOHOMaMW AN onpeaeneHua PacCToAHUA A0 3Be3[, HaXOAMBLUMXCA AaNneKko 3a
npeaenammn M3MepeHuii No MeToay napasaniakca, BKao4an 38e34pbl B APYrux ralakTuKax.

Cm. makxce cmamou "[ucmaHyuoHHble usmepeHus 2", "3se30Has senuvuHa"”, "lepemeHHsbie 38e30b1!"
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YEPHbIE AblPbl

[ae cBeT He MOMKET YCKOJIb3HYTb U3 YepHOW Ablpbl. YepHaa Ablpa aBasetTca abcoNOTHbIM NOrN0TUTENEM
BCEX BMA0B 3/1E€KTPOMArHUTHOro usnydeHuns (nam nobon apyroit Gopmbl U3AYYEHNA) TOYHO TaK e, Kak yepHas
NOBEPXHOCTb MOJIHOCTbIO MOI/IOWAeT BUAMMbBIN CBeT. Maea uyepHoi Ablpbl BnepBble Gblna chopmynnpoBaHa
OxoHom Muuennom ewe B 1783 rogy *, xoTa cam TepMUH 4YepHas Abipa UmeeT ropasfno 6osee nosaHee
NPOUCXOXKAeHME 1 BNepsble 6bla NPUMEHEH aMepUKaHCKUM dusnkom xkoHom Yunnepom. XoTtsa nges Muyenna s
uenom 6blna NPaBUALHOW, B TO BPEMS He CYLLECTBOBA/JO A0Ka3aTesbCTB, YTO rPaBUTALMA MOMKET B/AMATb Ha
pacnpocTpaHeHne cBeTta. B 1916 roay AnbbepT I3SWHWTEeNH npeackasan B ceoed "Obwen Teopumn
OTHOCUTENbHOCTU", YTO CU/IbHOE TFPaBUTALMOHHOE MOJIe MCKaXKaeT MPOCTPAHCTBO — BpemMa U u3rmbaet nyuu
cBeTa. o pacyeTy dMHWTeMHa, cBeT 3Be34, NpoxogAawmin mmmo ConHUA, OTKNOHAETCA Ha OAHY ABYXTbICAYHYIO
OONI0 rpagyca M3-3a CUJIbl COJIHEYHOrO TAroTeHWA. ITO NpencKasaHue Oblno MOATBEPXKAEHO CIPOM ApTypom
SaauHrtoHom B 1919 roay. SA4AMHITOH BO3rn1asua akcneguumio B HOXKHYIO AMepuKy Aaa NpPoOBepKu
TEopeTUYECKUX BbIBOAOB IMHLUTENHA C NomoLblo ¢poTorpadmnpoBaHusa 3Be3s, KOTopble CTaHOBUINCH BUAUMbIMU
pagom c ConHLEM BO BPEMS NMOHOFO CO/IHEYHOrO 3aTMEHMS.

* B 1796 roay He3asucumo oT K. Muduena naeto YEpHOI Ablpbl BbiCKazan 1 flannac.

OCHOBbl COBPEMEHHOW TEOPUM UYepHbIX Ablp OblAM  3a70KeHbl HemMeLKUMM acTpoHomom Kapnaom
LWBapuWwmnbaoM, KOTOPbIM BOCMO/Mb30BanCA BblKNaAKkamu JWHWTElNMHA ONA A0KasaTeNbCTBa TOro, Yto t0boi
06BEKT C AOCTAaTOYHO CU/IbHBIM FPABUTALMOHHBIM NOJIEM MOMKET 3a4eP*KMBaTb M Moraowatb ceeT. LBapuwmabg,
[0Ka3as, YTO TaKON 0OBbEKT OKPYKEH FOPU3OHTOM CObbITUI — cdhepuyeckon obonoykon, chepoit LWsapuwmnnbaa,
yepes KOTOPYH He MOMET MPOHUKHYTb HMYEro M HUKOrda M3 TOro, YTO HaxoAWUTCA BHYTpwW. Jllobol npegmer,
nonaswWwuii 32 TOPU3OHT COObLITUI, MCYEe3aeT HABEKW, OCTaB/AA Ha Hem CBOM TycKHewwwuin obpas. Paguyc
ropusoHTa cobbITUIN M3BECTEH KaK rPaBUTALMOHHbLIN paauyc LBapuwnnbaa. Paguyc LWBapuwmunbaa ana yepHom
[bIpbl C Maccol T paseH 2Gm/c?, rae G — noOCTOAHHaA rPpaBUTaLMU U3 HbIOTOHOBCKOM TEOPUM TArOTEHMA, a C
paBHAETCA CKOPOCTM cBeTa. YTobbl 3emnsa npeBpaTUIach B YEPHYIO AblpY, €€ HYXKHO CXaTb A0 AMAMETpPa MeHee
18 mm.

AcTpoHOMamMn 6bliIM NONyYeHbl [0Ka3aTeNbCTBa CYLLECTBOBAHMA YepHbIXx Ablp. LleHTpanbHaa obnacTb
ranakTmku M87 Bpaliaetca Tak H6bICTPO, YTO aCTPOHOMbI NMPEANOo/araloT Ha/IMune B ee LLEHTPE MAaCCMBHOM YepHOU
Ablpbl. MOLWHbIN UCTOYHUK PEHTIEeHOBCKUX Nlydein Jlebeab X aBnserca ABOMHOW CUCTEMON, COCTOALLEN U3 3Be3bl-
CBEPXTUTaHTa M O4YeHb MIOTHOW HEBUMAMMOM 3BE3Abl, KOTOpPAs MOXET ObiTb YEpPHOM AbIPpOi, BbITATMBAKOLLEN
BELLLECTBO C BHeLWHen 060/104KM CBOETo CMYTHMKA.

