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BBEAEHUE

B nocobuyn paccMmarpuBaeTcd IpeaMeT aCTPOHOMWUH, ee CTPYK-
Typa, BOBHUKHOBeHNe 1 pa3BuTHe. OcBellleHa cdhepudeckasd acTpo-
HOMMSA M ee COCTaBJIAIIINe, a TaKKe [Ipe/icTaBJleHa [IoApoOHad MH-
dopmManyd 0 KyJIbMUHAIUK CBETUJI, aCTPOHOMIYEeCKOol pedypakIiu,
pasMepax 1 popMe 3emin. PaccMaTpyuBalOTCA OCHOBHBIE CBelleHUA
0 KMHEeMAaTHUKe COJTHeUHOI cucTeMbl. Ocoboe BHUMaHMe YeJIeHO 0CHO-
BaM HeDecHOIT MeXaHMKU U TMHAMIKe KOCMUUEeCKUX I10JIeToB. Kpome
TOT0, yuebHHOoe TTocobue colepsXUT cBeIeHUA 0 cTpoeHn! BeeneHHOI.

B pesynbTaTe 0cBOEHMA IMCITUIIIMHLI 00yUAIOIIMIiCA JOJKeH:

3HATH!

— CMBICJI TIOHATHI: aKTUBHOCTL, aCTepou, acTPOHOMMS, acT-
pororusa, acTpodgusuka, arMmocdepa, 601, BOBMYIIeHNA, BOCXOT,
cBeTUJIa, BpallleHMe HebecHBIX Tes, BecesleHHa A, BCIBIINIKA, TaJaKTH-
Ka, TOPM30HT, TPaHyJbl, 3aTMeHMe, BUJIBI 3Be3]l, 30[IMaK, KaJleHIaphb,
KOCMOTOHMA, KOCMOJIOTMA, KOCMOHaBTHKa, KOCMOC, KOJblla IIJIaHeT,
KOMeThbl, KpaTep, KyJbMMHAIIUA, OCHOBHbIe TOUKH, JIMHUK M ILJIOC-
KocTu HebOecHot cdhepbl, MaranTHasA 6ypsa, MetaramakTuka, MeTeop,
MeTeopUT, MeTEOPHOe TeJlo, N0k, I0ToK, MJieunsni IIyTs, Mopa
n MaTepukn Ha JlyHe, HeDecHad MeXaHMKa, BUIVMOE VI peaJlbHOe
IBUKeHMe HeDeCHBIX Tell M UX cucTeM, obDcepBaTopud, opbuTa,
IJIaHeTa, IOJAPHOe CHUAHNe, IIpoTyDepaHell, CKOILJIeHVe, CO3Be3IUA
(1 MX KIaccuduKalid), coJIHedHad KOPOHA, COJIHLIeCTOAHNe, COCTaB
CoJIHeYHOJi CHCTeMEl, TeJIeCKOIl, TepMUHATOP, TYMaHHOCTb, a3kl
JLyHEl, choTochepHEIe pakenkl, XpoMocepa, UepHaa IBIPa, SBOJH0-
M, SKINOTUKA, AIPO;

— omnpelenieHUd (pU3UUECKNUX BeJIMUNH: aCTPOHOMUUEeCKad ey~
Hu1a, adenuii, 6jeck 3Be31Ll, BO3pacT HebecHOro Tesa, napajlilakce,
mapcek, Iepuo, Iepureauii, pusnueckye XapakTepUCTUKN IIJIaHeT
¥ 3Be3, MX XMMMUeCcKMI cocTaB, 3Bes3fHasd BeJIMUKMHa, paguanT,
pazuyc cBeTUJa, KOCMHUeCcKHe PacCTOSHNA, CBeTUMOCTL, CBETOBOI
Ton, csraTHe IJIaHeT, CMHOIMYeCcKUIt U cHle pUYecKuii Iepuol, com-
HeuHad aKTUMBHOCTb, COJIHeYHad IIOCTOAHHAA, CIIeKTP CBeTAIMXCA
Tes1 CoHeuHOl cHCTeMElI,

—5-



BBEAEHWME

— cMblIca paboT 1 QopMyIMPOBKY 3aKOHOB: ApuctoTend, [ITo-
nemed, 'anunes, Konepuauka, Bpyxo, JlJomorocoBa, ['epruens, Bpa-
re. Kennepa, HeioToHa, JleBepbe, Anamca, 'annesn, Besmonoabekoro,
Bpemuxina, Crtpyse, Tepmmmnpyara-Paccena, AwmbaprymsaHa,
Baphuappa, Xabbna, [Jonnepa, @puamana, OHIITEHA;

— runoTessl nponcxoskaenna CoTHEUHOI CUCTEMET,

— OCHOBHGIE 3TAITbl 0CBOEHNMA KOCMITYECKOT0 IPOCTPAHCTBA;

— OCHOBHBIE XapaKTepucTukM 1 cTpoerne CoJIHIIA, COJTHEYHOM
aTMocepHr;

— pasMepsl [alakTHKK, DOJ0KeHMe 1 epuro obpaenud Coi-
HITa OTHOCUTEJILHO [eHTpa ['aJakTUKY;

VMeTh:

— JCIIONB30BATE KapPTY 3Be3HoTo Heba 1A HaX0yKIeHI A Koop-
IMHAT CBeTUJIA;

— BBIPasKaTh Pe3yIbTaThkl M3MepeHUit I pacueTOB B eIMHUIIAX
MekIyHapOIHO CUCTEMBI,

— OPUBOONTE TPUMEPHI IIPaKTUUYECKOT0 UCTI0JIL30BaHMA acTPo-
HOMMUUYECKNUX 3HaHNI 0 HebecHBIX Tesax U UX cucTeMax,

— penIaTh 3aJaul Ha IIpMMeHeHlMe M3YUeHHBIX aCTPOHOMMUYeC-
KMX 3aKOHOB;

— XapaKTepU30BaTh OCODEHHOCTU METOJIOB TTO3HAHIA aCTPOHO-
MIM, OCHOBHBIE DJIEMEeHTHI U cBoMcTRa TiaaHeT CoHeUHOM CUCTEME,
MEeTOILI OIPeIeJIeHIS PACCTOSHNIT M IMHETHBIX Pa3MepoB HeOeCcHbIX
TeJI, BOBMOYKHBIE ITYTH SBOJIOINN 3Be3]] Pa3JIMUHOI MaCChI,

— OMUCBLIBATE M OOBACHATH: Pas3iNyMA KaJleHAapel, YCIOBUA
HACTYIUJIEHUS COJIHEUHLIX UM JIVHHBIX 3aTMeHuit, gaswl JIyHEBL, cy-
TOUHBLIE JIBIXKEHUS CBETUJ, [IPUUMHBI BO3HUKHOBEHUS ITPUIIBOB
M OTJIMBOB; TIPMHITAI JEMCTBUA ONTUYECKOTO TeJIeCKOIla, B3alMO-
CBABL (PUBMKO-XMMUUECKUX XaPaKTePUCTUK 3Be3J] C MCIIOJIb30-
BaHMEM [MATrPaMMBl «IIBET-CBETHUMOCTB», (PUANYECKNe TPUUNHEI,
OTIpeJIesIAIe paBHOBeCHe 3Be3]l, WMCTOUHUK DHEPTUM 3Be3]
M IPOUCXOMKIeHIEe XMMUIECKIUX BIIeMEeHTOB.



FAABA 1. NPEAMET ACTPOHOMMWH

AcCTpoHOMMA — HayKa O (PMBMUYECKOM CTPOeHMM, IBVIKEeHWUN,
IPOKCXOKIEeHNN ¥ 3BOJIONNI HeDeCcHBIX TeJl, UX cucTeM U Beesen-
HOI1 B I1€JIOM.

OOBeKTsl, U3ydaeMble B aCTPOHOMMM, BeCbMa pa3HOODPa3HEL
Tlepeduens UX TI0 Mepe Pa3BUTHUA aCTPOHOMWUN HETTPepPLIBHO BO3pPac-
TaeT, TIOCTOAHHO TIOATBEPIKIad HelcueprnaeMocTh M MHOTooDpasne
MaTepHuaJbHOro Mupa. TpaINnmMoHHBEIME ODBEKTaMM aCTPOHOMM-
UecKUX nccyenoBaHnii gpngioTcsa CoJHIle, 3Be3b], INIAHETEl U UX
CIIyTHNKM, MeTeOpHBIe Teja, TYMAaHHOCTY, 3Be3JHEIEe CKOIIJIeHNH,
3BesZIHBIe cHCcTeMEl 11 Bes Beenmernnas B mesom. C mporpeccom Ha-
VKJ CBA33aHO OTKPEITHE HOBLIX 00LEKTOB — IIYJIBCAaPOB, KBa3apoB
(kBaBM3Be3IHBIX PaMOMCTOYHNKOB), KOCMMUECKNX JIydeli (TacTur
BLICOKMX BSHEePIruit), MMKPOBOJHOBOTO (POHOBOTO (PeJsKTOBOrO)
MBIYUYeHNA ¥ IIONICK TeopeTUUecK) NPeJCKasaHHBIX UepPHBIX ALIP
M TpaBUTAINMOHHEEIX BoJH. HakoHen, ¢ mosmimii Teopmuy cTpoeHNUHA
BceesenHOI1 B 1e10M (KOCMOJIOTHN) ACTPOHOMMSA M3YIaeT CTPYKTYPY
ImpocTpaHeTBa U BpeMmeHM Bceenennoil. C acTponommell TecHO CBs-
3aHpl IpobJieMa IOMCKa BHe3eMHLIX IMBMIM3aIlii ¥ paspaboTka
€110coD0B KOHTAKTOB C HIIMIL

Jlo Hagasia KOCMIYeCcKOl 5PEI aCTPOHOMNA ObLIIa e IMHCTBEHHO
HayKOIi, M3ydJaromeil BHe3eMHble 00BeKTEI Ipupoabl. Tereps Koc-
MITIEeCKMMH JICCJIeJIOBAHMAMM 3aHMMaeTcA He TOJIbKO aCTPOHOMUA.
CaMocToATenbHOE pa3BUTHE IPMODPETAI0T KOCMOHABTHKA M MHOTO-
4dycJIeHHBle HOBBIE OTPAcl — KocMiTdeckasd 0MoJIorysa, KocMirdec-
Kafd MeINIJHa, CIIyTHNKOBAA reole3nd 1 JpyTie.
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[NABA 1. MPEAMET ACTPOHOMWM

Ycnexn KOCMOHABTHURH CYLIeCTBEHHO OTPa3MJINICh Ha aCTPOHO-
MIYecKNX cIrocobax HCCJ’[E,I[OB&HMﬁ, BHeCA B aCTPOHOMMIO, TIOMMMO
Ha6JIIOI[6HHfl, M SKRCIIepMMeHT.

1.1. CTPYKTYPA COBPEMEHHOI ACTPOHOMUU

CoBpeMeHHad aCTPOHOMMA — INIMPOKO Pa3BeTBJIeHHAH HAYKa,
JCIIONB3YIONAasd PasHoODpasHBIe MeTONBl U CPEJICTBA II03HAHUA
Bceesennoit. Pazgessl acTpoHOMMM TeCHO CBA3aHBI MeKIY CODOII,
1 cpey HUX MOYKHO BBIZIETUTE ITIeCTh OCHOBHBIX.

1. AcTpomeTpusa paspabaThiBaeT TEOPETUUECKNE METOJIbI, TEX~-
HUKY N3MepeHUil Ha HeOecHO chepe 1 cr1ocobbI X MaTeMaTHUe CKOI
0bpaboTkn. B BemeHunu acTtpomMeTpmm HaXoOUTcA ciy:kba Bpeme-
HM — €eTO ompe/iesIeHNe U3 acTPOHOMWYEeCcKUX Habmogennii. B Bene-
HUY ACTPOMETPUN HAXOAUTCH TAKXKe I KaJeHnapb. OTHO 113 BasKHBIX
3aJlau ABJIAETCHA ITIOCTPOESHIE MHePINATBLHON CCTeMBI KOOPIVHAT.

3TOT ke pas3fesl aCTPOHOMUM 3aHUMaeTcH pa3paboTKOiT cro-
CcoDOB oTpeJieNieHNd 13 HADMOMeHNT TeorpadMIecKUX KOOpPIMHAT
IIYHKTOB 3€MHOIt IOBEPXHOCTH.

B acTpoMeTpuu MOXKHO BBIIENNUTE TaKNe MOApas3ieb:

a) cchepuUecKy acCTPOHOMIIO, pa3pabaTEIBAIOIIYI0 MaTeMaTH-
UecKNe MEeTOJbl OllpelelleHUA BUAMMBIX TIOJIOXKEHUIT U IBUKeHUI],
HeDeCHBIX CBETUII, & TAKIKE CUCTEMbI CUeTa BPDEMEHI;

0) MpaKTMYEeCKYK acTPOHOMIID, pa3pabaThIBAIIIYID CIIOCOOBI
HabmoneHnit, MeToasl X 00paboTKU U TEOPUID ACTPOHOMUUIECKUX
npnOOpoR.

MeToibI TpaKTUUECKOIT ACTPOHOMUN IPUMEHAIOTCHA B MOPCKOIA,
aBUAIIMOHHOI ¥ CIIY THUKOBOJL HABUTAIIMH U B TEO/Ie3UN.

2. HebecHaa MexaHNMKa — HayKa O IIPOCTPAHCTBEHHOM [IBU-
sKeHnn HeDeCcHBIX TeJ M MX CHCTEM HOJ, AeiicTBMEM CHUJI B3aUMHOTO
TATOTEHMA M MHOM (pm3mdeckoit npupoasl. OHa M3ydaeT QUIypPBI
HeDeCHBIX TeJl M MX yCTOMUMBOCTB, BO MHOTOM CIIOCODCTBYET II0-
HMMAaHNIO TIPOIECCOB IMPOUCXOMKIAEHNA ¥ SBOJOINY HEOECHBIX Tel
n ux cucteM. [IpakTuueckasa 3amauda HeOecHOM MEXaHMKM COCTOUT
1 B OTIPE/IeJIEHNN SJIEMEHTOB 0pOHT HeDeCHBIX TeJI [0 TaHHBIM HabJIro-
JIeHIIT, B IpeIBBIYMCIEHNN BUAVIMBIX IOJIOKEHNT HeDeCHEIX TelL
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1.1. CTpyKTypa COBPEMEHHOM acTPOHOMMWMH

3. BeramciieHne BUAMMBIX II0OJI0KeHNI (3dpeMepu ) 1 onpeneie-
HJe opONMT HeDeCcHBIX TeJ cocTaBJsAeT OCHOBY pas[ieJa HebecHOI Me-
XaHNKM, TPaAUIMOHHO Ha3bIBaeMOT0 TeopeTHYecKolf acTpoOHOMIETL.

Hrine paspabaThiBaloTcA HOBBIE CIIOCODBI ONpefieseHMA Op-
61T, oOCHOBaHHbIe Ha paMoTeXHNYeCKNX M3MepeHUAX M Ja3epHoil
JIOKaI[MIL.

Hebecrasa mexaHNKa OBICTPO pa3BMBaeTCA B CBA3Y C 3allpocaMiu
xocMoHaBTHKI. Ha ee Oaze popMupyeTcsa HOBadA OTpacab HAYKM —
JMHaMMKa KOCMIYIECKOTO II0JIeTa.

4. AcTpodnanka — OOUH 13 KPYIHEHINNX pa3feloB COBpeMeH-
HoJt acTpoHOMMM. Ee 3a7jaun coCTOAT B M3yUeHNN (pM3MUEeCKOro co-
CTOSHMSA U IIPOIeCCOB, IPONCXONANINX Ha [IOBEPXHOCTH U B HeJlpax
HeDeCHBIX TeJl, X XMMMIYECKOro cOcTaBa, CBOJICTB Cpelbl MemXIy
HeDeCHBIMM TeJlaMM M T. II.

AcTpodusuka nogpasensaeTcsa Ha IPaKTUUECKYIO 11 TeopeTH-
yeckyto. IlepBasa paszpabaTeiBaeT cmocodbl acTpodus3MUecKUX Ha-
6momennii 1 ux 06paboTKH, 3aHNMMaeTCcA Teopyeil M IpaKTHIeCKIM
IpUMeHeHNeM acTpoU3MUecKNX NMHCTPYMEeHTOB.

TeopeTnyeckasa acTpodusnka 3aHMMaeTca 00bACHEeHNEM IIPO-
MCXOOAIMX Ha HeOeCHBIX Teslax (PU3NUYeCcKMX IpolleccoB 1 Habiro-
JaeMbIX ABJIeHNI Ha OCHOBe TeopeTHUeCKol (pMU3UKIL.

PasBuTite TeopeTHMHUeCKO} I >SKCIEepPMMEHTaJIbHOM (pU3NKHM,
OBICTPBIMI IIporpecc TEXHMKNM INPHBeNM K BO3HMKHOBEHMIO HOBBIX
paszenoB acTpodusukn. CyllecTBeHHO pacIllMpeH OiallasoH
3JIeKTPOMarHUTHEIX BOJIH, JCIIOJIb3yeMblll B HabmogeHNAX. Bo3HMK
paszen acTpodM3MKM, Has3BaHHBII pallioacTPOHOMMEN, KOTOPBIN
uccyenyeT HebecHble TeJa IIOCPEICTBOM paMoJ0KalMM 1 JCCIe10-
BaHUA UX M3JIy4eHNA B paauoananasoHe.

YcTaHOBKa aCTPOHOMMYECKO alllapaTyphbl Ha MCKYCCTBEHHBIX
COYTHMKaX 3eMJIM ¥ KOCMMYeCKUX anllapaTax [I03BOJNUJa CyllecT-
BEeHHO pacIlMpUTh JMccleIyeMblil 1ana30H CIeKTpa sJeKTpoMar-
HMTHOTO M3JIy4eHNdA HeDecHBIX Tell, CcBODOIHOrO OT IOMeX, co3/1aBa-
eMBbIX 3eMHOl aTMocdepoii.

K #OBelimMM paszenaM acTpodM3MKM OTHOCATCA MHGpPaKpac-
HasdA, peHTTeHOBCKasd aCTPOHOMMA, TaMMa-aCTPOHOMMA M HellTpUH-
HadA aCTPOHOMMA.
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[NABA 1. MPEAMET ACTPOHOMWM

O.3Be3OHadA acCTPOHOMMA 3aHMMaeTCA JCCIedoBaHMEM [IBU-
SKEeHMA M paclipefielleHrA B IIPOCTPAHCTBE 3Be3]l, Ta30IbLIEBBIX
TyMaHHOCTell ¥ 3Be3IHBLIX CHCTeM, MX CTPYKTYPOIl 1 3BOJIIOLMet,
IpobaeMol UX YCTOMUMBOCTI.

OnHyM 13 DOJIBIINMX Pas3/leloB 3BE3/IHOM aCTPOHOMUM ABJIHETCH
BHETAJIAKTUMUYECKAA aCTPOHOMMHA, 3aHMMAKMIIAACH MCCJIeJ0BAHNEM
CBOJICTB M pacnpeelieHnii 3Be3JHBIX CIICTEM — TFaJIaKTUK, KOTOPBIE
HaXo[ATCH 3a [pellejlaMy Halllell 3Be3JIHO cucTeMbl (OHa TOMXKe
HaszbIBaeTcd ['aJlaKTUKOIL, HO MUIIETCA C IIPOIMCHOM OYKBHI).

B 3Tux mceyeloBaHMAX UCIOJNL3YIOT KaK Pe3yJbTaThl Habr-
IeHNii, TAK M TeOopeTHWYeCKMe 3aKOHBI, ¥ BEIBOJBI aCTPOMETPUH,
HebeCcHOI MeXaHVKN U aCTPOU3UKIL

6. KocMOrTOHMA — paslieql acTpPOHOMIM, pas3pabaThIBaromInii
Opo0JIeMBI TIPOMCXOMKIEHNA U 3BOJIOINI HeDecHBIX Tel M UMX CUC-
TeM, B HACTHOCTY ITpobiaemMy nponcxo:xneHnsa CoJIHedHol CHMCTEMEL
IIpaBuUnbHOE ee pellleHle MOMKeT UMeTh CYIeCTBeHHOe 3HaueHue
A TOHMMAaHUA COBPEMEHHBIX Teo(@U3UUecKUX U TeoJOTMUEeCKUX
IpolleccoB, TPOUCXOOANINX B HegpaX 3emnu. KocMoronusa zanuma-
eTcd 1 mpobJeMaMu 3Be31000Pa30BaHUA.

7. Kocmonorua — HauboJlee MHTEHCHBHO pas3BUBalOIIUiiCca pas-
men actpoHoMuit. Ee 3agaua cocTouT B Ma3yueHun BceeneHnHoll kak
eIIMHOTO 11eJI0T0, B BLIABJIEHNN FeOMeTPUUeCcKoll CTPYKTYPLI Beenen-
HOI1, ee 5BOJIIOLNHU U IIPOUCXOMKIEHIUN BeceX 00 LeKTOB, 3alI0THAIOIIMX
ee. HabmomaTenbHBIE OCHOBBI KOCMOJIOTMM ONMPAIOTCA Ha JaHHLIE
acTpopM3MKM U 3BE3IHON aCTPOHOMMM, a TeOpeTUUecKkyue — Ha Ha-
ubosee obIIMe 3aKOHLI (PUBUKHU: ODIIIYI0 TEOPUIO OTHOCUTEJILHOCTH,
puBUKY BJIeMeHTapPHEBIX TaCTHUI U JIEKTPOAMHAMUKY.

1.2, BOSHUKHOBEHUE U PA3BUTUE ACTPOHOMMUMN.
EE POAb B $OPMHUPOBAHUN
MATEPUANMCTUYECKOIO MMPOBO33PEHNUA

VlcTokn aCTPOHOMMHM TepPHATCA B FJIY6P[HE BekoB. Ee HauaTKu
BOSHMEJIN ¥ BCeX IMBUJIMN30BaHHBIX HapPOIOB APEeBHOCTM. HepBHe
aCTpOHOMMYeCKIe CBeJleHMA O CMeHe BpeMeH rola M IIeprmoand-
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1.2. BO3HWKHOBEHWE W pa3BUTHE acTPOHOMMKH

HOCTM COJIHEUHBIX M JIYHHBIX 3aTMEeHU OBLIN M3BECTHEHI elle bosee
yeThIpeX ThICAUYeneTHit Ha3an B JpeBHeMm Kurtae, Ipyroil poamHoi
MIePBBIX ACTPOHOMITYECKNMX 3HAHUIT B TY ’Ke DMHOXY OBLIN CTPaHbI
Bamxkeero BocToka 1 Erumner.

ITogobHO APYTUMM HayKaM, aCTPOHOMMA pa3BUBajach B 3HAUM-
TeJbHON Mepe bIarogapsa 3alpocaM desloBeuecKoll mpakTukn. Pas-
BUTHE aCTPOHOMMH OBLIIO 00y CI0BIeHO HOTPeOHOCTAMM CellbCKOX0-
3A1ICTBEHHOTO TTPOM3BOJICTBA — HeOOXOJIMMOCTBI) CUeTa BpPeMeHU
U IPaBUJILHOTO TIpeJIcKa3aHNa HAUAJa COOTBETCTBYIOIINX Ce30HOB
CeJIbCKOXO03AICTBeHHBIX paboT, pasznuBoB pek u T. 1. IIpoknangka
KapaBaHHBIX ITyTeil, BOeHHBIE MOXOJLI, CE30HHBLIE TepeMeIleHId
KOYEeBBIX IIJIEMEH, MOpeIUIaBaHNe — BCe BTO TODYIKIAJO0 MCKATh
criocobwl opuerTuporannd mo ComnHily u 3Besnam. [locTerreHHO BO3-
pacTtamwIne TpeboBaHNSA K TOUHOCTH IPEJICKasaHNAa KaJleHIapPHbIX
CPOKOB U OIIpeJieJIeHUA MeCTOTIOJIOMKEHNA Ha 3eMHOIT TIOBEPXHOCTH
IIPUBEJN K CO3JaHNIO IPOCTENIINX YTIOMEPHBIX ACTPOHOMITIECKITX
MHCTPYMEHTOB.

B Beka, mpeariecTBY O HAYAIY HAIIEl 3pbl, BMECTE C Pa3BU-
TIIEM MaTeMaTUKH, ITPesKae BCero rTeoMeTpuN, MoJayYiia pasBUThe
nacrtponoMuAa. Hanbomee cyimecTBeHHBIE PE3YIIBTATHI B ACTPOHOMMIL
OBLIM TTOJIYYEeHBl ApeBHerpedecKIMI acTpoHoMami. Ha Oase reo-
IeHTPUYECKOl cucTeMbl MIpa OHM pa3paboTanam Teopun BUAMMBIX
IBUsKeHN naaneT, JIvasl 1 ConHna. BoabIlioit BKIaL B 9TY TEOPUIO
BHec ['mnnapx (II B. 110 H. 3.), a HOCJeIHIO0, HanboJee COBEPIIIEHHY O
Teoputo co3nal Iltomnemeri (II B. H. 3.).

B mopy cpenneBerkoBoro Mmpakobecus B EBpone HaYKM IIPUITLIIN
B IIOJIHBIN yOagok. B 5Tm MpadHble BpeMeHa PHUMCKAA II€PKOBL
npupaya ygeanwoo lITosemMes oTKPOBEHHO PeaKIIMOHHYIO, TEOJIOTH-
JecKyI0 OKpacky. Ilporpecc Hayk cTaJ HEBOBMOXKEH.

JIume apabckue M cpefHeasMaTCKME ACTPOHOMEI B MHepPHOJI,
IpeXIllecTBYOMINIT s110Xe BosposkaeHns, cMoran nobUTbCAa 3HAUN-
TeJLHBIX ycrexoB. IIporpeccupoBalia TEXHNUKA ACTPOHOMUYECKIX
HaOJIOIeHN, TPeIBEIUNCIAINCE W KOPPEKTUPOBAINCH TaOJIMITHI
BUAMMBIX IJIAHETHBIX IBIKEeHU. VICKIIYNTEeIbHEIX pPe3yJIbTaTOB
I0oOMINCE cpedHeas3naTcKe ydeHble BupyHu (973—1048), Yayroek
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[NABA 1. MPEAMET ACTPOHOMWM

(1394—1449) u gpyrue. PocT TouHOocTH HabaioaeHWMii, HaKoIlJleHHe
HoraToro HabIOTaTeILHOTO MaTepHasa O BUAMMOM ABMKeHNHN I1J1a-
HeT [IOCTaBWJIY Ilepe]] YYeHBIMN CJIOMKHEeANIYI0 3a/lady — PeBU3HNI0
TeOpUM IBU:KeHUH IlJaHeT, co3laHHoli IITosemMeeM, U IocTpoeHNe
HOBOJi Teopuy. Pa3BUTHIO aCTPOHOMKM BMeCTe ¢ IPYTHMMM HayKaMK
cocoOCTBOBAJIO M3MeHeHNe COLMAaJEHO-3KOHOMUYECKNX YCJIOBMIL
B cTpaHaX EBpornkl PazBuTue B Helpax (peomannsma KalluTaJyc-
TUUECKUX MMPOU3BOJICTBEHHBIX OTHOIIEHMIT CO37IaJio VCIOBUA I
aKTUBU3ALNMM HAVUHBEIX MccleloBaHUIL. Benmkue reorpadpuueckne
OTKPBITUSA, Pa3BUTHe MOPEeNIaBaHIA M TOPTOBOTO CYIOX0ACTBA Tpe-
H6oBanu popcUpoOBaHHOM pa3zpaboTKN criocoO0B MOPCKO HABUTAIINI,
a 3HauUMT, U acTpoHoMmuu. Hanme:xkHad Mopckad HaBuranusa Oblia
HEeBO3MOKHa 0e3 TOUHON TeopuM IBMIKEHMA IIJIaHeT, Tak KaK 110 UX
TIOJIO3KEeHNIO ONIpele A KOOpAUHATEI Kopabyel B OTKPLITOM MOpe.

PepomoronsbIM 66171 ONIyOJaMKOBaHHBINM B 1543 I. MHOroJseT-
HMII TPYZ BbIOAIOIIerocs Hojbckoro ydeHoro Hukomnaa KRonepruka
(1473—1543). KonepHUK 0TKa3aJicA OT IITOJIeMeeBOoli reolleHTpudec-
KOl cMCTeMBI MIIpa M B OCHOBY CBOell TeOPUM IOJIOKWUJ TeIUOIeHT-
pHUecKyto cucTeMy, HoMecTuB CoJiHIle B IIeHTP MKUpa. JTOT CMeJIbIit
Iar uMeJl 3Ha4eHue, 1aJleKo BhIX0AdAllee 3a IIpeelibl aCTPOHOMMI
1 pusuKN. I1T0 ObLI BBI30OB LIEPKOBHOMY MM POBO33peHnto. KorepHn-
KOBa reJIMOLIeHTpHIYeCcKad Teopyud aKTHBHeHIITNM 00pa30oM CIIYKUIIa
YTBepKIeHUI0 MaTepHaJCTUIeCKoro MIpOBO33peHN .

lemmonernTpudeckad cucTeMa MUpa HollepHMKa ABUJIach Kpa-
€YTOJbHBIM KaMHEM acTPOHOMUI. ¥ Ke B caMoM Hadase XVII B. Ha
ee ocHoBe JloranH Renep (1571-1630), o0pabaTeIBaA MHOrOJIETHIE
HabnrofeHMUsA IJIaHeT, NpoBeleHHLIe TAaTCKUM acTpoHoMoM Tuxo
Bpare (1546—1601), ycTaHOBUI TPpK 3aKOHA MJIAHETHLIX ABMIKEHUIT,
MMeoIlle He TOJILKO KMHeMaTHUUeCcKNI, HO I IMHaAMWUeCKHI XapaK-
Tep. C otkpreiTueM Vcaakom HruioTonom (1643—1727) akcuom gunHa-
MHMKM M 3aKOoHa TATOTeHMsI OIMHaMKUUecKad acTpoHoMudA (HebecHas
MeXaHMKa ) HadaJa cBoe bypHoe pas3BuUTHe.

HebecHnaa MexaHuKa OpuBIIekJa K cebe BHMMaHNMe MHOTHUX
BBIJAIOMINXCA MaTeMaTUKOB MHpa. VICKIIOUNTeNbHLI BKJIAL B He-
HOecHyI0 MeXaHUKY BHecsH (ppaHI[y3CcKle MaTeMaTHKN, B YaCTHOCTH
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1.2. BO3HWKHOBEHWE W pa3BUTHE acTPOHOMMKH

Jlarpanx (1736—1813) n Jlanmac (1749—1827), 3am0:xMBILIMIe OCHOBBI
COBpPEMEHHBIX Teopuil aBmskeHuA Oompmmx rwraneT u JIyabel Bo
BTOpO¥ noJioByHe XIX B. ObLJIM cO3aHbl JOCTATOYHO TOYHbIE TEOPUN
IBVKeHNA DOJIBIINX MJIAaHET, a OTKpbITMe HenTyHa B 1846 1. Ha oc-
HOBe MaTeMaTHUecKNX pacueToB (ppaHIly3CcKOro yueHoro Y. JleBepre
(1811—1877) aenyocsk Top:xecTBOM HeDeCHOI MeXaHUKN, YTBEPAUB-
I11eli 3a Helf cJlaBy OOHOM 13 caMbIX HaJleXHBIX HAVK.

IMapannensHo ¢ HeDECHON MeXaHUKON OBICTPBIMM TEMITAMN
pasBuBasiack n HabmomaTenbHas acTpoHoMmuda. CoBpeMeHHBIE ee
MeToIbI DepyT cBoe Haualo oT l'anuies (1564—1642), koTopslii iep-
BLIM ICIIOJIL30BAJ 3pUTENLHYIO TPYOY B KauecTBe Teleckona (1610)
M TeM CaMBIM CTHMYJINPOBAJ KaK TeJIECKOIIOCTPOeHMe, TaK M CO-
3IaHMEe ACTPOHOMUUECKOTO mpubopocTpoeHus Boobile. B mepenie
JKe TOZIBbI TeJeCKOIMUecKnX HabJIroIeHn i, BEIIOJTHeHHBIX ['anmieem
M eT0 COBPeMeHHMKAaMHN, YAAaJIoCch 00HAPYKUTE MHOTO HEM3BECTHBIX
panee aBieHuii. OTkpbiTHe [ammneem coyTHnkoB FOmmrepa ciy-
JKMII0 yOeIuTenbHeNIINM CBUAETEJILCTBOM B IIOJIB3Y TeJIUOIEHT-
pudeckoii cucteMbl HomepHmka. 3eMJsA OKasalach OKOHYATEJIEHO
HU3BEJEHHOII C ee «TeOlleHTPUUYEeCKOTO IbefecTanar. V3yueHue
noBepxHocTu JIyHbl, 0OHapyskeHue (as BeHepbl, pasioxKeHNe
Muneuroro [IyTi Ha oTZeNBHBIE 3BE3bI — BCE 3TO JINILIAJO 3EMII0
opeoJla YHMKAJIBHOCTU M UEaJbHOCTY M CTABUJIO ee B ONUH DAL
¢ npyruMy HeOeCHBIMHU TeJTaMIA

MHoro 11eEHBIX HabJBIeHNIT OBIII0 BBEITTOJIHEHO Ha TpaHn X VIII
n XIX BB. B 3T0 BpeMd bJarofgapsA COBepPIIIeHCTBOBAHNIO TEJIECKOIIOB
Pe3Ko BO3pocya MX paspenardiasd CIocoDHOCTh, M YIIVUIINIOCH
KauecTBO M300paskeHnil. ACTPOHOMEI, U IIPeskJie BCero aHTIJIMIICKMIT
actpouoM B. T'epmierns (1738—1822), cMorsiy OIpoHUMKHYTHL B TIIVOb
BcesenHOI1 11 TONOKUTE HAYUAJIO M3YUYEHIIO 3Be3HOoTO Mupa. Haua-
JIOCE CHICTeMAaTHUeCKOe MCCIeIOBaHNe PaclpeelIeHUS 3Be3]] B IIPO-
CTPaHCTBe, OBIIM OTKPBITHI U UCCIENOBAINCE 3Be3IHBIE CKOIIIIeHIA
M TYMaHHOCTH, KpaTHbLIE U ITIepeMeHHbBIE 3Be3/Ib1.

JeBATHAAUATHIN BEK CTAJ BEKOM TOpP:KeCcTBa HeDecHOM MeXaHn-
k1 1 pusuky HebecHBIX Tesl. B cepenuue XIX B. acTpoHOMKA B3ANa
Ha CBOe BOoOpYsKeHue (hoTorpaduio 1 CreKTpabHb aHamm3. C aTux
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[NABA 1. MPEAMET ACTPOHOMWM

IIOp 3apoANJiach acTPohM3KKa, ¥ Ha9aJoch N3yUeHNe (PU3NIeCKIX
IIpoleccoB Ha HeDecHBIX TeJlax.

K magaxy BTOpOil weTBepTn XX B. BEIACHUJIOCH, YTO 3BE3[IbI
BXOZAT B COCTaB I'PaHIVO3HOM 3Be3JHON cmcTeMbl — l[ajlakTukm,
a coypaJibHble TYMaHHOCTM IIPeZICTaBJANT coDoii aHaJIOTMYHbBIE
3Be3JIHble CYICTeMEbl, HaXoAAlecs 3a Ipefenamy ['anakTukn. Beuio
oOHapyskeHO ABJIeHNe pa30eraHma TajlaKTHK, YTO YKa3bIBAJI0 Ha
pacmpeHne BuanMoii 9acT Beeserroii — MeTarasakKTHKA

C TeueHNeM BpeMeHl aCTPOHOMEI He TOJIBKO COBEpIIIeHCTBOBA-
JIV IPVIEMHVKY M3JIydeHNs HeDeCcHbIX CBeTWI, HO ¥ IIOJ[BepraJjiy aHa-
113y BCe HOBbIE ¥ HOBBIE YUACTKM UX clleKTpoB. B 1930-x r. 6otaro-
Japd IpYMeHeHNIO KBapIleBoji OIITUKN CTaJI0 BO3MOKHBIM U3y4daTh
yabTpaduosieToBoe M3IydeHMe HebOecHBIX 00BbeKTOB, a B 1940-x
uccenoBaHNe OBIJIO pacpocTpaHeHO Ha paanonnanas3oH. Bos3Huk
paszes acTpopu3NKN — pafioacTpoHoMuA. Braromapa pagnoact-
poHOMIIM OBLIM 0OHapy keHBI HOBble HeOOBIUHbIE KJacChl HeOeCHBIX
TeJl — KBal3apkl, IyJbCcapebl, clelu@NnuecKoe MHKPOBOJIHOBOE
paIion3JIydeHye, He CBA3aHHOE HI C OOHUM M3BeCTHBIM HeOeCHBIM
TeJIOM, IPMXOJAIlee Ha 3eMJII0 CO BCceX HallpaBJIeHMI, I0XoKee Ha
U3IydeHNe abCOIIOTHO YepHOro Tejla ¢ TeMIlepaTypoli oxkoio 3 K
M IIOJIy4nBIIee Ha3BaHNe (POHOBOTO PeJIMKTOBOTIO M3y e A

HoBbllt sTanm B pa3BUTKHM acTPOHOMMM Hadald 1957 r. 3amyck
B Halllell cTpaHe I[epBBEIX MCKYCCTBEHHBIX CIIYTHMKOB J IIOCJe-
JOBaBIllee OCBOEHME MeXKIJIaHEeTHOTO IIPOCTPAHCTBA C IIOMOIIBIO
KOCMMYECKNX allllapaToB IIPMBeNM He IIPOCTO K TeXHWYEeCKOMY
[IePeBOOPY>KEeHNI0 aCTPOHOMNY, HO ¥ K IIPeBPAlIlleHNI0 ee 13 HayKN
HabJurolaTeJIbHOI B HayKY SKCIepMMeHTaJbHy0. B Hamm gHu acTt-
POHOMMYECKNe MHCTPYMEHTH! BhIHECEHE! 3a IIpejielibl 3eMHOM aT-
Mocdreprl, oHa OoJiee He MPenATCTBYeT MCCIIEOBAHNIO M3JIyUeHNA
HeDecCHBIX CBeTHJI BO BceX Aualia3oHax crnekrpa. C KocMMYecKnx
anmnapaToB ObLIN 00OHapPyKeHBl HOBble TUIIEI HeDeCHBIX Tesl — peH-
TTeHOBCKMe U MH(PaKpacHble 3Be3/Ibl, CYIIeCTBEeHHO JICCIIeJOBAHbI
OpICTpBIe 3apA’KeHHble YaCcTHUIB], IIPUXoAAe U3 TIyonH Beenen-
HOJi, — KOCMMYecKye JIydi.

ITocagka KOCMMYECKNX alllapaToB Ha JIyHY, IOCcTaBKa JIyHHO-
TO rpyHTa Ha 3eMJo, IepBad BbIcajka Jironeil Ha JIyHy, mocanka
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1.2. BO3HWKHOBEHWE W pa3BUTHE acTPOHOMMKH

CIIyCKAaeMbIX allapaToB Ha NOBepXHOcTH Beweprr m Mapca, mpo-
JIeThI KOCMWYecKNX amnmnapaToB BOmm3m FOnnrepa n CaTtypHa U ux
CIIyTHMKOB — BOT [IaJIeKO He IIOJIHBII IepedeHb TeX KOCMIYIECKITX
SKCIepUMeHTOB, OCYIIeCTBJIeHHBIX 3a IlocjeHee rojiBeka B CCCP
1 CIIIA, xOoTOpbIe IPUBEIN K PEBOJIIOIINI B ACTPOHOMUUECKUX MEeTO-
JlaX uccJyeloBaHNA BeceneHHolk.

Hapany ¢ gpyruMu ecTecTBeHHBIMI HayKaMU aCTPOHOMUA Ha
BCEM MTPOTHKEHNU CBOEH NCTOPUN 0CODEHHO aKTUBHO CTIOCODCTBOBA -
JIa pasBUTHIO U VKPEIUJIEHNI0 MaTepPHaINCcTUYeCKIMX BO33PeHUT Ha
apupoxny. OHa naa 60JIBIIOE KOJIMUeCTBO (DAKTOB M CTPOTO HAYUHBIX
BLIBOJOB, ONPOBEPTHYBINNX HAMBHBIE PeJIUTHO3HbIEe TP ICTABIISHIIA
0 CTPOEHUI 1 IPOMCXOMKIeHUN MUPA.

VzytueHne onTUYIECKUMU CPeJICTBAMM HAIllell ITJIaHeTHOM clC-
TEeMBbI U 3Be3J[HBIX CHCTEM JAJI0 YUEeHBIM CYIIeCTBEHHBIE apTyMeH-
THI TIPOTUB TEOIEHTPUYECKUX YUEHMI, NPOTUB MOpelCTaBJIeHNA
00 WMCEJIIOUNUTETLHOCTH ¥ IIPUBUIIETMPOBAHHOCTM HAIlell 3eMim
1 CoJTHEYHOTI CMCTEMEL, TPOTUB PEIUTUO3HBIX IPOTHUBOIIOCTaBIEHMIT
Semnu u Heba.

JocTimxkeHEnsa KOCMOHABTHUKN B MCCJIeNOBAHNUM OJIVIKHETO KOC-
Moca M 3eMiu Kak HebecHoOro Tteia, TpuyMdallbHOe pacllMpeHne
u yraybsaeHue objacTM acTPOHOMUYECKUX UCCIeJOBaHWUII TIof-
TBEPIKIAIOT C IOJHOI CTENeHBI0 IOCTOBEPHOCTH PealbHOCTh HAIITX
IpeAcTaBIeHUl o (puaNUecKoll mpupole M Ipoleccax Ha JIyHe,
Benepe, Mapce n npyrux tenax CosreuHoli cucTeMbl. HoBbele huam-
KO-XVMUWYEeCKIe JIaHHbIe, TIOJIYYeHHBIe ¢ KOCMUYECKNX arrnapaTos,
OpuHecTI yDeouTeJ LHeNIMe MOKABATEeNIbCTBA MAaTePUATBLHOCTH
U eMMHCTBA MMpPAa 1 YHUBEPCAJILHOCTH €r0 3aKOHOB.

Crnenyer, oIHaKO, 3aMeTHTh, UTO B PAJe CJIyUYaeB OpPU aHaJM3e
aCTPOHOMMYECKNX HAOJIOIeHUIT M ITOCTPOEHNAX TeOPETHIECKITX MO~
Ieieit TpebyeTcd ocobasd 0OCTOPOIKHOCTE M HAJIesKAIIlad eCTeCTBeH-
HOHay4YHadA 1 guiocodpckada MHTEPIIpeTannsa pe3yabTaToB. OmHNM
13 IPUMEPOB, TOATBEPKIAAOIINX DTO IOJI0KEHNE, MOJKET CIIYKUTh
mpobyeMa «KpacHOro CMeIeHnA». B criekTpax raJakTuK HaOJroa-
eTcd CMEeIeHNe JUHUII K KPAacHOMY KOHITY, CBUEeTEJIbCTBYIOIEee
006 nx pasberaHunu. OToT 3peKT IPUBOAUI HEKOTOPBIX aCTPOHO-
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[NABA 1. MPEAMET ACTPOHOMWM

MOB K MJiee 00 aKTe TBOpPeHNs M K OTKa3y OT KOHIEeIIM} BeYHOCTH
Beesnernnoii. Ommb09HOCTE TaKNX BBIBOJOB 3aKJI0YaeTCA B TOM, UTO
3aKOHBI, CIpaBelJMBble AJiA OrPaHMYeHHON JacTy IIpPOCTpaHCTBa
71 BpeMeHM, HeJlb3d IIepeHOCUTEh Ha Bcoo BceesenHy. OTOo 1 op-
MaJIbHO-JIOTMYecKy, ¥ (pu3ndecky, 1 (pniaocodCKM HeJOoIIyCcTHMasd
SKCTpAIoANMA. 37ech HeoOX0OMMO pelleHye IpobJeMbl B paMKax
COOTBETCTBYIOIIMX KOCMOJIOTMYEeCcKMX Mozeseii mupa. B pasgeble
SMOXM B Pas3yIMIHLIX 00JlacTAX IPOCTPAaHCTBA MeTpMUecKie CBOJic-
TBa YeThIPeXMepPHOIo MHOroobpasua «IpoCTPaHCTBO — BpPeMs» MO-
TYT OBITH Pas3JIMUHEL, 1 00 5TOM HeJb3dA 3a0bIBATh IPH II00aIbHBIX
ecTecTBeHHOHAYUHBIX U (priloco)CKNX BBIBOIAX.

AcTpoHOMMA Bcerjia Mrpajla ¥ IIPoJoJKaeT WIPaThk BaskHEN-
Iy} PoJib B (QOPMMPOBAHUN IMaJeKTHMKO-MaTepHalCcTHIecKoro
MIPOBO33peHnd, yoeInTeIbHO OIIPOBEpPTad CBOMMN HabIoaeHnAMNI
M CTPOTUMM TEOpPeTHYeCcKVMM BBIBOJAMI PeJINTV03HO-MJIealicTi-
dJecKle IIpeAcTaBiIeHuA o BeeseHHOIL

B IpoTHBONOIOKHOCTE PEJINTMO3HBIM YIeHNAM OMaJeKTidec-
KNI MaTepuaJM3M yKasblBaeT Ha HeIlpepbIBHOEe pa3BUTHE BCero
CYIIEeCTBYIOIIEr0 B IIPHPOe KaK SBOJIIOIMOHHBIM, TaK ¥ PeBOJIFOI-
OHHEBIM ITyTeM. Vl elicTBUTeNBHO, acTPOHOMIA 00Ha Py KA 3Be3 bl
Pa3JMYHOrO BO3pacTa, IIyJIbCalliy 3Be3]] Ha onpelelleHHOM cTaanmn
X 3BOJIIOIIVIOHHOTO Pa3BUTHA, & TaKiKe B3PBEIBHBEIE (PeBOJIIOLNOH-
Hble) IIpoIlecchl B 3Be3JlaX M raJlakTHKaX, [IOPoKIaloIe KadecT-
BeHHO HOBEIE COCTOAHNA MaTepPUIL.

BmecTe ¢ 3TMM acTpOHOMNA CYLIIeCTBEHHBIM 00pas3oM CTH-
MyJIMpOBaJjia CBOVIMM OTKPBITHAMM ¥ PasBUTHEM IIPOTPecc caMbIX
Pa3JMYHEIX OTpacJell (PU3NKN ¥ MeXaHNKH, a 0II0Cpe[CTBOBAHHBIM
06pa3oM — 1 MaTeMaTHKIL.

B XX B. acTpoHOMMA CcBOMMM HabJjrofaTelbHBIMU (aKTaMM
crocobcTBOBajla YTBEP KAEHNIO HOBOM (PM3MKNM — CIHeIaJbHONA
71 00Ileli TeopwyM OTHOCHTEJBHOCTH, CO3IaHHOM YCUIIMAMY 3aMeda-
TeJIbHON ileAnn! yueHbIX: J:x. Makcseaa, I'. JlopeHna, A. ITyanka-
pe u A. OftHrTeliHa. [lepBEIMY SMIIMPHYIeCKIMI IT0ATBE KIS HNAMNI
TeOpPMM OTHOCHTEJBEHOCTH IIOCJIY KN 00Hapy KeHHbIe pacxoskie-
HNA B IBMKeHNN Hepuresna MepKypna U NCKpUBJIEHNEe CBETOBOIO
ny4a B6sm3u ComHila.

-16-



1.3. ACTPOHOMMWUECKME KOPHM COBPEMEHHOIO ECTECTBO3HAHUA

PasBurne agepHoit GpU3MKN IO pyka 00 PYKY C PasBUTHEM
actpodusukn. Takme 06 bekTH, Kak CoJIHIlE 1 3Be3/IBI, BCer/ia Irpei-
CTaBJIANN M TIPEICTABIAT co00Il HEMOBTOPUMEIE TIOKA B 3EMHBIX
yeanoBuAx usndeckne gabopatopun. VX usydenne naet BO3MOK-
HOCTB OIPOBEPUTEH Ha IIPaKTHKe IIPaBIIIEHOCTE BBIBOJOB HOBEIX (M-
3ndecKnX Teopuit. OIHNM 13 ITePBLIX IPMMEPOB, MILTIOCTPYPYIOIIMX
CKasaHHOe, CJY:KUT MCTOPUA OTKPBITUA XMMMUUECKOTO 3JIeMeHTa
reJys, cHadaJsa HaiimeHHoro Ha CoJHIE 0 CIeKTPOCKOIINYEeCKIM
HabMIOMeHMAM, a 3aTeM B 3eMHBIX JTabopaTopuAX.

1.3. ACTPOHOMHUYECKHE KOPHH
COBPEMEHHOI0 ECTECTBO3HAHMUA.
HAPOAHOXO03AWUCTBEHHOE 3HAYUEHUE ACTPOHOMWU

VcTopna paseuTusa OUMBUIM3AINY CBUIETEILCTBYET O TOM, UTO
MMPOBO33peHNe JIoJiell Karkaoii sroxy dopMupyercs 6aarogapsa Ux
IPaKTHUEeCKOl eATeILHOCTY Ha 3eMJIe M AaCTPOHOMITUEeCKIM Habiro-
mernam. Ckopee Bcero, MMeHHO HabJIioleHne 3Be3THOro Heba IIpIBeio
K PasBUTUIO CIIOCODHOCTM MEICINUTE. JleficTBUTeNEHO, 0D BeAHEHNE
APKNX 3Be3] B reOMeTPMUIECKYIO CXeMy — CO3Be3JJie JI COIIoCcTaBe-
HIe 3TOJ CXeMEI C peaJlbHBIM KMBOTHLIM 03HAUAIOT (POpMIIPOBaHNe
obpasHOro MelnuieHnda. [leperie cozBesnua MOABMINICE He IIO3/IHee
12 TBIc. meT ToMy Ha3zad. B moan3y sToro roBopuUT TOT (PaKT, UTO
npeBuEMe :xuTenn Cubupu u CeBepHoli AMEPUEN ceMb APKUX 3Be3]
Bosemioit Mensenmin 06 beqyHNIIN B OOHY IPYIILY U JaJIi eii cXoKue
«MeJIBesKby» HasBaHNA. Takoe coBrIajieHye MOTJIO IIPOM30MTH TOJILKO
B cJiyuae OOIIeHUA sKUTedelt A3ny M AMepuKH, KOTJa ellle He ObLIIO
Bepunrosa nposmBa, KoTopwlii obpaszoBasica B 10 Toic. go H. 5. IIpu
JaJbHeHINeM pa3BUTHM YM deJloBeKa caM Ilepellell K abcTpaKTHBIM
obpasaM 1 BoIlpocaM 00 yCTpoiicTBe MIpa M POJI YeJIOBEKA B HEM.

Obob1eHe ONBITa MCIIOJNB30BAHMA TeOMEeTPHUEeCKMX CXeM Ha
HeDOCBOZle ¥ JKMBOINCHBIX 00pas’oB 3eMHLIX IIpeIMETOB IIPHBEJIO
K ITIOABJIEHMIO IIMCbMEHHOCTH ¥ MICKyccTBa cueTa. Hanpumep, cxema-
TI4eckoe ns3obpasxenne cospesana Teapna O (3) MOCIysX1I0 TPo06-
pa3oM 3ByKa «A» B A3bIKaX IIeMeH MHI0eBPOIIe/ICKO IPYIIIEL
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[NABA 1. MPEAMET ACTPOHOMWM

CumBoat «0» — HOJIb, KOTOPBIJT BBEJIM JpeBHNE MHAMIAIIB B 3 ThI-
cAYeJeTHUN JI0 Hallleli 3pbl, CMMBOJIN3MPOBaJ 3aMKHYThII Iy Th BCeX
npeaMeToB Bo BceeserHol, IoL00HO 3aMKHYTOMY BHAVIMOMY ITyTH
HebecHBIX cBeTHMIL CorslacHO MMUMOJIOTUI MHAUIIEB, BCe IIpeMeThl
POKIA0TCA 113 BeUHOM Iy CTOTHI M1 ICYe3aloT B Hell. BcesleHHasa — 3To
IIposABJIeHHad nycroTa. HoJb 03HavaeT IIycTOTY — Ha4aJlo ¥ KOHell
BeesleHHOM. B 3amicen mecATHYHEBIX Opo0eli, OTKPLITHIX IPEeBHUMI
WHIUATIAaMU, CUMBOJT «(0» MCTIONB30BAJICH I8 0003HAUEHUS TyCTOTO
JecATUYHOTO paspana. Ha mpoTaskeHny ThlcaueleTUl IpUKIaJHad
aCTPOHOMMS — COCTaBJIeHJe KaJleHJaps M CYTOUHLIN cUeT BpeMe-
HM — OIIpeJlesidfia PoJib acTpoHOMMM B obmlecTBe. KaseHnapu Becex
IpeBHMUX HaponoB Ieypeurd, Kutag, Erunra, monyoctpoBa FOkaTas,
Cubupu npenctaBada0T coboit mporuos cMeHs! ¢as JIyHBI, BocXonoB
M 3aXOZI0B CBETMJI ¥ BOBMOJKHBIX CTUXMIHBIX OeZcTBMI, a TaKike
CeJIbCKOXO03AJICTBeHHBIX paboT, cCOOTBETCTBYIOIINX BpeMeHaM Trofa.
OTU KaJeHJapy I03JHee Ha3Bajll aCTPOJIOTUYEeCKMM KHITaMIL.

HeobxoaumocTe yTOUHEHMA IPOrHO3a CTUMMYJMpoBajla pas3By-
THle MeTOJ0B acTPOHOMMYECKNX HabJ/IoIeHnii: cTponTeIbCTBa Clie-
IMaJbHBIX IIJIOM[aJI0K Ha KpbIllaX XpaMoOB, CO3JaHNe YIJIOMepPHbIX
MHCTPYMEHTOB, Pa3BUTHeE apU(MMeTVKN Y TeOMeTPIIL

Beenernne 60-puuHOIi cCTEMBI CUMCIIEHNIA CBA3aHO ¢ HaOmoae-
HUAMM 3a [lepeMellleHyeM CBeTHJL Aipellbl IIMBUIN3aL [IIYMEePOB
B /IBypeube (3 ThIC. 0 H. B.) UCIIOJL30BaJIM BEPXHIK IJIOMIATKY
mMpaMMUIaJbHOrO XpaMa JJIA acTPOHOMMUYecKUX HabOsroneHuit. OHa
HaXoJiMJack Ha BeIcOTe oKomo 40 M U mmena popMy KBajpaTa co
cTopoHOoli 11,5 M. B 5TOT KBaJIpaT BONMCEIBASTCH OKPYKHOCTE C Paa-
ycoM 5,7 M. Jl11Ha OKPYIKHOCTU PaBHA IIPUMepHo 36 M, U ee MOKHO
pazzenuTs Ha 360 uacTeli, AMMHA KakIoi dacTu OyIeT mopaakKa
cpenHel MMpMHLI TagoHy uesoBeka — 10 em. Raskayio Takyro dacTb
MOKHO pasfennThb Ha 60 mosedi, mpyueM M3 IeHTPa OKPYIKHOCTH
ozxHa nmoiya OyzeT BMAHA MOJ YraoM l'. OTOT yrosn paBeH cpenHeit
paspelaloreil crmocobHOCTM deJsloBedecKOro riasa. Taxkum obpa-
30M, LNIYMEPCKIe acTPOHOMbI Habmaiomamy 3a ABMIKEHMEM CBEeTMJI
C TOYHOCTBIO JI0 OAHO yIi10B0if MMEYTEL OHM cuntasan, uto CoaH-
Ie gernaeT 3a rof 360 m1aroB Mo KPYTry M Kask[bIi IIar paBeH JBYM
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1.3. ACTPOHOMMUECKME KOPHHU COBPEMEHHOID ECTECTBO3HAHUA

BUAMMBIM YIJIOBEIM AuaMeTpaM cBeTija. CoJHeYHEBI IIar craJ
Ipo0o0pas30M Irpay CHOM Mephl: CJIOBO «I'PafyC» Ha JATMHCKOM A3bIKe
o3HadaeT «Iar». Cumraercd, yrto CoJHlle «I1araeT» paBHOMEPHO,
1, paccunTeiBas atheMepu sl CosHIla, IIyMepCcKye skpellbl OTKPBLIIN
apu@MeTHUecKy0 MNporpeccro ¥ IpaBuio nponopuum. lloHaTie
OTHOCHUTEJLHOCTH JIBMIKeHNA IOABUIIOCE TOXKE B 3TUX pacueTax, Tak
Kak jKpellaM INpMILIOCH BBeCTH JABa HepeMelleHns CosHIa: 0JHO,
CyTOYHOe, — OTHOCHUTEJBHO 3eMJJ, BTOpoe, TOANYHOe, — OTHOCH-
TeJIbHO 3Be3JHOTo Heba.

VIckyccTBO cueTa COBEpPILEHCTBOBAJM MCTOpWUecKle HacJes-
HMKU IIYMEpPOB — acCHUpUiicKMe M BaBUJIOHCKMe sKpellbl. OHM OT-
KPLLIM Ipo0M ¥ TeoMeTpUYecKle IPOTOTHUIIBI TPUTOHOMEeTPIYeCKIX
pyuruii (VIII-VII Be. 1o =H. 5.).

Ermnerckyue acTPOHOMEI B CBOMX HOCTPOEHMAX MCIIOJIL30BAJIN
OyTH ¥ JIOMaHBIe. B KOHIle KOHIIOB, OHM OTKPBLIM CBOJICTBA PaBHO-
OelpeHHBIX TPEYTOJBHMKOB M TO, YTO AMaMeTp IeJINT OKPY*KHOCTh
nomoJiaMm (VII B. go H. 3.).

IlonosxuTenpHad NpaKTHKa OPMMeHeHUA acTPOJIOTHYIeCcKIX
IIPOTHO30B (DOPMMPOBaJa IIpefCTaBJIe N 0 B3aMMOCBA3M 3eMHBIX
u HeOecHBIX ABJeHMI. OZHaKO aBTOPHl KaJleHIapei ellle He MOT-
M 0OBACHUTE HATJANIHO, TTOUeMy TpoUcXoauT cMmeHa (az JIyHH
1 3aTMeHnda CoJHIIa, IOUeMY $KM3HeNeATeJIbHOCTE pacTeHn!, Hace-
KOMBIX 1 IPYTUX CYIIECTB CBA3aHA C IIMKJIOM JIYHHEIX has. AcTpoJio-
TMYeCKMI IIPOTHO3 MMeJI MUCTHUYecKNIT XapaKkTep, a ero UCIoJHeHe
IoATBeps a0 MG OJOTUYECKYIO KapTHHY MUpa.

ITo-BuanMoMy, omlyIieHe IPMCYTCTBNUA DOTOB Ka3aJJaoCch CTOJb
PeaJIbHBIM, YTO JJIA OIVICaHMUA IIPOVCXOAAIINX COOBITII IONTyCKaJICA
TOJILKO BO3BBIIIIEHHLIN CTHXOTBOPHBIN CTUIIb

CTyx1 UCIONB30BaJNCh B aCTPOHOMWYECKNX KHIUTaX, B FOPUIN-
UeCcKNX TpPaKTaTaX, B OBITOBOJ epemnncke. ACTPOJIOrus, Bo30yxaad
draHTa3MI0, CIIOCOOCTBOBAJIA Pa3BUTHIO A3BIKA M 110331 VIHTepecHo,
4TO B HadaJaX IopyUIMIecKOoro IpaBa IIIyMepoB B kKadecTBe CMBOJIOB
copaBenJNBOCTH, 1oOpa 1 MyapocTu 6b1an BeiOpaHb!l CosHlle, JIyHa
U 3Be3Jbl COOTBETCTBEHHO.
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[NABA 1. MPEAMET ACTPOHOMWM

HakonieHne naHHBIX aCTPOHOMMYECKMX HaOmromeHmit 1 pas-
BUTME TFeoMeTpMUYecKMX MeTOJOB MX ONJcaHMA, B KOHIle KOHIIOB,
IIO3BOJMJIM K cepelyHe 1 ThicAYeseTHd [0 Hallell apbl BBIAEJNTH
chepryecKyo CUMMeTPUIO KaK (DyHIaMeHTaJbHOe CBOMICTBO KOCMO-
ca. OmyceiBas 9Ty CUMMETPHIO, Kpellbl CpaBHUBAJIM €e ¢ KPacoToi
M TapMOHUEeN.

Cdepuueckasa cuMMeTpusa ObLIA, ¢ OIHOM CTOPOHBI, IIPOCTHIM
TTOHATHEM, KOTOPOe UYeJIOReK MOT BOCHPOU3BECTM B TpeaMeTax
oriTa. C Ipyroii cTOPOHBL, KasKyllascd BCeODINHOCTE CHMMMEeTPUN
IOATaJIKMBajga K MBICJM, UTO MMEeHHO OHa J eCcTb caMoe TJIaBHOe
B 3araJI0OUHOM 3aMbICJIe TBOPIIA.

ITudparop (VI B. 10 H. 5.) OZHUM M3 IePBLIX OIPUHAJI CUMMETPUIO
MM TAapMOHMIO B KatlecTBe IVIaBHOTO IPMHINMIIA MMPOYCTpPOJCTEA.
Ha sTom npunnune 6asupyercsa Teopusa Mmy3biku lnudgaropa. B cum-
MeTpHUM 3allaJlHOI ¥ BOCTOYHOIN BJIoHTaluii Y TpeHHel 1 BeuepHeli
3Be3]] OpeBHUX rpekos lImudarop yBupaesa IokasaTeJbCTBO TOTO,
UTO 3TU 3Be3Jbl ecTh OOHO cBeTuyIo — BeHepa. Yuenur Iludaropa
Punonaii npeaIoKNUI MOJEJb KOCMOca, B KOTOPOI Bce MOAYNMHAIOCh
chepuyeckoii cuMMeTpun: HeDecHble Tesa M SeMJA ecTh IIapbl, X
IBJKeHMe chepidecKy CYIMMeTPIYHO OTHOCHTEJIBHO [eHTpa — 0o-
$KeCTBeHHOTO OTHA.

ITocnenoBatens nudaropuiitieB Ilapmenupg (V B. mo H. 3.)
IIOHAJ, 4YTO, IIPMHAB IOCTYJAT O rapMOHMM, IIpUeTcA OTKa3aThCa
OT IIPOM3BOJILHBIX CCBLIOK Ha JIeATeJIbHOCTE OOroB, Tak KaK Bce
MOJIeTN ARIEHUIt MOMKHBI OBITE HEMPOTURBOPEUNBLIMU. Ecnn ecTh
ABJIEHNA, KOTOPLIe MOXXHO 00 BACHUTE eCTeCTBeHHBIMY TPUUINHAMI,
TO U IJI BCeX TAaHCTBEHHEBIX I HEIIOHATHLIX ABJIEHNIT HaJ0 ICKAThb
ecTecTBeHHOe 00BbAcHeHMe. DakTuuecky IlapMmerup mepenien oT
MM OJIOTMUECKOr0 MMPOBO33peHNsa K (hU3MUIECKOMY, IO3TOMY €ro
Ha3BIBAIOT NIePBEIM (pu3MKoM. IlapMeHns BBeJl MOHATHE TEIJIOBBIX
II0SICOB, MCIIOJIL3Y A TeoMeTpUUIecKe yCJI0BUA NpoxXoskaennsa CoH-
I1a 4epes 3eHUT.

BosnbiyHECTBO [OpeBHerpeuecKMX MBICJNTENE) y4YacTBOBaJN
B CO3IaHMM TpaKJaHCKMX KoJeKcoB moiycoB. CobcTBeHHO, aTHM
OTpaHMYMBAJIOCh IIPMKJIaJHOe 3Ha4UYeHMe MX pas3MBbIIJIeHWit U Ha-
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1.3. ACTPOHOMMUECKME KOPHHU COBPEMEHHOID ECTECTBO3HAHUA

bmromeHnit. 3aMeuyaTelbHO, YTO B KasKJIOM KOJEeKce eCcTh OCHOBHOI
OPUHIMI TAPMOHWM: PABEHCTBO TPaskJaH Iepell 3aKOHOM. ToJBKO
STOT IIPUHLMIL, [10 MEICJU (py10coOB, 1103BOJIII ObI JOCTUYL TAKOTO
COBepIIIeHCTBa 0DIeCTBEHHBIX OTHOIIIEHUI, KOTOpoe ObLIO OBI MO-
0OHO COBEPIIIEHCTBY 3Be3THOr0 Heba.

ITonBITKEM TTOHATE MPOUCXOMKIEHNE TAPMOHNM BeeJleHHOoI TTpu-
BeJIJ K OTKPBITUIO 3aK0HA e IMHCTBA 1 O0PBOBI MPOTUBOMOJIOMKHOCTEN
(Teparnut Sdpeccrmii, V B. 10 H. 3.), TMIIOTE3b] ATOMIU3MA U JIETEPMY-
HuzMa (AHakcarop, OMienoka, lemokput, V—IV BB. 1o H. 3.). [Li1aToH
CUNTAJ, UTO 3aKOHLI CUMMeTPUN OIIpefelldioT cBolicTBa BeesenHolt
B GosbmioM n MajoM. OH neITasica o6bACHUTL pasjiMulie BellecTB
TeM, UTO MX aTOMBI 00JIaaloT Pa3HBIMM TUIIAMU CUMMeTPUM (IJI1a-
TOHOBEI Tesa). ApuctoTtens (IV B. 1o H. 5.) yumi, UTo 3aada KasKIoi
HayKM COCTOUT B OOHApPY?KeHUN COOTBETCTBYIOIIEH rapMOHUM IIPHU-
ponsl I'mnoTesy o cepMUHOCTH 3eMIM MCIOJIb30BaJ JpaTocdeHr
(IIT B. go H. 5.), IPeIJI0KNB MeTOOUKY OIIpellelieHlA ee pa3MepoB
1 U3MepHUB MX. B 3M0Xy aHTMYHOCTM acTPOHOMMUA Oblila OTHOI M3
caMbIX MTONYJAPHBIX HayK. B cpene oOpas3oBaHHBIX JI0Nell obcyix-
Jajmchk MOAesin KocMoca ¥ puiocodpckre TPMHIMIOBI YCTPOcTBa
Bceesiennoit. Ha niomazgx rpedyecKux ropofioB yCeTaHaBJNMBAJNCH
COJIHEYHBIE JACHI, MMEBIIIME TaK¥Ke U XYI03KEeCTBEHHYIO IIEHHOCTb.
ITo npukazy Anerkcannpa MakeIOHCKOTO MPUJIBOPHBIN M03T ApaT
Hammcal nmosmy «fABieHua» o cozBe3anax u nnaHetax (II1 B. o H. 3.).

AcTpoHOMMA TepecTasa ObITh TAMHCTBEHHOI HAYKOI 3KPEIoB,
ee M3y4aloT Bce, KTO YUMJICA B akaJeMuax [lmaToHa m ApucrtoTe-
na. B pesynbTaTe M3MEHMIIOCH MUPOBO33peHUe TPeKoB: cdepa
IedaTenbHOCTHU OOTOB OLIIa OTOABMHYTA Aajieko oT 3emun. CorjacHo
ApucroTenio, cyIlecTByeT «IIOOJNYHHLII MUpP», KOTOPLI clenyeT
00BbACHATE (pU3MUECKUMY IPUUMHAMI, 1 eCTh COBEePIIeHHBI MUP —
KOCMOC, T/le HapuT rapMoHua M oburatoT boru. [l puuem HabmogaeMble
IJaHeTHl yske He CUMBOJIM3MpoBasu O0roB. ApHcTOTe L MOCTaBUI
3a7a4uy 00 LACHEeHUA OABMKeHNA IIaHeT (PU3UIeCKUMY IPUIMHAMMU.

Of111ee 114 BceX IpeBHUX IMBUIM3aIMI — IIOMCK TaPMOHUM MU Pa
Uepes acTpOHOMNUYecKMe HabmogeHa, II0STOMY HeY IMBUTeJIEHO, UTO
M3y4eHUI0 acTPOHOMMM IIPMAaBajl OIPOMHOe 3HadeHle, HallpuMep
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B JlpeBHeli I'peryyi ee NpMUpaBHAINM K OJHOMY M3 BUJOB JICKYCCTB,
a epcoHaJbHaA OOTMEA Y paHNsa IOKPOBUTEILCTBOBAIA ell.

3akaT aHTUUYHOI Hayku HaudaJtics Bo [I-111 BB. H. 5. 1 ObL1 00yC-
JIOBJIEH TeM, UTO Hay4HEIe OTKPBITHA MIMeJM 3HaueHye TOJbKO JJId
00pas30BaHHOI YacTy o0IllecTBa ¥ HMKAK He M3MeHA [IPOM3BOaAM-
TeJIbHBIX CIJL s M3HE cCBOOOAHLIX IpaskiaH obecieunBan padsl, KO-
TOPBIX NOOBIBaJIM B BOMHaX. PUMCKOJ MMIIepui Hy&Ha ObliIa TOJIEKO
BOeHHad HayKa, a He paccy:xJieHnd ob yeTpoiicTRe BeeneHHOIA.

B snoxy crazHoerneHna xpucrtuascrea (V—VII Be.) HaceneEne
Sananaoit EBponbl OBINO 3aHATO MeKIOYCODHBIMUM ¥ PeJIMTUo3-
HeIMMU BoltHamy. Hu acTpoHOMMelt, HUM OpyTMMM HayKaMl HMKTO He
3aHNMaJcAa MoHaXoB B MOHAcCTBEIPAX 00yIasM TOJBEKO apudMeTHKe
) JaTUMHCKOMY A3BIKY. KaJsleHOapHEI cUueT IHeJ NpaKTHUIeCcKU He
COIJIacOBBIBAJICSA ¢ JaHHBIMM aCTPOHOMMYECKUX HabmomeHmii.

ITepBBle IpKMB3HAKN BO3POXKIeHNA NOABUIIMCEH IIPY MMIIepaTope
¢dpparkoB KRapmae Benurom. B 782 r. oH cosgan npuiaBopHoe oblie-
CTBO y4eHbIX MOHaXOB — 3HATOKOB COUMHEHMI IpeBHMX aBTOPOB.
Ilo mEMIIMaTNBE 3TOr0 OOIecTBa MNP MOHACTBIPAX OTKPBLIN IIIKO-
JIbI, B KOTOPBIX 00A3aTe bHBIMM IIpeaMeTaMy OblaM apudMeTHKa,
JIATMHCKWI A3BIK M1 aCTPOHOMMA.

B IX B. Ha JaTHHCKNIT A3bIK OBLT IIepPeBeJIeH aCTPOJIOTHMYECKUIT
TpakTaT BeJyaliliero aHTUYHOro acTporEoMa Kiasausa IlTonemes
«TeTpabubimoc». VIHTepec K acCTPOJIOTMM CBITPA] MCTOPUYECKYIO
POJIb — OH NIpMBeJ K BO3POKIEHNIO MHTepeca K McCle0BaHMAM
B 0DJTacTH aCTPOHOMUM, MEUITMHEI, XUMUH, (DUAUKN U TeOMETPUIL.
B XII-XIII BB. B eBpOIEHCKNX MOHACTHIPAX I VHMBEPCUTETAX
HauaJyM IIepeBOOMTL M M3y4aTh Tpyabl EBkmmpa, Apxumena,
Apucrorena, 'nnmapxa, Iltonemesa. IlepBaa acTpoHoMHUUeckad
obcepBaTopua B Erpone 6rvwna moctpoena B XIII B. mpu kopose
Kacrunun Anvdgorce Myznpom. Pa3euTie MeTOIOB CXOJIACTUKU 3a
IecAThb BekoB CpelHeBEKOBLA IIPMBEJIO K (POPMMUPOBAHMIO JIOTMKN
KaKk MeTofa TeOpeTHMHUEeCKOro ocMblcaeHMsa onblTa. Cpenu yUeHBIX-
MOHaX0B NONYJIAPHBIMM MeTOJaMM JIOKa3aTeJIbCTBa CTaHOBMIINCH
MBICJIEHHBIE DKCIIEPMMEHTEBI, a He CChIJIKM Ha KaHOHU3MpOBaHHBIE
TpyZael Apucrtotenda OpHako Opu pacueTe 3¢greMepnus HeOecHBIX
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CBeTWJI HM CXOJIACTHMKA, HY MBICJIEHHBIEe 3KCIIEPMMEHTEI He HY KHEL,
HO HeOoOXOONMMBI IpPAMbIe acTPOHOMMYecKye HabOJIOLeHNA ¥ OIBIT
MCHOJIBb30BaHNA MaTeMaTHEN. VIMeHHO acTpoHOMIA criocobeTBOBaa
BO3POXKIEHNIO SKCIIepMMeHTaJbHBIX JccleloBaHMii B caMbIX pas-
HbIX 00JIaCTAX HAYKHN

B XIV B. aCTPOHOMMEO BKJIKOUNMJIN B UMCJIO IPeIMeTOB (PaKyJIb-
TeTa CBOOOJIHBIX MCKYCCTB YHUBEPCUTETOB. JOTOT (PAKyJIbTET OBLI
00A3aTeTEHBIM BO BCeX YHUBEPCUTETAX.

AcTpoHOMMA cBITpasia (PYHIAaMEHTAJILHYI POJIb B HAaYUHOM
IedaTeNLHOCTH OCHOBOIIOJIOYKHIKOB COBpeMeHHOIT Haykn. Hukomaii
KonepHuxr, npepiarasg relIMoOIeHTPUUECKYIO MOIeJb IIJIAaHEeTHON
cucteMsl B XVI B., pykoBofcTBOBacA (pakTUIECKM HeobXoImMoc-
TBIO yIydIneHnsa kajleggapsa. C coBpeMeHHOI TOUKN 3peHNd 3Haue-
ane ero kanrn «O Bpamennn HebecHBIX cdpep» COCTOUT B TOM, UTO,
BO-IIEPBBIX, B Hell IPOJEeMOHCTPHMPOBAHO, KaK MOKHO CYIIIeCTBEHHO
YIPOCTUThL MaTeMaTHdecKlle pacdeThl, M3MeHNMB CHCTEeMYy OTCUeTa.
Bo-BTOpPEIX, B €r0 paccyskIeHNAX O BpallleHNN 3eMJIM colleps:RaTcd
MHTYUTHBHEBIE IIpeJICTAaBJIeHNA O 3aK0HEe MHePINII M 3aK0He CoXpa-
HeHNA MMIIyJbca. HakoHell, B-TpeTbuxX, HomepHMK IosaraJ, 4To
CBOJCTBA NPUTATMBATE Teja XapaKTepHO He TOJBKO A 3eMJu,
HO M 1A OpYyruX HeDecHBIX cBeTuJ. Bepa HonepHuka B mocTysatr
0 chepHUecKoil cMMeTPUM KOCMOoca [I0Melllajla €My BBeCTH 3JIJIMII-
TH4YecKye OpOUTHI JIJ1A IIJIaHeT, XOTA B eT0 YePHOBMKAaX eCTh PUCYHKHU
€ TaKMMM OpOMTaMIL

3amMeTuM, 9TO MCTOpUUYecKNi BKIayn KomepHUKa B HAYKY He
OTpaHNUEeH TOJLKO acTpoHOoMMell. OH IepBBIM OMNCAJ BasKHelilee
ABJIeHIEe 3KOHOMMKN 00IllecTBa, KOTOPOe TeNeph MBI Ha3bIBaeM MH-
dpnamnmeis

Bo BTopoiit nomormure XVI B. paboTas 3HaAaMEeHUTLBIN acTPOHOM
Tuxo Bpare. OH cTaj 0CHOBOIIOJIOMKHNKOM IPELM310HHBIX aCTPOHO-
MIgecKkux HabJrogeHmii.

Ob6paborra MHorosleTHUX Habmiomenuit Bpare 3a mepewmerre-
uueMm Coanna m Mapca nosBosmna JorarHy Kenmepy OTKpPBITB
TP 3aKoHa IBMKeHUA INiaHeT B Hauase XVII B. Bca nayunHaa
OeATeJIbHOCTh Ilelsiepa Oblyla OcBsAllleHa Bepoli B TapMOHMIO MMpa.
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[NABA 1. MPEAMET ACTPOHOMWM

B cBonx pacueTax ¥ MoZiesIAX OH MCIIOJIb30BaJI CMMMETPUIO chephl
M IpPaBWJIBHBIX MHOTMOTPaHHMKOB. Ero meronpl aHasms3a CTPOeHUH
CHeJKMHOK CTaJli IIpeliTeueli cCOBpeMeHHLIX MEeTOIOB CHMMETPUI,
MCHOJB3yeMbIX B (hi3uKe 1 XxuMun. Kemnyiep pa3Bui naen Apxumena
0 BBIUMCJIEHNN IIJIOIMaJZell (DpUIyp € IIOMOIIBI0 BaIllONTHeHUA X IIpa-
BUJIBHEIMY MHOTOTPaHHMKaMM. PaKTHUecK) OH yiKe yMeJs BEIUMC-
JIATHL IpOCTeHINe MHTerpaJkl, KOTOpPLIe IT031Hee oTKpLIN HeloTon
u Jleii6uuil. OueHs BaskeH BrJaJ Kemnnepa B aHaJIN3 CBOIICTB MHEP-
mm. lo Hero, cienysa ApPHUCTOTeN0, CUMTAJNN, YTO MHEPIVIOHHBIM
nmy 0eccuJIOBBIM ABMKeHNeM o00JaJlaloT TOJBKO HeDecHble Teda,
cBoOonHO mapsAmue B a3cupe. Kazanock 04eBUIHBIM, YTO 3TO IIBY-
JKeHle eCTb PaBHOMEpPHOe NBIKEeHMe II0 OKPYKHOCTH, II0CKOJIBKY
TAKOBO BIUJMOE IIepeMellleHNe IUaHeT. DTOro ke IIpeCcTaBIeHnsd
OpuIepsxnBalcsa coBpeMeHHME HRemnnepa I'ammuneo Tammmeir T'a-
JINTIel Opefelial CBOJCTBO MHEPOMM KaK CIIOCOOHOCTE COXPaHATH
COCTOAHMe PaBHOMEPHOrO ABNM:KeHNA. Kelsiep nepBbIM HOHAT, YTO
MHEPIVIOHHOe NIBICKEeHJe — 3TO PaBHOMEPHOe JNIBMKeHMe II0 IIpsdA-
Moti. OH yTBep:KJaJll, 9TO ABVKEHNe IIJIaHeT II0 3JIJIMIICAM CBA3aHO
€ CHJIOBBEIM Bo3zelicTBMeM Ha HUX CosHIa. [TpITa Ack MOHATE, KaK 0Cy-
IlecTBJAETCA 3TO Bo3zeiicTBUe, Kenjiep OTKPEBILI 3aK0H N3MeHeHN
OCBEITeHHOCTH TIPY YIaJeHNN OT MCTOUHNEKA cBeTa. OH MCTIOTb30BaT
CBOJICTBO chepMUecKoli CUMMETPII IPOCTPAaHCTBa. B sToM ciyuae
OCBEIIeHHOCTE IIPOIIOPIMOHaIbLHA IIJIOTHOCTH JIyUeli CBeTa, KOTOpEIe
IIepeceKaloT cepy, OKpyIKalollylo nctogank. [TosHoe umeno ayqeit
coxXpaHAeTcdA, I03TOMY MX IIJIOTHOCTE ODPATHO IIPOIIOPLMOHAJBHA
KBaZpaTy panuyca ciepsl Kerep skcriepuMeHTaIBHO IIPOBEPHII
OTKPBITHI M 3aKOH.