Cm. makxce cmamoeu "IiiHwmelH", "AHmusewecmso”.
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3BO/IOUUNA 3BE3

dBonoumMA 3Be3abl NpeacTaBanaeT coboli NnocneaoBaTe/IbHOCTb 3TaNoB, KOTOPYIO OHAa NPOXOAMT, HauMHan oT
cBoero GopMmnpoBaHMA B KaYecTBe NPOTO3BE3Abl 40 KOHLLA CBOEN }KMU3HU B KayecTBe 06beKTa, M3/1yYatoLwero ceeT.
3Be3ga obpasyeTca M3 06/1aKOB KOCMUYECKOW MblIM U BOAOPOAA B pesy/ibTaTe HanpaBAeHHON BHYTPb CUAbI
TAroteHus. Mo mepe yniaoTHEHMA BeLLEeCTBa B Heapax NPOoTOo3Be3/bl rpaBUTALIMOHHAN SHepPrus npespallaeTca B
TenaoBylo, U TemnepaTypa 3Be34bl YBEANYMBAETCA A0 TEX NOP, MOKA He HaYMHAETCA peakumns ALEepHOro CUHTesa.
N3nyyeHne BbICOKOW 3HEPruu, MCNycKaemoe Ha 3TOM 3Tane, ele 6o/blue pasorpesaeT NpoTo3Be3ay, M OHa
CTaHOBMUTCA 3Be340M [NaBHOM nocnenoBaTeIbHOCTH.

3Be3ga HaxoAuTca Ha 3Tane [NaBHOM Noc/ienoBaTeNibHOCTM OOJbLIYIO 4Y4acTb CBOEWM KU3HW, MCMYCKas
U3flydeHre B pesynibTaTe peakuum mexkay sapamu reavs u Bogopoaa B cBoem sape. B xoge aTtoro npouecca
obpasyeTca AaBneHMWe Ha BHELIHWE CI0WM 3Be3/bl, OKpYyXKatolime aapo. FpaBUTaLMOHHOE AaBAEHWE Ha KaXAabli
CNOW ypaBHOBeLUIMBAETCA AaBNEHWEM M3BHE, KOTOpoe co3gaeT m3nydeHue. Korga Bce sapa Bogopoda B sape
3Be3/bl OKa3bIBalOTCA U3PACXOA0BaHHbIMM, AAPO KOANANCUPYET, a BHELLIHME C/I0M pasayBatoTcs, YBeNYMBAACH B
obbeme, U OCTbIBalOT. 3B€3/a CTaHOBMTCA KpPacHbIM rMraHTOM. Ha 3Tom 3Tane agpa reavs B agpe BCTYMaioT B
peakumio CMHTEe3a Mexay cobol n obpasyloT agpa 6onee TAXKeENbIX 31EMEHTOB BMN/IOTb A0 Xenesa. Korga atoT
npouecc 3akaHYMBaeTcA, BCA 3Be3da KoAMancupyeT M pas3orpeBaeTcA, CTaHOBACb 6enbiM Kap/IMKOM, ecnu ee
macca coctasnset meHee 1,4 maccbl ConHua. lMnaHeTapHble TyMaHHOCTM, Hab/logaemMble BOKPYr HEKOTOPbIX
3Be3/, CYMTaloTCA 06/1aKammM CBETALLEroca BeL,ecTBa, BbIOPOLWEHHbIMM B pe3y/bTaTe Kosnanca ¢ obpasoBaHUeEM
6enoro Kapavka. Ecam macca 3se3gbl npesocxoaut 1,4 maccbl ConHua, YTo M3BECTHO KaK npeden YaHapacekapa,
3B€3/a NOJIHOCTbIO KONMAaNCUpyeT, a 3aTem B3pbiBaeTca. Takue 38e3/bl Ha3bIBAOTCA CBEPXHOBbLIMMU.

Inasxan
nocnenosaTensH0CTE

Mporossesga *#ﬂ
'; Yeprwa
ik ', #%‘E’-’?‘ KapnME

o -
s 5 Benwiid
" - tapnuuh

CeepxHOBaRA

FBOMOUNA 3BE30bI

Cm. makxuce cmamoeu "fuazpamma lepywnpyHea — Peccenna”, "Hosas", "AdepHsili cunme3s”, "KpacHobili
euzaHm”, "CeepxHosaa", "benbili Kapauk",
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SUHLWUTENH

AnbbepT diHWTeNH (1879-1955) npoussen pesosoumio B ¢M3MKe, Korga onybamkoBan cBok paboty
"CneumanbHan Teopua oTHocuTenbHocTn" (B 1905 roay), rae AoKasas, YTo SHeprua U macca B3ammosamMeHsAeMbl B
COOTBETCTBUM C ypaBHeHWem E = Tc2, rae ¢ — cKopocTb cBeTa B Kocmoce. OH TaKyKe A0Ka3a/, YTo OObEKT He
MOXeT ABuraTbca ObicTpee cBeTa. B AByx Apyrux craTbaAx, Takxe onybanKoBaHHbix B 1905 rogy, IMHWTENH
[OKa3an cylwecTBOBaHWE aTOMa U MPOAEMOHCTPUPOBA, YTO CBET COCTOUT U3 GOTOHOB, NPEeACTaBAAOWMX COOO
NYYKN 3NEKTPOMArHUTHBIX BOJIH, KaXKabl M3 KOTOPbIX COCTOUT U3 SHEPIrUU NPONOPLMOHaNbHON YacToTe BOJHbI. B
TO Bpems DMHLWTENHY elle He ucnosiHnnocb 30 IeT U OH Bbla cayXawmm naTeHTHoro 6topo B bepHe. C 1909 roaa
OoH — npodeccop 1 npenogasatens Liropmxckoro yHuMBepcuTeTa, a ¢ 1913 roga KuBeT U paboTaeT B bepaunHe:
anpektop Pur3smyeckoro MHCTUTYTA, Nnpodeccop bepanHcKoro yHnBepcurtera.

B 1916 roay diHwTenH onybauvkosan "Obuylo Teoputo OTHOCMTENbHOCTM", B KOTOPOKN npeacKasan
CYyLLECTBOBAHME YEPHbIX AblP M WUCKPUBAEHME CBETA B rPaBUTAUMOHHOM none. Ero Teopua 6blna ycnewHo
noATBEPXKAEHA B XO4€ dKCNEepUMeHTOB ApTypa D4AMHITOHA, KOTopbll choTorpadmposan 3se3abl B6amn3m ConHua
BO BPeMA MOJIHOFO COJIHEYHOro 3aTMeHus B 1919 roay. D44MHITOH OOHaPYXKWA, YTO MO3ULMKU 3BE3L Y Kpas
CONHEYHOro ANCKA BblNIM HEMHOIO CMELLEHbI, B COOTBETCTBUM C NpeacKasaHMemM DMHLWTENHA, N YTO pasmep 3Toro
CMeLLEHNA COOTBETCTBOBAJI BbIMMCAEHMAM DNHLITENHA. JKCNEepUMEHTaNbHOE [A0Ka3aTenbCTBO 06LLel Teopun
OTHOCUTE/IbHOCTM O3Hayasio, YTO TaKMX NOHATUIM KaK "abcontoTHoe Bpema" M "abcontoTHoe NPOCTPAHCTBO" He
cyuwecteyeT. [MpOCTPaHCTBO M Bpema B3aMMOCBA3aHbl M MOABEPraloTcA BO34ENCTBUIO rpasuTaumn. [ocne
KOHbEepeHLMM BeaywmMx y4yeHblx B JIOHOOHe, obcyauBlEN BbiBOAbI M3 0OLWEN TEOPUW OTHOCUTENBHOCTH,
DWHLWTENH cTaN BCEeMUPHOM 3HaMeHUTOCTbo. OH 6bln HarpaxkaeH Hobenesckoit npemuen no ¢oumsnke 8 1921 roay
3a TPyAbl MO TEOPETUYECKON PU3MKE U OTKPbLITUE 3aKOHOB PpoToaddeKTa o npupoae ceeta. B 1933 roay IAHWTENH
SMUTPUPOBaAN B AMEPUKY.

O6uLasn Teopms OTHOCUTENBHOCTU MMEIa BaXKHble MNOCNeACTBUA AN aCTPOHOMMUM U KOCMOJIOTUK, BK/OYasn
OTKPbITUE YEPHbIX Ablp, TPaBUTALMOHHbLIX /SIMH3 W pPa3paboTKy Teopwuu bonblworo B3pbiBa, 06BACHAMOLLEN
npoucxoxgeHue BceneHHol.

Cm. makxce cmamou "bonbuwoli B3peig", "HepHoie Obipsbl”, "MpagumauyuoHHble AUH3bI".
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SNNEKTPOMATHUTHOE U3NYHEHUE

INEeKTPOMarHUTHOE M3/lyd4eHUe COCTOUT W3 3/IEeKTPOMArHMTHbIX BOJIH, KOTopble npeAacTasastoT coboi
3NEKTPUYECKUE N MArHUTHbIE NOAA, NepneHUKYAAPHbIE APYT APYTY M HanpaBAEHWUIO PacrnpoCTpaHeHUa BOJHbI U
coBnajatmolme Apyr C¢ Apyrom no ¢ase. DNEKTPOMarHUTHble BOJIHbI CaMOPACMPOCTPAHAIOTCA, MOCKOJbKY
3N1eKTPUYECcKas BOJIHa CO34aeT MarHUTHYIO BOJIHY, KOTOpas, B CBOK oyepeb, CO3AaeT /EKTPUYECKYIO BOHY U
Tak ganee. CnekTp 31eKTPOMarHUTHOTO U3ydYeHus npeacTaBieH B Tabaunye (cm. c. 256). Bce anekTpoMarHuTHbIe

BOJIHbI ABUMKYTCA B BaKyyMe C O4MHAKOBOW CKOPOCTbIO, CKOpocCTbto cBeTa — 300 000 Km B ceKyHAY.

JLmEa noJin

Kocvnueckne
HCTOMHIET

Cpeacrra ofinapyaenns

Paamo

MuEpoBOITHOBOES

Huipparpacuoe

Biansoe

=01 m

01— 1 mm

1 ang — TOHD s

A00—T00 1y

Coaxue, odaaka
MCHIBCIIHOTO FA%, KBa3apsl
ComHue, KOCMWYMECKOS
(poHOBOC HITYUCHHE

Commnue, NOTDAHBIC TBCEILI,
OOIAKA MEHKIBCTTHON MbLTH

Coamie. TBeaabl, FHUTKTHEN.
'ElﬁJEIE\'."I MEASBEIAHOND rasa

HasesmHnie
pil,].l{ﬂTl.:.'ICCHﬂﬂhl
Hasemmnie
MHKPOBOTHOBBIC
ACTCKTOPB!
CIyTHHKOBEIC
HHpakpacHbE
JEITYHEH

Hazeasubie TCACCKONMBL
apenne, [13C- mvepw

BCMBILEH FAMMA-HLTVICHHA

Vasrpamoncrosos 1—400 1w Connue, 3seias, obaaka CoyvrankoBsie Y-
MCHBLIIHOTD 1l AJATHHEH
Pextrenoscroe <1 HM Comnue, CyvTHHKOBBIC
PCHTICHOBCKHC PCHTICHOBCKHC
JBOTHBIC SBCINL, JATHHEH
CBCPXHOBRIC,
MCHTATARTHYCCK 1l
ras
[Masa-weavacHue =1 Hum Coanue. Mescperauuil rat.  CHyTHHKOBRIC
BCMBIIIER CAMMA-HLTVICHEA  JaTHHEN
FaMMa-HATYEHIA
Masa-mmyvacHne <1 um Connue, Meaciseianedii ras,  CIVTHHKOBRIC

JATHHEH
rama- E‘I'L’I:'- YCHHA

Cm. makxe cmamoeu "WH¢pakpacHaa acmpoHomus”,
pPeHM2eHOB8CKAA acmpoHoOMUS".
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IOMNMUTEP 1: NNTAHETA