ObGnyMbIBas CBOJiCTBa MHEPLIMOHHOTO NIBMXKEHNA ¥ 3aKOH IJIA
ocBellleHHOCTH, Kenmep ccopMmynnpoBas npodiieMy, KOTOPYHO Te-
IIepb Ha3BIBAIOT (POTOMETPUYECKIIM IapaJOKCOM. 3aMedaTeILHO To,
uTO pelreHne IpobseMel, Ipenuo:keHHoe HemepowM, dgakTmuueckn,
coBIaJaeT ¢ IIPMHATLIM cerofHs: (hOTOMETPMUECKOro Iapajokca
HeT, ecJIi Y)CJIO 3Be3] B equHNIIe 00 beMa OeckoHeuHOI1 BeeseHHOM
HeBeJINKO.
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1.3. ACTPOHOMMUECKME KOPHHU COBPEMEHHOID ECTECTBO3HAHUA

Posp acTpoHOMMM B Hay4HOI AeAaTenbHocTU Vlcaaxa HeroToHa
orpomHa. Ero Tpyn «Hauana HaTypasibHOI dumocodpun» (1687)
NOCBANeH 00BbACHEHNIO TPeX 3aKOHOB Kellslepa ¢ IIOMOIIBI 3aK0HA
TATOTEeHMA. SHaMeHUTHIe TellePb TPM 3aK0oHa IMHaMMKNM HbOTOH
chopMyIMpoBaJl B BUe JIeMM B BOAHOM dacTy «Havai». MoskHO
CKas3aTb, YTO aCTpOHOMIYecKMe HabmoneHns Tuxo Bpare okaszainch
TeM YHIaMeHTOM, Ha KOTOPOM Obljla IIOCTPOeHa Teopys TATOTeHNA.

MaTteMmaTnueckutt annapat audepeHIIMpoRaHUA U MHTETPU-
POBaHMsA OBII OTKPEIT HEIOTOHOM B IIpoIecce JccyleIoBaHUA CBOJICTE
OIITHMUECKNX JIMH3 U 3ePKaJl IJIS TeJIeCKOIIOB.

BoceMmHaglaTEIN BEK BOIIE B MICTOPMIO KAK 3M10Xa CTAHOBJIEHMA
HBIOTOHOBCKOJ KapTMHLI MIIpa. B HauaJse BeKa BEHIIILJA B CBET KHIUTA
HrroTona «Ontura». B koniie Beka [1.C. JlJannac ony6amukoBaJs cBoo
kHUTY «VIBJI03KeHMe cUcTeMbl My pa», DJaroapsa KOTOPOI TMIoTesa
HreroToOHa 0 TATOTEENM NIpeBpaTHIach B 3aKOH IIPUPOABL DTOT 3aKOH
OBIJI IpM3HAH He TOJbKO (pM3MKaMM ¥ MaTeMaTHMKaMM, HO CTaJl 13-
BecTeH BceM 00pa30BaHHBIM JIFOAAM TOTO BpeMeHIL.

B XVIII B. OblcTpo pasBMBajlach TeXHMKA M3TOTOBJIEHUA Te-
JeckonoB. Hebomplle TejlecKoIbl ysKe He OBLIM OYeHb JOPOTMMI,
Y1 aCTPOHOMMYeCKMMI HaOJIIeHNAMY 3aHVMaJIICh He TOJBKO IIPO-
dpeccmoHa bl HO 1 uIIocodbl, MO3TH, Bpaul. B pe3yibeTaTe OBLIO
CcleJJaHO MHOIO KOHKPEeTHBIX aCTPOHOMMYEeCKMX OTKPBITHMI (cob-
CTBeHHbIE JBIKeHMA 3Be3l, raJakTuky, abeppamua, Ypas, IIall-
kKM Ha noaocax Mapca, 3Be3IHble CKOIUIEHNS). JTM OTKPBITHA
TpeboRanmu 0O'bACHEHUA, CTUMYNUPYA pasBUTHe (PU3UKU, XUMUN
1 MaTeMaTHkM. VIMeHHO B 3T0 BpeMd Oiaronaps paboram o BEebec-
HoJT MexaHUKe Ditnepa, Kiepo, /I’ Anambepa, Jlarpanxka n Jlannaca
CO37a0TCsA OCHOBBI COBPEMEHHOM TeopeTHuecKkoll (hM3UKINL.

Bypnoe pazBuTne skcnepuMeHTanbHol pusukn B XIX B. npu-
BeJio K oTRpLITHAM 5hderTa lonnepa, dpororpacdpny, cieKTpaIbHO-
TO aHaAJM3a, 3aKOHOB 3JIeKTPOMarsHeT3Ma. OTH OTKPLITHSA IIepeBeit
acTPOHOMMIO Ha acTpodisudecKye pesbchl. BEICOKOTOUHLIE acTpo-
HoOMMYecKye HaburoeHnsA, TpeboBaBIlNe CTPOroil MaTeMaTidecKoil
06paboTkn, nmoasenn BIJOTHYI0 Tuxo DBpare m Morana Kemnnepa
K MIesM TeopMy BepOoATHOCTH, KOTOpad TOJBKO-TOJBKO HadaJa 3a-
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[NABA 1. MPEAMET ACTPOHOMWM

poskOaTbeA B MX s10Xy. Ho yixe B cepegune XIX B. paspaboTanHasa
M3BeCTHBIM acTpoHOMOM [[3%. ['epiresiem Teopys omO0K M3Me peHii
M JOKasaTeJIbCTBO MM 3aKOHa paclipellelleHMA CJydaiHBIX OIIN-
00K M3MepeHMiI He ObLIM ocTaBJleHbl Oe3 BHMMaHMA MakcBellioMm
U, TO-BUIMMOMY, HMOCIHYKMINM €My [P OTKPBITMM CBOEro 3aKoHa
pacIpefiesieH) s YacTHII II0 CKOPOCTAM — (PYHIaMeHTaJbHOTO 3aKO0-
Ha cTaTHCTHUeCcKOol (hM3UKNL.

K mauany XX B. pusmudeckasa KapTHMHa MKpa KasaJjach IIOUYTH
3aBepieHHol. OkpblienHoe yenexamy X VIII-XIX BB, coobirecTBo
YUeHBIX BepuJso, 9To B OecKkoHeuyHOJ! BeceleHHO TpoMcXoaaT mpo-
Iecchl, NONUYMHAIMeCH yiKe M3BeCTHBIM (OM3MUYeCKMM 3aKOHaM.
3allaya HayKM — 5TO pellleHMe NIpUKJIaJHbIX IpodaeM. IIpaBra, aTy
CTIOKOMHYIO KAPTUHY HAPYIIAldM «HeDOINbIIMe» aCTPOHOMUUECKNe
IpobyeMsl: 00bACHEeHNe CIIEKTPOB 3Be3], IpobieMa Tpex Tell, CTPo-
enne u sHepretura CosaHna, HeHabII0OIaeMOCTE CBETOHOCHOTO 3(hu-
pa, poToMeTpuUeCcKMiI ¥ TpaBUTAlMOHHBI MapaJoKchl, IapagoKc
«TeIlJIOBOM cMepTu BeesleHHOM ».

WUctopua sayku XX B. NOBTOPMJA CHOKeT s10XKu Bosposkie-
HKA. VIMEHHO IIONBITKM pellleHNs 5TUX aCTPOHOMMWUYECKNX IIpobJeM
U3MeHNJIN (byHIaMeHTaJIbHYK OCHOBY BceX HayK. B peayibraTe Io-
ABUINCH TEOPUA OTHOCUTENRHOCTH, KRAHTORAA MeXaHWKa U Teopud
JMHaMMUeCKOTO Xaoca, OTKPBITHI HecTaIMIOHAapHOCTL BceseHHOI
U AfepHble MCTOUHMKI 3HEePTUM, cpOPMYJIMPOBAaH aHTPOIHLIN IpH-
HITUII, Ha4aJIoCh OCBOEHME YeJIOBEKOM OJIMIKHEro KocMoca.

Cetiuac B koHIle XX B. pyHIaMeHTAJbHLIM IIOHATHEM QU3U-
KM M MaTeMaTHKN ABJAeTcA MNOHATHe cuMMeTpuu. Jlia onucarna
bmanYecKkux NnoJeli NCnoJb3yoT (has30Bble MHOMKECTBa, KOTOpPhIe
obJazamT cuMMeTpHeli cdepsl nan Topa. CaMM 3TH MHOKeCTBa
HeHaOJr0maeMBbl, 3aTO, corjlacHO TeopeMe Hetrep, HabmropawoTcesa
CcJIeICTBUSA X CUMMeTPUI B BUle pa3JIMYHBIX 33aKOHOB COXPaHeHNd
(3Hepruu, UMIyabca, MOMEHTA MMIIyJbca, 3apazna). [To-Buaumomy,
BpallaTejbHas CMMMeTPHs, BIIepBble 3aMeUeHHas JPeBHUMM acT-
POHOMaMM, OIpefleNdeT CTPYKTYPY BceseHHOII Ha BcexX MacIuTa-
6ax — OT aJleMeHTapHBIX YacTHUI] [0 3Be3]] ¥ CKOIIJIeHNII TajlaKTHUK.
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1.3. ACTPOHOMMUECKME KOPHHU COBPEMEHHOID ECTECTBO3HAHUA

VTak, onbIT pa3BUTHA MUPOBO33PEeHIA CBIIeTeJIbCTBYET O TOM,
9TO MOCTYIIaTeJIbHOe Pa3BUTHeE IMBUIN3ALMN OIIPelelIdl0T acTpo-
HOMMUECK)e MCCJeloBaHNA. DTOT BbIBOJ CTAHOBUTCH OYeBMHBIM,
eCcJIMl BCIIOMHMTE, YTO Bce (DOPMEL KM3HY, B TOM 4MCJIe I pa3yMHOI,
B3aMMOCBSA3aHbl JPYT ¢ IPYTOM, C IIJIaHEeTOli, Ha KOTOPOii OHM OABY-
JIJCh, CO 3Be3I0J, KoTopad o0orpeBaeT IJIaEETY, HaKOHel], CO Bceil
BceeseHHOJ, 5BOJIIOIMA KOTOPOII IIPMBea K POXKIEHNIO 3Be3] M Hac
€ BaMM, UBYUAKINX 5Ty BeceleHHyo.

V13 mpuBeieHHOr0 KPaTKOro MCTOPMYUECKOT0 aHAJIM3a BUJHO, UTO
DONBINMHCTBO CYIIECTBYIOIMNX (PYHIAMEHTAJLHEIX (U3MUIECKIX
Teopuii, MaTeMaTHKa, XIUMIA, Treorpacnusd B 3HAUNTeILHON CTelleHNn
OIpelesaich pasBuTHeM acTpoHoMu. [ToaToMy, UTOORI TOHATE X
B IIOJIHOJI Mepe, Heo0XOAMMO 3HATE aCTPOHOMMIO.

OrpoMHO SHa4YeHye acTPOHOMMM B pPasBUTHM (PyHIAMEHTAJL-
HBIX HayK — (PUBMEN, MaTeMaTHKM, MeXaHMkN. MHorne paszensl
ACTPOHOMMIM MTPAIOT BasKHYIO POJIb B pa3BMTHM HaPOJHOTO X03dAlic-
TBa. JTO, IIpekae BCero, OTHOCUTCA K Ieofe3ndecKoil ciry:xbe, Ha
KOTOpOJ OCHOBaHa KapTorpadgua B cBomx mMaTeMaTHYecKNX Me-
TOJaX OHA OIMpaeTcA Ha chepiuecKyI0 acTPOHOMMIO, a B MeTOIax
onpelesleHNd reorpapuiyecknx KOOpAMHAT — Ha [IPAKTUYECKYIO
aCTPOHOMMIO. ACTPOHOMMYEeCKOe MHCTPYMeHTOBeIeHle ChIrPaJjio 0C-
HOBHYIO POJIb B CO3JAaHNN TOYHBIX Ie0lle3N9eCcKNX M3MepUTeIbHBIX
MHCTPYMEHTOB. Be3 acTpoHOMMYecKOi ciy:KObl BpeMeHM HeB03-
MOJKHO OIlpeJieJieHle reorpaiecKkolil I0JIroTEL, a ClIeJ0BAaTeJbHO,
U TIoOCTpOeH!e TeorpaiecKnx 1 Tonorpauyecknx KapT, KOTOphIe
MMeIOT BasKHOe HaPOTHOXO03ACTBeHHOe 3HAUEHNIe,

Onpenernenne [OTeHI[MAJa TPaBUTAIMOHHOIO IO 3eMJIn
ACTPOHOMMYECKIIMI MeTOAaMM, HAIIpMMep, II0 IBMYKeHMIO JMCKYyC-
CTBEHHEBIX CIIYTHMKOB 3eMJIM, MMeeT CYyIlecTBeHHOe 3HaUeHNe He
TOJIBEKO JJIF Te0e31N, HO 1 [JIA Te0JIOTMIecKoli pasBe Ky II0JIe3HbIX
JCKOIIaeMbIX.

Bonrmoe 3madenme A HyKJ HapoJHOTO X03fAMCTBa MMeeT
acTpoHOMKYecKad CIIy:kDa BpeMeHNM. XOTdA cejidac MCIOJB3YIOTCA
aTOMHBIe CTaHAapTBl BPeMeHM, TeM He MeHee, aCTPOHOMWYecKad
carysxDa BpeMeHM He IIOTepAJla CBOero 3HadeHNA. ACTPOHOMMA
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[NABA 1. MPEAMET ACTPOHOMWM

cIeIUT ¥ 3a COOTBETCTBMEM KaJjleHJapdA fABJIEHHMAM, CBA3aHHBIM
c obpamrernem 3emau BoKpyr CoJsHIa.

AcTpoHOMKWYecKl e MeTOAbl MCIOJNb3YIOTCA B IJ100aJbHBIX Ha-
BurarmoHHbIX cucteMax [JIOHAC u GPS. IIpobnmembl HaBUTAITUI
B KOCMUYECKUX IOJIeTAaX TaKM¥Ke PellaTCH ¢ IIOMOIbH ACTPOHOMMN.

B Hanm gHM acTPOHOMMA CBOMMM JOCTIVKEHMAMHU CYIIeCcTBEH-
HbIM 00pazoM noMoraeT pelleHnk MHOIMX IpodJjieM KOCMOHABTIKMA,
KOTOpbIe OPUEHTHUPOBAaHbl HA aKTUBHYH [OMOIlbL HAPOJHOMY XO-
3daricTBy. ONITHMMAaJIbHBIN BEIOOP M TOUHBIN pacueT opOUT MCKyCcCT-
BEHHBIX CIIYTHUKOB BBIMIOJHAKTCA METOOAaMI HeDeCcHOIl MeXaHUKIL.
IIpn domamgecknx nceaeloBaHUAX DOJIBIINX PETMOHOB 3&MHOI Mo-
BEPXHOCTHU V1 aKBATOPWII OKEaHOB UCIIOJIE3YIOTCA acTpo3ndecKne
VHCTPYMEHTHI 1 MeToObl. TakuMm obpazoMm, aCTPOHOMMA COBMECTHO
C KOCMOHaBTMKOI Y4acTBYET B pa3BeJlKe MOoJIe3HBIX MCKOMaeMbIX,
B OXpaHe NpUpOoJsl, B pPalMOHAJIbHON OpraHn3anii cejlbCKOX03g1i-
CTBEHHOTO NPOM3BOJICTBA M MHOTUX MHBIX MePONPUATHUAX Hapom-
HOX03AJCTBeHHOr0 3HaueHNA. [[IMpokoe IPOHMKHOBEHIE JeJIOBEKA
B KOCMMYECKOe MPOCTPAHCTBO MOCTABUJIO Tepell HAYKOI BasKHYHO
3a/lagyy — oDecrnedeHle paaMalOHHOI 0e30IacHOCTM KOCMOH&B-
TOB M HAYUHOI almapaTyphl B OTKPBLITOM KOCMOce. 3Ta OMacHOCTh
B TIepBYIO OUepelb UCXOAUT OT KOCMUUECKUX JIydelt, $KecTKOTo
VIbTpaMOIeTOBOTO U PEHTTeHOBCKOTO M3NIYyUeHUit, KOTOpbIe pes-
KO yCUIMBAlOTCA Bo BpeMs Benblmiek Ha Coraile. B ¢Ba3m ¢ sTuM
OTpPOMHOE 3HaueHHUe Ipuobpeny acTpodguamMueckne McclelIoBaHUA
npoueccos, npoucxonanux Ha CoJHIIE M B MeIKIIJIaHeTHOM IIpO-
cTpaHcTBe. llocTpoeHne TeopuM COJHEUHO! aKTUBHOCTM U Ha ee
OCHOBEe COCTaBJIeHMe IIPOTHO30B BCILIMeUHOI akTuBHOocTU ComHIa
TIO3BOJIAT 3HAUMTEJLHO YBEIUUUTE 6e30I1aCcHOCTE KOCMIYUECKUX 10~
JneToB. Takoll IporHo3 MO3BOJIUT 3apaHee IpeIBUeTh HACTYIIJIeHne
MAaTHUTHBIX Oy Pb, IpepblBaHMe PagMuoCBA3Y I IPYTUX IIPOIIecCoB Ha
3eMJle, HapyLIAIINX HOPMAaJbHBIN PUTM X038CTBEHHO AedaTelb-
HOCTH JIIOJEI.
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FAABA 2. COEPUHECKAA ACTPOHOMMUA

2.1. 3BESAHOE HEBO 1 CO3BE3AUA

B moboit MmecTHOocTH 3eMIM HaOMOIATe L BMIOUT HaI coboil
Hebo B hopMe cthepuueckoll IoOBepXEOCTHU (HebDecHEENI cBoxn). JHeM
BOezobmaunyonorony iBeTHeba roxy0oii, Tak Kak MOJIEKYJIB] 3e MHOT
aTMocdepsl, ocBenjaemoli CosHIlEM, pacceMBalOT IPeUMYyIIIeCTBEH-
Ho rogryorie ayun. Apruii rosny6oii pon nHeBHOrO Heba He I03BOJIAET
BUeThL 3Bes3bl. Houblo, Korga cojlHeYHOe OcBellleHMe OTCYTCTBYeT,
Ha Hebe BUOHO MHOskecTBO 3Be3]. CoszaeTcsa BIedaTJeHMe, UTO
3eMIIA OKpYsKeHa OTPOMHOJ cchepoii, Ha BHYTPeHHe IOBePXHOCTH
KOTOPOJ pacroJo;keHbl HebecHble CBeTHJIa, a B IIeHTPe HaXoUTCA
HaOJroJaTesb, BUAAIINMI TOJBKO IIOJIOBMHY cdiepbl; BTOpad ee
IIOJIOBMHA CKPBITA 3eMHOJ II0BePXHOCTBIO. B JelicTBUTEeJIbLHOCTH
HMKaKOl MaTepuaJlbHON ceprl, OKpYy xaolleli 3eMI0, B IpUpoe
He cyllecTByeT. HeDecHble TeJa IBILKYTCHA B Declipele IbHOM MU PO-
BOM TIPOCTPAHCTBE Ha CaMbIX PaslMUHBIX PAacCTOAHUAKX OT 3eMIIN.
OTU pacCcTOSHUSA CTOJL HEBOOOPAasMMO BeJMKM, UTO Hallle 3peHle
He B COCTOSHNMM X OLIEHNTH; HEBOJIEHO BCce HeOecHEIe CBeTIIa ITpe-
CTaBJIAITCA HAM OAVMHAKOBO YaJIeHHBIMY, TO €CTh HaXO[AIMICA
Ha BHYTpPeHHe} NOBepPXHOCTH BoobpaxkaeMoli cepsl.

V3-3a KoJIOCCANILHBIX paccTOAHMIE 3Be3]] 0T 3eMJIM MX B3alIMHbIe
pacnoJioskeHNA Ha Hebe KasKyTcA HeM3MeHHBIMM Ha IIPOTAMKeHMM
TBICAYEJIeTHI], JI IO3TOMY ApeBHMe HapoJbl, sKUBIINe 3—4 ThIC. JeT
Hasajl, BUJeJu 3Be3HOe HeOO IOYTHM TaKMM JKe, KaKUM OHO BbI-

-99.



[NABA 2. COEPHUYECKAA ACTPOHOMMA

TIAOUT B Hallle BpeMA. Haponb!l IpeBHUX KYJbTYPHBIX TOCYOAPCTB
u3ydaiu 3Be3nHoe Hebo c 1esb0 pa3paloTKu cucTeM cueTa Bpe-
MeHH, OpeAcKa3aHuA HAaCcTYILJIeHMII Ce30HOB Tofla M OPMeHTUPOBKK
Opu JalibHUX OepeABiskeHnAX. OHM M3yUaJM PaclojiosKeHue Ha
Hebe TOJIBKO APKUX, YeTKO BbIJEJAIINXCA 3Be3]] (KOTOPbIX Ha Hebe
He TAK YK MHOro), o0'beIMHAA MX B IPYIIIBL, MM (bUrypsl, XOPOLIO
3alIOMMHAIIIMECH CBOMMM KOHTypamu. Takue OUTypBl U3 APKUX
3Be3]] MMEHOBAJIChL C038e30UAMU, TO €CTh COUETAHUAMM 3Be3].
TToz:ke K HUM npuumcsiayn 1 6osee ciabvle 3Be3nwl. CozBes3nua
oJIy4aJiy Ha3BaHMA, 3aMMCTBOBaHHBIE 13 MM(OB 0 Oorax, ckas3aHuii
O JIeTeHJIapHBIX TepOoAX, a TaKyKe M3 IIPOM3BOJICTBEHHO-OBITOBOTO
obmxona. Tak, TpyNNy 13 ceM APKUX 3Be3[, UMEKIY 0UepTaHue
KOBIIIa, IPEBHNE TPEKY Ha3BaJi co3Be3nreM Bonbimor MenBeauiieL.
B JIperHeli Pycu 3To ke co2Be3Me MMeJo pasHble HazBaHUA: Bo3s,
Romnecuunia, Ractproidg, Roeml, B Cubupn oHo HazbeiBasock JlocewM,
a IpeBHMe KazaXu o0benuHANN ero co 3Be3namy Mamoit Mense nuiisl
1 HazslBau Korewm (puc. 1).

Puc. 1. Cozepezgna Boaemoit Megse s 1 Mamnoit Megsemus:
V IPEeBHMX T'PEKOB (cJeBa) U IpeBHUX Ka3aXoB (cIpaBa)

B III B. go HarIelt 3pbl IpedecKliie aCTPOHOMEBI CBeJlM Ha3BaHNA
COBBE3INIT B eIUHYI CUCTEMY, KOTOPYIO BIIOCTEACTBUN 3aMMCTBO-
BaJla eBpomnelickad Hayka. [losToMy Bce ApKue co3Be3I1A COXPaHU-
JIM TpedecKye HasBaHUA: cosBesnuda Bomeimoit Meneeaumsr, Manoit
Mepnsenuie:, lledea, Raccuonen, Aunpomensl, Ilepcesa, Opuona
u gpyrue. B xorne XVII B. Ob17111 BbIZlesIeHbI Ha HeOe MaJlo3aMeTHbIe
co3Be3nua U3 caabnix 3Be3]: co3Be3and Jlucuukry, fmepuiier, Hn-
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2.1. 3Be3pHoe Hebo W co3BEe3AUA

padoa, 'onyda u gpyrue, a 8 XVIII B. Ha Hebe 10:KHOr0 NOMTyIIapUa
Semnn 0Opa30BaHEI CO3BE3IMA ¢ TeXHMYeCKMMM HasBaHuAMM: Te-
neckorn, Mukpockon, ITeus, Hacoc u T. 1.

B HacToAlee BpeMd CO3BE3NMAMM CUNTATCA YUACTKU 3Be3]I-
Horo HeOa. CoBpeMeHHEBIE TPaHUIIBL M HA3BaHIA COBBE3INI YTBEDHK-
neHbl B 1922 1. Ha I cbesne MesIyHApPOIHOTO aCTPOHOMMYECKOTO
coroza, co3nanHoro B 1919 r. Bee HeOo pa3neneno Ha 88 co3Be3mnii,
13 KOTOPHBIX ¢ TeppuTopun OsiBIllero CCCP moxkHO BUIETEH D4.

Muorue 3Be3anl co3Be3aii UMeoT obo3HaueHnda. B gpeBHOCTH
3Be3laM JaBaslchk COOCTBEHHLBIE MMeHa, HeKOTOphle U3 HUX, TJaB-
HBIM 06pas3oM rpeueckne i apabekue, TOMIIN A0 HAINIUX OHE, HO MC-
IOJB3YIOTCA TOJBLKO IJ18 Hanbolee Aapkux 3Be3a: Kacrop u Ilonnyke
(B cozBeznuu Bamsuenor), Cupuyc (B cozBeznuu Boawinoro Ilca),
Bera (B cosBeanuu Jluper) u apyrue. C 1603 r. ¢ moaBieHueM 3Be3-
JHOTO aTJjaca «YpaHoMeTpHusA» HeMellkoro acTpoHoma V1. Baiiepa
(1572—1625) 3Be3bl B Ipeenax KaskJI0ro co3Be3ansa obo3HayarTCa
ocJieloBaTeJbHBIMY OYKBaMy IpedecKoro ajidaBuTa, Kak IPaBIIIo,
1100 B IOpAJIKe YMeHbIIeHIA OIecka 3Be3 1, IMD0 0 KOHTYPY YUY -
PBI CO3BE3NA, XOTA MMEITCA M MCKJIHUeHNA. Tak, HATpuMep, B co-
3Besnn BunsHenoB 3Be3]1a o (KRactop) cnabee 3Be3nsl  (Ilosuyke),
B cozBesuu Ieraca Hanbolsiee dprad 3Bes31a obo3HadeHa OYKBOII &,
a 3Besna o (Mapkab) — aumib TpeThbd 1o OJecky, B co3ee3nun Jlpa-
KoHa 3Bezna o (TybaH) 3aHMMaeT no OJecKy JIUIIb BOCBMOE MECTO.
CyiectByeT U M poBasd HyYMepaIa 3Be3]] B CO3Be3IMAX, HO OHa
celiyac MCIOJIb3YeTCA TONBKO JIJIA cJ1abbIX 3Be3I.

Breck 3Be3nuaMepsaeTcd 3Be30HBIMU BeJIMUMHAMK : UeM DOJIbIITe
Oileck 3Be3IbI, TeM MeHEIlIe ee 3Be3IHasd BeanunHa. CaMBIM SPKUM
3BesZlaM IpUMOUcaHa HyJleBas 3Be3fHad BennumHa (0™), a caabeiMm
3BesziaM, Ha Ipefielie BUAMMOCTY HEBOOPYKEeHHBIM IIa30M, — Illec-
Tasd 3Be3aHad BeauuuHa (6™). B onTuvdeckme MHCTPYMEHTHI BUIHLBI
3Be3Ll ellle MeHbIIero OJecka, 3Be3Hasa BeJIdlHa KOTOPLIX DoJlee
6™ 3BesnnLl KaskION IIocJeAylolllell 3Be3OHOW BeJMUMHLI ciaabee
3Be3] IpelblAyiieli 3Be3JHOI BeJIMUNHBI IPUMePHO B 2,5 pa3a. Cob-
peMeHHad acTPOHOMMA, CIOJBE3YA (DOTOMETpPEI, oIlpedesnAeT OJleck
3Be3n ¢ TouHocThio mo 0,01™ Tak, mo npubian:xeHHBIM OILIeHKAM,
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recThb APKUX 3Be3n (o, B, v, 8, £, n 1 &) Boabmoit MenBenuiis: cum-
TarTcA 3Be3gamu 2™, a TOUHbIe u3Mepennd gawT: 1,77™(e), 1,79™(a),
1,86™(n)), 2,06™(&), 2,37™(B) u 2,44™(y).

O6ozHaveHnns 1 OJIeCK 3Be3]I 3aHOCATCS B CHEI[MaJIbHEIE CITMCKN
3Be3] (3Be3Hble KaTaJlorM) M OTMedaloTcAd Ha 3Be3HBIX KapTax.
HeBoopy:keHHBI I1a3 MOKeT BUIETh Ha BceM HeDe OKOJIO IIATH C
TIOJIOBUMHOM THICAY 3Be3]l, CPeay KOTOPhIX Haubosee SPKUX TOJLKO
24. C teppuropuu Poccun BugHo okoso 3 000 3Bezq (mo 6™), B Tom
yncie 15 Haubosee ApKNUX.

2.2. HEBECHAA COEPA. CUCTEMbI HEBECHbIX KOOPAWHAT.
NMPEOBPA30BAHUE HEBECHbIX KOOPAUHAT

1A pellleHMsa MHOTMX 3aZlay aCTPOHOMMIM PacCTOSHUSA 0 He-
DecHBIX Tell He UTPAIOT POJH, a UMeeT 3HAUeHNe UMb UX BUJIMMOe
pacronoskeHne Ha Hebe. Karxkymiadcd cdepudeckasd TTOBREPXHOCTh
Heba MCHOIB3YETCA KAK MaTeMaTHuecKoe IIOCTPOoeHNe JIJIS OIIpeie-
JIeHN A BUJMUMBIX IIOJIOXKEeHNI HeDeCHBIX Tell M Ha3blBaeTcd HebecHol
cchepoil. Hebecuasa cpepa — 5T0 BooOpaxkaeMas cpepudecKasd Io-
BEePXHOCTL IPOM3BOJLHOIO pajiyca, B IIeHTpe KOTOpolt HaXoUTCa
HabIoIaTeNkn.

Hebecnzle Tena npoenupyioTeda Ha HebecHyIo cepy.

ITerTp HebecHOII cepbl MOXKHO MOMECTUTEL B IPOM3BOJLHOM
TOUKE IPOCTPAHCTBa, M TOTZa MOJO:KeHNA HeOeCHBEIX CBeTU Ha ee
IIOBEPXHOCTH ONpPeZeNIAI0TCA HalpaBJIeHMAMM M3 IIeHTpa, Iapaj-
JIeTBHBIMM TeM HalpaBJEeHMAM, 110 KOTOPBIM BUMJAHEI 3TM CBETUJA
HabogaTeJro.

UTobbl IpaBUILHO MpefcTaBiATL cebe HabmrofaeMble acTpo-
HOMMYecKJe ABJEeHMdA, Jydllle Bcero MoJaraTk paguyc R HebecHOII
ccephl CKOJIb YTOOHO OOJBINNMM, OOJIBIIIe paccTOAHMA CaMOro yZa-
JIEHHOTO HeDeCcHOro cBeTHJIA.

V3-3a MaJbIX pa3sMepoB 3eMJM B CpaBHEHMM C PacCTOAHMAMM
IIo 3Be3] (C IPMHATHIM paauycoM HebecHOI cdepnl) HabmomaTenelt,
pacIlojlosKeHHBIX B pas3HBIX MecTaX 3€MHOM ITOBepPXHOCTM, MOKHO
cuyTaTh HaXO[AIIVMICA B [leHTpe HebecHOII cpepsl, 9TO IO3BOJIAET
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2.2. HebecHaa cdepa. CUCTEMBbI HEOECHBIX KOOPAMHAT

cchopMmynmpoBaTh ocoboe ceoticmeo HebecHOIT crephbl: OfHA U Ta Ke
Touka HebecHoit chepsl (OHA U Ta Ke 3Be3a) BUJHA M3 Pas3HBIX
MecT 3eMHOI1 HOBEPXHOCTMY [0 HapaJjljieIbHbIM HAITPaBJIeHNAM.
HebGecnaa cdepa obiagaer Bcemm cBolicTBamu cdepbl, U3-
BECTHBIMM 13 cTepeoMeTpun. IlepeuncnamMMm Te M3 HMX, KOTOpPBIE
TIOHaI00ATCA B IadbHelIIIeM; IpKU 3TOM cJeyeT MMeTh B BUAY, UTO
B aCTPOHOMMM KPYTU OTOMKIECTBIIAIOTCA C OKPYKHOCTAMMA (pHC. 2).

Puc. 2. Hebecnas cdepa

1. Il;mockocTh, IpoXoAAIIas Yepes LeHTp ceprl, JeJNT ee Ha
[IBe paBHbIe IT0JIyc(eps! (IoIyIlnapnus) U [IepeceKaeT [IOBePXHOCTh
cepnl 10 GONBIIOMY KPYIy, pPaAiyc KOTOPOTO paBeH palnycy
cepsnt (O — 1eHTp cepsr; R — paauyce cepsor, PDGC n @DQ'C —
foxpIIie RPYTH, UX paguychel r = R).

2. IBa DoJybIIIMX Kpyra BCerja IIepeceKalTcd B OBYX AMaMeT-
PAJIbHO IIPOTHMBOIOJIOMKHBIX TOUKAaX, TaK KaK IIJIOCKOCTH BTUX KPYy-
TOB IlepeceKaloTcd 1o auaMeTpy cepsl (COO — nuameTp cepsrl, C
u D — toukn nepeceuennud Goabimmx kpyroB PDGC 1 QDQ'C).

3. Uepes gBe TOYKM IOBEPXHOCTH C(pepEhl, He JeKallye Ha OTHOM
OnaMeTpe, MOKHO IIPOBECTH TOJBKO OAWMH DOJIBIIION KPYT, Tak Kak
TpeTheli TOYKOI II0JI0¥KeHN A ero IIJIOCKOCTH ABJIAeTCA IIeHTp cephl
(bombIoit KpYT Q@' mpoBeneH uepes Toukn A 1 B).

4. Yepes gBe auaMeTpaJbHO IPOTHBOIIOJIOMKHEBIE TOUKN cpephl
MOYKHO IIpoBecTy DecuyciieHHOe MHOKECTBO DOJbIINX KPYTroB (Tod-
kn C u D).

9. IlnocrocTH, nepecekaroinye cepy BHe ee IIeHTpa, 00pas3yioT
Ha ee [IOBePXHOCTY MaJible KPYTH, paJiiychl KOTOPBIX MeHbIIle Pa -
yca cepsl (Masnbli kpyr KL, ero paguyc r < R).
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Bce nsmepennsa Ha HeDecHoI1 cpepe IPOBOAATCA TOJIBKO B YTJI0-
BBIX MJIM IYTOBBIX eMHUIIaX — I'pajycax, MMHyTaX ¥ cCeKyHIaX qyTHL.
Habmonatens, HaXonAmuiica B eHTpe HebecHoll cdepnl, MoKeT
M3MepUTh JIMIIL YIJIbl Me:KOYy HalpaBJaeHMAMHU. Tak, paccTodgHne
mesxay Toukamm A n B HebecHoit cdepsl (em. puc. 2), nzobparkae-
MOe Ha Hell nyroii AB, namepseTcs HeHTPaJbHbIM YIJIOM P MexILy
HallpaBJIeHMAMM Ha 5TU TO4YKK. IlosToMy Ha YepTexkaX HeOeCHOI
cpepsl IeHTpAaJILHBIE YIJIbL YACTO He M300paskalnTcd, a 3aMeHAIT A
COOTBETCTBYIOILIMMY MM AyraMy OOJBIINX KpPYyroB. Jyru OoJbIIMX
KPYTOB ABJIAIOTCA HaMKPATYaiIIMMK PpacCTOAHNAMY MeK 1y TOUKa-
mu HeOecHOI cpephl.

YToObl NMOJMY4YUTEL [pefcTaBlieHMe 00 YIJIOBBIX PacCTOAHMAX
Ha HeDecHOI crepe, II0JIe3HO 3alIOMHUTD, UTO BUAMMEIE OUaMeTpPhl
Comana 1 nosHo JIyaer omuskn & 0,57

OcHOBHbIe 23AeMeHTbl HebecHol cdepbl
M ee CyTOYHOE BpallueHHue

Ha uepTesxax HebecHOI1 cpephbl 00BIUHO HaeTcA ee BUI M3BHe,
B TO BpeMd KaK B JIeficTBUTeJIbHOCTH HabJfofaTesb HAaXOIUTCA B ee
LeHTpe, 13 KOTOPOTO U cJleyeT IpeCTaBIATE cebe Bce MOCTPOeHNA
Ha ee II0BePXHOCTIL.

Hemunnbii
Z0PUIOHM

Puc. 3. DnemenTsl HeGecHoi cchepnl

Ha puc. 3 ciiea n3obpaskeHbl 3eMJ1A 1 [I0JIOBMHA HebecHOI1 cdhe-
PBL BUOMUMadA 113 HeKoTopoii Touky O 3eMHOJT IIOBEePXHOCTY CeBEpPHO-
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TO MOJyLIIapuA 3eMJH, a clIipaBa — BcA HebecHad cdepa, IeHTPOM
KOoTopoii ABJseTcda aTa Touka O (HabaraaTesns). Bo MEOTHX 3a/1adax
ACTPOHOMMM MOIKHO IIPUHKMMATE 3eMJII0 3a llap, He yUUThIBad ee
HeDoJIBIIOrO c3kaTUA. Torga B J1r000M MecTe O 3eMHOI IIOBepXHOCTH
(cm. puc. 3, a) HanpaBJeHne omeecHol (MM BePTUKAJIBLHOM) JIMHII
COZ coeniaziaeT c HanpaBJieHeM 3eMHOro paanyca CO B 3ToM MecCTe.
OtBecuaa nmuang ZOZ' (cMm. puc. 3, 0) lepecekaeT HebecHy0 cepy
B JIBYX JIMaMeTPaJibHO MPOTUBOMOJIOMKHBEIX TOUKAX, Ha3bIBaeMbIX
3eHNTOM (Z) 1 HagupoM (Z'). 3eHUT HaXOoqUTCA TOYHO HaJ TOJIOBOI
HabarogaTensd, a HAOUP CKPLIT 3eMHO IOBEPXHOCTLIO.

Bonvmioit kpyr MESW nebecHoit cepsl, IIOCKOCTL KOTOPOTO
HepneHIUKYIAPHa OTBeCHON JMHMM, Hal3bBIBAeTCA UCMUHHBLM
(mamemamuneckum) zopuzoHmom. VICTUHHBINL TOPU30HT IeJIUT
nebecuyio cepy Ha ABe mojycdepnl, oHa M3 KOTOPLIX JOCTYIIHA
HabarofeHNAM (BeplIMHOIT ee ABJAeTCA 3€HUT Z), a Apyrad He
BUIHA (B BEpIIMHE 5TOI mosmycdepsl JekuT Hagup Z'). VcTuHHBII
TOPMB0HT HeJb35 0TOXKIECTBIATEL C 6UOUMDBLM 20PUSOHMOM, TAK KaK
IepBBIl HaXoauTcA Ha HebecHOII cchepe, a BTOPOI JIe3KUT Ha 3eMHOI
IOBePXHOCTH, €T0 BMJ 3aBMCHUT OT pesbeda MecTHOCTH, M eT0 TOUKK
MOTYT pacIlojlaraThCH KaK HU?Ke, TaK U BbILIe VICTMHHOIO TOPU30HTA.
B MoMeHTHI cBOero BOCX0/la M 3aX0/a CBeTHJIa CUMTAHTCH HaX01H-
VMM CH Ha MCTYHHOM T'OPU30HTe.

Ocoboe croiicTBO HebecHOV cdephbl NO3BOJIAET CUNTATH IJIOC-
KOCTb MICTMHHOTr0 ropn3oHTa NS KacaTellbHOI K 3eMHOJ [IOBEPXHOC-
Ti B MecTe Habmwnernd O (cMm. puc. 3, a).

Habnogenusa 3Be3yHOTO Heba MOKal3BIBAlOT, UTO HebecHad
cpepa MenJIeHHO BpalllaeTcsd B HAIlPpaBJIEHUMM ¢ BOCTOKA K 3amaly.
Ona mabmiomaTernd, obpallleHHOTO JMIIOM K IOTY, 3TO BpallleHHe
IPOKUCXOOUT cJieBa HaIlpaBo, 10 BpallleHNMIo YacoBoli cTpeakn. Co-
3Be3ud IoIHMMAITCA HaJl TOPM30HTOM B BOCTOUHON CTOpPOHe Heba
U OIIyCKaloTcA K TOPM30HTY B 3allaflHOI cTopoHe. B melicTBUTENL-
HOCTH sKe BpalllaeTcsd SeMJId BOKPYT CBoel ocH B HAITpaBJIeHUN C 3a-
IajZa K BOCTOKY, UeMY MMeIOTCHA CTPOrie IoKas3aTelbCTBa (MaATHURK
DyKo, OTKJIOHEeHNe NallalollluX Tell K BOCTOKY M ApyTue). Rakymle-
ecs BpallleHne HebecHoI chephl CAYKUT IPUMepoM TOTO, KaK B ac-
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TPOHOMMY IIOCTOAHHO IIPUXOAMTCHA OTINYATh BUAMMOE OT MICTHHHOIO
1 TI0 BUAVIMBIM ABJIEHUAM, VICIIOJIB3Y A Te UM MHbIe IOKa3aTeIbCTBa,
HaXOIUTh X MCTUHHYIO [IDUYNHY

XoTA B IeliCTBUTEJILHOCTH BpalllaeTcAd 3eMJid, TeM He MeHee,
B aCTPOHOMMY COXpaHeHa TepMMHOJOTMA IJIA BUIAMMBIX ABJIEHMIL:
BOCXOJl M 3aXoJ]l HeDeCHBIX CBeTHJI, CyTO4HOe IBIKeHMe CoJHIIa
n JIyHEI, BpallleHKe 3Be30HOTO Heba — M 1718 IPYTUX ABJIEHWIL

Bunumoe Bpatenue HebecHo cdephl HABBIBAETCSH CYMOUHBLM
8paweHuem, TAK KaK ero IepuoJi paBeH OJHNUM CyTKaM (B JalIbHel-
o1eM 3To IIOHATHEe OyIeT yTodHEeHOo). DTO BpalleHNe IPOMCXOINUT
BOKPYT 3eMHOI ocu (pp' Ha puc. 3, a), HO B CUJIy 0cobOro cBoicTBa
HebecHO! cheprl IpeCcTaBIAeTC COBePIIAIIIMMCH BOKPYT ee Iia-
MeTpa (PP’ ua puc. 3, 6), mapaJiielLHOTO 3€MHOM 0CY 1 HA3BIBAEMOTO
ocvro mupa. Ock Mupa IlepecekaeTrcs ¢ HebecHOIT cdepoit B ABYX
OMaMeTPaJIbHO IIPOTMBONOJIOMKHBIX TOUKaX — CeBEepHOM IIOJIIoce
vupa (P) n rosxHOM TIosoce Mupa (P'). Oba momtoca Mypa IpeicTaB-
J1A10T coboii Touky HebecHOI cpeprl, B KOTOPEHIX C Hell IepecekaeTcd
IIPOZOJIsKeHHadA B o0e CTOPOHBI OCh BpallleHNd 3eMJIM, M II03TOMY
He yYJacTBYIOT B CYTOYHOM BpAaIlleHU}, OCTABaACh HEIIOABIKHEIMIL.
B ceBepHOM nosiymapny 3eMJy HaJl TOPU30HTOM PACIOJIOMKEH Ce-
BePHBLU NOAC MUPA VI HA PACCTOAHNUM OKOJIO 17 (TouHee, 52') OoT Hero
HaX0oIUTCA ApKad 3Besza o Madgoit Mensemumsl (2,14™), koTopad
MMeHHO I03TOMY HasblBaeTcA [losAapHOI 3Be3oil. FOXCHbIU noatoc
MUPa PacIloJIoxeH Hall TOPVM30HTOM MeCTHOCTeN I0KHOTO IIoJIyIla-
pua 3eMiy, HaXonuTes B co3Be3nuy OKTaHTa, ¥ BOJIM3M HETO HeT
APKUX 3Be3],

Boremoit kpyr (QQ') zHebecHoiT cdephbl, MIOCKOCTHE KOTOPOTO
IepIeHaINKYJIAPHA OCH MMpa, HasbIBaeTcd HebecHblM IK8AMOopPoM.
On nmenut HebecHyIo cdepy Ha IBa HeDeCHLIX HOJIYIIAPKUA: CeBep-
HOe ¢ BepIIMHOI B CeBepHOM IoJioce Mupa (P) 1 102xHOe, Be pIIMHONA
KOTOPOTO ABJISAETCA I0YKHLIN momatoc mupa (P'). HebecHolit sxBaTop
opoxoauT no co3Be3nuam Prib, Kura, Opuona, Enunopora, I'vaps,
CexrcTraHa, leBnl, 3MeeHoclla, 3Men, Opya u Bogoses.

CornacHo cBOJICTBY OOJBIINX KpPYyroB, HeDecHEII SKBaTOp
IIepeceKaeTcd C WMCTMHHBIM TOPM30HTOM B IBYX IMaMeTpaJbHO
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OIPOTHBOMNOJIOKHBIX TOUKaX, Ha3blBaeMbIX moukamu eocmokra (E)
n 3anana (W). HebecHeblit skBaTOp BpalllaeTcd BMecTe ¢ HebDecHol
ccepoii. Ha puc. 3 HanpaBJeHMe BpalleHEnsa HebecHOII cpephl TOKa-
3aHO CTPeJIKaMI 0K0JIO ocu Mupa. CTpesika OKOJIO 3eMHO ocu (pp')
TIOKal3bIBaeT HallpaBJeHMe BpallleHnsa 3eMINU. 3eHUT, Haup U Bce
TOUKM MCTMHHOTO TOPM30HTA HENOABMIKHBI OTHOCUTEJILHO Haburo-
JaTeJisl, TO eCcTh He BpalllaloTcsa BMecTe ¢ HebecHolt cdepoii.

Bonrwmioit kpyr (PZSP'Z'N) nebecHoit cdepbl, TPOXOAATINIA Ye-
pes MoJIIoCkl MUpa, 3eHUT U Haup, Ha3bIlBaeTcA HebeCcHblm MePudu-
aHOM, OH IlepeceKaeTcsA C MCTHMHHBIM TOPU30HTOM B moukax toea (S) 1
cegepa (IN), oTcTOAIIMX OT ToueK BocToKa (E) u 3anana (W) poBHO Ha
90°. Touka ceBepa pacIoJoKeHa OIKe K CeBEPHOMY ITOJIFOCY MUpa,
a TOuKa Iora — OJIKe K I03KHOMY Ioniocy Mupa. OTBecHasd IMHUA U
OChb MUPa JIekaT B IIJIOCKOCTY HeDecHOTo MepUAMaHa, KoTopasd Iepe-
cekaeTcd ¢ IIJIOCKOCTHIO MCTUMHHOTO Topu3oHTa o guameTpy (NOS)
HebecHOI1 ccephl, TPOXOAAIIeMy Yepes TOUKM ceBepa U 1ora. OTOT
IaMeTp Ha3BaH noaydeHHoU auHuel, Tak kak CoJHIle B IIOJIIeHb
ObIBaeT BOJIM3Y HeOeCHOro MepuAMaHa.

HebecHblll Mepunuas nenuT HebecHYH cdepy Ha BOCTOUHYIO
1 3anaiHyo nosycdepsl. CaMm HeOeCHBIV MepHAyaH IeJIUTCH 3eHN-
TOM M HAJIMPOM Ha I0KHYI0 CTOPOHY (MOMYKPYT ZSZ'), TPOXOI ATy
Yepes TOUKY I0Ta, M CEBEPHYIO CTOPOHY (Tonykpyr ZNZ'), mpoxo-
IAIYIO Uepe3 TOUKYy ceBepa. Ilomiock! ke MuUpa JesaT HeOecHLIN
MepUAMAH Ha I0YKHYIO TTOJOBUHY (MonykpyT PZSP') 1 ceBepHyio mo-
snoBuHy (mosnykpyr PZS'P'"). Jlerko BUAETSH (CM. puc. 3), UTo HeGeCcHbBI
mepuanal (PZSP') obpas3oBaH ILIOCKOCTBIO 3€MHOT0 (reorpadudec-
Koro) mepuanana (pOgp'), Ha KOTOPOM HaxomuTcdA HabIwnaTellb,
¥ IIOSTOMY He ydacTBYeT B CYTOYHOM BpallleHNM HeDeCHOI cdrepbL
1717 BceX HaOJroIaTeieli, paclloJIosKeHHbIX Ha OJHOM reorpaduuec-
KOM MepuanaHe, HebecHBI MepUOMaH TOXKe 0DIIINIL.

B cyrounom BpammeHun HebecHOIt cdyepbl BOKPYT OCU MMPa
HebecHble cBeTUIIA IBIKYTCSA MO MaJbiM kKpyram (ab, ed, ef, gh) —
CYTOYHBIM, UJIM HeDecHBIM, MMapaJieliaM, IIJIOCKOCTH KOTOPBIX IIa-
pajiesbHEI IIJIOCKOCTM HeDecHOro 3KBaTopa (puc. 4).
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Puc. 4. Cyrounsni nyTs cBeTud (cieea) 1 poTorpadina ceBepHoit
I0JIApHOI 00aacTy Heba, ToJIyHeHHAa A HEIIOABMIKHOI KaMepoli (cipaga)

Teopema o BbicoTe NoAlOcCa MUpa

YTioBoe paccTosHME TIONICca MUpa OT MCTUHHOTO TOPU30HTA
Has3bIBaeTCHd BBICOTOI Mostoca Mmupa. Ha pue. 3 BbIcOTa ceBepHOTO
nommoca Mupa (P) nokaszasa yriiom h , wim, 94To 0J{HO U TO 3Ke, JIyToi
NP = hp. Jlerko Bumerts, uto h = £qCO, aBnarweMyca reorpadgu-
yeckoil mmpoToil ¢ HabmrwmaTenda (O), oTcUMTHIBAEMOIT OT 3eMHOTO
skBaTopa (qq'). OTcioza cnelyeT TeopeMa 0O BBICOTe TIOJKCA MUPA:
B Ka’KIOM MecTe 3eMHOI IMTOBepPXHOCTH BLICOTa TI0JII0Ca MMpPa paBHa
reorpauuecKolt IMPoTe STOTO MeCTa:

hp = ¢. (1)
Tor,zxa HaKJIOH HEGECHOI‘O BICBaTOpa K MCTHHHOMy I‘OpMBOHTy paBeH
i=90"—¢. (2)

HO,I[ STHUM e YIJIOM K IIJIOCKOCTHM MCTHMHHOIO TOPM30HTAa HAKJIO-
HeHEI IIOCKOCTH HeDeCHBIX napaﬂﬂeﬂeﬁ.

Teopema O BEBICOTe IIOJIIOCa MHMpa CIYXHNT OCHOBOI Oy oIrpe-
JeJIeHMA I‘eorpac])mt{eczcoﬁ OIMPOTEI MeCT 3eMHOI TIOBepPXHOCTHM, HO
HeIlloCpeICTBeHHO ee JMCIIOJIE30BATE HeJb3d, TaK KaK ITOJIIOCEI MMPa
Ha HeOe HMMUEM He OTMeUeHELL.

fopu3oHTaAbHAA CUCTEMA KOOPAUHAT

Bupumoe nosioskeHNne cBeTUII 1 TIOOBIX ToUek HebecHOIt cdepsl
onpefenseTcsa OByMA cdepHuecKyMM KoopamHaTaMu. B acTpoHo-
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2.2. HebecHaa cdepa. CUCTEMBbI HEOECHBIX KOOPAMHAT

MWHU UCTIONIB3YEeTCH HECKOIBKO CUCTEM HeOeCHBIX cpepuiecKnx KO-
OpPJAMHAT, KaXJ[asd 13 KOTOPHLIX IMEET CBOe IIPUMEHEHNE B PEIIeHNN
oInpenesieHHBIX 3ajlad. Ha HebecHolt cdepe BBIOMpaeTca OoabiIoN
KPYT, IPMHNMAEMBIN 332 OCHOBHOW KPYT CHUCTEMBI KOOpAMHAT. /IBe
IMaMeTpaJibHO ITPOTHUBOIIOJIOMKHBIE TOUKM HebecHO! cdepsl, yia-
JIeHHBIE OT OCHOBHOTO KpyTa poBHO Ha 90°, Ha3BIBAIOTCA NOACAMU
cucmembl Koopournam. VBMepATs HoJI0keHUA HEOECHBIX CBETIII
MOKHO TOJIBKO B TOM CJIydae, ecJiii OHI HaXOJATCH HaJ VICTHHHBIM
ropuzoHTOM (SWNE), KOTOpPBIII IPUHAT 3a OCHOBHOIT KPYT TOPI30H-
TaJbHON cHcTeMbl KoopAuHAT (puc. d). Ilonmwcamm 3Tol cHMCTEMbI
CIYIKAT 3eHNUT (Z) MmHagup (Z'), Uepes3 KOTOpPLIe IPOBOAATCS OOJIbIITNE
TOJIYKPYTY, Ha3bIBaeMble KPY2aMU 6blCOMbL, WIN 8ePMUKANAMU
(HampuMep, KPYT BeICOTEI ZMnZ'). CienyeT o0paTUTL BHUMAHIIE Ha
TEPMMHOJIOTMIO: KPYTOM BBICOTHI Ha3BIBAETCA He TOJHEIN O0JBIoi
KPYT, @ TOJIBKO €r0 MOJIOBMHA OT 3€HUTAa JI0 HaJupa, Tak 9TO OIVH
Takol OOJBINION KPYT COAEPIKUT JBa NMaMeTpPasibHO TIPOTUBOIIO-
JIOJKHBIX KPYTa BEICOTHIL

509 2
(P)w \\ k
a Y b
M
& REERYAY
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Puc. 5. TopuzonaTansHas ccTeMa KOOpPIMHAT

FOsxnaa ctopoHa HebecHoro Mepuauana (ZSZ') ABnseTca Ha-
YaJBHBIM BEPTHUKAJOM, & KPYTH BeIcOThI ZEZ' u ZWZ', mpoxopdarne
yepes ToukM BocToka (E) u 3anaza (W), uMeroT ob11lee Ha3BaHKeE nep-
8020 gepmurana. Masbie Kpyru (ab, cd), mapannerbHble TIITIOCKOCTHU
JMICTMHHOT'O TOPU30HTA, Ha3bIBAIOTCA KPY2aMU PAGHOU 6LLCOMDL, NI
arvmyraHmapamamu (0T apabckoro «<kaETapa» — «M3rndaTb CBO-
nom»). CeTka TOPMBOHTAJIBHON CHCTEMBl KOOPIWHAT HEelIOJBIIKHA,
TO eCThb He IIPMHNMAaeT y9acTiA BO BpallleHNy HebDecHOI cephl.
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[NABA 2. COEPUYECKAA ACTPOHOMMA

Ha pwuec. 5, kpome ceTKM TOPM30HTAIIBHON CUCTEMBI KOOPINHAT,
[I0Ka3aHbl ceBepHbIi (P) u w0kHb (P') morockl Mupa, a TaKiKe 0Ch
Mupa (PP'), 4T0OBI HAIIOMHITE O BpaIlleHnI HeDeCcHOoi chephl BOKPYT
3TOIt OCH M UTODOBI MTOJIFOCEL MMPa He 0TOXKIECTBIIANINUCE C TIOJIFOCAMU
TOPM30HTAJLHO CUCTEMBI KOOPANHAT — 3€HUTOM U HaJUPOM.

ITonoxkerue HebecHoro cBeTUNa M ompenendeTca IBYMA TOPU-
30HTAJIBHBIMI KOOPAUHATAMN — a3umymom A u asicomotl h. Bri-
COTOJ Ha3BIBaeTCH YIJIOBOE PACCTOSAHNE OT MCTHMHHOTO TOPM30HTA,
M3MepsAeMoe 10 KpyTy BeIcoTsl (h =nM). Hag MCTHHHBEIM rOPM30HTOM
BoicoTa h > 0 u umeeT nipefessl oT h = 0° (MCTUHHLI TOPU30HT) 0
h =+90° (zeunT). [Tog MCTUHHBIM TOPU30HTOM BbIcoTa h < 0 (Hampu-
Mep, h = WM') u ee naumenbItiee s3uadenne h = —90° (magup).

B mpakTuke HabIIOMEeHNIT TPOIIe U3MePATHL He BHICOTY h, a se-
HUMHoe paccmoarue r = ZM, To ecTb YIJIOBOE PacCTOAHUE OT
3€HNUTa.

OueBUOHO, YTO

z=90"-h (3)

BCera MOJIOKUTENBHO U M3MepAeTeA B npenesax ot z = 07 (3eHHUT)
mo z = 180° (magup). ¥ ceBepHOTO MOJCca MIUpa z,= 90° — ¢, Tar KaK
hp = ¢.

A3uMyT A npezcTaBiAeT coboii YToJI P 3eHUTe MeKIAY Bep-
THKAJIOM M HOKHOV CTOPOHONM HeOecHOro MepuauaHa, M3MepdeTca
oyroi (A = Sn) MCTMHHOTO TOPU30HTa OT TOYKM tora (S) 10 BepTu-
KaJjla 1 OTCUUTHLIBaeTCA B 3allaJJHOM HallpaBJIeHUU B IIpefesaax oT 0
mo 360°. MHorga asuMMyT OTCUMTEIBAETCA B 00€ CTOPOHBI OT TOYKN
0Ta; B 3alaJHOM HATpPaBJIeHUNM OH CUMTaeTCH TOJIOXKUTEbLHBIM
(or 0 mo +180°), a B BocTOUHOM — OTpuULAaTeNbHBIM (0T (0 mo —1807).
A3UMyT 11 3eHUTHOE paccTosHNe HeDeCHBIX CBeTHUII HeIIOCPeICTBeH-
HO M3MepAoTCA YIJIOMEePHBIMI MHCTPYMEHTaMMN.

B cyTounoMm Bpamiennyu HebecHOM cdephl cBeTUIa IepeMella-
10TCA 0 HeOECHBLIM MapaielsaM (Hampumep, mo mapadsienn kML),
¥ MO3TOMY Ha NPOTAXKEeHUM CYTOK obOe TOpPM30HTAJIbHbIE KOOPIOU-
HaThbl CBETUJI HEIIPepPbIBHO M3MeHAKTCHA, NIPUHUMAaA B pasJIiMdHble
MOMEHTEI BpeMeHU CTPOro olpellelleHHble 3HaueHMA. JTO I03BO-
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2.2. HebecHaa cdepa. CUCTEMBbI HEOECHBIX KOOPAMHAT

JIAeT 3apaHee BBIUNMCIATH YCJIOBUA BUIMMOCTU HEDECHBIX CBETIUII
B 3aZlaHHBIE MOMEHTHI BpeMeHN. Ho 71719 cocTaBIeHUA 3Be3JHBIX
KapT M KaTaJoroB HeOeCcHBIX OOBEKTOB TOPM30HTAJBHAA CUCTEMA
KOOPIMHAT HEIPUIOJHa;, IJIA 3Toro TpebyeTcAa Takasd CHCTeMa,
B KOTOPOIt BpaleHne HebecHol cpeprl He BaMANO ObI Ha 3HAUEHNA
00eMX KOOpAMHAT CBETHIL

3KkBaTopUanbHasa cUCTeMa KOOpAUHAT

Hna HemzsMeHHOCTM cepHUTUeCKUMX KOOPAMHAT HEODXOIUMO,
uToOBI KOOPAMHATHAA CeTKa Bpalllajach BMecTe ¢ HebecHol cepoil.
TTosTomy oHa ocHOBaHA Ha HebecHOM skBaTOpe (QQ') U HazbIBaeTCs
2KBAMOPUAALHOU cucmemoll koopduram (puc. 6).

Puc. 6. DxBaTOpnaJbHasd cUCTEMa KOOPOUHAT

ITonrocamu 5Tolt cUCTEMEL ABJIAIOTCA cedepHblil (P) 1 roscHwLid
(P') noatocvt mupa, u depes HUX TPOBeIeHbl OOJbINNe MONYKEPYTHU
(PY'P', PMmP'), nasuiBaeMLble Kpy2amu CKAoHeHus (peske — ua-
Co8bLMU KPYeamu), a MapaJie]LHO IIJIOCKOCTY HeDecHOro SKBaTopa
IpoBoaATCA HebecHble napaaaean (ab, ki, ..). Tlonoskenne cBeTuIa
(M) Ba HebecHOll cepe olpelenseTcA ABYMsA SKBAaTOPHAJJIbLHBIMU
KOOpAMHATAMI — MPAMbLM 80CXONCOeHUeM O M CKAOHEHUEeM O.
[Ipamoe BocxoskzeHne (o = Y’m) orcunmrwiBaeTcs Mo HebGecHOMY
5kBaTOPY (RQQ') OT ToOIt ero ToukM, B KoTopoit CoHIle TepecekaeT ero
BeCHOI, 00bruHO 21 MapTa. OTa TOYKa Ha3bIBAETCA MOUKOU 8ECEH-
Hezo pasHodencmaus u obo3HadaeTcsa ocobbiM 3HakoM Y. ITpamvim
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[NABA 2. COEPUYECKAA ACTPOHOMMA

s8ocxodxcdeHuem Ha3bIBaeTcA YIJIOBOE pacCTOAHNE KPyTa CKJIOHeHUA
OT TOYKM BEeCeHHEro PaBHOJIEHCTBMA, OHO BCETIa TOJIOMKUTEILHO,
OTCUMTHIBAETCA TOJBKO B OJJHOM HAIIpaBJIEHNM C 3aMajla K BOCTOKY,
TO ecTh IPOTUB CYTOYHOTO BpanleHud HebecHOIT cheprl (YKa3aHHOTO
Ha HeDecHOI mapaJeny kl cTpeJsKoii), M M3MepsAeTcA B IIpeesax
oT 0 mo 360°, a galle Bcero B eAMHMUIIAX, MMEIOIINX HalMMeHOBaHNe
eNIMHNI] BpeMeHM (Jac — 4, MMHYTa — M UM cekyHaa — c), oT
o 24" uTo BTIOJIHE JIOITYCTUMO, TaK Kak HebDecHbI SKBATOP Bpallla-
eTcs paBHOMEPHO BMecTe ¢ HebecHolt ccpepoii. [Ipu nepecuete yr-
JIOBBIX €IMHUII B eJMHUIILI BpeMeHU MCIIONIL3VIOTCA COOTHOIIIeHU !
247=3607,1"=15%,4"=1°,1*=15",4°=1"u 1° = 15".

KEpyr ckiioHeHUd, IPOXOaAINii Yepes TOUKY BeCceHHeTro paBHO-
nercteusa Y, HasLiBaeTcsa pagrodencmeeHHbLm Koatopom. [lpsavoe
BOCXOKJIeHMe MOKeT ObIThb TaKike IIpe[CTaBJIEHO YIJIOM (o) IIpK
IIOJIIOCe MUpa MeKIY PaBHOJIEHCTBEHHEIM KOJIIOPOM M KPYTOM CKJIO-
HeHHdA, IPOXOgANINM Yepes cBeTumno (M).

CrioHeHueM (8 = mM) HasbIBaeTCcA YIJIOBOe paccTOAHME OT
HebecHOro sxBaTopa (QO'), oTCUNTEIBAEMOE M0 KPYIY CKJIOHEHMA.
B ceBepHoM HeDecHOM MONyIIapMyM CKJIOHEHWE TMOJIOKUTEIBEHO
(6> 0), a B o3kHOM — oTpulaTesbHO (6 < 0) 1 M3MepseTcH B IIpejie-
snax or 0° (HebecHblid skBaTOP) 10 =907 (OJIHOCHI MUPA).

Ha puc. 6 y ceetnsia M ckionenne 8 > 0, a y cBetmna M’ CcKJI0-
HeHIe & < (), Ho oDa cBeTH A B pacCMaTpPUBaeMbIli MOMEHT BpeMeHI
BUIIHBI, TAK KaK HaXOOATCA HAI MCTUHHBLIM ropuz3oHTOM (SN) 1 ux
BrIcoTa h > 0. Takum 0Opa3oM, 3HaK CKIIOHEHN A He ABJIAETCH KPpUTe-
pMeM BUAMMOCTHU CBeTHIIA, KOTOPas 3aBUCUT OT MOMEHTOB BpeMeHN
M OT COOTHOLIEHUA MeKIY CKJIOHeHIUEM O CBeTHJa U reorpaduuec—
KOIf IIMPOTOI @ MeCTHOCTN. SKBAaTOPUAJILHBEIE KOOPAMHATEL (0 1 3)
3Be3] U JIPYIMX, He MeHee yAaJleHHBIX HebecHBIX 0OBLeKTOB OocTa-
I0TCA NpPaKTUUIeCK) HEeM3MeHHLIMU Ha MIPOTAKeHUM CPaBHUTEJILHO
IIUTeNLHBIX IPOMesKyTKOB BpeMeHHU.

OKBaTOpHMaJbLbHBIe KOOPAMHATHI HEINOCPeICTBEHHO WM3MepPeHLI
OLITH He MOTYT, TaKk KaK HM SKBaTOp, HU TOUKA BeceHHero paBHO-
IleHCTBHMA Ha Hebe HMYeM He OTMeUeHBI. OTH KOOPAMHATHI HAXOAAT
BBIUMCJIEHUAMI Ha OCHOBe HabJIr0 IeHM.
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2.2_HebecHan coepa. CUCTEMBI HEDECHKIX KOOPAWMHAT

OKBaTOpPHANbHBIE KOOPAMHATHI 3BE3J WMeHT OoOMupHoe
TpaKTUYecKoe TTpPUMeHeHNe: M0 HUM CO3Jal0T 3Be3Hble KapThl U
KaTaJIOT, OINpPeleNIdioT reorpauueckiie KOOPAVHATH ITYHKTOB
3eMHOJi IOBEPXHOCTH, OCYIIECTBIIAIT OPUEHTUPOBKY B KOCMMUYEC-
KOM TIPOCTPaHCTBe, TPOBEPAIOT BpeMs, U3YJaroT BpalleHne 3eMJn
u T. 0. OmpefesieHNe B3KBAaTOPUANBHBIX KOOPAVHAT Hauboee qaje-
KIX OT 3eMJ HebecHBIX 06'beKTOB — KBa3apoB, IBMKEHIEe KOTOPHIX
B IIPOCTPAHCTBE HE M3MeHseT (113-3a Ype3BblualiHoi yIaJIeHHOCTH)
UX BUIUMOTO TIOJIOMKEeHUS Ha Hebe, JaeT BOZMOMKHOCTE YCTAHOBUTH
HaJeKHYI0 UHEPITMATTLHYI) CUCTEeMY OTCUeTa.

JKBaTopHaAbHaA CUCTeMa KOOPAUHAT ¢ HacoBbIM YIAOM

Jla cueTa BpeMeHM M IJIA OPaKTHKM aCTPOHOMMYECKNMX Ha-
baromennii HeoOXonmma Takasd HeDecHad KoopAMHATa, KOTOpasd
B CyTOYHOM BpallleHnn HebecHOM cdepbl paBHOMEPHO M3MeHAeTCH
Ha HPOTHKEHNM CYTOK, TO ecTh U3MepHeT YyIoJl I1I0BOopoTa HeDecHo
ccepsl BOKPYT OCK MMpa. OTa KOOpAMHATa, HasblBaeMad uacosblm
yan0m, IpeacTaBAeT coboli yroJl () Ipy IIOJIce Mypa MeXoy KPy-
roM ckJIoHeHNdA (PMmP' Ha puc. 6) U 10KHOI II0JIOBMHOM HeOeCcHOTO
Mepumnana (PZQSP'). HacoBolt yroa uamepsaeTcsa Oyroi (t = @m)
HebecHOTo 3KBATOPA OT HIKHOM TIOJOBUHRI HebecHOTO MepuaMaHa 10
KpyTa CKJIOHEHUA B HAIpaBIeHUN BpallleHnd HebDecHoi cephl, To
ecTEb K 3amanly. Hacorsle YIIEL, Kak [IPABUIIO, UBMEPSIOTCS B e IVHN-
max BpeMeHH, B npefenax oT 0 1o 24", HO TaksKe I B YIJIOBLIX e~
HMIIaX, B npefeinax oT () no 360°. 3HAUNTENIBLHO pe’ke YaCOBBIE YTJIBI
CUMTAIOTCA MIOJIOKUTENBHEIMM B 3allafiHolil HebecHoll mosycdepe
7 OTPUIIATEJIEHEIMI B BOCTOUHOI IToJIycdepe.

BTopoit koopAMHATON B 3TOM cHcTeMe ABJIAeTcA CKIoHeHNe (J).

Ha mporaskennn cyTok CRJIOHeHMEe 3Be3[ ¥ APYIUX JaJIeKUX
HebecHBIX 0OBEKTOB OcTaeTcAd HeM3MeHHBIM, a 9acOBOM yroJ He-
IIpepBIBHO M3MeHAeTCcA IPOIIOPHMOHAJIbHO BpeMeHN Ha 24" 3a oonH
obopot HebecHoit cdepsl. B acTpoHoMuu yacoBbiM yriom t7Y’ TOUKM
BeCceHHero paBHOJAEHCTBNMA U3MepsAeTca 3Be3gHoe BpeMdA. ObosHa-
91B MOMEHT 10 3Be3JHOMY BpeMeHN uepes S, oIy diM:
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[NABA 2. COEPUYECKAA ACTPOHOMMA

S =tY. (4)

Taxk kak (cm. puc. 6) tY” = QY’, a y cBetusa M npsMoe BOCX0K-
nenne o = Y’m, To 4acoBOJi YIOJI HTOTO 3Ke CBeTUJIa

t=@m=tY"-aq,

U
t=S-aq, (9)

TO eCTb 4aCOBOM yroJ m:000ro CBeTUJIA BCel'la paBeH MOMEHTY IIO
3Be3JHOMY BpeMeHM MIMHYC IIPAMOe BOCXOMOeHIe 3TOT0O CBeTIIa.

NpeobpazoBaHue HebeCHbIX KOOPAUHAT

IIpeobpasoBanmneM HebeCHBIX KOOPAMHAT Hal3bIBaeTCA BBIYMUC-
JeHle cepUUIecKUX KOOPAMHAT OHON cHCcTeMbI 110 chepHiecKHuM
KOOpAMHATaM Lpyroi cucreMsl. JIJIg 5TOro MCob3ynTed (DopMYyJIbl
cpepruecKoro TpeyroJibHUEa, 00pa30BaHHOIO Ha cdepe Oyramm
Tpex OOJBINMX KPYTOB. B TakoM TpeyroJibHUKe (puc. 7) cTOPOHBI
a, b u ¢, kak 1 npoTuBonexamye uMm yriael A, B u C, uamepsawoTea
B VIJIOBBIX enuHmunax. Mesxkay sTHUMM 5JIeMeHTaMU cdpepruecKoro
TPeyroJbHUKa CYLIeCTBYIOT OIlpefelieHHble COOTHOLIEHUS, U3
KOTOPBIX 3/ech IIpPMBeleHEl 6e3 BbIBOJIa TOJBKO He0OXOonUMble IJId
IaHHOTO Kypca acCTPOHOMMMU.

Teopema (nam dopmysaa) rocuHycoB. KocuHyc Karoii-jmbo
CTOPOHEI c(hepNUIeCcKOro TPeyroJbHIKA PaBeH [IPON3BeIeHUI0 KOCH-
HYCOB IBYX IPYIMX ero CTOPOH ILJIIOC [IPOU3Be/leHle CUHYCOB 3TUX
CTOPOH Ha KOCUHYC VTJIa MeKIY HUMM:

cosc = cosa cosb + sina sinb cosC. (6)

Teopema (unn popmysia) ciHycoB. CHHYCHI CTOPOH cpepudec-
KOTO TPEYTOJIBHUKA MTPOTOPIMOHATILHEI CUHYCaM TTPOTUBOJIE KA TITITX
VTJIOB:

sing _ sinb _ sinc
sind sinB sinC’ (7)
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2.2. HebecHaa cdepa. CUCTEMBbI HEOECHBIX KOOPAMHAT

dopMyaa OATH 3JI€MEHTOB. B cepuieckoM TpeyroJbHUKe
IIPOM3BEJIEHNE CHHYCA OIHOM CTOPOHBI Ha KOCHMHYC IIPUJIEXKAIIETO
yTJla PaBHO NIPOM3BE[EHNE0 CMHYCA BTOPOI, IPUJIETAOMIEN K STOMY
YTJIy CTOPOHBI, HA KOCMHYC TPEThell CTOPOHBI MUHYC IPOM3BEIEHIE
CXOMHEBLIX (DYHKIINUI 3TUX CTOPOH Ha KOCHMHYC YVTJa MeXKAy HUMIU:

sinc cosA = sinb cosa — sina cosb cosC. (8)

Puc. 7. Cihepuiecknii TpeyroNbHNK; CTOPOHLI M3MEPAIOTCA YIIaMI
npu terTpe O edeprr

B npamoyronsHOM cdepryeckoM TpeyroJbHMKe CTOPOHA,
JeKanias MPOTUR MPAMOTO yTJla, Ha3kIBaeTcd TUIIOTEHYR0M, a JIBe
Ipyrue cTopoHbl — KaTeTaMu. [lonoxkue B dhopmynax (6)—(8) yromn
C = 90" 1 nosTOMY HazBaB CTOPOHY ¢ TMIIOTeHY301, HajimeM:

cosc = cosa cosb, (9)

TO €CTh KOCMHYC TUIIOTEHY3bl paBeH MMPOoM3BeJIeHMI0 KOCUHYCOB Ka-
TeTOB:
sina = sinc sinA 1 sin b = sinc sinB, (10)

TO eCThb CMHYC KaTeTa paBeH IIPOM3BeJeHNI0 CHMHYCa TMIIOTeHY3bI Ha
CHMHYC I[TPOTHUBOJIEHAIIETrO 3TOMY RATeTy YIJia:

sinc cosA = cosa sinb, (11)

TO €CTb MIPOMBBEeJEHUE CHHYCA TUIIOTEHY3El HA KOCHMHYC OJHOTO U3
IPUIIEKATINX YIJI0B PABHO ITPON3Be[EHITI0 KOCUHYCAa KaTeTa, JIeKa-
IIeT0 IMPOTHUB 3TOTO YIJa, Ha CHHYC IPYTOTO KaTeTa.

Paszgenus BeipaskeHne (11) Ha nepBoe paBeHcTBO (10), momyunm
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[NABA 2. COEPUYECKAA ACTPOHOMMA

sinccos A cosasinb

sincsind  sina
¥ OKOHUYaTEeJILHO
sinb = tga ctgA, (12)

TO €CTh CHHYC OJTHOTO KaTeTa paBeH MPOM3BeJeHNI0 TAHTeHca Jpy-
TOTO KaTeTa Ha KOTaHTeHC IIPOTUBOJIEXKAIIETO IPYTOMY KATEeTy YIJa.
B mro6oit MmomMeHT BpeMeHM MososkeHne ceeTtmnia M Ha HebecHoI
cpepe (puc. 8) onipejiendeTCA B rOpUB0HTAJBHOM CUCTEME KOOPIVHAT
asumyToM A = S ¥u BeIcOTO h = nM UM 3eHUTHBIM PacCTOSHIEM
z=7ZM = 90° — h, a B 3KBaTOPMAJILHOI CHICTeMEe — YACOBBIM YTJIOM
t = @m u ckjroHeHneM 6 = mM. Jllyru HebecHoro Mmepuanasa (PZQ.S),
Kpyra BeICOTHI (ZMn) n Kpyra ckaoHeHNdA (PMm) cBeTnia 06pa3yoT
cthepuuecknii TpeyroibHUK PZM, Ha3blBaeMblll Napaalakmuiec-
KUM MPEY20AbHUKOM (0T TPEUECKOTO «TapajiTaKCuce» — «YKIO-
HeHNe», TAK KaK M3-3a BpalleHnd HeDecHOW cdephl TPeyTOJILHIK
Bce BpeMs IIOBOpPAYNBaeTCHd, MeHAA CBOK (POPMY), BepIIMHAMNI
KOTOPOTO CIIYKaT CEeBepPHEIN moJoc Mupa P, 3eHuT Z n cBetmmio M.
CTOpOHBI TapaJIAaKTUUECKOTO TpeyronsHnka ZM = z, PM = 90" — &
uPZ= z,= 90° — ¢, THe @ — reorpaduyecKas IMMPOTA MECTa.

Pue. 8. IlapannakTuHgeckiii TPEYTOILHIK

B sTOM TpeyTrosbHMKe YToJI IIPM CeBEPHOM II0JIIOCe MMpa paBeH
t, a yron ripu 3eHuTe paBen 180" — A. ¥Yron npu cBetuie (M) HasbIBa-
eTcA NAPALAAKMUYeCKUM Y2a0.M V1 IIPY Ipeobpa30BaHNN KOOPINHAT
He JICIIOJIb3yeTCHA.
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2.3. KyAbMHHALUMWA CBETUA

1A BBIYMCIIEHNA TOPU30HTAIBHBIX KOOPANHAT Z U A TI0 M3Bec-
THBIM SKBaTOPHMANBHBIM KOOpPAMHATAM O M t corJlacHO popMyJiaM
(6)—(8) momyumm:

cosz = sino sind + cose cosd cost, (13)
sinz sinA = cos?d sint, (14)
sinz cosA = —coso sind + sing cosd cost. (15)

Dopmysa (13) gaeT ogHO3HAUHOe pellleHMe, Tak KakK z Bcera
ososKuUTedbHO. [Ipu sHavennax t, 6amskux k 0 u 180°, Beraucnats A
IpeAnoYTHUTebHee 0 chopMmyie (14), a npn 3HaUYeHNAX t, OIMBKUX
K 90 n 270" — no dopmyJie (15). KBagpaHT misa A onpepesdercd
3HAKaMU [1paBOJi 4aCTy paBeHCTB, TaK Kak Beerja sinz > 0. @opmy-
Jbl (13)—(15) npuMeHAKTCA MIPYU BBIYNCIEHUN YCIIOBUIA BUAMMOCTI
HeDeCHBIX CBeTWJI, SKBaTOPHUAJIbHBIE KOOPAMHATEL O U & KOTOPBIX
3aUIMCTBYIOTCA U3 aCTPOHOMMUECKUX KaJleHNapeli, a 4acoBble YTJIbI
t BEIUMCAATCA 110 hopMmyie (D).