KOnutep — caman 6onblias naaHeTa ConHeYyHoM cuctembl. Ero macca B 318 pas npesbllwaeT maccy 3emau, a
AnameTp bonee yem B 11 pa3 6osblue 3emHoro. KOnuTtep Bpauwaetcs Bokpyr CosHLA Ha cpeaHemM pacCcTosAHumM 5,2
aCTPOHOMMYECKOW eaMHMLbI, COBEPLIAA NONHbIN o0bopoT Kaxkaple 11,9 net; npu atom pacctosHue go ConHua
n3meHseTca B npeaenax ot 5,0 go 5,4 actpoHomuyeckon egmHuubl. Kaxablie 13 mecaues HOnutep HaxoauTca B
onnosuumm ¢ 3emnen, Koraa Halwa nnaHeTa OroHAeT, a 3aTem neperoHset ero. MNpu HabnwgeHun ¢ 3emnun B
TENecKon OH BMAEH KaK HEMHOrO CRAIOCHYTbIN AWCK, NepeceKkaemblii CBETNbIMU M TEMHbIMW NapannenbHbiMU
noscamu. BHyTpM MNOACOB CyLLECTBYIOT AOJIFOBPEMEHHbIE CTabu/ibHble pernoHbl, BKA4Yaa b6osnbwoe KpacHoe
NATHO, BMepBble ONMcaHHOe No4yTuM 2 BeKa Hasag. CBoeobpasHana dopma HOnuTepa obbACHAETCA Tem, YTO OH
npeacraBnseT coboi Wwap XKUMAKOro maTepuana, BpaLatoWLMNCA BOKPYr CBOEM OCW M COBeEpLUaOWMiA MNOJHbIN
o6opoT Kaxaple 10 yacoB. M3-3a ObICTPOro BpalleHMA €ro 3KBaTOPWasibHbIA AMaMeTpP 3HauUTesIbHO Honblue
nonspHoro. Montoca o6pasyoTca ns-3a apdekta HbICTPOro BpaLLEHMA NAAHETbl U TEPMAsIbHOM KOHBEKLMK B ee
Hegpax. "CrtabunbHble" pernoHbl, Habnogaemble B BUAE TOYEK Ha MOBEPXHOCTM MAAHETbI, CYUTAOTCA
OONTOXUBYLLMMWN BUXPEODOPA3HbIMU CTPYKTYpPaMu.

CnekTpanbHbIi aHanu3 atmocdepbl KOnNuTepa BbIABUA NPUCYTCTBME aMMMaKa, MeTaHa 1 Bogopoaa. MpuHaTo
cynTaTh, YTo HONUTEP MMEET NNOTHOE KEeNe30CUNMKATHOE A4P0, OKPYKEHHOe BOAOPOAO0M, KOTOPbIM NPU TaKoM
OrpOMHOM [OaB/IEHUM WMMEEeT CBOWMCTBA MeTanna. Mexay o060/104KOM M3 MeTan/IMYyeckoro Bogopoda W
atmocdepoit cyuwecTsyeT BoAoOpod B MonekyaapHon dopme. CpeaHsaa temnepatypa atmocdepbl HOnutepa
cocrasnsieT npumepHo — 110 °C, uTo 6o/blue OXMAaEeMoro, cyas no paccrtosHuio oT ConHua. Takum obpasom,
HOnutep m3nyyaeT TENNOBYI 3HEPrUiO, BO3HUKLLYIO, BEPOSATHO, Npu GOPMUPOBAHMMU NNAHETbl UK MpU ee
nocneaywouwem cxkatun. B none 1994 roga kometa Llymeikepa — JleBn-9 Bpesanacb B KOnutep, pacnasBLIUCh Ha
MHOXecTBO (parmMeHTOB, YTO MNpMBENIO K 0O6pa3oBaHMIO BPEMEHHbIX TEMHbIX MATEH B aTmocdepe MnaaHeThl,
noageprwencs yaapHomy Bo3aeincTauio.

O6wwupHasa nporpamma usydeHma tOnutepa 6bi1a BbINOAHEHA C MOMOLLBbIO KOCMUYECKMX 30HA,0B, 0COHEHHO
ABYX annapaTtoB "Bosagkep", KoTopblie npoaetenn mmmo HOnutepa ¢ MHTEPBA/IOM B HECKONbKO mecsiLeB B 1979
rogy.[42] OHM nocnann Ha 3emnio KpynHomacwTabHble ¢oTorpadum nosepxHocTn KOnuTepa, ero cnyTHUKOB U
TYCK/I0TO KO/bLL@ BOKPYT NAaHETbI, O KOTOPOM paHee He Bbls1o U3BECTHO.

Cm. makxce cmamou "Komemel!", "lMaanemesi”, "Opbumer naaHem",

-106 -


n_42

FOMUTEP 2: CNYTHUKU

M3BecTHO, YTo HOnNuTEep MMeeT NO MeHbluen Mmepe 16 CNyTHUMKOB, PACMO/IOXKEHHbIX Ha pacctoaHun ot 130
TbicAY f0 60nee 20 MAH. KUIOMETPOB OT MAaHeTbl. Mannnen oTKpblA YeTbipe camblx 6oAblIMX CNyTHWKA: Mo,
lFaHumen, Kannucto mn EBpona. 3TM 4yeTblpe CNyTHWKA MOXKHO Habnto[aTb B TENECKOMN KaK APKME TOYKU B
3KBATOPMANBbHOM MAIOCKOCTU NAaHeTbl. X NONoXeHWe U3MEHAETCA OT OAHON HOYM K CAeayiolei, TaK KaK OHMU
BPaLLAlOTCA BOKPYT MNJaHeTbl C NePUOAOM NopsAdKa HECKOIbKUX CYTOK, a He neT. Kocmuyeckunii 3oH4, "Boaaxkep-2"
nocnan Ha 3emato noapobHble doTorpadum KpynHbix CNyTHMKOB HOnuTepa, Korga nposetan Mmumo Hux. Ewe
6os1iee NoapobHble N306paKeHUA NOCTYNUAM OT KOCMUYecKoro 3oHAa "lManuneir”, KoTopblid Bbilwen Ha opbuty
BOKpyr Onutepa B 1995 roay.[43]

OnameTp UNo, 6amKaliwero K KOnuTepy cnyTHWKa NaaHeTbl, NPUMMEPHO paBeH AMameTpy 3emMHon JlyHbl. Ero
nepuoa obpauieHna coctasnseT 1,8 cyToK, a paguyc opbutbl 0,42 MAH. KM. By/nKaHWYecKas aKTMBHOCTb Ha
noBepxHOCTM Mo mnopasuna acTPOHOMOB, KOraa oHa Briepsble Habaoganach Ha doTorpaduax, NOAYYEHHbIX C
KoCcMMyeckoro 3oHaa "Bosgxep-2". CyuTaeTcA, YTO HaAMuMe pacniaBleHHOro maTepuana B Hegpax Mo u
N3BEPIKEHUA Ha MOBEPXHOCTM CMYTHWKA BbI3BaHbl MEPUOANYECKMM PACTAXKEHMEM U CXHATUEM NOoA, BO3AENCTBUM
rpaBuTaUMOHHOro mons HOnuTepa B coYyeTaHMM C APYrMMKU BHELWHWMMU ChyTHUKamu. CpegHas maoTHocTb Mo
NPMMEPHO TaKas e, KaK y 3eMHoM JlyHbl. EBpona, BTOPOW KpynHbI cNyTHUK KOnuTepa, meHblwe Mo 1 coBepluaeT
NoHbIA 060pPOT BOKPYr NAaHeTbl 3a 3,6 cyToK. Paguyc ee opbutbl coctasnnet 0,67 MaH. KM. [NaaKas NOBEpPXHOCTb
EBponbl pacugeyeHa KOPUYHEBLIMM MATHaMM M MNOKPbITA TpelwmHamn. CpedHas MJAOTHOCTb 3TOro ChyTHUKA
NPUMEPHO TaKas e, KaK Y 3eMHOWM JIyHbl.