Jna BolumcieHNUA SKBATOPUAJLHBIX KOOPAMHAT O U O IO M3-
BeCTHBIM TOPM30HTAJLHBIM KOOPIAMHATAM Zz M A B COOTBETCTBUU
¢ popmynamu (6)—(8) Haltmem:

sind = sing cosz — cosQ sinz cosA, (16)
cosd sint = sinz sind, (17)
c0sd cost = cosg cosz + sing sinz cosA. (18)

3Hak 0 onpellesigeTcd 3HAKOM Sind, a KBaJIpaHT IJIA ¢ BEIOMpa-
eTcd II0 3HAKaM IIpaBoii yacty chopmya (17) m (18), Tak xak Bcerna
cosd > 0. IlpegnoutTuTensHOCTE (DOPMYIL 018 BEIUMCIIEHUA T aHAJO-
TVUHa IIpesKHell.

2.3. KYAbMUHALUUA CBETUA

B cyrounom Bpamiernn HebecHOH cdephl KasKaoe CBETHUJIIO
OBasKIbl IIepeceKaeT (MM NpOoXoAnuT) HeDecHBII MepMAMaH: OOVH
pas — moKHYI ero nosoBuHy (t = 0% = 07) u BTOpOIT pas (depes
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[NABA 2. COEPUYECKAA ACTPOHOMMA

TIOJICYTOK) — CEBEPHYI0 MoJoBuHY (t = 12° = 180°). ABjenne mpo-
XOKIeHNA CBeTHUJIOM I0yKHOI MOJIOBMHBI HebecHOro MepynaHa Ha-
3BbIBaeTCHA 6ePIHEU KYAbMUHAYUEU, TAK KaK B 3TOT MOMEHT BEICOTA
cBeTnna h HambosbIIad (3eHNTHOE PAacCTOAHNE Z HaVIMEHbIIee) 13
BCeX BO3MOKHBIX 3HaUEHNIT Ha [IPOTAKEHUN CYTOK.

J1a aTOro sABJIeHMs YacTO IIPMMEeHAITCA paBHO3Hadallle
TEPMMHBL «CBeTMJIO B MepyIMaHe», «CBeTUJIO KYJBbMUHMPYET»,
«CBETUJIO B BepxXHell KyJIbMMHAIMKU» (OT JaT. culmen — «Bepx»,
«BepIINHA»).

B BepxHeit KyIbMMHAINM Y CBETHJI YacoBoli yroa t = 07, u moa-
TOMY, TTOJIOXKUB B chopmyaie (13) cost = 1, momyamm:

cosz = sing sind + cos@ coso,
NI
cosz = cos [H(p — 9)],
OTEyZa
z=2(p — 3).
ITpu cost = 1 paBencTRO (15) npuEMMaeT BUA:
sinz cosA = —cos sind + sing cosd = sin(o — d),

a Tak KakK z U sinz BCer/la MOJIOXKUTENBHEI, TO Ipu 6 < @ cosA = 1
1 azumyT cBeTusa A = (7, To eCTh ecIM CKIIOHEHNE (3) CBETILIIA MEHE-
I1e reorpaduuecKoii IMMPOTEL (¢) MecTa, TO CBeTUIIO KYJIbEMUHUPYET
K IOTY OT 3€eHUTAa U eT0 3eHUTHOe pacCcTOodHNe

2 (19)

a BbICOTa
h = (90" —¢) + 4. (20)
IIpu d > ¢ cosA = —1 n asumyT cBeTumna A = 180°, To ecTh ecnu

CKJIOHEHVEe cBeTuJa OoJblme reorpacpmqecrcoﬁ OIMpoOThI MecCTa, TO
CBEeTHUJIO KYJBMMHMPYET K CceBepPy 0T 3eHMUTa, Me XAy 3eHMTOM M
CeBEpPHBIM IIOJIIOCOM MMP4d, M TOIr'ld 3eHMTHOe PaCCTOAHNMEe CBeTHJia

z,=5- ¢, (21)
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2.3. KyAbMHHALMWA CBETUA

d BbBICOTa
h = (90 — &)+ ¢. (22)

Hakonerr, ecim crJIOHeHNe cBeTuJa PaBHO reorpadpuueckoit
IIMpPOTe MecTa, TO CBeTUJIO KYJIEMUHIPYeT B 3eHIUTE 1 €0 3eHUTHoe
paccrosiaye zB = @ — 8 = 0°, a BoicoTa h_ + 90".

Otcroza cienyer, UTO CKJIOHEHNe 3eHNTa O = @, M Uepe3 3eHNUT
Bcerza NpoxonuT HebecHad IapaJllyiellb, CKJIOHEeHNe KOTOPOoil paBHO
reorpanuecKkoil mmpoTe MecTa. 3Jech U Jlajlee MHIEKC «B» IIPHU
z u h osHavaeT, YTO POPMYILI COPAaBeAIMBEI TOJIBLKO AJA 8eprHell
KYJIEMVHAIINIL

Bcee paccmorpenHEBIe ciryduay BepxXHel KyJIbMMHAIN MILJIFOCT-
pupyioTed Ha puc. 9, nzobpaskaronieM OpoeKlNio HebecHoi cdeprl
Ha [IJIOCKOCTE HeDecHOro MepyuaaHa!

M2 M

M, ’ a’a
L 1

8z

G229
i=90°-¢

Puc. 9. Kynomunanus ceerna

PZQSP' — wosxHasa monoBuHa HebecHo Tomepuanana, PNQ'P' —
ero ceBepHasd MonoBnHAa, N.S — MCTHHHBIN TOPM30HT, QQ' — Hebec-
HBIVi 5KBATOp, Z — 3€HUT, CKJIOHEeHMe KOToporo 6 = @Z = ¢. CBeTuia
M,, M, n M, HaxonATCA B BepXHeli KyJIbMIUHAaIMK, HO MMEIOT pa3Hoe
ckJoHeHne: 6, = @M, <o, 5, = QM, = ¢, 6, = @M, > ¢; X 3eHUTHbIE
paccroanua z, = ZM, (mpu A = 0°), z, = 0" (cBeTnsio M, — B 3eHUTE
Z)nz,= ZM, (mpu A = 180°). ¥ HausbIcIIeli Touku @ HebGeCHOTO K-
BaTOpa z, = ¢. Xopaet M\ M' |, M,M', u M,M'; nuzobpasxaioT HeGecHble
MapaJjiiesy 3TUX CBETHUIL

Huodchell xyavmunayuetl HasbIBaeTCA MPOXOMKIEHNE CBETUI
Jepe3 CeBepHYI MOJIOBNHY HebDecHOro mepuauaHa (MOJOXKEeHUEe

-49.



[NABA 2. COEPUYECKAA ACTPOHOMMA

ceetun M',, M', u M', Ha puc. 9). B 3TOT MOMeHT MX JacoBO# yroma
t=180"=12"
ITonoxxus B dhopmydsie (13) cost = —1, mosryumm:

cosz = sing sind — cose cosd = —cos(@ + J),
nm
cosz = cos[180° — (¢ + 3)]
OTRYy/Ia
z.= 180" =9 —p (23)
n
h,=38—(90"— o). (24)

31echs 1 Jajlee MHIEKC «H» OpK z U h 03HaYaeT, YTO (POPMY LI
IelicTBUTEeNLHEl TOJBKO IIJIA HIMMKHell KyJIbMMHaAIuu. PaBeHCTBO
(24) moz3BoNAeT cpa’y OIpPeNelNTh, 3aXOOUT JII CBETUIHOCTH W
JKe ABJfeTcd Hezaxoxammm. Eemn 6 < +(90° — o), To hH < 0 u, cie-
JloBaTeJIbHO, cBeTMIIo 3axozdamiee (M| u M', ma puc. 9). Ecin xe
3> +(90° — @), TO hﬁ > 0 1 cBeTHIIO HE3aXOAAllee, TO eCTh KPYIJble
CYTKM HaXoJuTcs HaJ ropmuzonToM (M', Ha puc. 9). B cuiy cummer-
pun HebecHoit cdrepsl cBeTUIa co ckIIoHeHreM 3 < —(90° — @) BoobI11e
He BOCXOJAT B JJaHHOI MECTHOCTM M IIO3TOMY HUKOTJA He BUOHEI,
4TO clefiyeT Takske u3 dopmyae (20) mpn h < 0°. OTa cummeTpus
BLIpasKaeTcsd IIPaBUIIOM: KPY2 HeaoCcrodAWUL CEeMUL PA8EH KPY2Y
Heaaxodawux ceemua (puc. 10).

Puc. 10. Hezaxogsamme 1 HEBOCXOAIINE CBETILIA
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2.3. KyAbMHHALMWA CBETUA

Ceetnia co ckmorennem —(90° — @) < 6 < +(90° — @) BocxXoaAT
¥ 3aX0JIAT, HO TIOJIOXKEeHNe TOYeK X BOCXO0/Ia M 3aX0/ja Ha MCTUHHOM
FOPMB0HTE 3aBMCUT OT MX CKJIOHeHM:A: 1Ipu & = (07 cBeTuIa paciosio-
JKeHbl Ha HebecHoM skBaTope (puc. 11, cBeTtuso F), BOCXOAAT B TOUKE
BocToKa (E), 3axog4aT B Touke 3anana (W), moJICyTOK HAaX0JIATCA HAll
TOPM30HTOM M MOJICYTOK — TI0[ HUM; ¥ cBeTw (M) ceBepHoli Hebec-
HoIT rTosrycdeps! (¢ > 0°) Toukn Bocxona (a) u 3axoma (b) cMelleHbl
OT TOYEK BOCTOKA M 3allajla B CTOPOHY TOYKM ceBepa (N), 1 cBeTHIIa
DONBIITYIO YacTh CYTOK HAXOAATCHA HAJ TOPM30OHTOM, & MEHBIIYIO
JacTh CYTOK — TIOJT HUM; ¥V cBeTUT (D) roskHOT HebecHoli monycdepsbl
(8 < 0%) Touru Bocxoma (¢) 1 3axona (d) cMemnleHsl 0T TOUeK BOCTOKA
1 3allalla B CTOPOHY TOUKM 10Ta (.S), M CBeTHUIa MeHBIIYIO YACThL CYTOK
IpebLIBAIOT HaJ TOPM30HTOM, a OOJIBIIVIO YACTEL CYTOK — IIOJ HUM.

Puc. 11. ITonosxenne Tod9ek BoCXoa M 3aX0/a CBETILI
¢ PasiIMYHLIM CKJIOHEHHMEM

Bua 3Be3aHOro Heba Ha pasHbIX reorpadpUHecKUX napasnenax

Wz-3a mapoobpasnHoit ¢opMbl 3eMau BUA 3Be3OHOTo Heba
B MeCTHOCTHX C Pas3HOIl reorpacputieckoil mmpoToi (¢) pasinieH
U OTIpeiesigeTcA TeOPEeMoll 0 BBICOTE MOJIF0ca MUpa (hp = ). Ha sem-
HOM sKBaTope (@ = 0°; puc. 12) hp = (°, ¥ TO3TOMY OCb MUPa JIEKUT
B IIJIOCKOCTHM MCTMHHOTO FOPMB0HTA M COBIAJAET C IOJIyIeHHO JIN-
HMeli, ceBepHBIll nostoc Mupa (P) coBmenieH ¢ Toukoii ceBepa (N),
H0YKHBIN TTosroc Mupa (P') — ¢ Toukoit fora (S), HeGecHBI 3KBATOP
(QRQ") mpoxomut udepesd 3eHUT (Z) u Hamup (Z'), IOCKOCTU BCeX
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[NABA 2. COEPUYECKAA ACTPOHOMMA

HebecHBIX TTapaJuesell MepneHIUKYJIAPHEBI IJIOCKOCTY VICTHHHOTO
TOPM30HTA, & CaMI MapaJiyieny JeJIATCcA €l [omnojaM. Bee cBeTnia
BOCXOZAT ¥ 3aX0JIAT NePIEeHANKYJIAPHO TOPUB0HTY U BUIHBI ITOJICY -
TOK. B paBHOIT Mepe 0bo3puMebl 0be HebecHbIe oaycdepsl. CBeTnIa
cepepHOI nosycdepsl (8 > @ = 07; rouka M Ha puc. 12) nepecekair
HebecHBIII MepUANaH K CEBEPY OT 3eHUTA, & CBeTHJIA FOXKHOI M0JIy-
cpepsrl (6 < @ = 07; Touka L) — K 10Ty OT 3eHuTa. [lonapHasd 3Be3ga
(o Mamoii MenBenuiibl) BUHA BOMNM3M TOUKM CEBEPa M PETryJAPHO
3aXOUT 3a TOPU30HT.

Puc. 12. Bupg HeGecHoit cchephl Ha 3eMHOM 3KBAaTOPE

Ilpn mepemenieEnn HaOIOOATENA IO 3€MHOI TOBEPXHOCTHU
B CTOPOHY TeorpauuecKoro MoOJCca OSHOUMEHHBI ITOJIFOC MUPa
IOHUMAaeTCH HaJl TOPU30HTOM (hp = (), @ IPOTUBOIIOJIOKHEIN OITyC-
KaeTcd I0J] Hero, HeDeCHBIN BKBATOP NMPUOJIMIKAeTCS K UCTHHHOMY
TOPMB0HTY, HabJIIOOeHMAM AOCTYIIHA BCA OJHOMMeHHad HebecHad
mosrycdepa M TOJBKO TaCTh IIPOTHBOIIOJOMKHON, YMeHbIIANAaacH
10 Mepe TIPUONMIKeHNA K reorpapuyeckoMy II0JIIOCY; YBeJINIuBa-
I0TCA KPYTY He3aX0oAAINX M HeBOCXOAANIUX cBeTHII (puc. 13).

Ha Cepepnom nostoce 3emnu (0 = +907; pue. 14) hp = +90°,
ock Mupa (PP') coBmazaeT ¢ OTBECHOIt JIMHMEN, CeBEPHBIN TOIOC
vupa (P) coBmernien ¢ seautom (Z), a HebecHbI srBaTOp (QQ') —
C UICTMHHBIM TOPM30HTOM, U IIOSTOMY HE UMeeTCH HU TOUEK BOCTOKA,
Iora, 3amnajZla M ceBepa, HM HeDecHOTO MepuIMaHa, HHU MOJYJIEHHO
mmHNN. HebecHble mapasien mapaJjiilellbHbI IIII0CKOCTH VICTIHHOTO
TOPM30HTA, M B CYTOYHOM BpallleHNN Heba 3Be3Obl ABMIKYTCH Ia-
paJjlileIbHO TOPUB0HTY, HE MeHAA cBoell BeICOTHL [loHATHE KYyIBEMM-
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2.4 AcTpoHOMWUECKaA pedpakumsa

Hanuit orcyTcTByeT. CBeTuna (M) ceBepHolt HebecHoI nonycdepsl
HezaXonArme, a ceeTuya (L) 10:HOM mosnycdepbl HEBOCXOIAIINE.
TlonAapHasa 3Be371a paclloyioykeHa II0UTH B 3eHITe,

Puc. 13. Bupg HebecHoit cdpepbl Ha IPOM3BOILHO reorpaguaeckoil MmnpoTe

Ha HOsxHOM reorpadpuieckoM IoJOCce KapTHHA aHAJIOIMUHAS,
TOJIBKO TaM C 3€HITOM COBIAJlaeT IOKHEIN IIOJIOC MUpa, CBeTHIa
I0°KHOI HebecHOI norycdepsl He3aXonAmn[e, a CBeTHIIa CeBepHO
mosrycdpepel He BUIHEL

Fz')

Puc. 14. Bun sebecnoii cchephl Ha TeorpahiigeckoM I0Jroce

2.4. ACTPOHOMHUYECKAA PE®PAKLUA

JI3-3a mpesiomMnieHMA CBEeTOBBIX JIydell B 3eMHOI aTMocdepe,
Ha3bIBAEMOTO acmpoHomuieckol (uau ammocgepHoll) pegpax-
yueu, Habm0aeMoe (BUONMOE) 3€HUTHOE PAcCTOSHNME z' CBETHJIA
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[NABA 2. COEPUYECKAA ACTPOHOMMA

HECKOJILKO MEHBIIIE er0 MCTHHHOTO 3€HUTHOTO PacCTOAHNUA Z, & BU-
ovMasd BblcoTa h' HeCKOJIBKO OoJbIle MCTUHHOI BBICOTHI h, TO €cCTh,
KaK IIPMHATO TOBOPUTH B aCTPOHOMMM, pedpaKiya IPUIIOTHMMAET
CBETHJIO HaJl TOPM30HTOM.

PasHoCTh HasdbIBaeTcsa BeJIMUNMHON pedpakimi, a darie peg-
paxyue.

p=z—2Z=h-h. (25)

Ha 3eHUTHBIX paccToAHNAX z < 70° pedhpakumsa Maa, MeHee 3,
yOBIBaeT ¢ YBeJIMYEeHUEM BBICOTEI M B 3eHUTe p = (. Besmunaa ped-
PAKINIT 3aBUCUT OT TEMTIEPaTYPhI Bo3MyXa (t) m aTMocepHoTo 1aB-
nenus (p). IIpu Opou3BONLHBEIX aTMOC(EepPHBIX YCIOBUAX pedppak-
1M HasbIBaeTcsd MCTUHHOM, a put = +10° Cu p = 760 MM pT. cT. =
1 013 rIla (rekTomackaieit) — cpenueii [Ipu z < 70° cpemuas ped-
paKImusa

p=582"xtgz" (26)

IIpu z > 70° dopmyna (26) mempurofHa, Tak Kak JaeT TOT-
PEeIIHOCTh, pPe3K0 BO3PacTalIyI ¢ OpUOIIKeHMeM K TOPU30HTY
(z=90"), rae pedparnus Hauboabimasna. [Tpu z = 90° B AeiicTBUTENE-
HOCTHM cpeiHsAsA pedppakiyus B TOPUB0OHTe p = 35

VlctTnaHaA pedpakya, faske IPY caMbIX HeOJIaronpuATHBIX aT-
MocgEePHBIX YCIOBIUAX B TIOJAPHBIX paltoHax, He ObiBaeT Hosbire 2°.
Ha ocHoBe Habawaernit co3ialgbl TAOAMITEI peddpakIni AJ1d Pa3HbIX
3eHNTHBLIX PacCTOAHUI IIPM pas3JIM4YHBIX aTMOC(EepHBIX YCJIOBUAX.
OTUMM TabauIlaMy MOJB3YITCA IpK 00paboTKe aCTPOHOMMUYECKUX
HaOJII0 e HI.

Pedpaknua, geficTByd TOJIBKO B BePTUKAJLEHOM HaTlpaBIeHNH,
He BIMAET Ha a3MMYT CBeTHUJIa, HO JICKaXKaeT ero 3KBaTopMaJbHEIe
xoopauEaTel. OHa 0043aTelbHO YUMTHIBAeTCH MNPHM OIpeleseHUN
S5KBAaTOPMAJBLHLIX KOOPAMHAT CBETWMJ, BEIUMCJIEHUM MOMEHTOB MX
BOCXOZa M 3aX0Jla, IpM YTOUHEHNUN IIMTeJbHOCTH CYMepeK, IIoIap-
HBIX IHel M Hodell M T. 1.

W3-3a pedparuun gucku Comnnia 1 JIyssl BOIM3KM TOPU30HTA
BBIIIAAAT OBaJIbHBIMU, TaK KaK ¥y HIKHEro Kpad aucka pedpakiya
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2 5. M3smepeHne ropu3oHTaAbHbIX KOOPAMHAT CBETUA

npuMepHo Ha 6' Gosblile, yeM y BepXHero Kpasd, ¥ IIO3TOMY BEPTHU-
KaJIbHEIN AyaMeTp JMcKa KasKeTcs YKOPOUeHHbBIM B CpaBHEHNH C TO-
PYM30HTAJBHBIM JMaMeTPOM, KOTOPEIH pedppakiyeii He NcKakaeTcd.

2.5. UISMEPEHUE TOPU30OHTAAbHbLIX KOOPAUHAT CBETUA
U ONPEAEAEHUE NOAOXEHWA HEBECHOIO MEPUAUAHA

A u3MepeHNMA TOPUB30OHTAJBHBIX KOOPAMHAT [IpUMeHHAeTCH
HeOOJBINON TTEPeHOCHEIN OITHMUYECKNUII MHCTPYMEHT, Ha3bIBaeMbIii
YHUBEPCAADHBLM UHCMPYMEHMOM, TIPOCTEIIad KOHCTPYKIIUA KO-
TOPOro IIOKa3aHa Ha puc. 15. Y coBpeMeHHEBIX YHHBepCaJlbHbIX MHC-
TPYMEHTOB paslieJieHHble KPYTM CKPBITHI 3alIMTHBIMM KOXKYXaMu
¥ Ha pMCYHKe BUIHEI He OynyT. I[losToMy 31ech IpuBeleHa cTapasd
KOHCTPYKIWIS C OTKPEITBIMI KPYTaMIL

Puc. 15. YaueepcanbHEBI MHCTPYMEHT IIPOCTENIIel KOHCTPYKIMN

O= cocToUT M2 HeDONBIION 2pUTENIBHON TPYOE! (a), cKpeIieH-
HOJI ¢ TOPUBOHTAJILHOMN 0ckIo (b), Ha KOTOPYIO $XeCTKO HacasKeH Bep-
TUKaJIBLHLBI KPYT (¢). ['opMnzoHTaNnbHAA OCh JIeXKUT Ha Iandax paMKUI
(d) 1 Ha HMX MO’KeT BMecTe C BePTHKAJILHEIM KPYTOM I 3PUTeIILHOM
TpyOoit moBopaunBaThed. PaMika HacaskeHa Ha BEPTUKAJILHYIO OCh (e),
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[NABA 2. COEPUYECKAA ACTPOHOMMA

C KOTOPOIT 3KeCcTKO CKPEIJIeH TOPU30HTAJbHBIN KPYT (f), M BMecTe
C HMMM MOIKeT MHOBOPAauMBATBCA B TOPMB0HTAJBHONI IIJTOCKOCTIL
Ha ofoux kpyrax, nan aumbax, HaHeCceHbl TpalyCHbIe I MUHYTHEIE
nmenenns (00bruHO uepes 20, 10" 1 5'), M03BOJIAIOIINE OTCUNTHIBATE
IIOBOPOT 3PUTENBLHOI TPYOLI B 00enx miockocTaX. s yBennuenmsa
TOYUHOCTHM OTCUETOB OKOJIO KPYTOB Ha HEMOIBIKHBIX OCHOBAHMAX
VKpPeIIeHBl CIlelMallbHBIe IJIACTUHEI ¢ DoJlee MEJIKMMM JeJIeHMA-
MU (BepHLephbl) ¥ MUKPOCKOIILI (g). ¥ cTaHOBKA 3PUTENLHOI TPYOLI
B OIIpeJleJIEHHOM HaIlpaBJIeHNN (PMKCHPYeTCA Ha 00enX OCAX 3aKIM-
HBIMWM BUHTaMH, & €€ He3HAUNTEJbHBIN MTOBOPOT OCYIIECTBIAETCH
MMKPOMETPUUYECKIMI BMHTaMM. BuHTOBBIE HOKEKM (1) 1 ypoBHNU (M)
obecrneunBaiOT MPaBUIBHYI YCTAaHOBKY MHCTPYMEHTa. B okyidape
3PUTENBHOI TPYOBI YKpeIIeHa ceTKa HUTEl, KOTopasd Mpyu HabIT-
IeHNAX BUAHA B IIOJIe 3peHnd MHCTpYMeHTa (puc. 16).

Puc. 16. VIzo6paskenne 38e34bl B II0Je 3PeHUA
YHUEBEpCaILHOTO MHCTPYMEeHTa

I[Ipu HaBeIeHUM 3PUTELHOIT TPYObl Ha CBETHUJIO €r0 3eHUTHOe
paccTodHMe OTCUNTBLIBAeTCA [0 BePTUKAJILHOMY KPYTY, a a3uMyT —
110 TOPUB0HTAJILHOMY KPYTY MHCTPYMEHTA.

Jna onpenenennd nosyoxeHnda HeOeCHOTO MepHUaHa MMeeTC s
HeCKOJBKO crtocobor. OOMH M3 HUX OCHOBAH Ha TOM, UTO IIPU PABHBIX
PaccTOAHMAX 3Be3EI 0T HeDeCcHOro MepuaaHa ([0 U IIocJie BepXHelit
KYJIBMUHAIINH) ee 3eHUTHOe PACCTOAHNE Z OOUHAKOBO, UTO CIIeyEeT
13 paBeHcTBa (13):

cosz = sing sind + cosg cosd cost.
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2.6. OnpeAeAreHUe CKADHEHUWA 3Be3) W reorpaduuyeckor LWKMPOThl MECTHOCTH

Torpga, cornacuHo popmye (14),
sinz sinA = cosz sint,

4ycJIeHHbIe 3HAYeHU a3MMyTOB A OOMHAKOBLI, HO K BOCTOKY OT
MmepuanaHa A < 0, a k 3amagy ot Hero A > (.

Ecim npu ognHaAKOBOM 3€HNTHOM PacCTOAHMUN 3Be3[Abl IePBOId
oTcueT (Io BepxHeil KyJIbMHHAIMN) Ha TOPI30HTAJIbHOM KpyTe OB
n,, a BTOpOJi OTCYeT (Iocje BepXHeli Ky IbMUHALNN) — N, TO Cpell-

HHMII oTCUeT
n+n,

n, 5
COOTBETCTBYET HAIIPABJIEHNIO HA TOUKY ¥OTa, TO ECTh OIpeJlelisgeT
moJiosKeHne HeDecHOTO MepuKMaHa W MoJNyAeHHOo! Jmeun. Jpyroi
criocod TpeOyeT 3HaAHMA CKJIOHEHUA O 3Be3Ibl U reorpaduuecKoii
IIIMPOTHI @ MECTHOCTH. VI3MEepMB BUINMOE 3eHUTHOE PacCTOSHIE Z'
BTOV 3Be3JIbl, OTMEYAlOT OTCYeT N, Ha TOPU30HTAJIBHOM Kpyre MHC-
TPYMeHTa, 3aTeM 1o dopmyse (26) i no Tadbauiam onpenesarT
pedpakuio p, Aajiee HAXONAT MCTUHHOE 3eHUTHOE PAaCCTOSHUE
3Bes3nnl z = z' + p u o popmyne (16) BEIUMCITAIOT a3MMYT A 3Be3EL

cosA = (sing - cosz — sin@) + (cose - sinz).

Torga Ha TOPM30HTAJIBHOM KPyre OTCHeT N, = N, — A cooTBeT-
CTBYEeT HaIlpaBJeHNIO Ha TOYURY IOora.

2.6. ONPEAENEHUE CKAOHEHUA 3BE3A
U TEOTPAGUYECKOM LUMPOTbI MECTHOCTU

OKBaTOpHAaJbHBIE KOOPAMHATEL (0 M 8) 3Bes] OIpenensioT
TOJIEKO B TeX aCTPOHOMMUIECKNX 0DcepBaTopmuAX, KOTOpPBIe pacllo-
JIAaTaloT OJIA BTOM Lean coelymaJbHBIM obopynoBaHueMm. Hanboiee
TOYHO DTV KOOPAMHATEI OHpeAeaioTcs Ipy HabJIo[eHnaxX CBeTHII
B MepuIMaHe (B KyJILMWHAINAK), IJIf 9ero IpefHa3HaYeH CIIeyab-
HBII U3MEepUTEeNbHBI MHCTPYMeHT — Mmepuduanusvlil kpye (puc. 17).
KoHCTpYKINMNM COBpeMeHHBIX MepUANaHHEIX KPYTOB OYeHb CJIOXKHBI
M IpenycMaTpPHBAOT MHOKECTBO IIPMCIOCOOJIeHNil, [OBBINIAI0-
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WX TOYHOCTH M3MEPEHWUIT M CBOOANINX K MUHUMYMY WX OIIMOKIL
Ha pwuc. 17 cripaBa noka3aHa cxeMa MepuanaHHOTO Kpyra. Ha mac-
cuBHOM n1oJ1011 ocu (C) IepHeHANKYJIAPHO K HEll 3KeCTKO YKPEeIIEHbI
orntnyeckad Tpyda (AB) nimHOo 1o 2 M (quameTp 00'beKTHRBA OKOJIO
15—20 cm) n nBa pa3neneHHbIX Kpyra (K) nmamerpom 60—70 cMm, Ha
KOTOPLIX HaHeceHHI NeJeHusd depes 2. OChk pacroJioskeHa CTPOTO
TOPMB30HTAJBHO B IIJIOCKOCTHM MEPBOTO BepTHUKAla (B HalpaBJIeHUN
K TOYKAaM 3allajla M BOCTOKA) Ha JIBYX KaMeHHBIX MM OeTOHHBIX
cTonbax, YCTAHOBJIEHHBLIX Ha MOIIHBIX (DyHAAMEeHTaX, I MOXKeT I0-
BOpauMBaThHCH B IOAIINIIEMKAX BMeCTe ¢ Tpy0Ooil U KpyTaMy TOJIEKO
B ILIOCKOCTM HeDecHOro MepuaMaHa, OTKyZa caM MHCTPYMEHT
U TIONTYUNJII CBOe HazBaHMe. Ha 3TUX e cToJI0aX HeMTOJIBUKHO YEPEeTI-
JIEHBI BEPHBEPHI M MUKPOCKOTIBI (M), TIO3BOJIAIONINE OTCUUTHIBATE
JleJIeHNd Ha KPYTaX ¢ ToyHocTsio 1o 0,17

Puc. 17. MepuanaHHbIi KPYT ¥ €T0 CXeMa

B moiye spenmsa onTuueckoil TpyObl BUIOHA CeTKA W3 TOPHU-
B0HTAJIBHBIX M BePTHUKAJILHBIX HUTE!, M3 KOTOPBIX IIeHTpabHAA
BepTHKAJbLHAA HUTH COBIAJIaeT C HAlpaBJeHMEM Ha MepHuIMaH.
Ha paszienennbIxX kpyrax oTMedena TOYKa 3eHUTa Z , TO eCThb Jiejie-
HMe, COOTBETCTBYIOIIIee HAITPABJIEHNIO OIITUYECKO TPYOBI B BEHNT.

[Tpouenypa msMepeHnii Ha MEPUIMAHHOM KPYTe BECbMa CJI0K-
Ha, Tak Kak TpebyeT HefCTBUI, YIUTBIBAIININX M MCKIFOYAOIIIX
TIOTPEITHOCTY MHCTPYMEHTA U T10 BO3MOKHOCTH JIMUHBIE OIMOKN
HabIogaTeJsi
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MeTon onpeneneHNA SKBATOPUANIBHBIX KOOPAMHAT CBETUI
HasbIBaeTcA aOCOAOMHBLM, ECTIM OH HE 3aBUCUT OT MIPEXKHUX OIl-
peesyieHnii 1 He OIMpaeTcA Ha YiKe M3BECTHBIE KOOPAMHATEI 3Be3.
B mpoTuBHOM caydae MeTOZ Ha3BIBAETCH OMHOCUMEAbHBLM VI
JueperHyuaibHblm,

ADBCOIIOTHBIM METOJ[OM MOXKHO OIPENEUTb CKIOHEHNE TOJBKO
He3aXOoAAIINX 3Be3]l, U UMeHHO MM03TOMY 3HaMeHKUTadA [IymkoBckasa
actpoHoMmueckad obcepBaTtopuda (puc. 18) mon CaHkT-IleTepOyp-
roM, sfABJArINadcA [JIaBHOIM acTpoHOMMUYecKoit obcepBaTopueit
Poccuiickoit akageMun HayK, IOCTPOeHa B CEBEPHOM palioHe ¢ reo-
rpaduueckoii mpoToit okoJo 60°, TIe MHOTO He3aXOOAIMX 3Be3]l.
Taxue omnpeneneHNa BO3MOXKHBI TOJBKO B OCEHHE-3UMHUIT TepHo],
KOrZja Ho4b JJinTced OoJiee 14 4.

Puc. 18. IlynroBckas acTporoMudeckas obcepBaTopms

VaMepuB BUIMMOE 3eHUTHOE PAcCTOAHME OJHOIN U TOM 3Ke 3Be3-
JIbI B BEPXHEI (zB'), a uepes IoJICYTOK — B HUKHEI (zH') KYJIbMWHAITAN
M yuTA pedpakini p, HAaXOOAT VMCTHMHHBIE 3eHUTHLIE PAacCTOAHMA
z, =z tpwuz =z '+ p, 10 KOTOPEIM BEYUCIIAT CKJIOHEHe 3 3TOM
3Be3/Ibl ¥ HE3ABMCIIMO OT HEro reorpadmiecKyio MIMpoTy ¢ obcep-
BaTopyM. IIpu BepxXHeN KYyJIbMIHAINMYM 3Be3IbEl K KTy OT 3eHUTa
VCenoJb3YIT opMmyisl (19):

n(23):
z, =180"—o¢ -3,
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113 KOTOPBIX HAXOOAT:

5 =90°- 212
2
n
zZ,—Z
=00°_"n L3
? 2

Ecin sxe B BepxHeit KyJIbMMHALIMY 3Be3/la HAX0AUJIach K CEBEPY
oT 3eHuTa, TO popmyna (19) zamenserca gopmyoin (21) z, =35 — ¢
1 TOoTAa

ZH

5 =90°——;Z= ne=90°—2

2

Takym MeToIOM OIpele IA0T CKJIOHEeH)e He BCceX He3aX0IAIIMX
3Be3]], a TOJIbKO HECKOJIBKMX [eCATKOB JMJM COTeH, C TeM 4TOOHI,
cyucTeMaTHYecKy IIOBTOPSASA M3MepeHnd, cJleJUTh 3a M3MeHeHeM X
CKJIOHEHMHA J 33 BO3MOKHBIMI HeDOJIBIINMI KoJleDaHMAMN reorpa-
dhmyeckoll MMPOTHI 00CEPBATOPUN.

Y ocTalbHBIX CRETUN M3MePAIT 3eHUTHOE PacCcTOSHNE B BEPX-
Heli KyJIBMMHAIMM, M TaK KaK reorpaduueckas IIpoTa 0bcepBaTo-
PUM yoKe UBBECTHA, TO X CKJIOHEeHNe BEUNCIAT 110 hopmynnaMm (19)
1 (21). AucpdepernaabHBI MEeTO OIIpeeJIeHMA CKIOHEeHI S CBe T
uallie BCcero npuMeHseTcd Ipu poTorpadpuiecknx Habmwogennax. Ha
¢oTorpadupyeMoM yuacTKe 3Be3IHOTO Heba 0043aTeNbLHO OOIKHO
HaXOJUTh HECKOJILKO 3BE3]] C I3BECTHBIMM 3KBaTOPMAJBLHBIMY KOOP-
JMHATaMM, OIlpe e eHELIMM abCOMIOTHBEIM METOZIOM; TaKle 3Be3]bl
Has3bIBaIOTCHA OonopHulmu. Ilpmanun nuddepeHnalbHOTO MeTOLa
COCTOMT B TOM, UTO Ha (poTorpapmieckoM HeraTHBe M3MEPATCH
B ompefieJieHHOM Maciurabe pasHocTu AS; MeKIy MCKOMBIM CKJIIO-
HeHMeM & CBeTUJIA U UBBECTHLIMM CKJIOHEHUSMH &, OLIOPHLIX 3Be3]I.
[TomyyaeTcsa HeCKOJIBKO OIMBKMUX MeK Ty coboii BesmuuH & = 5, + Ad,
110 KOTOPBIM BhIUMcIAeTcA Haubosiee BepoATHOe 3HadeHNe JICKOMOTO
CKJIOHEHMA.

IIpu BMByanbHBIX HaOJMIOOeHMAX B MepuauaHe (00A3aTeJILHO
B BepXHell KyJIbMUHAININ) U3MEPAIOTCA PasHOCTU Az, MEKY 3eHUT-
HBIMJ PACCTOSHUAMM Z CBETWUJIA U Z,, OTIOPHBIX 3Be3],. Tak, Ipu KyJib-
MMHAIMA K I0TY OT 3eHNTa ICKOMOe CKJIOHeHNe 6 =08, —(z—z,) =0, — Az,
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HajineHHble CKIOHEHWA 3Be3]] OYOJMKYIOT B 38e30HbLLT Ka-
manozax. VI3MepAa B PasJIMUYHEIX MECTHOCTAX YHMBEPCAJIBLHBIM
MHCTPYMEHTOM 3eHUTHOE PACCTOSAHNME STUX 3Be3]] B MepuuaHe
M 3aMMCTBYA VX CKJIOHEHME M3 3Be3JIHbIX KAaTaJIOTOB, aCTPOHOMM-
YecKMe SKCIeqUINN onpeneadarT rno dpopmyaam (19) un (21) reorpa-
(PUIECKYO IIMPOTY MECTHOCTN.

B HacToAlee BpeMsA reorpadmieckre KOOPAMHATHI ONIpeIesd-
I0TCA TONBKO ACTPOHOMUYECKUMU METOJaMIL.

2.7. BAAMUMOE rOAMYHOE ABU>XKEHWUE COAHLA,
Ero NnPU4YUHbI U CAEACTBUA

IKAUNTUKA

B momHOYL B BepXHEH KYJIbLMUHAIIMU BCETJa HAXOMATCH Te
3Be3MILl, IPAMOe BOCXOIKIeHNe KOTOPEIX TTouT Ha 180° oTiimuaeTrcsa
ot mpamMoro Bxoxknerua Comana. Habmaonenusa mokasblBaloT, UTO
B KaXIVIO MOCJIe IVIOIIYIO IIOJHOYEL KYJILMUHUPYIOT 3Be3 5], IPAMOe
BOCXOXKJIEHNEe KOTOPBIX MpuMepHo Ha 4%(1°) Gosnbmie mpamoro Boc-
XOXKIEeHNA 3Be3], KYJIEMUHNPOBABIINX B MPeIbIAYIIYIO0 MOJHOYb.
CrnenmoBaTenbHO, 1 IpAMoe BocxoskaeHue o CoJIHIA ekecyTOYHO
BO3pacTaeT NMPUOIMBNTENBEHO Ha 4¥, a 5TO 03HAUaeT, UTO, ITIOMIIMO
CYTOUYHOTO JIBMKEHIA C BOCTOKA K 3ariajly, 00yCcJIOBIEHHOTO Bpallle-
aneM 3emunit, CoJIHITe Me [JIEHHO TlepeMelllaeTcsd Ha (DOHe 3Be3]] C 3a-
IIajia K BOCTOKY (HaBCTpeuy CyTOYHOMY BpallleHUo Heba) IpuMepHO
Ha 1° B cyTKM U 3a TOJ[ coBepIaet o HebecHoi cpepe ouH 060poT
(3607). OTo roguunoe neuskenye CoJHIA HA3LIBACTCA BUAMMEIM, TAK
Kak ABJSeTCA OTPakeHUeM IeliCTBUTEeNbHOro o0paleHnd 3eMIm
Bokpyr CoJHIa, 4eMy MMeITCA HEeOIPOBEPIKUMBIE JIOKA3aTelbC-
TBa. VI3-3a nBM:KeHMA Semiyn BoKpyr CoJHIla BIJ 3Be3HOro Heba
IIOCTEINeHHO M3MeHAEeTCA 10 Ce30HaM (BpeMeHaM) rofja, PeryJIsapHO
IIOBTOPSAACH 13 TOa B TOJI.

W5 esxeTHeBHBIX M3MepeHNii 3eHMTHOro paccToAnns:A z, ConHna
B MOMEHT €ro BepXHell KyJbMMHAIIMK (Has3bIBAEMOTO UCTMUHHBLM
noadHem) YCTAHOBJIEHO, UTO €70 CKJIOHEeHIe O TIaBHO U3MeHAEeTCH:
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esxeromuo 20—21 mapra u 22—23 centadpa & = 0° (CoxHIe mepece-
kaeT HebecHBIN 3KBaTOp), 21—22 MIOHA CTAHOBUTCA HaMOOJIBIIINM,
8 . = 123726, a 21-22 nexabpa — HauMeHbIIMM, §_. = —23°26".
To ects mpumeprO nosroga CoJiHIle HAXOOAUTCA B ceBepHOM Hebec-
HOM TIOJIyIIAPWI ¥ IOJTOJa — B HOYKHOM, [I00YEPENHO YIaJAACh
oT HeDecHOro skBaTOpa Ha HamboJblilee paccrodHne B 23°26'. Cie-
JI0BaTeJIbHO, BUIMMOe ToaAnYHOoe ABuixeHre CoJiHIla IPOVCXOANUT TI0
OosibliioMy Kpyry HebecHoil cdepbl, HAKJIOHEHHOMY K HebecHOMYy
SKBATOPY II0JI yIJIoM & = 23°26" (TouHee, £ = 23°26'29"). OToT GONB-
11071 KPYT Has3bIBAeTCHA IKAUNMUKOU (OT TPEUECKOTO «3KJIUIICUCY —
«3aTMEeHMe»), Tak Kak korjaa JIyHa MOoAXOoIUT K SKIUOTHKE, TO IpU
OTIpeIeIEHHBIX YCIOBUAX IPOUCKXOIAT COJIHEUHLIE U TYHHBIE 3aTMe-
HMA. YTOJI ee HaKJIOHa K HeDeCHOMY 3KBaTOPY Ha3bIBaeTcsa HaKJIOHE-
HMEM SKINITUKNA.

Ha puc. 19 n3obpaskeHsl HeDecHLI 3kBaTOp @K', ock Mupa PP,
sknunTka EE' 1 ock skymmTurn [T — TepneHauKyIdap K TJ10C-
KOCTU SKRJINMTUKU, TTPOXONAINiT gepes 1MeHTp O HebecHO cdepsl
1 epecekrarIuiicd ¢ Heil B Toukax I1 u 1", HasbIBaeMBIX noatocamu
axaunmuru. [lomocsl SKIUOTUKKM OTCTOAT OT TIOJTIOCOB MUpa Ha

e = 23°26"; cesepHuwniii noatoc awxaunmuxu Il (o = 2707 = 18"
5 = +66°34") pacnomosxern BOM3M 3Be3nbl & JlpakoHa, a tOMCHBLU
noatoc axaunmuxu II' (o = 90° = 6, 8 = —66°34") — Heganexo oT

3Be3nsl 8 3osoTolt Pridel. CTpesnka Ha HebecHOM BKBaTOpe MOKa3bl-
BaeT HallpaBJIeHNe CYTOUHOIO BpallleHnda HeDecHOII ceprl, a cTpes-

Ka Ha DKJMIITUKE — HAIlpaBJIeHNne BUAMMOTO TOAMYHOrO JIBUKEHMS
Comaia (®).

Puc. 19. Sxmvnruka n mebecHslii akBatop: & — Conane
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Touky nepecedeHNA SKINUITHUKM ¢ HeDeCcHbIM 9KBaTOPOM Has3bl-
BalOTCA MOYKAMU PABHOOEHCMEUA, B MOUKe 8eceHHezo pasHode-
nemeua Y (o= 0" =07, 8 = 0°) CouHlLle IepexoauT U3 IKHOro Hebec-
HOrO IOJYLIAPUA B CEBEPHOE, d& B TMOYKe 0CEHHEeZ0 PABHOOEHCTNEUA
L (o = 180" = 127, 5 = 0°) — m3 ceBepHOro HeGECHOrO II0JIYINAPUA
B rosxHoe. JInaua (\OL) nepeceyennsd mIOCKOCTH HeGECHOTO SKBa-
TOpa C IJIOCKOCTHI0 3KJIMIITHKN Ha3bIBaeTCH AuHUel Y3408 HeDecHO-
TO 3KBaTOpa, a TOYKN PAaBHOJIEHCTBUI — ero yY34aMuU Ha SKINITUEKE.

ToukM BRINNTURN, yIasleHHbIe Ha 90° 0T To4ek paBHOIIEHCTBIIN,
Ha3bIBAIOTCHA MOYKAMU COLHYECTOAHUU: B CeBepHOI HebeCHOI 1o~
nycdepe JEXRUT Moukad AemHezo corHyecmoarud 96 (o = 907 = 6,
5 = +23°26"), a B 103kHOIT HebecHO monycdepe — Mmouka 3umMHez0
coanyecmoanua Vo (o = 270" = 18", 6 = —23°26").

Tourky paBHOZEeHCTBUIL U CONMHI[ECTOAHMUII 0003HAaUeHbI 3HAKAMU
TeX co3Be3uli, B KOTOPLIX OHU HaXoaunuck bosee 2 000 et Hazasm,

K senumy
3;”0’?

et

Heaecubf& a
aub amop

i=90%p

Hemunnsid 0PUIOHM

S

Puc. 20. Onpepeserne skpaTopuabHbx koopanaaT CosHia

OKBaTOpHaNbHEBle KOOpAMHATEI COJIHIIA BBIUMCIAIOTCH II0 €ro
3eHUTHOMY PAaCCTOSIHUIO Z,, UBMEePeHHOMY B MCTUHHLIN IOJIIeHb.
B stor moment (puc. 20) gyru HebecHoro MepuamaHa, HebecHOro
5KBATOpa ¥ SKIMIITHKYN 00pa3yoT NPAMOYTOJBHEBI cpepiiecKnii
TPEYTOJIBHUEK ¢ OCTPBIM yTJoM & = 23°26' (TpeyronbHUE M300paskeH
Ha BHYTpeHHell oBepxHocTH HebecHoii cdepsl). Torga, cormacHo
dopmyte (19), cknonenne CosHila 6 = ¢ — z, ¥ €T0 MPAMOe BOCX0MK-
JeHe o, BEUNCIIAeTCA 110 hopMyJie:
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sina = tgd ctge, (27)

IIOJIy4eHHOM U3 paBeHcTBa (12).

Taxwum 06pasom, XOTA TOUKa BeCeHHero paBHO/IeHCTBNA Ha Hebe
HMYeM He OTMeUeHa, TeM He MeHee, ee yI00HO IPMHENMATE 3a HadaJo
cdeTa IIPAMOTO BOCXOJKIeHNA, TaK KaK 5TO II03BOJIAET JIETKO BEIYNC-
JATE OpaAMoe BocxoskleHne CoJHIIA, IO KOTOPOMY OlpelesdeTcsd
IIOJIOKEeHIe CaMOIl TOUKYM BeCeHHero paBHOJEHCTBHA.

Ilo exenmHeBHBIM B3HAUYEeHMAM 5KBATOPHMAJBLHBIX KOOPAVHAT
CourHnia . ¥ 6 OTMEYaroT eT0 BUANMBII TOOUIHEII Iy Th 110 CO3Be3y-
AM ¥ HAHOCAT SKJNIITHKY Ha 3Be3JHble KapThL

3o0AMaKanbHble co3Be3AUA U 3HAKU 30AMaKa

SKINOTUKA TPOXOONT TI0 ABEHANIATHU CO3BE3IUAM (II0 UNCITy
MecHIleB B TOQY), M3 KOTOPBIX OJMHHAIIATE UMEIOT Ha3BaHUSA K-
BBLIX CYIIeCTB (pealIbHBIX UM MU(PUUECKUX), U TTIO3TOMY BCe JIBe-
HaJIIaTh CO3BE3NINIT MMEHYIOTCH 300UAKAABHBLMU (OT TPeuecKoro
«30IMAKOC» — «3Bepb»). VIX Ha3BaHNA U NPUHATBEIE 0003HAUEHNA!
Pri6er (), Osex (Y?), Tenerr (), Bimzuerns: (II), Pax (Z9), Jles (&),
Hesa (1)), Becrr (), Cropmmon (M), Crpener; (X'), Kozepor (Vo)
u Boponeii (55). Mesxxny cozpezauamu Croprnona 1 Ctpensia Con-
HIle TIepeMelraeTed 10 YUACTKY CO3Be3NINsa 3MeeHOCIIa, HO TaK Kak
B TOAY TOJIBKO 12 MecHIeB M IIOHABJIAIONIEe DOJBIINMHCTBO 3BE3]
5TOTO COBBE3NINA PACIIOJIOMKEeHO JAJIeK0 OT SKJIMITHKN, TO OHO He
TIPUINCIEHO K B30TMaKaJIbHBIM.

B macrosiiee BpeMs TodKa BeceHHero pasHozenctsusa ) ma-
XOOUTCA B cO3Be3IuM PrIO, TOYKa JIeTHEro COJIHIeCcTOAHUA 96 —
B co3Be3nuy BJMBHEIOB, TOYKA OCEHHEr0 PaBHOINEHCTBUA =X —
B cozBesuu JleBrl M TOYKA 3MMHEro CoJHIecToAHuA Yo — B co3Bes-
muu Crpeneiia. Hagasiom ce30HOB cCUMTAIOTCA MOMEHTHI IIPOXOKIIE~
a1 CoJHIEM STUX TOYEK.

Bechb 1osic 30qMaKaIbHLIX CO3BE3ONil HasbIBaeTcAd S00UAKOM.
IIporaskeHHOCTE 30[MAKAJIEHBIX CO3BE3OUII BAOJL SKINITUKNA
pasanyHa: HamboJbIas MPOTAKEHHOCTh, okoJo 40°, v cos3Besmuit
Tenbna, leBrl u CTpesblia, a o co3Be3nuin CKOpIMOHA IIPOXOANT
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OyTa SKIUOTHKYU, paBHasA BCero Juiib 5. [loatomy mma ymobeTBa
cueta nososkennda CoJHIAa SKIMIITHKA pas3fielieHa Ha 12 paBHBIX
gacTed (ayr), o 30° Kaskaasd, Ha3bIBaeMEIX 3HaKaM 3oanaka. Cuer
3HAKOB 30/I11aKa HaYMHAEeTCA OT TOYKM BECEHHET0 PaBHOJEHCTBUA,
¥ OHUM TOke 0D03HAYAKTCH 3HAKAMM M Ha3BaHMAMM 30MaKaJbHBIX
CO3Be3 M.

Becnoit CoxHIle mociefoBaTelILHO HPOXOAUT II0 CO3Be3qUAM
Pri0, OBua 1 Tenbna, JieToM — 10 co3Be3gusaM Banszerioe, Paka
u JIpBa, ocennto — mo coszBezguaMm Jleenl, BecoB n CroprnmoHa
(a Tarske 3MeeHocIla), a 3UMOIl — 10 co3Be3auaM CTpenblia, Koze-
pora u Bomomes.

JKAUNTUYECKAA CUCTeMa KOOpAUHAT

Habmronennsa nokassiBaioT, uTo JIyHa U MJIaHETHE IepeMera-
I0TCA T10 30[IMaKaJbHEIM CO3Be3InaAM, BOMmMaH srannTuen. [losTomy
BUAVMOe NIBIMKeHUe DTUX cBeTuJ, kak u CoJHIa, Mpolle M3ydaTh
B 3KAUNMUYECKOU cucmeme KoopouHam, OCHOBHBIM KPYTOM KO-
TOPOW CHYKUT SKIUNTHKA, & TOJTCAMI — IIOJIFOCHl SKINIITUKIL
Orkmuntuka (EE) menutr HebecHy cdepy (puc. 21) Ha ceBepHOoe
SKJIUIITUYECKOE TOTYIIAPIE U I0MKHOE SKINIITHYECKOe OTyIIaple.

Pue. 21. SxmunTideckas cUCTEMa KOOPINHAT

Bonpmme nonykpyry, npoBejeHHbIE Yepes IIOJI0CH] SKIVNIITHRI
(Hanpumep, moaykpyr [IMnlIl'), Ha3bIBAIOTCA KPYTaMM SKIUTITUKOM
mmpoTel. IlososxkeHne cBeTwsa onpefesdeTcsa IByMdA cdepidec-
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KMMM KOOpPAMHATAaMU — IKAUNMUYECKOU 00120MOoU A U aKAUNMU-
YeCKOU WUPOMOU . OKIUITHYECKAA HOJIoTa A OTCYNTBIBAETCH
[I0 SKJMOTHUKE OT TOYKM BeceHHero pasBHozeHcTBuA Y’ mo Kpyra
IMWPOTHI CBETUJIA C 3alajla K BOCTOKY U uamepsetcda ot 0 go 360°.
ORIUITHUECKAd IINPOTa B OTCUUTHIBAETCA OT SKIUIITUKM I10 KPYTY
IMpPOTHI B Ipefienax ot 0° (sxmunTura) 10 +=90° (TOTF0CHT SRIUTITUKIN)
¥ B CeBEPHOM DKINNTUYECKOM MOIYIIapPHUK CUUTASTCA IIOJ0MKUTEIIL-
HOJ1, @ B I0¥KHOM — OTPUIIaTeJIbHOM.

Pue. 22. AcTpoHOMMUHIECKHNI TPEYTOJILHUEK

Cdpepruecknii TpeyronsHuK [IPM, BepoinHaMyM KOTOPOTO ABJIA-
I0TCA ceBepHLI nomoc sraunTuxu (1I), ceBepHrulit moatoc Mmupa (P)
u cBetuyo (M), HasLIBaeTCa ACMPOHOMUUECKUM MPEY20ALHUKOM
(puc. 22); oH cBA3bIBaeT SKJMIITHMUECKMEe M 3KBaTOpMUaJIbHBIE KO-
opauHaTHl cBeTwsia. CTOPOHBI ACTPOHOMMYECKOTO TPEYTOJbHUKA
IIM = 90" — 6, u [IP = ¢ (HakI0HeHNe HeDeCHOTO 5KBATOPa K SKJIII-
THKe); YroJI OpK IOJIce SKINITHEN L PIIM = 90° — A, a yroJ opu
rmoarroce mupa S IIPM = 907 + a.

Vlcnonbaysa dpopmynsl (6)—(8), 1erko HaliTH COOTHOIIIEHE MeK—
IV SKIMOTUUECKUMN M 5KBAaTOPUAJIEHBIMM KOOPAMHATAMM CBETHUIIA.
B wactHocTH, ¥ ConHila skAUITHYecKasa mupoTa B = 0°, u mosTomy
SKJININITUYEeCKad JOJT0oTa A BbIUMCIAeTCA 10 hopMyaaM:

COSA = cOS0O. COSO

sinA = sind cosecs = sina cosd secs.
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HepaBHOMepHOCTb FroAMYHOTo ABWXKeHUA CoAHua
W obpalieHne 3eMAH

V3 gabaroaeHnii MOMEHTOB BePXHUX KYJIbMWUHALVIL 3BE3]1 30-
IMakaJbHBIX CO3Be3I1il yecTaHOBJIeHO, 4To CoJIHIIe coBepllaeT OJUH
0D0pPOT M0 3KIMIOTUKeE 3a iepuod T* = 365,2564 cyTok = 365%6709*10¢,
Ha3bIBA€MbIiT 38e30HbIM I cudepuieckum 2odom (0T JaT. sidus —
«3Be3ma» u sideralis — «3Be3JIHBIN»), TAK KaK 110 MCTEUEHUN 3TOTO
nepuona CordHIle cHOBa BO3BpalllaeTcsd K Tol ske 3Besne. CpenHee
cytounoe mBusxeHne Cosaia n = 3607 : 36572564 = 0,986° = 597,
HO cHCTeMaTHUecKUe oIpelleJIeHMA ero SKIUITUUECKON IOJITOTHI
TIOKa3LIBAaIOT HEPaBHOMEPHOCTL €ro ABM:KeHMA. Jyry sKIMIOTURN
B 180° OT TOUKM BeceHHETo 10 TOYKN OCceHHeTo paBHomeHcTEusa CoJ-
HITe IpoXoAuT 3a 186 cyToK, To ecThL B BeceHHe-JIeTHUI Iepuo B ce-
BepHOM II0JIyIIapuK 3eMJM OHO IepeMeniaeTcs 3a CYyTKY B cpeHeM
Ha 58', a B 0OceHHe-3UMHUI Tepuo] AJTUTENBHOCTRI0 179 cyTok — Ha
60". BeicTpee Bcero CoJiHIle CMeITaeTcA M0 SKIAUTITHRe 1 —5 AHBaps,
non_ = 61"BCyTKH, a MeaJleHHee Bcero — 1—5 mona, mon_. = 57’
B cyTkU. Bupumeiii guameTtp ConHIla ToxKe U3MeHAeTcA 0T Haubob-
merod_ = 32'35" B HavaJse AnBapA nod_. = 31'31" B HauaJle MIOJIA.

Bunumoe roguusoe nBuxeHne CoJHIA 110 SKJININTHEKE JOKa3bl-
BaeT, 4To 3eMJid obpalaeTcd BOKPYT COJIHIIA 10 3a MKHY TOI IIJIOCKON
kpuBoii. CieioBaTeJbHO, SKRINUIITYKA [IpeicTaBigeT coD0i DOJbIION
KPYT, [I0 KOTOPOMY IIJIOCKOCTE 3eMHOI OpPOUTEI IlepeceKkaeTcs ¢ He-
becroli cchepoii. HepaBHOMepHOe ke JTBu:KeHre CoJIHIa U TTepuoIn-
UecKoe U3MeHeHNe eTo BUIMMOT0 JaMeTpa CBUJIeTeILCTBYIOT 0 TOM,
uTo 3eMid obpamaeTrca Bokpyr CoJHIIa [0 SIIUITHUeCcKOl opbuTe
U Ha HalIMeHBIIIEM PACCTOSHUM OT Hero OBIBaeT B Hauajle SHBapH,
a Ha HauboJbllleM — B HaudaJle uwoJd. Ilepuon obparenua SeMan
Borpyr CoJsHIla paBeH 3Be3nnoMmy rony T, = 365,564 = 365%6709"10¢.

Tax kak HebecHbIi 5kBaTOp oOpa3oBaH Ha HebecHoIt cdepe
IIJIOCKOCTLIO 3eMHOTO SKBaTopa U IepecekaeTcs ¢ SKIUITUKON Moz
yraom & = 23°26,b', To, clemoBaTeNbHO, TIIOCKOCTh 3€6MHOTO DKBa-
TOpa HaKJOHeHa IIoJ 3TUM ke YIJIOM K IIJIOCKOCTU 3eMHOI opOMUTHI
(puc. 23) M Ha TaKoll ke YToJ OT MepleHAMKYJIApa K Hell (0T ocu
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SKJMIITHKN) OTKJIOHEeHa 3eMHas och BpaleHnsA. Taxk, 13 acTpoHOMMU-
dJeckuX HabJrofeHNIT ycTaHOBJIEH HAKJIOH 3€MHO OCH K IIJIOCKOCTH
3eMHO¥ OpOUTEL

Pue. 23. Onpenenenie HaKJIOHA OCH BpaIlleHNa

V[3-3a TrpaBUTAIMOHHOTO BO3JENCTBUMA Ha 3eMIo JIyHbI
n CoJHIIa MJIOCKOCTB 3€MHOTO ¥ HeDeCHOTO 3KBAaTOPOB IPU IIOUTH
HEe3MEeHHOM HAKJIOHEHUN MeJ[JIEHHO ITI0BOPAadYMBAaeTCHd C BOCTOKA
K 3arajy, 1 II03TOMY TOUKN BeCEeHHEro 1 OCEHHET0 PaBHOJIEHCTBUIL,
pacIloJiosKeHHBIE Ha JIMHUK Y3JI0B HeEDECHOTO SKBATOpa, €XKETOJHO
CMeIanTesA TI0 SKAUTTHKe Ha p = 50,27" B ToM ke HampaBIeHWI,
TO €CTh HAaBCTPeUy BUAMMOMY TOIMYIHOMY aBysxkeHNio CoJHila. OTo
CMEeIIeHNe PAaBHOJEHCTBEHHBIX TOUYEK, OTKPBLITOE EIlle B CepelliHe
II Beka mo Hamiell sphl IpEeBHErPEYECKNM acTPoHOMOM [‘mnmapxom
Pomoccknm, HasbiBaeTcsa npeyeccuell (OT JaTUHCKOTO P2aecessio —
«IIPeIIecTBOBAHMEY ), NN npedsapeHuem pagHodencmeul. VIz-3a
nperteccny COJIHIIE €3KETOAHO IPUXONT B TOUKY BECEHHET0 PaBHO-
JIeHCTBUA paHbIlle, UeM 3eMJIA 3aBepPIIUT ouepeqHol 000pOT BOKPYT
HeTo Ha MHTePBaJl BpeMeH!

T=p/n=>50,27"/3 550" cyT. = 0,0142 cyT. = 20"24’,

Tak Kak cpefHee cyTodHoe aBm:kenne Comamna n = 0,986 = 3 550",
I[TpomMeskyTOK BpeMeHN MeKIY OBYMSA OUepPeIHBIMN ITPOX0XK-
mernavy CoJTHIIEM TOYKM BECEHHETO PAaBHOIEHCTBUA HA3BIBAETCH
CONHEeUHbLM, VLTI MPONULecKuM, 2000M, KOTOPBII KOpoUde 3Be3JHOTO
rona Ha 20%24°. CienoBaTelbHO, JIUTEILHOCT TPONIMYECKOTO Toa
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TV = 365,2422* = 365"5"48"46°, a ero HayaJlOM TIPUHATO CYNTATH
MOMEHT BpeMEHII, B KOTOPbIN sKIMITHdeckasd qoarota Commia A = 2807,
yro ObiBaeT sinbo 1 AHBapsdA, mnbo HaKaHyHe, TO ecTh 31 Jlerkabpd.

I'paBuTanmoHHOE BO3[EMCTBUE IUIAHET Ha 3eMJII0 NPUBOIOUT
K MEIJIEHHOMY W HEe3HaYNTeJIbHOMY I[IOKAaYMBAHMIO IIJIOCKOCTH
3eMHOI OpOWMTBI, B pe3yJbTaTe 4Yero MepHOANYECKN HEeCKOJIBKO
u3MeHAeTCA HaAKJIOHEHMe 3KBAaTOpa K SKJIUNTUKe. B HacTOANIyIO
5I0XY HaKJIOHEHNE eKeroqHo yMeHbInaeTcd Ha 0,47". Tak, B HauaJe
1980 roma oHOo OBLIO & = 23°26'30,78" = 23°27", a k Hauay 2010 roga
OHO YMEHBIIINIIOCE 10 € = 23°26'16,77" = 23°26".

Taxkum 06pazoMm, uceieaya BUAUMOe TofIoBoe ABUKeHNe ColHIIA,
aCTPOHOMBI U3YUUIHU PeajlbHOe JIBUKeHle 3eMJIN B IIPOCTPAHCTBE.

CMeHa ce30HOB roaa U TenAoBble noaca

CMeHa ce30HOB (BpeMeH) rofia Ha 3eMJle ABJiAeTcA cJIeJ[CTBUEM
Tpex HNpuuuH: obpanleHua 3eman Bokpyr CoJiHIIa, HaKJOHA 3eM-
HOJI OCH K IIJTOCKOCTM 3€MHOM OpOMTHI M COXpaHeHMA HallpaBJIeHUsa
3eMHOJ OCM B IPOCTPAaHCTBe, UTO MPUBOOUT K IIepPUOAMUYECKOMY
M3MeHeHHIO YCJIOBUIT OcBellleHUA M oborpeBaHusa CoJHIIEM 3eMHBIX
TOJIyIIapPUii.

Puc. 24. [Tepemernenne 3eMHOTO TEPMUHATOPA Ha IPOTHIKEHNI FO1a
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YTON mafeHuA COJHEYHBIX Jy4Yell Ha KaKyro-JI1b0 MecTHOCTh
3€MHOT IOBEPXHOCTH BCETZ]a PaBEeH 3€HUTHOMY paccTodgHuio z Cos-
HIIa, ¥ TI03TOMY MeCTHOCTE nomxy4daeT oT CoJHITa KOTMIeCTBO TEILIa
I = I cosz. ITepyoj; cMeHBI CE30HOB rojla paBeH TPOIMYeCKOMY Tofy,
TaK KaK 9T Ce30Hbl HAUMHAKTCA B MOMEHTEI TpoxoxxaeHns CoJiHIa
OCHOBHBIX TOUEK 3KJIUIITUKIA.

Aene npodonmumenswee novu

\ol
¢
(2 «{;vzs‘za;s

| 4 1'1"?,;: 0pAmumEALND
Mo Awg 11 A

Puc. 25. Vlamenenne nonyaerHoit BeicoTsl CoHIIA M TPOIOIKUTEILHOCTE
nHA 1 Hoku (cyTouHbni myTh CoslHIla B pasiiMgHble ce30HbI Tofa)

Ha puc. 24 unzobpaskeHbl NOJNOKeHNA 3eMIK Ha opbuTe B pas-
aHele guM roza. OceernenHoe CoJsHIIEM JHEBHOe IOJIyIIapiue 3eMJn
OTJesnsAeTcd OT HEOCBEIIeHHOTo, HOUHOTO [ONyLIapud JNHNEeNR
cBeTopasfesia — mepmuHamopom (OT JaT. terminare — «orpa-
HMUMBATL»), UMMM (opMmy oxpyskHocTi. Korzma tepmmmzaTop
epecekaeT reorpaduueckye nomockl 3emnn (21 maprta u 23 ceH-
TAOPS), TO IJIOCKOCTE 3eMHOT0 ¥ HeGeCHOro SKBATOPOB IIPOXOINUT
gepes CouHIle; IOSTOMY ¢ 3eMJIM OHO BUJIHO Ha HeDecHOM SKBaToOpe
(puc. 25, nonoskenne ®1), BocxoguT B Touke BocToKa (E), 3axomur
B Touke 3anaza (W) u npofomskMTeILHOCTE JHA N0J2kHa OLITL paBHa
IIPOZOJIKUTENIbHOCT HOoUM (OTCIOa BO3HMK TEepMMH «paBHOZE-
HcTBHe»). B meiicTBMTeIBHOCTY sKe B 3TH JaThl IPOLOJIKNUTEIBHOCTE
mHA (oT Bocxoza mo 3axona CosHIla) Ha HECKOJBKO MUHYT OoJibIlle
IIPOJOJIKUTENIbHOCTYI HOYM, TaK KaK, BO-IIePBBIX, BEPXHWII Kpaii
CoutHIIa BOCXOIWT paHbIIle ero IeHTpa (Y KOTOPOro B 3T JHM CKJIO-
HeHne 8 = 0°) u 3aXOONUT II03Ke HETO, a BO-BTOPBIX, CKa3bIBaeTCA
IelicTBUe aTMocgepHoli pedpakini. Ha reorpadguuecknx noamocax,
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rae HeOecHbI SKBATOP COBIIajaeT C UCTUHHBIM ropmn3oHToM, CosHile
B JIHM PaBHOJEHCTBUI He 3aXOONUT 3a TOPU30HT.

B nepuopg Mesxly IHEM BECEHHEIO M JJHEM OCEHHET0 pPaBHOIEe-
HeTeuA CeBepHEIli nomoce Semun obdpalneH k CoJIHITY, a IJIOCKOCTh
BKBaToOpa mpoxonnuT wHee CoJHIIA, KOTOPOE II03TOMY HpelOBIBaeT
B ceBepHoii nonycdepe Heba. CkaoHenne CoJHIIA TOJIOMKUTEIBHO,
TOYKM €ro BOCXOIa M 3aX0Jla CMEIeHBl B CTOPOHY TOUKM CEBepa,
JMIHEeBHO TIYTH HaJl TOPM30HTOM MeCTHOCTEN CeBepHOro moayniapms
3eMnu OpomoyxuTeseH (boyee 12 4.) m BEICOK, oT4ero oborper
5TOTO TONYIIAPUA 3HAUMUTENeH U B HeM IIATCA TelJble Ce30HLI
rona. B 3oHe Bokpyr CeBeproro nostoca SeMmnnu CoJHIle He 3aX0IUT
(monApHLI IeHb), B 30He BOokpyT FO:KHOro nosroca — He BOCXOOUT
(monApHad HOYL), a B cpeHeli IoJioce I03KHOTO TIOJIYIIa pua JTHEBHON
nyThL CoJlHIla HM30K M HeIIpoJoJsKUTeIeH (MenbIle 12 1.), oborpesa-
HIle MecTHOCTHU cJabee, TaM IJIATCA XOJOJHBIE ce30HBI ToJla. B JIeHb
JIeTHETO COJIHIIeCTOAHNA (22 MI0HA) TePMHUHATOP yIaadeTca OT reo-
rpadyecKux MOJT0CoB SeMian Ha 23°26,5" 1 UMeHHO TT0O3TOMY B 5TOT
neHb ckiIoHeHne CoJHIla CTAHOBUTCA HAMbONIBIIMM & = +23°26,5'
(cMm. puc. 25, momoskenne ©@2), Touknu ero Bocxoza (a) u s3axoma (b)
MAKCUMAaJIbHO CMeIeHbl B CTOPOHY TOUYKM ceBepa (), 1 B ceBepHOM
HOJIYIIapUM 3eMJIM HacTyIlaeT caMblii IIPOOJIKUTEJBHBIN JIeHb
(B FOKHOM MOJIVIIIaPUM — CaMBbIll KOPOTKWI JeHb). 3aTeM TepMIHa-
TOp HaUYMHAET NPUOJINKATHECA K reorpaMuecKiM IMoIHcaM SeMINn,
13-3a 4ero ckJIoHeHMe COJIHIIAa YMeHbIIaeTes, IPOI0IKUTEIBHOCTE
JIHA B CEBEpPHOM MOJYIIapUM TTIOCTETIeHHO COKPAIIaeTCH, a B I03KHOM
HOJXyIIapUyi — BO3pacTaeT.

B nepuozn mMe:xny IHAMM OCEHHETO M BeCeHHero PaBHOIEHCTBIUIM
IOsxurb1il nomoc 3eman noBepHYT K COJHIIY, IIJIOCKOCTE 3KBaTOpPa
IPOXOAUT ceBepHee Hero, IOSTOMY OHO HaXOAUTCA B I0KHOI IIOJIY-
cpepe Heba. Crimonenne CoHIA OTPUIIATENLHO, TOUKU €ro BOCXO0-
Ia (f) u saxona (g) cMelleHEI B CTOPOHY TOUKM Iora (.S), M Telleph yake
B IOYKHOM IIOJYIIapuUM 3eMJM AHeBHoI IyTh CosHIa NpoIoJIsKu-
TeJleH M BBICOK, TaM HacTYIIAlOT TellJble Ce30HBI T'Ofla, a B CeBep-
HOM HOJIyIIapuy — XOJOIHble. B IeHb 3MMHEro COJHIIeCTOAHWA
(22 mekabps) TepMMHaATOp CHOBa yIaJdeTcA OT IIOJIIOCOB SeMJIN
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Ha 23°26,5", mosToMy ckmoHenne CoJIHITA CTAHOBUTCH HAWMMEHBITUM
8 . =—2326,5" (cm. puc. 25, mono:xenne ©3): B I03XHOM I0JTyIlIa pUI
3eMJIV caMblii IIPOIOJIXKNTEIIBHBIN eHb, B CEBEPHOM ITOJYIIapu —
caMblli KOpoTKMil. OTCHO/Ia BO3HUK TEPMUH «COJIHIIECTOAHNE» —
B 3TU JIHM POCT WJIM YMeHbIlleHNne ckJIoHeHMA CoJHIla ocTaHaBJIN-
BaeTcH.

Ha zemMHOM 5KBaTOpe JeHb BCerjia NpPONoJIsKUTeNbHee HOUM
OpUMepHO Ha 7 MUHYT.

I'paHMUIIEI TENINIOBLIX (KIMMaTHUeCKUX) IIOSCOB Ha 3eMJle IIpoBe-
JIeHBI II0 AaCTPOHOMMYECKHUM IIpM3HaKaM. B skapkoM rodce, TpaHUIILI
KOTOPOro IpOoCTHpaloTed 1o obe cTopoHbl skBaTopa, ComaHIle B MC-
THUHHBIN IIONleHb 00A3aTeIbHO IPOXOAUT B 3eHUTE TEeX MeCTHOCTeI,
reorpadpudeckas IIMPOTa ¢ KOTOPLIX paBHa ero CKJIOHeHUIo 8 B TaH-
HbIlM AeHb (@ = §). Tak kak ckJIoHeHMe CoJHIa He ObIBaeT OoJbiile
& = 23°26,5', TO U TPAHUIIBI »KAaPKOTO T0ACa, Has3blBaeMbIe MPon-
KaMU, PACIONOMKeHbI Ha reorpadmuecKMx Mapajiiendx ¢ TaKoit
Ke MIMpoToid @ = & = 23°26,0". B 3eHuTe CeBEpPHOro TPOIIMKA
(@ = +23°26,5") CoJsHIle TPOXOANT TOJLKO B JIeHE JIETHETO COJIH-
LIECTOSHNSA, a B 3€HUTE I0KHOr0 TpormKa (¢ = —23°26,5') — B ZIeHb
3JIMHETO coJIHIlecToAHVA. Ha 3emHOM skBaTope CoJHIIE B IMOJJIEHB
TTPOXOJUT B BEHUTE B JIHU paBHOAeHCTBUIT (¢ = & = (7). B mpeenax
skapkoro rosca ComHne mpn 6 < @ KYJIBMUHUPYET K 0Ty OT 3€HUTA,
ampmd > @ — K CeBepy OT 3eHUTA.

XomnonHble ofca orpaHMUYeHbl TOMAPHBIMIY KPYTaMHM, II0JI0MKe-
HHMe KOTOPLIX OIlpelieJifgeTcs YCJAOBUMAMU He3aXOIAIIero M HeBoC-
xopamiero CosiHIIa IPY SKCTPEMaJLHBIX 3HAUSHUAX eT0 CKJIOHeHUT
5 =e:

@ = =£(90" — ) = =(90° - 23'26,5') = £66°33,5".

B mpepenax xononaeIX nodcos CosHIle B BeceHHe-JIOTHNI ITe-
puoz 6piBaeT HezaxomAnmm [mpu & > (90° — ¢)], 2 B oceHHe-3UMHNIT
mepuo] — HeBocxomAMuM [Tipn & < —(90° — @)]. Ha CeBepHOoM ToJs1p-
HOM Kpyre (¢ = +66°33,5") Connie He MOKHO OBLTO OBl BaXOOUTH
TOJIBKO B JeHb JIeTHErO COJIHIlecTOAHMA, a Ha IOkHOM mosapHOM
kpyre (@ = —66°33,5") — B meHb 3MMHETO COJHIIECTOAHNA, HO U3-3a
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atmocdepHoii pedppakiyy CoTHIIE HA TONAPHBIX KPYTaX He 3aX0OUT
mpu & = 22,67, TO ecTh Ha MPOTAEKeHnn MecAna (15 cyTok mo u mocie
COJIHI[ECTOAHUA). B IeHb COMHIIECTOAHNA OHO HE 3aXOUT Ha reorpa-
domaeckoii mmpore @ = 65,67, a MoIApHaA HOYb PACIPOCTPAHAETCH OT
[IOJIFOCOB 10 @ = 67,4" 1 Ha caMMX IOJIAPHBIX KPyrax ee He ObIBaeT.

B yMepeHHBIX TENJIOBBIX MOACAX HNOJAPHBIX JAHEH 1 HOUeil He
6r1BaeT 1 COJIHIIE HUKOT/Ia He IPOXOJUT B 3eHUTE.

CyTtouHoe aeu:xeHne CoOJIHIIA Ha Pas3JIMUHBIX reorpapuiecKmnx
MapajiyielaX IPOUCXOIUT Tak ke, KaK M CYTOUHOe JIBIKeHNe 3Be3]l.

2.8. PASMEPbI U ®OPMA 3EMAU

TpuaHryaauua

B nepeom npubmmxenun 3emid mapoodpasza. [Ipunanun omn-
peleJyieHnsl ee pasMepOB, Ha3LIBaeMEBIN epadycHblm usmepeHuem,
OLLT BHepBLIe HpenmnoskeH u ocyimecTBieH B III Beke no namieii
5pBl JpeBHErPedecKNM AacTPOHOMOM M reorpadgoM OpaTocdeHoM
AnerkcangputickuM (ok. 276—194 r. 1o H. 5.). IIycTs Ha oJHOM reo-
rpacuIecKoM MepuINaHe 3eMHOJ [I0OBePXHOCTH HaXO0AATCH IIYHKTHI
O, n O, c reorpadgunyeckoii MUpPOToi ¢, 1 ¢, 1 B3AMMHBIM JIMHEHBIM
paccrogauem | (puc. 26). Torga AAMHA eOVMHUYHON AYTH (TO €CTh
nyru B 17)

1o = 1 _ 1R
¢, -, 180°
OTRY[Ia PaNycC KPUBU3HBI DTOM TYTH
180°
Ry =————1,
(P, —¢,)

rae (¢, — @,) BEIpaKeHo B rpajlycax M MX JeCATUYHBIX JOJIAX.

Ecmm paauycel kpuBu3HbI R, pasiInM4HBIX Y4YacTKOB 3€MHO-
TO MepuIaMaHa OAWHAKOBBEI, TO OH fABJAETCA II0JYOKPY:KHOCTBHIO
u 3eMmia MMeeT opMy IIapa. B npoTuBHOM ciydae ¢popMa SeMin
OTJIYaeTcd OT I1a POBOJL

e
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Pue. 26. Tlpuaipnn rpaIyCHBIX U3MepeHUit

Ompenenenne reorpaudeckKnx KOOpAWHAT @, ¢, M A = A,
He BBI3RIRAET B3aTPYAHEHUN, HO HemocpeJcTBeHHOe W3MepeHue
3HAUMTEJbHBIX JMHEHBIX PpaccTOSHMII BIOJL reorpacpuiecKkoro
MepHyauaHa HEBO3MOMKHO M3-3a eCTEeCTBeHHBIX IIperpajl. pekK,
HoJ0T, TOp, JecoB M mpouero. Jlyg 5TOi Ieny IpUMeHsAeTCa MeTO[
mpuaHayadyuu (0T JATHHCKOTO triangulum — «TpPeyroibHUK»),
npenyosxeHHE B 1615 1. 1 npumenenssnit B 1617 1. ronnasgckuM
tpuzurom B. Cuesnnem (1580—1626). B konnepsix myukrax O, u O,
IYTHY, IJIUHY KOTOPOI HeoOXOAMMO onpelenuTs (puc. 27), u o ode
CTOPOHEI OT Hee (IYHKTHL A, B, C, ...) yCTaHABIMBAIOT CIelNaIbLHLIe
BBIIIKM — TeoJie3NUecKye cUrHambl (puc. 28), caysxalie BepIuyHa-
My 0Opa30BaHHOM Ha MECTHOCTY CeTH TPeyTOoJbHUKOB, Ha3bIBaeMOolt
MPUAHYAAYUOHHOU CeMbIO

l'eonmesuueckne curHaanl BeIcoToil oT 20—25 M (Ha OTKpPBITOMN
MecTHocTH) 1o 40—45 M (B J1ecHOil MecTHOCTHM) ycTaHaBJIMBAaIOTCSA
Ha B3aMMHLIX paccTosgHMax 20—30 KM ¢ TakuMM pacueToM, YTOOLI
¢ HabmozmaTe IbHOM IJIOMIAKM KasKJOro CHUrHasa ObLIM BUIHBL Ta-
KMe jKe IJIOIIAaJIKM coceJHMX BbileK. C BTUX NJIOMIAIOK YIJIOMep-
HBIMM MHCTPYMEHTaMIM M3MEPAITCA YIJbI (¢ TouHoCThIO mo 0,57)
MesKJy HallpaBJeHMAMHU Ha coceHJe BBIIIKY, a C KOHI[EBBIX TOUeK
(O, n 0,) — TakryKe M YIIbI MEXKY reorpadnuecknm MepuanaHoM
¥ HanlpaBJIEHMAMM Ha OJyskajiilie curHaJgbl, TO €CTh MX a3MMYThL
Cropona AO, TpeyroJbHUK&, MPUMBIKAIOIEr0 K OJHONM M3 KOHIle-
BBIX TOYeK TPMaHTYJIAIMOHHOJ ceTH, paclojlaTaeTcsa Ha POBHON
MEeCTHOCTM J1 HeIlOCpeJ[CTBeHHO M3MepseTcA B JIMHENHBIX Mepax;
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OHa Ha3bIBaeTCHA 6A3UCOM MPUAHZYAAYUOHHOU cemu. VIaMepeHHbIE
VTJIBI B TPEYTOJIBHUKAX U AJIMHA Oasuca MO3BOJIAIT M0 (POPMYyJIIaM
TPUTOHOMETPUN BBIUNCIUTE CTOPOHBI TPEYTOJBHMKOB W JJIMHY [
JMICKOMOT IYTU C YUETOM €€ KPUBU3HEL

Sazuc

Puc. 27. Tpuanrynsamsa Puc. 28. T'eogesngecknit curaan

B XVII-XIX BB. rpafgycHBIe U3MepeHNs TPOBOAUINCE B Pas3-
JIMUHBIX cTpaHaX; B Poccun ¢ 1816 mo 1855 r. mon pyKOBOICTBOM
B.A.Crpyee (1793—1864) 6p111a mpoMepeHa AyTa MepUaMaHa AJIMHON
2800 gmoT yetoa Iyuas (¢ = 45°20") no Cerepnoro JlemoBUTOTO OKe-
ana (¢ = 70°40"). BbIcOKOTOUHEIE TPalyCHBbIE M3MePEeHNU TPOBEIeHbI
B CCCP moz pyroeogcteoM npod. ©.H. Kpacoseroro (1878—1948)
B30-er. XX B.

Ho 60-x r. XX B. npoTa:keHHOCTL Oasuca BelbMpanach HeboJIL-
o, oT 6 1o 10 KM, 1 ero AJIMHA IPOMEPAJIACh MEPHBIMI IIPOBOJIO-
KaMM U3 MHBapa, HATAHYTHLIMM C IIOCTOSIHHON II0 BesIMYMHe CHJION
Ha clelMaJbHBIX INTaTHBaX. VIHBap — CILIaB ’Kejie3a C HUKeJeM,
obJlalafolyii  HMYTOXKHO MAJBIM KO3(D(UIMEHTOM TeIlJIOBOro
pacumpennsa (9-1077C™!). B Hacrodmiee BpeMsa Takue M3MepeHUA
IIOYTH IIOJTHOCTEBIO BEITECHEHB! JJa3ePHOM JIOKaIyeil, 9T I103BOJINJIO
YBeIUYUTh IIMHY Oasuca Ao 25—30 KM (B mpefenax sudumocmu
2e00e3uuecK0z0 CuzH@.Aa) ¥ TOBBICUTH TOYHOCTE M3MepeHWMH [0
=2 MM Ha Kaxkaeie 10 km gomaen [amnHaa 6asuca

-T7H-



[NABA 2. COEPUYECKAA ACTPOHOMMA

b=c u,
2
TJle CKOPOCTE CBeTa (paauoBoJIH) B 3eMHoI aTMocdepe ¢ = 299 708 kv /c,
t, — MOMEHT IOCHUIIKY CBETOBOTO UM PafAMOCUTHAJA U £, — MOMEHT
IpueMa OTpPaskeHHOTO CUTHaJa, OpuYeM IJIMTeJIbHOCTh MHTepBaJa
(t,~t,) cocraBusieT He Goiee 2—-107* ¢, a TOYHOCTL OTCYETa MOMEHTOB
BpemMeHu — He MeHee 107 c.

B nacToAmiee BpeMaA cO37aHbl TPMAHTYJIAIMOHHBIE CETH CO
CJIOXKHOJ paayoJIOKallIOHHON 1 Jla3epHOJ annapaTypoii, yCTaHOB-
JIeHHOJ Ha Has3eMHBIX IYHKTaX, ! ¢ OTpaskaTe/IAMI Ha MICKyCCTBEH-
HBIX CIIYTHUKAX 3eMJM (eeodesurieckuue CnYmHUKU), UTO IO3BOJIA-
eT OLHOBPEeMeHHO M3MepATh PacCTOAHMA CIIyTHUKOB OT Ha3eMHBIX
IIyHKTOB, BBIUMCJATH PacCTOAHMA MeKIy NyHKTaMM ¥ HaJesKHO
M3y4aTh ABM KeHMe 3eMHBIX MaTepPHUKOB.

lNokasaTteAu pazmvepoB U popmbl 3eMAU

MHOrouncIeHHEIMI TPafyCHBEIMI M3MepPeHNAMN YCTaHOBJIEHO,
uTo AJvHA 17 U KpMBM3HA eOVMHNYHON NYTM Pa3IMUHBIX YUacTKOB
3eMHBIX MepHMINMaHOB IIJIABHO MEHSITCH OT BKBAaTOpa K reorpadm-
YecKkuM mostocaM: Ha @ =0 "=110,576 km, Ha @ =45°1"— 111,143 &M,
ama@=90"1"= 111,696 xm. CefoaTennuo, popmMa 3eMau HaM3Ka
K JBYXOCHOMY SJIINIICOMAY. Pazinine B IOIApHOM M 3KBAaTOPHAJb-
HOM IMaMeTpax 3eMJM CPaBHUTEILHO HeOOoJBIIoe, U II0STOMY 3eM-
HOJ SJITIMIICON]] IPUHATO Ha3LIBATE chepoudom, TO ecTh (PUTypoii,
MaJIo OTJIMUaIoIIelicd oT mapa.

Ha XVI cnesne MesxayHapoaHOro acTpOHOMMYECKOTIO COM03a,
coctoasmieMcs B I'penobae (Ppaunnusa) B aBrycre 1976 r., mpuHATLI
cJIeqyIOIINe BJIeMeHThI 3eMHOr0 cpepona:

— BKBATOPHMAaJbHbIN (Hanbosnbmii) paguyc R, = 6 378,140 km,

— MOJIAPHBII (HauMeHbInii) paguyc R = 6 356,755 km,

— pasinune B paguycax R — R_= 21,385 kM,

—cxatme e =(R,—R): R = 1:298,257.

B reozmesum m oco0eHHO B TpaBUMeTPHMM IIPMHATO CYUTATh,
uTo purypa 3eMyM HeCKOJIbKO OTJIMdaeTcA oT ceponusia 1 bauska
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2.8. Paamepsbl 1 dpopMma 3eMAH

K IIOBEPXHOCTH CIIOKOMHOTO OKeaHa, MPOAOJIKEHHOI MO MaTepu-
kavu (I'eomesusa naydaer hopMy M pasMepbl SeMIM M ITPOBOIUT
n3MepuTeIbHbIe paboTEl HAa ee MoBepxHocTHU. ['paBUMETpuUA U3y-
JaeT pacrpejielieHle CUJIBI THAXKEeCTH Ha 3eMHOI [TOBEPXHOCTHU 1,
Kak caencTBue, popMy Semunn). Takad ourypa HazBaHa 2e0udom
U TIpeAcTaBaAeT coboil nogeprHocmds pasHoéecusd, UIU YposeH-
HYM NOBEPTHOCTD, B KalKI0I TOUKe KOTOPOI HOpMaJb COBOANAET
C OTBECHOI JMHMel, UTO Ha MaTepuKax ObIBaeT JaJIeKO He BCerja
M3-3a Pas3JIMUYHON IIJIOTHOCTH CIIATAIOIINX UX Pa3HOODPA3HBIX TOPOI.
OpHAako MOHATHE TeouIa JIS ACTPOHOMUY HECYII[eCTBEHHO, TAK KaK
Pa3sHOCTE MEKY VPOBHAMU ITIOBEPXHOCTEN reonia M 3eMHOTO cdhe-
pouzna He mpeBbimaeT 200 M, B To BpeMA KaK TOpPBl BO3BBIIAIOTCH
Hag ypoBHeM okeaHa 10 § 000 m.

Hacro BrosHe mocraToduHo npuHMMar, R = 6 378 kM,
R = 6357 kM, e = 1 : 298, cpennee snauenmne [°=111,2 xm, seMHO
9KBAaTOp — 3a OKpYy:KHocThb AnuHolt 40 075 KM, a 3eMHBIe MepUIN-
aHbl — saauncamMu giansoit 40 008 kM. Bo MHOrMX 3ajadax acTpo-
HOMMHU 3eMJIg CUNTAeTCA IIapPoM, Payc KOTOPOTo OIpeaeIdeTca
10 peaJlbHOMY 00 beMy 3eMJI ¥ Ha3LIBAETCA ee CPEIHUM PaJnyCcoM,
KOTOpBI paBed R = 6 371 kM.

ITepuon Bpanierna 3emim P = 2375604 = 86 164° (cpennero
BpeMeHHN), 1 TIO3TOMY JIMHEeITHaA CKOPOCTh BpallleHU A TOUeK 3e MHOTO
SKBaTOpa:
2nR, 2-3,1416-6378140

P 86164

a Ha TTPOM3BOJILHOM reorpaiaeckoii MMpoTe @ JIMHefHaA CKOPOCTh
BpaIeHnd:

Vy = =465 Mm/c,

Vv =V, cosp = 465 cosp m/c.

Yriosaa CROPOCTE BpallleHMA (0 BCeX TOHEeR 3eMHO IIOBEpPXHOC-
T OJMHAaKOBa:

®=15,041"¢c'=17,2921-107° pax/c.

Ha poBHOJI 3eMHOII OBEPXHOCTH BWIVMBIN TOPM30HT Bcerjaa
pacmoyioskeH HK}Ke MCTMHHOrO ropmsaoHTa (puc. 29). JanbHOCTBH
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[NABA 2. COEPUYECKAA ACTPOHOMMA

BMOVNMOTO TOPM30HTa d, TO eCThb ero paccTodHMe OT HaﬁJIIO,I[aTE!J]H n
YTOJI G MeX OV HallpaBJIeHMeM K BMONMOMY FrOPM30HTY U [TJIOCKOCTBIO
VICTUHHOTI'O TOPM30HTA G — Y20/ NOHUHEHUA 2OPU3OHMA, 3aBUCAT OT
BBICOTEI H HaﬁJI}O,HaTE‘.JIH HaJl 3eMHOM IMIOBEPXHOCTBH).

Puec. 29. lanpHOCTE BMAMMOTO FOPU30HTA

HarnangHoe npencTtaBieHne 00 3ToM naHo B Tabsmie 1.

Tabnuua 1
JlaneHOCTE BUAMMOTO TOPHU30HTA
Bricora H, i 2 20 100 500 1000 | 10 000
JaneHoCTE d, EM 5,4 17,0 38,0 85.0 120 380
Vroa noHHEeHuA O 2,5' g 18 40" 56' 3'
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FAABA 3. OCHOBHbIE CBEAEHUAA 0 KHUHEMATHUKE
COAHEYHOU CUCTEMbI

3.1. COAHEYHAA CUCTEMA U NMNAHETHAA CUCTEMA

Coaneunotll cucmemotl Ha3LIBAETCS COBOKYIIHOCTL HebecHBLIX
TeJ, IBIDKYIIMXcAa BokpyT CosHIa, KoTopad ABIAeTCA IMHAMIYIec—
KMM I1eHTPOM 5T0i1 cucTeMel. B CoJTHEUHYIO CCTEMY BXOIAT BOCEME
BOJNBININX IJIAHET CO CBOMMU CITY THHMKAaMM, cBhIIe 10 mianeT-kapim-
KOB, cBbllne 2 300 MaJbIX I1aHeT (aCTEPOMI0B), HECKOJIBKO IeCATKOB
TBICAY KOMET, MHOXKEeCTBO METEOPUTHEIX TeJl (KaMHel caMbIX pa3HO-
00pa3HBIX pa3MepoB) ¥ IOTOKM MeJIKOI MBI (MeTeopHbIe POu).

Henmyr

Ypar

HOnumep

Puec. 30. IInanersas cucrema
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INABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

Bosbine niageTs! yaajaeHsl oT CoJHI@ B CJIeAYIOMEM HOPAI-
ke: Meprypuit, Berepa, 3emua, Mapc, IOourtep, CatypH, YpaH u
Henrys (puc. 30). Bece oHM TeMHBIe ITapooOpas3Hble Tella, COIIOCTaBy-
Mble [0 pa3MepaM ¢ 3eMJyell. OdeHb YacTo X Ha3bIBalOT IJIaHeTaMII,
OIIycKas IIpujaraTesbHOe «00JIbIIIe». ACTEPONAbl — CPaBHIUTEJIEHO
HeboJbIINe TBepble TeJa pa3MepaMi, B JeCATKM, COTHM U ThICAUIN
pas MeHbIIMMM JuaMeTpa 3eMJIi, ¥ B II0JIaBJIAI0IINeM DOJBIIMHCTBE
HellpaBWJIBbHOJ opMbl. IlouTn Bce MaJgble IJIaHETHI ABMKYTCA
Bokpyr Comuia Mmexxknay opbomutamyu Mapca u IOmmurepa, obpasya
cBoeobpa3HOe KOJIBIIO, Ha3bIBa€MOE NOACOM NIV 30HOU aCTEPONIOB.
IOnurep, Catypy, Ypar u HentyH, asu:Kylecsa 3a IIoACOM acTe-
POMIOB, CUMTAIOTCA 6HeWHUMU TINaHeTaMy, a Mepkypuii, Berepa,
3emna n Mapc — sHympeHHUMU TIITaHETAMI.

IInaneTsl M acTepouAbl BUAHBI IIOTOMY, YTO OCBeIlalOTCA
Conanem. [laske caMble KpyIIHBIE 13 MaJbIX IIJIaHeT BMIHBI TOJIBKO
B TeJIeCKOII ¥ BBIIVIALAT CBeTAINMMMCA TOUKaMM, KaK 3Be3]bl, 3a
4UTO M NOJY4YMJM Ha3BaHME acTepoMI0B (IO-TpeuyecKyM — «3Be3J0-
0bpas3Hble 00BEKTHI»). [lanekne mnaHeTsl Y paH u HenTyH, cKyaHO
oceenjaemMble CoJIHIIEM, TaKike JIOCTYHNHBI HaOMIOAeHNAM JINIIb
B TesecKombl Bieck Ypana noutu 6™, Hentyna — 6mm3ok k 8™. Bojee
6musknue k CoJHIY ITaHeTHl, OOMIIBHO OCBeIllaeMble COJIHEUHBLIMI
JIydaMM, BUJHBI HEBOOPY KeHHBIM IIas3oM. lloaToMy ysxe ApeBHMM
HapozaM OblIo M3BeCcTHO OATh IyaHeT: Mepxypuit, Berepa, Mapc,
IOnuTep CaTypH, 1 X 3aMeTHOe IepeMellleH)e 110 3Be3ITHOMY Heby
JaJI0 OCHOBaHMe Has3BaTh MX IJIaHeTaMM (OT Iped. «IIJaH3T3aC» —
«baysxaaromnaar).

Bce nimanHeTel M acTepoupnl obpamjaioTca Boxpyr CosHia
B HaIpaBJIeHWN IBJKeHUA SeMJM, KOTOpOoe CUMTaeTCA NPAMBIM.
Onu 00pa3yroT MJIaHETHYI CUCTeMy, ABJAMINIyIcA dacTbio CoJl-
HEeYHOJI cucTeMbL. Paauyc iaHeTHOI cucTeMbl 61130K K 4,5:10° kM 1
onpefenseTca paccrogHneM Hentyra oT CosHIla, IpeBbIIIAONIIM
paccroaaue Mexxkny 3emneit u ComaieM noutu B 30 pas. M Bce ke
panuyc naaHeTHoli cucTeMbl ouTu B 9 000 pas MeHbIle paccTOAHNUA
o bmmsxarimeit Apkolt 3Bes3np! o lleETaBpa.

B 1992 r. actpoHoMEBl 3a opbutoit IlnyToHa 0OHapy:RUIM He-
CKOJIBKO 0OBEKTOB C padMepaMl, CpaBHIIMBIMY ¢ pa3MepaMu IlayTo-
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3.1. ConHeuHas CMCTEMa W MAAHETHAA cUCTeEMa

Ha (ux BmecTe ¢ [I1yToOHOM OTHECTN K Pas3pAny MIaHeT-KapJIMKOB),
M TPOTHAKEHHBIN T0AC MaJbIX HeDeCHbIX TEN ¢ pa3MepaMn B COTHI
KMJIOMeTPOB, KOTOpLIe BMecTe ¢ ILIaHeTaMM oOpalllaloTcAd BOKPYT
CogHia.

B npocTpaHCTBe cocenHMe IJIaHETHI OTHeJIeHbl IPYT OT IpyTa
PACCTOAHMAMHN B IECATKU 1 COTHY MUJLTUOHOB KNJIOMETPOB.

[InaneTs mepeMeriaoTea Ha Hebe 110 30IMaKaIbHBIM CO3Be3 I~
AM BOJIM3U SKIMIITUKHY, UTO JOKa3LIBAeT OUeHL MaJbie HaKJIOHeHNa
UX OpPOUT K TIJIOCKOCTU 3€MHOI OpOWUTEI, M TOSTOMY B IEPBOM IIPU-
OIMsKe M IIJIaHeTHas CICTeMa MOYKeT CUNTATLCH [IJIOCKOI.

Buaumoe ABUXKeHHUe NAaHeT

Bornbimyio wacTe BpeMeHM TIJIAHETHI IIEPEMeINalTCd M0 30-
IMAaKaJIbHBIM CO3Be3NAM B HAIPABJIEHMM C 3alalla K BOCTOKY
(npamoe Osuscenue), HO TIOCTENEHHO WX NBIKEHME 3aMelJIdgeTcCH,
OHII OCTAHABIMBAKTCA (HACTyHnaeT cmoAHue), 3aTeM HEeKOTOpoe
BpeMd IBMKYTCA C BOCTOKA K 3aIaqly (nonamuoe deudicerue), CHOBa
OCTAaHABIMBAKTCA U IOCJIE 3TOr0 MPOJOJIKAIT IPAMOE JBMKEHNE.
Taxum obpaszom, BUAMMEBIN IyTH IIJIaHETHI Ha HebDe meTieobpaszeH
(puc. 31). PazMepsl oMchbIBAEMbIX [IJIAHETAMM IIETEJb PA3JIMYHEBL

g 5
+25-: R btk ‘5- § B oty L é. — I.S' .' e :+250
+ 207 i e F+20°
] - [
5 Py B oxmirers |
+ 15 - .ﬁ :+ ’5.
+10°] [+ 10°
- 5'-:'4;&" Bneck 36e3d |+ 5°
r L ] . L . L
{1 ™ “Tm.1980 e i (7L -
D- G.

124 40" 20" 1Y 40" 20" 10 40M z20™ 3 «

Pue. 31. Bugumerit netneobpaszuwlit 1yTe Mapea mo coaeeannto JIzBa
B 19791980 r. (pnmcrne 1ndpel 0603HAYAIOT IEPBEIE YHC/Id MECHIEB)
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NABA 3. OCHOBHbIE CBEAEHKSA O KWHEMATUKE COAHEYHOW CUCTEMBI

Y Meprypusa Ayra HOIATHOTO ABMXKeHMA COCTaBJAeT OKOJIO
13 mueii (227), v Berepsl — npumepso 16° (40%), y Mapca — 6mska
® 15° (79%), y FOnmurepa — uemuorum Gomee 10° (120%), y Catyp-
Ha — npubansurensHo 77 (136%). B ckobkax mpueeneHa cpeqHad
IPOJOJIZKUTEJIbHOCTD [IOIIATHOIO JIBUKEHWA.

ITerneobpasHble y4acTKM BUAVMMOIO [IYTY IJIaHET MOT'YT paclio-
JlaraThCA B pa3HbIX 30/11aKaJbHBIX CO3Be3I1AX, HO B X pacIlloJio:Ke-
HUM MMeeTcH CyLIecTBeHHOe pa3indie. Beck Nosc 300MaKalIbHBIX
cozee3nuit Mapc obxonut 3a 687 cyTok, FOnuTep — noutu 3a 12 jer,
a CatypH — 3a 29,5 roga. OTH TpY IJIaHEThI IePUOANYEeCKN ObIBAKOT
BOsm3u CoJiHIla M TOrZla He BUIHBI, 3aTeM II0CTeIIeHHO OTXOLAT OT
Hero ¥ 3amajly ¥ OOMCHIBAIOT MeTJ B obJacTu Heda, TPOTUBOIIO-
J0:xHOo¥ CoJIHIY. OTH IIJIaHeThl ObIBAIOT, BUJIHEI B Pa3JIfYHble Yachl
TEMHOTO BpeMeHU CYTOK. AHAJIOTMUHO ABM:KYTCcA YpaH, HenTyn
u Iy ToH.

Meprypnit 1 BeHepa Bcerga Haxondarcs Bomuan ConHna, yaa-
JIAACH OT HETO MONepeMeHHO K 3allally ¥ K BOCTOKY Ha He Doyee 28°
(Meprypnii) n 48° (Berepa) 1 BMecTe ¢ HUM 3a rof] 06Xo[AaT Bech
Sopuak. Brarogapa 6muzoctu k CoJHIIY 5T JBe IJIaHETHl OLIBAIOT
BUIHEBI IMO0 B BOCTOUHOIT 0bJiacTy Heba mop yTpo, 1nbo B 3amagHol
CcTOpoHe 1o BeuepaM. VIX HONATHOe NBUIKEHME MPOUCXOIUT TOKEe
BOsnsu Comnuna. Takum obpazom, BuauMoe nem:xenHne Meprypua
1 BeHeprul oTanuaeTesa oT BUAUMOTO IBUKeHIUA OCTaJIbHBIX ILIaHeT.

3.2. TEOLEHTPUYECKUE CUCTEMbI MUPA

JpeBHErpeueckye MBICIUTENN, IBITAACHE NPENCTAaBUTEH cebe,
cTpoenue mupa (Beesennoit) u 06 bACHUTL BUIMMEBIE ABMKEHN He-
HeCHBIX CBETHJI, CO3aBallli TEOMETPUYIECKIE MOJIENN ([IOCTPOEHNHA),
MBBECTHBIE O] HABBAHUEM 2€0UEHMPULECKUX CUCTEM MUPA, B KO-
TOPBIX [IEHTPOM BeelleHHOI cunTanach HenoABIMsKHAA SeMad. Takoit
BBIJIAZ Ha TIPUPOJIY B Te BpeMeHa OB BIIOJIHE 3aKOHOMEPEH, Tak
KaK HEIIOCPEeJICTBEHHO BBITEKAJ 13 HADIIOIeHNIT paBHOMEPHOTO Cy-
TOYHOTO BpalleHusa Heba. PaBHOMepHOe IBUIKEHNE TT0 OKPYIKHOCTH
CUNTAJIOCH COBEPIIIEHHBIM (MI€aJIbHEIM) U IIPUINCEIBAJIOCE BCEM HE-
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3.2. [e0UEHTPUYECKWE CUCTEMBI MUpa

HecHbIM cBeTUNIaM. YTo0ObI 00BACHUTE HepeMelleHne ComnHila, JIyHBL
U neTyeobpasHoe OBUMKEHNME IIAHET M PAaCCUMTHIBATE UX ITOJIOMKE-
HMe CpeIy 3Be3]], IPUXOANIOCH CO3/IABATE CJIOXKHBIE TTIOCTPOEHN A U3
reoMeTpUYecKUX cep, pa3IMIHBIX [0 CBOUM pasMepaM. Kaxmoe
M3 B3TUX CBETUJ CUNTAJIOCh HAXOOAIINMCA Ha CBOell cOOCTBEHHOI
PaBHOMEPHO BpalllamwIleiica cdepe, IeHTP KOTOPOIl pacrnosiaraica
Ha TIOBEPXHOCTU JIPYTOil paBHOMEPHO Bpallawilneiica cepsl [Ipn
HeoOXOAMMOCTH YUCI0 cdep YBeIMdNBaJoCh, U TTOCHeTHAA cdepa
HanbOoJBIIEr0 paanyca CUMTaJIach BpPalllalelicd BOKPYT SeMIIN.

JpeBHerpeueckuiti MaTeMaTHUK ¥ ACTPOHOM EBAOKC (OKOJIO
408—355 r. mo H. 3.) 0OBACHAI NeTJIe00pa3Hble ABU:KEHNUA IJIaHeT
KomOuHaImert 26 reomerpuueckux cep. Beinatoiiemycs donsocody
Apucrotenio (384—322 r. 7o H. 5.) [IJIA HOBBIIIIeHNA TOYHOCTH Ipe-
CKa3aHNA MOJOXKeHUA IJIAaHeT MPUIIIOCH YBEJIWYNTh YUcio cdep
110 56, IpUYeM OH CUNTAJ X PEATbHO CYIIECTBYOIINMI U ITP03Pad-
HeIMK. CunTad apoobpasHylo 3eMJ IleHTpoM BceeseHHoII, orpa-
HUYIEeHHOIl XPYCTaJbHOI cdpepoil co 3Be3mamu, APUCTOTENb VUM
0 PEe3KOM OTJIMUMI BCero HeOECHOTO OT 3eMHOT0: HebecHBIE CBETUIIA
cocTOAT U3 3pupa — 0cobOro CBETOHOCHOTO, HEBECOMOTO, HEM3MEH-
HOTO BeIlleCTBA U JIBIDKYTCA PABHOMEPHO 10 KPYyTaM; ABMKYIIeecd
TEJ0 He MOKeT OBITb IEeHTPOM KPYTOBOTO JIBIKEHNS APYTUX Ted,
IIOCKOJIBKY UX ITYTH TOTZIa He OYIYT KPYTOBBIMIL

B I11 B. 1o Hautelt spel Apuctapx Camocckuit (okoso 310—230 r.
110 H. 3.) N3 HaOIIOOEHNIT 1 CII0MKHBIX TeOMETPUIECKNX TTOCTPOEeHMIT
Hamtes, uyTo CosHIle o o6beMy Ooabllle 3eMau OpuMepHO B 340
pas, M Ha OCHOBE 3TOTO BBIIBMHYJ ydeHMe 00 obpamieHnn 3emim
BoKpyT CoJHIIA U 0 ee CYTOYHOM BpalleHnn. Ho cocTosgHNEe HAYKN
TOTO BPEMEHM 11 ABTOPUTET APHUCTOTEIA HE TI03BOJINIIN BOCIPUHATE
IIPaBIJILHOTO YUeHNA ApucTapxa.

MuorOBEKOBBIE acTpOHOMWYECKIe HaOII0IeHna ObLIM TOgBITO-
skeHbl Bo Il B. H. 5. (okoso 140 r.) BelgamMMca aleKCcaHIPUIICKIM
actpoHoMoM KmaBamem Iltosnemeem (okoso 87—165 r.), KOTOpBbIit
IIOCTPOMUJI CBOIO TEOIEHTPMYECKYIO CHUCTEMY MHpa M paspaboran
MaTeMaTHueckyo Teopuio aBumskeHnsa Coieng, JIyHBI u mmager,
TI03BOJIMBIIYIO TIPEIBEIUUCIATL BUAMMBIE TTOJIOMKEHNSA STUX CBETIIT
¢ DOJIBIIIOT AJIA TOTO BPEMEHU TOYHOCTHIO.
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

Paspaborannaa llToremMeeM reolleHTPUYIECKasd CHUCTEMAE MUPa
OYEeHBb CJIOKHA. Ke yIpomieHHasA cXeMma MpefcTaBJieHa Ha pucC. 32.
B cooTBeTcTBMM €O CKOPOCTBIO BUIMMOTO IIEPEMEINEHNA CBETIII
IITomemelt pacrosoKII NX B CIeAYIOIIEl MocIeoBaTEILHOCTH OT
Semnn: JIyaa, Meprypuii, Benepa, Connne, Mape, FOmurep, CatypH
1 3Be3/Ibl, HaXoAmmecs Ha cpepe, orpaHMUMBaoNiel BecereHHYO.
C tex nmop Meprypuit 1 Berepa, pacroJjioskeHHBIe B cucTteMme IITo-
nemesa Husxke CoOJIHIG, CTAlIM HA3BIBATBCA HUMHUMU TLIAHETAMI,
a ocTajlbHBIE IIJIAHETHI — @ePIrHUMU. DTO paslielieHNe IJIaHeT Ha
HMKHMe U BepXHIle COXPaHUIIOCh 0 CUX TIOP, HO TOJIBKO Telephb UX
pasrpaHnumBaeT opbuta 3emin. Helb3d OTOMXKIECTBIATE HUIKHUE
TLIaHETH C BHYTPEHHUMH U BePXHUE — C BHEITTHIIMIAL.

s /ﬂ; I;E&'”;":’?J;a# ~

A

Puc. 32. TeonienTpitdeckasn cucrema Mupa lltonemes

B cucreme IlToslemMes BocxXond M 3aXolI CBeTHJI O00BLACHAKTCH
CYTOUYHBIM BpallleHneM cepsl co 3Be3naMu BoRpyT 3emin. CoJHIle
u JlyHa paBHOMEPHO IBM:KYTCHA BOKPYT 3eMJIM B IPAMOM HAIIPaB-
JneHuUu (¢ 3amajia K BOCTORY) 0 HOJBITINM KpyraM — deghepenmant,
a TJIAHETHI TOYKE PAaBHOMEPHO M B MPAMOM HAIPaBJIEHUM — IO
MAaJIBIM KPYTaM — dNUYUKAAM, IIEHTPBI KOTOPBIX PABHOMEPHO TBU-
JKYTCA TOXKe B IpAMOM HallpaBJeHNN 110 fedpepeHTaM. [leTireobpas-
HOe OBMKeHNe IIaHeT 00bACHAJIOChH coueTaHreM UX IBUKeHN 110
SMUIMKIAM C IBM;KEeHMeM SIUIIMKIOB 110 fedeperTaM. YToObI 00b-
ACHUTH BUIVIMOE IBUKEHNE HIDKHNX 11aneT, Mepkypuda u BeHepsr,
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IITonemeli BBIHY KJIeH ObII PacloJIO;KUTH IEHTPbl MX SNMUIMKIIOB
Ha OIHOJ mpaMoli, coeamHAroell 3emmao ¢ CoJHIlEM, M cuMTaThb
nepuoAsl X oOpaleHus [0 JedepeHTaM, paBHBIMM, Kak 1 y CoJ-
HIla, OLHOMY roy. SIMIMKJIB] e BePXHMX IJIaHeT pacroJsaralich
MHaye, ¥ IepMolbl UX obpallleEud I0 IedepeHTaM ObLINM pas3yny-
HBIMI, HO 3aTO ILJJaHeTa JOJKHa Oblla ABUTraThbCA IO OJykalieii
K 3eMJle IyTe aIMIMKIA (IOIIATHOe IBJKeH)e) IMeHHO B TOT IIepy-
Ol BpeMeHM, KorJja caM sIMIMKJ pacliojlarajics B CTOPOHe OT Hebda,
npoturononokHoi CoimHiy. Takum obpazom, B cucteMe IITonemesa
JIBM:KEeHMe ReeX MIaHeT (hakTUiecKy cea3biBasock ¢ ComHIleM, a He
¢ 3emeli.

XpuctuaHceTBo, ObICcTpo paciipocTpanasiieecsd Bo [I-IV BB. H. 5.
B EBpomne, nocTeneHHO NPeBpaTUJIOCh B TOCYIAapPCTBEHHYIO peJN-
TMIO MHOTMX eBPOIEeJiCKMX TOCYZapcTB, CTAJI0 MOIIHBIM OpYIMEM
IIpaBAIIero kjaacca (peomasioB M HAJOJATO 3aTOPMO3MUJIO Pa3BUTHE
SKMBOJ MbIcsy B EBponie. PyxoBoanTeny 1iepkBu o0 BABMIN yUIeHNE
ApmncToTesna o IIPOTHBOIIOJOMKHOCTY 3eMHOT0 HeOeCHOMY U TeolleH-
TpUUIecKYIo cucTeMy Mipa IIToneMes HellpepekaeMbIMM HayYHBIMM
MCTHMHaMM, DoATBepskAaonMy CeAlleHHOe mIcaHNe 0 DosKkecTBeH-
HOM COTBOPEHMI 3eMJIM M BCeTo Mipa pagyl dejloBeKa.

PasBuBaroleeca MopennaBaHye TpeboBaJIO A1 OPMeHTHPOBKN
xopabielt Bgasm oT OeperosB cocTaBJIeHMA aCTPOHOMUYECKMX Tab-
JIMII, B KOTOPBIX OblaM OBl YKas3aHbl BUAMMEBIE IOJIOMKEHNA IIJIaHeT
Ha MHOTO JeT BIepeZ. Takue miaHeTHBIe TabaMIIBl BBIUNMCJIAINCH
II0 reoLieHTpuYeckoli cucreme IIToslemMesd, HO co BpeMeHeM, IIpW
BO3pacTaBIllell TOYHOCTH HalJroneHnii, o0HapyxyBaJch OoJbIIye
PacXosKIeHNA Mes Iy BBLIYMCJIEHHBIMM M HabJrogaeMbIMI II0JIOMKEe-
HuAMM miaeeT. I cepenuue XIIT B. HeCOCTOATEJNBHOCTL CHCTEMBI
IIToneMesa cTasia O4UeBUIHOI.

3noxa BospoXXAaeHUA U peBOAOLUA B aCTPOHOMMUM

Ha pybesxe XIII u X1 BB. B Heslpax ¢eodaabHOTO 0bIIlecTBa Ha-
9aJIil 3a POXKAATECA IIPeIIIOCHIJIKY HOBOTO O0IIIeCTBEeHHOTO CTPOA —
kanutanamnama. L korniy XIV — nmauany XV B. B EBporie cTanu ckna-
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

IbIBATbhCA HOBBIe 00IllecTBEHHBIE, KAallMTAJINCTUYeCKe OTHOIIIeHNA.
BoraTteBmmMm nDpefnpMHMMaTeNAM, KYMOIAM M peMecJeHHHKaM
HYKHbI HOBble PbIHKM JJId [IpUoOpeTeHus chbIpbA W cObITa TOBAPOB.
Hauanace Oopwba KpelnHyBIel Oyp:Kyas3un IpoTUB heoqabHOTo
CTPOs, CKOBLIBABIIIEr0 pPa3BUTHe KallMTaJMCTUYeCKUX OTHOLIEHWIA.
OTa bopbba pa3BopauMBaJiach He TOJLKO B DKOHOMMKE, HO U B MJIe0-
JIOTVM, B MMPOBO33PeHNH, TaK KaK Ha OCHOBe CTaporo MUpPOBO33pe-
HUA HEBO3MOKHO DbITO TobennTh heomanuam. B EBpore HacTymaa
smoxa Boapoxgenns.

Benpuaiimuit mporpeccuBHBIN HepeBOpoT OBIT IpousBeleH
M B aCTPOHOMMM — HayKe, He TOJLKO HeoOXOIOUMON IIJIA Ipou3-
BOZICTBEHHON KM3HM, HO M MJEO0JIOTMUECKOH, HUCIIpOoBepralolleli
MHCTHUECKU-PeJINTMO3HbIe BEIMBICILI O CTPOoeHUN BeeneHHoM. OTOT
IepeBOPOT, IOJOKUBIIMII Hadajlo PeBOJIIOIMOHHLIM IIpeobpaso-
BaHMAM B eCTeCTBO3HAHUM, COBEPIINJ BeJMKUIL TOJNbCKUI yUeHbIl
Huronait Konepunuk (1473—1543), co3maBuinii KauecTBeHHO HOBYIO,
2eAUOYUEHMPUHECKYTO CUCTEMY MUPQ.

Ceoro Teoputo Komeprur obocHoBan B KHure «O BpallleHMAX
HebecHBIX cepr, 3akKOHYeHHON K 1535 1. M m3narHoi B 1543 1. Cy1i1-
HOCTh Teopuy KollepHMKa COCTOUT B CJIe Iy KLIEM:

1) 3emna — He IeHTp Mupa, a caMad 00bIUHAA IJIAaHETa, He
OTJIMYAKINaACca OT APYTIUX [IJIaHeT;

2) neaTpoM Mupa ABJdeTcd CoJiHIe, BOKPYTI KOTOPOro II0 KPpy-
TOBBIM OpOMTaM B IIPAMOM HallpaBJeHUM PaBHOMEPHO IBMKYTCH
TJIAaHeTEI, B TOM YucJe U 3eMs (puc. 33);

3) BuguMoe ronuuHoe IBmskeHMe CoJHIIA II0 SKIMOTHKE He-
peasbHO, ecTh JIUIIEL OTPaskeHue OeliCTBUTeJILHOTO TOLOBOro obpa-
uteHudA SeMan BokpyT ConHIa,

4) 3emna BpalllaeTcd C 3alaZa K BOCTOKY BOKPYI CBOEN OCH,
HaKJIOHEHHOI K IIJIOCKOCTY 3€MHOIT OpOUTEL,

5) BOKpYT 3eMJu IBUKeTCA ToJILKo JIyHa;

6) meTyieobpasHoe ABMMKEHMEe BepXHUX IIJIaHET M UX CTOAHME
JMIIb KasKylKecd ABJIEHUA U 00bACHAIOTCA coueTaHMeM IIPAMOTro
IBMKeHNA IUIaHeT ¢ IPAMBIM JBMKeHNeM 3eMJIi, C KOTOPOoi BeIyT-
cda HabIromeHNA.
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Puc. 33. Tenuonentputdeckad cuctema Myupa Konepanga

ITo mepuopmIecKky NOBTOPSAIOIIMMCS PaCIOJIOMKEHUAM IIJIaHeT
Ha Hebe oTHOcKTenbHO COMHITA M IO pa3MepaM I1eTeflb UX IOIATHLIX
oBimskeHnit KonepHuK BhIUMcany paccroanua miaHeT oT CoiHna,
IIPMHSAB 33 eJUHNILY U3MepeHNs Pagiyc 3eMHO OpOuTHI:

— Mepkypuit — 0,38;

— Benepa — 0,72;
— 3emaa — 1,00;
— Mapce — 1,52;

— IOnnrtep — 5,22;

— Carypr — 9,18.

OTH 3Ha4YeHNUA paccTOAHNI OJIM3KM K COBPEeMeHHBIM.

IIpaBna, IpAMBIX I0Ka3aTeJIbCTB CYTOYHOMY BPallleHUIO 3eMJIN
1 ee TOJIOBOMY obpartriennio BokpyT Comaila KommepHik mpuBecTn He
MOT, TaK KaK YPOBeHE PasBUTHA HAYKM TOTO BpeMeHH He IT03BOJIAT
5TOTO CHeNaTh, HO TeHNAaJILHO IIpocToe oObACHeHNe BUAMMOIO IBU-
skernd CoslHIOA U IIaHeT y0erkJajio B CIIPaBeIJINBOCTIL ET0 TeOPHIL.

Yuennem Konepruka 3eMia 13 IeHTpa MHpa Oblila «pas3sKajo-
BaHa» B OOLIUHYIO [NIAHETY, UeM IIOAPLIBAJICE IPUBEITHLIE MHOTOBE-
KOBEIE peJINTHO3HEIe IPeICTaBIeHN A 0 MIpe U yIeHNN ApucToTensd
0 pasiIN4gMy 3eMHOro 1 HebecHOro, akKTMBHO IIOAZep KyBaBIINeCs
LIePKOBELIO.

I'maBraa u Benmuaiimasn 3aciryra KonepEnka Iepey; yesoBedec-
TBOM YeTKO BblpaskeHa ®puapuxom OHrenbcoM (1820—1895): «Pe-
BOJIIOLIMIOHHBIM aKTOM, KOTOPBIM JICCJIEZOBaHNe IIPMPOIBI 3aABUJIO
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0 CBOE He3aBUCUMOCTHU.. OBIII0 M3IaHNe HeccMepTHOTO TBOPEHNH,
B koTopoM HKomepHuk OpocCwHiL. BBIZ0B LEPKOBHOMY aBTOPUTETY
B BompocaX NpupoAasl. OTCr0a HAUMHAET CBOe JIeTOMCUNCIeHNe 0C—
BODOKIeHNE €CTECTBO3HAHNA OT TEOJIOTHUIA... C 3TOTO BPeMeHHU MO0
TMTAHTCKUMH IIaTaMI TAKIKE M PA3BUTHE HAVK...»

Bopbba 3a reAMoLeHTpUYECKOEe MUPOBO33peHUe

IIpocToTa ¥ CTPOJHOCTDL KOIIEPHMKOBOM cUCcTEMEL Mupa ObICTPO
Hama cebe cTOpOHHMKOB. IIoKa OHM OBLIM HEeMHOTOUYMCJIEHHBIMI,
a caMo HOBOe yueHHe [IMPOKO He IIpOoNaraHpoBajocs, IepKOBHEIE
BJIACTHM He 0Opaliaiy Ha Hero ocoboro BHMMaHMA, U B 1566 r. kHUTa
Komnepnuka primia BropeiM nagaaveM. Ho korga k koHiy X VI B. ko-
IIepHUKOBCKME MJIel CTaJy IIMPOKO paclIpocTPaHATLCS, IIePKOBHM -
K} YBUZEJM B HUX IIOAPBIB XPHUCTUAHCKON Bephl, NOAAe prKyBaBIIIeil
¢reogaNbHBIN CTPOIL

OpmeyM n3 HanboJlee CTPACTHBIX paclpOoCTpaHWTeNell y4eHuda
RKonepHuka 0b111 ntanbaackuii ounocod »xopnaso Bpyao (1548—
1600), OpIBIIMIT MOHAX, JIMYHO YOeNVBINMIICA B JIXKMBOCTY PEJIVTHIA.
OH Bel OTKPEITYI DOpeOY mpoTHB dunocoduyt ApucToTesnd, reo-
neHTpuama llToneMes u gmnileMepnsa OyXOBeHCTBA, IPONaraigupya
1 pazeuBas yueHe KonepHuka. B cBoux NyOIMIHEBIX BEICTYILIEEMAX
¥ KHUrax BpyHO BbIcKas3bIBaJ HeoOLIUHBIE AJIA TOJ SII0XM BO33PeHNa
Ha IPUPOAY 3Be3]l, ClipaBeJMBO IoJaras X JaJeKNMI COJHIIaMI,
IBILKYOMMICA B OeclpezielbHOM IIpocTpaHcTBe Bceesennoii. Ilo
MbIcJy1 BpyHO, MEOIMe 3Be3/1bl OKPY KeHbI [IJIaHeTaMJ, Ha KOTOPBIX,
Kak M Ha 3eMJle, CyIIecTByeT pa3yMHad KI3Hb.

3a IporaraHay MaTepyaJycTHUecKux yunell bpyHo Obla apec-
TOBaH UHKBUIUIIMEN U TIOCTIe BOCBMUJIETHETO 3aKJIF0UEeHNA U TILITOK
coxxskeH 17 dpeBpana 1600 1. Ha kocTpe B PuMe B IpHCyTCTBUM IIIaBLI
kaTosndeckoil epkBu nansl Kanventua VIIL B 1889 r. na nioma-
ou IIsetoB B Pume Obin yetanoBien namatHuk »xoppano Bpyno
¢ Hagnucso: «9 uioHA 1889 r. [lsxopmano Bpynso. OT IpeaBUeHHOTO
JIM CTOJIeTHSA, Ha TOM MecTe, IJle ObLI 3a:K3KeH KOCTep».
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HanpHelimne pasBUTHe U IpolaraHlla KOIepHMKaHCKOTO
Y4eHNA B TY 30Xy CBA3aHbI ¢ MMeHaMl ABYX BeJIMKNX YUeHbIX —
nrajibAHCKOro (hysuka n acrpoHoma [Nasmieo Fannnes (1564—1642)
M aBCTpUIICKOro MaTeMaTuKa W acTpoHoMma JVlorarmHa Kemepa
(1572—1630).

lamnieii Obl1 IIepBBIM Y4YeHBIM, KTO [PUMEHWUJI TeJleCKOIl
K M3y4deHU0 HebecHBbIX cBeTH . B mae 1609 r. oH y3HaJ 0 NMoABJIe-
HuKu B [onnaHINM 3pUTeJLHBIX TPYD 1 BCKOpe caM UM3TOTOBUJ U3
ONITUYECKNUX JIMH3 HECKOJILKO HeDONBIITNUX TeleckonoB. Haumyurimii
13 HUX UMeJl guameTp 54 mM, niuuay 1 245 MM 1 JaBaj yBeJlndeHne
B 30 pas. C stum Teneckonom l'anmmnelt caenas cBou 3HaAMeHUTLIE
acTpPOHOMMUECKHe OTKPBITHUA, IOATBepIUBIINe YieHNe KomepHuka
u paspyuineime aproputeT Apucrorena u Iltomemea B aerycte
1609 r. oH OTKpPLII Ha TOBEPXHOCTU JIYHEI TOpLl M TeMHLIE HU3-
MeHHOCTH, BIIOCJIENCTBMM Ha3BaHHbIe MopAMHM. Takue Ha3BaHUA
HM3MeHHOCTAM JaJl HoJAbcKMit acTpoHoM fAH I'eBenmit (1611—-1686)
B cBoell kHUTe «CeseHorpacusar», onybankosarHol B 1647 r. Pyxuy-
J10 yaeHne APHCTOTeNA 0 KOPpeHHOM OTJIMYMK HeOecHOro oT 3eMHOTO0,
0 CBETOHOCHOM BelllecTBe — 3gipe, U3 KOTOPOTO AKOObI COCTOAT
HeDecHble cBeTHJIa. JIyHa OKasajlach TAaKVM Ke MaTepHaJIbHbIM
XOJOOHBIM TeJIOM, Kak U 3eMud. B koHile 1609 r. 1 sauage 1610-ro
Tamumeii ncecinenoBasli B Teneckolnl Miaeunslit 11yTs, 00 bABIIEHHBINI
ApucToTesleM TYMaHHBIM KOJIBIIOM B 3eMHOI aTMocdepe, 1 OIIpo-
Bepr 3To MHeHMe: MieuHsli IIyTe Oka3aJlics CrylleHreM KoJoccalb-
HOTO MHO3KecTBa cnabwix 3Bes3s. Cenpmoro saBapa 1610 r. Tammneii
B TeJeckoll obHapy:xua vy HOnuTepa deThIpe COYTHUKA, IIPUMEPHO
5-1t 3Be3HON BeMMunMHLl, 1 10 26 aaBapda 1610 1. TIIaTenbHO caeqn
3a UX ABUKeHMeM. OTO OTKPLITUE AOKA3EIBAJIO BO3MOXKHOCTL IBU-
skynieroca Tena (FOmmurep) OLITE IIeHTPOM ABMMKEeHUA IPYIUX Tel
¥ OIIPOBepraJio yueHue ApucToTessa o0 TOM, UTO [IeHTPOM IBUKeHUA
MO2KeT OLITL TOJILKO HeNoABMsKHOe Teso. ClegoBaTeNLHO, M SeMIIsd
Mo:keT obparatheda BokpyT ColHila, X0TSA caMa ABJAeTCA [eHTPOM
IBusKeHMA JIyHBL OTM CBOM OTKpPBITHA [ajuiell omyOJMKOBa
B MapTe 1610 r. B «3Be30HOM BeCTHHKe», B KOTOPOM CMeJIo, T0Ka3bl-
BaJI CIIpaBeJIMBOCTDb KOIIePHMKAaHCKOTO YUeHN .
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Ocenbio 1610 r. l'annmelt oTkpbln nATHA Ha CoJIHIIe ¥ HECKOJIBKO
mo3ske ([0 MX IlepeMelleHNi0) 0DHapy’KNJI er0 oceBoe BpallleHMe.
Toii xe ocenbio ['anuieli 0bHapy:xua das3sl BeHeps! (puc. 34). Camu
¢rasbl CBUIETEIILCTBOBAIN O cX0J/IcTBe Berepsl ¢ Seminei u JIyHOI,
a I10CJIe JOBATEJIbHOCTD MX CMEHBI JJOKa3blBaJla oOpallleHye [JIaHeThl
Bokpyr CoJHia.

f 3em*.n

Puc. 34. ©asre1 Benepsr

OtrpeiTua amnnes HaHecIKM MOIIHEBIL yIap IO PeJIMrMo3HO-
CXOJIACTNUECKOMY TeOlleHTPUUeCKOMY MIPOBOB2PEHNIO I OTKPBIIN
IyThk K npusHaHMio yueHnd Konepunka. Ceon oTkpeITHA ['ammieit
IpOoMaragHAypoRal He TOJNBKO B IIyOJMKYyeMBIX MM KHHMrax, HO
M HeMoCpeCTBeHHOI JeMOHCTPAallel] B TeJIeCKOIL 3TO BCTPEBOIKILIO
OYXOBEHCTBO, TAK KaK peub yiKe [IJIa He O JIMUHLIX B3IVIAaX YIeHOro
Ha IIPUPOAY, @ 0 MacCOBOIi Iponaragze reMoleHTPINIecKoro MIpo-
Bo33penud. B 1616 r. kuuru Konepuuka, Bpyno, 'anmaes u ux noc-
JnenoBaTeieli Oblnu 3anpentiessl Ho Mannneit npopomsxasn 6opudy 3a
MaTepuaJKcTHUYecKOe MUPOBO33peHnne, 3a 4To B 1633 1., y:xke mouTtu
B 70-eTHEeM Bo3pacTe, OB apecToBaH ¥ IpefaH CyAy MHKBU3UIINIL
LepkoBHBI cyz 3acTaBu ['annied oTpedbed OT CBOMX «3abiry K Ie-
HMIi» ¥ IIPUTOBOPHJI €r0 K II0KMB3HEHHOMY 3aKJIFOUeHNIO, 3aMeHeHHO-
My 3allpellleHleM Bble3]la, M3MeHeH) A MecTa sKITeJIbeTBa. Jlo KoHIa
cBoeli xn3HN ['anmirelt HaXoAMJICA IT0/ IJIaCHBIM HaJ30POM IIIIIMOHOB
MHKBU3UIMN. JIuIe B 1835 I. 10 HACTOAHMIO YUEHBIX KaToJandecKasd
LIePKOBE CHAJIA 3aIlpeT C KHWUT KOIIe PHUKAHIIEB, a CYPOBEIIT IIPUTOBOP
T'anaumnero ormennia B 1972 .
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C yuenmem Koneprura Ooposack M IIpaBociaBHad IePKOBb.
PykonunucHoe onmcasne relnoneHTPUYUeCcKol clICTEMEI MUpPa IOABU-
Jnock B Poccun B cepenune XVII B., HO OBLIIO 3aIpellleH0 K IedaTH
1IepKOBHOI 1eH3ypoit. Toapro B 1717 r. mo pacnopsisxenuto IleTpa 1
ObLI M3HaH IepeBoJ, KHWUIKM TOJUIAHJACKOrO (hu3MKa M aCcTPOHOMAa
X. T'wiirenca (1629—1695) ¢ u3Ji03KeHMEM KOIIEPHMKAHCKOr0 yde-
HUA, I IEPKOBHUKN BBIHYKIeHbBI OBLIN HECKOJIBKO 0cJIabuTE 60pB0OY
OpoTUB KolepHuKaHcTBa. [locne cmeptn Ilerpa I mpaBociaBHOe
IVXOBEHCTBO Pe3K0 aKTHBV3MPOBAJIO IpeciieloBaHMe CTOPOHHIKOB
reayoleHTpu3Ma. CBATeNMINNII CHMHOJ (BBICIINII OPraH LepPKOBHOIO
yIIpaBJieHUA B Poccyu) 3alpeTil IIPoNaraiapoBaTes B w001 hop-
Me yuenne KomepHuka. [[epBbIM OTKPBLITO BBICTYIIUI TIPOTUB 3TOTO
zanpenieauda M.B. JlomorocoB (1711—1765), KoTopsli mobuBasca
cBODOMBI HAYUHBIX MHEHUTT OT IIeH3YPhI AYXOBeHCTBa. Bo MHOTUX CBO-
WX MIPOUBBEJIEHNAX, HaTIpuMep B «[11ckMe 0 moskae cTerna» (1752),
OH OTKPLITO IPONara’HgUpPOBaJ e IMOIIeHTPUUECKYIO CUCTeMY MUPa.
B 1755 r. mo nuannuatuse JlomoHocora AxaneMusa HAYK HauaJa U3-
IaBaThb HAYUHO-IIONYJIAPHLIN sKkypHaT «EikeMecAauHble cOUMHEHN,
K II0JIb3e U YBeceJIeHMIO CIIY Kallle», B KOTOPOM IeUaTalllchk CTaThU
110 ecTecTBeHHBIM HayKaM, B TOM uKcJe U o acTpoHoMmumn. CuHOZ
00 BABUI HTOT 3kypHaAJ 6e300:kHLIM, a B 1757 I. mofgas uMIepaTpuiie
EnnzaBete npockdy o Hakazauuu JloMoHocoBa 3a «60TONIPOTUBHYIO
IedTeLHOCTE. JTa IIpockba ocTanach 6es rmocaeICTBUIA.

AxrTHBRHaA OeATelbHOCTL JIOMOHOCOBA I1I0 3alllMTe U [IpolaraHyie
yuennusa KonepHuka npuBesa k TOMY, YTO OHO HOJIYUNMJIO IpU3HAHMEe
B Poccun ¢ 1762 1. cTaso usjaraThes B KHUTAX M CTATLAX IJIA TN~
POKOTO KpyTa UMTaTeJell.

lemnoneHTpUUecKoe MUPOBO33peHMe MOJIYUMIIO IIONTBEep RIe-
Hue oTKpbITHEM V. KerepoM 3aK0HOB OBMsKeHNA [IJIaHeT.

3.3. 3AKOHbI ABWKEHWA NAAHET

Vloraaun Ren;nep OBLI ropA49MM CTOPOHHMEKOM TeJIMOIleHTpI4dec-
KOl CcHCTeMBbl MIpa M BHa4YaJle IIBITAJICA €& YCOBepPIIeHCTBOBATHb
UMCTO TeOMeTpHWHeCKMMIL CHDCOG&MH, M3JI03KEeHHbIMIM MM B CBOe
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nepsBoif KHure «llpenBecTHMK KocMorpadMiecKMX COYMHEHMII»,
M3BECTHOI TaKiKe TI0J] HazBaHMeM «TariHa kocmorpadmi» (1596).
IlonbiTEn Kenmepa okasasick HeyagHbBIMIL, HO CJOKHBIE PACYeThl,
colleps;kaBllecsa B KHUTre, nayy Kellepy MM 1 oOpaTuian Ha Hero
BHIMAaHIle 3HAMEHWTOTO MaTCKOTo acTpoHoMa Tuxo Bpare (1546—
1601), mepeexaitiero B 1597 r. u3 Jlanuu B IIpary. Jlo 3Toro BpeMeHn
Bpare ¢ 1576 r. paboTaJ B aCTPOHOMMUYECKOI 0DcepBaTOpPUN Y paHN-
topr («HebecHbIl 3aMOK») Ha OCTPOBE XBeHe B SYHJCKOM ITPOJMBE.
B urore 1600 r. Kennep no npurnaniesu: Tuxo Bpare npudein
B Ilpary, uToOBl OPMHATE yUacTHe B COCTABJIEHNM HOBBIX IIJTaHET-
HBIX Tabmmn. Matepuanom ana Tabamil HocIys:KUIKU HabIoneHUa
nnaHeT, npoBenenHble Tuxo Bpare B 1580—1597 r. B Ypauubopre
u B 1599-1600-x B Benateke, neganero ot IIparn. K stum nabmro-
nennam Kenmnep nobaBun cBou Habmiogenusa Mapca, BLINIoOJHeHHLIEe
B 1602-Mm 1 1604 r. B urore Kenynep pacniosnaras 3anucaMy Habaone-
uuit Mapca 3a 12 nepuonos ero obpaiennsa Bokpyr CosHIa.

Wcnonb3yda BeuncieHusa HonepHnka, Kensep cradana n3obpa-
317 OpOUTY 3eMIM OKPYIKHOCTBIO C pagnycoM 1, a 4ToObI 00 bACHUTE
HepaBHOMepHoe nByskeHMe CoOJIHIIA II0 SKJIMIOTHKE, CMEeCTUJ ero
13 LeHTpa 3eMHO opOuTel Ha 1/59 (mum 0,017) nosro ee paamyca.
Jasee oH npuHAJ, 4To Mapc JoIsKeH HaXOOUThLCA B TOM Ke MecTe
IIPOCTPAHCTBa, ecJy Meskay HaOIoIeHMAMM Ipollell 3Be3IHBIN
nepuojn obpamesnda T = 1,881 roma. [losaTomy, ecsin B HEKOTOPBI
MOMEHT BpeMeHH, Korjla 3eMJisd HaX0oInjack B Touke 3, Mapc Ha-
Barrofaicss B HampaBIeHN m , a 1o mporectsun 1,881 rozga, korma
3eMuls HAXOIMJIACEH B TOUKe 3,, — Habiiofacs B HAIPaBJIeHUN M,
TO TOuka nepecedennsa M oboux nanpasiennii 3 m u 3,m, IaeT mno-
noskeHye Mapca B ipocTpaHeTBe. Tak mar 3a maroMm Kensepy yza-
JIOCE MOCTPOUTEL HadiogaeMyto opouty Mapcea, koTopad okazajach
He OKPYIKHOCTBHIO. JIyuIlle Ipyriux NoAoIIIa SJIUITHIeckasd opbuTa
¢ ComaneM B ofHoM 13 ee pokycoB U dKclleHTpucuteToM ¢ = 0,091.
Vamepsas paccTosHMe OT OOHOM 0 IPYToii TOYKM OpOMTEL, OH HallleJ,
YTO CKOPOCTB IBIM:keHMA Mapca no opbuTe HepaBHOMepHasA. Torga
Kennep orBepr MHOrOBekoBOe yOesKIeHNe B KPYTOBOM ¥ paBHOMEP-
HOM [BIJLDKEHNM IIJIaHeT.
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3.3. 3aK0Hbl ABMXEHWA NAGHET

Jamnee oH OTBepPr MpeANOIOKEHNE O IBUIKEHUN 3€MJIU 10 OK-
PYKHOCTH CO CMEIIIEHHBIM [[EHTPOM ¥ OIIPeesiil, UTO 3eMJIIA TOMXKe
JIBVKETCH T10 ILIUITIUYecKoi opOuTe ¢ HeOOIBINNM 3KCIIEHTPUCUTE-
Tome = 0,017 = 1/59 u ee nBusxenune, kak u Mapca, HepaBHOMeEpPHOE,
To ke oTHOCKUTCA U K IPYTUM ILJIAHETAM.

OTkpeITEle KHermiepoM 3aKOHOMEPHOCTHM B JABUIKEHUHN ILJIAHET
ObLIM MM OIyOJMKOBaHBI B KHuMre «HoBas acrporHommsaA» (1609)
U HBEIHE M3BECTHHI TI0J] HA3BAHNEM Nepso20 U 8mopozo aMmnupulec-
Kux 3axonos Kenaepa.

IlepBrlii 3akoH. Bee mnaHeTr oOpaniatored Bokpyr CoJHIIa 110
SJIUIITUIECKNM 0pbUTaM, B 0JTHOM 113 (DOKYCOB KOTOPELIX HAXOIUTCA
CoJHize.

CrnenoBaTenbHO, OpOMUTHEI BCceX MJIaHET MMEKT OIMH OOt
dorye, pacrosnozxkeHablii B 1eHTpe COJHIEA, a TLIOCKOCTH OpPOUT
HAKJOHEHBI JIDYT K JIPYTY ¥ TIEPECeKalTCd T0 TMPAMBIM JITHUAM,
TTPOXOATINM Uepes Hero.

Puec. 35. Smumntiaeckasa opbuta

Ha puc. 35 uzobpaskena sanuntuueckad opdouta ¢ ConHileMm
(C) B opnom u3 ee dorycon. Ee bonbmias ock AIl = 2a, neatp — O,
6oavwan noayoce AO = OIl = a u monydokaabHoe paccTofgHMe
OC = c. Bmxattmaa k Cosnily Touka (II) opbuThl HasbIBaeTcAa ne-
puzeauem, a Haubosgee ynanenuad (A) — agpeauem; obe 5TU TOURHU
JiesxaT Ha DOJBIIOI ocH OpOMTHEI M MMeHYIOTCcA ancudamu, a caMa
Hoxsbitad ock — auHueu ancud. (HaspaHua IpoMcXogAT OT rpedec-
KWX CJIOB «IIePU» — «OKO0JIO», «aIlo» — «BIAJIN», «resmoc» — «CoJ-
HIe» ¥ «allCMC» — «CBOZ», «BBICTYII», «apeinii» — JICKasKeHHOe
«aTIoTeJIii».)
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

ITpu pBuskeHnu niaHeTh! (P) Bokpyr CoJHIla ee zeauoyeHmpu-
yeckoe pacemodHue (paccroduue ot CoJiHLA), HasdbiBaeMoe padu-
yc-gexmopom (r = CP), mameHdaeTcs, 1 B J000i MOMEHT BpeMeHI
TI0JIOJKEeHNE TIJIAaHETHI Ha opbuTe ompeyiendeTcAd paJnyc-BeKTOPOM
(r) M ucmunHol anomaaue (6 = /TICP), To eCcThb YTJIOBBIM YIaJIeHN-
eM OT TIepUTensd, OTCUUTHIBAEMBIM B CTOPOHY IBUMKEHUS MIJIAHETHL.
Paguyc-pekTop r U MCTUHHAA aHOMAaaud O cBA3aHLI MeKAy coboli
YpaBHEHIEM 3JIIUIICA:

2
. a(l—e)

1+ecos (28)

rfie a — OoJbIIad [oJIyoCh M e = ¢ /'@ — DKCIeHTPUCUTET OPOUTHL
3a cuIepuYecKyM IIeprooM obpallleHMd MCTHMHHAA aHoMaJid
8 uamensercsa B nmpefnenax ot 0 go 360°, a paauyc-BeKTOp T OT Ha-
MMeHbITIero 3HaveHnsd g (mpu 6 = (07), HABRIBAEMOTO MepU2eAbHBLM
paccmoanuem (q = CII), no Haubomnbellero 3HaueHusa @ (mpu 6 =

180°) — agpeautinozo pacemoarua (Q = CA). Jlerko BUIETDH, UTO
TIepureJIbHOE paccTogHIe

g=a—c=a(l—e), (29)
adenuitnoe paccToguue

@=atc=a(l +e), (30)
a DoJIbIIAA TIOIYOCHE OPONTEI

22210
2

U OpencTapiAeT coboit cpeqHee paccTodHNe TIIaHeThl 0T CoJHIIA.

CpenHee reTMOTIEHTPUYUECKOE PACCTOSHIE SEMII, pABHOEe O0Jb-
1107 moJTyocu (a,) ee OpdUTEL, IPUHNMAETCA 3a eMHUILY U3MepeHNs
paccroaamnii B ComHeYHOI cucTeMe 1 HABLIBAETCH ACMPOHOMUUEC-
rou edunuyel (a. e.). Ilo coBpeMeHHLIM U3MePEeHNAM aCTPOHOMIIEeC—
Kas eHNIA a = la.e. =149,6-10° kM.

Bropoii 3akoH (3akoH miomianeii). Paguyc-BekTop NjlaHETHI
OMICHIBAET MJIOMIAZIM, TPAMO IIPOTOPLMOHAJBHEIE TPOMEKYTKAM
BpEeMeHN.
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3.3. 3aK0Hbl ABMXEHWA NAGHET

Ecsmn 3a npomeskyTok BpeMeny At IlaHeTa IIpoiizeT myTe P P,
(puc. 36), a 3a IPOMeXKYTOK BpemMenn At, — nyTs P,P,, To 3a Te mpo-
MEKYTKM BpeMeHM paJnyc-BeKTOp IJIaHeTHI OIMIIET IUIOMAaN G,
(mormans cexktopa P CP,) u 6, (nomans cekropa P,CP,), npnyem

Sy 24
c, A

Ilnomage, omncelBaeMasa pPagNyc-BeKTOPOM IIJIAHETHI B ev-
HUIIy BPEMEHM, Ha3bIBAETCA €€ CEKMOPUAAbHOU cKopocmbro. V3
paBeHCTBa (5.4) cilefyeT, 4TO CEKTOPUAJIbHAA CKOPOCTh

_%1 _6> _

T AL

(31)

GH
= =..= = const.
At At

a

TlosTomy BTOpO¥ 3akoH Kemnepa dacto pOpMyJIMPYIOT Tak:
CERMOPUANLLHAAL CKOPOCTD NAAHEMbL CTMNH BCAUNUHA NOCTNOAHHAA.

Puc. 36. Bropoit sakon Kemepa

Tak kak 3a cugepudecknii nepuoy obpamenusa T niaHeTHl ee
paliyc-BeKTOp OIIMCEIBAET IIJIOA b BJLIINIICA

o =nab=na’\1-¢&*,

TO CeKTOpPHaJIbHadA CKOPOCTh
V*G 7rl:azvlv—eg
r T
Bropoit sakon Kemmepa ABisercAa 4YacTHBIM ciydaeM bolee
0bIIIero 3aKoHa COXpPaHEHMA MOMEHTa KOJUYECTBa JBVKEHUS (MO-
MeHTa uMIyJbca). [loaTomy HamnbosbIneil cKOpoCTBIO v, IIaHeTa
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

obrazaeT B Iepuresim, a HaMMeHblleit v, — B ademm. Mexay
ancyuaMyi CKOPOCTh IIJaHeTHl IJIABHO M3MeHdeTcsd, YMeHbIIasach
C yBeJIM4YeHNEM ee paJiiyc-BeKTopa.

Oba 3akoHa Kemjlepa pelarT 3alady ABUKeHUA KaxK 101 I11a-
HeThl B 0TZeJIbHOCTH. EcTecTBeHHO, uTo y Kellslepa BO3HMKIIA MBICJIb
0 CyILlecTBOBaHMM 3aKOHOMEepHOCTH, CBA3BIBalOIIeli Bce IJIaHEeThl
B eIMHYI CTPOMHYIO IIJIaHETHYO cucTeMy. JInmies B 1618 r. oH Hamien
¥ onyOJIMKOBaJ B KHUTe «['apMoHuy Mupa» (1619) aTy 3akoHOMEp-
HOCTB, MU3BECTHYIO TIOJ] HA3BaHUEM TPeThero SMIMPUUECKOTO 3aKOHa
RKennepa.

Tpetnii zakon. Keadpamusl cudepuueckuxr nepuodos odpaue-
HUA NAGHEM NPAMO NPONOPUUOHAABHBL KYOAM UXr cpedHUx pac-
emosanut om Coanya (kybam boavuiux noayocel ux opoum).

Ecom y oot nitaneTsl cupepudecknii nepuox obpamennus T
CpeZiHee TeJIMOLIEHTPUYECKOe PACCTOSIHNE @), & Y JAPYToil IJaHeThl
aHaJIOTMYHbIe BeMunusl T, i a,, TO

LI .
Tl (32)
OTKyZa
T2 2 2 2
4.4 L Toc (33)

. ;
a,  a, a a

eCTL BeJNUYMHA TocTOoAHHasa Aaa Beeit Colmnednoil cucTeMbl, M Ha-
3BIBAETCA MOCMOAHHOU mpembezo 3axoHa Henaepa, UMcCIeHHOe
3HaYeHNe KOTOPOIl 3aBUCUT OT MPUHATHIX eJIMHUI] U3MepeHnA. Tax,
ecyy BelpakaThb T B nepuofax oOpallleHud 3eMJH (B 3Be3HbIX To-
JaxX) ¥ @ — B aCTPOHOMMYECKUX eAMHNUIAX (a.e.), To gna Semian T = 1
na=1,orkyna C = 1, u Torma a4 ardoii IIaHeTE

T =a?, (34)

9TO II03BOJIAET II0 M3BECTHBIM M3 HabImaeHMI nepmomaMm obpa-
IleHUA (B 3Be3OHBIX rofiax) HebecHbIX Tes Bokpyr CosHIa cpasy
BBIUMCJIATE UX CpeJHIE reIMOlleHTpIdecKye paccToOAHNA (B a. e.).

B BrIpaeHne TpeThero 3akoHa ellsiepa He BXOLAT 3HaUeHUA
SKcIeHTpHucuTeToB opbuT. IlosToMy, Kakyro OBl BEITAHYTOCTH SJI-
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3.4. 3neMEHThI 3MMITUYECKHX 0pOuUT

JUIITHYEeCKe OPOUTHI HM MMeJNN, TP PABHEIX OOJBINNX MOJIYOCAX
opbuT mepnoabI 0OpaNIEeHNA 10 HUM OJIMHAKOBLL

B cuity mctopuueckoii Tpaauiiny 3akoHbl Kemiiepa 1o cux mop
opMyIMpYOTCA KaK 3aKOHBI JABWXKEHUA IJIAHET, HO B AeiCTBU-
TeJLHOCTY UX IPUMeHEeHNe 3HAUNTEIBHO IIINPe.

3.4. SAEMEHTbI 3AAUNTUYECKUX OPBUT

IIpu maydyeHun neuskeHus Tel BOKPYT CoJHIla 3a OCHOBHYIO
IJIOCKOCThL IMIPUHVMaeTCa IIIOCKOCTb 3eMHOJ OpOMTHI (IIJIOCKOCTH
sraunTUEN). IIyeTs HekoTOpoe Teno neuskeTcd Bokpyr Conana (C)
1o snnuntudeckoi opbute Afllg (A — adpenuii, II — nepuremnuii),
neskamlelt B nyockocTy GF, KOTOpas IepeceKaeTcda C IIJIOCKOCTBLIO
sraunTurn €' 1o npamoii §)C, npoxoxasameii yepes ComnHile u
Ha3bIBaeMOM AuHuUel Y3408 OpOUTEI (puc. 37).

Puc. 37. DeMeHTHI 3JTMITHHEECKOI 0pOUTEL

Opfura Tesa XapakTepuayeTcsa NATHIO sJyieMeHTaMmu. Ilep-
BLIIl BJIEMEeHT — HaKAOHeHuUe i OpONUTEI, ImpezcTaBiAmIee coboii
YTOJI MeKIY IIJIOCKOCTBI0 OPOMTEI M IJIOCKOCTHI0 BRJMITHEN. [Ipn
mpavoM aBmskennu temna 07 < i < 90°, a mpu obpaTHOM ABMYKEHUNU
(To ecTh HaBcTpeuy aBmskenmnio 3emin) 907 < ¢ < 180°. Jluaua
Y3JI0B IIepeceKaeTcd C SKIMIITUKON B IBYX AMaMeTpPaJibHO IPOTH-
BOIIOJIOKHBIX TOYKax §)71?, HasblBaeMbIX yaaamu opbumst. Omma
13 HUX — 80cx00Awull y3eJ §], B HeM TeJio epeceKaeT SKJINITUKY
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

IIpyM nepexofie U3 KKHOTO 3KINITHNYECKOro MoJIyHIapia B CeBepHoe
SKJIMIITHUECKOe IoJylIapye. B IPOTHMBONOJIOMKHOM, HUCToOAuem
y3Jle  TeJl0 IepeXoAUT M3 CeBEepPHOT0 3KJINITUYECKOro MoJIylla-
pua B kHOoe. IloJoikeHMe JMHMM Y3JI0B ONpefielldeTcsd BTOPBIM
BJIEMEHTOM OpOUTEI — zeauoyenmpuueckol doazomoi | = Y8
BOCXOJIAIIETO Y3714, TO ecTh yriioM Tpu CoTHIe, mamepHeMLéjM JIyTOT
SKJIUNITUKM OT TOYKM BeceHHero paBHOLeHCTBUS ©’ B BOCTOUHOM
HaIlpaBJIeHMM (IPOTHE YacOBOI CTPEJIKN).

Tpetnii s1eMeHT opOMTEl YKa3bEIBAET NOJOXKeHNe ee DOILIIION
ocu ACTI B ymockocTy opOUTEL, OH Ha3bLIBAETCH APy MeHmoM nepu-
ceaua o = §JII' 1 oTCUNTBHIBaeTCA B IIJIOCKOCTH OPOUTBI OT BOCXO[A-
miero ysJsa §] B CTOpPOHY ABV>KeHNA TeJia 1o TpoeKiym 11’ mepuresms
Ha HeDecHy™0 cdepy. HeTBepThIM 5J1eMeHTOM OpOUTHI ABJIAETCA ee
60avULaA TIONIYOCH @, & IIATEIM 3JIEMEHTOM — JKCUEHMPUcUmeme.

OJieMeHThl OpOUT HeOeCHBIX TeJ BBEIUMCJAKTCA II0 JaHHBIM
MHOTOKPAaTHBIX HaOJMOJeHNiI MX BUAMMBIX [OJ0:KeHWid. JIBisKene
3eMiM M3ydaeTcd II0 BUAMMOMY TOIWYHOMY IBIMskeHNto CoOJHIA.
Y 3eMHOI OpOUTEI HakJIOHeHNe ¢ = ()7, y3JIbl OTCYTCTBYIOT, @ = a, = 1
a.e.ume=0,0167 (mpubamskenno e = 0,017).

OKCIeHTPUCUTET 3€MHOI OpOMTEI BEIUNMCISAETCS 10 HaubOJb-
mieMy n__ ¥ HauMeHBIIeMy 1. CyTouHoMy cMelleHnto CosHIA 110
SKJINIITHKE, OTPaKalolleMy IBIIKeHNe 3eMyan. B Hawdasle AHBapd
n = 61" (3emna B mepurenmn), a B HAUaJe MIOJST — n. = 57
(3emna B adpenuu). ITo BropoMy 3akony Kennepa B riepuresinm cko-
PoOCThb 3eMan HauboJbIIaa v,=n,.xqaB adeny — HaMMeHbIas
v, =n_. Q, Ipu4eM B COOTBETCTBUI C 3aKOHOM COXpaHeHIA MOMeHTa

Q
RoJnm4yecTBa ABMMHEHNA

vgxq = vRxQ MIM nmaxxq2 = nminxQ2,

OTKYZa, MCII0JIb3y A popMyJibl (5.2) u (5.3), HaligeMm:

Ite_ M _ |1 03397 1 e=0,0167.
l-e - s

OKCIeHTPUCUTETEI opbuT nnaHeT CoOJHEYHON CHCTEMBI CpaB-
HuTeJdbHO Hebogabime — oT 0,0068 (Bemepa) mo 0,0934 (Mapc).
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3.5. KOHOUIypaumn 1 yCAOBMA BMAMMOCTH NMAGHET

VckmouenueM aBaATca opdouTsl Mepkypusa (e = 0,2056) u ILoyTo-
Ha (e = 0,2554).
DJIeMeHThI IIJIaHeTHBIX 0pOUT IpUBedeHbl B IPUJIIOKeHNN 1.

3.5. KOHOUTYPALIUN U YCAOBUA BUAMMOCTU NNAAHET

Bunumele Ha HeDe B3aMMHBIe paclioioxxkeHusa Tel CoJHEUHO
cUCTeMBl Ha3kIBalOTCA X KoHu2ypayuamu. Huske paccMoTpeHbl
TOJIBKO KOH(purypamum IrageT oTHocuTencHo CoJHIA, Tak Kak
KOH(PUTYPAIMI MHLIX TeJl aHAJIOTMYHEL

WMz0bpasum B niaockocTy SKAMOTHUEKM (puc. 38) Comaune (C),
opbuty 3emnu (3), npoekiyio opouTsl naareTs! (P) 1 HanpaBienua
Ha Toury Becennero paBuHomeHncTsus (V) ¢ Comuila u 3eMin. OKIUII-
THYecKasd JIOJITOTa, OTCUNThIBaeMas ripu 3emite or Y, HasbIBaeTcH
TeOIIeHTPUIECKOH JTONTroTol A, a oTcunTeIBaemMad Ipyu CoJHIle — Tre-
JMoIeHTpudeckoit qoaroroii . 'eonerTpuueckasa gosrora CosHna A
I TeTMOLIEHTPUYECKa A JOJIT0Ta 3eMi | cBA3aHBI COOTHOLIEHNIEM

A=180"+1, (35)

YenoBua BMIOVMOCTH IIJITaHET 3aBMCAT OT MX KOHq)I'II‘ypaLIMf’[
OTHOCHUTEJIBHO COJIHI_Ia, KOTOpPBIe pPas3JIMYdHbI ¥ HIMHNX M BEePXHHNX
maHeT. VI3-3a 3IIMIITUYHOCTH 0p6MT reJIMOIeHTPUYECKNe ¥ reo-
OeHTpUYeCKNMe PaCCTOAHMA IIJaHeT Jaxe [IPY OOMHaKOBBIX KOHq]H—
Typanuax HeCKOJIBKO Pa3JIMYHEL

Puc. 38. TemmonerTpidecKas DosroTa | ¥ reoleETpIYecKas OATOTa A
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

Roudurypamim HIGKHIX OaaHeT. HuxHMe naaHeTsl Mepky-
puit 1 BeHepa pacnososkeHEl K CoJHITY Oaike 3eMIN U IBMKYTCA
BOKPYT Hero ¢ OoJbIleli CKOPOCThIO M MeHBIITNM IIepuogoM obpalie-
HuA, Heskenu 3emnd. Ha puc. 39 nzobpaskens: Coanile (C), cooTBeTc-
TBYIOIIIVE [TOJIOYKeHVsT HVYKHel ianeTst (1, 2, 3, ..) u emun (3, 3,,
3,, ..) Ha CBOMX 0pOMTax ¥ HallpaBJieHe CYTOYHOrO Bpalenns Heba
cBocToKa (E) k 3anany (W). Rordurypanmsa (7), Ipu KOTopoli IL1aHe-
Ta npoxoant mexay CoJiHuem n 3emieli (51), Ha3bIBAETCH HUNHUM
coeduHeHuem (c CoJHIIEM): reolleHTpHYecKas IOJIr0Ta I[JIaHeThl
A = L — reonenTpudeckoii gosrore CoJHIaA, ee reJIMOLeHTpUYecKasd
noarora | = [ — reaMoLieHTPUYECKOJi J0JroTe 3eMJi, reOleHTPU-
JecKoe paccToAHKe (paccToAHNMe OT 3eMJiN) HaMeHblllee, a YIJI0BOi
(M BUOAMMBII) IM1aMeTp IJIaHeThl HanOoJbInii. VI3-3a HAaKJIOHEHN A
OpOKTEHI IIJIaHeTa pacliojlaraeTcd Ha HeDe HECKOJILKO CeBepHee WK
osxHee CoJIHIIA, HO ecJIM HUsKHee COelIMHeHMe HacTylaeT BOJIM3u
y3J0B OpOUTHI, TO TIJIaHETA MPOEKTUPYETCHA Ha COJHEeUHBIN IHMCK.
Taxkwme npoxoxderusa no ducky Coanya NponcXogaT penko: v Mep-
KypUA — TOJILKO B Mae 11 Hogbpe yepes 13 u 7 neT, mpudem MesxRIy
MaMCKUM U OUYepelIHbIM HOADPHLCKUM TPOXOKIEHUAMHU MOKeT
nponTu 3,5 rofa (mocienHue NPoXo:xIeENs Op1m 13 Boabpa 1986 r.
u 6 Hoadbpa 1993 r.); v Beneprr — B uioHe u nexadbpe, ¢ uepenopa-
uueMm uepes § jyet, 105,5 rona, 8 nmet n 121,5 ropa (npenmocnentee
6n1710 6 mexabpa 1882 r., a mocneguue nponzouzontny 8 noua 2004 r.
u 6 mrona 2012 r.).

neHué cgmov,,o
20
“ﬂ“p?amaﬂuﬁ Heda .