FaHMMmen, cneayowmii NO cYeTy, — camblii 6onbliol cnyTHUK lOnuTepa. Mepuoa ero obpalleHna BOKpyr
nAaaHeTbl cocTasaaeT 7,2 cyToK npu paauyce opbutbl 1,1 MAH. KM. Ha ero noBepxHOCTW, KOTOpas, Kak cuntaeTcs,
NOKPbITa MOLWHbLIM CNOEM NbAa, BUAHbI Pa3fioMbl U ApKMe KpaTepbl. CpeaHAAa NAOTHOCTL MaHMMena B 1,9 pasa
npesblWaeT NA1OTHOCTb BOAbI.

Kannucro, Hanbonee oTganeHHbIM M3 KPynHbIX CNyTHMKOB KOnuTepa, He TakoM 6OAbLIOW, Kak MaHMmea, u
MMEET CXOAHYI C HUM cpegHtoto nnoTHocTb. OH obpawaeTtca Bokpyr tOnuTepa 3a 16,7 cyToK, a paguyc ero
opbuTbl coctaBnneT 1,9 MaH. KM. Ero noBepxHOCTb, ryCTO NMOKpPbITasA KpaTepamu, npeacrtaBnseT coboin MOLLHYHO
KOpPY, COCTOALLYIO M30 NbAa U CKa/ibHbIX 06pa3oBaHuUi.

Cm. makxce cmamou "Kpamepoi”, "Taauned".
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AONEPHbIXA CUHTES3

SHeprua, u3nydaemas 38e340M, BO3HWKAET B NpoLecce AAepHOro CMHTE3a, KOTOPbIM NPOUCXOAUT B Aape
3Be3abl. B xo4e 3Toro npouecca nerkve sapa coeauHatoTcs, obpasya 6osee Taxenble A4pa, U BbICBOGOXKAaeTcA
3HeprMa B BUAE raMma-u3aydyeHMA M YacTUL, BbICOKMX SHepruii. DHeprus, BbicBobOXAaemas B nepecyeTe Ha
Kuaorpamm Bogoposa, npumepHo 8 10 maH. pa3 6o/blue, Yem 3Heprua, BbicBo6oXKaaemas nNpu cropaHnUmn 04HOTo
Kusorpamma HedTu.

TemnepaTtypa B sape 3Be34bl AOCTUraeT AEeCATKOB MWAJIMOHOB MPagycoB, U AAPa 3N1€MEHTOB ABUNKYTCA C
o4YeHb H6ONbLIOI CKOPOCTbIO. MOCKONLKY OHM 061a4at0T MONOKMUTENbHBIM 3NEKTPUYECKMM 3apAaoM, To usberanu
Obl CTONKHOBEHMSA W OTTajJIKMBaAW Apyr Apyra, eciv 6bl ABuranuce megseHHee. OfHaKo M3-3a ObICTPOro
ABUMKEHWA ABa CTANKMBAIOLWNXCA A4PA NPEOA0NEBAOT CUY 3/1IEKTPOCTAaTUYECKOTO OTTa/IKMBAHUA U COeUHAITCA,
obpasya 6onee TAxenoe AApo. B 3se3gax [NaBHOW nocnegoBaTeNbHOCTM AApa BOAOPOAA, MpeacTaBasiouwme
c060l1 0AMHOYHbIE NPOTOHbI, COEANHAIOTCA B HECKO/IbKO 3TanoB, obpasya A4po renvs.

CHayana coeamHAOTCA fBa NPOTOHA, B pe3ynbTaTe Yero OA4MH M3 NPOTOHOB MPEBPALLAETCA B HEWTPOH U
obpasyeTca aapo AenTepus, COCTOALLEE M3 MPOTOHA M HEWTPOHA, 3aTeM AAPO AeNTepusa COeAMHAETCA C HOBbIM
NpoTOHOM M o6pasyeT AApPO renns-3, coCToAllee M3 ABYX NPOTOHOB M HeWTpoHa. M HakoHeu, ABa sapa renms-3
COeAMHATCA WM BbICBOOOXKAAOT ABa MPOTOHA, B pe3y/ibTaTe 4Yero ocTatowmecs fBa NPOTOHA M HEWTPOHa
coeamHstoTcs, obpasya aapo reamna-4.

NMoka B Heapax 3se3gpbl lnaBHOM nocnenoBaTeNIbHOCTU COXpPaHAETCA AO0CTAaTO4YHOEe KO/amn4yecTBO BOAOpPOAa,
peakuna AaepHoro CUHTEe3a nNpoaoXKaeTcA, U NOTOK WU3NydyeHMA He p[aeT 3Be3ge KOAlanCcnpoBaTb Nona
BO3,£|,€I7ICTBMEM COBCTBEHHOWN CUMbI TATOTEHUS. Korpa BOOOPO4 B AAPE McHepnbiBaeTCA, A4PO0 KOoNAnancCupyerT, a
BHelWHMe Choun 3se34bl pa3ayBatoTCA U OCTbIBAlOT, TaK YTO OHA CTAHOBUTCA KPACHbIM TMTaHTOM. 3atem AQpa renna
Ha4YMHAIOT NO3TAaNHO COeaUHATLCA, 06pasyﬂ A4pa b6onee TAXKENbIX 3/1EMEHTOB U BbICBO60)Kﬂ,aFI HOBYIO 3HEPruio.
oTot npouecc npoaoaKaetca Ao d)OpMMpOBaHMﬂ TAXENbIX Afep, TaKUX, Kak Agpa xenesa. [MOCKOAbKy AnA
o6pa3OBava ewe bonee TAXKeENbIX agep Heo6xop,wv\a AONONHUTENIbHAA 3HepPruAa, peakumna AAepHOro CUHTe3a
npeKkpawaeTca, n 3gee3ga CHOBa Ko1ancnpyeT, CTaHOBACDL 6enbim Kap/2IMKOM.

non

Cm. makxce cmamoeu “Juazpamma lepywnpyHea — Peccenna”, "benbiw Kapauk".
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KpaTkuu cnoBapb

AbcontoTHan 3Be3a4Han BenMuMHa M — BuamMmasn 3se3gHasn BeandnHa, KoTopyto umena 6bil 38e3aa, ecnm bl
HaxoAunacb OT Hac Ha cTaHAAapPTHOM paccTtossHuKM 10 napcekos (NpumepHo 300 MAH. MAH. KM).