E

Puc. 39. Roadmurypanuny HMKHIX [LIIaHET
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3.5. KoHdurypaumm 1 yCAOBHMA BUAMMOCTH NAGHET

B6a13n HuKHEro coeIHeHUA NJIaHeTa llepeMelllaeTcd 110 HeDy
IONATHBIM ABMKeHMeM (COBHAZIAlOMIMM C HallpaBJeHMeM IIPAMOTro
IBJKEHMA B IIPOCTPAHCTBE), HAaXOAUTCH Hall TOPM30HTOM JHEM,
HenaJieko oT CoJIHIIa, ¥ IOSTOMY HeBOOPYKeHHOMY a3y He BUIHA.
K 3emye obpallleHO TeMHOe IOJIyIIapye IIJIaHeTEl, 11 B TeJleCKOIIbL
ObIBaeT BUJIHA ee ceplloBMIHAA dasa (cM. puc. 34). 3aTeM 3eMJda
CMellaeTcs B IIOJIOXKeHne 3, a IIJlaHeTa — B IOJI0sKe e 2 1 OTXOIUT
K 3anany (Bmparo) oT CoJHIIAa — HacTynaeT 3anadHoe ydaaeHue,
1IN 3anaduad aaoHzayus (T JaT. ex — «u3» U longus — «IITMHEBI»)
IUIaHeThl, Ipu KoTopoit AL =L — A <0 ul > [ Ilmamera 3axomut
3a Topu30HT paHblle CoJyHIA, a BOCXOAUT JI0 €ro BOCXOoZa U BUIIHA
B BOCTOUHOI CTOPOHe Heba BIIpefyTpeHHee BpeMd (YympeHHAA eUudu-
mocmsb nnaHeThl). Ee cepnoBupnaa ¢graza obpallleHa BBEIIYKJIOCTHIO
k BocToky (k Comumy). C yBeauueHueM 3alafHON SJIOHTAIlMU IIJIa-
HeThl BO3pacTaloT ee pasa, IPOSOJIRUTEIBHOCTE BUIAMMOCTH U Te0-
LIeHTPUYeCKoe paccToAHMe, a YIJIOBble pa3Mepbl YMeHBIIAIOTCA.
Bcrope HacTynmaeT cToAHMe IIJIaHeTHI, ee IIONATHOe IBUKeHNe
cMeHAeTcA IPAMBIM, a 3aTeM HacTaeT Hauboavwasa 3anadHas
anoHeayus Ak = (L — A) , IpU KOTOPON MpsiMasd, COeANHARIIaA
SeMJIK € [IJIaHeTOM, CTAaHOBWUTCH KacaTeJ JIbHOM K [LJIaHeTHOI opOuTe
nul—1=90 — A\ (cwm puc. 38, nmonoxenue 3). Termepr BumHA
OJIOBMHA JMcKa raHeTwl (paza ¢ = 0,50), a ee mpeayTpeHHAA
BIIUMOCTE, KaK IIPaBMJIO (HO He Bcerna), IOCTUraeT HauOOJbllelt
IPOIOJFKNTEEHOCTH.

[Mocne HaudoOBITIEN 3aTla/THO BJIOHTAITUY TIJIaHeTa TPUDIMsKa -
eTca Kk CoJHIly ¢ 3anana (mojoskeHue 4), ee BJ0Hranysg YMeHBIIIa-
eTcd, dpaza pacTeT, TeOlleHTPUUECKOe PACCTOAHME YBeIUUMBaeTcs,
a IPOJOKUTENLHOCTE YTPeHHe BUIMMOCTHY COKpalliaeTes, 1 BOIm-
31 KoHQUTYpalun, Ha3blBaeMoit geprrum coedunenuem ¢ CoyHIleEM
(momosxeHnue 5), mIaHeTa CTAHOBUTCA HEBUAMMON HEBOOPYIKEHHOMY
rna3y. B BepxueMm coeanHenny niaHeTa HaxoauTtes 3a CosnileM (ce-
BepHee WM I0yKHee Hero), ee A = 1O, I — [ = 180", reorjeHTprdeckoe
paccToAHMe HauboJbIllee, YIJIOBOM IMaMeTp HaMMeHBITUI, a ¢dasa
¢ = 1, Tak Kak K 3eMile IIOBEePHYTO BCe OCBellleHHOe IIoJIyllapue
IJaHeTEL 3aTeM IJlaHeTa OTXO0IUT K BOCTOKY (BJeBo) oT ConHija —
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

HAaYMHAETCA ee 80CMOUHAA JINOH2AUUR, TIPU KOTOPoit AL =L —A® >0
n | < |, reoneHTpuieckoe paccTodHuMe U (pa3a yMeHbIIAIOTCHA,
a YIVIOBOI JMaMeTp Bo3pacTaeT; IlaHeTa 3aX04UT 3a TOPU30HT [10cJIe
3axoga CoJiHIIA ¥ BMIHA [0 BeyepaM B 3aliajHoit obaacTti Heba. Ilpn
HaMOOJIBIIEN BOCTOYHON SJI0HTAIMY (TooxkeHne 6) AL = (A — k@}m,
[,=1=90"—A7_, dasza ¢ = 0,50 (BEIDYKJIOCTE K 3anany, kK CosHIly)
¥ YCJIOBMA BedepHell BUIMMOCTHY 0OBIYHO HauboJiee OJIaronpuAaTHEL
Hanee nmaHeTa nocTelleHHO cOmmxaeTcesa ¢ CoJIHIIEM C BOCTOKa, ee
¢raz3a CTaHOBUTCH CEPIIOBMIHON, MPOINOJIKUTEJbHOCTL BeuepHeli
BIIMMOCTH COKpalllaeTcH, CHOBA HAaCTyIllaeT CTOAHMe, IIPAMOe JBU-
JKeHle cMeHdAeTcd IIONATHBIM, ¥, HaKOHell, IIPOMCXOIUT OuepelHoe
HUKHee coefuHeHNe (TTonosxenmne 7).

OcHoBHBIE KOH(UIypaluyM HUKHUX ILJIaHeT u300paskarTcs
cxemolt (puc. 40), rme cTpenxkaMu Ha OpONUTe IJaHETHl [IOKAa3aHAa
COBMAMAIOIIAad C HAIIPaBJIEHMEM [BMMKEHUA IJIaHeTHl IIOCTIeoBa-
TeJNLHOCTL CMeHBI ee KoH(urypaumii: 1 — HHUKHee coeguHeHUE,
2 — Haubonbllasa 3amagHasd 3JI0HTallNsd; 3 — BepXHee cOeJUHeHUe;
4 — gaubospIIas BOCTOUHA A BJIOHTAIIMA

(®

N

Puc. 40. Cxema xoHUTypaIni HISKENX IIaHET

Ha mporasxennyn cMeHb! KOH(MUrypanuii nnamMetp aucka Mep-
Kypus menserca oT 5 no 12", a 6meck — B 100 pas, mpuMepHO OT
+3™ (B HMsRHeM coelnHeHMK) 0o —2™ (apdue Cupuyca); y BeHepbr —
coorBeTcTBeHHO OT 10 710 63" 1 oT —2,7™ o —4,4™.

W3-3a s0IMOTHYHOCTH MJIaHETHHIX OpOMUT HamboJbIlne 3JI0H-
ranuy He MMeIOT IIOCTOAHHOTO 3HaueHnA. ¥ MepKypuda oHM 3aKJII0-
UeHBI B Opefenax or 18° (mmamerta B mepuresun) mo 28° (miraHeTa
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3.5. KoHdurypaumm U yCAOBHMA BUAMMOCTH NAGHET

B acpesum), Ipu cpenHeM sHaueHun = 23°, a y BeHepbl — o1 45 mo0 48°
(cpenuee 3HaueHne = 46°). Obe rIaHeThI HE OTXOAAT AaJieko oT CoJlH-
1a, ¥ II03TOMY HOYEK He BUJHBL [Ipofo/:KuTe/IbHOCTh UX YTPEeHHel
¥ BeuepHeli BUMMOCTH He IIpeBhIIIaeT Y BeHephbl 4eThkIpeX 4acoB,
a y Mepkypusa — IoJIyTOpa 4acoB, M 3Ta IIJIaHeTa 4acTO BUJIHA
TOJIBKO Ha oHe 3apy. OOBIYHO HaWJIydllllie yCJIOBMUA YTPeHHel Bu-
OMMOCTH CO3AKTCH BECHOM, KOrlla SKJIUIITHKA [10 BedepaM BBEICOKO
ToAHUMAaeTcd HaJl TOPM30HTOM, a BeuepHelt BUIMMOCTU — OCEHbIO,
TaK Kak TOTJa SKJIMIITHKA 3aHMMaeT aHaJIOTMUHOe IIOJIOMKeHNe YT-
pom. OHAKO ecyM CKIIOHeHIe IIIaHeTH MeHbIe ckloHeHna CosHIa,
TO Ja’Ke IpY HauOOJLIIel 3JIOHTally OPOIOIKUTEeILHOCTE BUON-
MOCTM IIJTaHETHI 3aMeTHO cokpalaercd, a Meprypuii uHOTa COBCEM
He BUJIeH, TaK KaK BOCXOOUT U 3aXOIUT B CBETJIOE BpeMsd CYTOK.

Koudurypammum BepXHHX MJIaHeT. ITHU IIJaHETHl IBMIKYTCHA
3a opbuToll SeMiM, UX CKOPOCTh MeHbllle 3eMHoIl. B koHpuUrypa-
1My, Ha3bIBaeMoli coeduHeHuem, IIaHeTa HaxoauTca 3a CoJHIIEM
HEeCKOJIbKO CeBepHee WJIM lOjKHee Hero, ee A = A®@ u | — [, = 180°
(puc. 41, monoxkenne 1 muiaHeTsl M monoxkenue 3, 3emut; C —
Comatiie). Ecam coenmHeHne npon3oiiieT BOMM3MU y3ja opduTsl, TO
IJ1aHeTa IpoigeT 3a auckoM CouiHua. BOnusn coeqyiHeHNA IIJIaHeTa
BOCXOOUT ¥ 3aXOAUT II0YTHU OOHOBpPeMeHHO ¢ COJIHIIEM M II03TOMY
He BUIHA. Ke reoljeHTpudecKkoe paccTodHMe HauboJiblllee, 1uaMeTp
JIVCKa HaVIMeHbIIINIA.

WM3-3a nBuskeHusa 3emyn CoJiHIle cMellaeTcd II0 3SKJIUITUKE
K BOCTOKY OBICTpee TIMaHeTHI, KOTOpas, MepeMelniasch B TOM Ke
IpAMOM HalpaBiaeHUN, orcTaeT oT CosHIA K 3an1any (mojoskeHue 2)
1 CTAHOBUTCHA BUAMMOI B BOCTOUHOIT CTOpOHe Heba He3aJoJro 10 eTo
Bocxona. C yBenmuueHMeM 3allaJHOTO yOaJleHUd [JIaHeTa C KaskIbIM
JIHeM BOCXOIUT paHbIlle, IPOJOIKUTEILHOCTL ee BUJIMMOCTH BO3-
pacTaeT, TeolleHTpUUECcKOoe paccTodgHMEe yMeHbIllaeTcsd, a YTIJIOBOIL
IuaMeTp yBeJuuuBaeTcsd Horga samafHoe yZaJieHMe IOCTUTaeT
Al = X®— L = 90°, HacTynmaeT kKoHUTYpaIMsa, HasbIBaeMasd 3d-
nadHodl weadpamypot (HonoxkeHMe 3), IPKU KOTOPOI IIIaHeTa
BOCXOJIMT OKOJIO ITosryHoun. IlepeMeniadck B IpAMOM HallpaBJIeHUK
u nocrenenHo orcrtasasd oT ComHia (AL = A@-— A > 90°), muanera
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

OKa3EIBaeTCA B IPOTUBOIIOJIIOMKHON €My CTOpoHe Heba — HacTymaeTr
5T10Xa TPOTUBOCTOAHNA MINTaHeThL. [Ipy KoH(UTypalmn, Ha3bIBaeMori
npomusocmoaHuem UIN onnoduyuel (0T JIaT. «OPP03» — «IPOTHU-
BOIIOJIOKeHVe» ), IadeTa oreTonT oT CoJsHna Ha AL = A — A®@= 180°
neel= [ (nmonosxenne 4).

5 penu ec yMOvm“

y Hedg —~
“pl‘?u umgml" a w
E{mﬂ‘

1

Puc. 41. Koudurypannmn BepxXHux miaHer

Omnoxa IMPOTUBOCTOAHMA Haubolslee OJarompuaATHa »OJA Ha-
OmomeHnit MIaHeTHI: OHA BOCXOOUT BeuepoM, BUIHA BCIO HOUD,
MaKCUMaJbHO cOIMKaeTea ¢ 3eMyell U Mo3TOMY MMeeT HauboIb-
MUt YraoBo# numameTp. B 3Ty smoxy 3eMmid obOroHAeT TIaHeTy
“ ¢ 3eMJM KajkeTcs, UTO TJIaHeTa OocTaHaBJIMBaeTcd (cmosHue
IIJIAHEeTH), 3aTeM HEKOTOPOe BpeMsd ITepeMelllaeTc s IOMATHO, CHOBA
OCTAHABJMBAETCH U IIOCJE 3TOr0 HPOJIOKAET IPSAMOe IBIKEeHNe.
Ha puc. 42 oguHakoBsIMI b paMu 0OTMeUeHbI IOJ0MKeHN A 3eMIIN
M TIIaHeTHl Ha OopOUTaX B OIpeelieHHbIe MOMEHTHI BPeMeHI,
a TaKyKe COOTBETCTBYIOIINE UM BUJMMEIE IOJIOMKEHUSA TIJIaHETHI
Ha 3Be3IHOM Hebe: IpAMoe IBMKeHNe naaHeTsl (1 — 2 — 3) cMeHAa-
eTcd MOnATHRIM (3 — 4 — 5), ITocJie Uero OHO CHOBa BOCCTAaHABJIMBa-
etcs (5 —> 6 — 7). B MOMeHT IpoTHMBOCTOAHUSA IIJIaHeTa HaX0OUTCA
B cepeluHe OYIM IONATHOTO OBUsKeHHUs (mojoskeHue 4). Vz-3a
HaKJOHEHWA OPOUTEHI IJIAHETHI ee BUAMMBIN IYTh BBITJIAOUT TIeT-
Jneobpa3HBIM. Takum obpasoM, neTiaeobpasHoe ABMKEeHIe BepXHUX
IITaHeT He peaslbHOoe, a JIMIIb Kajkylleecd (IapallaKTHUecKoe),
IpUYIeM pasMepsl IMeTJan oOpPaTHO MIPOIMOPIINOHANBHEI TEOIEeHTPU-
TeCKOMY PacCTOAHUI.
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3.5. KOHOUIypaumn 1 yCAOBMA BMAMMOCTH NMAGHET

Buduman nemas

4 “ﬁo\d‘a
e Fepxnel

Pue. 42. OfbsacHeHMe IONATHOTO JEMKEHNA BePXHEN IIIIaHeThI

ITocye ommosuIMK miIaHeTa IocTelleHHo comkaeTtcsa ¢ ComH-
eM (KoTopoe NpudisKaeTcA K Hell ¢ 3araIHOM CTOPOHEI), pacIioya-
raeTcda Ha HebOe BOCTOUHee (JIeBee) HETO 1 BUHA II0 BEUEPaM IT0Ccye
ero 3axona. C KasKIBIM OHEM 3aXO[ MJaHeThbl HaCTYIIAeT PaHbBIIe,
ee reolleHTPUYECKOe PACCTOAHNE BO3PACTAET, 4 BUIMMEIE PasMephbl
yMmeHbmawTcA. KHorga BocTouHoe yaaseHne miaaHeTwkl oT CoJHia
cokpaturesa o AL = L — A®@= 90°, koH(puUrypauna Ha3bIBaeTcd
80CMOUHOU Keadpamypol, TP KOTOPO IJIaHeTa 3aXOIUT OKOJIO
noxyHouu (cM. puc. 41, monoxkenne 5). HakoHell oHa CTaHOBUTCHA
BUINMOIT yike Ha dpoHe BeuepHeil 3api, a 3aTeM CKPBLIBAETCH B COJI-
HEUHBIX JIydaX — HacTyIlaeT ee odepenHoe coemnuenne ¢ CosHIIEM
(momosxenmne 7).

OcHoBHBIE KOH(PUTYPAIINYM BEPXHEH IaHeThl n300paskeHbl Ha
puc. 43, Toe cTpeJIKaMN IMOKa3aHa IMOCJIeIOBATEeJIBHOCT UX CMEHBI:
1 — coepmHeHNe, 2 — 3amagHad KBAJpPaTypa, 3 — IPOTUBOCTOAHNE,
4 — BocTOUHAA KBaJpaTypa. OTa I0CIEeI0BATENIBFHOCTb ITPOTUBOIIO-
JIOJKHA HAPABJIEHNIO OPOUTAJBHOTO IBUKEHNA IIJIaHETHL
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NABA 3. OCHOBHbIE CBEAEHWSA O KWHEMATUKE COAHEYHOW CUCTEMBI

Jemnn

3

Puc. 43. Cxema roH(UTypaluil BEPXHEUX ILNTAHET

YcnoBuA BUIOVMOCTM BEepXHMX IJIaHeT B3aBHCAT OT MX IIO-
JIOJKEeHMA Ha SKIMOTHKE B COOTBETCTBYIOMIMX 30LMaKaJLHBIX
cosBe3guax. [laske B DIIOXM IPOTHBOCTOSAHMII DTY YCJOBUA Pe3KO
Pa3JIMUHEL Hauayulye OBIBAIOT B 3VMHNE IIPOTHBOCTOAHNHA, KOT-
Ja IJIaHeTHI IIepeMeIlaloTcs IIo cosBes3auam Tesanna, Bianszeron
n Paka, BLICOKO IOIHMMAIOTCS ¥ OOJIBIIYIO YacTh CYTOK BUIHEL HAZ
TOPMBOHTOM, YeMy CHOCOOCTBYIOT IJINMHHLBIe 3UMHMe HOouM. JleTHne
’Ke IPOTMBOCTOSAHNS caMble HeOJIaropuaTHEIe, TAaK KaK HAaCTYIIAloT
B cosBesuax Cxopmmona, Ctpensna u Kosepora, cyTodHbI IyTE
KOTOPLIX HaJ TOPM30HTOM CpaBHUTEJLHO HM30K, & KOPOTKNE JIeTHIe
HOUJ COKPANIaioT BUANMOCTE IITTaHeT.

YpaBHeHUEe CUHOAUHYECKOT0 ABUXKEHUA

OnHOMMeHHble KOH(pUTypaly IJIaHeT HacTyHaloT B Pa3HBIX
To4kax MX opbut. IlpoMexkyTok BpeMeHM, 3a KOTOPBIH IIJTaHETa
coBepIIaeT IIOJHEI 000poT 110 opbnTe, Ha3bIBaeTCA 36e30HbLM MJIIN
cudepuueckum nepuodom obpauweHud. llepmon cmeHBl KoH(DUTY-
paumii HasblBaeTcAa cuHoduuecKu.m (OT TPedecKOro «CHHONOC» —
«coeVIHeHNe») nepuodom odpaweHus MIaHeTHl M OTINdaeTcd OT
ee 3Be3gHoro nepuoga. Ilycte T' — cupmepmuecknii nepuox obpa-
IIeHns ItaHeTsl, a T, — cujepudeckuii mepuos obpamienna 3emMin
(3Be3aneni roz). CpenHee 3HadYeHNe IYTH, IIPOXOIOMMON IIJIaHETO
IIo opbuTe 3a OHM CYTKM, Has3blBaeTCd CpPeIHNM IBIIKeHNeM
n=360": T, n aHaJIOrMYHO cpefiHee NBIKeHNe 3eMIIn n,= 3607 : Ty
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3.5. KOHOUIypaumn 1 yCAOBMA BMAMMOCTH NMAGHET

Y woxanx maanet T < T, un > n. OqHonMeHHbIE (HamipuMep,
HWJKHME) COeIVIHEHVA IIaHeThl (puc. 44) HACTYIIAT Yepes CUHOM-
Jeckuit nepuon obpaliieHus S, 3a KOTOPLIi 3eMJId TPOXOONUT OYTY

L—n 536

0
a TUlaHeTa, Vi BOepesn, coBepriaeT oauH obopot (360°) Bokpyr
CouHnja 1 3aTeM JIOrOHAET 3eMJI0, TO eCTh IPOXOANUT YIJIOBOM IIYTh

360°

S,

S.

L=n-5=360°+L,

Brerunraa IIepBOe PaBeHCTBO M3 BTOPOro, IIOJY4YMM ypaBHeHMe
CHMHOOIMYECKOTO ABMMKEeHNA HMAHMX IIJIaHeT!:

=8 (36)

S T T,

Y Bepxaux maaneTr T > T ,n<n

. o» V1 TIO3TOMY ypaBHeHMe CUHO-

JUYeCcKOoro IBM¥eHnd:
1

(37)

3
'

| —

Puc. 44. TlocnenoeaTenbHble HIGXHME coenmHeHnd (1 1 2) HIKHEN ILIaHeThI
(qepes cuHOmITIeCcKUiT Nepuo obpaleHns)

Oba 5T ypaBHeHNHA Jal0T CpelHNe 3HAUeHUS CUHOANIECKNUX
IepnonoB obpalleHns IIJIaHeT, a peasibHble X 3HaUYeHNA HeCKOJb-
KO MHBIe M3-3a HepaBHOMEPHOIO IBIKeHNdA nyiaseT: y Meprypusa
S =116 cyT. c uamenernuamu ot 104 no 132*, y Benepsnr S = 584" = 74,
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TNABA 3. OCHOBHbIE CBEAEHWSA 0 KWHEMATUKE COAHEUHOM CUCTEMb

y Mapca S = 780" c xonebaruamu ot 765 mo 8117 y IOmmrepa
S =399"+4"ny Carypua S — 378" £ 2%

C TakuMK Ke CHMHOOMYEeCKMMHU IIepModaMy IPOMCXOINT cMe-
Ha KoHpurypammit 3eman B Hebe 3Tux mnaHeT; miid Meprypusa
u Benepsl 3eMmid ABJAeTCA BepXHel IJIaHeTO, a [IJ1d BCeX 0CTalb-
HBIX — HIKHeIL

3.6. BEAMKWUE NPOTUBOCTOAHNA

B mpoTuBocTOAHMM BepxXHell MJaHEThHl ee TeolleHTpUUecKoe
paccTosHe MOsKeT MeHATLCA B ITpeJieflaX IIPUMMEPHO OT T, =q —a, =
a(l—e)— a,(mnanera B mepureann) ror, =Q —a,=a(l t+e) —a,
(mnanera B acpenun), rae a — OoJIbIIAA IIOJTYOCE M € — BKCIeHTPUCH-
TeT IJIaHeTHO OpOuUTEL, a a, = 1 a. e. — cpeqHee paccTosAHNe 3eMJIN
oT CoJHia. 3neck HeDOJBNION BKCIEHTPUCUTET 3eMHO OpOUTHI
(a,= 0,017) He yuTeH, IOCKOIBbKY JIMHNUN ATICU]] TITIAaHETHLIX OPOUT He
COBTIAJIAOT € DOJIBLITION OCKI0 3EMHOTI OPOUTHL.

Y nanerux rIaHeT M3MeHeHUE TeOleHTPUUEeCKOTr0 PACCTOSHUA
B Pa3IMUHLIX IPOTUBOCTOSHUSX CPABHUTEILHO HEBEJIKO, TaK KakK
a 3HAYNTEJNBLHO Oosbiue a. Jna Giuskoro Mapea (a = 1,524 a. e)),
obpamiaronierocs o 3HAUUTENLHO BBEITAHYTOI opbute (e = 0,093),
PasINYKA B TEOI[eHTPUIECKUX PACCTOSHUAX CYIIECTBEHHEI U C yUe-
TOM DKCIIEHTPUCUTETa 3eMHOI OpOUTHEI MOTYT OBITE B IIpefienaxX OT
r = 0,677 a.e. = 100,3 x 10° km no v = 0,370 a. e. = 55,3 10° km
(r,, 7, = 1,83). Onmosunun Mapca, HacTynawlye npu reoleHT-
pUUYecKoM paccTosHuM, He mpepbimaionieMm 0,40 a. e. = 60-10° &,
Ha3BLIBAIOTCH 8CAUKUMU NPOMUBOCTMOAHUAMU, BO BPeMa KOTOPBIX
aMaMeTp AMCKa IIaHeThl yBeanuuBaeTcs 1o 25", a 6aeck — mo —2,6™.

Tak kak Opu BeJIMKUX MPOTHMBOCTOAHUAX TIJIAHETA IBUIKETCHA
BOJIIBM CBOETO IEPUTENUA, TO OHI TIOBTOPAIOTCA UepPe3 IIPOMEK Y TKI
BpeMeHN, KpaTHbIe cufiepndeckomMy T ¥ cMHOOMUECKOMY S mepuo-
mam obpallleHus TJIaHeThl, TO ecTh yepesd kT = mS, roe k u m —
nensle uncia. ¥ Mapca T = 687* = 1,881 rozma u cpeiHee 3HaUeHNe
S'=780"=2,136 roma. PaBenctro 1,881k = 2,136m ymoBneTBopAeTcA
uncaamu k=8 um =7, a takske k = 9 u m = 8. [leppasa napa uncen
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3.6. BeArKWE NpOTMBOCTOAHKA

JaeT B IpousBeneHuax 15,05 u 14,95 rona, a BTopaa — 16,93 1 17,09
rozga. [losToMy BesmKne MPOTUBOCTOAHWUA MOBTOPHAKOTCH IIBAiKIIBI
yepes 15 et u 3aTeM dYepe3 17 JeT, HO B pa3HBIX TOUKaX OJIM3KOrO
K 3eMJe yJacTKa ero OpOUTHI U BO3MOXKHEI B MHTEPBAJIE C 5 MIOJIA
no 5 okraAbpAa. Ha puc. 45 mzobpamkensr opbutel Mapca n Seman,
[IOKa3aHbI TeolleHTpUIecKre pacctodHnda Mapca B MIMJIJIMOHAX KH-
JIOMETPOB IIPU €70 OIIIO3ULMNAX B Pa3HbIe TOJIBI I HOMEPA MECSHIEB,
B KakyMe 3eMJid MPOXOOUT YYACTKM CBOel OpOUTHI; yTOJIIEHHO
JIMHKEN OTMeueHBI Te YYacTKU 00enx opbuUT, Ha KOTOPHIX DBIBAIOT
BeJIKNMe TIpoTHBOCcTOAHNA. Hanbosee 9acTo OHM HACTYMIAKOT B aB-
rycte u ceHTAOpe: mpeneinyime Oblm 10 cerTadbpa 1956 rona,
10 aBrycra 1971 roza, B koHIe kA 1986 roga.

QW0 13dex 1975 g

Puc. 45. llporusocrosuus Mapcea: C — Comnnne;
&V — mEns yanos opburer Mapca

Benukne nporuBocToAHNA OBIBAIOT Uy TeX aCTEPOUJIOB, KOTO-
pLle mepuoAndecky 6JIM3K0 Moaxonar k 3emie. Tak, acTepous Jpoc
(a=1,458a.e,e=0,222, T=1,761 roga u S = 2,315 roza) B cpenHeM
MIPOTUBOCTOAHUY IPOXOAUT Ha paccToauuu r =a —a, = 0,458 a.e. =
68,0 MIH KM OT 3eMiH, HO depe3 KaskIble 44 roza (MHOTOa depes
37 meT) cOmmskaerca c Hero mo 0,135 a. e. = 20,2 MJIH KM, KaK 3TO OBLIIO
B AHBape 1931-romn 1975 .

AHaJIOTMYHO MOBTOPAITCA Hanbobline cONMMKeHNA ¢ SeMIlelt
Mepkypua (a = 0,387 a. e,, e = 0,206) B ero HMKHEeM cOeOMHEHUN.
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

IIo T = 88" u S = 116" nerko HaliTH, YTO OHM IIOBTOPAIOTCA Yepes 7
n 13 zert.

U3mepeHHe reoeHTPUUECKUX paccTon HUN

KiaccuyecknM MeTOIOM oIlpelelieHMA TeolleHTpHMUecKUX pac-
cToaruil Tesn CoJIHeYHON cHICTeMBI ABJIAeTCA TPUTOHOMEeTpUYeCcKN it
MeToJl. OTH TeJla 3HaYUTeJbHO DJuiKe 3Be3]] M [I03TOMY U3 pasHbIX
IIYHKTOB 3eMHOI IIOBEePXHOCTM BWUJIHBI [10 HECKOJIbKO pa3sJindaro-
mMMcda HanpaBJieHMAM (puc. 46): na nyHkTa O 3eMHOJ TOBEPXHOCTH
cBetusno M BupHO B Touke M HeGecHOI cdeprl, a U3 [eHTpa 3eM-
s C — B Touke M, Buanmoe ¢ 3eMHOI1 TIOBEPXHOCTH IOJIOKEHME
ceermsia (M) HasbiBaeTcs TONOLEHTPUYECKUM (OT T'peUYecKoro
«TOIIOC» — «MeCTO»), & BUAMMOE M3 IIeHTpa 3eMJIM — 2e0UeHmpu-
weckum moaoxceruem (M) Mam zeoyenmpuueckum mMecmom cee-
muaa. YToa (p') Ipu cBeTUJie MexAy TomoneHTpudeckum (OMM, )
u reorenTpydeckum (CMM ) HanpaBJIeHMAMN Ha HErO Ha3bIBaeTCH
CYMoOuHblM mapaataxcom ceemuna. ClenoBaTelIbHO, CYTOYHBIN
TMapaJjgakc — 3TO YToJ (p'), M0l KOTOPBIM CO CBETNJIA BUIEH 3eMHO
pamuyc (R) myskTa Habnwonerus (O).

Puc. 46. CyTo4HEII 1 TOPM30HTAJILHEIN A PAJLIIAKCEl CBETII

CyTOuHEBNT Tapajjakc p' CBeTUJIa — BeJINUNMHa [IepeMeHHad:
ecyM CBETUJIO HaXOAUTCA B 3eHnTe (Z), To p' = 0; ecnu sxe Ha To-
pusonTe (M,), To p' HauGONMBIIMIt U Ha3BIBAETCA 20PUSOHMAALH LM
napaanaxcom p. CiemoBaTesbHO, TOPM30HTAJBHEBI IapaJjljlakc
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3.6. BeArKWE NpOTMBOCTOAHKA

CBeTHJIa — 3TO HauOOJBIINIT YT0JI, IO KOTOPBIM CO CBETHJIA BUIEH
pajnyc Semm.

Eciu n3BecTeH TOpMB0HTAIBHEI NTapajljlake p CBETUIA, TO €T0
TeolleHTPUUIeCcKoe paccTOAHNE!

r= R :sinp. (38)

OnHaKO HellOCPeICTBEHHO M3MepHTh FOPU30HTAJNBHEI TapaJ-
JIaKC HeJIb3d, TaK KaK pedypaKIya B TOPM30HTE BHECET B U3MepeHN
OTPEITTHOCTH, B JIECATKN M COTHU pas MPeBHITIAIIIe N3MePAEeMY0
BeJnuuHy. llosTOMY rOpMBOHTANBHEIN IIapajlIake P BRIUMCISAETCH
110 CyTOYHOMY IIapaJilakcy p' ¥ 3eHUTHOMY PaCCTOSHUIO Z CBETUIIA.
W3 tpeyroncuurka COM caernyet, 4To

. G .
. :Rsm(l.SO z) R s-mz ,
sin p' sin p'
OTKY]a, 3aMeHAA 1 13 (popMy bl (38), mosyumm:
sinp' = sinp - sinz,

a IIOCKOJIBKY VIJIBI p' 1 p Hebombimme (maske y Ommskoit JIyHBI
p=61,5"), To X PYHKIIMY MOKHO 3aMEHIUTL CAaMMMM YIJIaMM 1 TOTIa

p'=p x sinz. (39)

W3 paByx myukToB O, n O, 3eMHOJi [MOBEPXHOCTH € reorpadu-
YECKMMI [MIMPOTaMu @, 1 @, (puc. 47), pacIoIoKeHHBIMI Ha OTHOM
reorpagnueckoM MepuanaHe, U3MePAIT 3eHUTHbIe PACCTOAHNUA 2,
u z, cBeTmsia M B BepxHeit Kyabmunarmm (CO Z u CO,Z, — HampaB-
senus B 3eHut nyHkToB O u O,). Torga, cormacuo copmyne (39),
CyTOUHEBIE TTapaJlakCchl CBeTUIa

p', = psinz up', = psinz,

B uerbipexyroneanke CO,MO, £0,CO, = ¢, — ¢; LCOM =
180"~ z,;, ZO,MO, = p', —p |, u ZCOM = 180" + z; a cymma 3Tux
yrJai0B (9, — @,) + (180" — z,) + (p', — p',) + (180" + z)) = 360", oTkyma
p',—p', = p(sinz, —sinz,) = (¢, — z,) — (9, — z,) ¥ TOr[Ja FOPMB3OHTAJb-
HBIIT TapaJlIakc
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

_ (p,—2) (9, _Zz).

: : (40)
sin z, —sin z,

(n3-p')

Puc. 47. K onpefienenmo TopM30HTAJIBHOTO IapalIakca

Y cdepounmanvHoii 3eMau pamuycbl R passinyHbl, M, 9TOOLI
MCKJIIOUNTH HeollpeJleJIeHHOCTb B BBIYMCJIEHNM TeOIleHTPNYECKNX
paccTosaamii, 3a 6a3mc N3MepeHNd IIPMHAT DKBATOPHUAJILHLI paanyc
3emu R, COOTCTBYIOLMI eMy TOPM30HTaJbHBIN NapaJijlake Hasbl-
BaeTCA 20PUSOHMANLH LM IKBATNOPUAALHBLIM NAPAAAAKCOM:

pU:pRU/R'

VwmenHo sTH mapasinakcel HebecHEIX Tesl CoJHEUHOI CHCTEMEI
IpUBOLATCA B acTpoHOMMUeckoll Jsmreparype. Torma, corsacHo
dopmyie (38), reolileHTpHUUECKOe PacCTOAHME

R, .
sin p,

SHaUeHUA T IIONYYalTCA B 3KBAaTOPHMAJBHBIX pagnycax SeMJn
(monaras R, = 1) nsn B kusoMeTpaXx (mpuanmas R, = 6 378 km). IIpn
BBIYMCJIEHUN PACCTOAHNII B aCTPOHOMWYECKNX eqMHNIAX (a. e.) mc-
IOJIb3YyeTCA FOPM30HTAILHEI 3KBaTOPHAaJbHEIN NapaJsnake ConHIa
p®-= 8,794", cooTBeTCcTBYIOIMIMIT paccTodgunio B 1 a. e. IIocKONbKY
apaJiaKkchkl 00paTHO IIPOIOPIIOHAJIBHEl PACCTOSHIAM, TO B ACTPO-
HOMWYeCKNX eIMHNIIax

F=

(41)

po 8,79

Py Py
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=



3.7. ACTDOHOMMWYECKAA eAMHKLIA AMWMHBI U COAHEUHBIN Napaniake

rie p," — FOPM30HTAJbHLI 3KBaTOPMAJbHLI MapajaKke B CeKyH-
Iax OVTIL

B HacToAmee BpeMa TPUTOHOMETPIIECKNIT MeTO I IIPUMeHAeTCS
[IJ1A OIIpefelleHN A TeOleHTPUIeCKNX PacCTOAHNIT TajIeKNX IJIaHeT,
aCcTepoUIIOB U KOMET.

Jna ompenelleHNA PacCTOAHNMIT 10 OJMMBKUX KPYIHBIX Tel
¢ TBepnoli nmoBepxHocThi0 (JIvHbl, Mepkypusa, Beneprsl n Mapca)
VCIIeNTHO IIPUMeHAeTCs paaoIoKallMoOHHBIN, MM palapHbIit, MeTOT:
K HeOeCHOMY TeJIy IIOChINIal0T KOPOTKIME PAaIMONMITYILCEL, (DUKCUPY A
C BLICOKOJ TOYHOCTEIO (He Huke 107° ¢) MOMEHTEI UX IIOCBLIKHA (t)
" Bo3BpallleHns (t,) mocie orpaskennsa Torma nckoMoe paccTosHue

B KMJIOMeTpax
—
r=g-= rat (42)

rae (¢, — t,) B cekyHAax u ¢ = 299 7925 kM/c — CKOpPOCTB pacIpo-
CcTpaHeHNsA PaJVOoBOJIH B BAKyyMe.

3.7. ACTPOHOMUYECKAA EAUHNLA AAUHDI
N CONHEYHBIN MAPAANAKC

HafiTn pimuHy acTpOHOMWYECKOH eNWHUIBI B KHJIOMEeTpax
HeIloCpeICTBEHHOI paanosokamnmeii CoJHIIA HEBOBMOMKHO, TaK KakK
HEeNB3BECTHO, OT KaKOro IJIyOMHHOTO cJiod rasoobpasnoro CoiHIa
OTpasuUTCA IOCIIAHHLI K HEMY PaIlOCUTHAJ, U, KPpOMe TOTO, HeMs3-
BECTHO, He Oy JeT JIU OH 3aTJIyIIIeH MOIIHLIM paanonsiryuennem Co-
HIla. ACTpOHOMMIECKasd e eIMHUIIA TIpeicTaBadgeT coboil cpenHee
paccrogane Mexay neaTpamu 3emim u Comaiga. [losTomy ee ninnaa
ompefiesieHa paauoJIOKannell HIDKHUX TIJIaHeT BOIMBY UX HINKHETO
coenmHEeHNA. [[okakeM IPUHIIUIT TAKOTO OIIPeeIEHNA 110 PaauoJio-
ranuu BeHepsl.

IIycTe BOM3K HMKHeTo coeguHeHNA (puc. 48) Benepa (B) maxo-
Iutcda Ha pacctoaHuu r oT Coxxna (C), a 3emansa (3) — Ha paccTodA-
HUM 7, OT Hero. ['eolleHTpUUecKoe paccroAnne BeHeprbl oboszHauum
4epes T, a pa3HOCTb reJIMOLleHTPIYeCcKOli I0JIrOThl 00eunX IIaHeT —
gepes (I — 1)
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

CorslacHO ypaBHeHMIO aJinuIica (28)
B a(l-é%) o ao(l—ez)

= 4 '
1+e-cosb 1+e,-cosO,

raer,amn CI'.U BEIpaYKeHEl B KIMJIOMeTpaX M II0Ka ellle He I3BeCTHEL

7

3

Puc. 48. K BorauciieHNI0 AJIMHEL ACTPOHOMMYECKOM eMHNIIbI

Paccrosinme r| onpesiensieTcsa paguosiokanuest mo popmye (42)
HEeMoCpeJICTBEHHO B KMJIoMeTpax, sHavennsa e = 0,0068 me, = 0,0167
M3BeCTHb! 13 Habmonenuit, a 6, 6, u (1- I“) BBIUMCIAIOTCA 10 OBMKE-
HUIO IJIAHeT ¥ HA MOMEHT U3MepeHus | Toske n3BecTHLL Torna

s o 1= T [ 1-¢¢ T (1-e*)(1—&
F=a|— | +a| ————— | —2aa, cos(1-1,) |,

1+e-cosd 1+¢,-cos0, (I+e-cosB)(1+¢,-cosO

IpuJeM YycIeHHbIe 3HAUeHN A De3pasMepHBIX BeJIMUMH B KBaJIpaT-
HCckoOKax ompefesensl: 0bosHaunM ux depes £, 1 u & Brinoes a 3a
CKODOKM, ITOJIYIIM:

2
2 _ 22| @ 2 a
n=a| G [—J N -26—|,
4y dy
OTKYyJla MCKOMas JIJIMHA aCcTPOHOMMYECKOH e JMHNUIE]l B KMJIOMeTpax

1
a, = )

cz[i) +n* -2 =
o,

Ay 0

rae a/a, — M3BECTHO U3 TpeThero 3axkoHa Kemsepa 1, B 4aCTHOCTH,
nnsa Benepoi a/a, = 0,7233.
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3.8. [oAnuHaa abeppaluA v NaparakTHUECKDe CMELLEHUE 3BE3A

MHOrOKpaTHBIE OIIpeIeJIeHN A, BEIIOJHEHHBIE ¥ HAC B CTPaHe,
Arrmuu u B CIITA B 1961—1963 r., mokasasnmu, 9To AJMHA ACTPO-
HOMIYecKoi emuuuipl (a) Oamska k sHavenuto 149 600 000 xm.
IToastomy B 1976 rogy XVI cbesn MexIyHapPOIHOTO &CTPOHOMMYEC-
roro cowsa (MAC) npusaAn ¢ yuetom DoJlee MO3JHUX OIpellesieHni
a, = 149 597 870 km c onmbKoiA, He npeBbimaeii 10 kM (10 aToro
[0JIb30BaJCh 3HaUeHneM a, = 149,6 x 10° kM), 4eMy COOTBETCTBYET
COJIHEUHEIIT mapaiaake p = 8,794". [opM30HTaILHLI SKBATOPUAIE-
HBIII Mapajilakc acTPOHOMBI paJyM KPATKOCTM Ha3bIBAIOT Iapall-
nakcoM (0e3 mpuiaraTellbHBIX ), YTO MbI TOXKe OyJIeM MCIIOJIE30BATE
B naJibHelinieMm. PacctoAHne B 1 a. e. cBeT mpoxoauT 3a 499° = §¥19¢,
1 3TOT MHTEPBaJ peMeH!U Ha3LIBaeTCA C8emoasoll eduruy el NI cae-
Mo8oU ACMPOHOMUHECKOU e0UHUYEU.

3.8. TOAUYHAA ABEPPALUA
M NAPAANAKTUYECKOE CMELLUEHUE 3BE3A,

Bo propoit momoBune XIX B. acTpoHoMmbl llynroBckoil o0-
cepBaTOpPMM ONpelenuiIn IIANHY acTPOHOMMUECKOH eVHMITLI
B 149,6 x 10° kM, TO eCTb ¢ TOYHOCTHID COBPEMEHHBIX PaJlapPHbLIX
onpeznenennii. JIya 5TOro oHM NCIHONB30BaJN fABJIEHME, OTKPBITOE
B 1726—1728 r. anrauiickuMm actpoHoMmoMm JI:x. Bpanneem (1693—
1762) n n3pecTHOe IO HazBaHMEM 200UUHOU abeppauuu 38e3d U
200uuHol abeppayuu céema (oT JaT. aberratio — «yRIOHEHUE»).
OTO0 ABJIEHME COCTONT B TOM, UTO M3-3a KOHEUHOJ CKOPOCTH CBeTa,
BUIMMEIE IIOJIO}KEHNS BCeX 3Be3]] HeCKOJIBKO CMeIleHEl B CTOPOHY
nBuskennda Seman. Ilpencraum cebe (puc. 49, a) Semiio E, gBuxy-
IIyrocs B HampasJienny A co ckopocTbio v, Touka sSKRIUITUEN, K KO-
TOpOJi B JaHHBIII MOMEHT HallpaBJleHa CKOPOCTh S3eMJIi, Ha3bIBaeTcA
anexcom (OT JaT. apex — «BepIllnHAa» ). CKOpOCTh SeMJH, OcTaBaach
KacaTeJIbHOI K 3eMHOJ opbuTe, II0c/IeJOBATEJIFHO MeHAeT HallpaB-
JIeHlle, a I03TOMY alleKC HellpepPhIBHO [lepeMellaeTcd I10 SKINITHKe
C YIJIOBOII CKOPOCTBIO 3eMJIM B CTOPOHY ee NBI:KeHMdA (¢ 3amalia
K BOCTOKRY) U Bcerjia yaasgeH Ha 90° k samany ot Cosmlla, TO ecTh
SKJIMMTHYECKAa A [OJr0Ta arexkca A, = L@ —90°.
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

Ecan ot 3Be3ps! S, HaXoAAIIelica Ha YTJIOBOM PAacCTOAHUU U OT
anekca A, MIeT B CTOPOHY 3eMJIM cBeToBoi j1y4 SD, To 3Ta 3Be3a
noJikHa Obl OBITE BYJIHA Ha HeDe B TOYKe .S, HO 113-3a JBIKEeHIA 3eM-
JIV CBETOBBIE KBAHThI CMEIaI0TCA HaBCTPeuy SeMJle I [0 OTHOIIEeHNO
K Helt pacmpocTpaHATcA o Jyuy SE, a mosToMy 3Be3la BUOHA
B TOUKe S, CABMHYTOM OT S Ha HeDOJIbIIIOI YI0JI G B CTOPOHY alleKca.

Sop o5,
17
S §
’ &
¢
[ AN .
o g U, A
0
a o

Puc. 49. ABeppanmonnoe cMeleHne 3eesel (a) 1 ero BeananHa (6)
OueBnunno (cM. puc. 49, 6), YTO IPU CKOPOCTH CBETA C

sing = ~Lsin(180° —u) = L sinu.
c c
ITo manocTn yria ¢ pyHKLIUA sinG = G s VI TAE KK 1 pagn-
an = 206 265", To aDeppallMOHHOE CMELLeHE 3Be3/IbI
6 =206265" 2 sinu =« -sinu, (43)
c
rae k = 206 265" v / c HazBIBaeTCA aAbEPPAYUOHHOU NOCTNOAHHOU
U ABJAeTCA ONHOI M3 (PYHAAMEHTAJBEHBIX aCTPOHOMMUYECKUX Be-
JIMIWH, TIOJIYYAeMOil 13 HaOIIaeHNIT BUIMMBIX ITOJIOXKEHNIT 3Be3],
PACIIOJIOXKEeHHBIX BOJMBM TIOJFOCA SKIMIITUKM. Y TaKUX 3Be3]
SKAUTITUYecKad mmpoTa B 6mmska & 90°, To eCcTb OHM yOaJleHbBI OT
SKIUTITURM U, CIe0BaTelbHO, OT aleKkca MoYTH TogHo Ha u = 907,
II03TOMY MX BUAVMEIE TIOJIOKEHMA CMEIIEHBI BCET/la Ha BEJINUMHY
G = K, 0T4ero HabIOaTe 0 IpeCTABIAETCA, UTO Ha IPOTAKEHUN
ToZla 3Be3[Ibl ONNMCEIBAIOT Ha Hebe MaJIeHbKNE OKPYKHOCTH Paify-
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3.8. [oanuHaa abeppaluA v NaparakTHUECKoe CMELLEHUE 3BE3A

com k¥ = 20,5". Ha puc. 50, a ognHakoBBIMK M paMn 0003HaAUEHbI
JeThIpe TIOJIOXKEHNA S3eMJIM Ha opbuTe M COOTBETCTBYIOIINE WM
BUAVIMBIE TIOJIOXKEHNUHA 3Be31bl S Ha HeDe, KOTOpPBIE CMEIIEHBI B Ha-
[IpaBJIEHMM CKOPOCTM 3eMJIM, MCTUHHOE I0JIOMKeHne S 3Be3Jbl Ha
Hebe HAXOOUTCH B IIeHTpe abeppallloHHO OKPYy:KHOCTHU. BiepBhie
Bpapnu obHapy:KNJI MMeHHO Takyr abeppanyto 3Be3nbl ¥ JIpakoHa,
HaXOoJAIIyocA BOIM3K MOM0ca SKINITUKIAL.

ITynxoBCKIE aCTPOHOMBI 113 HAaOJMI0Ie NI BUANMBIX TI0JIOXKEeHUI
3Be3n 3a 1840—1880 r. BeIBenn 3HaueHMe abeppallliOHHON ITOCTO-
auHoi k = 20,493" u, mpuaAB ¢ = 3:10° KM/C, BBIYMCININ CKOPOCTE
3eMIun:

K 3-10°-20",493

V= = =29,78km/c,
206265 206265

a 3Has nepuoy obparerns 3emum BokpyT Commra T — 31,558 x 10° c,
HaIIN AJIVHY aCTPOHOMMTIECKO eV HNIIBL:

v, 29,78-31,558-10°

a = ~149,6-10° xm.
2 2:31416

Pue. 50. Abeppalnontaoe (a) 1 MapajiakTiugeckoe (6) cMenenne 3Be3 b
Ha nporaxennn roga (C — Coanye)

CoBpemennoe 3nauvenne Kk = 20,496" u ¢ = 299 7925 x¥m/c, uTo
TOKe COOTBETCTBYeT CpeJiHeli ckopocTy 3emin v, = 29,78 km/c.
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TNABA 3. OCHOBHbIE CBEAEHWSA 0 KWHEMATUKE COAHEUHOM CUCTEMb

lommuuele abeppallMOHHBIE CMEIIeHNS 3Be3]] C SKIMIITIYEeC-
KOl IMMPOTOH B MMEIT BUJ 3JUJINIICOB, DOJIBIIAA MOJYOCh KOTOPBIX
¢ =k = 20,5", a Masnas moayock ¢ = k¥ x sinff = 20,5" sinf. IlenTp
3JIJINIICA COOTBETCTBYET NENCTBUTENBLHOMY IIOJIOMKEHUIO 3Be3[IHI,
Ha3bIBAEMOMY €€ CPedHUM MECTNOM.

Ecnu 3Be3na HaxoguTcd Ha skmnTuke ([ = 0), To ee yraosoe
paccTosHMe OT A anekca u = A — A, T/le A — 3KJIUITNYeCKas J0JIro-
Ta 3Be3Ibl 1 A, — JIOJITOTa alleKca, M3MeHAIIasACA Ha IPOTAKeHNN
rozga ot 0 mo 360°. CiemoBaTesbHO, corsacHo hopmyaie (43), v Takoii
3Be3bl abeppallioHHOE CMeIlleHe;

¢ =k xsin(A —4,) =20,5" x sin(A—4,)

M UMeeT BUJ IyTU pasMepom 41"

ITomumo abeppalMOHHOrO CMEIIEHNHA, IPUCYIIETO BCEM 3Be3-
JIaM, Y CPaBHUTEJIEHO DIM3KUX 3Be3]] HabigaeTed elle napailak-
muueckoe cameweHue, BbI3BaHHOe IIepeMellleHneM 3eMJy 1o opbute
(em. puc. 50, 6). Ilomoskenna 3emMan Ha opOUTEe UM BUOAMMEBIE ¢ 3eMIIN
IoJIosKke N 3Be35l S Ha Hebe 0D03HaueHb! OIMHAKOBLIMY I PaMIL.
Habmromaresto kaskeTcd, UTo Ha TPOTAMKEHNN Tojla DM3kasa 3Besga
omychiBaeT Ha ¢oHe cnabbLix (Jaslekux) 3Be3] odeHL MaJleHLKMIT
BJIINIIC (HABBIBAEMBIN NAPAMIAKMULECKUM INAUNCOM) B HATIPABJIIE-
HUU OBM:KeHNnd 3eMin. Ecim 60sbIIyo Noayock napallakTUuIecKo-
To 5aauIca ob03HAUUThL Uepes T, TO ero Majad noayock b = 7 sinf.
CpenHee MecTO 3Be3JbI HAXOOUTCA B I[eHTPE TapaIaKTHIeCKOTO
BJLINTICA.

Brnepsble napannaktuueckoe cMerenne (n1 = 0,125") 6b170 06-
Hapy:sxeHo y 3Bes3nnl Beru (o JIuper) B 1835—1837 r. BeImaronmmea
pycckuM actpoHoMoM B. f. Ctpyse (1793—1864).

B oTsimrume ot abeppallMoHHOTO CMENIEHNA, TTa pajlJIaAKTHUYeCcKOoe
cMellleHMe 3Be3]l Bcerja HampaBieHo B ctopony Comrra (ma 90°
BOCTOYHEe arleKkca) M 3aBHUCUT OT UX PACCTOAHUA, HO JJasKe Y caMoii
63RO ApKOIt 3Be3nb! o IleHTaBpa He mpeBbIaeT © = 0,75"

AbeppalnoHHble 1 DapalTakKTUYIECKNe CMEIeHNA 3Be3]] CIIy-
JKAT HEONPOBEPIKNUMBIMU JI0KA3aTeJLCTBAMU ODpaIeHnd S3eMIIn
BokpyTr ConHia. B HacToAllee BpeMA 9TU CMeIIeHNA U3MEPAITCA
110 poTorpapuecKUM CHUMKAM.
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3.8. [oanuHaa abeppaluA v NaparakTHUECKoe CMELLEHUE 3BE3A

ITy6nmkyemble B 3Be3HBIX KATAJIOTAX SKBATOPUAJIEHBEIE KOOP-
IMHATHI (oL 11 8) 3Be3]I ONpeleIAT UX cpeJlHIe MecTa, OcBoDOMKIeH-
HbIE OT BIANAHNA abeppalnn 1 MapajlaKkca.

AuHeliHble pa3Mepbl TeA COAHEUYHOI CUCTeMbl

Jlunejinoie pasmepnl HeDeCHLIX TeJl BEIYMCJSIOTCS 10 MX reo-
[eHTPUIeCKUM PacCTOSHUAM 7 (MJIM MapajijlakcaM p ) M u3Mepsie-
MBIM BUAVMEIM (YTJIOBBIM) pasMepaM.

Puc. 51. ¥YrnoBrle 1 IMHelHBIE pasMephl HebecHBIX Tedl
(O — mabiogaTens Ha SeMJe)

¥ mapoeunHoro Tena (puc. 51) uzMepsaeTca ero BUAUMBIN J1ua-
MeTp 2p, ¥ TOTZa JIMHENHEI pagiyc Tena
R = rsinp,
VI, 3aMeHAA 1T 13 PopMyJs (41):
sinp
sin p,
Bupnumele pazmept! HebecHEIX Tell (KpoMe ApPKUX KOMeT) MaJbl,

u pasxe y Comnura n JIyas! yraiosoit paguyce p 6mmnzokr & 16'. [TosTomy

R=R, 2, (45)
Py
rae p n pU JOJIZHBI 6HT]3 06H3aTeJII:HD B OOMHAKOBLBIX eIMHMIIAX
M3Mepenns (KaKk MpaBuiio, B CCKYHIAX IYTH).

R=R, (44)

Panuycet Connna, JIyHEL ¥ IIaHeT OOBIYHO BBIYKCIIAIOTCA JIM00
B BKBaTOPMAJBHBIX pagumycaXx R 3emim (1 Torza pasMepHOCTb He
IpocTaBiAeTcA), A1bo B KMJIoMeTpax (¢ yKasaHKeM pa3MepHOCTH),
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

a paJuychl CIIyTHMKOB IIJJaHET M acTepoNZ0B — B KHWJIOMeTpax.
Tak, paguyc Connna R = 109,1 R, = 696 000 xm, a paanyc JlyHbl
R=0,2725 R,= 1738 xm.

AHaJIOTMYHO oIpeleyideTca HIDKHWI IIpefell IJWHBI XBOCTa
KOMETEL, MICTUHHOE HallpaBJieHNe KOTOPOIo B IIPOCTPAHCTBE OTJINYa—-
eTcsd OT BUIVIMOTO.

3.9. BATMEHUA U YCAOBUA UX HACTYNAEHUA

ABuxXeHUe NyHbl

JlyHa — caMoe DimM3Koe K 3eMJle XOJOIHOe HeDeCHOe TeJlo
U ABJAETCH ee ecTecTBeHHLIM CHyTHHUKOM. Panmyc JIyHEI paBeH
1 738 rm (0,2725 skBaTOpMANBLHOTO panauyca 3eMyy), a Macca
B 81,30 pas MeHLbIIIe Macchl SeMIIN.

IloMmumo cyTOUHOrO [BMMKEHMS C BOCTOKA Ha 3amaj 13-3a
BpallleHMA 3eMiHu, JIyHa cpaBHUTENBLHO DBICTPO M HepaBHOMEPHO
IepeMenjaeTcd Ha (poHe 3Be3] B IPAMOM HalpaBJIeHMM 3alala
K BOCTOKY) 10 O0JILIIIOMY KPYTY — AYHHOMY NYMU: 33 OAVH Hac cCMe-
maercd npuMepHo Ha 0,5° — BeMuIMHy CBOero BUANMOTO IMaMeTpa,
a3a CyTKM — B cpeiHeM Ha 13,2°, 13-3a uero BepXHAd KyJIEMUHALIA
JIyHEI eskeJHEBHO HacTyNIaeT IPUMepHO Ha 52" mosixe, 1eM HaKaHY-
He. JIVHHBI Oy TE OIPOXOINT 10 300MaKaJbLHEIM CO3BE3IMAM, HaKJIO-
HeH K DRINTITHKE o yrioM ¢ = 5°09' u epecekaeTces ¢ HEIO B IBYX
JMaMeTpaJIbHO IPOTUEBONOJIOMKHBIX TOUKAX, Ha3bIBAEMBIX AYHHBLUU
yaaamu (puc. 52). B socxodawem aynnom yaae (§)) Jyna nepexoaur
K CeBepy OT SKJINITHUKMN, & B Hucxodauwen yaae (1?) — K 10Ty OT Hee.

Bunumoe HepaBHOMepHOe HepeMellleHMe JIYHEI IO JYHHOMY
IIyTH OTpaskaeT ee IBILUKEHMe B IIPOCTPAHCTBE BOKPYT 3eMJM IO
BJIIMIITHYECKO opbuTe, B OMHOM 13 (POKYCOB KOTOPOJ HaXoIuUTCA
3emna. IlnockocTe JyHHOI OpOMTHI MepeceKaeTcs C IIJIOCKOCTBHIO
3eMHOI OpOMTEI (IIJIOCKOCTBHIO SKJIUIITHUKY) 110 JIMHUM y3JI0B, IPOXO-
IAmlell dyepes oba JYHHBIX y3Ja ¥ IeHTp 3eMmin. Takum obpazom,
JIYHHBIMI IIyTh IIpefcTaBjseT coboli O0JBINION KPYT, IO KOTOPOMY
IIJIOCKOCTB JIYHHOI OpOMTEI IepecekaeTcA ¢ HeDecHOI cdepoii.
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Opbuma Aynet

Puc. 52. Jlynusnt nyTs (LL') 1 nyunas opbura (AJII): 3 — Semus; JI — Jlyna
B mpocTpaHceTee; { — BuaMMoe mososkenne JIyael Ha Hebe; Haraonenne [ = 509

JlBmxenne JIyHBI OUeHb CII0KHOE, TAK KAK TIOJBEPIKEHO CUJTb-
HBIM BOBMYIIIEHISAM, BEI3BIBAEMBIM TJIaBHBIM 00pa30M rpaBUTATIMOH-
HBIM BozgelicTBueM ColHIIA.

CpedHue, NI HeBO3MYWeHHbBLe, dAeMeHMbl JYHHOI OpOUTHI
caenyionpe: Gosbmas moayock a = 384 400 km (mym 60,270R ,
rme R, — oSKBaTOpMaJbHBIA paguyc 3eMin), SKCIeHTPUCUTET
e = 0,0549 n marnonenne | = 5°09". Boraimmad k 3eMJe TOYKa
JIYHHOI OpOMTHI Hal3bIBaeTCA nepuzeem, a Hauboee ylajleHHad
oT 3eMnu — anozees. LA HEBO3MYIIEeHHOII OpOUTEI mepuUreiiEoe
paccroaaue q = 363 300 km (56,961 R ), a anorejinoe paccToAHNe —
@ =405 500 ™ (63,578 R ). [Teproandeckite BOSMYIIEHNA HECKOJb-
KO M3MEHHAKT 3TU 3JIeMeHThl: DoJbIlIyH nosyocs — oT 381 540 no
386 960 rm, srcuerTpucuteT — oT 0,0435 mo 0,0715, HakRIOHEHNE —
or 459" mo 5719, mepureitHoe paccTodAHMe — OoT 356 420 1mo
369 960 kM 1 anoreliHoe paccToAarne — oT 404 170 mo 406 660 kM.
l'opuzoETaTBHBIT BKBATOPUATBLHEIN Tapannake JIYHEL, B cpelHeM
paBuBIN 57,0', mamMensgerca B mpefenax ot 61,5" (61'31") mo 53,9
(53'65"), a ee BuaMMGBIT quameTp — oT 33'32" B mepuree mo 29'20"
B arioree.

Ilepuon obpamenua JIyHBI 0 opOuTe HasbIBaeTcsA 38e30HbIAM,
U cudepuueckum, mecayem. Ero cpefHAA MPONOKNUTEILHOCTE
T = 27,32 cyrT. (Tounee, T = 27,3217* = 27%7%43"12°), HO M3-3a
BOBMYIIEHUIT OH MCHBITBIBaeT HeDosbIimme KonebaHMA B Ipefenax
IIOJIYCYTOK.
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Nyrwnit nyme

a4 Hebecwsit

T\% b=Evl)

P

xaunmuxe

i
i 4 HedecHsit C\ E1 /:( m
% %& sxbamaop 6/ T
i

Agunsri nymes Iknunmuka

6

Pue. 53. IlpenenpHble TOI0MKEeHNA JIYHHOTO IIYTH

JlyrHad opbuTa moBOpaunBaeTCA B CBOE IIJIOCKOCTH B IIPAMOM
HampaBJieHNn c mepuomoM 8 et 10 mecAreB, To ecThb IMOYTHU Ha
41" 3a rox. CaMa TIJIOCKOCTb JIYHHO! OPOUTHI M TMHKUA Y3JI0B TTOBO-
paumMBarwTCcA C BOCTOKAa K 3amaay (HaBCcTpeuy ABU3KeHMIO JIyHBI)
crepuosom B 18,61 rona = 18 net 7 mec. = 6 7987, 1 noaToMy JIyHHBIE
V3JIBI TIepeMeIaloTCA 10 SKIUIITHKE B TOM 3Ke HallpaBJIeHNH (Y3JIbI
oTcTymnaT) Ha 19,3° 3a rom, mim mouTy Ha 1,57 3a cumepuyecKumii
MecHIl. VI3-3a sToro JIyHa Bo3BpalllaeTcsa K OJHOMY U TOMY *Ke Y3y
Jepes Mepuo]l, Ha3bIBAEMbI IPAKOHNUECKUM MeCAIIeM, TTPOOJIKI-
TEJBLHOCTH KOTOPOTO

=T- ‘_52 =27,32 — 011 = 27 21 (ToumHee, S = 27,42122).

;
Tarkum obpazoMm, Ha npoTaxxkeHnn 6 798 cyr. JIyHa KaKIBI CBOI
o0bopoT 1o Heby coBeplIaeT 110 HOBOMY IIVTH, M TOJILKO uepes 18 jeT
7 MecAlleB JIYHHBI Iy TH IPMHMMAaET IpekHee OJOMKeHNe.
OTcTynneHne JyHHBIX Y3JI0B 3HAUMTEJIBHO M3MeHAEeT YCJIOBMA
BuaumocTy Jlynel Korma Bocxomsmmii JIyHHBI y3en §) coBmanaer
€ TOYKOII BECEHHEr0 paBHOJeHCTBUA ', a HUCKOAIIMIT y3er 1P —
€ TOYKOI OCEHHEeTo paBHOAEHCTBIA <X (puc. 53, a), TO Ha MPOTAKEHUN
CHAepUYecKoro MecsAlla CKJIoHeHNe JIyHbI M3MeHAeTcA B IIpefesax
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3.9. 3aTMEHUA W YCAOBMS MX HACTYMAEHUSA

5= =x(s+1)==%(23°26"+ 5°09") = £28°35". Ecain ke ¢ TOUKOII BeceH-
HEero paBHOJEHCTBUSA COBIIAJaeT HUCXONALINMIA Y3eJ, TO CKIOHEHNe
JIyHBI M3MeHdAeTCA B Ipefeiax o = =(s — 1) = £(23°26' — 5709') =
+18°17" (cm. puc. 53, 6).

B cooTBercTBUM co BTOpBIM 3akoHOM Kerurtepa ckopocTh JIyHBI
OTHOCUTEJILHO 3eMJIN (FeolleHTPUYecKasi CKOPOCThL) IIepeMeHHa: ee
cpeHee 3HAUCHME

_ 2na

—=1,02 xm/c,
T

a

B [Iepuree CKOpocTh Bo3pacTtaeT 0o 1,08 kM/c, a B anloree yMeHbIIIa-
eTcda 1o 0,97 km/c.

JlyHa MeIJIeHHO BpalllaeTcs BOKPYT CBOe} ocu B IPAMOM Ha-
IIpaBJIeHMM C MePMOZOM, PaBHBIM CHIEPHUECKOMY MecAIly (Takoe
BpallleHMe Has3blBaeTCH CHMHXPOHHEIM), M IIO3TOMY C 3eMJIM BUIHO
TOJIBKO OJHO JIYHHOe IoJymiapue. IlnockoeTs JyHHOrO 3KBaTOpa 00-
Pa3yeT ¢ INIOCKOCTHIO SKJIUIITUEY yTroJ 1730, a ¢ IJI0CKOCTbIO JIYHHOM
opOuTEI — yroa 6°39', npuyeM BCce TPH IJIOCKOCTH IIePeceKaTCH 110
JIMHWUM JIYHHBIX Y3JI0B — 3aKOH, OTKPbIThIA B 1721 1. ppaHIy3cKuM
actporoMoMm [[»x. Kacenuam (1677—1756). Ock Bpamienuda JIyHBI O0T-
KJIOHEHa OT [epIleHNMKYJIApa K IIJIOCKOCTH JIYHHOV OpOUTEI Ha Yol
6°39" 1 BMecTe ¢ IMHNEN Y3JI0B IIOBOpPauMBaeTCd B [IPOCTPAaHCTRe,
omychiBasd 3a 18,61 roma KoHMUeCKYIO IIOBEPXHOCTE (IIpeljeccusd
JIYHHOIL OCH).

Braromapa HakJOHY JIYHHOII ocM BpallleHMA ¢ 3eMJM IIoode-
pPelHO BMUAHBI TO CeBepHBIN, TO I0:KHBIN moitoc JIyasl. CospmaeTca
BrleuaTJIeHne, byaro JIyHa cierka mokaunBaeTcs Ha 6°39' B Hanpas-
JIeHUJ MepyIMaHoB, IPOXOAAINX Yepes ee MOJCHL. OT0 KasKylle-
ecsd MOKauyBaHMe Ha3bIBaeTCa Onmuueckol aubpayueil no wupome
(ot naT. libro — «pacKauMBaTE» ) M IPOUCXOIUT C TIEPUOJIOM, PABHBIM
IpakoHUUecKoMy Mecdally (27,217%).

Hpyroit Bupg onTudeckoit mubparuu JIyHEI — 5T0 aubdpayud no
dosncome, KOTOpasd ABJAETCA cJeICTBMeM paBHOMEPHOTO Bpalle-
HMA JIYHBI BOKPYT OCH M HepaBHOMEPHOTO ee ABMIKEeHMA 110 opbuTe
(puc. 54).
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Pue. 54. Jlubparusa Jlyas! o noarore: 3 — zemuoil Habmonateas; [I — Jlyra
B nnepuree; A — JlyHa B arnoree; ¢ — LEHTP JIYHHOTO [TOJIYIIa pys, 06paleHHoro
& 3eMIle (CTPeJIkM MOKa3LIBAIOT HATIpaBJIeHNe BpallleHna i1 obpaiienns JIyHo)

3a ueTBepTh NOepuoza obpalieHus JIyHa MOBOpadMBaeTCa
BOKPYT ocy Ha 90°, HO mpoXoaAnuT mo opduTe BOJM3M IIepured IIyTh
boxee 90°, a BOMMBM amorea — Me Hee 90°, IpuUYeM 3TU OTKJIOHEHNA
mocTuUraioT 7°54". B pesysibTaTe Ha BOCTOYHOM M 3alaJHOM Kpadx
JIYHHOTO JJCKa IT00YEepeIHO MOABJAKTCA U CHOBA CKPBLIBAIOTCH 3a
kpalt HeDOJbIIME YYacTKM JIVHHOIT MOBepXHOCTH. VI3-3a JIYHHBIX
Jmbpanmit ¢ 3eMy BUIHO 59 % Bceli moBepXHOCTH JIVHEL

AyHHBbIE dasbl

JIynHou ¢pasoti Ha3EIBaETCA BUAMMAA B COJTHEYHOM OCBEIIIeHUN
JacTh JYHHOTO nucka. @aza ¢ = b : d, e b — #Hanbosbias ocBe-
IeHHa A YacTh AnamMeTpa d JYHHOTO aucka (puc. H5).

JlyrHyMI0 (ha3y XapaKTepH3yIOT TaKKe Bo3pacToM JLyHEI, To ecThb
YMCJIOM CYTOK, HpOTeKIMX Iociye ¢asel HoBoixyHuA (g = 0,0),
IIpK KOoTOopolt BospacT JIyHEL = 0,0%

Ha puc. 55 nokazaHbI I0J03KeHNA JIYHBI Ha ee TeolleHTPUYIECKOl
opbuTe U pAIOM — JyHHBIEe (pas3bl, BUANMEIe ¢ 3eMan. HosoayHue
HactynaeT npu coenuHernn JIyne! ¢ CosHIleM, KOrja OHa IIPOXO-
OUT MeXKIy HVM ¥ 3eMJeil, HO 13-3a HaKJIOHeHNA CBOell OpOMTHI
HeCKOJIBKO BbIITIe MJIV HUKe Hero, BOCXOONUT M 3aXOLUT IIOUTH OJHO-
BpeMeHHO ¢ HIM, ee HeocBellleHHOe IIoJIyInapue odpalieHo Kk 3eMJIe
M He BVJIHO.

ITocie mOBONyHMA JIyHa IIOCTelIeHHO OTXOOUT K BOCTOKY OT
Cosana (0Ha BOCXOIWT OHEM) M IIPMMEPHO UYepes3 ABOoe CyTOK cTa-
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HOBUTCA BUIMMOI II0 BedepaM B 3amnafHoil obnactu Heba B dhopme
yakoro cepra (¢ = 0,10), BEITYKJIOCTE KOTOPOTO oOpaliieHa K 3amnany,
rze o ropusoHTOM HaxoanTes CoJHIe, ocBenawmiee JIyHy.

PORRRRRRR Rt ababtiadititt

Convevwse Ay

.Ha&mgﬂue
o> (03

Nepbar Tpermsa
vemBesms yembepms
o5 @ (Jeos

Puc. 55. Cmena nyuHBIX (haz

HacTo Ipy cepnoBUAHOM (hase BUIeH cjiabo OCBellleHHbIN Bech
JIVHHBIV IVICK, JMlaMeTp KOTOPOro, KaskeTcs MeHbIIle I1aMeTpa ap-
KOTrO JIYHHOTO ceplla. JTO ABJIeHNe Ha3bIBaeTCd NeneAbHblm C8emom
1 00bACHAETCA TeM, UTO JIYHHBII cepll ocBelllaeTcs HellOCpeICTBeH-
Ho CoJHIleM, a ocTajJlbHasA JIyHHas [I0BEPXHOCTbL — pacCedAHHBIM
COJIHEUHBIM CBeTOM, OTpasKeHHbIM JSeMJeil. Buaumoe pasianuye
B IMaMeTpax JMCKa U ceplia — ARJeHMe KalKylleecd, Ha3kIBaeMoe
uppaduayuel (0T natT. irradiare — «CUATH»), U OOBACHAETCH 0CO-
OeHHOCTAMM HaIlero 3PeHNA.

ITo mepe cmeniennda JIyHel k BocTory oT CoJHIla TyHHadA (pasa
pacTeT, 1 Uepes HeJlelo II0cJIe HOBOJIYHM A, Korja JIyHa oTolineT Ha
90° ot Comara (JIyHa B BOCTOUHOI KBaJpaType), BUAHA BCA ITpaBas
IIOJIOBMHA JIYHHOTO AMCKa — HacTymnaeT pasa nepeol uemsepmu
(d = 0,50; BospacT B = 7,4%). B sT0it dase JlyHa BOCXOAUT THEM,
K Bedepy BUIHa B I0:kHOI obmacTy Heba U 3aX0OUT HOYLIO.

UYepes 14—15 cyTok mociie HOBONyHMUA JIyHa OPUXOOUT B IIPO-
TusoctoaHMe ¢ CoJHIIEM 1 ee (pa3a CTAHOBUTCH IOJIHON — MOAHO-
ayHue (dp = 1,00; B = 14,8"), Tak Kak cOIHeUHBIE JIydM OCBEIIalOT Bce
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JIYHHOe HoJyIllapue, obpamieHHoe K 3eMae. [TonHaa JlyHa BocxoauT
upu 3axoge CoJHIa, 3aX0OUT IIPY €r0 BOCXOJle, & B cepeaHe HOUN
BHUJIHA B I0KHOJT CTOPOHe Heba.

ITocne monrONyHMA JIyHa TocTenneHHO npubimskxaetrca k ComH-
Iy c 3allajla ¥ ocBelllaeTcA MM cJjeBa (¢ BocToka). [IpumepHO Uepes
HeZleJII0, KOTJla yIJIOBoe paccTofAHue Mexnay Jlyeoit m CosnHuem
cokpatutca mo 90° (JlyHa B 3amafHOIl KBaZpaType), HACTYIAeT
daza TpeTbeit, uaKM nocaedred, yvemeepmu (p = 0,50; B = 22,2%),
Ipy KoTopoii JIyHa BocxoanT BOINM3M osyHOUN, K Bocxony ConHila
OKa3bIBaeTcA B IOMKHOJ CTOPoHe Heba M 3aX0NUT JHEM.

IIpu panwbrelinmeMm cOmmsxenun JlyHer ¢ CoJsHileM ee yObIBa-
ore (pa3bl CTAHOBATCA CEPIOBMAHBIMM, OHA BOCXOAWT ¥ BMJHA
B BOCTOYHOI1 obJracTy Heba Hesazoro fo Bocxoga CoiHna, 3aX0anT
B cBeTJIoe BpeMA Iepe] 3axonoM CoJIHIIa ¥ BCKOpPe CHOBA BCTYyIIaeT
C HIM B cOeJMIHeH/e — HacTylaeT odepeHOe HOBOJIYHIE.

ITepnozn cMeHEB! TyHHBIX ha3, Ha3blBaeMblii CuHO0UYeCKUM, MIIN
AYHHBLM, MecauemM, IPOIOJKITeJIbHee CHIePIYecKoro Mecara, Tak
xak 1 JIysa, m 3eMJa ABIMKYTCA B IPOCTPAHCTBE B IIPAMOM HAIlpPaB-
senvn. [Tomust, yto 3Besnubi rox T = 365,267 a 3Be3aHbIN MecsI]
T = 27,32" HalineMm nio chopmyJie (5.9) cpeHIO IPOIOIKUTEILHOCTD
CHHOIMYECKOro MecAIla, a TouHee,

o T T _ 36526-2732
T,-T 36526-2732

=20/53,

S = 29,5306 = 29712%44*03¢.

V3-3a HEPAaBHOMEPHOTO OBVKeHNA JIVHBI 1 3eMJI TPOA0JIKN-
TeJILHOCTH CMHOAMYECKOro Mecdlla MeHdgeTced oT 29,25* no 29,83%

I[TocKOMBKY CHMHOOWUECKNIT MecdAll OTAudaeTcsa OT cuaepudec-
KOro Mecslla, TO OAMHaKoBbIe (as3bl JIYHBEI HACTYHAIOT B PA3JIMUHBIX
TOUYKaX: MHOI opOMUTHEI U HooUYepelHO BO BCceX 300MAKAJILHLIX CO-
3Be3INAX.

CoAHeuYHble 3aTMeHuUnA

B cBoem nBuskenMn JIyHa qacTo 3acI0HAET (IOKPLIBaeT) 3Be3bI
30/IMaKaJIbHBIX CO3BEe3INiL. S3HAUMTEIBLHO Perke IPONCXOAAT IIOKPhI-
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Tt Jlynoit nnanet. [lepuoanueckn JIyHa 4aCcTUYHO MITM TOJTHOCTHEIO
3acJyioHAeT CoJIHIIE — TPOUCKOAAT COAHEUHbLE 3ATMEHUA.
Ocgemtaemana Conailem JlyHa oTOpacklBaeT B IPOCTPaHCTBO
CXOAAIINIICA KOHYC TEHU U OKPYIKAIOIINI eT0 PacXOAAIMIICA KOHYC
nosyTern. Korga JIyHHAA TeHb M MOJIYyTEeHb NaJIal0T Ha 3eMHYH I10-
BEPXHOCTB, Ha Hell MPOMCXOUT COJTHEYHOe 3aTMeHMe (puc. 56).

Bud u3s mowxu C Bud us somer 4 Bud us movxu B

O
.
, @
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a
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8
=
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3

flyHHas ROAYMENs

Pue. 56. Cxema mOJHOTO COJMHEYHOTO 3aTMEeHNA

VI3 mecT, okazaBIIMXCA B JyHHOHI TeHM (A Ha pue. 56), BUAHO
noanoe coarrernoe sammerue (CoJHile IOJTHOCTLIO 3aKPLITO JIyHOI).
B mecTHOCTAX, OKPEITHIX JIyHHOI nonyTenbio (B u C Ha puc. 56),
IIPOMCXOAUT UACTMHOE COAHeuHOe 3ammeHue (COJHEUHBI IUCK
3acyioHeH JIyHOIl He MOJHOCTBIO): M3 103KHOI 30HBI (C) HOJIyTeHM
BUJIHA BaKPBITON ceBepHAad (BepXHAA) YaCTh COJTHEUHOTO IUCKA, a U3
ceBepHOI 30HEI (B) — 1oskHaA (HMKHAA) €TI0 UacTh.