AcCTpoHOMMYECKasA eauHMUa (a. €.) — 3a acTPOHOMMYECKYIO eaMHULY MPUHATO CpefdHee paccTosHue oT
3emnun po ConHua, pasHoe 149,6 MAH. KM.

ACTpoOHOMMYECKOE COoeAMHEeHMEe — MOJIoXKeHue nnaHeTbl! Ha opbuTe, Koraa oHa HaxoAuTcA Ha OAHOM
HanpasnaeHuu ¢ ConHuem npu HabaAeHUM C 3emaun.

Buanmas 3BesgHas BesivumHa M — 6n1eck 38e3abl! Mo WKane, HaunHan oT m = 1 Ana camble APKUX 3Be34, 40
T = 6 gnA 3Be3q, eABa Pas3/IMUMMble HEBOOPYXKEHHbIE F1a30M SICHOW Houblo. Kaxaoe pasnunuve B 5 3Be3aHble
BEJINYMH COOTBETCTBYET YMEHbLUEHUIO NN YBE/IMYEHMIO CBETOBOM 3Heprum B 100 pas.

lnaBHaA nocnenoBaTe/NbHOCTb — OCHOBHOE pacnpefeneHuve 3Be3g Ha Auarpamme lepulinpyHra —
Peccenna. 3Be3na naBHOIM NocneaoBaTeNbHOCTM U3/yYaeT 3HEPruio B pesyabTaTe MpespalleHMa BoAopoaa B
renunii B npoLecce peakumnmn AAepHOro CUHTE3a, NPOUCXoadALLen B ee aape.

3Be3abl | n Il nokoneHns — 3Be3gbl | NOKoneHUA — ropsume moJsiogble rosybble 3Besdbl, boratble
meTannamu; 3sesabl! [l nokoneHns — 6onee xonoAHble cTapble KpacHble 3Be34bl, 06eAHEHHbIE MeTaaMM.

KyNbMUHauUMa — AB/NEHUE NPOXOXKAEHUA CBETMA Yepe3 HebecHblt mepuanaH. B BepxHel KyJibMUHaLMK
CBETMNO BbIWE BCEro Haj FOPM3OHTOM, B HUMKHEN — HUKe Bcero. Y Hesaxoasalmx CBEeTUN BUAHbI (Hag
ropusoHTOM) 0b6e Ky/libMUHaLMW.

MepuanaH — 60onblUOW Kpyr Ha HebecHoWn cdepe, KOTOpbIA NpoxoAnT yepes oba Nonwca M HaxoauTca
NpAMO Hag rosoBoi HabaaaTens.

Mapcek — 1 napcek (nc) = 3,26 cseToBble roga = 206 265 a. e. = 31x10% m. Mapcek onpegenseTca Kak
paccToAaHMe A0 3Be34bl, NAapasakc KOTOPOM cocTaBAAeT 1 yrnoBYyIO CEKYHAY.

MepBaa Touyka OBHa — To4yka HebecHOro skBaTopa, KoTopyto ConHLE nepecekaeT BecHoW (npumepHo 21
mapTa).

MPOTUBOCTOAHWE — MNOJOXKEHUE BHELIHEN NNAHETbl HAa 0POUTE, KOrAa OHA HaXO4MTCA B MPOTUBOMNO/IOKHOM
HanpasneHun ot CosHUA Npu HabaaeHUN ¢ 3eMan. 3eMs NPU STOM OKasblBaeTCA meXay naaHeTol u ConHuem.

MpAmMoe BOCXOMXAEeHMEe — yroJ, B3ATbli B BOCTOYHOM Hamnpas/ieHUn BAONb HeBecHOro skeaTopa OT NepBoi
To4kun OBHa Ha 60/1bLION KPYT, NPOXOAALLMI Yepes 3Be34Y.

CseToBoli rog, — 1 csetosoli rog, = 0,3066 nc = = 63 240 a. e. = 9,5x10%° m.
CK/IOHEHME — YIroN Mexay 3Be34,0M M bankanwen To4Kon Ha HebecHOM aKBaTope.
Yrnosas cekyHaa — yron, pasHbiii 1/3600 rpaayca.

$OTOH — BO/IHOBOW MYYOK 3N1EKTPOMATHUTHOTO U3YYEHUS.

IKNMNTMKA — 6ONbLION KPYr HebecHoM cdepbl, N0 KOTOPOMY NPOUCXOAUT BUAMMOE FOANYHOE ABUXKEHUE
ConHua cpeaun 3Besa. MockonbKy rogumyHoe asuxkeHune CosHUA OTpaxaeT peanbHoe obpalleHne 3emau no
opouTe, IKAUMNTUKA — 3TO cnes, OT cevyeHus HebecHol cdepbl NAOCKOCTbIO, NapaieslbHON NAOCKOCTU 3EMHOWM
opbuTbl.

DIoHTaumA — HaMbOoNbLMIA YO MEXAY JIMHUAMW 3PEHUSA, HANpPaB/IEHHbIMM Ha BHYTPEHHIOIO MAAHETY U
ConHue.
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dddekt [Lonnepa — W3MEHEHME AJWHblI BOJHbI (MM YacToTbl KonebaHuit), BOCMPUHMMAEMOW
Habntogatenem, Npu ABUKEHUM UCTOYHMKA BOH U HabogaTens OTHOCUTEIbHO Apyr Apyra.

NMpumeuaHua

1

1 ceeToBol rog, = 63 240 a. e. = 9,5 10'> M. — 3aecb 1 fanee npum. pea,

2

K ranaktmkam HenpasunbHoW d¢opmbl Xabbn npuumcnan ob6BEKTbl, Yy KOTOpble OTCYTCTBYET APKO
Bblpa*KeHHOe A4p0 M He obHapyKeHa BpalwaTenbHas CUMMETPUA, KaK 3TO MOXKHO BMAeTb B MarennaHoBbiM
Ob6nakKax.

3

MHorpa no ocam Anarpammsl OTKNaAblBalOT Apyrue, B3aMmMmocCBA3aHHble C YKa3aHHbIMU B CTaTbe BEJ/IMYHUNHDI:
no BepTMKaﬂbHOVI OCN — CBETUMOCTb, NO I'OpM3OHTa}'IbHOI7I — CI'IEKTpaﬂbeIﬁ Knacc.

4

Kennep cdopmynmpoBan BTOPOW 3aKOH B CleAylOWEM BUAE: Paguyc-BEKTOP, NpoBeAeHHbI oT ConHua K
nnaHeTe, B PaBHble NPOMEKYTKM BPEMEHWN ONUCLIBAET PaBHble NIoLLAAMN.

5

MNocne ToyHOro MamepeHmsA 6necka 3Be34 nNpuwioCb BBECTU HE TOJZIbKO OTpUUaTE/IbHbIE, HO U ,Cl,p06HbIe
3Be3aHble BE/IMYUHbI!

6

4 10%° MBr.

7

Bonee TouyHOe Ha3BaHMe MOBEPXHOCTM 3emanm — reoumd. eoua C TOYHOCTbIO MOPsAAKA COTEH METPOB
CoBNaAaeT C 31/IMNCONAO0M BpalLeHUs.

8

Hm — HaHomeTp; 1 Hm = 10° m.
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KaTanor 6bIT cocTaBneH AaTCKMM acTpoHomom MoxaHom J1. [lpeiiepom 1 cofiepan yxe ThICAYM FranakTuK.
TymaHHOCTb AHApOMeabl! B 3TOM KaTanore 3HaunTca nog Homepom NGC 224,

10

Oopt AH XeHapuk (1900-1992) — HMAEPNAHACKMA acTpOHOM. Emy npuHagnexuT runotesa o
CyLLecTBoBaHWM Ha Aanekoi nepudepum ConHevyHom cmctembll KomeTHOro obiaka — UCTOYHMKA HabaoAaemMbiM
OONTOMNEPUOANYECKUX KOMET.

11

ApucTapx Camocckuit (oK. 310-230 A0 H.3.) — ApeBHeErpevyeckMini acTpoHom. NepBbiM BbiCKasan MAaet
reJIMoLLeHTpU3Ma.

12

MN3C — npubop c 3apagoBoii ceAsbio. MN3C-kamepa — umMdpoBas Kamepa Ha 6ase N3C — maTpuubl.

13

Mocne Bbixoda Tesieckona Ha opbuTty B 1990 rogy B KOHdUrypaumm 3epKana 6biTn obHapy»KeHbl! n3baHbl! 1
paspeluaroLLas CNOCOBHOCTb TEIECKOMA OKa3aiacb HUXKE OXKMUAAEMON.

14

MuKpoBoaHOBOE d)OHOBOE n3ny4yeHne HasblBalOT TaKXe PeNnKToBbiM U3nydyeHMem, TO eCTb OCTAaTKOM,
PENNKTOM TOM 3MN0OXWN, Korga ece sewecrteso BceneHHom Haxogunnochb B Buae ropﬂqeﬁ NJAOTHOM NNasmbl.

15

20 utona 1969 roga Ha JlyHy B NyHHOM OTceKke Kopabnsa sbicagmance H. ApmcTpoHr n 3. OngpuH. M.
KonnuHs B ocHoBHOM 610Kke "AnonnoHa'" coBepluas NoJieT Mo OKO0/lyHHOW opbuTe. Becero Ha JlyHe nobbiBano 12
aMepMKaHCKUX KOCMOHaBTOB.

16

CootBetcTtBeHHO CTpax M Y»Kac — TaK 3BaaM ABYX CNYyTHUKOB mudosormyeckoro 6ora BolHbl, Mapca.
CnyTHUKM BblnKn OTKPbITbI B 1877 rogy amepuKaHCKMM acTpoHomom Acadom Xonnom.

17

Mo AaHHbIM, nonydeHHbIM ¢ "MapuHepa-10", nnoTHocTb atmocdepbil MepKypua He npeBOCXoAuT
NJA0OTHOCTU 3eMHoOM aTmocdepbll Ha BbicoTe 620 Km.

18
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Onbbepc MeHpux Bunbrenom (1758-1840) — HemeuKunit acTpoHOM. OTKpbIA 7 HOBbIX KOMET, B TOM 4uce
[ONroNepuoamMYeckyto, HasBaHHy0 ero mmeHem. OTKpbin Masble naaHetbl! Mannagy v Becty; BbiCKasan
NpesnoA0XKeHME O HEMONHON NPO3PAYHOCTU MEXK3BE3AHOMO NPOCTPAHCTBA.

19

To4yKa BECEHHEero PaBHOAEHCTBUA, MHAuYe — TOYKa MepeceyveHns SKAUNTUKU C HebeCHbIM 3KBaTOPOM, B
KoTopoi ConHue nepexoaut us KxHoro nonywapua HebecHon coepbl! B CesepHoe. Bo BpemeHa [pesHero
ErMnTa Touyka BeCeHHero paBHOAEHCTBMA Haxoamnach B co3se3aun OBHa, M OHa A0 CUX NOP Ha3biBaeTcA NepBoi
TouKon OBHa, XOTA MNPEeLEeccus yKe AaBHO NepemecTua ee B cocegHee co3sesame Poib.

20

B 1932 r. cywecTBoBaHMe HEMTPOHHbIE 3BE3A, NpeaCcKasan coBeTCcKMin dusmnk-teopeTtuk J1. A. NaHaay.

21

lanne NoraHH lotopua (1812—-1910) — HemeLKMIA aCTPOHOM. YTOUHM/ CONTHEYHbILL Mapannakc, OTKPbIT TPU

KomeTbl1l, 06HapyKnn HenTyH No KoopAMHATaMm, BbIYUCAEHHbIM Y. JleBepbe.