Daza (P) conmneunoro saTMeHud (puc. 57) uaMepAeTcAa OTHOIIEe-
HMeM 3aKPBITOH YacTH (M) AMaMeTpa COJTHEYHOTO IVCKA KO BCEMY €T0
mnaMeTpy (d®):

©=d /dO,

a BBIUMCJIALTCS TI0 pajifycaM JIyHHOro (p ) U coJiHeuHoro (p®) muc-
KOB U YTJIOBOMY PacCTOSHUIO (C) MesKIy MX IeHTpaMM (cM. puc. 57).
Tax kak
d®=2p®,ad =p@+c—p ,T0d=2pO—-d =pO+p —0c
U Torja (pa3a COJTHEYHOro 3aTMeHN !
m = p}f + pC NG
2p,
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

V, ConHye

de=2p,

Puc. 57. ©aza comHedHOTO 3aTMEHUA

IIpy YacTHOM COJTHEUHOM 3aTMeHMn p_ > p® + o n paza @ < 1.
Ha rpanune mynnoit noaytenu (DE Ha puc. 56) nabmogaeTcs BHe-
IITHee KacaHye IJCKOB:

¢ =p@+p udaza P =0,

a 3a BToli rpaHuMIlell 3aTMeHMA BooOIle He mpoucxonuT. CirenoBa-
TeJIbHO, COJIHeUHble 3aTMeHUs NIPUHAJIesKaT K OITHUEeCKUM ABJe-
HMAM.

JlyHHad TeHBL U NOJIYTeHbL Ha 3eMHON IOBEPXHOCTH MMEIOT BUT
OBaJILHBIX IIATeH, (popMa KOTOPHBIX 3aBUCHUT OT oJioskeHysa CoJHIa
u JIyHEI HaJ TOPM30HTOM: IeM MeHbIIe X BEICOTa, TeM DoJee I0JI0TO
K 3eMHOJI IOBePXHOCTM HallpaBJieHa 0ch 000MX KOHYCOB M TeM DoJiee
BLITAHYTHI IATHA TEeHM M HoayTeHM. Ecay sKe cojlHeuyHOe 3aTMeHMe
IpoMcXoauT BOIM3M 3eHNUTa, YTO BO3MOKHO TOJIBKO B TPOIIMYECKOM
nosce 3eMJH, TO (pOPMEBL JIYHHOJ TeHM M IIOJIyTeHM Ha Hell OJIM3KKU
K KPYTOBOIL.

Ws-3a geusxenua JIyHBI ¢ 3amafa K BOCTOKY ee€ TeHb M IIOJIy-
TeHb IpoberarmT IO 3eMHOI IOBEepXHOCTH B TOM sKe HallpaBJIeHMUH,
HEeCKOJIBKO YKJIOHAACH 100 K ceBepy, mmbo k rory. ITosoca 3eMHOIT
IIOBEPXHOCTH, KOTOPOJI IpoberaeT JyHHasA TeHb, Ha3bIBaeTCsA NOAO-
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3.9. 3aTMEHUA W YCAOBMS MX HACTYMAEHUSA

cotl noarolu ¢paswl (puc. 58). B cepennue Hee MPOXOANUT IeHTPaTb-
Had JIMHMA 3aTMEHNA, ¢ KOTOPOi BUIHO CUMMETPUYHOE TIOKPBITHE
COJIHEYHOTO JMCKa JYHHBIM: B CEpelliHe 3aTMeHUA [eHTPhI 000MxX
JycKoB coBranarT (6 = 0) m Hanbosbiiad rojHada dpasa 3aTMeHnd

D = (p®+p)/2 p®. (47)

Puc. 58. Kapra comrednoro 3atMenns 1 asrycra 2008 1.
Brigenena mosoca mosHoM dhasbl

ITpu p® = p umanboswbmas paza @ = 1 u 1aUTCSA OJHO MTHOBE-
ane. [Ipu camMbIX GJ1arONPUATHEIX yCIOBUAX, KorAia p, = 16,8" (JIyna
B niepuree) u p® = 15,8' (3emuia B adpesnn), YTO BO3MOKHO TOJILKO
B CaMOM KOHI[e MIOHA ¥ B HauaJle uod, p_ / pO=1,06. I zanbonsmas
¢hasza mosaoro satmenns D= 1,03.

ITTypyHEa IOJOCEH! IIOJIHOM pas3kl 3aBICUT OT B3aMMHBIX PaccTo-
aauit JIyuer, Seman u ConHila Bo BpeMs 3aTMeHN A U Hallle Bcero 0bl-
BaeT oT 40 1o 100 xMm, HO Taske IPY MUHUMAJILHOM IeOLleHTPUIECKOM
paccrosanun JIyurl (JIyna B nepuree) He nipeBbitnaeT 270 KM, 1 Torga
IuaMeTp JIYHHOII IoJnyTeHM 6M30K K 6 750 kM.

Ho y:xe npu cpeganx paccToaHMAX JIYHBI OT 3eMJIU U SeMJIIM OT
Cousrra nyHHBI auck (amameTp 31,1') Menbie comueunoro (32,0')
M KOHyC JIYHHOJ TeHHM He INOXOINT JI0 3eMHOJ IIOBEepPXHOCTU IIpPH-
MepHo Ha 4 700 xm (puc. 59). IlosTomy JlyHa He 3akpbiBaeT CoJH-
Ile IIOJHOCTHID M BMECTO IIOJIHOTO IIPOVCXOAUT KoAbYeodpasHoe
3ammeHue: BOKPYI TEMHOTO JIYHHOIO JJICKa BUJIHO y3Koe SpKoe
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NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

KOJIBIIO HEB3aKPBITOI COJIHEUHO moBepxHocTH. Hamnbosbinasa dasza

KOJbIe00pa3HOTO 3aTMeHNUA ToKe onpeensdeTca 1o popmye (47),

M TaK Kak p_ < p®, ro @ < 1; HO Jarke Hpu HauMeHblneMm p_ = 14,7
J m J

(JIyna B amoree) u HaubosabmeMm p® = 16,3" (3eMmiiss B mepuresmn),

UTO BO3MOXKHO TOJBKO B CaMOM KOHIle Jekabpd 1 Hadalle AHBap4,

KoJbIleoOpazHada daza He MeHee @ = (),95.

Bud Bud Bud Bud Bud
uy moury C uy mowwru K w3 mesnu A uzmownu F - w3 moyxu 8

® © 6 ¢ O

JIYNHaR NOAYMENs

N
— 1 \\\\\\i&\\\\%&%
4§ S

~oanaigine

Pue. 59. Cxema KoJIbI1e00pPas3HOTO COTHETHOTO 3a TMEHNSA

ITonHbBIe M KOJBIIEODPA3HBEIE COJIHEUHBIE 3aTMEHUA YacTO Ha-
3BIBAIOTCA YEHMPULbHbLMU. KCiM Ha 3eMHYI0 TOBEPXHOCTE MaJaeT
TOJBKO JIVHHA A [IOJIYTEHD, TO TPOUCXOANT JIMIIb YACTHOE COAHEYHOE
aammeHue.

CoyHeuHOe 3aTMeHNe HauMHaeTCd C IIPaBOro, 3allalHOTO Kpas
ConHIla, Ha OMCKe KOTOPOTo MoABJIAeTcA HebOoMbInoli yiinepd, ume-
It POpMY OKPYKHOCTM TOTO sKe panuyca. IlocTenenHo casza
3aTMEeHIsA YBeJIuduBaeTcd, M COJIHEUHBI NOMCK MIPMHUMAaeT BUI
HelmpepLIBHO CY:KMBAIOIIerocsa ceprna. Ecii 3aTMeHle YacTHOe, TO
B CcepeJIHe 3aTMeHNd ero (pasa JOCTUTaeT HEKOTOPOro HauboJIbITIeTo
3uaueHnd @ < 1, a 3aTeM YMeHbIIaeTCAd U 3aTMEeHNe OKaHINBAETCH
Ha JIEBOM, BOCTOYHOM KpAal0 COJHEUHOTO IJCKa. B IoJioce TIOJHOI
¢asnl 3aTMeHNe HauuHaeTes ¢ YacTHRIX das (1, 2, 3, 4, puc. 60). Kor-
nma Jlyma momHocTwsi0 3akpoeTr CosHIle, HacTyMmaeT MOJYMpak, Kak
B TeMHBIE CYMEpPKH, U Ha IIOTeMHeBIlIeM Hebe 00bIYHO MOABIAI0TCH
caMble SpKMe 3Be3[bl U IIaHeTEl, 8 BORpYTr CoJHIIa BUTHA COTHEY-
Hafd KOPOHA — BHEIITHUE CJIOM COJIHEYHOI aTMocdepsl, HEBUINMEbIE
BHe 3aTMeHMA M3-3a UMX Hebomblloi apkocTH (5, puc. 60). Bekope,
Jale Bcero Yepes 2—3 muH, JIyHa OTKpBIBaeT 3anaHbIN COJTHEUHBI
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Kpali, TloHaA (pasa 3aTMEHNA OKaHUMBAeTcHd, OBICTPO CBETJIEeT,
JICcUesaloT 3Be3Mbl, IIJIaHeThl M COJIHEYHAA KOpPoHa, (pa3kl 3aTMEeHUA
ybsiBatoT (6—9, puc. 60), 1 0HO 3aKaHUMBaETCH.

Puc. 60. Xop noaHOTO COJIHEYHOTO 3aTMEeHNA

B rask[I0ii MecTHOCTY 3aTMeHMe HaulHaeTCH ) OKaH4MBaeTCcd
B pasJifyHble MOMEHTBI BpeMeHM, 3aBMCAlNMe OT PacloJIOsKeHNd
MECTHOCTM J OT CKOPOCTH IBUsKEHA 10 Hell JIYHHOM TeHH (II0JIy TeHM).

Haubonwliada TpoJoKUTENBHOCTE TIONHONW (has3kl 3aTMeHUd
He TIpPeRbIMaeT 7"31° 1 BOBMOXKHA TOJBKO B 3KBATOPMATLHON 30HE
3eMJIM IpM MaKCHMAaJIEHOM JuaMeTpe JIyHHOI TeHu (270 km). ¥Yeio-
BUA [J19 TAaKMX IPOJOJIKUTENBHBIX IOJHBIX 3aTMEHUII HaCcTyHaoT
kpaline penkxo. Ha mpoTdaskeHunu mosyrtopa Tolcau JeT, ¢ VII mo
nauaja XXIII B., He 6b1710 1 He OyZeT HY OHOTO TAKOTO 3aTMeHUA.
Brnumxaiinee moaHoe colJlHeUHOe 3aTMeHNe IJIMTeJLHOCTRIO B 7¥29°¢
opouzolinet aunis 16 urona 2186 r.

Haubonbmiaa HOpoJosKUTENLHOCTE KoJbIleoOpasHoit  pasbl
3aTMeHns gocturaeTr 123" a gwacTHOro sarmenua — 3,5 Ho 6oJb-
IIMHCTBO COJIHEYHBIX 3aTMeHMII AJMTeda 7o 2,59, a UX MoJHasd WM
KoJIbIleobpasHada ¢pa3a Bcero JUIIb 2—3 MUHYTHL

Of11aa naMTeIbHOCTD MOJHOTO 3aTMEHMA Ha 3eMJe, C MOMEHTa
BCTYIJIEHMA 0 MOMeHTa CXO0Ja JIYHHOJ TeHM, COCTaBJIAeT 0OBIYHO
ot 1" mo 3,5", 1 3a 5TOT NPOMe:KYTOK BpeMeH! JIYHHadA TeHb IIpode-
raeT o 3emine IyTh oT 6 000 mo 12 000 km. HaunHaeTca 3aTMeHNne

-131-



NABA 3. OCHOBHbIE CBEAEHMSA O KWUHEMATUKE COAHEYHOW CUCTEMBI

B 3allaJHBIX paﬁOHaX 3eMHOI IIOBEPXHOCTHM IIpM BOCXOIe COJ’[HI_[a
M 3aKaH4YMBaeTCA B BOCTOYHBIX paﬁOHax IIpM ero 3axome. OﬁLLIaH
IIPOOOJIZKMTEJBEHOCTE Ha 3eMIie BcexX (1)3.3 3aTMeHNAd MOoKeT JOCTH-
raTh IIIeCTH 4aCOB.

YecnoBUA HACTYNAEHUSA CONHEYHbIX 3aTMeHUH

[IpencraBum cebe SKINNTURY, IEPECEKAOIINICA C HEIO B JIVH-
HBIX y3Jax (8] 1 W) mox yraom i = 5°09" JIyHHLI [IyTH U MOJIOMKEHUSA
Counana 1 JIyHBI B pa3iMyHble HOBOJIYHUA (puc. 61).

180*
Alyna cebepree Connya
) 7

Jxaunmuxa

/lyra rownee Connya
CONHEYHbLIX IAIMMENUL

Puc. 61. TTonosxerus Jlyus: u CosHila B pasinnydHble HOBOJIYHUA

I[Ipu HOBONYHMAX, TPOUCXOINANINX BAAJM OT JYHHBEIX Y3JIOB
(moBoamynua 1, 7, 8, 13), conHeuyHbIe 3aTMeHNA HeBO3MOKHEI — JIyHa
mpoxoIuT Ha Hebe rokHee iy ceBepHee Comana. U TobKO TIpM HO-
BOJIYHUAX BOJIM3M JIYHHBIX Y3JI0B HACTYIAIOT YaCTHBIE (HOBOJYHIA
3, 9, 10, 12) u nonHbIe MM KoJbIleobpa3Hble (HOBoMyHKUA 4, 11) com-
HeuHble 3aTMeHNA. YToOkI IPOM30IILI0 YacTHOE 3aTMeHNe, HeobXo-
VMO BHeIlIHee KacaHle COJTHEeUHOTO I JIVHHOTO JAMCKOB (HOBOJYHUA
2,6,9).

Puc. 62. ¥YcooBye HACTYILIEHNA COJHEYHOTO 38 TMEHIA
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3.9. 3aTMEHUA W YCAOBMS MX HACTYMAEHUSA

OTo ycJioBKe TokasaHo Ha puc. 62, roe C, Eu L — nieHTpsI CoslH-
1a, 3emun u JIyuaer, a O — TouKa 3eMHOI ITOBEPXHOCTHU, OTKYJa B~
HO BHeIllHee KacaHne AuckoB. Torga CE — IMJI0CKOCTE 3KJINIITHK,
ZCEL = p — skymirruyeckasi mmpora Jlyael, ZOC'E = CEC' = p®© —
pajnyc conHedHoro aucka, /OC'E = p® — CoJHEUYHBII TOPU30H-
TaJbHEBLI napasnakc, ZOC'E = LEL' = p — paanyc JIyHHOTO JJiC-
Ka, ZOC'E = OL'E = p, — TOpU30HTaJILHBI Napasylake JIyHEL
OueBUIHO,

ZCEE= /CEC'+ /C'EL' + ZL'EL=p® + ZC'EL' + p_,

/CEL'= /OLE - ZOCE =p_— p®,
CllenoBaTeJBHO,

B=p+ p® + P~ Pp@.

l Ayrtsig
iu p, n
Mﬂ akﬁﬂﬂmuxa
c 4A N

Puc. 63. Ilonosxenne JIyHEl B Ha9ale COJHETHOTO 3aTMEHNSA

W3 mpaAmoyroabHOro cdpepUUuecKoro TpeyroJbHMKa (puc. 63),
BepIIMHAMM KOTOPOTO CIIy:KaT IeHTp L ayHHOro mucka, uneHtp C
COJIHEYHOTO JMICKa ¥ JIyHHBI y3eid), BUIHO, 9T0 YaCTHOe COJTHEUHOe
3aTMeHJe HaulHaeTcA Ha paccToAHny AL OT JIYHHOTO y3JIa, IpUdeM,
corsiacHo hopmyaie (12),

sinA\ = tgP ctgi. (48)

[Ipn Hanbonbmux 3Havennax pO = 16,3', p. = 16,8’ m p = 61,5
SKIAUNITUYeckad mupoTta JIyHet B = 94,5" u AL = 18°, a ipu HauMeHb-
mx p@ = 15,8' —p =14,7'up, =53,9", B =84,3' m AL = 16".

CrnenoBaTesIbHO, YacTHble COJIHEYHBIE 3aTMEHMA BO3MOIKHBI
B HOBOJIYHM, HACTylawIye He fajee 18° 1o o6e cTOpPOHEI OT JIyHHBIX
Y3JI0B, a IpY pacCcTOAHNN B 16° 11 MeHee OHI TPOUCXONAT 00A3aTeb-
HO; 9eM OJimoKe K y3i1y, TeM OoJibIlle MaKcuMaJsbHad hasa 3aTMeHNA.
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IToseEIE M KOBIeoOpas3HbIe CcOJHEeYHbIe 3aTMeHNA, HacTyIak-
11Me IIpM BHyYTPeHHeM KacaHuu nyuckoB JIyasl 1 ConHila (AL), HeBO3-
MO’KHBI B HOBOJIYHIA, TPOUCXOOAIINE Ha paccToaann Ai > 11,57 or
JIVHHBIX V3J10B 1 Hensbeskubl mpn AL < 10,1°. C ymenbIiennmeMm AL
HamboJspmana dasa 1 IPOAOJIKITEeJbHOCTE 3aTMEHNA YBeJNn4uBa-
HOTCH, JOCTUIaA MaKCHMYyMa B caMOM y3JIe.

Y4acTOK SKIAMIITUKHN, B IIpefieslaX KOTOPOIo IPOMCXOAAT COJ-
HedHble 3aTMeHN s, Ha3blBaeTCA 30H0U COAHeuHblx 3ammerull. [Ipn
KaK[0M JIYHHOM y3Jie IPOTAXKEeHHOCTh 30HbI COJIHEeYHbBIX 3aTMeHNA
cocTaBiAeT oT 32 1o 36° (cm. puc. 61). CosHile TIepeMeriaeTcs o
SKJNIITVKE K BOCTOKY €XKeCyYTOYHO IPMMepHO Ha 1°, a m3-3a oT-
CTYILJIEHNA JIYHHBIX Y3JI0B 30HBI 3aTMeHNII CMeIlaloTcA HaBCTpedy
Courny u Jlyue Ha 0,053° 3a cyTeu. [ToaToMy KaskIyi 30HY 3aTMe-
uuit ComnHile npoxogutT 3a 31—34 cyTok. HoBonyHnsa »xe uepenyioTca
uepes cuHogMdeckuit Mecdr S = 29,53 CnenoBaTeslbHO, B KasKIOM
30He 00A3aTeIbHO IIPONCXOANT II0 OJHOMY COJIHEYHOMY 3aTMeHNIO
Pa3HOTO BMJA, a MHOTJA (II0 KpasAM 30HBI) 1 110 ABa YacTHBIX 3aTMe-
HKMA ¢ Hebosnbmoii dpaszoil. [IByX HeHTpaJbHBIX 3aTMeHWUi IOOpALn
B OIHOII 30He OBITH He MOKeT, TaK KaK TaKye 3aTMeHUA [IPOMCXOAAT
He manee 11,5 oT myHHOTO V374, a 30HY B 23° ConHIle TPOXOIUT 3a
22 CYTOR, B IIpeJlesiaX KOTOPBIX BO3MOYKHO TOJIBKO OJHO HOBOJIYHIE.

AYHHbIe 3aTMEeHUA U YCAOBUA UX HACTYNAEHUA

JIyHHBIE 3aTMEHNA IPeNCcTaBIAIT coboii (pusnueckoe ABIIeHKe,
npu koropom JIyHa IpoxoanT CKBO3b 3eMHYI TeHb (puc. 64). B 3aBu-
CHMOCTY OT reJIMOLIEHTPUYECKOT0 PACCTOAHNA SEeMIIN [JJINHA ee TEHN
meHAeTcd oT 1 359 Theic. kKM (3emaa B nepuresiin) go 1 405 Thic. KM
(3emad B acdhesimn), a 1pu cpejiieM pacctoAaHuy 6imska Kk 1 382 Thic.
KM, TO eCThb BCETrJla 3HaUNTEeJIbHO DOJIbIIIe TeoI[eHTPUIECKOTO PaCcCTO-
aaudA JIyser. Ock 36MHOI TEHN JIEKNUT B IIJIOCKOCTH 3€MHOT OpPOUTHI,
II03TOMY TeHE U IIOJIYTEHE IIPOEKTUPYIOTCA Ha HeDO B BUJle KOHI[EH-
TPUYECKNKX KPYTOB (KOHTYPOR), IEHTP KOTOPBIX HAXONUTCA HAa K-
JMIITHKE, B ee TOouKe, MpoTuBomoaoxxkHo CoimHIry. CiieloBaTebHO,
JIYHHBIE 3aTMEHUA BO3MOKHBI TOJIBKO IIPU TPOTUBOCTOAHNAX JIVHBI
ComH1ly (B HOJHOJMYHKMA), HACTYAOMNX BOIM3Y JYHHBIX Y3JI0B.
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3.9. 3aTMEHUA W YCAOBMS MX HACTYMAEHUSA

Puec. 64. Cxema JIyHHOTO 3a TMEHUS

ITpn wactnyHOM morpyskeHun JIyHBI B 3eMHYHK TeHb JIYHHOE
3aTMEHNEe Ha3bIBAETCH YACTHbLM MeHesblaM, a TIPU TT0JTHOM HOTPY-
JKEHNM — NOAHBLU meHesbln 3ammeHuem. CTENeHb NOTPYKeHA
JIyHBI B 3eMHYI TEHB 3aBUCHT OT IOJIOxKeHNI JIYHbI 1 KOHTYpa 3eM-
HOIl TEHU OTHOCUTEJIBHO JIYHHOTO y3Ja. HacTHbIE JIYHHBIE 33TMEHIA
BO3MOXKHEI B 30He, TPAHUITLI KOTOPOIl Ha SKJIUITUKE ONPEeIesISITCa
BHEIITHUM KacaHNeM JIYHBI ¢ 3eMHOIT TeHbH0. ITY TPaHUIIBI OTCTOAT OT
JIYHHBIX Y3JI0B Ha paccToAHNN A, OIIpesiensaeMoM (opMyJon (48):

sinAk = tgf ctgi,

rIe SKINITMYecKas mpoTa JIyssl f =o =p + p , npudem ¢ — yrio-
BOE pacCTOAHMEe MeK 1y LIeHTPaMV JIYHHOTO IVICKa VI KOHTYpa 3eMHO
TeHH, p — YIJIOBOI pagnMyc KOHTYpa 3eMHOI TeHUu u p, — paanyc
JIYHHOTO [JICKa. 37leCh He HYKHO YUMThIBaTh IapaJjijlakca JIyHBI,
TaK KaK OHa ¥ [TaJlalolllee Ha Hee IIATHO 3eMHOJ TeHM HaX0OATCA Ha
OIVHAKOBOM PaCcCTOAHUN OT SeMJIM.

Ha cpemuem paccroguaum JIyHe! oT Semnu pagnyc TeHn p = 427,
Ha HaMMeHbIIeM paccToguaym JIyuer p = 47", a Ha HamuboJbIIeM pac-
crossaum p = 38". Ilpu cpenaux 3Havenuax p =42'up = 15,5 gacr-
Hble 3aTMEeHN A IPoucXogaT npn AL = 117, a npu kpaifHNX 3HaUeHNAX
Al m3MeHseTcd Ha 17,

Ilonnble TyHHBIE 3aTMEHNA HAUMHAIOTCA IPU G = P — P U IIPO-
ucxomaT He manee Ak = 5° = 0,67 oT y3ma. 30HY YACTHBIX JIYHHBLIX
3aTMenuit B 2Ak = 24° zemuas TeHb mpoxomuT, kak u Coimie, 3a
23 CYTOK, Ha IPOTAKEHNM KOTOPBIX MOKeT HaCTYIUTE TOJIBKO OJJHO
IOJIHOJIYHMeE, a MOosKeT ObITh M Hi ofHoro. IToaToMy BOSIM3M KaskJOTO
JIYHHOTO y3Jla BO3MOKHO TOJIBKO OJTHO TeHeBoe JIYHHOe 3aTMeHMe.
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JlyHa BXOOWUT B 3eMHYI0 TeHb CBOMM JIEBBIM KpaeM J1 MIM Ke BbI-
XoauT 13 TeHN. YeM O/3Ke K IYHHOMY Y3JIy IIPOMCXOANUT 3aTMEeHNe,
TeM I1y0sxe norpy:xaercs JIyHa B 3eMHYIO TeHb U TeM [IJUTeJIbHee
haza JIYHHOr0 3aTMEHMA:

& PTP; =0

2p,

IIpudeM B cepeliHe 3aTMeHNA G CTAHOBUTCS MMHIMMAJILHEIM, OIIpe-
messtiomymM Haubosbryio dasy satMennsa @, . [Ipu wacTHoM 3aT™Me-
mmp —p <c<p+p P cd<1. IIpumnonsom zarMmennn c < (p -~ p,)
n P > 1. B pearux ciydadax MOJHOe JyHHOe ™€ Mpomexomaur
B caMOM y3Jie (IleHTpaJibHOe 3aTMeHMe), M TorJia B JleHb 3aTMeHNd
6 = 0, a Hanbosbmras dasa MoxkeT gocturath D= 1.90.

IIpoioIKNTEeNIbHOCTE JIYHHBIX 3aTMEeHWMII 3aBUCHT OT MX yC-
JoBuii. HYacTHOe 3aTMeHMe ¢ HeDOJIBINONM (pa30il IINTCA HECKOJIBKO
MUHYT, [OJIHOe 3aTMeHNe — OT OJHOro MrHOoBeHus (mpm @ = 1)
no 1,8" (mpn P, = 1,90), a BMecTe ¢ yacTHBIMM pasamm — 710 3,87

IIpy HeDosbIMX YacTHBIX ha3ax 3aTMeHNA 3eMHasd TeHb Ha
JlyHe KaskeTcA YepHOJ M3-3da Pe3KOro KOHTPAcTa ¢ APKOil JIyHHOMA
NoBepPXHOCTHH. B 1nosnHom zaTtmeHun JlyHa ripuobperaer Oyphiii,
TEeMHO-KPACHBII, a MHOIAAa ¥ KPACHOKVM PIIMYHBL 1IBET, TAK KaK JIJIVH-
HOBOJIHOBBIE COJIHEYHbIE JIy4M, [IPeJIOMJIAACH B 3eMHOI atMocdepe,
BCe JKe ocBelllarT JIyHY.

JIyHHEIe 3aTMeHN A BIIHBI CO BCEr0 HOUHOTO MOJIyIIapya 3eMJIl,
rae JlyHa HaXoguTCA HaJ TOPM30HTOM, ¥ HAUMHAKOTCA (M1 OKaHYMBa-
0TCA) OGHOBPEMEHHO 71 BCeTO 3TOr0 MOy IIapus.

) (49)

YacTtoTa U NepUoOAUHHOCTb 3aTMeH 717]

Ms-3a oTcTymeHuA JYHHBIX ysnoB Ha 19,37 3a rox (365,3%)
CosHile, cMelladch 0 SKIUIITUKE e3KecyTouHo Ha 17, BosBpa-

mlaeTcsd K OJHOMY M TOMY sKe y3Jy depes3 IIPOMesKyTOK BpeMeHH

T(Q = 365,3* — 19,3* = 346, a TouHee, Uepes Téz = 346,62 cyTox,
Ha3BbIBAEMBIT OdpakoHuueckum zo0omM. S0HBEI 3aTMEHUII pPacIiojio-
JKeHBI Y OMaMeTpPaJbHO MPOTHBOIOJIOMKHBIX JIYHHBIX y3J0B. IIpoii-

IO onwH JyHHbII y3es, CoJsiHIle BcTyHaeT B IOpPyToil y3el depes
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IIOJIOBMHY IpaKOHIYEeCKOro rofia, To ecThb depe3 173 cyToOK, a IIecThb
CHHOIMYECKNX MecAlleB cocTaBaAwT 6:29,53" = 177 cyTok, u JlyHa
TOKe OKaykeTcsd B 30He 3aTMeHNI. [loaTomy esxeromHo OpIBaeT OBa
nepuofa (OBe sTOXM) 3aTMeHMH, pa3aesleHHBIX MHTepPBaJoM B 177—
178 cyTok. 3a mosarona (183 cyTok) s11oxu 3aTMeHUII cMeIllaloTCA Ha
IIATH CYTOK BIlepe]l, Ha DoJlee paHHMe KaJleHJapHbIe JaTEl, J [I0CTe-
IIeHHO [IepeX0AT Ha pa3Hble ce30Hbl Tofa.

B ka 071 30He 3aTMeHNIi 00A3aTeIbHO IPOMCXOAAT 110 ONHOMY
COJIHEYHOMY 3aTMEeHMIO I He D0Jiee OJHOTO JIYHHOTO, KOTOPOr0 MOKeT
1 He ObITE. [losTOMY MUHMMAJBHOE YMCJIO 3aTMeHNII B rogy — JIBa,
1 oba conHeuHBIX. Ecsm ellle mpoms3oiigeT OLHO MJIM ABa JIYHHBIX
3aTMeHNd, TO 0D0Iee UNCJIO 3aTMeHMI 3a TOZ COCTAaBUT TPM WJIN
geTeIpe. Ho econ B 0benx 30Hax OyzeT mo ABa YaCTHBIX COJTHETHBIX
3aTMeHKA ¢ HeboJablol ¢ra30ii (3aTMeHNA Ha KpadAx 30H), TO MeKIY
3aTMEHMAMN KarkJ[0il Hapbl 00A3aTeIbHO IIPON30MiZIeT B cepeliHe
30HEI 110 [IOJJHOMY JIYHHOMY 3aTMeHMIO M 0DIllee YNCJIO 3aTMeHW
B IOy yBeIWdnuTcA I miecTu. LEcim ke mepBoe M3 3TUX YeThIpex
YJacTHBIX COJTHEUHBIX 3aTMeHIII HacTyINT B HadaJle AHBapdA, TO Uepes
2:-177" = 354 pgHA, B KOHIle OeKabpaA, MOkeT IIPOM30MTH ellle OOHO
JacTHOe COJIHeYHOe 3aTMeHNe, M TorJa HanboJsblllee 9ICJIO 3aTMe-
HWI B TOAY COCTaBUT CeMb, M3 HIUX IATH YACTHBIX COJIHEYHBIX I Ba
IIOJIHBIX JIYHHBIX. Bo3MoskHa 11 Takad KOMOMHAINA — YeThlpe Jac-
THBIX COJIHEYHBIX ¥ TPW IIOJIHBEIX JIYHHBIX. IlomobHbIE KOMOMHALN
3aTMeHMI! KpaliHe pelKM, HO BTopad M3 HMX Oblna B 1982 1.

OOBIYHO Ha MTPOTAMKEeHUM Tofla HPOMCXOOUT 2—3 COJHEUHBIX
u 1—2 nTyHHBEIX 3aTMeHNA. Bee ke JyHHbIe 3aTMeHNA HabirogaoTesa
Jalie COJIHeYHBIX II0TOMY, YTO OHM BNMIHEI CO BCET0 HOYHOTO II0JIY-
mapyuA 3eMJI, & COJIHeYHble — TOJIBKO M3 ODJIacTy JIyHHOI TeHH
M TIOJIyTeHM, KOTOpble B pasHble TOJbl IIPo0eraiT II0 pPas3iIiIHbBIM
MecTaM 3eMHOJI [IOBepXHOCTU. B orpenesleHHOJ MecTHOCTI IIOJIHbIE
COJIHeYHBIe 3aTMeHNA BUIHEL B cpeilHeM ofuH pa3s 3a 300 set, xoTa
MMeOTCA 1 MICKJII0UeHN A

ConHeuHBle 1 JIYHHBIE 3aTMeHNMA Hen30erXHO IIOBTOPAITCAH,
TaK KaK MX HACTYILJIeHNe 3aBVUCHUT OT TpeX [IepHo0OB: CHHOOIIec-
kxoro MecArna S = 29,5306”, gpakoHMYeCcKOro MecAIlla S{Q = 27,2122*
¥ JpaKOHMYEeCKOro rojia T‘Q = 346,6200”". B camom neJie,
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TNABA 3. OCHOBHbIE CBEAEHWSA 0 KWHEMATUKE COAHEUHOM CUCTEMb

2235 = 223-29,5306" = 6 585,327,
2428, = 242:27,2122% = 6 585,35%,
19’1}z = 346,6200" = 6 585,78".

CrnenoBaTeNbHO, KaskJioe 3aTMeHNe IIOBTOpAETCA Yepes IIe-
puox B 6 585,3% = 18 met 11,3 cytor (nau .3 cyTok, ecau B 5TOM
IIePUOJIe CONIEPIKUTCA IIATH BUCOKOCHBIX JIET), HAB3BAHHBII Ccapocom
(mo-erumerckn «nepuoz» ). Ho moBTopeHNA NIpoucXoaaT B HECKOJILKO
PasJIMYHEIX ycJIoBUAX, Tak kak CouHile un JIyHa OyayT HaXonauTsca
Ha MHBIX PACCTOAHUAX OT JIYHHBIX Y3JIOB, UeM IIPesKIe.

Ha nporaskennu capoca B cpenreM npoucxonuT 70—71 zaTme-
HMe, U3 KOTOpPBIX 42—43 conHeunsIx (14 nmonabIx, 13—14 Koabileob-
pas3HBIX 1 15 yacTHBIX) 1 28 JIYHHBIX.

ITocnenmee moJyHOe COoJIHEWHOe 3aTMeHNe, Buaumoe B Poccu,

npouzomnwio 1 asrycta 2008 roma, a B Mockse mpousoiifeT JuIIb
16 oxTaAbpa 2126 1.
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FAABA 4. 0OCHOBbl HEBECHOU MEXAHUKH
N AMHAMUKHU KOCMUYECKUX NMOAETOB

4.1. OCHOBbI HEEECHOW MEXAHUKHU

3aKoH BceMUpHOro TAroteHUs HeroToHa

Hayka, mayuarolllasd IOBUsKeHIe HeDecHBIX TeJ, Has3bIBaeTCs
HebecHol mexanuxotl. OHA OCHOBBIBAETCH Ha 3aKOHE TATOTEHIA
Hrur0TOHA, CIeJICTBMEM KOTOPOTO ABIAITCA 3aK0HEI Kerrepa.

3aKoH BCEeMMPHOTO TATOTeHHUA Oblyl onybiamkoBaH HrbroToHOM
(1643—1727) B 3HaMeHuUTOM IpousBenenun «MartemaTnueckne Ha-
1aJja HaTypaJbHoit punsocodpun» B 1687 1.

Her0TOH MOCTaBUII M PEIIINI TEOMEeTPUUECKUM CI0CO00M CIIey-
IOIIYVIO 3a/lavy: IIaHeTa obpallaeTcsa MO 3JJIUMIITUYECKOi opbuTe,
B omHoM u3 OKycoB KoTopoit Haxomutca CouHile; Tpebyerca
OIpeeNINThL 3aKOH IEHTPOCTPEMUTENBHOM CUJBI, OeliCTBYOIIEl
Ha IJ1aHeTy co ctopoHsl CoJHIE, TO ecTh HAlpaBJIeHHON K (poKyCcy
SJLINTICA.

AHannUTUUecKoe pellleHne 5TOlf 3aaul COCTOUT B CIeOVIOIIEM.
TIpes /e Bcero ycTaHOBUM, UTO ITPUITOMKEHHA S K TUTAHETEe CUJIA TIeHT-
paxbHad. VI3 BTOporo 3akoHa Herrepa cnenyeT, UTo ceKTopuaTbHAA

CKOPOCTD TIJIAHETHI HeM3MeHHa, TO eCTh
, dO

r—=r09=C, (50)
dt
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TAABA 4. OCHOBbI HEBECHOW MEXAHWKM U AMHAMUKW KOCMUYECKWX NMOAETOB

TZle ¥ — TeNMOLIEHTPUYEeCKNII Paiiyc-BeKTOp IIJIaHeTH, a § — ee
ucTuHHEaA aHomaimA. V3 dopmyssr (50) MoKHO JIeTKO IOJYUUTH
BhIpasKeHNe

mrv sin(r"v) = const, (51)

Tle m — Macca M1 ¥ — CKOPOCTD IIAHETEL

JleBasd yacThb ypaBHeHHUA (D1) ecTh MOAYIb MOMEHTa KOJIMYecTBa
IOBVKeHNA IIJIaHe Tl oOTHocuTensHo CosHia.

Tak Kak corjacHo epBoMy 3akoHy Kemnnepa opbura niaHeTh!
IVIOCKaA KpMBad, TO MOMEHT KOJIM4YecTBa ABNMKeHNA DymeT nocToa-
HeH He TOJIBKO I10 MOJYJIIO, HO ¥ 10 HallpaBJIeHO!

- - 4
rxmv=C_" (52)
CoryiacHO TeopeMe 0 MOMeHTe KOJMUeCcTBa ABUKeHNA
d - — g,
E(rxmv)zer, (53)
s

rie F — cuna, AelicTByIOMIad Ha IJIaHETY co cTopoHbl CosHIa. JleBada
JacTh YpaBHeHMUA (D3) TOKIeCTBEHHO PaBHA HYJIHO, TO €CTh

PxF =0, (54)

OTtcroga cyjenyeT, YTO BEKTOPEBL ?_” " F? BO BCe BpeMdA OBIMAKEeHMA
IIJIaHeTEI KOJIJIMHeaPHEI 11, CJIeJOBaATeJIBHO, JUHNA OelicTBUA CUJIbI F_)
Bcera IIpoXoJUT Hepe3 [IeHTpPaJIEHOe TeJlO (COJ]HI_IE), TO eCThb CHJIa
ABJAeTCH HEHTpaJ]BHOITI. ,I[JIH OllpeeJieHMA ee BeJIMUMHEEI BOCIIOJb-
3yeMcd TereMOﬁ 00 M3MeHeHNN KMHeTYeCcKOoi SHepru

m ‘Jz

d = F-dr = Fdr(55)

IJle m — Macca IJIaHeTEl, ¥ — MOJLYJIb ee CKOPOCTH, 7/ — ee TOIleHT-
>
pPUUecKuil pagiyc-BeKTop, ' — cuia, OelicTBYIOAas Ha IIJIaHeTY Cco

croporsl ConHlla, F| — BelMunHa ee IPOKIMN Ha PajiinyC-BeKTOp.
TToneaysacs opmynoii (50), mpeobpazyeM BrIpaskeHUe KBapa-
Ta CKOPOCTII ITAHEeTEI:

2 2 N2
v =r2+r282=(£-9} +7°0% =r'0’ (J;ﬁ) +—]5- =C* i[]—) +—12~ :
b r*do dd \ r r
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4_1. OcHOBbI HEBECHOI MEeXaHUKK

Ob6os3Hauada Teneps guddepeHIIMpoBaHNe o O MITPUXOM M BBO-
o7 obosHaueHNe u = 1 / 7, IepenuiieM Ipegslayllee COOTHOIIEHE
caenyrommm obpas3om:

v’ = C¥Hu'"? + u?).

3aMeHMB B ypaBHeHUHM (55) KBaIpaT CKOPOCTHM MOCJIeIHUM BbI-
paskeHyeM, Hajifiem:

2
d {% W+’ )} =F.dr,
OTEyIIa
2 !
ik u'v'+2uu')db = —F, iz do
2 u
1 OKOHYAaTeJBHO II0JIydaeM BeIpasKeHMe

F =-mCu(u" + u), (56)

KOTOpOe HasblBaeTCcAd ypaBHeHNEM BuHe.
B mcnonbsyeMbIxX 37ech IepeMeHHBIX ()OKAaJbHOEe ypaBHEHUEe
sJunca (cM. ypaBHeHuMe (28)) npumeT BUI:
1+ ecosB
U=————

P
IloncTrarnad B ypaBHeHNe BuHe (56) 5To 3HaUeHNE U, TIOJTYUMM:

F = —mCzuz[— ecost . 1+ecosH ]
P P
TO eCThb
5 __mC’
r prz
I
B 20 (57)
rae
CZ
k=—



TAABA 4. OCHOBbI HEBECHOW MEXAHWKM U AMHAMUKW KOCMUYECKWX NMOAETOB

Tlokaskem, uto Benuunua k 6ymer obitelt ana Becex Ten ConHeu-
Hoit euerembl V3 (50) MHTErpMpoBaHMEM HAXOJIVIM:

2na An’a’b’
L b:C o C? =?,
re a — GoJbIIas Molyocs u b — Majiasg MoIyoch BJUIUIITHYECKOM
OpOUTEL
Tak kak p = a(l — e?) = b%/a, TO
C? = 4t 2pafa‘
=
Torga 04eBMIHO, YTO
C\Q aS
k=—=4n> =
p /4

ecTh BeNMYMHA MOcTOAHHAA AJiA BceX Ted COJIHEUHON CHCTEMEL
WUrtakg, cuna nputa:keHud aaHeTsl CoslHIleM HanpaByeHa K CoTHIY,
1, co raacHo popMyJie (57), MOOYJIb 3TOM CUJIBL:

el (58)

2
F

AHaJOrMYHO MOXHO HallMcaTh, YTO ILJIaHeTa BO3JelicTByeT Ha
CoJtHIIEe C CHIION, MOTYJIb KOTOPOI
kM

=y (59)
E
rme M — macca CosHna u k — KoapuIneHT IpoIopIIoHaIbHOCTH,
CBOJCTBEHHOJ IIPUTHMKEeHNIO [IJIaHeTOol.
ITo TpeTbemy 3akony HrroToHna 13 (58) u (59) maxommm:
km «M
R
OTKyza
K
— = — = COnst.
M m
O6o3Hauad 9Ty KOHCTAHTY 4yepes G, HaX0IuM, 4TO
k=GM
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4_1. OcHOBbI HEBECHOI MEeXaHUKK

u, corjacHo (98), Monysb cuAbl B3auMHOro TAroTeHusa CosHIa
¥ TIJIAHETHI
Mm

2
¥

F=G

(60)

KorcranTa (G HasbIBaeTCcA TPaBUTAIMIOHHON IIOCTOAHHONM, U
ee YJCJIEHHOE 3HAaYeHMe 3aBUCUT OT CUCTEMBI e TMHNI] U3MepeHNIi.
B cucreme CH1

G=06,67210" M°kr 'c 2

ITpenmnosno:xmB, 9TO CUIa TAXKECTH Ha 3eMJIE TOXKIeCTBEHHA I10
CBOET (hMBMIECKO! IpKUpoJie cujle B3aMMHOTO TATOTeHNsd, HbpioToH
IIPOBEPWJI 3TO TPEIIOJOMKEHNE TI0 IBMKEeHN0 JIYHBI BOKPYT SeMJIIL.

YcKOpeHNe CUJIBI TAXKECTH Ha 3eMHOI IOBEPXHOCTH

g=c;%=9,3m/c2

M TI0O3TOMY B TIOJie TATOTeHUA 3emam JIYHB. JOJIZKHa MCIIBITBIBATH

TpaBUTAIIMOHHOE YCRKOPeHNne
2

g=G=,
7

TJle m — Macca 3eMJun, ee cpenauii paguyce R = 6 371 kM, a cpeniHee
paccroaane Jlyusl oT 3emin 1 60R.
Torpa
,_ g 981
£ 607~ 3600

Tak Kak 5TO yCKOpeHNe LIeHTPOCTPEMITEIIbHOe, TO OHO MOJKeT
OBITH HalieHO 10 TapaMeTpaM obpalienns JIyHbI BoKpyT Semau. [le-
puoz obpartienusa JIyuel BokpyT Semmu T' = 27,32 cyT. = 27,32:86 400 c,
r=60R = 60-6 371-10*™m, 1 mosTOMYy

2 2
g'= 2D -60-6371-10° = 0,0027 M /c?.
/i 2732-86400

=0,0027 m /2.

Taxnm 06pa30M, BeJIMYlHa NeHTPOCTPpeMMNTeJIBHOTO YCKOPeHMA
JIYHBI, BbBIUMCJIeHHadA pPas3JJIMTYHBbIMNM CHOCD6&MH, OKa3aJjacb oOM-
HaKOBOI. CJIEI[OBaTeJIbHO, OHO ¥MMeeT IpaBMTallMOHHYI IIpMpOOy
¥ BBI3bIBAETCA TOM Ke q‘mamqecmofd CHJIOﬁ, YTO M TAKEeCTh Ha 3eMJIe.
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TAABA 4. OCHOBbI HEBECHOW MEXAHWMKM U AMHAMUKW KOCMUYECKWX NMOAETOB

Ha ocuoBe sToro pesynbrata HBIOTOH cIesajr BEIBOJ O TOXKIIECT-
BEHHOCTW CHMJIBI TAYKECTH CIUJIe B3aMMHOTO TATOTEHNSA MEKAY BCEMM
TeslaMy BcelleHHON. 3aKOH BCEMMPHOr0O TATOTeHMA HbroToH cdop-
MYJMPOBAJl TaK: «Kasklble Be MaTepHallbHbIE UACTUIILI B3aMMHO
IPUTATUBAKTCA C CUJON, TPOMOPIMOHAIBLHO UX MaccaM ¥ 00paTHO
TTPOTIOPTIMOHAIIBHOT KBAJPATY PACCTOAHIA MEKTY HIUMI».

Dopmyna (60) apmgeTca MaTeMaTHuecKolt (hopMYJIMPOBKOM
5TOTO 3aKOHA.

4.2. 3AAAYA ABYX TEA

OcHOBHBIE 3aKOHOMEPHOCTHM B IIOCTyHNaTeIbHOM ABMKEHNM ec-
TeCTBEeHHBIX J1 ICKYCCTBeHHBIX HeDeCHBIX TeJl MOYKHO YCTaHOBUTD M3
JICCJIeIOBaHNA JBIKEHNA IBYX TeJl II0JT NeliCTBMEM CHUJIEI B3aJIMHOTO
TATOTEHUA.

Ecam maccbl IBYX TeJl COIIOCTaBMMEBI, TO Takas 3ajada Ha-
3bIBaeTcA odwel 3adadell 08Yx men, ecly Maccoi OLHOTO M3 Tel
MOSKHO IpeHebpeds, TO 3aJjaua Ha3bIBaeTCsa 02PaHUYeHHOU 3adauel
dsyx mea.

Pemnenne 3agaun IByX TeJl B IpUJIOKeHNH K TessaM CoJIHEUHO
CHCTEeMB], a TaKske K IBOJMHBIM 3Be3/jaM Ha JOCTaTOYHO OOJIBIINX IIPO-
MesKyTKaxX BpeMeHM JaeT yAOBJIeTBOPMTeJIbHOE coTjlacye TeOpMu
¢ HabmoaeHuAMI. JTO 00CTOATEIbCTBO 00BbACHAESTCA CJe YIOIIIMI
ocoOeHHOCTAMM OMHaMI9ecKoro cTpoeHns CoJlHeUHOI cHCcTeMBbL

1. JocTaTo4HadA B3ayMHaA yJaJeHHOCTh TeJs CoJlHe4yHol cucTe-
Mbl, oDecleurBaroasd BO3MOKHOCTb 3aMeHEl peallbHbIX Tell MaTe-
PUAJBHBIMI TOYKAMIL.

2. ManocTs Mace BceX Tel TMJIAHeTHOI CHCTEMEBI IO CpaRHEHUD
¢ maccoii CoJiHIIa, UTO IIO3BOJIAET Ha IIePBOM BSTalle M3yUeHUd
JBJKeHMA IIJJaHeT YUMUTHIBATH TOJIBKO COJIHEUHOE IIPUTAYKEeHMe
¥ IpeHebperaTs IPUTAMKEHNeM APYTHUX O0JIBINMX IIJTaHeT.

3.Bmusoctt duryp Comnia 1 60JbIMMX HiIaHeT K cdepam,
JOIIycKamIlasd HesaBJCHMOe PpacCMOTpeHMe IIOCTyIIaTeJbHOTO
U BpalllaTeJIbHOTO ABMKEeHNA TeJ [IJIaHeTHOM CHUCTEeMBL
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4.2 3ajaya ABYX TEA

Ha IIpaKTHRe JOCTaTOYHO M3YYNMTh JIMIIE OBIKeHIe OIHOW TO4Y-
KM OTHOCUTEJIBHO CHCTeMbl KOOPAMHAT C HAYaJIOM B ,prmﬁ TO4YEKe.
HOBTOMy BO3bMeM CHCTeMyY KOOPpOMHAT S:x:yz C HeM3MeHHBIMM Ha-
IpaBJeHMAMHN Ocel M ¢ Ha4aJoM B HpHTHFHBaIOIlIEﬁ TOUKe S Maccoii
M. B cooTBeTCTBUM C 3aKOHaMM KJacCHUUeCKO MeXaHWKU YpaBHe-
amne HryioToHa OJId BTOPOTO TeJa Maccoil m B TouKe P sammmieTrcsa

B hopMme:
mw=F+F,, (61)

s —
TIe W — OTHOCUTeJILHOe YecKopeHue Touku P, F — cuJja HbI0OTOHOB-
—

CKOTO TATOTeHNA, F, — cIJjla MHe P, BEI3BaHHA A [TOCTYIIATeIbHEIM
IBUKeHIeM CHCTeMbl KOOPAMHAT SXYz YCKOPEeHHO BMeCTe CO CBOMM
HayajgoM S OTHOCUTENBHO KAaKOW-JUO0 WHEPITMATBLHOW CHUCTEeMBI
oTcueTa.

B cormacum ¢ 3akoHOM TArOoTeHMS HEBIOTOHA MOIYJL CHJIIBI
F = GMm/r* tne G — MOCTOAHHAA TATOTEHUs, a T — PaCCTOAHME
Toukln P or Hauasa koopamHAT. HampaBiaeHue 3TOM cUIIbI 3ajaeTCA
eIMHIYHEIM BEKTOPOM 7/ r. IlosToMy
GMm ¥

3
r

F=-

Ha TOYKY S ,IIE!I“JICTBYET IIPOTHMBOIIOJIOMNHO HallpaBJIeHHadA CHJIa

=

—F . Torjma yckopeHMe MOCTYATENIBHOTO JBUKEHNA CUCTEMBI KOOP-
-

IMHAT paBHO Gm r/r’. YMHOMAasA 5TO yCKOpPeHMe HA Maccy TOUKM P

U UBMeHAS 3HAK ITPOMU3BEJIeHN S, [TOJIYUIIIM, UTO
- -3
Gm* r
3

>
F;‘ =—
— =g
Teneps, rofcTaBUB HalileHHble 3HaueHnda cuil F u F, B coor-
Homrenue (61), mociie ypoleHni NPUXOAUM K YPaBHEHUIO OTHOCHU-
TeJILHOTO [IBMKEeH:

mP=-G(M+m)= =27, (62)
7 ¥

B orpannuensoi 3agaue gByxX Ten npum << M, u = GM.
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4.3. ObOBLLEHHDbIE 3AKOHbI KEMAEPA

Tak kak pellleHMe ypaBHeHud (62) mocTaTodHO HoApodOHO pac-
cMaTpuBaeTcd B KypcaX TeopeTHYecKOl MeXaHMKM, TO HIKe MbI
OrpaHMYMMCH KpPAaTKKM pPacCMOTPEHMeM OCHOBHBIX CJIeJICTBUII W3
ero pelleHuN.

HunddpeperyansHoe ypaBHeHne (62) umeeT cienyrolime mnep-
Bble VHTerpaJibL

WHTerpaa naowasen

Ly ox i
rxv=C, (63)
g s
e C'=Cm — TIOCTOAHHEIN BEeKTOP MOMeHTa KOJMYecTBa OBIMKe-
-
HuA. B cuny nocroadcTBa C opdbuta Tena O6yaeT ABIATHCA IIJTOCKON
KpuBoil. Ecny B 5Tol IIJIOCKOCTU BBECTH IIOJAPHBIE KOOPAMHATEL 7
1 6 (cm. puc. 35), TO MHTErpaJI IJIoIIaaeli MOXKHO 3allMICATh B BUJIE
do

PE B, 64
e (64)

3 KOTOPOTO CJeAyeT BTOpoOW 3akoH Hemnsepa (3akoH myomiazeit).
Ecnu do — momaib, onucbiBaeMas paJuyc-BeKTOPOM 3a MHTEPBAJ
BpeMeHU di, TO CEKTOpPUAJIBHAH CKOPOCTh

,-d0 1,40 1. (65)
da 2 dt 2
Orcrona
1 1 :
G = 5{Cdt= EC(t—ro). (66)

VupIMUI CJIOBaMM, IIJIOIMIanb, OIIMCEIBaeMad paanyCc-BeKTOPOM,
IIPOIIOPIIMOHAJIEHA MHTepBaJlaM BpeMeH! OBMMKeHMA.

lea, BXOOAIMaA B ypaBHeHMe OTHOCHUTeJIEHOI'O JBMIKeHIA,
ABJIAeTCcd NOTeHMaJILHON!. HOTEHIJ,M&J[ 3TO CUJIBI OIlpelejideTCcHd
BREIpa’KeHVeM:

qe_gm@+m)_ p
¥ ¥
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4 3. 0606uleHHbIe 3aKoHbI Kenaepa

WHTerpan aHepruu

W3 ypaBHeHus pnsuxxkeHua (62) ciaenyeT 3aKoH coXpaHeHU:
SHEePIWIL:

T h. (67)
3peck h — mocTogHHAA, PaBHAA [IOJHOIN MeXaHNUecKOoll 3Hep-
THH, OTHECEHHOII K Macce JBUIKYIIErocs Tea.

Tak kak v* > 0, To npu h > 0 ypaBHenmne (67) 6yaeT BLIIOJIHATL-
cd O71d JIOOBIX T M IBMKEeHMe He orpaHNdeHo B IpocTpaHcTee. [Ipn
h < 0 mBMKEeHMe OrpaHNYEeHO B IIPOCTPAHCTBE.

B obmiem BuZe ypaBHeHNMe opOUTEI (pellleHne ypaBHeHUd (62))
MeeT BUT:

r=—% (68)
1+ecosB
rae 0 — MCTHMHHAA aHOMAJNA 1 € — SKCIeHTPHCHUTET.

BenyanHa sKCIIeHTpHUCUTETA OlIpeieideTcd 3HaUeH1eM I10JIHOM

SHepIruM ¥ paBHa:

2
e=_|1+ hG 3 (69)
2
0
@oKaJILHLI IapaMeTp paBeH:
CZ
p:a(]—ez):—. (70)
p

Kak Buzuo 113 (69), BOBMOMKHELI TPU BUIA TPaeKTOPNIi:

1)0<e <1 (h<0)— pnnurc (e = 0 — OKPYKHOCTB);

2)e=1(h =0) — nmapabomna;

3)e>1(h>0)— runepbona.

Dopmyna (68) onpenendeT coboli aHAIUTHUECKOe BhIpaskeHle
nepsBoro o6odieHHOrO 3aKkoHa Kenaepa.

Ilon mejicTBMeM cHJIBI IPUTAMKEHNA OTHO HebDecHOe TeJo JIBU-
sKeTcdA B II0Jle TATOTeHMA Apyroro HeOecHOro Tesa II0 OJHOMY K3
KOHMYECKNX CedeHNI — KPYTY, 2JIJINIICY, TapaboJe uin rumepbdode.

B obmem ciygae mpy SJUIMITHYECKOM [ABM:KEHHN HauboJiee
ba13kasa K I[eHTPaJbHOMY Telly TOYKa OpONMTEI Ha3bIBaeTCHd Nepu-
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yewmpom, a Haubosee majerkad — anoyeHmpom. [Ipu neikeHNNn
BokpyT COJIHIIA 3T TOYKU HA3bIBAKTCH nepuzesuem n ageiuem.

Tpetuii ob6o6ieHnslii 3akon Kenmepa. 18 sIIMITHYUECKOIO
IBMKEHNUA JIETKO HONYUUTE CBA3b MEXKY CUIepUUECKUM ITIePUOI0M
obparerna T ¥ DOJBIION TOYOCEIO @ OPOUTHL ¥ UATBIBAA, YTO ILJI0-
maab 3JJINIca

o =na*vJ1-¢

U paAuyc-BeKTOp omMchIBaeT ero 3a nepuor T', umeem ua (65):

_2na’V1-é’
— 5
C mpyroii croponsl, 3 (70) cienyet, uTo

C =+/pa(l-é). (71)

[IpupaBHMBas 5TH OBa BLIPaYKeHN S, IOy IMM:
T*(M+m) _4n’
a’ G
OTO COOTHOIIeHKe IIpefcTaBideT coboil TpeTuilt 0bobOIIeHHBIN
3akoH HKemmepa. OH crnpaBemymB AJsA JIIOOBIX ABYX IIPUTATHBAIO-

C

(72)

IMWXCA MaTePHUAJILHBIX TeJ, OYIb TO IIJIAHETHI, IBOITHBIE 3BE3IhI NI
JMCKYCCTBEHHBIE HeOecHEIe Tesa, b0 B IPaByI0 9aCTh COOTHOIIIEHNA
(72) BXOOAT YHMBepcaJibHbIE IOCTOAHHBIE,

ITycts M, — macca CosHila, m, —Macca IianeTsl, a u T — cooT-
BeTCTBEHHO DOJBINIAA MTOJIYOCh U CUIepUUecKUii mepuo odpanleHna
nnaHeTH BokpyT CosHEIla. Ecan MMeeTcd Ipyrasd cucTeMa, HallpuMep
IIaHeTa Maccoii M, ¥ CITy THUK IIJIaHeThI Maccoit m,,, KOTOPbIit obpa-
IIaeTcsa BOKPYT IJIaHeTHI ¢ lepnoJioM T', Ha cpeJiHeM pacCTOSHNN a,,
TO I 5TUX OBYX CHUCTEM CIIpPaBeJINB TPeTHuil 0D0DIIeHHbBI 3aK0OH
Kemnnepa (72), koTopblll TpUHNMaET BUI!

I'(M,+m) _a

(M m) @ )

HpI{ OBMHEeHMHM IBYX TeJl MaJloll Macchl BOKPYT OOHOTO IIeHT-
PaJIBHOI'O TeJla, HallpuMep IIPpM OBVMMEeHNN IIJIaHeT BOKPYT COJIHLI&,
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4 3. 0606uleHHbIe 3aKoHbI Kenaepa

B chopmyuie (73) cnenyet nmonoxute M, = M,, m, << M nm, << M,,
M TOTHA
2 3
" _a
2T 3
Ty a
TO ECTB MOJIYIAEM TPETUIT SMIMPIUIEcKii 3akoH Kerepa.
VI3 BoIpaskeHMA OJda sKcleHTpucuTeTa (69) u (71) merxko Haii-
TI, UTO
2n=-E
a

Torga ypaBHeHMe UHTeTpalia 3Hepruu (67) IpuHUMaeT BULI:

v = u(zi} (74)

roa

o

Ota popMyia copaBennuBa A aodoro Tuna apuskeHud. Jlna
BIIUIITHYECKO opbuTe! a > 0, nna napaboanueckoli opbUTEL a = o,
a s runepbomamueckoii a < 0.

XapaKkTepucTU4YeCKHE CKOPOCTH KENAEPOBCKOro ABMXXEHUA

,H.JIH KaiJOro pacCTOoAHMA T OT OeHTpPaJIbHOTrO TeJila MMeHTCHA
OBe XapPaKTepPHbIe CKOPOCTH:. OJHA IIPM T" — d — KPYTOoBad CKOPOCTh:

v, =\E=\E, (75)

nMed KOTOpYIo o0palnaIiieecs TeJo IBUMKeTCS 0 KPYToBoi opOn-
Te; npyrad — napaboiirdeckasd CKOPOCTh

F
P KOTOPOJi NBIDKYVIIleecd TeJI0 YXOOUT OT IeHTPaJIbHOTO Tella 1o
napabogie (a = ). O4ueBMIHO, YTO IPU " = a Bcerga v, =V, \E
IIpu obpatiiennu Tena 1o 3AIUNTUUECKO opbuTe cpegHAA op-
OrTaTbHAA CKOPOCTE COBTIANIAET C KPYTOBOI CKOPOCTHIO!

va=\/E=2;f—a, (76)
a
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TAABA 4. OCHOBbI HEBECHOW MEXAHWKM U AMHAMUKW KOCMUYECKWX NMOAETOB

e a — Hoabmaa moayock opbuter u T — cuzepudecKnii Iepuon
obpamierusa. Mz pasencts (74) u (76) Halimem, uTo B J1H000I TOUKE
ILINIITUYECKOT OpOMTEI HA PacCTOAHMM T OT IEHTPAJIbHOTO Tesa
obpamniarrieeca TeJIO MMeeT CKOPOCTh:

V. =v 2—a~1. (77)

7

CropocTh B IepuIIeHTpe onpefendeTca opu r = q = a(l — e),
a CKOpPOCTE B allolleHTpe — npur =qg=a (1 +e).

B orpaeuuensoii zagaue aByx tea U = GM u onpegensetrcsa
TOJBKO Maccoli IleHTpaJbEOro Tesa. [Ipenebperas B mnepBoM npuoan-
JKeHNMM B3aMMHBIM IPUTSMKEHMEM IIJIAaHET, MOXKHO paccMaTpHUBaThb
IBJIKEHMe Kaskgoi 3 Hux BokpyT CoJiHIa B YCIOBUAX OTpaHUIeH-
HoJi 3agauy ABYX TeJ. Torma y 1000 IaHeTHl cpeJHAS CKOPOCTh:

v.,=\/E. (78)
a

. 2-3,1416-149,(;’-1{)6 KM _ o0 78 /. (79)
a, T, 31,56-10" ¢
Tak rkak mepuop obpamienns 3emum T = 365,2564-86400 =
31,56-10% ¢
HO,I[eJIMB paBeHcTBoO (78) Ha (79), HavigeM nJid 000 NJIaHETHI

CPeIHIOI CKOPOCTh:
v, =29,78 \/7 KM /C.

A BBIPas3ME d B aCTPOHOMMYECKMX e TMHMITaX (a. E!.) ¥ IIOMH#A, 9TO
CLU =1a. €., OROHYaTeJIbHO IIOJIYHIIM.

, 2978
“ Ja

4.4. SAAAYA MHOTUX TEA

ay 3eMmin:

KM /C. (80)

B npupoge HeBO3MOXKHO YKa3aTh IIapy I'PaBATHUPYIOMINX TeJl,
IBIKeHJe KOTOPBIX COBEPIIIeHHO CTPOT0 OMNCHIBAJIOCE Dbl pelleHn-
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A A 3apava MHOTUX TEA

eM 3a7aun ABYyX Tell. [Ipu TouHOM aHaM3e ABVKEHNA TPUXOIUTCH
VUUTBHIBATE BO3MYIIEHNUA OT APYTUX IPUTATUBAIOIINX TeJ.

[TosToMy HapAny ¢ 3agadelil ABYX TeJl B ACTPOHOMMUN pPaccMaT-
puBaeTcs sadaud mpex mea, a 4acTo — U 3adaua n (MHO2UX) med.
B HuX peus neT 00 aHaM3e IBIKEHNA HAIJIeKAIIEro Y1Cciia B3aM-
HO TATOTEWINX TOUYEUHBIX Macc. KoamuecTBO TeJ, COCTABIIAIONIX
paccMaTpUBaeMy CUCTEMY, onpejiendercs (pu3ndecknmn coobpa-
skeHnAMu. Heobxonymo, aTobsl cucTeMy 1 Tesl ¢ D0JIbLIEN CTeIlleHb
TOUHOCTH MOXKHO OBLI0 OBbI CUUTATE 3aMKHYTOIT 11 M30JIMPOBaHHOIL

Tak, Hanpumep, CoJHEUHYIO CHCTEMY MOXKHO MOJIEIMPOBATH
3anaueli nepATn Teln (CoJHIle M BoceMb DOJBINNX MJIaHET). B pAne
CJIyUYaeB JOCTATOYHO YUUTHIBATE HAPALY C COJIHEUHBIM IIPUTAXKEHN-
€M CUJIbl TATOTEeHUA K HanboJiee MacCUBHBIM OOJBIITNM IIIaHETAM —
HOmurepy, CatypHy. BeaumHuble BoamyIineHnda FOoutepa n CaTtypHa
CTOJIb 3HAUUTEJILHBI, UTO UX ABUMKEHNE HaJIJeKUT U3yUaTh KaK MU~
HUMYM B paMKaxX 3ajilaun Tpex Teiy. J[Bmxenue JIyHBI UccaenyeTca
TaKsKe Ha ocHOBe 3anaum Tpex TeJ (CosHile — 3emnsa — JIyHa).

B zayaue n Tes HeoOXOIMMO HANTH 3N KOOPIMHAT B BUJTe ABHBIX
dyurimit Bpemenn. Tak Kak KajKJIad M3 KOOPIUHAT OTpeJiedeTcd
mnddepeHIMaIbHEEIM YPaBHEHEM BTOPOTO TIOPAMKA, TO ODIITNMit
TIOPANIOK CUCTEMEI YVPaBHEHNIT ABUKEHUS cocTaBiseT 6n. 3agaua
momryckaeT 10 KJaccHUYecKMX MHTErPaJIOB YPABHEHMIA NBIKEHNA.
Ux cyiiecTBOBaHIE BEITEKAET M3 OOIINX TEOPEM JUHA MUK CHUCTEMEL

Tak kak B cHucTeMe TATOTEIOIIUX TeJ BCe CHJIEI BHYTPeHHUe,
TO IIeHTP MACC CUCTEMBI ABIMIKETCHA MPAMOJIMHEHO M PAaBHOMEPHO
(B MHepHIMaNLHONM cucTeMe koopauHaT). Ecan uepes ?t_ 00603HaUNTE
Pajyc-BeKTOp Macchl m, TO IJIA pajiryCc-BeKTOpa ?E 1 CKOPOCTH
v, — IIEHTPa MACC CUCTEMEBI TeJl — CIIPaBEJIJTMBLI COOTHOIIIEHN T

= 1 oy B o - =
i :—Zmr.r,. =Cit+C, n v, :—ij v, =Cl,
m m

B KOTOPBIX M = Xm,, a 51 n C, — Ipon3BOJIbHbIE BEKTOPHBIE [TOCTO-
AHHBIe. [IpoeKTUPYA TN BEeKTOPHbIE MHTErPaJbl Ha OCH KOOPAWMHAT,
MMeeM IIIeCThb CKaJIAPHBIX MHTETPaJoB ABMKeHNA [IeHTpa Macc.

ITockonbKy IyIaBHEIT MOMEHT JIeiICTBYIOMINX CHUJI paBeH HYJIIO,
TO MOMEHT KOJIIf9ecTBa JIBMYKeHIA CHCTeMbl IIOCTOAHEH:
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%
— —
Zr!.x m, ¥, =C'= const.

Ilocnennee BeKTOPHOe ypaBHeHMe B IIPOeKIINAX Ha OCH KOOpIOn-
HaT HaeT TPU MHTerpaJa TLJIOIIA e,

HaRDHEI_[, B COTJIaCHMM C 3aKOHOM COXpPaHeHudA MMOJTHOM MeXaHW-
JecKOon SHepruu 3alnuiieM MHTerpaJl sHeprmum

J mr>=U+h,
2 Z il

rae U — roTeHIMAaJ CUJ B3aIMHOTO TATOTeHNA, a h— IIPOM3BOJIEHAA
IIOCTOAHHAA

4.5. OTPAHUYEHHASA 3AAAYA TPEX TEA

ITpu nzyuenun neusxenns JIyHBI, KOMET, aCTEPOUIOB, MICKYCCT-
BEHHBIX COYTHMKOB ¥ KOCMUUECKNX ANIIaPaTOB YAIlle BCErO IPUX0-
IUTCS CTAJKMBATBLCA € 3aJlatlell Tpex Tel. AHAJIUTUIECKOe pelleHne
9TOIT Bazlauy B 00IIIeM ciydae He HalifeHo. B acTpoHOMMM GoJbirioe
IIpaKTHUYEeCKOe IIPMMEeHEeHIe HAIIJIA 02PAHUYEHHAA KPY208aa 3adaua
mpex me., B KOTOPOI Macca OJHOTO U3 TPeX TeJl HUITOXKHO MaJia 1o
CpaBHEHMIO C MaccaMy ABYX OPYIUX, a MAaCCUBHBIE TeJa IBUKYTCA
110 KPYTOBBIM KeIlJIepOBCKUM 0pOKnTaM BOKPYT 00IIEro IeHTpa Macc.

3JTa MOCTAHOBKA 3aJlaull TpPeX TeJl BIIOJHEe IIpueMJeMa IIpHu
M3YUEHNN JBUKEHUA aCTEPOUIIOB, TAK KaK SKCIIeHTPUCUTET OPOUTHI
Omurepa coctaBndaet 0,048 m MM MoKHO TipeHeOpeus. KpyroBasa
3aJlada TpeX TeJl IpMeMIeMa B AMHAMUKe mojeTa K JIyHe, Tak Kak
SKCILIEHTPUCUTET JIYHHOI OpOUTHI TaK:Ke MaJl M TpUOIIMKeHHO paBeH
0,055.

BozpMeM TIpAMOYTOJBHYIO CHCTEMY KOOPIMHAT C HadaJOM
KOOPZIMHAT B IeHTpe MHepimyu O NPUTATUBAIOIMX Macc m, u m,,
OCHOBHAS IIJIOCKOCTE KOTOPOJT COBIIAZIAET C IIJIOCKOCTHI0 OPOUT 5TUX
Macce (puc. 65).

STOI KOOPAMHATHOI cHCTeMe cOODIIIMM paBHOMEpPHOe Bpalle-
HMe BOKPYT OCH alIJINKAT C YIJIOBOI ckopocThio n = 21 / T, paBHOII
cpelHEMY OBWKEeHMI0 TAToTerrnx Macc. Ock abcumcec mpoBenem
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4.5 0OrpaHWyeHHas 3ajada TPexX Tea

4epes IPUTATUBAIOMINE MaCChl M, ¥ M, abCIMCCHI KOTOPBIX OCTAI0T-
Cs HEeM3MeHHBIMN CO BpeMeHeM ) COOTBEeTCTBEHHO paBHEI X, = —a,,
a x, = a,. 3aMeTyuM, 4TO, COrJIACHO TpeTbeMy 0000IIeHHOMY 3aKOHY
Rennepa (72)

7 G(m,+m,)
n=——5.
(a +a2)3

Puc. 65. Orparndennasn saiada Tpex Ted:
L, L, L, — ronmmeeapssle (Toura L, — mexgy O u,)
n L, L, — TpeyroneHble To9EM JmOpaip (To9ky Jlarpansza)

CocraBuMm puddepeHInalbHEIE YPEBHEHUA OTHOCHUTEILHOTO
IBUIKEHUA TPeThero Teja P, orpaHMYMBIINCE IIJIA MPOCTOTHI CIy-
JaeM [IBWMKEHNA B IIJIOCKOCTY OpOMUT IpUTATHBAKIINX Macc. Ha aTo
TeJOo AeICTBYIOT CHJIIBI HBIOTOHOBCKOTO TATOTEHMS CO CTOPOHEI T
€ MaccaMy m, ¥ m,, CyMMapHBIli IOTeHI1aJll KOTOPBIX B TOYKE I10JI0-
sKeHUsdA Tena P paBeH:

Gm

U=""1

h

L om
)

IleuTpobeskHOe yCKOpeHe Tejla P paBHO M’r, a KOPUOJINCOBO

VCKOpeH!e
- =
Z [nx v,],
=

rge Vr — OTHOCHTeJIbHad CKOPOCTEL TeJla B BeRTOpHOE YpaBHeHNe
ABIKEeHMA MMeeT BUI:
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w, = gradU +n’ ?+2[§><?§]‘ (81)

31ech w: — YCcKOpeHMe TeJsla P OTHOCHTeJIBPHO Bpallalolleiica
CHCTeMBl KOOpPIWMHAT.

YpaBHeHue (81) B obm1em ciydae aHaJIUTHUUECKM pellleHO ObITh
He MoxxeT. [TosToMy pedb MOMKeT MATH O YaCTHBIX PelleHMAX WU
0 IpMOIIIKEHHOM IIOCTPOeHUN pPellleHnT.

JlarpaH:x ykasaJ [IATH YACTHBIX peIlleHMi 3aJady, KOTOPBIM
OTBEYAIT II0JIOJKEeHMA OTHOCMTEeJbHOIO paBHOBecHs Ha Bpallaio-
metica nyockoctu (Wr = 0, Vr = 0), — Touxn Jlarpan:xka. Tpu us
HUX JIesKaT Ha IIPAMOIL, IPOXOoAAIlell Yepes IPUTATHBAONINE TOUKN
(vonauneapuvle mouxku aubpayuu L, L, L,). Jlpyrue nsa paBHO-
BeCHBIX pellleHMdA TaKOBLI, 9YTO BCe TPU TeJla IIOCTOSAHHO HaXOoLATCH
B BepIINHAX PaBHOCTOPOHHErO TPeyTOJbHMKA, ecsl TOJBKO B Ha-
4JaJIbHEINI MOMEHT MX OTHOCHTeJbHbIEe CKOPOCTH OBIJIM PaBHBI HYJIIO.
OTH TOJIOMKEeHNA OTHOCHTEIbHOTO paBHOBeCHs Ha3BIBAIOTCA Mmpey-
20AvHbIMU moukamu aubpayuu (L, L,).

Cam JlarpaHsk OLIeHMJI MX KaK «IIpeJMeT YMCTO MaTeMaTidec-
Koro JrbonkeITeTBa». OHaKO IPHPOJia CTONIbL MHOr00oOpasHa B CBOMX
IIPOABJIEHMAX, YTO, KaK OKas3aJloCh, pealin3yeT M 3THU pPeIlleHud.
Bo-miepBBIX, MMEIOTCA [Be TPYIIELI ACTEPOUAOB — «TPOAHIIBI»
M «I'PeKu», KOTOpble NPpUOIMIKeHHO HaX0AATCA B IBYX TPeyTOoJIbHBIX
Tourax Jmbpauun B cucrtemMe Cojnrne — HOmmrep — acTepous.
Bo-BTopnIxX, B 1961 I. B TpeyroJlpHBEIX TOUKAX JIMOpAIIUMM CUCTEeMbI
Semina — JlyHa ObLIM OTKPEBITHI NBLIeBBEIe 0OJaka. B HacToAllee
BpeMms B Touke jubparym L, cucremer Cosnne — 3emus ¢ 1995 r.
pyHKIMOHUPYeET coJHeuHasa reanocdepHasa obcepBaTopusa SOHO
(SOlar and Heliospheric Observatory), HempepbIBHO HabI0ma0mass
3a CoJiHIIeM M COJIHeYHOJ KOPOHOM B ONTHMYECKNX, MH(ppaKpacHLIX
YIbTPadoNIeTOBEIX M PeHTTeHOBCKMX Jydax. B rTouke L, Heox-
HOKPaTHO 3allycKaJsych obcepBaTopuy Jiid HaOIIOJeHWIT pPeauKTO-
BOI'O M3JIy4eHNd M MH(paKkpacHOro N3JIydeHns HebecHLBIX TeJl.

Touku L, u L, pacriosioskeHsl Ha PacCTOSHUN



4 6. [NoHATHe 0 BO3MYLLEHHOM ABUXEHWUU

COOTBETCTBEHHO cJleBa U CIIpaBa OT BToporo Teja. Todka L, nmeer
KOOPINHATY

5 m,
X;=—a|ll+—
2m

1

B cuticreme 3emng — ComnHile
a=1la.e =105x10%xkwMm,

u=M, /M, . ~6x10%Ekr/2x10*&kr)=3x10°
Taxum o6pasom, Toukn Jlarpanxka L u L, jeskaT B HampaB-
neaun Ha n oT CoJIHIIAa HA PACCTOSAHMM OKOJIO 1,5 MJIH KEM. 3allyCcK
KOCMMYECKUX TeJIeCKOIIOB B 3TU TOYUKM ABJIAETCA NPUOPUTETHLIM
HaIlpaBJIeHMEM B Pa3BUTUM BHeaTMocepHOI acTPOHOMMIML.
KpyroBasa 3amaua TpexX Tell MCIOJNbL3YeTCA He TOJbKO IIPU
UBYUYEHUN [BUKEHUS ecTeCcTBeHHBIX Teyl COJIHeYHOIl CUCTeMbI U
JMICKYCCTBEHHBIX TeJI, OHA HAIIJIA IIIMPOKOE IMPUMEHEeHNe B TEOPUU
IBOITHBIX 3Be3]l, TIPU MCCJIeJOBAHNM IPOIeccoB oOMeHa BeIlllecTBa

MeXOy IBYMA KOMIIOHeHTaMI.

4.6. MOHATUE 0 BO3SMYLLUEHHOM ABWXEHUH

HpH dHaJIM3e IOBMMEeHMA HebecHLIX TeJ YacTo He YZAaeTcsHd
BRIICSJUTE 3aMKHYTYIO M30JIMPOBaHHYIO CMCTeMYy TeJ, KOTOpas OLI
IIpMBOOMJIa K 3aJade MHOTMX TeJl. B sTom ClIydae OBHMMHeHNe MHTe-
pecyrIllero Hac TeJla B ClCTeMe KOOPAMHAT C Ha4daJIOM B OCHOBHOM
IIPUTATUBAIOIeM TeJie U @HHCHPOB&HHHMH HallpaBJIeHMAMI oceil
3alaeTCHA BeKTOPHBIM YpaBHeHNeM OBMMeHMA:

2> -

r p
7 =—Gm(M+m)r—3+f, (82)

rae
Pz G(M + m)m

3Ilech IIepBoe cjaraeMoe IIpaBoii HacTH IIpeJicTaBJiAeT coboii
OCHOBHYI CWJIy — CHIY HIPUTAKEeHHA K IeHTPaJbHOMY TeJy,
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a BTOpoe cjaraeMoe — TaK HasblBaeMad 603MYUW,aouldi cuad Ipo-
M3BOJBHON (DM3MYecKol IPpUpPOoabl, KOTopasd 00bIYHO BecbMa MaJla I10o
CpaBHEHMIO C [IePBOI CHUJION.

Ecnu B ypaBHenun (82) nomoxuts f = 0, To 0HO ompelenmuT
KeIlJIepOBCKOe OBMKeHMe, KOTOpPOe Ha3bIBAIOT HeB03MYU,EeHHBLAM.
B npoTuBoBec 3ToMy IBUKeHMe, ONMChbIBaeMoe ypaBHeHKeM (82)
upu f = 0, HazpIBaeTCA 603 MYUWEeHHbLM. BOSMYIIIeHNA B CUIIY CBOell
MaJIOCTM NPMBONAT K MaJbIM OTKJIOHEHMAM 3JeMeHTOB HeBO3MY-
IIIeHHbIX KellJIePOBCKIX OpOMT.