22

HassaHue "HoBasa", cnoxkumsleeca B APEeBHOCTWU, Koraa noJsaraam, 4To 3TW 3Be34bl! BO3HWKAOT BHOBb,
Tenepb CYMTaeTca HeydayHbiM. Peyb MOET O nepemeHHble 3Be34aX, CBETMMOCTb KOTOpble BHe3amnHo
yBenn4MBaeTca B TbicAYM pas 1 bonee.

23

"MaTemaTuyeckne Hadyana HaTypanbHoi ¢unocodmmn" — TAKOBO MOJIHOE HA3BAHME 3TOrO rPaHAMO3HOro
Tpyaa.

24

Cnepyet nobaButb, YTo YeHOM JIOHAOHCKOro Koponesckoro obuectsa HbtoToH 6bin M3bpaH ewe B 1672
rogy.

25

Y yenoBeKa gMameTp 3payka Konebnetcs B 3aBUCMMOCTM OT OCBELLEHHOCTM OT 1,5 A0 7,5 mm.

26

[na 0603HaueHUA nepemeHHble 3Be3, UCNOAb3YIOT NaTUHCKME ByKBbI1l € yKa3aHWeM co3Be3aus, B KOTOPOM
3Be3/a pacnosioXkeHa. B npegenax oAHOro cosses3ausa nepemMeHHble 3Be34aM NoC/ief0BaTe/IbHO NPUCBAMBAOT
OAHY NAaTUHCKYIO BYKBY, KOMBUHaLUMIO U3 ABYX OYKB UaM ByKBY V ¢ HOMepom.
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27

B Hambonee 4yeTKon ¢opme reoueHTpUYecKkaa cuctema Mupa bObiTa paspaboTaHa BEMKUM Y4YeHbIM
ApesHocT Apuctotenem (IV B. 4o H. 3.).

28

B 2001 roay y CaTypHa 6bin1n ob6HapyKeHbl! ewe 12 cnyTHMKOB. O6LLEe YNCNO U3BECTHbIE HA CErOAHSLLIHWNM
AeHb cnyTHUKoB CaTtypHa gocturao 30.

29

Bonbwe cBepeHuii 0 TuTaHe ydeHble npeanonaratoT noayumtb B 2004 r., Korga KOCMMYECKUI 30HA,
Ha3BaHHbIA B YecTb XpucTnaHa lMoireHca, oTKpbiBlwero TutaH B 1655 r., coBepWwMUT ynpaBasemMyto nocaaky Ha

NOBEPXHOCTU CNYTHUKA.

30

NHorpa ynoTtpebnstotca apyrne HasBaHus Tepuun: Petnaa, Tedpuc, Tetuc.

31

JdeneHna KaccMHM 1 DHKe B Hay4YHO-MOMY/APHON ANTEpaType YacTo HasblBAlOT LWensmu: wenb Kaccuhuy,
wenb JHKe.

32

3a nocneaHIo0 ThicAYy NeT B Halwel Manaktnke 6b110 A4OCTOBEPHO 3aperncTpMpoBaHoO NosBAEHME YeTbipex
cBepxHOBbI €. TPM U3 HMX aBTOP Ha3Bas; yeTBepTas BCNbixHya B 1006 roay

33

Bpems npebbiBaHua 38e34bl Ha MNaBHOM Nocaea0BaTeIbHOCTU oueHuBaetca dopmynoi tas = 100 /M3, rge
YYTEHO, YTO CBETUMOCTb 3B€3/4bl [N1aBHOM NOCNeA0BaTE/IbHOCTM MPOMNOPLMOHa/IbHA YeTBEPTON CTeNeHN ee Macchl.

34

3a 200 net 3Be3ga bapHapaga npoxogut ayry B 0,5°, To ecTb BMAMMBINA NonepeyHuK JIyHbl, 3a YTO 3BE3ay
npossBanu "netawen"”, NOCKONbKY 3TO Hanbosbluee U3 U3BECTHble COBCTBEHHbIE ABUMXKEHUNA.

35

OcHoBaHHana B 1675 rogy puHBUYCKas obcepsatopua, B 1953 rogy 6biTa nepeseseHa Ha 70 KM K toro-
BOCTOKY B 3aMOK XEpPCTMOHCO, HO HYNeBOW mMepuAanaH Mno-npexHemy npoxogut vyepe3 CTapyro KOpOeBCKYHO
obcepsaToputo.
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36

MnoTtHocTb BellecTsa B dpoTochepe (0,01-0,05)x10° r/cm3.

37

CnekTtpbl! onTuyeckne oTHOCAT K 061acTM yabTpadnoneToBoro, BUANMOIro U UMHOPAKPACHOFO M3YyYEHUS.
MoOMMMO ONTMYECKMX CYLLECTBYHOT CNEKTPbl PafMOBOJH, 3BYKOBbIE, MONEKYNAPHbIE, PEHTTEHOBCKOFO U3/TyYeHUA,
KonebaHUi, maccobl U ap.

38

Nokbep Axko3ed HopmaH (1836—1920) — aHFAMIACKMIA aCTPOHOM, OAMH U3 NMMOHEPOB acTPOCMNEKTPOCKOMNUMU.
Nccneposan cnektp ConHua. OTKpbIT rennii Hesasncumo ot 1. HeHceHa.

39

Ona cuHKx nydeit rnasHoe GOKYCHOE PacCTOAHWE MEHbLUE, YeM AN KPAcHbIX. ITO ABJEHME U HasblBaeTcA
XpOomaTnyecKkon abeppaumeit 06bEKTUBA.

40

LleHTpanbHble N KpaeBble 30Hbl INH3bI co6mpa|0T NIy4n B pa3Hble TOYKaX rNaBHOM ONTUYECKOMN OCU, YTO U

BbIMbITaeT chepuueckyto abeppaLmio, Aenan N306parkeHne HeUYETKUM.

41

MNpasunbHee Peiinn (Ravleigh), Ho BO MHOrMx cnpaBoYHble M3AaHUAX U ydyebHMKax — Paneit, cap CTpér
OoH Yunbam (1842—1919) — aHrANMCKMIA GU3KUK. 3aHMMANCA BONPOCAMM OMNTUKMU, aKYCTUKM, SNEKTpUYecTsa U
Apyrux obnacreit GusmKu.

42

C 3emnun annapatbl ctapTtoBanu B 1977 roay: "Boaaxkep-1" — 5 ceHTabpsn, "Boagxkep — 2" — 20 asrycta.

43

CrapToBan ¢ 3emnun 17 oktabpa 1989 roaa.
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