PaccMoTpuM HeCKOJIbKO IPMMEPOB BO3MYILIEHHOIO ABMKEHMNA.
Jlna acTeponja IeHTPaJbHBIM MIPUTATHMBAIOIIMM TEJIOM CJIYKUT
Comane. KenepoBckoe aJImMOTHYECKOe OBMIKeHIe, KOTOpOe OIN-
CBIBaJ OBI acTepou[ NpM OTCYTCTBUM APYTUX BIMAHMI, clenyeT
IIPMHATH 3a HeBO3MYILleHHOE.

Ha pBusKeHMe acTepoyja OKas3blBAlOT MaJoe BO3MyLIalollee
BJMAHNe OJIM3KMe K HeMy OoJbllNe NJaHeThl, HanpuMmep IOmnurep.
Cuna npuraxeHna acTepoupga IOmuTepoMm ABIAeTcA BO3MYylla-
rorfedt. OHa MaJja II0 MOAYJIIO II0 CPaBHEHMIO C BEeJNYMHONM CHJIBI
COJIHEYHOTO TATOTEeHMHA, TaK Kak Macca IOnmnTepa B TBICAYUY C JIMIII-
HMM pa3 MeHbllle Maccel CosHIa, B TO BpeMaA KaK PacCTOAHMUA OT
acteponza no Conrna n IOnuTepa — BeJMUMHEBI OJHOTO IIOPAAKA.
YcraHoBJIeHO, 4To IOmMTep onpenendeT 3BOJIIOLNIO aCTEPONIHOTO
KO0JIblla, ¥ IpeHeOperaThk BO3MYyIIIa0IIMM BayaHneM IOmrepa, XxoTa
OHO U MaJlo, HeJIb34.

Jpyroii mpuMep BO3MYIeHHOTO ABMKEHMA NalOT MCKYCCTBEH-
Hble COYTHUKM 3eMJyl. Rak 13BeCcTHO, 3eMJIA CILIIOCHYTa Y [OJMII0COB,
npudem ckate 3emmm ¢ = (R, — R ) /R =1 /2982 (R, R —
COOTBETCTBEHHO SKBAaTOPMAJBHBIN M MOJAPHBII paAMyChl 3eMJN).
CrnmrocHyTOCTE 3eMiu 00ycJIoB/IMBaeT HelleHTPaJbHOCTh ee I'pa-
BUTAIMOHHOTO II0JIA M BbI3bIBaeT B ABMKEHMM CIIyTHMKA 3aMeTHBIe
110 BeJM4YyHe BO3MYILeHMA, XO0TA BO3MyIlalllad cuia 10 MOIYJIIO0
cocTaBJAeT JOJN IPOLleHTa OT CHJIBI 36 MHOT0 IPUTAMKEHN, KoTopad
uMeJia ObI MECTO B ciIydae I1apooOpasHoll SeMII.

B pesyabTaTe felicTBMA BO3ZMYLIAONIINMX CUJ 3JIeMeHThI OpOMTHI
IIpeTepneBawT 603 MywerHua (Hepasencmaa). OHM OeJATCA Ha TpU
THIIa: NePUOOULECKUE, 6EKOEbIE VI CMEULAHH ble BOBMYIIIeHNA.
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4 6. MNoHATHE 0 BO3MYLLEHHOM ABUXEHWUK

4 _;’,’_ &3
b s
W
Iy 2
12

Pr

x

¥

Pue. 66. K pacuery BozMyIIamwmero Y CKOPEHMA MaTePHaIBHOM TOTKN P-w =
YCKOpeHyte Tesa P o, CO CTOPOHEI TeJIa P, w,— ycropesne Tesa P, co cTOPOHEI
tema P, - @, =y, ~ w, — BO3MyIIalolllee ycKopeEne Temna P, co cropossr Temna P

KocMmorounueckoe (3BOJIOIMOHHOE) 3HAYEHNME MMEIOT BeKOBLIe
U cMemaHuble BoaMyleHna. OHM n3yuaioTed ¢ 0coboli TIaTeIbHOC-
TBLIO.

OOpaTnMCs Telleps K KIIACCUTECKOMY IPUMepPY BOBMYIIAIOIIeit
CHJIBI, KOT/Ia OHA OPOKeHA BOBMYIIIEIOIIUM TEJIOM.

Paccmorpum aBuskenne Touku P, monBepskeHHON [eliCTBUIO
CHJI HbIOTOHOBCKOT'O TATOTEHMA CO CTOPOHBI MaTepHUasbHbIX ToYek P
u P, B cicTeMe oTcueTa ¢ Ha4asoM B Touke P (puc. 66).

O6oanaunm maccel Todek P, P n P, cooTBeTcTBeHHO Yepes M,
m, , m, ¥ BBeJleM B pacCMOTpeHNMe paJinyc-BeKTOpbl, yKa3aHHbIe Ha
puc. 66. Torma cumbl npuTAMxKeHns Toukn P, Toukamu P u P coot-

BeTCTBEHHO PaBHBI.

GMm, — GMm, =
__?ﬁn_} i
) 2

ITovumo sTHX CHJI, BO BBeJIeHHOII cucTeMe KOoOpAMHAT Ha TOURY

P, B cornacuu ¢ Teopemoiit Kopuosica JefiCTBYIOT CIMJIbI MHEPIUH,
IOPOsKIeHHEIe YCKOPEHHBIM ITOCTYIIaTeILHELIM ABMKEeHIIeM CHICTeMEI
—F

KOOpIMHAT C YCKOpeHMeM W OTHOCHUTeJIBHO aOCOJIIOTHOI CHCTEeMBI
KOOpIMHAT!

B sTOoM paBeHCcTBe nepBoe cjaraeMoe 0OyCJIOBJIEHO IIPUTAAKE-
HueM K To4ke P, a BTopoe — K Touke P,. Torga cnia maeprym s
Touku P, 6yner paBHa:
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- Gmy” Gmm,

—myw=——2p——12p.
3 5 N
5 K

PaBHOIelicTBYOIasA BCeX PACCMOTPEHHBIX cuJl 6yIeT:

» »
Gm,(M +m,) > rs. ¥
Wi o ) ; 2)Jr'2+Gmlm2 l—fm—lj
e ha H

F= (83)

3Iech MepBOe cJjaraeMoe ompelesdeT HEBO3MYIIeHHOe IIBU-
sKeHlMe, a BTOPOe TIpeJicTaRnageT cobol BO3AMYIIAIIIY0 CUITY, 00yc-
JoBJIeHHY0 TesioM P . OueBUHO, BOBMYIIAIONIasa CUJIa BhI3bIBaeT
BO3MYILIAOIlee YCKOPeHNe JCCJIefyeMoll TOUKN, OIIpeJeisaeMoe
reOMeTPUYeCKOli Pa3HOCTEIO yCKOpeHuii Touek P u P,, BBI3BaHHBIX
NPUTAMKeHNeM BoaMylatolero Teja P . Bosmymaroiiee yckopenue
PaBHO

- —

- r, F
®, =Gmym, _ng_.,_13 " (64)
1z 1

-

OTKpbITUE HOBbIX NMAAHET

Mexny Teopuell OBM:KeHMA VY paHa (oTKpeiToro B 1781 T.
B. T'epiiesiem) U ero HaOMIOOeHMAMM B TedeHMe IOJITOTO0 BpeMeHU
0DHapysKMUBaJMCh CHUCTEMATUYECKNE pacxoyKlIeHud. [lonbITKM
MaTeMaTHUecKMX VTOYHEHWUIT TeopuM IBU:KeHMHA YpaHa He OaJin
obHalesKUBAIOIIUX pe3yabTaToB. Habmmogapiiuecsa TeopeTUUeCcKN
HeoO'BACHEHHbIe BO3MYIIEHUSA B IBMIKEHUM YpaHa NOPUBeNIN He-
Merikoro yuenoro @. Beccensa (1784—1846) k zaxknioueHno, 4TO BHe
opbuTEI YpaHa MMeeTcA HeM3BecTHad IIJIaHeTa, KOTOpasd M BHOCUT
HabirolaeMble OTKIOHEHMA B ero JBiskeHMe. Tak ObljIa rocTaBiieHa
3a7lava onpeliesleHM MOJIOMKEHMA M MacChl HeU3BECTHON NJIaHEeTHI
110 IIPOMB3BOLVMLIM €10 BO3MYIIIeHMAM.

OTol 3aZadell OIHOBpeMeHHO 3aHAINUCL aHTIIUIICKUIT aCTPOHOM
. Agamc (1819—-1892) u chpanmysckuii acTpoHoM ¥. JleBepbe
(1811-1877). Vcxoma uM3 SMIOMPUUECKOTO 3aKOHA IIJJaHETHBIX
pacctoaauit Tuiimyca — Boge, oba y4eHBIX NPUHANM OJiA O60Jb-
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11011 ToJIyocH OpOMTHI HeM3BeCTHON IINaHeThl 3HadeHUe 38,8 a. e.
IIpenBorancaeHye mojokeHNA Ha Hebe TMIOTeTHMHUECKOJ NJlaHeThI
Apnamc n JIleBepbe 3aBeplInJy NpaKTIHeCK) OJJHOBpeMeHHO. 110 BbI-
unciiernAM JleBepbe OepimHcknii actpodom V. Tasie (1812—1910)
00HapPYKUT 23 ceHTADOPA 1846 roma HOBYIO IJIAaHETY Bcero B 1° oT
IIpeBLIYNCIIEHHOrO MecTa. B uecThb Dora Mopeli HoBas IylaHeTa Oblja
HasBaHa HenrTyHoM.

OTtkpeiTie HenTyHa «Ha KOHUMKe Ilepa» ABUJIOCH TPUYMQOM
HebecHoll mMexaHUKKM. OHO yDemuTelbHBEIM 00pazoM OOATBEPINIIO
CTIpaRe/IIMRBOCTE yUeHNA KomepHUKa 1 3aKOHA TATOTEHUA.

Vines moucka HOBBEIX IIJIaHET He OCTaBIAeT acTPOHOMOB
u B Hamy gau. B Hauasie XX B. amepurauckuii actporoMm 11 Jlopenn
(1855—1916), cnenysa Jlerepbe, IpoBes CIIOXKHBIE MaTeMaTUUeCKIe
pacueThl U IIpe/icKa3al CyllecTBOBaHNE ellle OJHOI NJaHeThl, BIIOC-
JencTByM HazBaHHOMN IlayToHom. CienyeT ckasaThb, UTO OTKPBITHE
JaJleKNX IJIaHeT MCKJIIUMTEJILHO CJIOMKHO, MO0 uX OJeck BecbMa
MaJ M, UTOOBl OOHAPYIKUTE MX HesHAUNTEJLHOE IIepeMellleHNe Ha
doHe 3Be3], IPUXOONTCA Ha NPOTAKEeHNM JINTeIbHBIX MHTePBaJloB
BpeMeHMN TIIaTeJbHO CpaBHMBAThL Ha (POTOCHMMEKAX 3Be3IHOrO Heba
TIOJIOJKEeHNs COTeH ThIcAY M3obpaskeHM)T 3Be3n. VIMeHHO Tak Oblia
otkpeITa K. Tombo B 1930 r. naseTa IlayTow.

Mpobaema ycToluuBoCcTU COANHEYHOW CUCTEMbI

Kax ysxe ropopuiocs, mnageTs! COTHEUHON CHCTEMB] 0KA3EIBAIOT
B3aMMHEIE BOBMYyIeHNd. B pesyibTaTe NX 5IMnTHUecKe OpOUTEI
IIpeTepIIeBaloT BEKOBLIe, IePHOANYEcK)e I CMelllaHHEIe BO3MYyIle-
HIA: BIIEMEHTEI 0pONT HECKOJIBEKO M3MEeHAI0TCA CO BpeMeHeM.

Ilepuommuueckne Bo3MyIleHMA 0OLIYHO OLIBAIOT MaJbLIMK. Tak,
X HaubOJLIINe aMIINTY ALl B BUAMMEIX IIOJI0KEHIAX COCTaBJIIAIOT:
nnsa Meprypusa — 15", nna Benepwer — 30", nna Mapca — 2'. Ha-
nboJyee 3HAUNTEJIBHON BeIMTYNMHBI JOCTUTAIOT JOJTOIIepHogdecKe
BoamyweHusa CatypHa 1 FOnmrepa, cooTBETCTBEHHO COCTABJIAIOIINE
48" u 28'. BoamyIienua MJIaHeT, BoIpaskeHHbIE B JIMHEHHON Mepe,
OKa3bIBaIOTCA BecbMa 3HaunTeNbHBIMI. Hanpuwmep, aina Hentysa
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OHU COCTaBJIAIT OKOJIO 2 MJIH KM, 171da Mapca — 46 Teic. kM. Ilepu-
OnBl BO3MYIIEHNII Tak:ke pas3ian4Hbl HabiromaroTca mepmonbl a0
HeCKOJIbKMX COTeH JieT. BeKkoBble BO3MYIIeHMA, IIpecTaBJIAIINe
HanboJbIINii MHTepec 1A 5Bosrouuy CoJHeUHolt cucTeMEl, PaCTyT
O4eHb MeJuleHHO. Hanpumep, cOrjlacHO TeOpUM IOBUIKEeHNA 3eMJ,
IIOCTPOEHHOI Ha OCHOBe HabJII0NeHNiT B TedeHNe HeCKOJIbKNX COTeH
JIeT, SKCIIeHTPUCHUTET e€ OpPOUTHI NCTIHITHIBAET BEKOBBIE BO3MYIIE-
HMA, KOTOPEIe BEIPaKaTCa (DOPMYJIOIi:

e=0,0167498 — 0,0000426t — 0,000000137¢> (69)

31echk t — IMIPOMEeXKYTOK BpeMeH, OTCUNTBIBAEMBIN B CTOJIETUAX
¢ 1900 roma. 3a onuH ron skcueHTpucuTeT MeHAeTeA Ha 0,0000004,
3a 100 meT — 1a 0,0000427.

Opsako B TeueHMe OOJLIINX IIPOMEKYTKOB BpeMeHU TaKle
BO3MYIIEHUA MOILIM OBl IPUBECTU K CYIIeCTBEHHEBIM M3MeHeHUAM
B naercxenyn. 3a 10* JleT SKCIIEHTPUCUTET 3eMHOI OpOUTEI IOJIKeH
yMeHsnmTheA 1o 0,0134. AnanuTuieckre TeOPUM OBUSKEHMUA IJIa-
HeT MOTYT AOCTATOYHO TOYHO IPeACcTaBiIATL JeliCTBUTENLHLIE IBU-
JKeHUd [IJIaHeT B TeueHMe oNpe/leJIeHHOTO IPOMesKyTKa BpeMeHH, 3a
IpeZieaMl KOTOPOTO 3TU TEOPUM CTAHOBATCA HelIPUTOAHBIMI.

BosHaukaeT Bompoc: Bcerfia i Bce IJlaHeThbl IBUTAJINCh 1 Oy Oy T
JBUTATHCA TI0 TeM 3Ke opbuTam, uto u celiuac? C HebecHO-MeXaHM-
YEeCKOM TOYKM 3PeHs 3Ty HpodieMy MOXKHO chOpMYJIMPOBATE CJe-
nyrwonyM obpazom: 00J1agaoT Ju O0JbIINE TI0JYOCH, SKCIIeHTPUCH-
TeTHl ¥ HAKJIOHEHNA OPOUT IIJIaHeT YICTO BEKOBBIMM MI3MEHEHMAMM ?

TeopeTndeckoe onycaHue yeroiianBocTy COJTHEUHOM CUCTEMBI
HaTaJIKMBaeTcA Ha OOJbIlMe MaTeMaTUYecKHe TPYIHOCTH, M 0
HaCTOAIIleTO BpeMeHHU 53Ta IIpobiaeMa He pelleHa. Bosbiiag 3aciayra
B KaueCcTBEHHOM oIMcaHUM ycToiftuuMpocT CoJHEUHOI! CUCTeMbI
npuHaanesxkut Jlannacy, Jlarpan:xy, Jlepepre u gpyrum yuensiy. Mx
paboThl mokasaiy, UTO 5JIeMeHThI OpOuT a, e 1 ¢ miaHeT CoJIHeTHOol
CHCTeMEbI, ITO-BUIUMOMY, He MMeIOT UMCTO BEKOBLIX BO3MYIIIeHMIT,
KOTOpEIe pacTyT CO BpeMeHeM.

HekoTopkble BEIBOZEI 0 AaJjlekoM IIpolisioM CosHedHOIt cucTe-
MBI MOYKHO IIOJIYYMUTBH M3 TeoJIoTMUecKHX MccieroBaHuil. laHHbIe
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TeoJIOTHY TOBOPAT O TOM, YTO B TedeHJe MUJIJIMOHOB JIeT He IIpPo-
MCXOOMJIIO TaKMX OOJIBINNMX M3MeHeHNI KJIyMaTa SeMJy, KOTopble
MOZKHO ObL10 OBl CUNTATH BBI3BAHHBEIMY M3MEeHEeHNAMN ee OpOuTEHL
Hdaxe Takue BecbMa 3aMeTHEIE B IIPOLILJIOM M3MEHEeHUA KJIMMaTu-
JecKMX ycJoBuIi B EBpoIle, Kak HacTyILJIeHNe JIeJHNKOBBIX IIepyo-
OB, MOJKHO BIIOJIHe OOBACHUTE He3HAaUMTeJIbHBIMM KoJeDaHMAMU
SKCIeHTPMCUTeTa OPOUTEL 3eMJIM M HaKJOHa 0CY BpallleHNA 3eMJINn
K [JOCKOCTM OpOMTEL OTHM KoJleDaHMA, KaK IIOKa3bIBAIOT pacde-
ThI, BIOJHE MOTJIM ObI TIPUBECTM K YMEHBINTEHU) CPeIHeT0I0BOi
TeMIepaTyphl B EBpore, TocTaTOYHOM 1A TIOABJIeHNA JIeHUKOB.
Bosee 3raunTenbHEIe M3MEeHeHNA HSKCLEHTpPHUCKHTETa OpONTEl 1IN
cpenHero paccTogHug 3emiau oT CoJHIA ZOJIKHEBI ORI CKa3aThed
Ha KJMMaTe ropaszo Oojiee pe3ko, HO HUKAKUX CJeI0B IONODHBIX
Pe3KNX M3MeHeHNII KIMMaTa Ha IPOTAKeHNN MHOTMX MUJIJINOHOB
JIeT reoJIOTHA He HaXOINT.

OTcroja MOMKHO CIeJlaTh BBEIBOJ], UTO BCe 3TO BpeMA 3eMld
IBUTajach IPUMEPHO Tak Ke, Kak U celfuac, 1 popmyaa (85) u ana-
JIOTMYHBIE e¥i 1717 O0JIbIINX MHTePBaJIoB BpeMeH HeBePHEL

Tak xak Bce IJaHeTHl B3aMMHO TATOTEIOT APYT K IPYry, TO
3HAUNTeJIbHble N3MeHeH!UA B [IBIKEHNN OJHOJ IIJIaHeTEl He MOIyT
He [IPMBECTH K CYIIIeCTBeHHEIM M3MeHeHIAM B IBIKeHNN BCEX I1JIa-
HeT. Ha ocHOBaHMM 3TNX cooOpaskeHMII MOYKHO 3aKJIFOUNTh, 9YTO He
TOJIBKO JBIKeHIe 3eMJIM, HO I ABJDKeHNe OPYTUX IJIaHeT COXpaHa-
eT IPVMMEePHO TOT ke XapaKTep yiKe B TedeHNe MUJIINOHOB JeT, TO
eCThb HeT YJMCTO BEKOBbIX BO3MYLIEHM SKCLEHTPUCATETOB, DOJIBIINX
[OJIyOCel 1 HaKJIOHeHUi opOuT 1aHeT. B To 3xe caMoe BpeMmdA cy-
[IleCcTBOBaHMe BEKOBBIX BO3MYIIeHUII JOJTOTEl BOCXOLAIINX Y3JI0B
! IlepureNyieB IUIaHETHBIX OPOMT He WCKJIIOUEHO, HO BO3MYIeHNHA
5TUX 3JeMeHTOB He BIMAIT Ha 3BoJ0INI0 COJIHeYHOI CHCTeMBL.

OnpeaeneHHe Macc U GUryp He6eCHbBIX TeA

ACTpOHOMM‘{eCHHe MeTOAbl IIO3BOJIAKT OIIpeleJIMTh MaCChI
HeDeCHBIX TeJ B abCOJIIOTHBIX eIMHNIIax, ecJin 13 q)HSMT-IGCRHX n3-
MepE‘HMﬁ M3BecTHa Macca 3eMn. B aCTPOHOMMM OJIA OVMHaMMWYeCKMX
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pacYeToB JIOCTAaTOYHO BBEIPAa3UTh Maccy HeDecHOro Tejla B Maccax
3eMIn.

Hambonee mpocToii crocod olpenesieHMA Macc OCHOBaH Ha
TpeTbeM 0000IIeHHOM 3akoHe Kemsepa. IIpu ompepneneHun macc
INTaHeT B MaccaX 3eMJIM CPaBHMBAIOT JBIVKeHMe CIIYTHUKA IIJIaHe-
THI ¢ ABUsKeHMeM JIyHBI BOKpyT 3eman. A sToro B popmyse (73)
noapasyMeBaroT nog M, maccy mnaHeTsl, on @, n T, — GoJsblryio
II0JIyoch OPOMTEI CITy THMKA ¥ IT€PHOJ ero 00palleHida BOKPYT IJIaHe-
TBI, KOTOPEIE OITpeieIAloTcA M3 Habmonernit. Maccoii CIry THMKOB I10
CPaBHEHMIO C Maccojl INIaHeTEl B IpUOJIKeHHBIX pacdeTaX MOMKHO
npenebpeusb. Cunras, uro M, = M ectb macca 3emin, T, — 3Bes-
JHBI Mecsl, a, — OoJbIIasA MoJIyoCh JIYHHO! OpPOMTEI, BEIYMCIIAIOT
Maccy IulaHeThl B Maccax 3emut. Ecom T BeIpakaTh B MUHYTaXx,
a a, — B KujomeTpax, us (73) mosyumum:

32 3
M _ah opsa0va, (86)
M, I'a I
Hanpumep, crrytank FOrmmrepa Kasmero nveer a, = 1,880-10° km,
T, = 16*16"32"; Torma macca HOmmutepa B Maccax 3eMiii paBHAa:
M, / M, = 318. Ilo OBMKEHNIO MCKYCCTBEHHBIX CIIYTHUKOB JIyHEI

yTOUHeHa Macca JIyHEI, KoTopad oKkazayack paeHoii 1 / 81,30 maccer
Semin. AHaJorn4HO O6bLIa HajifeHa Macca Beneprr (0,815M ) o ee
JVICKYCCTBEHHEIM CITyTHUKAM (OKTA0pE 1975 1.).

Ilo BO3MyHIeHMAM B [OBMIKEHMM OJIM3KMX JCKYCCTBEHHBIX
CIIYTHMKOB IJaHeT U JIYHEI ¢ D0JIBII0I TOUHOCTBIO ONpPenessTca
purypsl mnnaHeT (cixaTHe, acMMMeTpHMdA NJIaHeTHl OTHOCHUTEJIEHO
IIJIOCKOCTY ee BKBaTopa U Ipoydee), MX TpaBUTAlMOHHEIE II0JIA.

Macca Meprypua, He MMeIONIEro CIIyTHUKOB, HalileHa MeHee
VBEPEHHO II0 BO3MYIIEHUAM, KOTOPEBIE BHI3BIBalOTCA Mepkypuem
B IBMKEHUM acTepPONIOB, NPOXOOAIINX B JOCTATOUHON Oi1m30CcTH
OT Hero.

MpuUAKMBEI U OTAUBDI

YpoBeHb MOpPEN M OKEaHOB Ha 3eMJIe UCIIEITBIBAET MOAHEMBI
(npuauest) u criafbl (omauest) nBaxkabl 3a 24"52Y. Ilockoabky JlyHa
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TP IBMKEHUM BOKPYT 3eMJIM cMellaeTcA 3a CyTEM Ha 13" K Boc-
TOKY, 9TOT MHTEPBaJI BPEMEHN ABJIAETCHA CPEIHIM MEKIY MTOCIIeI0-
BaTeJIbHBIMI BEePXHUMU KyJbMuHanuAMu JIyasl. Takoe coBnagerme
YKa3bIBAET Ha TO, YTO IJIABHO IPUUMHOI IPUINBHBIX ABJIEHWI AB-
JAeTcA IPUTHMKeHNe BOOHOI 000049k 3eMan JIyHOi. OO0 bACHEeHNE
OPUJIMBOR COCTOUT B CJIEAVIOMEM (puc. 67).

[Tpeanono:kuM, UTO IOBEPXHOCTE SEMJIIM PaBHOMEPHO HOKPHLITA
BOAHOI 0boyoukoil. PacecMOTpMM YacTUIIBI BOABI, PACIONOKEHHbBIE
B TOUKaxX A 1 B, TekalllxX Ha AuaMeTpe 3eMIN, TIPOXOqAIeM uepes
1eHTp JlyHbL. OYeBUIHO, UTO TPAaBUTAIMOHHOE YCKOPEHUEe BOJHBIX
gacTuUI] B Touke A GoJbllle yckopeHus 1eHTpa T TBepIOTO Tesa
3eMi, KOTOPOe B CBO OUepelb DOJIBITe, UeM YCKOPEeHNEe YaCTUITHI
B Touke B. [lo oTHOIIeHNIO K LIEHTPY S3eMJIM YCKOPEHMA YacCTHUI]
B TOukaX A 1 B — IPUIMBHEIE YCKOPEHNA — HATIPABJIeHEI 110 Pali-
ycy R oT erTpa 3eMin 1 paBHEI 110 BeJINYMHE:

w=w, —wp =—(Wy —wp) = LSy —A)R (87)

(r-R?* r

Puc. 67. Cxema MOPCEUX IPUJIMBOB: TIPUJINMBHOE yeKopeHue B Toukax 4 u B
HanpaBJIeHk] OT L[eHTpa; B Touke C — K LeHTPY 3eMIn

B mocsepneM BRIpaskeHMM yUTeHO, UTO paguyc 3eMmau R << r.
ApanormyHple pacueThl IOKAsbIBAIOT, UYTO IPUIMBHOE YCKOpEeHNe
B Touke C HaIlpaBJIeHO K I[eHTPY SeMJIM M IO BeJldnHe paBHO (87).
B cuny stroro B Toukax A u B moaABaAmTcA ropbbl — MIPUJIMBEL,
a MexIy HUMM — oTJmBbL OUYeBHIHO, UTO IIepPMOJ MeKIy IByMHA
IPUIIMBaMM PaBeH IIPOMesKYTKY BpeMeHN MeK Y II0CcJe/I0BaTeJIbHbI-
MM BepXHMMM M HVKHUMM KyJIbMMHamuaAMK JIVHEB], paBHOMY 12"26™.
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Kak u Jlyna, CosHlle Tak:ke BbI3bIBaeT NPUIMBBEL BesmdnHa
IIPUIUBHOTO YCKOPEHUA B ITOM CJIyUae OIpeZesdeTcd TaKiKe II0
dopmyse (87), TOIBKO BMecTO Macchl JIYHBI HY3KHO TIOJICTABUTH
Maccy CoJHIla mg ¥ ero pacCToAHNE Ty 0T 3eMn: W, = Gm2R / 1°.
Tak kak

my/ m = 2,710°, 1,/ r, %400, ToW_/ W~ 2,2

1, cJIeJIoBaTeJIBHO, COJTHEUHbIe IIPHMJINBEI IPMIMEPHO B IBa Pa3a MeHb-
ute syHHBIX. CJl02KeHNe JIYHHBIX ¥ COJIHeUHBIX [IPUJIMBOB IIPUBOANT
K BecbMa CJIO}KHOJI KapTuHe. Bo BpeMdA IMOJIHOJYHMIT ¥ HOBOJIYHUIA
(cH3Uruii) COJMHeYHEIl M JIYHHBIJI IIPMJIMBBEI COBIANAIOT, B CBA3K
¢ ueM HaOJroZlaeTCAd MaKCHMAaJbHEIM NIpUaMB. Bo BpeMsa KBagpaTyp
(meprad 1 nMocnenHad 9eTBepTn JIYHB) TpaBUTAIMOHHEIE TelicTRUSA
Couana n JIyHEI HAalpaBJIeHE] IPOTHBOIOJIOMKHO, U IIPUJINBLI OKaBbI-
BaIOTCA MUHIMAJILHBIMIL

KapTuHa OpUINBOB OCJOMKHAETCA eIlle M TeM, UTO CUILI Tpe-
HNMA MeXKIY BOJHOI 0DOJIOTKOI ¥ IIOBEePXHOCTLIO SeMJV IPUBOAAT
K 3anasgblBaHMIo IPUJIMBOB (TaK Ha3EIBAaeMBIH NPMKJIAHON Yac),
KOTOpO€e B Pa3HBIX MecTaX 3eMJIM OKas3bIBaeTcA Pas3IMIHbIM.

BricoTa NpuaNBOB M NPOAOJLKUTENBHOCTE IPHMKJIAJHOIO dYaca
3aBMCAT OT KOHTYPOB OeperoB, mienbga, IIPMINBHOTO TPeH!A B TaH-
HOM MecTe 1 ApyTuX (pakTopoBs. IloaToMy BEICOTa IPMIIMBHON BOJIHBI
MO’KeT COCTaBJIATE HECKOJBKO METPOB, JOCTUTadA B OTJI€JIbHBIX MeC-
Tax 10—16 m.

IIpunuBHBIe ABJIeHNS HaOMOAa0TCA U B 3€MHOI Kope. AMILIIN-
Ty la IPMJMBOB B Heli cocTaBJIAeT HECKOJIBKO IeCATKOB CAHTHMETPOB.
Hebomabie naMeHeEMA aTMOC(EpHOro faBJeHN A C II0JIyCY TOYHBIM
IepMOIOM CBUIETENLCTBYIOT O IPUIINBaX B BO3LYIIHON 0D0OJIOUKEe
SeM.

IIpunuBHOe TpeEMe 3aMelJdeT BpallleHMe 3eMJl, YTO IpU-
BOIUT K YBEeJNIMUEHUIO AJIUTEeNLHOCTH 3eMHLIX cyTok Ha 0,0014° 3a
cTosleTre. 3eMJif TaKsKe OKasLIBaeT IIPMJIMBHOE BO3ZelicTBMe Ha
JIyny. Tak rak macca 3emau B 81,3 pasa Oosblie Macchl JIyHEL,
a papuyc boasblile B 3,67 pasa, To BeIM4IMHA IIPUINBHOTO YCKROPEeHUA
Ha TnoBepxHocTH JIyHBI npuMepHo B 20 pa3 Oojblile, 4yeM Ha 3eMJe.
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VmenHO 6yarofapa OIPUIMBHOMY BO3ZE/CTBMIO CO CTOPOHBI 3eMJIN
JlyHa umeer cJjierka BbITAHYTYH B CTOPOHY 3eMJyn (popMy 1 nIoBep-
HYTAa K Hell OOHOM CTOPOHOM.

Ilo coBpeMeHHBIM MOpeAcTaBJIeHMAM, B 3II0XYy CBoero obpa-
30BaHMA JIyHa ObIcTpee BpalllaJlach BOKPYT cBoeli ocyu. CuibHOe
IIPMJIMBHOE BO3ZIEFICTBYIE CO CTOPOHEI 3eMJII 3aCTaBIJIO ee IPUHATE
BHITAHYTYIO ropmy. IlocTerrenHo mpuianBHOe TpeHKe 3aMezJIfaso
CKOPOCTE BpaleHnd JIyHEI o TeX mop, II0OKa IIepio]] ee BpalleHNnsd
He CcTaJl paBeH IepHoy ee 0OpallleHN s BOKPYT SeMJII.

IIpenen Poma. Ecii ciyTHMK NTaHeTB Maccoii m, pajuycoM
R v nyioTHOCTRIO p MM KaKoe-Jinbo Ipyroe TeJo CIAWIIKOM DJIM3KO
IpuOIM3UTCA K IJIaHeTe Maccoi m, paauycoM R ¥ ILJIOTHOCTBIO p,
TO Ha HEKOTOPOM PaCCTOSHUM OT IIJIaHeThl IIPUJIMBHOE yCKOpeHue
MOKeT CTaTb CPaBHMMBIM MM OOJIbIIe YCKOPEHUA CUJIBl TAMKEeCTH
Ha TIOBEPXHOCTY CITYTHUKA. B BTOM ciydae MPUIMBHASA CILJIa MOMKET
PaspyMNThL COyTHUK. PaccToAHNe OT naHEeTEl 7, Ha KOTOPOM 5TO
IIPONMCXOANT, HaselBaerca mpefesoMm Poma. Bemranmmy r = Jerko
OLIeHUTEL, IIpMpaBHUBaA BrIpaskeHue (87) ycropeHMIo cBODOIHOTO
IaJleHus Ha IOBepPXHOCTH. OTO JaeT

r, = Ryaf2P0, (88)
p
B cBA3M ¢ 3THMM crieayeT OoTMETUTh, 4To KoJblla CaTypHa,
HOmuTepa 1 YpaHa Kak pa3 HaxXoIATcd BHYTPU Iipeniena Pomia. Boa-
MO3KHO, UTO M3-3a IPUJIMBHOTO BO3JIeliCTBIA BHYTpHU IIpeeia Poiia
YCJIOBUA He DIarompUATCTBYIOT 00pa30BAHMIO CIIYTHUKOB 1 KOJIBITA
IpeAcTaBIA0T coboil HecpOPMUPOBaBIIMECH CITY THUKN.

4.7. NPELECCUA U HYTALIUA

Ilpeyeccusa (TouHee, oOLIas roauyHas IIpelleccUs) COCTOMUT
B €XKEeTOJHOM CMEIIEHNI TOUYEK PAaBHOIEHCTBUII II0 BKIIMIITHUKE Ha
50,27" B 3amaJHOM HATIPABJIEHNUN, YTO ABJIAETCA CIENCTBUEM TAKOTO
JKe MeJJIEHHOTO IOBOPOTAa B TOM K€ HaIllpaBJIeHNUM IIJIOCKOCTH Hebec-
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HOTO ¥ 3eMHOT0 5KBaTOpoB. [losToMy 1 ochk BpallleHUA 3eMIK (0Chb
MHpa), IepHIeHAUKYAApHasa [IJIOCKOCTH SKBaTopa, IoBopaduBaeTCa
3a rox Ha 50,27", omMceIBaA B IIPOCTPAHCTBE KOHNYECKYIO IIOBEPX-
HOCTB OCH SKJVIITHUKY (IIepIIeHAMKYJIAPa K [IJIOCKOCTY 3eMHOM opOn-
ThI) TOAOOHO MTOBOPOTY OcK OBICTPO Bpalllarolllerocd BoJIdKa. Takoii
IIOBOPOT 3eMHOJ OCY Hal3bIBaeTCH ee NPeyecCUOHHbLM 08UNCCHUEM.
VI3-3a miperiecCHMOHHOTO IBMIKEHMA 3eMHOI OCU CeBepHBI TI0JHC
MHpa IepeMeIiaeTcs 1o Heby BOKPYT CEBEePHOTO MOJI0Ca SKIUITURN
(FOKHBII TIOJIOC MMpPa — BOKPYT I0KHOTO IOJIIOCA SKIIUIITUKN) Ha Te
ske 50,27" za roz.

B macToAmyo snoxXy 3eMHad 0Ch 00pasyeT ¢ OChbI0 SKIMOTUKHN
yroa 23°26,5', u ecan GBI HTOT YTOJ BCeTJa COXPAHSAI CBOIO BeJIMYM-
HY, TO IOJIFOCHI MUpa ONMCHIBaJM OBl BOKPYT IIOJIIOCOB SKIUITUKK
OKPYKHOCTHU C YIJIOBBIM pammycom 23°26,5'. Ho n3-3a MeIIeHHOTO
M He3HaUWTeJbHOTO M3MeHeHH:A BeJWYMHBI 3TOT0 yIJla II0JIIOCHI
MMpa [IepeMellaTCA BOKPYT [10JII0COB SKJINIITYKN 10 He3aMEHY TOI
KPWBOIi, 04eHb DJIN3KOI K OKPY*KHOCTH, PajiyC KOTOPOI IPVMHMMAE -
eTcsd paBHBIM 0KoJI0 23,57 (puc. 68). B HacToAlee BpeMa ceBepHLIi
HoJiroc Mupa pacronoxkeH BOmmam IlonmAprHoii 3Beznsl (o Mamoii
Mengenuiien), a uepes 12 000 net DyaeT HaXOIUThBCH HEJATEKO OT
Bern (o Jluper). OnmH 0DoOpoT BOKPYT OCH SKJIUNTUKN 3eMHad OCh
COBepIIaeT 3a Iepuol

360° 360-3600

: = 25800 neT,
507,17 500,17

Ha3BIBAEMbBIl nepuodosm npeyeccuu, Tak Kak 3a BTOT TMepuoj mo-
JII0CHI MHUpa TepeMerniaiorTcesa Ha 3607 BOKPYT IOJFOCOB HRIUIITUKA
M TOUKM PaBHOJEHCTBUIT BO3BPAIIAOTCSA B MCXOHOE TIOJI0MKeHe Ha
SKIUTITURE.

PaccMOTpUM IPUYMHBI TTPEIIEeCCHOHHOTO ABMMKEHS 38 MHOT OCI.
W3 MeXaHWKU U3BECTHO, YTO M3MEeHUTE HATTPaBJIEHNE OCHU BPaITeHNs
TBEPJIOTO TeJIa MOYKEeT TOJLKO JeCTBYIONINIT Ha HETO MOMEHT BHe-
HUX cuil. TaKUMMK cUTaMy, IeMCTBYIMUMY Ha SeMIT0, ABIAITCH
TJIaBHBIM 0DPa30M CHUIIBI TPaBUTAITMK CO CTOPOHBI JIyHbl U CosHIla
1 B 3HAUNTEJLHO MEeHBIIEHN cTelleHN O CTOPOHBI TLIAHET.
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.
? ~5000

~4000

Puc. 68. Ilperjeccuonnoe nepeMerrenne ceBepHOro MoJI0ca MIUpPa:
KpPecmukoMm B IIeHTPe TIOKa3aHo T0JIOMKeHNe CeBePHOTO TTOMICa SRINITTHRN

Ecmy 681 3emiia Ovla MOealBHEIM [IaPOM, TO HAllpaBJIEHNE ee
OCJI BpallleHMsd OCTaBaJoch Obl HEM3MEHHBIM, TaK KaK CyMMapHBIi
MOMEHT 3THUX CHJI paBHANCA Obl HyIl0. PeanbHada sxe dpopMa SeMin
oTJ4aeTca oT cdepsl ¥ Oam3ka K chepouly — OHa CILJIIOCHYTa
¥ TIOJIFOCOR U MMeeT BRICTYT ¥ SKBATOpPa. OKBATOPUATLHBIN BRICTYII
3eMJIM HAKJIOHEH K TIJIOCKOCTHU SKIUIITURHU oA yrioMm 23,5°. 3eMiio
MOKHO pacCcMaTpMBaTh Kak Illap, BOMCAHHBII B 3KBaTOpMaJIbHBIN
BBICTYI, OJIMH Kpaif KoToporo Haxonurcsa Omxe npyroro x JlyHe
(Conrmy). Ha aTOT Kpaii co CTOpOHbI J]yHBI L (ConHiia) nmericTByeT

OoJbIIIaA CUila IPUTAKEHNA F yeM CIIa F Ha TPOTUBOIOJIOKHBIN
Kpait (puc. 69).

Brnaromapa sToMy cyMMapHBIT MOMEHT cus M OTHOCUTEJILHO
OCH BpalleHnd S3eMJI OTJIUUEeH OT HYJI.

Ecnn 651 3eMasa He Bpaljajlach, TO MOMEHT CHUJ IIpuUBeJ OLI
TIJTOCKOCTE 3€MHOTO HKBaTOPa K COBIAIEHNIO C IIOCKOCTBIO 3eMHOI
OpOUTEI (MJIOCKOCTBI 3KIANIITHEM). Ho 3emiida BpalaeTcdA, M IOJ
JleficTBMEM 3TOTO MOMEHTa HaKJIOHeHIe IIJIOCKOCTHM BKBaTopa He
MeHAeTCH, a IIPOMCXOANT IIPelleCCMOHHOe IBUKeHIe OCH BPallleHd
3eMn (M TIOBOPOT IJIOCKOCTU BKBATOPa) BOKPYT OCY 3KJIMIITUKIL
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Puc. 69. MoMenT rpaBUTAIMOHHLIX CHJI ¥ IIPEL[ECCHOHHOE ABMIKEHNE 3eMHOM OCH:
P — cepepHwIit osioc Mupa; [1 — ceBepHLI M0TI0C SKINTITHRN

Tax kar monoxxkernne Jlyaer 1 CoJHIIA OTHOCUTEIBEHO 3€MHOTO
5KBaTOpa TIOCTOAHHO M3MEHAETCH, TO TIPETEPIIEBAeT COOTBETCTBY-
OIIe M3MeHeHS MOMEHT TPAaBUTAIIMOHHBIX CHUJI, TTPUIOMKEHHBII
K 3emiie. HeMm D0JIbIIIE CKIOHEHNE TIPUTATYBAIIETO Tea, TeM 00JIb-
IIle TpPaBUTAIMOHHEI MoMeHT. Eciin u JIyvHa, n ConHIle OTHOBpEMEH-
HO OKasKyTCA B SKBATOPMAJILHO IMIIOCKOCTHU, TO 3TOT MOMEHT paBeH
HyI10. HemocToAHCTBO MOMEHTA CHUJI JIVHHOTO I COJIHEUHOTO TIPUTA-
JKeHNA TIOPOsKIaeT KojlebaHA, Ha3bIBaMble HYmayuell, aMIUTYda
KOTOpOit paBHa 9", a Iepmon paBeH MepMoRy oO0palleHNs JIYHHBIX
yajioB (18,6 roma). B pesyibkTaTe moiioc Mupa HepeMeliaercd Mo
BoJHMCTON KpuBoi (puc. 70). IIpeneccuda OpUBOOUT K M3MeHEHUO
koopIuHAT HeOecHBIX Tell. JlosroTa 3Be3]] YBeIUMUMBAETCA e2KEeTOTHO
Ha BenUUMHY 00Ieli ToqMUHOl Ipeljeccuit IPU HEN3MeHHOM 3KIINUII-
THUECKOH IMpoTe. B 3KBaTOPUAJIBEHOI CUCTEME KOOPOMHAT U3Me-
HAETCA KaK IIPAMOe BOCXOXKJIEHNe, TaK U CKJOHeHue. V[3-3a aToro
MeJJIEHHO MeHdAeTcHa Buj 3Be3gHoro Heba. Tak, cefigac B cpenHeit
noJioce OwiBimero CCCP coszBesgna Boabmoin Mepsemnner, Madsoii
MenBequnsl 1 Kaccrnonmenm He 3aX0onAT 3a TOPU30HT, CO3Be3nue
BosHnuero 3axoguT He MMOJHOCTBIO (ero riiaBHaA 3Be3na Hamenia
OITyCKaeTcA B CEBEPHOI cTopoHe Heba MOYTH K TOPU30HTY ), CO3BE3-
ane BInsHEIOB MOTpYysKaeTcA I07] TOPU30HT Ha KOPOTKOE BPeMA
7 BBICOKO MTOJHUMAaeTCA HaJl €TO F03KHOIT CTOPOHOI, a co3Besnne Opu-
OHa 3KBAaTOPHAJILHOE.
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Moare
FEAUNDLRY

Puc. 70. IIpeneccusa u ayranma Ha HebecHoii cdepe: Y u Y —
CTapoe ¥ HOBOE [OJIOMKEeHNE TOYKN BeCeHHeT0 PaBHOIeHCTBIA

UYepes 12 000 meT, korga ceBepHEI MOJIOC MUPa IPUOIN3UTCA
k 3Be31e a Jlupsl, cozpesnne BosHUUIEro craHeT SKBAaTOPHAJILHBIM
cosBesaumeM, co3eesne BiusHeroB OyeT HEHAZIONTO MTOABIATLECH
HaJl I03KHOI CTOPOHON Topu30HTa, cosBe3ausa OpmoHa BooDIe He
6ynmeT BUAHO, a co3Be3ausa Boabmioit Mensenuiibel 1 Kaccuoneu cta-
HyT 3axonAamtnmi. Cozepesane Mamoit MenBequiisl ocTaHeTCA He3a-
XOJAIINM, HO €ro CyTOYHBIM IIyTh HAJl TOPM30HTOM CTAHET MOXOXK
Ha COBPEMEeHHEIN IIyThk cOo3Be3auA Bo3HUYero, 1 oHO 6yIeT BLICOKO
TIOTHNMAaThCA HaLl FOyKHOI CTOPOHOI TOPM30HTA M HU3KO OITYCKaThCA
K ero CeBepHOIi CTOpOoHe.

4.8. SAEMEHTbl AUHAMWUKH KOCMHWUYECKUX NMONETOB

MeTtoAbl pacyeTta 'rpaeKTopuﬁ KOCMUYECKUX MOAETOB

T'ox 1957-71 — roj 3allycKa HepPBBIX COBETCKUX MCKYCCTBEHHBIX
CIIYTHUKOB 3eMJI — TIOJIOMKMII HaTaJlo SII0Xe OCBOeHUA KOCMUTIec—
KOro mpocTpaHcTBa. [[osleTel B KOCMOC CTa M BO3MOMKHBIMU DJ1aro-
Japd YCUIMAM MHOTUX YYEHBIX M KOHCTPYKTOPOB. Brinmaromieecda
3HaueHMe uMesu pabotel K.3. lTnonkosckoro (1857—1935), koTopslit
3aJI0KUJI OCHOBBI PAKETOAMHAMUKN ¥ JTOKA3aJl TEXHWUECKYI OCYy-
IIecTBIMOCTEL Me;KILIaHeTHBIX HoJieToB. B CCCP srigaromumiicsa
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BKJaJ B pa3paboTKy pakeTHol TexHMKHM Obla coenan C.II. Kopome-
BEIM (1907—1966).

CoBpeMeHHasd KOCMOHABTMEA lpejacTraBideT cobofi COBOKYyI-
HOCTh pAfa OTpacjieli HayKM M TeXHUKM, KOTOphle II03BOJIAIOT
pellaTs NpobieMbl TeOpuy KOCMUYEeCKOoro IoJeTa, pa3pabaTelBaTh
KOHCTPYKILIMM KOCMMYEeCKMX alllapaToB M paKeT, MccjeloBaTbh Me-
IMKO-DMOJIOTMYecKye IPo0JIeMbl M T. 1.

C acTpoHOMIETT, 1 TpeskJie Bcero ¢ HebecHO! MeXaHNKO, CBA-
3aHBEI PacueThl TPAeKTOpPMil KocMuuecKNX IoneToB. Kocmuueckne
annapaTel HAUMHAIOT CBOe ABVIKeHNe II0 3aKOoHaM HebecHO! MexXa-
HMKMN TIOCJIe BBEIKJIIOUEHNSA PeaKTUBHBIX ABHUTaTeleli. VX npioxenne
OIMCcHIBaeTCA OOBIUHO HEMHTETPUPYEeMBIMI YpaBHeHUAMY Bua (82),
IIOCKOJIBKY, KpOMe IIPUTAKEeHNA K [[eHTPaJbHOMY Telly, Heobxony-
MO YUNTBIBATL BOBMYIIEHNA OT JPYINUX Tesl. OTO 3aTPyLHAET Ipe-
BapUTeJbHEIN BBIOOp OopbuT mepesiera. B TakoMm ciiydae Ha sTalle
«IIPOEKTHUPOBaHUA» OPOMT MOJNB3YIOTCA METOAOM chep JelicTBHUA.

OTO NMOHATHE B aCTPOHOMNIO BBeJ Jlamjac IIpy M3ydeHHM -
HaMyuecKNX aheKToB cOMskeHNa KOMeT ¢ D0JIBIIMMY IIJJaHeTaMIL.
Hanpnmep, IBMrKeHNe KOPOTKOIIEPHOAIYeCKIX KOMEeT I0IINTePOBOi
IPYIIIE] CJ1e10BaJIo OBl B CTPOroil MaTeMaTHdecKoii IIOCTAHOBKe U3y -
4aTh Ha OCHOBe 3ajiauy Tpex TeJ «CouHne — IOmmrep — Kometa».
OpHako Jlanyiac IIpuBeJI ee K JIBYM 3ajJadaM [BYX TeJl, HECKOJIBKO
HOCTYIMBIINCE [PM 3TOM TOYHOCTBIO pellleHMA. B OKpecTHOCTAX
IOnuTepa paccMaTpuBaach 00J1acThb, B KOTOPOJ MOKHO IpeHebpeus
Bo3MyLIeHUAMN oT CoJIHIIA ¥ CUUTATh IBUKEeHNEe KOMeThl IIPOMCX0-
OAMNM II0 KellJIePOBCKOI Tunepbonndeckoli opbure 0THOCUTEILHO
Onurepa. Yrazannaa obnacTt Oblna HazBaHa cdepoll TelicTBUA
FOmmrepa. Bre 510l 0b61acTy gBMIKEHNe KOMETE] CUNMTAJIOCE Telo-
LeHTPUUECKNM — KeIJIEPOBCKNUM 3JIIMIITUUIECKNM, 2 BO3MYIIeHNA
oT FOmmrepa He yunTteBaance. Takoli IyTe pelleHEns 3a[auy 0y -
UK Has3BaHue memoda cghep deticmaus.

Pacemorpum Conmite maccoit M u nianery maccoit m . Ilyers
TeJI0 MaJIoif Macchl m, << m, IBUKEeTC:d I0J] JefiCTBUeM CHJI IIpy-
TaxeHnda k ConHny u nnaneTe (cM. puc. 66). ObosHaunM depes w,
yckopeHue, kotopoe CojHIle, OyAy4y HNpMHATBEIM 3a [eHTpaJbHOe
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TeJlo, coobIllaeT 3TOMy Telly, a 4yepe3 ®, — BoaMyllalllee yCKO-
PeHNe, IIOPOKJEHHOe B 3TOM cJlydae IlaHeToll. Tak Kak MHTepec
[IpeJICTaBIAeT CiIydaii, Korjaa 1, <<, To JJIA BeJNYNHbI BO3MYIIa-
HOITETO YCKOPEHUA MMeeM corJiacHo (84):

m M
0wy =G
i T

®,=G

[IpumeM pajiee 3a IEHTPaJIbHOE TeJIO IJIaHeTy M 0003Ha4YMM
yCKOpeHMe, cooblaeMoe er0 TeJly MaJloil MacChl, 4epes
m
w=G—,
Nz

4 BO3MyIIIaoIfee YCKOPeHMe CO CTOPOHEBL CDJ’IHLIEI. qepes3

@, ZGE—GI‘{ ng%rl.
" K K

3Jech YUTeHO, UTO Mmoo Torma
D D,
i (89)

Wo W

TO JBIDKEHNE TeJla MOYKHO PacCMaTPUMBATE KAaK JIBMIKEHME II0

KeILIEPOBCKOIl opOuTe B moNe TATOTEHMHA ILTaHETEL Y UMTHIBAA

aHaJNTUUYECKIe BBEIPasKeHNUA IJIA COOTBETCTBYIONINX YCKOPEHMI,

IpelbIayIliee HepaBeHCTBO MOKHO 3alMCAThL B BUE

2
Fy <H3 [EJ - (90)
M

OTO HepaBeHCTBO OLleHNBaeT paanyc cepsl AeiicTBUA IIJIaHe-
Thl 110 oTHomIeHui0 K CosiHnly. B npenenax cdepsbl 3TOro pagmuyca
Ha JIBMJKeHMe Tejla OCHOBHOE BJMAHME OKal3blBaeT IPUTAMKEHNe
TIIaHeTHL

AnanornmueelM 00pa3oM paccunThiBaeTcd cdepa  OelicTBUA
JIyHBI II0 OTHOIIeHHUIO K 3eMJie (1au cdepkl IeficTBUA B KaKol-J11bo
IBOJiHO cucTeme). B aTom ciayudae B cpopmyae (90) M, m, — maccsl
3emun 1 JIyHBI COOTBETCTBEHHO, & T — PaCCTO;HNME MeK 1y HUMMN.
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Panmnyc cdheprr meiicTBUA Bo3pacTaeT IPU YAAJIEHUN TIIAHETH
OT BO3MYIILAINETO Tela. PacyeTsl MOKa3bIBAOT, UTO PAanyc cepnl
nercrBud 3emau B HarpaBiieHn K ConHy — nopAga 0,95 MiH KM,
a pagnyc cdepsl gerictBud JIyHBI B HAIIPABJIEHUN K 3eMJIe — 0KO0JIO
68 000 km. MeTon cdep nelicTBUA NIPUMeHAETCA IPU NPUOINIKEH-
HBIX pacueTaX MerKILIaHeTHHIX TpaekTopuii. IlociemoBaTesbHO
paccMaTpHuBaeTcs KellJIEPOBCKOE IBUKeHIe KOCMUYECKOTO alllapa-
Ta B chepax geiicTBuda Semin, CosHIIA U IIIaHETH] HAa3HAUEHUA.

Tpu KOCMHYECKHE CKOPOCTH

3amada OBYX TeJl U ee pellleHNe HaXOJAT IINMPOKYe IIPHJIoKe-
HUA B JMHAMMKE KOCMMYEeCKOI0 110J1eTa, 0CODEeHHO IIPY BBIIIOJIHEHNN
npubIVIKeHHbIX MHIKEHEePHBIX pacyeToB Ha sTalle BeIOOpa OKOJIO-
3eMHBIX TPaeKTOPMii MM TpaeKTOPHIT MeKIIJIaHeTHOTO [10JIeTa.

IIpesxne Bcero, ycTaHOBMM BeJIVUMHBI CKOPOCTEN, KOTOpHIE
IOJIPKHEI B KOHIle aKTHBHOIO y4acTKa [IOJIyYUTh KOCMIUecKle allla-
PaTHI VI BBIX0Ja Ha TY WM MHYK TPaeKTOPHIO ITaCCHBHOTO II0JIeTa.

ITpu TpubAMKEeHHOM pacCMOTPEHNN JBVIKEHNA KOCMUYECKUX
annapaToB MOYKHO MCXOOUTE 13 hOPMYyJ OTPaHMUYEeHHON 3aJaun
IBYX TeJ, B KOTOPOJi [[eHTpaJIbHOe TeJo CUNTaeTCd HeIIOABIKHEIM,
UTO C BBICOKOJ CTEIeHLI0 TOUHOCTY BEHINOJIHAETCH, Tak Kak Macca
xocMudeckoro anmapata m << M 3emian. Takum obpazoM, Bo Bcex
dopMynax 3amauy IBYX Tes MOXKHO HoJoskuTe m = 0, p = GM.

Vcnonn3ya ¢opMmysinpl orpaHNYeHHOJ 3a7adyM OBYX TeJ, IIO-
JIY9MM BeJIMUNHY CKOPOCTH, KOTOPYIO HYJKHO COODIINTE CITyTHMKY
3eMJIM JIJ1 €0 BBIBOJIA Ha KPYTOBYIO OpOUTY Ha 3aJlaHHYIO BLICOTY h
HaJ| IOBEPXHOCTHIO SeMJIIL. 3eMJI0 OyIeM CUMTaTh [IapoM paanyca
R. Tlo dropmyne (74), momosxkuB B Helt ¥ = a = R + h, HaXoaum cko-
POCTB KPYTOBOTO JIBMKEHNA:

v, = i 91
“VR+h ()

Tak kak Ha 3eMHOJT II0BePXHOCTM I'PaBUTAIMOHHOE YCKOpPeHNe

g=GM / R? to
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v. =R —‘g—,
R+h
W OJIA CITYTHUEA, IBMIMKYIIEerocd Ha HYJIEBOf[ BEICOTeE,
v, =vGR =791 xm/c. (92)

3TO nepseas KocMULeckaa CKOPoCmb OTHOCUTeNbHO Seman. OHa
PaBHa TOJl MMHMMAJIBHOI CKOPOCTH, IIPY KOTOPOI TeJI0 CTAHOBUTCH
CITy THMKOM 3eMJII.

[ Toro wToObl KOCMMYECKMIl alllapaT BbILIIeJ Ha OKOJIOCOJI-
HedHYK OpOMTY, OH JOJI3KeH IBUTaTbCA OTHOCUTEJIbHO 3eMJM II0
napabosandeckoii opouTe. HanMeHbI1ad 10 BeJINUNHE CKOPOCTE [P
5TOM Ha3bIBaeTcd napabdbosuyeckol.

IIycTe, Kak 1 B cIy4ae KPYroBoil opONTEI, BEIXOM Ha napaboim-
JeCKYI0 OpOUTY IPOMCXOANT Ha BbIcOTe h HAaJl 3eMHOI [IOBEePXHOCTLIO.

ObpaTumcesa BHOBL k chopmy e (74) 11 monoskum B Helt a = i. Torga
6ymem mmeTh Iapabosndeckoe IOBUIKEHMe, IIPMYEM ero CKOpPOCTh
OynmeT paBHa:

v, =v,2. (93)

IIpun h = 0 y moBepxHOCTH 3eMyn Tapabonmueckas CKOPOCTH
COCTaBUT:

v, =11,2 km/c. (94)

CKOpPOCTE Ha3BIBAETCH 6MOPOU KOCMULECKOTU CKOPOCMbIO OT-
HOCHTEJIBHO 3eMJII.

3aMeTuM, 9TO [IpHU repesietax k JIyHe modTu mocturaeTcd BTO-
pad KocMI4decKas CKopocTh. OrpaHMYMBasACh YIETOM TOJIbKO 3€MHO-
TO TATOTeHMSHA, BEIUMCINM TeOlleHTPUUYECKYH HauaJbHYH CKOPOCTh
v,, HeoDXomumyto st goctisxkenns JIyuel ITonoxknm a = 30R, To
eCTE IIOJIOBMHE CpeHero paccTogund oT 3emuu 1o Jlyusr. Torpa

otkyzmav, = 0,99v,.
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HepBaH 1 BTOpPad KOCMMYeCKNe CKOPOCTHM Ha APYIMX HeOeCcHBIX
TeJqax 6y,IIYT nHBIMI. COTJIaCcHO OI‘paHH‘IEHHOﬁ 3alade NBYX TeJl, Ha
pPacCTOAHMM T OT HebecHOro Tejla — Kpyroead CKOpPOCTE, IMO3TOMY
IIepBad KOCMMYeCKad CKOPOCTE

v, = (@] 95
a R 1 ( }

rme m — macca 1 R — paanyc HeDecHoOTo Teja. YUMTBIBad, 4YTO Ha
3eMIe repBad KOCMITYecKad CKOPOCTE paBHa (92), mmeem:

G (m/v) .
(R/R,)

v, =791[GZ,
R

Toe m — Macca Teja B Maccax 3emnu (M = 1) u R — paauyc Tena
B paauycax 3emiu (R = 1). Bropas kocMmndeckas CKOpocTb v, =v, v 2.

B BacrodAmiee BpeMs B TeopeTHYecKOM IJaHe o0cy:xkIaeTcsa
IpobJyeMa Mesk3Be3JHBIX epeseToB. C TOUKM 3peHNUs TeXHNUKN Ta-
Kle [lepejieThl — JeJIo JaJiekoro Oyayinero. /1A ux ocyliecTBIeHNA
Heo0OXO0MMO JOCTHIKeHMe CKOpocTell IToJleTa, CpaBHMMBIX CO CKOPO-
CTBIO CBeTa. B aTOM ciiydae HeobxoayuMa paspaboTka pesiATHBIICT-
CKOJi pakeTOVMHaMIKY, KOTOpad NOoJKHa YUUTEIBAThL 3(P(heKThl Kak
00111edi, Tak ¥ crielMaJbLHOM Teopyit OTHOCUTEIBHOCTH.

Mesx3Be3IHEII KOCMMYECKMII alllapaT HaBcerzja IIOKMHeT
CosHeuHyI0 cHUCTeMy, ecJy IpyoOpeTeT MapabosMyecKyro resmo-
LeHTPUUECKY CKROPOCTh. Ke MOXEO BEIUMCIUTE 110 chopmyse (93).
Cunras, urto mapaboiuecKas CKOPOCTb JOCTUTaeTCcA Ha 3eMHOIL
op061Te, ¥ IpMHUMasA BO BHMMAaHIe, UTO KPYroBas CKOPOCThL Ha Te-
JMOLIeHTPUUIeCcKoM paccTodHEuM B 1 a. e. cocraBnger 29,8 kM/c, o
thopmyne (93) naxonmum, urov = 42,2 km/c.

He crnenyer gymaTh, 9TO HaMMeHbIIIaA reOlleHTpUYecKasd CKO-
pocTb ocBobOKkAeHNA paBHa pasdHocT 42,2 — 29,8 =12 4 km/c. 3gech
He yuMTblBaeTCA 3aMelJeHMe NBIKeHMA KOCMMYEeCKOro amnlapaTa

v, =791

an
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3a cueT NpUTA:KeHNUA SeMan. Kak NokasblBaloT OoJiee TOUHbBIE pac-
4eTHl, IPH ABVMKEHNN alllapaTa B HallpaBJIeHWM opOuTaJIbHO CKO-
POCTV 3eMJJ ero reolleHTpUYecKkasd CKOPOCTh Ha IapadosirdecKoii
reJIVOLIeHTPUYeCKOol TpaeKToOpyII Ha paccToAHNM B 1 a. e. or CoJiHIa
npubIsKeHHo paBHa: v, = 16,7 Km/c.

3Ta CKOPOCTh Ha3blBaeTca mpembell KOCMULEeCKOU CKOPOCMBIO.

O=na npencTaBiseT co00Ji MMHMMAJIBHO HeOOX0IMMYH0 reoleH-
TPUYECKYI0 CKOPOCTh KOCMMYECKOT0 allapaTa, o0ecleuyBalolyi0
ero HeorpaHWueHHoe yjaneHue oT ConHna. B zaBucuMocTy OT
HaTpaRJIeHNUA JBUMKEHUA KOCMUUECKOr0 afnrapaTa yKaszaHHadA CKO-
POCTE MOXKeT KoJlebaTheed B ITpenenax oT 16,7 no 72,8 km/c.

ABW)KeHUEe UCKYCCTBEHHbIX CYTHUKOB NAGHET

B HacTodAIlee BpeMA 1A pellleHUA Pa3JINIHbIX HaYUYHBIX U Ha-
POIHOXO3AMCTBEHHBIX 3aay B Hallleil cTpaHe 1 3a pyOekoM 3alryc-
KarT O0JIbIIOe YMCII0 MCKYCCTBEHHbBIX CITYTHUKOB SeMJn. Jlig nsy-
yeHNA IIaHeT COJIHeYHOI CHCTeMEl K HYM HAIlPaBJIHgI0T KOCMIYecKye
almapaThl, KOTOPbIe 3aTeM BEIBOIATCHA Ha OPOUTEL MICKYCCTBEHHBIX
CIIYTHMKOB ILIaHeT. Tak, B okTAOpe 1975 I. cOBeTCKMe KoCMIUecKe
annapaThl «BeHepa-9» n «Benepa-10» cTaanu NepBBIMU MCKYCCT-
BeHHBIMM cITyTHMKaMI BeHepwl B 1971 1. coBeTcKkMe KocMHUecKue
anmapaTel «Mapc-2» 1 «Mapc-3» u amepuraHckuit « Mapuaep-9»
CcTaJl IepBLEIMU MCKYCCTBeHHBIMU cITyTHUKRaMM Mapea.

TeopeTtuueckolf OCHOBOIL 3aIIyCKa U IBMKEHN A UCKYCCTBEHHBIX
COYTHUKOB fABJIAeTCH OIpaHMUeHHad 3allaua IBYX Tell. Hempoamy-
IIIeHHOe KeIlJIePOBCKOe IIBMIKEHME MCKYCCTBEHHLIX CIIYTHUKOB
IJaHeT, KOTOpoe MMeJo Obl MecTO HpPM OTCYTCTBUM BO3MYILIEHMI
co croponunl CoJiHIla, eCTeCTBEeHHLIX CIOYTHMKOB STUX [IJIaHeT, CO-
OPOTUBJIEHUSA IIJIAHETHLIX aTMocdep, IPOMCXOONUT II0 DJIJIMIICAM,
onuH U3 (POKYCOB KOTOPBIX COBIIAJaeT ¢ IIeHTPOM MJIaHeThlL llpwu
BbIOOpe OpOMT MCKYCCTBEHHBIX CIIyTHMKOB 3aZal0T HalMeHBIIIYIO
(hq) ¥ HaubOJIBIIYIO (hQ) BBICOTY ero mojieTa Hall [IOBepPXHOCTLIO
IJIaHeTEL 3alaBlIlCh 3TUMM BeJIMUMHAMU, MOKHO OIIpeeIUTh PAL
3JIeMeHTOB OpOMTHI MCKYCCTBEHHOTO CIIyTHUKA (puc. 71). VI3 dopmyn
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HaXOJAT NePUIEHTPUUECKOE q ¥ AlOI[eHTPIYecKoe § paccTOgHMA.
(ITepuneHTp — OMMIKANIIAA K IEHTPAJIBHOMY TeJY TOUKA OPOUTHI;
amnolleHTp — boJsee ynaneHHas. KOHKpeTHBIE Ha3BaHUA 3TU TOUKK
TIOJIYYAIOT 10 HAMMEHOBAHIIO [[eHTPAJILHOTO TeJIA.):

qZR-I-hq:a(l—e),
Q=R+hQ=a(1+e),

a 3aTeM GOJIBH_I}'EO IIOJIYOCE M 2KCHEHTPHUCHUTET OPGMTHI

a=" (0wn)me=i=T,
2 a
ITo TpeTremy 060DIIeHHOMY 3aK0HY Kemnepa (86) BEIUMCIIAIOT
nepuoy obpamienna T MCKYCCTBEHHOTO CITYTHUKA BOKPYT MJIAHETHL
Ecau macca m niaHeTHI BEIpaskeHa B MaccaX 3eMJM, d — B KUJIO-
MeTpax,a T — B MUHyTaX,

T'=166-10 4a\/ET, MHH., (96)
m

[TpoAOKUTENBHOCTE OJIeTa CIIYTHUKA HaJl PA3JIMUIHBIMUA T10-
JyHIapUAMY [EHTPAILHOTO HeGeCHOTO Tesa 3aBUCUT OT SKCIeHTPU-
cureTta opOUTEI CILyTHMKA. dT00BI BRIUYNCIIATE IIPOJ0JIKNTEIBHOCTh
mosieta t CIYTHMKA HAaJ IOJYyNIapMeM, Hall KOTOPBIM HaXOAWTCH
IePUIEHTP eT0 OPOUTHI, HEOOXOMMO BHATH TIOMANE G  BILTUITH-
geckoro cermenTa dITfCd (cm. puc. 71).

J
Va
h /. e
n — = A
g R a
%
f

Puc. 71. Opbura McKycCcTBEHHOTO CIIy THIKA
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4 8. INeMEHTbI AMHAMMWKK KOCMWYECKUX MOAETOB

& ,I[OCT&TO‘IHOIH CTelleHBH TOYHOCTH
_ma’(1-e)’(3+e)’

. 18
a Tak Kak IJIOMIa b JIJIMIICA

2
o =na*\Jl-é?,
TO [10 BTOpOMY 3akoHy Kermrepa

r_%
a o’
OTKYyZa
(]—e) (3+e)

(97)
18V1-¢°
Haz mosymrapuem, r/ie HaXoQuUTCA aloONeHTP, CIIYTHUK IIPOJie-
TaeT 3a mpoMexkyTok Bpemenn T = T — t. [logenmB BeIpaskeHme Iid
KPYTOBOM CKOPOCTM cITyTHMKA (99) Ha BhIpaskeHue MepBOil KOCMM-
YeCcKOl CKOpPOCTH Y noBepxHocTy Seman (92), nosyumm:

y, = 7,91\/5, (98)
a

TZle Macca IIJIaHeTHI BLIpaskeHa B MaccaxX 3eMIn, a 0oJIbIa s Ioryocs
OpPONTEI CIIyTHNKA B paguycax Semin. Ecam a BelpaskeHO B KMJIoMe-
Tpax,am — B MaccaxX 3eMJH, TO

v, =63 1,3\/E KM/C.
a

CKOpOCTh CIIyTHMKA B JI1000i TOYKe OpOMTEI BBEIUKCIIAETCH II0
dopmyie:

2
v=v, -1, (99)
¥
CropocCTh B IIepUIIEHTPe — T10 (DOpMyJie:
v, =V, Q
q
a B aloIleHTpe — 10 popMyJIe:
q
Va =V, E
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MesxknnaneTHaa cTaHIUA «BeHepa-10», BhIBeZleHHad Ha oOp-
OMTY MCKYCCTBEHHOTO COYTHMKa BeHepbl, nMela hq = 1 400 &m
un hQ =114 000 kM. Pannyc Berepnl R = 6 050 kM, ee macca (B Maccax
Semvumm) m = 0,815.

W3 npuBeneHHbIX Bblllle dopMmys umeem: g = 7450 Ewm,
@ = 120 050 gm, DosbiIasd 1OJIyoch OPONTHL:

a—#—ﬁBTSOKM,

srcHerTpucuteT: e =1 —q/a = 0,884, nepuopg obpamenua T = 49720™.

Ilo dopmyne (97) BpeMa mnporeTa HaJ MOoAyLIIapueM, Ile
HaXOOUTCHA NepuBeHepuil (IepuileHTP), paBHO t = 148" a ocTanab-
HYIO UacTh Ilepuoja obpalnenmuda 1 = 47732" craHIua OpoJeTasa
HaJ| allOLeHTPUIHEIM IoJyliapueM. Kpyroeasd cKoOpocTb CTaHINNI
v, = 2,26 kM/c, CKOPOCTB B IlepUBeHepUit V= 9,07 kM/c 1 B anioBe-
Hepmmn v, = 0,56 gm/c.

VuTepeceH BoaMyIIaOIii appekrT conpoTuBIeHNS aTMocge-
pbL B nnepurienTpe opbuTLI CI[yTHUEK BXOIUT B HoJiee MJI0THLIE CJION
aTtMocepnl, M MOKHO CUMTAThL, YTO CHJILI aTMOC(EpHOro COIIPO-
THBJIEHNA Ha KOPOTKOM MHTepBaJle BpeMeHH IeiCTBYIOT yAapHBIM
obpaszom.

IIycTs mudppepentman ckopoct paset: dv = —kdt mpu k > (.

ITpoguddpepennuponan dpopmyry (74), momyumm:

2vdv = %da.
a
OTryna
da 2vdv
a n*a®’

VI3 BEIpaskeHNA 1714 YTJIOBOIL CKOPOCTH

2n
n=—
T
u3 popMy sl (72) uMeeM:
2 _ M
n=—.
aS
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4 8. SAeMEHThI AMHEMWKK KOCMUYECKUX NMOAETOB

Hnddepennupysa 3To paBeHCTBO,

3
2ndn = ——!';—da,
a
U 3aMeHAA B HeM da HaiAeHHEIM 3HAYeHUeM, TTOJTYUM:
dn vdy
—=h——
n na*

Beona B dopmyasl nnda da u dn 3Hadenne anddepeHInaa
CKOPOCTH, IPUXOIUM K Pe3yJbTaTy:
dn Ky

—= 3—2 >
n na

0.

Ota popMmyia BelpaskaeT 2dppeKT, M3BeCTHLIN 0] Ha3BaHNEM
«IIapaJoKC CIIyTHMKOB»: 3a CUeT COIIPOTUBIIeHMA aTMoc(epsl yI-
JIoBas CKOpPOCTE oOpallleHnsa yBeJynduBaeTcda. PasymMmeeTcd, yBem-
4yuBaeTCA TOJBKO KMHeTHYecKad DHeprud, a IIoJIHad MeXaHndecKasd
SHEeprus yMeHbIIdeTCH.

3AeMeHTapHbIlN pacyeT XapaKTepUCTHK NMoAeTa
MeXXNAaHETHbIX aBTOMaTUYECKUX CTaHLUUN

PaccmoTrpnm 3amauy B oOIlleM BHUIle, TO €CThb IIOJIET C OJIHOI
IIIaHeTH Ha Apyryto. [lmareTy, ¢ KoTopoit HAaUMHAETCA IOJeT aBTO-
MaTHYeCcKoil Me:KIyaHeTHOM cTanmmm (AMC), HazoBeM IIJIaHETOI
3aIlycKa, a [JaHeTy, K KOTOpPOil HalpaBJeH MoJieT, — IJaHeTolt
HasHauYeHMA

Pacuet opbur AMC oueHb coxkeH. B HagaJie nojieTa cTaHIIMA
JIBUIKETCH B TIOJIe TATOTEHWS TIJIAHETHI BaIlyCKa, TOJIaBJIAIINTYIO
YaCTh CBOEro OyTH — B rpaBUTAIMOHHOM noje COJIHITA M, HAKOHET],
B [IOJIe TATOTEeHNA IIJIaHeThI HasHaueHnsd. [loMumo sToro, mpuxonuT-
CHA YIMTLIBATE TPABUTAIIMOHHBIE BO3BMYIIIEHIA CO CTOPOHEI KPYIIHBIX
HebecHBIX Tell. [ToaToMy orpaHMUIMMCH JINIIEL PACTeTOM IIPOCTeiIeit
OpOUTEI MEXKTITAHETHOI CTAHIIUM B T0Jie TAToTeHnA CoJHIa, Ipu-
HMMaA OpOUTEI IIJIAHET KPYTOBLIMM U HE YIUTHIBAA BOBMYIIIEHNA OT
HMX B IOBIeKeHNM cTaduniu. C TOYKM 3peHnd pacxofia TOILIMBA Ha-
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nboJiee BBITOAHEI ITOJIYJIINIITHYeCKIe OpONTEL, Kacalollecs CBOM-
MM BepLIMHaMy (arncujamyu) opOUT IJlaHeT 3allyCKa 1 Ha3HAaYeHWU .
B cooTBeTcTBMM ¢ IlepBBIM 3akoHOM HKemepa CoJsHIle HaXonuTcH
B OJTHOM M3 hOKYCOB OpONTEL, 60JIbIIadA 0Cb KOTOPOI IPOXOINT Yepes
CoutHIle U TLTAHETY 3alTyCKa.

IIpu 3amycke k BepXHeli mnaHeTe (puc. 72) nepurenunti IT opbu-
TBHI CTAHIINY COBIIAZlaeT C IIJIAHeTOl 3amycka u oTeronT oT ConHIa
Ha paccTosiHuMM q = a, a adennit A HaXOJUTCA Ha MepecedeHnn
6oab11oit ocu AMC ¢ opbuToii InaHeThHl Ha3HAYeHUA Ha PacCTOAHMN

Q=a2.

Puc. 72. IlpocTeiiinaa MOmysamunTHIecKasa opbura nomera
KOCMIYEeCKOTO allllapaTa K BepXHell [iaHere

B nens sanycka ¢, Ti7laneTa HazHaYeHUS HAXOIUTCS B HEKOTOPOH
Touke P (t) cBoeli opbuThL B neHb cOmmkenns t, ¢ MeXKIJIaHe THOM
CTaHIMEel MlaHeTa Ha3HAUeHMs JOJDKHA TOJONTH K adesni op-
OuTer AMC. 3anyck NpoM3BOANTCA B CTOPOHY JIBUMKEHUA [1JIAHEThI
3alycKa, ¢ TeM UTOOBI MCTIONBL30BATL €6 OpOUTANBHYO (TeIMOIIeHT-

PUYECKYI0) CKOPOCTh
_298

T e
Bripaskada OoJbIline NDOIYOCH B aCTPOHOMUUECKUX eIMHUIAX,
HalizeM OOJBIIYIO IToJyock opouTer AMC:
q=9t8 _ata
2 2
-180-
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4 8. INeMEHTbI AMHAMMWKK KOCMWYECKUX MOAETOB

1 ee BRCHEHTPHCI‘ITET:
el
L T
a a

Torga namMepeHHad B roflaX IPoJoJIsKUTENILHOCTE noJeta AMC

oy
2

1, corslacHo dpopmyie (80), cpelHAA reMolleHTPUYECKad CKOPOCTb

CTaHIIMM
298

Ja

Tak Kak 3allyCK IIPOBOOUTCHA B IlepUreJIiMIL OPGHTI:I CTaHIIMM, TO
HadaJbHaA I'eJIMOIIeHTPIMYUeCKad CRKOPOCTh

Vv, =V, =V Q_V &
w— Yg T Va — Va '
q 9

CrenopaTesbHO, YTODBEI MeXKIJIaHETHAsd CTAHINSA BRHIIJA Ha
pacueTHY opbuTy, HeoOXOoAMMO COODIIUTE eil JOIOJIHUTEILHYIO

298
CROPOCTBb "V;l = VH - Vl, roe Vi = T — KpPyroead CKOPOCTHb IIJIaHeThbl
a

3alIlycKa.

Ho uTobbl DOKMHEYTE NaaHeTy 3allycka, AMC Hy»KHO ellle Iipe-
O0JIETE IPUTAMKEHMe 3TOM [IJIaHeThl, Ha UTO TpebyeTcA KMHeTdec—-
Kag sHeprua myv® / 2, rjje m — Macca CTaHIiM, a v — BTopas Koc-
MIrgecKasd CKOPOCTh Ha IIOBePXHOCTH ILTaHeTEL lloaToMy ckopocTh
3allyCKa CTAHLMN V C IJIaHEeThI OLIPeJIesIAIT 3 PaBeHCTBa

KM/C.

W

mv'  mv, my
—_ + n

2 2 2

OTRy;[a V= \,'vj +V: ;

Ecmun T, ects mepuon obparenns BOKpyr CoJHI[A IIJIaHETHI
HasHaueHNs, TO ee CpellHeCYyTOUHOe NBIUKeHue n, = 360° / T,
M B MOMEHT cTapTa CTaHIIMM Pa3HOCTh reJMOLIEHTPUIECKUX JOJTOT
IJIaHeTEl Ha3HauYeHUsA U IUIaHeTEl 3amycka Al = 180" — 3607 / T, - At,
rie At BBIpayKeHo B CyTKaX. PaccToAHNe MeXITy IJIaHeTaMU:

A= \/af +a; —2a,a, cos Al,
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TAABA 4. OCHOBbI HEBECHOW MEXAHUKM U AMHAMUKW KOCMUYECKWX NOAETOB

a 3amajHad DJIOHTAlNA IIaHEeThl Ha3HAUeHNA B JleHb 3allycKa BbI-
4gncyAeTcd 1o (hopMy e

sinA, = % sin Al.

Korpa crarmmsa nogoiier k ademio cBoell OpObUTEHI, ee reJamuo-
IIEHTPUYECKAA CKOPOCTE!

v
Vv, = —F=KM/C,
\Va,
a y IJIaHeThI Ha3HauYeHn A TeIMOIeHTpUYecKkasd CKOPOCTh:
298

vy \/g.

Yr0OBI OMYCTUTHCA HA TOBEPXHOCTH IJIAHETHI, MEKIIJIAHETHAHA
CTaHIMA JOJ¥KHA IIPY HOJJIeTe YPAaBHAThL CBOI CKOPOCTH CO CKOPO-
CTBI0 TIJIAHETHI Ha3HAaUeHUA, a NIPU HocaJKe Ha MOBEepXHOCTh IJla-
HeTBhI — TOTACUTH BTOPYH KOCMUYECKYH CKOPOCTh, CBOICTBEHHYIO
3TOIt TIJIaHeTe. OTU ONepallii OCYIIECTBIAAITCA [IyTEM BRJIIUEHIA
TOPMO3HOTO U TI0CAaJIOUHOTO IBUTaTesel. B yacTHOCTH, IpK 3aIycKe
AMC c 3eMmau cileyeT MOJIOKNUTh

q,=a,=la.euv =298rMm/c,av, :g.

Ja,

ITockonbKy onMHAKOBEIE KOH(MUIypaIMy KasKIOH ITaHeTHl,
braronpuATHBIE IJIA 3allycKa CTAHI[MM, IOBTOPAIOTCA Hepes3 CHU-
HOIMYeCKMiT mepuoy ee oOpallleHNud, TO OUepelHble 3allyCKH K Heil
IIPOBOAATCA Yepe3 MHTepBaJbl BpeMeHN, KpaTHEIe 3TOMY [IepHOLY.
Hanpumep, 3alryck Me:KIJIAaHETHBIX cTaHIMi ¢ Semun k FOmrepy
HeoOXOI¥MO IPOM3BOIOWTH, KOTJa 3alafHasd 3JIOHTAIlMA [JIaHEeThl
6muska k A, = 72°. B Taxoit kondurypamyu IOnutep mHaxommics
7 mapTa 1972 roza, a 3 MapTa K HeMy cTapToBaJla aMepMKaHCKas
MeknJlaHeTHad cTaHOuA «IImoHep-10». CpemHmii cuHOIMYECKNIT
nepuopn obpamtenua I0nuTepa S = 399 cyT., mosToMy odepenHasa
craniusAa «IInorep-11» crapToBana k IOmutepy 5 anpensa 1973 roxa.
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FAABA 5. CTPOEHUE BCEAEHHOH

5.1. COAHEYHAA CUCTEMA

MAaHeTHana cucTema

Boxrpyr Connaiia obpallatoTed OeBATh KPYIIHBIX I11apoobpa3HbIX
TeJI, Ha3blBaeMbIX IITaHeTaMn. HapAny ¢ naHeTaMy M WX CIIyTHM-
xamu BOoKpyT ConHIla o0palnaiTcda TBICAYN MaJIbIX ILIaHeT, Ha3bl-
BaeMBIX acTepoygaMy, a TakyKe KOMeThl M JacTHUkM nelin. Macca
CouiHlla B 740 pas rpeBbIllaeT Macey BeeX IJIaHeT, OJarojiapsa sTomy
OHO CBOVMIM CHJIBHBIM IPaBHUTALMIOHHBIM I10JIEM Y Aep:KUBaeT [IJIaHeThl
0Ko0JIO cebd. [ToBepxHocTs CoJHIIa HarpeTa 0 TeMIlepaTyphl 0KO0JIO
6 000 K, mosTOMY OHO MBJIyYaeT cOOCTBEHHBIN CBET, a IIJIaHETEI OCBe-
marTesa CoJIHIIEM U CBeTAT OTPakeHHBIM CBeTOM.

[InareTs! BpamaioTes BokpyT CoTHIIA B TOM Ke HATIpaBIIeHN,
uro n CoJHIle BOKPYT cBOeil ocy, 1 yaaseHel oT ColHIA B CIlegyio-
uteM nopsanke: Meprypuii, Berepa, Semna, Mapce, FOourep, CaTtyps,
VYpan, Henrys. Ilo ousndeckum XxapakTepUCTUKAM UX 00 LeIMHAIOT
B JIBe TPYIIIEBL, pasrpaHNUeHHEIe B IIPOCTPAHCTBE II0ACOM acTepo-
npoe. IlmaneTr], ABIeKyIIMecda BHYTpu sToro modca (Mepxrypwmit,
Bemnepa, 3emna u Mapc), npuHaaieskaT K 3eMHOM TPYIIe, Tak Kak
MMeIoT MHOTO ob1mero. Bee oTu nmaneTr!, Hebosboe Mo pasMepam
1 Macce (caMad KpyHHad U3 HUX — 3eMJId), MMeIT TBepAYI II0-
BepPXHOCTb, CpPaBHUTEJIbHO BEICOKYIO CPpeIHIO IIJIOTHOCTD, DJIM3KYI0
& moTHocTH 3emin (5,5 v/cm?), n obnagawoT atMocdepamn (Kpome
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Mepxypnsa). Pusndeckie xapaKTePUCTHKI IIJITaHeT 3€MHOM I'PYIIIbI
M3y4YeHBl KaK acTPOHOMMYECKNMM, Tak ¥ PaKeTHO-KOCMUYeCKIMN

CpeAcTBaMI.
[InaneTs!, ABMIKYIOMECHA 3a KOJIBIOM acTepPOMIOB, 00pasyrmoT
TPYNILY IJIAHET-TUTAHTOB, BO3rjaBigeMyr HOnmrepom — camoii

KpYyImHOM ” MaccuBHOI miaHetoli ComHeuHOlt cucTeMbl. K 3Toi
rpynne orHoeATeA CatypH, Ypad u Henryd. Ovu 00J1a1atoT 3HaUN-
TeJIbHBIMJ pasMepaMy, MaJloll cpellHell IJIOTHOCTEIO (caMad 00Jb-
mas IUIOTHOCTL — y Henrywsa (1,66 r/cm?), camas MaleHbKasa —
y Carypna (0,7 r/cm?®)), OblcTpbIM BpallleHuMeM, IPOTIKEeHHBIMMU
reJl1eBO-BOLOPOAHBIMK aTMochepaMy ¢ HeOOJBIINM COolleprKaHeM
aMMMaka ¥ MeTaHa M, [IO-BUAVMOMY, He MMeKT TBepZoil IoBepX-
HocTH. IImaHeTHI-IMTaHTEl OKPYKeHbl KOJIbIaMM, COCTOAIIMMU W3
MHpHaL MeJIKMX TBepIbIX dacTuUll. Bokpyr miaHeT, kpoMe Mepky-
puAa 1 BeHepsl, oOpalllaloTca TBepAble TeJla, Ha3blBaeMble CIIYTHU-
Kavu. KpyIiHBIe CITYTHUKM (TaKue, Kak JIyHa nmu Turtan y CaTypHa)
VIMEIOT IIapoobpa3Hyrw dopMmy, a Menrne (kak @oboc n Jleiimoc
v Mapca) — HenpaBUJIBHYH OPMY, CBOIICTBEHHYI DOJIBIIIMHCTBY
acTeponIoB.

IlnyTon, OpiBmIKIT acTepous Ilepepa, n JecATKM HeIaBHO 00-
HapysKeHHbIX HeDecHBIX Tell ¢ pasMepaMl B COTHU KMJIOMeTpPOB OT-
HecJIM K HOBOMY KJaccy HeDecHBIX TeJl — K KapJIMKOBBIM MIJIaHEeTaM.
Cpenu HUX BCTPeUYalTCA HECKOJILKO ¢ pa3MepaMi, MPeBBITIA0ITIMUI
ThICAUY KujIoMeTpoB. CaMblif KPYIHBI U3 HUX, PacloJIOsKeHHBIN Ha
paccroaauu noutu 100 a. e. ot CosHila, To ecTh B 2,5 paza gajbllle,
uem IlnyTor, uMeeT nuameTp okoino 3 000 xm, Donvmie nuameTrpa
IInyToHa.

5.2. CONHLUE

OcHoOBHble XapaKTepUcTUKU ConHUaA

CDJ’IHL[E — JMICTOYHMK KN3HM Ha 3emye. OHo oaeT CBeT, TellJIO 1
obecrieunBaeT HM3HeIeATeJIbHOCTE BCer'0 paCTUTeJIBHOTO M HIIBOT-
HOTO MIpa.
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Conalle — mumIbs ofHa M3 OecUMCIIEHHOTO MHOKeCTBa 3Be3[,
CYIIeCTBYWIMX B nIpupofe. Baarogapsa ceoeli omusocty & CosHILy
MBI MMeeM BO3MOKHOCTD M3y4aTh [IPOVCXONALe Ha HeM IIPOollecchl
Y1 10 HUM cYIUTE 00 aHaJIOTMYHEIX IIpolleccaXx B 3Be3/ax, Hellocpec-
TBEHHO HeBMIMMBIX M3-3a KOJIOCCAJIbHOTO UX yaaJleHNA.

MTapoobpasHoe CoJiHIle NOpencTaBiIdeTcsaA HaM CBeTALIMMCH
mckoM. Bunnmas norepxHocTk CoiHIa HassiBaeTeAa poTocdepoid,
paayc koTopoii cuntaeTca paanycoMm Conuna. Ha cpenneM paccro-
sann 3emim ot ConHna, paBHoM a, = 1 a. e. = 1,5-108 kM, yrioBoii
pamuye cdotocdepsr 6 = 16', mosTomy auHelinslit pagnyce ComHila
Ry=a,sin6 = 1,5-10% km - 0,00465 = 700 000 xm, uro B 109 pas npe-
BBIMIaET pagiyc SeMIIn.

Macca CosHlla ompependeTca MO ABMMKEHMIO 3eMJM BOKPYT
Comaila u TpeTbeMy o00o0lIeHHOMY 3akoHy HRemnepa, corsacHo
KOTOpOMY (IpeHebperasa Maccoii IIJTaHEeTHI II0 CPaBHEHMIO C Maccoii
Comana Mg):

M, =a* 40?/GT>= (1,5 10" m)*4 - (3,14)*/
6,67-10"(3,2-107c) =2 - 10° &r.

B sroit popmyne a = a, T = T = 365,25 cyr. — nepmon obpa-
uteHnA 3eMau BokpyT Conana. Tak kak 1 cyT. = 1 440 mmu =86 400 c,
To T, = 365,25 -86 400 = 3,2 - 107c.

G =6,67 10" M*/Kr¢® — rpaBUTALMOHHAS [OCTOAHHA A,

Cpengrag nioTHocTs CosHna p, = 1 400 kr/m°.

YcropeHue cBobomHOTO TaJeHMsA Ha moBepxHocTu CoJHIA
B 28 pas GoJibllle, YeM Ha ITIOBEPXHOCTI 3eMJIM, i paBHO 274 M/c2

Ha dororpacdnuecknx cHuMKax CoJiHIIa YaCTO BUJIHEI TEMHBIE
IATHA, BO3HMKAIOIINME B eTo (poTocpepe. VX MOKHO YBUIETE B Tele-
ckot, ecyin u3obpaskeHne CoJHIIA CITPOEKTUPOBATE Ha DeJkIit JIMeT
OyMary, yCTaHOBJIEHHBIN 334 OKYJIAPOM.

Ecnn B TeveHMe HeCKONBKUX JIHEH CIeIUTHL 3a IIATHAMM, TO
MOKHO BaMeTHUTh UX [IepeMellleHNe, UTO YKas3bIBaeT Ha BpallleHue
Comnana BokpyT ocu. Takue Habmromenma nowrasainu, uto ComHile
BpalaeTca He Kak TBeppoe Teso. [lepuop ero obpaleHnsa BOKPYT
ocK BOJMM3M 3KBaTOpa cocTaBiadeT 25 CYTOK, a BOJMM3M HoJroca —
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30 cytok. JluHeliHaa ckopocTh BpalleHua CoJiHIIa Ha SKBaTope
cocTaByAeT 2 KM/cC.

VamepeHnsa ocBeIlEHHOCTH, KOTOPYIO co3aaeT CoiHIle Ha 3eM-
Jle, IOKa3aJio, YT0 Ha 3eMHYI0 [IOBEPXHOCTD IJIOMa b0 1 M2, pacro-
JIOJKEHHYI NePIEHINKYIAPHO K COJTHEUHBIM JIyUaM, e3KeCceKyHIHO
noctynaetT oT Cogsrna 1 370 I»x sHepruy. OTa BelMUMHA IIOJIyYIIa
Ha3BaHMEe COJIHEUHOM mocToAHHON. VTak, cojllHEUHadA MOCTOAHHAA
paBHa, E; = 1,37 kBr/M? 110 Heil HeTpyIHO pacCcYNTaTh CBETUMOCTh
Comana Lg, WM MOIIHOCTb COJIHEYHOTO M3JIy4YeHUd, — SHePIUIo,
naryuaemyto ComHIleM 3a 1 ceKYHIY cO Beell ero moBepxHocTH. [lia
9TOTO JJOCTATOYHO YMHOMKUTE COTHEYHYIO IOCTOAHHYIO Ha IJIOMAlb
cdepsl, B IeHTPe KoTopoit HaxoanteAa CoJiHIle, a paJiyc paBeH pac-
crosiumto 3emsy ot Cosnnia a, = 1,5.10" m. Tak kak momane cdepsl
pajuyca a, paBsa S = 4wma *, To cBeTMocTh CoJHIIA

L,=S-Ey=43,14(1,510"m)*1,37-10°Bt/™m? = 4-10* Br.

Eciy npuHATE, 9T0 MOIIHOCTL COBPEeMEeHHLIX aTOMHBIX DJIeKT-
pocranimii 6amska k 10° Bt, To Connile namnyuaer moutn B 4-10'7 pas
HoJpire sHepryy, 4eM IIPOM3BOANT KaskAad TaKasd SJIeKTPOCTaHIINA.

Ha mouro 3emym mpuxXoauTesa BCeTro JINUIIEL OHA ABYXCOTMMIIIN-
apIHadA OoJNA sHepruy, uanaydaemoii CosHIleM, HO U ee JI0CTaTOYHO
LI pacIBeTa ¥ MHOTooOpasus *KM3HY Ha Halllell IIJIlaHeTe.

Cynuth o TeMnepatype ConHlla (1 3Be311) Mbl MOKEeM TOJIBKO I10
ero n3xydernio. CoyHIle ABIAeTCA MCTOYHMKOM MBJIyIeHNA passid-
HBIX JJIMH BOJIH — OT OJIMHEHOBOJIHOBOTO PaZii0- IO KOPOTKOBOJIHOBO-
TO PeHTIeHOBCKOI'0 ¥ TaMMa-M3JIyIeHNA.

ITo HAMMUNMIO CIeKTPAJIbHBIX JIMHMII aCTPOHOMEI OIIpeaesdioT
xummdeckuit cocras Comana. Tak, okasasnock, uro CoJHIe TOYTH Ha
71 % coctouT U3 Bomopoa, 27 Y% cocTaBiAeT Teluit, HA OCTaJlbHbIEe
XMMIYecKe 3JIEMeHThI IPUXOANTCA OK0JI0 2 o Macchl.

ACTpPOHOMEI IIpeJIIoyIararT, 9YTo uanyderne CosHIa OJ1M3K0 10
CBOMM XapaKTepMCTHMKAM K M3JIydJeHWIO aOCOJIOTHO YepHOro TeJa,
3aKOHBI N3JIyYeHNA KOTOPOro XOPOIIIO M3BEeCTHBL

CormacHO 3aKOHY cMellleHna BuHa, 1iiHA BOJIHEL, Ha KOTOPYIO
IPUXOIUTCA MAKCUMYM M3JIy4eHnd A, CBA3aHa ¢ TemnepaTypoii T

¢ropmyiofi:
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A =2,9-10%/T. (100)

m:
#Henteni neer ConHila ykasblBaeT Ha TO, YTO MAaKCHMYM ero
U3JIy4eHNA NPUXOAUTCA Ha IJIMHY BoJHEL _ = 4,8:107" M, ciejoBa-
TeJbHO, TeMIepaTypa CoJHIa [osKHa OBITh

T=29-10%/2__.=29-102 /48-10"=6 000 K.

Jpyroii MeToZx OIeHKM TeMIIEPATYPhbl OCHOBAH HA B3aKOHEe
Credana — BosbliMaza, KOTOPBIA IJIACUT: MOITHOCTE MBJIVUEHNA
C KBaJPaTHOTO MeTPa MOBEPXHOCTHM abCOTOTHO YEPHOTO TeJa 1 IPo-
IOPIMOHAJIbLHA YeTBEPTON CTENEeHN ero abCOJFTHON TEMIIEPATYPHI,
TO ecThb i = oT* Br/M%, rame ¢ = 5,67 - 10 Bt / (M*K) — mocTosinHas
BemuuuHa. Tak Kak IJI0IAlb COJIHEUHOI TTOBEPXHOCTH S = 4mRO2,
To cBeTMOCTb COJIHIIA:

Lo=1iS =0T 4mR.2=4-10% B, (101)
OTCIOZIA CJIeYeT, UTO TEMIIEPATypPa COIHEUHOIT (hoToChEPHL:
T = 4/Lg/ c4oR.

IloncTaBnas B 5Ty popMyIly yKasaHHLIE BEIIIIE 3HAUSHN A BeJ-
uuH, noxyuum, uto T =5 800 K.

Brrancnennaa no saxony Credana — BosabiiMana Temmepa-
Typa HECKOJIbKO OTJNYaeTcd OT TeMIIepaTyphl, IOJydYeHHO IIo
3aKOHY cMelleHNsa BuHa, HO 3Ty pasiyuna HeBelnkn. OJHaKO TaKoe
pasjdye HecyIlecTBEHHO, TaK KaK IIPY CTOJIb BBEICOKON TeMIepa-
Type coToccepa HaxXoaAUTCA B ra3000pa3HOM COCTOAHUU M OypHOe
IIepeMeIIBaHVe B Hejl ra3a IPMBOOUT K HEIIOCTOAHCTBY TeMIlepa-
TYpPbl pas3JiMuHbIX ee ydacTKoB. [loaToMy cpenHIOW TeMIlepaTypy
coJiHeUHOI1 hoTocdepsl MOxKHO cumnTaTh Oamnskoii k 6 000 K.

CTpoeHHWe coAHe4YHOoMW aTMocdepbl

Bee Bupn nanyuennii, koTopele MuI BocipyanMaeM oT CosHIa,
00pa3yoTcAa B €ro caMBIX BEPXHUX cJioAX, B aTMocdepe. CaMblii
rnyOOKMII M IJIOTHBIN clioit aTMocdgepbl — doTocchepa — MMeeT
TosuHy oKoso 200 KM, IIJIOTHOCTD BellecTBa B Heii 107 kr/m?, 3Ha-
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UNTEJBHO MeHblIlle IJIOTHOCTHM 3eMHOM aTMocdeprl HecMmoTpa Ha
MaJIoe 3HadeHle TOJIIMHEI M IIJIOTHOCTH, poTocepa HeIpo3padyHa
JIA BCeX BUJIOB M3JIy4eHuii, oOpasywmyxcsa B Dosee TIIyDOKKX CJIO-
ax CoJiHIa, IOSTOMY MBI He MOsKeM 3alJIAHYTE B ero ImofdoTocdep-
HBIe CJION.

B dorochepe BupHa 3epHMCTas CTPYKTYpa, [OJIy4dMBIIad
HasBaHMe TpaHyJALNM. XapaKTepHble YIJIOBBIe pa3Mepbl IPaHyl,
HaTIOMITHAIOIITME TI0 BUJTY PMCOBBIE 3epHa, COCTaRIAT 1 —2', HO J1-
HeliHBIe X pazMephl TOCTUTAOT ThICAUNM U Dojlee KumoMeTpoB. Ha-
OII0MeHNA TIOKA3BIBAIOT, UTO TPAHYIAIMA HAaXOOUTCA B HEIIPepPHIB-
HOM ABMKeHNUM U u3MeHeHUN. ['pany sl skueyT oT 5 1o 10 MUHYT, Ha
X MecTe NOABIAKTCA HOBEIE. VceslefoBaHNe XapaKTepa IBMKeHI
BelllecTBa B FpaHyJIaxX IIOKasaJl, UTo B I[eHTpe DoJslee ApKOM 1 rops-
Ieji JacTH TPaHyJbl IPONCXOOAT NIobeM U3-1oJ poTocdepsl bosee
rTopsdero BelllecTBa M OIIyckaHMe Iof poToccepy Gosee TeMHOTO 1
XO0JIOJIHOTO BelllecTBa, OKalMJIAIIIero rpanyay. CKOpocTh NoabeMa
M OIIyCcKaHMA ra3a coCTaBJsAeT OKOJIO 1 KM/c, a pa3Hilla MeKIy TeM-
mepaTypaMM ropadero 1 XoJIogHoro BelllecTs 6mnaka k 300 K. Takum
obpasoM, rpaEyaanua Ha CoJHIle yKasblBaeT Ha TO, YTO IHEPTMA
B dorochepy nocrynaer us3 Oosiee rayboOKMX M TOPAYUX CJOEB
ConHIla IyTeM KOHBEKIIMIL

Ha apkom doHe poTocdeps!l HAbMW0OIATCA TEMHBIE [TATHA.

Pasmepsl cosHeuHBIX n1ATeH MoOryT gocturaTk 100 000 km! Ta-
KJe KPpYIIHbIe IIATHA XOPOILIO BUIHEI Jake HeBOOPYKeHHbLIM IJ1a30M
(KOHEUYHO, TOJIBKO CKBO3b TEMHEI CBETOUIBTP).

Ha dore ocnennTenbHO ApKoON hoToceprl IATHO HAM KajKeT-
ca uepHbIMM. OgHaKO M3MepeHUA IIOKa3ajl, UTO SPKOCThL IIATEH
B 5—10 pas MeHbIIIe APKOCTU OKpPYKatoIel poTocdeprl, a UX peasb-
HEBIN I[BeT — KpacHoBaTHIL 1o 3THM M3MepeHMAM, MCIIONIb3Y A 3aKOH
naayuenusa Credpana — BoabiMaHa, JETKO OI€HUTE TeMIIEPATYPY
IATeH, KoTopas okasaJjack okoso 4 000 K.

Habmronennsa mokasasy HaJguule CHMJILHOTO MarHMTHOTO IIOJIS
B NATHaX. B HeKOTOpPBIX NATHaAX MarHUTHasd MHAYKLONUA JOCTHUTaeT
0,5 Ta, B To BpeMA Kak B cpefHeM B oTocdepe 0OHa cOCTaBJIAET
10— 107 T
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CunpHOe MarHnTHOe I10J1e IATeH ABJAeTCA IPMUNHON MX HM3KOI]
TeMIlepaTypblL OJTO 00bACHAETCA TeM, YTO BelllecTBO (poTocdepsl
IpezcTaBaAeT coboii I1a3My, COCTOALLYIO U3 3apPAXKeHHBIX YacTHIL.
CuiibHOe MarHMTHOe II0JIe TOPMO3WUT JIBVKeH)e IIJIa3Mbl, 3aMelJId-
eT ee KOHBEKIVMIO ¥ TeM CaMbIM 0cJIabiAeT IoCTyIIeHne Telja 13
BHyTpeHHNUX ciyoeB Cosena. B pesynbpraTe TeMnepaTypa BelllecTBa
B objacTy NATeH yMeHBIIAaeTcd, M [IATHA BBINIAAAT TeMHBIMM Ha
¢roHe Apkoi poTocephl.

Habmrofenna mokasayy, 4TO COJIHeYHas KOPOHa HarpeTta Jo
TemnepaTypbl okosao 2-10° K. IIpu Takoit TeMmepaType BeIeCcTBO
KOPOHEI IIpefcTaBiAeT co00ii MOJTHOCTBIO MOHM30BAaHHYO ILIa3My,
KOTOpas B OCHOBHOM CBeTHT B PEeHTIeHOBCKNX Jydax. V meficTBm-
TeJIbHO: IIPM HaOJIOIeHNAX B PeHTTeHOBCKNe TeJIeCKOIbl, KOTopbIe
YCTaHOBJIEHBl Ha KOCMIYECKNX acTPOHOMMYECKNX obcepBaTOpmAxX
3a IpeleslaMl 3eMHOJ aTMocepsl, coHeYHad KOPOHa IIpeficTaB-
JIAeTcA B IIOJIHON Kpace, B TO BpeMdA Kak InoBepxHocThb CoJHIIA 11 ee
doToccepa IpaKTHIECKN He BIIHEL

Bo BpeMa MoNHBIX coJIHEUHBIX 3aTMeHNMI Ha Kpaio CosHIa BO
BHYTPEHHNX CJIOAX COJHEYHOJ KOpPOoHBI HabmiomarTeda NpoTybepaH-
bl — CTPY¥ rOpAYero BelllecTBa, MMeOIIyie B/ BEICTYIIOB 11 (DOHTaHOB.
HekoTopble 13 HMX — CIIOKOJiHBIe TPOTYOepaHIlbl — B TeUeHN e MHO-
THX 9acOB BMUCAT HAJl COJTHEYHOH [TI0BEePXHOCTEBIO, APYTHe — 3PYHITHB-
Hble (B3pbIBHBIE) — BHe3aIlHO C OTPOMHOJ CKOPOCTBIO B3JIeTalOT Hall
IIOBEPXHOCTBI0, OBICTPO IIOIHMMAIOTCA [0 BBICOTEI B IECATKM U JaKe
COTHM TBHICAY KMJIOMeTPOB M TaK:ke ObICTPO IIaJaloT BHIA.

JI3 KOpOHEI B MekIJIaHeTHOe IIPOCTPAHCTBO JICTeKaeT Hellpe-
PBIBHBI MOTOK YacTUI] (IPOTOHOB, A7lep I'eiisd, MOHOB, 3JIEKTPOHOB),
Ha3bIBaeMbIli COJTHeYHBIM BEeTPOM. JaCTHUIIBI COJTHEYHOIO BeTpa I10-
KMJAT COJHEYHYIO KOPOHY €O cKopocThio okoJio 800 KM/ c, mosToMy
COJIHEYHOe [IPUTHMKEeHMe He MOKeT UX yHep:KaTb. Boimsmu Semimn
CKOpOCTB CcOJIHeUHOTO BeTpa gocturaeT 500 km/c.

ConHeYHasa aKTUBHOCTb

HaGJIEO,IIEHIf[H IIOKa3bIBAKOT, YTO YMCJIO COJIHEYHBIX IIATEH
MeHAeTCA CO BpeMeHeM, I[IpudYeM WX YJVCJI0 MeHAeTCHA C IIepMoJoM
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okoJio 11 nmet. Korpa HabmonaeTca MaKCHMMAaJIbHOE YMCJIO IATEH, TO
TOBOPAT 0 MaKCUMYMe COJIHEYHOM aKTUBHOCTI. B roflbl MakcuMyMa
COJIHEYHOM aKTMBHOCTM 3HAUYNTEIBLHO BO3PACTAET UMCJIO MOITHBIX
npoTybepaHIleB, B TaKT C COJHEYHON AKTUBHOCTBIO MEHAeTCA I
dropma cosrHedHOI KOpoHBL OOHMM M3 caMbIX 3HAYNTEIbLHBIX ITPO-
ABJIEHMIT COJIHeUHOM aKTMBHOCTH SABJIANKTCSH COJIHEYHbIE BCIIBIIIIKN,
BO BpeM#A KOTOPLIX BhIJIeJNAeTCA KoJoccallbHasd SHeprua — B Tede-
HMe JecaTKa MUHYT Bbijendercs 10 10% sk sueprun. HaGuronenns
CO CIIYTHMKOB YCTAHOBUJM, UTO BO BPeMfA COJHEUHLIX BCIIBIIIEK
TIPOUCXOOUT pesKoe yBelnueHue yJbTpauoieTOBOro U3IyUeHN,
TIOABJIAETCA MOIITHOE PeHTTeHOBCKOEe U raMMa-3nyuenne, JlaTunxn
OBLICTPBIX 3aPAKEHHBIX UaCTHUI], VCTAHOBJIEHHBIX Ha ICKYCCTBEHHBIX
COYTHUKAX, IMOKa3aJi, UTO IIPM MOIIHBIX COJIHEYHLIX BCIBIIIKAX
B MeSKILIaHEeTHOe [MPOCTPaHCTBO BhIOpachIBaeTCA C OTPOMHBIMU CKO-
pocTaAMM, MHOTAA moxomAaniMy 1o 100 000 km/c, MUpKUaIBl YaCTHII,
0bJAAr0IMX DOJBIION KWHETUYECKON SHepTueill M TOJYUNBIIIIIX
Ha3BaHME COJIHEUHBIX KOCMUUECKUX Jyueir. VX OCHOBHOIT cOCTaB —
Apa ATOMOB BOJOPOMA, TeJNA, & TAKIKE DIEKTPOHBL.

Benwermkn 1 gpyrue TposBIIeHNS COJTHEYHO aKTMBHOCTU OKa-
3BIBAIOT 3HAUNTeJLHOe BIANAHIE Ha OMOJIOTHMUYecKle 3eMHLIe gBJe-
HMA, Ha (pUBWUYeCKNe YCIJIOBUA B 3eMHOIT aTMocdiepe M 0KOJI03eMHOM
KOCMIUYECKOM ITPOCTPAHCTEE.

5.3. 3BE3AbI

OCHOBHbIE XapaKTEpPUCTUKHU 3BE34
H B3aUMOCEBA3b MeXAy HUMH

Kax 1 CosHue, 3Be3/bI OCBEIIAIOT 3eMJI0, HO M3-3a OTPOMHO-
TO paccTOAHMA OO0 HUX OCBENIEHHOCTh, KOTOPYE OHM CO3Ial0T Ha
3emue, Ha MHOTO MOPAIKOB MeHbINle coJiHeuHoit. [To aToi nmpuunHe
M BOBHMKAIOT TEXHUUECKUE ITPOOJIEMEI TIPY M3MEePEHNAX OCBEIeH-
HOCTH OT 3Be3]l. ACTPOHOMEBI CTPOAT TUTAHTCKIE TeJIeCKOIIbI, YTOOBI
YJIOBUTE cJlabble M3IyUeHNA 3Be3 . UeM Oosble f11aMeTp 00 beKTU-
Ba TeJlecKoIla, TeM OoJiee caabble 3Be3IbI MOYKHO B HUX MCCJIeOBATD.
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Uamepennsa nokasanu, uto, Hanpumep, [lonapraa 3Be3na co3gaeTr
OCBEIIeHHOCT, Ha mnoBepxHoctu 3emum E = 3,810 Br/M%, uro
B 370 mupn pa3 MeHbIle OCBeIlleHHOCTH, co3JaBaemoli CoJiHIeM.
Paccrosarmne no IlonmdApHoii 3Be3nwl cocrtaBideT 200 mmapcekos,
i okoJio 650 cBeToBBIX JeT (r = 6:10'8 m). IToaToMy cBeTMMOCTH
[Monapwuoit 3Be3ns! L = 4wr*E = 4:3,14+(6-10"* m)*3,8-10 BT/M*) =
9,1-10* BT = 4 600 L,. Kak BuamnM, HecMOTPA Ha MAaJIYIO0 BUAMMYIO
APKOCTBb 5TOI1 3Be31IbI, ee cBeTUMOCTE B 4 500 pas npeBbIIIaeT coy-
HEUYHYIO.

VI3MepeHnsa moKkasan, YTO Cpeiy 3Be3]] BCTPEYarTCd 3Be3/bl
B COTHHU ThicAY pa3 Oojiee MolliHbIe, ueM COJHIIE, U 3BE3[bI CO CBE-
THUMOCTAMY B JIECATKHU THICAY pa3 MeHbIlINe, UeM y Hallero CoJiHIIA.

VlamMepeHnsa TeMIepaTyp IIOBEPXHOCTU 3Be3] IIOKAaBaJM, UTO
TeMIlepaTypa MOBEPXHOCTH 3Be3Jbl OTIIpelesigeT ee BUINMEBIA IIBeT
M HAJIMYMe CIIeKTPAJIEHBIX JIMHUIT TIOTJIONIEHUA TEX VIV MHBIX XMMU-
TEeCKNX 3JIEMEHTOB B €€ CIIEKTPE.

Tak, 3Beaga Bera cuseTr GelBIM IIBETOM U €ro TeMIepaTypa
paBHa nouru 10 000 K. 3Besya Berensrefize (oo OpuoHa) umeer
KpAacHBI [IBET M TeEMIEPATYPY noBepxHocTH okoJo 3 000 K. Coms-
IIe — KeJITOro IBeTa, uMeeT TeMrepaTypy 6 000 K.

Ilo TemmepaType, [IBeTY 1 BUY CIIeKTPa BCe 3Be31blI pas3duim
Ha CIIeKTpaJibHBIe KJacchl, KOTOphle obo3HauaoTea dOykeamn O, B,
A, F, G, K, M (tabm. 2).

Tabnuuya 2
CHeHTpEU'[BHaH R..‘IaccPIdeRauHH 3Bean
Cnert-
PATBLHBIH (0] B A F G K M
RJace
IIseT roxyooit Oe"‘?ﬂo " | Gemerit | T |memrsmi| PO KPACHBIT
roayoofi OeIBIi SKEBBII
Terme-
paTtvpa 30 000 20 000 | 10000 8 000 6 000 4500 3 000
(H)
TIpineprr Bompan: Pervn Bera |Aneramp "—E“Ibzef Beq?nbi
3Bean DHEC (o TsBa) | (a JTuper)| (a Opaa) Couriite|  bapan TEHaS
(y Opuosa) " G i (o Temsna)| (o« Opuona)
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TAABA 5. CTPOEHUE BCEAEHHOW

VmeeTcs ellle ofHA MHTEpPECHAA CBA3EL MEKY CIIEKTPaJIbHBIM
KJIACCOM 3Be3]IbI I €€ CBETIMOCTBI0, KOTOPaA IPEeACTABIAETCA B BUE
JyarpaMMbl «cnekmp — cgemumocmsy (puc. 73), ee ellle Ha3bIBAHT
muarpammoii epommpysara — Peccena B 4ecTh IBYX aCTPOHOMOB
3. l'epumnpysra u I'H. Peccena, ee NoCTPOMBIIMX.

DD T patypa, K
28000 10000 7000 5000 3500
L L] Ll L
A
S5F , 04
& 0*
L
[1] 5 02
E c
E o'
Sk
L
X o' E
‘_‘ o
10} 02§
ks ¢, KapAMKM g
; a
u L E
L
151 0
0O B A F G K M
CNeKTPansLHbli KNacc
x Connue

O Monnyke
A Berensreise

Puec. 73. lnarpaMma «CIIEKTP — CBETHUMOCTE»

Ha guarpaMme 4eTKO BBIIEJIAIOTCH YeThIPe TPYIIILI 3Be3]I.

I'nasnas nocaedosamenvHocms — Ha Hee JIOXKATCH ITapaMeTpPhI
bonpmmMHCTBA 3Be3l. K 3Be3gaM TIaBHOM IIOCJeIOBATEILHOCTU
otaHocuTcsa u Hatre Comaile, Bera. [ImoTHOCTM 3BE3] ITaBHOI IToce-
JIOBATEJILHOCTY CPaBHUMEI C COJTHEUHOI TIIIOTHOCTEIO.

EpacHsie 2uzaums. — K 5TOI TPYNIle B OCHOBHOM OTHOCATCH
3Be3JLl KPACHOTO IIBeTa C paJinycaMi, B JeCATKU pas IIPeBbIIa-
IOIIVMMM COJIHEYHBIN, Hampume, 3Be3fa ApkTyp (oo Bojomaca),
pagiyc KOTOPOTO IIPEBEIIIAET COTHEYHEIN B 25 pas, a CBeTMMOCTb —
B 140 pas.

CeepxrzueaHms. — 3BE3JbI CO CBETUMOCTAMM, B JECATKU U CO-
THI TBICAY Pas3 MPEBBINIAIIIVMI COJIHEUHY. Panmycsl 3Tux 3Be3q
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5.3. 3Be3AkLI

B COTHM pas IpeBbiIIaoT paaunyc ConHna. IN cBepxruranTaM Kpac-
Horo I[BeTa oTHOCcUTCcA Berenbreiise. [Ipu Mmacce mpuMmepHo B 15 pas
OoJibllle COJIHEYHOM, paJuyc 9TOi 3Be3[bl IIpeBbIILIAdeT COJIHed-
vl nouTn B 1 000 pas. Ee cpeilHAA ILJIOTHOCTh COCTAaBJIAET BCEro
2:10" kr/m?®, uyro Gonee yem B 1 000 000 pas MeHbIIe [LIOTHOCTH
BO3yXa.

Beavle xapauku — Ipylilla 3Be3]] B OCHOBHOM 0eJIoro IiBeTa co
CBeTHMMOCTAMM B COTHM M ThICAYN Pa3 MeHbllle coJiHeuHoil. OHM pac-
[I0JIOKEHB] CJleBa BHM3Y AuarpaMMbl OTH 3Be3[bl MMeT paaiychl
IIOYTH B CTO pa3 MeHbllle COJIHEeUHOrO M II0 pa3MepaM CpaBHIUMBL
¢ maHeTaMy. IIpuMepom OeJioro Kapiuka CIy:KWUT 3Bes3na Cupnu-
yc B — coyTtHuk Cupuyca. Ilpu mMacce, nodTH paBHOM COJIHEYHOI,
n paamepe B 2,0 pasa DombIlle, 4eM y 3eMJN, UMeeT TMTaHTCKYH
CpeHIOI0 TIOTHOCTE p = 3:10° T/M°.

HTobBl NOHATE, UeM O0OBACHANOTCA HabImIaeMble OTIMUINHA
3Be3]l pa3HBIX I'PYII, BCIIOMHMM CBA3L MeKy CBeTUMOCTBIO, TEM-
IepaTypoil 1 paguycoM 3Be3Obl, KOTOPYIO Mbl UCIIONL30BaN JId
ompenenennsa temrepatypsl Cosnia (popmyna (101)) L = 4nR? - T
U CpaBHUM JIBe 3Be3[bl CIIeKTpaJIbHOTO Kiacca K: ogHa — raaBHOI
nocaenoBaTencHocTy (I'Il), apyraa — kpacusl ruradT (KI). ¥V Hux
onunakoBad Temnepatypa T = 4 500 K, a ceeTuMocTH oTIMIa0TCa
B TBLICAYY pas:

2
Lyr = Ryr Ryr = Lyr

1

L I RPH RJ'?T LI‘H

1
2
~/(1000) 30,

TO eCTh 3Be3JIbl — KPaCcHBIE TUTaHTEI DOJIBIIE TI0 paZMepaM B JIecHAT-
KM pa3, 4eM 3Be3Ibl TJIABHOM IT0CJIeI0BaTeJILHOCTIL

Macchl 3Be3]] YIAI0Ch U3MEPUTEH TOJBKO Y 3Be3]], BXOIAIINK
B COCTAB JBOMHBLIX cHUCTeM. Vl OHU ompenesanich Mo IapaMeTpaMm
opbuUT 3Be3 1 mepuoay UX obpaleHns BOKPYT APYT APYTa ¢ MCIIOJb-
30BaHMEM TpeThbero 060bmIeHHOro 3akoHa Hennepa. Orasajocsk, 4To
Maccel BceX 3Bes]] JexxaT B Ipeniesax 0,05Mg < M < 100Ms,

Jl1s1 3Be3[ IJ1aBHOI [IOCIeOBATEJIbHOCTH MMEeTC s CBA3b MesK-
Iy Maccoil 3Be3[bl U ee CBETUMOCTBIO: UeM OO0JIbIIle Macca 3Be3[Ihl,
TeM O0JIbIIIE ee CBeTHMOCTD!
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TAABA 5. CTPOEHUE BCEAEHHOW

4

M
LixLy| 102
g :
M, (25
TaR, 3Be3a CIIeKTPaJIbGHOTO RJacca B umeet MacCy OKOJIO

M =~ 20 Mgy n ee cBetumocTb nout B 100 000 pas GoJble cosiHeuHOIL

HUcToUYHUK aHepruu CoAHUA U 3Be3)

I[lo coBpeMeHHBIM IIpeACTABIEHUAM, MCTOUHMKOM SHEPTUN,
MoAepsRUBaOIINM 13IydeHns COJHIIA U 3BE3]I, CIYRKUT AllepHad
SHEPTHs, KOTOPasd BRIZIEJIAETCA TIPU TePMOS/IEPHBIX PeaKInsax 00-
paszoBaHMA (CUHTe3a) A/1ep aTOMOB TeJINd U3 A7Iep aTOMORB BOJOPOJA.
IIpn peaxumi cuHTeR3a U3 TeTEIPEX S/I€p AaTOMOB BOZIOPOJia (IeThIpex
IIPOTOHOB) 0DpasyeTcd AAPO aTOMa TesJusd, IPU 3TOM BBIIEJIAITCH
sHeprua AE = 4,8:107'? >k, HasbIBaeMas SHeprueii CBA3M, U JBe dJie-
MeHTapHble YacTUIIbI HeliTpuHo (4H — He + 2v + AE).

J1a mpoTekaHNA ANEpHBIX peakInii HeoOX0oIMMa TeMIepaTypa
BBLIIIIE HECKOJBKUX MIJIJIMOHOB KeJLBUHOB, IIPM KOTOPOI ydacT-
BYIOILME B PeaKINM MPOTOHBI C OOWHAKOBBIMI 3apANaMM CMOTJIIN
OBI OJIYYNTH JTOCTATOYHYI SHEPTUIO JJIA B3aMMHOTO COJMIKeHNH,
[IPE0IOJIEHNHA SJIEKTPUUECKNX CIUJI OTTATKMBAHNSA M CIANAHNA B OJHO
HOBOe ANpo. B pe3ynbTaTe TepMoANepHBIX peaKIMii CMHTe3a U3
BoJlopoJia ¢ Maccol 1 Kr obpasyercd remmii maccoii 0,99 kr u BeIge-
JisgeTcs DHEPrusd okoyo q = 9-10* k.

Temeps MOKHO OLIEHUTH, HA CKOJILKO BpeMeH! XBaTUT 3allacoB
BOZOPOAA, UTOOBI HOANEePKMBATE Hab M0 TaeMoe cBeueHne CoJHIa —
Bpems skuaun CosHna. 3anac ssgepHoii sHeprun E = Mg q= 2-10% kr-
‘910" IIsx/xr = 1,8:10* Jlsx. Ecoin moje/MTh 5TH 3amachl sSIepPHOM
SHepruu Ha cBeTuMocTh CosHna L , TO MBI [IOJIyUMM BpeMs SKU3HU
Coumana:

te = E/Lg= Mg -q/Lgy = 1,810 IIsx / 4-10% Bt =
=4510%c=1,510" jer.
Ecmn yuects, uto CostHIle COCTOMT, TI0 KpaliHeit Mmepe, Ha 70 %
3 BOZOPOIa ¥ ANepHBIE PeaKIMM IIPOTEKA0T TOJBKO B IIEHTpE,
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5.4 BHyTpeHHee cTpoeHue CoAHLa W 3Be3A

B COJIHEYHOM Ape, Macca KOTOporo cocTaBigeT okoio 0,1 Mg n roe
TeMIIepaTypa I0CTaTOYHO BBICOKAA OJIA IMPOTEKaHMA TepMoAIep-
HBIX peaknuii, To BpemA sku3Hmn ColHna 1 3Be3], noxo:xknx Ha Cos-
HIle, cocTaBuUT t; = 10K set. CosHIle, 10 COBpPeMEHHBIM JIaHHEBIM,
CYIIIECTBYET YiKe OKOJI0 D MJIPJ JIeT, TaK UTO eMY ellle KUThb U 3KUTh.

TepmoAnepHbIe peakIy CUHTe3a reliida U3 BoJIopoaa ABJIAT-
cA MCTOUHMKOM 3HEPIUM 3Be3] IMIaBHOI IT0cIeI0BaTeILHOCTH.

5.4. BHYTPEHHEE CTPOEHUE COAHLUA U 3BE3A

MgbI He MOYKEM HETIOCPeJICTBeHHO 3aTJISHYTh BHYTPE CoJHIIA,
TTO3TOMY TIPe/ICTaABJIEHUE O €ro BHYTPEHHEM CTPOeHUN T0JIydaeM
TOJLKO HA OCHOBE TEOPETUUECKOTO aHaJM3a, UCIIOJNb3YsS Haubosee
0bIIMe 3aKOHEI (PUBNKHU I TaKNe XapakTepucTien COJTHIIA, KaK Mac-
ca, paJinyc, CBETMMOCTb.

CoJsHIle He pacImMpsaeTesa U He CHKMMAaeTC A, OHO HAXOIUTCH B TH/I-
POCTATUUECKOM PABHOBECHM, TAK KAK CIJIe TPABUTALINI, CTPEMAIIeli-
ca cxxaThb CoJHIle, TPENATCTBYEeT CUJIA TA30BOr0 JaBJIEHNS UBHY TPHL.

Hna onenor npencrasum CoJHIle B BUIe JBYX PAaBHBIX ITOJIOBU-
HOK, IIeHTPbl Macc KOTOPBIX HaXoATcA Ha paccroaHun Ry, Cunras,
UTO BCe ITapaMeTphl, XapakTepusymoine BerectBo CoJHIA, OTHUI
M Te 3Xe B PAaBJIMYHBIX €ro YaCTAX, MOXKHO BOCIIOJIE3YACH 3aKOHOM
MenneneeBa — Kiajinepona u onpefieTMTL JaBJIeHNE Tasa Ha rpa-
HUIIE MEXKTY IBYMHA IT0JOBMHAMIA!

P =ApT/p, (103)

rhe razoBad nocroanHaa A = 8,31 Isx/(K-Mmons), p — MonapHadg Mac-
ca BeIlecTBa, p — ero IJIOTHOCTE U T — abcomoTHad TeMIepaTypa.

B peifcTBUTENLHOCTH M IIOTHOCTL, ¥ TeMIIepaTypa BHYTPH
Counna MeHAIOTCA ¢ TIyO1HOM. B pacgeTax MBI IIOJI02KMM MX paBHBI-
M1 cpelHUM 3HaueHNAM. CpeHAA IIJIOTHOCTE COJIHEYHOTO BelllecTBa
po = 1,4'10° xr/m’. Tak, BEyTpy CosHIla BOZOPOJ MOHM30BaH, €r0
MosnApHasA macca 6yzeT pg = 0,510 &r/mouss. ([l aTomapHOTO
BOJIOpOZa, M3 KOTOPOrOo COCTONT TOHKMII BHemrHWi cioii CoisHna,
MoOJIApPHaA Macca B JIBa pa3a DoJbIrre.)
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TAABA 5. CTPOEHUE BCEAEHHOW

Cornacuo 3aKOHY TAToTeHMA H]:EOTOHa, CHJla TIpUTAMEeHMA
MeXOY ABYMA [IOJIOBMHEAaMM, CTPeMAIIAACHA C3HaTb COJIHLIE!I

F_=G(M,/2) (My/2)/Rs* = GMy' /4R, (104)

rae G =6,7-10" kr'm*c? — rpaBUTAIIMOHHA ST TOCTOAHHAS.

Tak Kak MOBEPXHOCTHL, pasTpaHMUMBAIONIas obe IMOJIOBUMHKM,
uMeeT mIomans S = 1R ? To cosmaBaeMoe Ha Hee CHUJION IPUTAKe-
HUA JaBJeHNe

P =F/S= GM,*/4nRy". (105)

Ho macca Coania Mg = pg4nRg’/3, mosToMy 3HaMeHaTelb 4R*
B dhopmyJie (105) moskeT ObITh IIPEICTABJIEH B BUJE

. B
3&in Rips= %,
Ps Pe
TOTrOa JaBJIeHle
GM, GM,
e CMels (106)
3R M, 3R,

IToncraBnAas B BeipaskeHne (106) 3HaueHNA TapaMeTpoB, HAMJIeEM
6,7-10" v’ I(Kr-cz)-2-103°1<r

3 3
po= R x1,4-10 *kr/ M =8,9-10" ITa,

uTto B 900 MJH pas 60JbIIIe HOpMaJIEHOTO AaTMOC(EPHOTO JaBIEHNA.
IIpupaBHUBaA TaBleHKe, cO3JlaBaeMoe TpaBUTalIlell, K Ta30BO-
my (103), mpenarcTByroniemy cxkaTiio CoJHIE, MOTyInuM
G
4 Pe T— Mo Po
Ho 3R,

OTREYHa cpeHsds TeMIlepaTypa COJIHeYHOr'o BellleCTBa:

a

16 M, 167:10"w e’(Kr-C"’)xo,s-m 3(kr/ Momb) -2 107 k2

= = =410°K
34 Ho Ry, 3 831k /(K- moms) 7-10°m
(107)
Vi  GM, Vi -1, (2,2-10°m/¢)-2,4.10" M " "
- _"@_ % = G ~ 7T 66710 ke =LEA0 =800 M.

-196-



5.4 BHyTpeHHee cTpoeHue CoAHLa W 3Be3A

To, uto cpennuas Temnepatypa Comnnia 6mnska & 4-10° K, a Ha
noeepxHocTu ConHrla oHa paBHa 6 000 K, osHadaeT, 4To TeMmepa-
Typa CosHIla MeHAeTcd ¢ TnybuHoil. Bojee TouHbIE pacdeTsl IIOKa-
3BIBAIOT, UTO TeMIIepaTypa B neHTpe CoJHIa IPEBBIIIAET CPeJIHIO
IIOYTH B TPYM pasa i jocTuraeT 3HaueHnd 15 mie K (T, = 15-10° K).
Ha paccroaamu 0,7R, Temnepartypa mamgaet mo 10° K. IImoTHOCTE
BemlecTBa B 1eHTpe Coarna 1,510° kr/m?, aTo B GoJiee yuem B 100 pas
BRLIIIE €TO CpeHel IIIOTHOCTIL

TepMmosAnepHble peaKIMM MIPOTEKAIOT B IIeHTPaJbHON 0bJacTu
ConHnla paguycoM, paBHBIM 0,3R,. OTa 00JacTh Mony4nia Ha3BaHNe
Anpa. Bue aapa TemmepaTypa He JJOCTATOYHA JJIF TTPOTEKaHNA Tep-
MOAJIEPHBIX PeaKITIIA.

SOHeprud, BeIIednBIIasgca B Anpe CoJHIA, TepeHoCcUTCS Hapy-
JKY, K IOBePXHOCTH, IBYMSHA CIIOCODAMM: JIYUNCTEIM M KOHBEKTYBHEIM.
B nepBoMm ciiyuae sHeprus nepeHoCUTCH M3JIYUEeHNEM, BO BTOPOM —
IpU MeXaHNUEeCKUX JBUKEeHUAX HaTPeThIX MacC BeIlleCTBA.

JIlyuucThIil TepeHoC SHePrUy MPOUCXOAUT B A7Ipe U Jajiee 0
paccroaruii (0,6—0,7)Rg or nentpa Connua. lajnee k IOBepXHOCTH
SHeprud IepeHOoCUTCa KoOHBeRIuen (puc. 74).

Puc. 74. Ilepenoc sHeprnn KOHBeKIMel Ha ToBepxHocTs ColHila

IIposaBieHne KOHBeKIMNM HabiofaeTca B BHAe TPaHYJIANN
B ¢poTocchepe. IlomHOE BpemsAa, KOTopoe TpedOyeTcA SHEpPTUU, BbI-
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TAABA 5. CTPOEHUE BCEAEHHOM

Jeamslllelica B sAApe, 4T0Ob! JOCTUTHYTH HoBepxHOcTKM CoJHIA,
cocTaBiAeT okoJo 10 MaH seT. Tak 4To Te cBeT M TeILI0, KOTOphIe
COrpeBaloT ¥ OCBEIAIT Hallly SeMJII0 CerollHd, ObLm BeIpaboTaHbl
B TepMOAJepPHEIX peakyax B NeHTpe ConHna 10 MJH JeT Hazal.

KoHeuHO, acTPOHOMBI UINYT cIIOCcOOBI 3ariAHyTh BHYTPL CoJl-
HIIa U IIPOBEPUTH TeopeTHUecKle IIpelCTaBJIeHNA O ero CTPOeHNIL.
Ha »sTOM IIyTu MM Ha IIOMOIUL NPUIIIN (hM3MKY, M3ydalollye 3Jie-
MeHTapHble YacTUIEL [leslo B TOM, YTO P} TePMOANEPHBLIX peak-
OUAX CMHTe3a Neliud M3 BOJAOPOJa HapALYy € BhIJeJIeHUeM 3Heprun
OPOUCXOAUT POKIeHNe 3HJeMeHTapHBIX YacTUl] — HeWTpUHO.
B oTnmune oT nanydeHns, HeiITPMHO NIPaKTUYeCK) He 3allepiKIBa-
eTcs BellecTBOM. Bo3Hukada B Hegpax CoJHIA U pacOpocTpaHAACh
CO CKOPOCTBIO, DIIMBKOIL K CKOPOCTIY CBeTa, OHU uepes 2 ¢ IIOKUOAI0T
noBepxHocTs CoJiHIla U uepe3 8§ MMH JocTuraioT Semnn. JIna Ha-
OJ110IeHNI COTHEUHBIX HeIITPUHO OBLIJI IOCTPOEH clielMaIbLHbBI Hell-
TPMHHBIN TeJIECKOII, KOTOPLII B TeleHNe MHOTOJIETHMX HabI0geHMIT
) 3aperucTpUpoBas OXKIUAaeMbBIl TOTOK HeliTpyuHo oT CoJsHIla. OTH
HabooeHNA OKOHYATeJIbHO MHOATBEPAMIIM MNPaBMJIbHOCTH HAIMX
TeopeTHUuecKux MopeJsell crpoerna CosHlla Kak 3Bes3nbpl llosToMy
MBI B IIOJIHOI Mepe MOskeM JCIIOJIb30BaTh II0JIyYeHHbIe pe3yJbTaThl
JIJ1d pacyeToB MoJieJlell IPpYIUX 3Be3]l.

CTtpoeHuUe 3Be34 rAaBHOMW NOCAEAOBaTeAbHOCTH

Y Bcex 23Be3] IJIABHOH IIOCJIeOBATEJILHOCTM MCTOUHMKOM
SHepPIruM ABJIAIOTCA TePMOSIepHEIe PeaKIMy CHHTe3a BOIOpPOAa 13
rennsa. Ho sdpperTHBHOCTE 5THX peakOuii CUIBEHO 3aBUCHUT OT TeM-
IIepaTypH: YeM DoJIbIIe Macca 3Be3/Ibl, TeM BLIIIIe TEMIIEpPATypa B ee
Henpax (cm. popmyary (107)) 1 TeM BLIIIe TeMII BLIZIeJIeHIA DHEePTrUL.
3Be3aLl ¢ MaccaMyl, MeHLIIMMI MJIH CPABHMMEBIMI C COJIHEYHOI, yC-
TpoeHnl, kak CoaHile (puc. 74). Ilpu TeMnepaTypax B lleHTpe BhIIIIe
16 M K TeMn1 5HeproBbeIIeIeHNA HACTOJIBKO BeJIVK, YTO H3JIyYeHN e
He ycIleBaeT YHOCUTDH SHEPIUIO 13 IIeHTPAJbHBIX 00JacTell 3Be3 kL,
1 BcTymaeT 6oJsee sdppekTUBHEIN ciocob IIepeHoca SHePTUM — KOH-
BeKTNBHBIII IepeHoc. HarpeTele Macchl BellecTBa I[IOJHMMAKTCH
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5.4 BHyTpeHHee cTpoeHue CoAHLa W 3Be3A

K BepPXHIUM CJIOAM 3Be3Obl, OXJlaxKJeHHbIe OIIYCKalOTCH BHI3 V1 BHOBb
HarpeBarTCA M T. 0. To ecTb Yy 3Be3 togee MaCCHMBHBIX, HeM COJIHIJ,E!,
OTCYTCTBYeT 30H4 JIYHMCTOI'O IIepeHoCd sHepPIrnl, a KOHBeKTHMBHAaA
30Ha Ha4YMHaeTCAd IIPAMO M3 IeHTpa 3Be3bL.

CtpoeHHe KpaCHbIX TMFAHTOB U CBEPXTUraHToOB

OtayunrencHas O0CODEHHOCTL 3THX 3Bes3]l — OTCYTCTBUE
ANePHBEIX peakOuii B caMOM IIeHTpe, HeCMOTPA Ha BEICOKNE TeM-
IepaTypHL. flepHEIe peakOui IIPOTEKAa0T B TOHKMX CJIOAX BOKPYT
IJIOTHOI'O IIeHTPaJIbHOrO fAfpa. Tak Kak TeMIlepaTypa B3Be3Zbl
yMeHbIIaeTes Hapy Ky, B KasKJOM TaKOM CJIOe MIeT OIpeleIeHHLIA
THUII TEPMOAAEPHBIX peaKIii. B caMBIX BHEIIHNX cJioAX Ajpa, Iae
TeMIlepaTypa cocTaBidAeT okoJso 15 maH K, 13 Bomopona obpasyeTca
reqmii. 'myGixe, rme TeMmepaTypa BhIIlIe, M3 resind obpasyeTcda yrI-
Jiepof, naJiee 13 yrilepoa — KMCJIOPO, ¥ B CAMBIX TIIyOOKMX CJIOAX
Yy O4YeHb MaCCHBHBIX 3Be3]] IIpM TepMOsAJIePHBIX peaKIUAX obpasy-
eTcA »kese30. bosee TAKesble XMMIYIecKye 3JIeMeHTbEl 00pa30Bbl-
BaThbCA C BBIJeJeHNeM SHepruy He MoryT. VIx obpasoBaHne TpebyeT
3aTpaTbl sHepruu. VITak, B KpacHBIX TMTaHTaX ¥ CBEPXTUTaHTaX
hopMMPYOTCA CcJI0eBble MCTOYHMKN 3Hepruu, 1 obpasyerca 00Jb-
LIMHCTBO XMMHWYECKNUX 3JIEMEeHTOB BIUIOTh JI0 aTOMOB JKeJles3a.

HeliTpoHHBIE 3Be3AbI, NyAbCapbl U YepHbie AbIpbI

B 1967 r. acTpOHOMEI ¢ IIOMOIIILID PaAMOTeIeCKONIOB o0HApY-
JRUIIM YANBUTEJLHEIE PaiVIONCTOUHNKN, KOTOPEIE MCITYCKAJIN ITepy-
OIyIecKe MMITYJIbCEl PagMon3IyueHNd. OTH 00BeKTHl IOJIyUININ
HasBaHue IyaLcapoB. [lepnoan myabcapoB, KOTOPLIX cefidac N3Bec-
THO cBbire 400, 3akII09eHL] B IIpefiesiaX OT HeCKOJILKNX CeKyH 10
0,001 c. ¥YouBnAana BeIcOKad cTabMIBHOCTD IOBTOPEHNUA UMIIYJIBCOB.
Tak, IepBBIIi OTKPBITBEI IIyJbcap, KOTOPEI oDO3HadaeTcA Kak
PSR 1919, pacnonosxkeHHBIT B HEIPUMeTHOM co3Be3aun JIMcuukn,
umes nepuon T = 1,33730110168 c. Beicorasa cTabMIbHOCTE IepUO-
Ia, IOCTYIIHAA TOJBKO B COBPeMeHHBIX aTOMHBIX JacaX, 3acTaBuila
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BHauaJe IperoIosKUTh, YTO aCTPOHOMBI MUMEIOT JIeJI0 ¢ CUTHAJIaMII,
TIOCHLTAEMBIMY BHE3EMHBIMU IIMBUIM3AIMAMI. B KOHIle KOHIIOB,
OBIJIO MOKa3aHO, YTO 3a ABJIEHIe ITyJbcapa OTBETCTBEHHBI OBICTPO
BpaIawiecs HeliTpOHHBIE 3Be3]Ibl, TPUUEM TIepHo]] clel0BaHNA
MMITY T5COB PaBEH EPUOAY BPallleHA HeTPOHHOI 3Be3Ibl. OTH He-
OOBITHBIE 3BE3]IEI UMEIOT PaIiyChl OKOJO 10 KM 1 MacChl, CpaBHUMBIE
¢ comHeuHOoit. TITOTHOCTE HEMTPOHHOIT 3Be3 Ikl (haHTacTUYeCcKad:

30
p=4_Mr = 20 e =2-10"kr/m’.

4.8 3oty
3 3

OEa cpaBHMMA C IUIOTHOCTBIO BelllecTBa B Alpax aToMoB. IIpu
TaKoli IIJIOTHOCTHM BeIlleCcTBO 3Be3[bl COCTOUT U3 IJIOTHO yIaKO-
BaHHLIX HeWTpOHOB. IIo 3Toii IpuuMHe Takue 3Be3Abl IIOJIYYWJIIN
Ha3BaHMe HelITPOHHBIX 3Be3l. VIX cylecTBOBaHMe OBLIO IIpefcKa-
3aHo eime B 30-x romax XX B. coreTckum duaurom JLJII. Jlaunay.
OH TeopeTUUECKN OOKaz3all, YTO B OIpelle]IeHHBIX YCJIOBMAX IIOT
JIelicTBMeM BHeIIHero AaBJIeHMsdA, BEI3BAHHOrO OOJBIITON Maccoli
3Be3bl, aTOMBI B €T0 HepaX MOTYT OLITh paspyiueHsl IIpu sTom
OPOTOHEI M HEeNTPOHEI, BXOAAINMEe B AOpa aTOMOB, cOIM3ATCA Ha-
CTONLKO TECHO, YTO IJIOTHOCTE BodpacTeT Ao 2 - 107 kr/m?. IIpoToHEL,
3aXBaTUB CBOOOIHEIE 3JIEKTPOHBI OT pa3pyIlIeHHBIX aTOMOB, IpeBpa-
TATCA B HEITPOHEI, TaK UTO BO3BHUKHET CBepPXIIJIOTHAA HelITpOHHAA
3Be3Jla ¢ padMepaMy, COCTaBIAKIINMA JeCcATKN KIJIOMeTpPOB.

B xonnme XVIII B. n3BecTHEI! acTpoHoM U MaTeMaTHK II. Jlamn-
Jlac [IpKBeJI [IPOCThIe, OCHOBAHHBIE Ha Teopuyn TAroreHnd HeoToHa,
paccyskJeHNd, KOTOpble II03BOJIMIIM IIpelicKa3aTh CYleCTBOBaHNE
HeOoOBIUHBIX O00BEeKTOB, IIOJNYYMBIINX Ha3BaHUEe 4YepHble IbIPEL
Ji3BecTHO, 4TO OJA IIpeoloJieHuA NpPUTHAKeHUd HebecHOro TeJa
¢ maccoit M u paaguycoMm R Hy:Ha BTOpas KOCMUUecKasd CKOPOCThH

’2 "
Vz = Gfl/{ . HpM MeHBITIe CKOPOCTH TeJiO CTaHeT CIIYTHMHKOM He-
R

Gecroro Tejya, npu V = V, oHO HaBcerza NOKMHeT HebecHoe TeJo U
HUKOT/la He BepHeTcA K Hemy. lnsa 3emmn V, = 11,2 km/c, Ha mo-
BepxHoctu Comuna V, = 617 km/c. Ha moBepXHOCTM HeTPOHHOM
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5.4 BHyTpeHHee cTpoeHue CoAHLa W 3Be3A

3Be3[bI ¢ Maccoii, paBHoit Mmacce CoJHIlA, M paAnycoM okoJo 10 km
V, = 170 000 km/c u cocrasisier Bcero okoso 0,6 ckopoctu cBera.
Kak BraHO 13 hopmysiel 1y V., ecan paanyc HebecHOro Tejia paBeH
Rg = 2GM/c?, To BTOpas KocMuuecKasa CKOPOCThL OyIeT paBHA CKO-
poctu cBeTa ¢ = 300 000 km/c. ITpu elle MeHBIINX pazMepax BTOpada
KOCMMUecKasa CKOPOCTh OYZeT IPEeBHIIIATE CKOPOCTE cBeTa. I1o 5Toit
TpUYMHE Ja’Ke CBET He CMOXKeT MOKMHYTH HeDecHOe Tello M NaTh
nH@OPMAIMIO O MIpoIlleccaX, MPOUCXONANINX HA ero IMOBEPXHOCTH,
HaM, JaJlekuM Habmiomatenam. Jlannac nucan: «CBeraniasgcs 3Bes-
Jla C IIJIOTHOCTLIO, PABHOM IIJIOTHOCTU SeMiH, 1 InaMeTpoM B 250 pas
H6oxeire nuamerpa CoJiHIIA He JTaeT HU OJHOMY JIYTY JIOCTHUYIL HAC
MB-Ba CBOETO TATOTEHUHA: IIOBTOMY BO3MOIKHO, UTO CaMble ApKUe
HebecHBbIe Tesla BeesleHHOM OKa3EIBAIOTCA II0 3TOM NPUUYMHE HEBU-
OUMBIMI». JlefcTBUTEBHO, TIOTHOCTE 3eMJu p = 5,502 r/cem?®; npu
pamiyce HebecHoro Tena R = 250R, = 1,74*10"% cm ero macca 6yzmer
M = 1,21*10* r, BTOpas KoCMU4YeCKas CKOPOCTDb Ha €ro MOBEPXHOCTH
Gyner V, = 304 500 km/c — OoJibIile CKOPOCTA CBETA.
Takum obpazom, ecay Teso ¢ Maccoii M nuMeeT paanyc

R =2GM/¢’, (108)

TO HM OJMH CUTHAJ He IIOKMHET €0 M He JOCTUTHET BHeIITHero JaJje-
Koro HabmroaTenda 3TOT NpeieldbHBIN paguyc Ha3bIlBaeTca TPaBu-
rTaumnoHHbIM panycom. s CosHna, Macca koroporo Mg = 2.10% 1,
Rg = 3 KM.

C npyroii cTopoHBI, 00'bEKTHI, HAXOIAMEeCHd 10 TPaBUTAIMOH-
HBIM paainycoM, OJaroflapa cBOEMY IPaBUTAIIMOHHOMY IIOJIF0 MOTYT
3aXBaTBHIBATh BEIIECTBO, HAXOIAIIeecHd B OKPYKaKIIeM IPOCTPaHC-
TBe. OHH, ecIM TaK MOYKHO BBEIPA3UThLCSH, BCe BIIYCKAIOT M HUUETro He
BrIDyCcKaioT. Eciin Takue o0BLeKTH Bo BeelleHHOIT CYIIIeCTBYIOT, TO
OHU ABJAIOTCA Kak Obl AbIpaMU, Kya Bce [IPOBaMBaeTCa M OTKYa
HUIEeTO He BRIXOANT. [[oBTOMY B COBpPEeMeHHOI JIMTepaType 3a HUMK
YKOPEHWJIOCH HaB3BaHNe «UePHBIE JbIPhI».

Ha ceronuAmHMiT eHbL 00HAPYKEHBI YepPHBIE NTBIPBI B COCTaBe
IBOIHEIX 3Be3MHBIX cucTeM. Tak, B co3Be3nuu Jlebena nabaogaerca
TecHas JIBOIIHAA CHUCTEMa: OfHA W3 3Be3]l, M3IyJanasd BUIIMbIIT
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cBeT, — 00BIYHaAA 3Be3Jla CIIeKTPaJbHOIO KJjacca B, npyrad — He-
BUINMasA 3Be3Ja MaJIoro pasMepa, M3JydaeT PeHTTeHOBCKNe JIydn
numeeT Maccy okoJio 10 macc CosHIla. OTa HeBUIUMasA 3Be3a Ipe-
cTaBJAeT coDOl UepHYIO IBIPY ¢ pasMepaMu okoJio 30 kM. Pentre-
HOBCKOe M3JIydeHNe JCIIycKaeT He caMa depHas NbIpa, a HaTpeThli
[I0 HEeCKOJIbKNX MMJIJIVMOHOB I'PaJyCcoB ONCK, BPAIaolINiicd BOKPYT
Hee. OTOT JIJCK COCTONT 13 BelllecTBa, KOTOpPOe YepHasd JbIpa CBOUM
TATOTEeHMeM BEITATHBaET U3 APKOI 3Be3IbL

Tak kak IIpM TepMOANEPHBEIX peaKINAX 0o0pa30BaHMA OJHOIO
sApa resnsa Boizensaercs sHeprust AE = 4,8:107% sk, a cCBeTUMOCTDL
Connna Lg = 4-10% Br, To raxayio cekyuay Ha Comrile obpasyercsa
okosio L/AE ~ 10 HeitrpuHO. OTH pacdeThl ObLINM MOATBEPsKIEHbI
HabJII0IeHMAMY B HeITPMHHLINA TeJIeCKOIL

5.5. HALLUA TANAKTUKA

ITpu HabMOOEEMAX 3Be3MHOT0 Heba B Jai OT KPYIHBIX TOPOJIOB
Ha HeM B 0e3JIVHHYIO HOUb XOPOIIIO BUIHA IIMPOKAdA CBeTAMasacd
nosoca — Maeunslit [IyTs. CBoe Ha3BaHNMe OH OJTYUNMII OT JpeBHE-
rpeuecknx mudgos. CoraacHo ogHoMy 13 HUX, Maeunsni [IyTe — 5T0
MOJIOKO, KOTOpoe OyATO OBl MilaJieHell 'epKyJaec IPOJINI, KOT/la Kop-
muca rpyneo OormEM FOHOHEL [lelicTBUTebHO, Dejlecad IIoJioca
Mineunoro ITyTn HanioMnHaeT IpoJanToe MoJioko. Ho emte T'. Tanmmneii
B KoHIIe 1609 r., Habmrogasa Maeussliit [TyTe B TeJleCcKoIl, YCTaAHOBII,
UTO OH COCTOUT U3 KOJIOCCAJIbHOTO MHOXKEeCTBa 0UeHb cIabbIX 3Be3],
€ro 3Be3[IHafA CTPYKTYpPa XOPOoIIo BUAHA JaKe B OOBIUHBIN DMHOKIIE.

Mueunktit [TyTh TAHeTCA cepebpuceToil 1oJocoii o 0bomum moay-
IIapmAM, 3aMbIKAACh B 3Be3/THOE KOJIbL0. Habmoaerna yeTaHoBIIIN,
UTO Bce 3Be3]ibl 00pa3yIT OTPOMHYIO 3BE3IHYH CHUCTEMY, Ha3BaH-
Hy10 ['anakTinKoii (0T rped. «raJakTHKOC» — MOJIOYHBIN ), TT0]a BIIAI0-
ee BONBIIMHCTRBO 3BE3 KOTOPO# cocpeoToueHo B Maegnom [Ty Tm.
Harmre CosaIte ¢ cuctemMoiil 0Oparanimxesa BOKPYT HETO TeJ TOXKe
BXOIUT B cOoCcTaB ['ajakTuxm.

JInHNA, TPOXOAAIIAA IocepeanHe B0k Becero Mauegnoro IlyTn,
Has3bIBaeTCA TraJJaAKTUUECKNM 3KBATOPOM, a 00pasyolasa ero mioc-
KOCTBb — TaJIaAKTUIECKO IIJIOCKOCTHEO.
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Ha puc. 76 moka3anra yacTb Mueunoro IIyTi oT co3Besnua Opia
1o cozBesnua Kuia. Ot cosBesnusa Jlebensa no co3pesnna llentaBpa
Muneunslit [IyTs BEITIAIUT pa3aBoeHHBIM. OTCYTCTBUE 3BE3]] B TEM-
Hoit uactu Maeunoro Iyt obbAcHAeTCA HAJIMUMEM pas3perkeHHO
TEeMHOI1 IILLJIEBOIT VM Ta30B0OI MaTepuy, KOHIIeHTPUPYIOIIelicd B IIpo-
CTPaHCTBe K TaJlaKTUUECKON MJIOCKOCTH. JTa MaTepus MOTJIOIaeT
1 ocsrabeBaeT CBeT JTaJIeKnX 3Bes]l.

OTM Ta3 U ObUIb PacIpeleleHbl OUeHb HEONHOPOIHO, HabIrona-
I0TCA IIJIOTHEIE TeMHbIe obJlaka OeLIH (puc. 75).

Puc. 75. Tymaunocrs Koncras ronora

Korga 5Ty nyoTHbIe 06JaKka OCBeIlleHbl APKUMU 3Be30aMM, OHMI
OTPaskaloT UX CBET, ¥ TOrJa Mbl BUJIMM OTpaskaTellbHbIe TYMaHHOC-
T, K&K Te, YTO BUIHGBI B CKOIJIeHNN 3Be31 [Lnedansl (puc. 76).

Puc. 76. PacceanHoe 3Be3nHOe croILIeHNe [ieanet
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Ecau orosyo razomnblieBoro obilaka MMeeTcd ropAdas 3Besja,
TO OHa BO30yIKOaeT cBeueHNe rasa, M Torga Mel BUOAUM O py3HyIo
TYMaHHOCTBb, IIPUMMEPOM KOTOPOIT caysxuT Tymannocte OpmoHa
(puce. 77).

Pue. 77. TymarsocTs OpnoHa

ITpumepom nudppysHLIX TyMaHHOCTeH 0coboro THUIA CIysKaT
IJTaHeTapHBbIEe TYMaHHOCTH, Ha3BaHHbIE TaK I10 MX BUAY B TeJIeCKoIle,
IIOX0sKeMy Ha BUJ IIJIaHeTHBIX OVCKOB. Sl pKMii IpuMep IJ1aHe TapHO
TYMaHHOCTM HABJIAETCA TyMaHHOCTE Hoibiio B cosBesgum JInpel
(puc. 78). B ieHTpe Takoiil pacmmpsAmonielicad TYMaHHOCTH HaXOOUT-
cs 3Be3Zla — OeJblil KapJIMK, KOTOpad CBOMM YJbTPa(piosIeTOBEIM
U3IyUYeHNeM Bo30y:kIdaeT cBedeHue cOpolreHHOol obosoukn. Ilna-
HeTapHadA TYMaHHOCTb — «IIOCJIEJHNII BEIOX » YMIPAOIeil 3Be3 bl
Tuna Hawero CosnHua.

Puc. 78. Ilnanerapras TymMaHHOCTE RoJibiio
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B Mneunom IlyTmu, KpoMe OTHeNbHBEIX, IBOMHBIX M KPAaTHBIX
3Be3, HaOIIATCA paccedAHHbIE CKOIIJIEHNA 3Be3]], MMOX0XKHe Ha
crkorreHne 3Be3q [lneansr u comepskale HECKOJIBKO COTEH 3BE3]I.
VmeroTcs 11apoBble 3Be3HBIE CKOILIJIEHNA, COAEPIKAIIINE COTHN ThI-
CAY ¥ MMJIJIVIOHBI 3Be3]T, TAKNE KaK I1aPOBOE CKOILJIEHNE B CO3BE3INN
TepkyJieca (puc. 79).

Pue. 79. llapoBoe 3Be3IHOE CKOILIIEHIE B CO3Bea3nui [ epryTeca

ViccnemoraHMe pachpefielleHNA 3Be3]l, Tasa U MRIIM MT0Ka3a-
mu, uto Ham Muaeunslil [TyTe — lamakTuka, npefctaBiageT coboii
IIJIOCKYIO CHCTEMY, MMERINVID COUPAaJIEHYI CTPYKTYPY (puc. 80).
B T'anaxTture oxono 100 mapp 3Be3n. CpenHee paccToAHME MeEKIOY
HYMM — OKOJIO IATH cBeTOBBIX JieT. Ho B nleHTpe I'anakTuki, B ee
Afpe, IJIOTHOCTDL 3Be3]] 3HAUNTEJILHO BEINIE J PACCTOAHMA MEXKIY
3Be371aMM B COTHM pa3 MeHEbIlIe. [lenTp 'asmakTHKM, KOTOPBII pacmo-
JoskeH B cozees3nuy CTpesblia, CKPEIT OT Hac OOJBIINM KOJIMIecT-
BOM ra3a J LM, ITOTJIONIAIONMMHY cBeT 3Be31. Ho B MH(pakpacEOM
JManasoHe, KOTOPHI ras ¥ IbLJIE NJIOXO IONJIONIAakoT, AApo ['aJakTu-
K} XOPOIIIO BUIHO.

Mer Baxogumcsa BHYTpM lalakTHRM, HOSTOMY HaM TpPYIHO
IIpeAcTaBUTh ee BHEIIIHUIA B, HO BO BcesleHHOI ecTh MHOTO IPYTUX
TIOXOKMX TaJIaKTHUE, II0 HMM MBI MOYKeM CYAUTE 0 HalleM MiedyHom
IIyTn. Ha puc. 81 npencraBieHa cimpajyibHadA TajlakTika BogoBopoT
1 Ha puc. 82 — ranrarkTtukra CoMmbpepo, Buaumasa ¢ pedpa.

Temuas noJsoca obycJioBjieHa Ta30M M IILLJIBIO, KOTOPbIe KOH-
LeHTPUPYIOTCA K IIJIOCKOCTM TaJlaKTHKM, Kak M B Hamem Mieu-
HoM Iyt
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Pue. 81. CiimpaasHad ralakTHka BogosopoTr

Puc. 82. Cinpansrad ranaktnka ComGpepo
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Tamaxktura Bpamaerca. CoJHIe, HAXOAIeeCcd Ha PACCTOSHUN
oxoJo 8 Krk (26 000 ce. meT) oT 1ieHTpa ['aJaKTUKM, BpalllaeTca co
CKOpoCTbI 0K0JI0 220 KM/c BOKpPYT, coBepiliad oauH o00poT nouTn
3a 200 miH yeT. Jlerko paccunMTaThs Maccy ['aJaKTHKN BHYTPpY opOm-
ThI CoJIHIIa.

IleHTpOCTPEMHUTENILHOE YCKOPEeHMe, KOTOpPOe MCIBITHIBAET
CoumHIle 10]T IefiCTBUEM TPUTAMKEHNA MACCHI [ aTakKTUKN:

= 2 S Vo to

_re
SOl ”M}_G
BT

CrenoBaTeJLHO

: 5 2 20
22:10M/¢)-24.10 M
4y 2210we) 2,

_ A0 e — 21010
- = e warier 10Tk =8-1070,

Ilommasa macca T'alaKTHMKHN OlleHMBaeTCA B HECKOJLKO COTEH
MUJIJIMAPIO0B CONMHEUHLIX Macc. ['panuinl 'aJakTURM IIpocyeskuBa-
1oTca go paccrosumii 20 knk (65 000 cs. jeT).

B HacTosIllee BpeMA aCTPOHOMBI TIIATeJIBHO M3YUaloT IIeHTP
Hamreli ['aakTHRM, MMeHHO €T0 CBOMCTBa, Ipollecchl, B HeM IIPoMc-
XOIAIINMe, OTIPeAeSIAI0T CTPYKTYPY Beelt 'alakTHKN.

Habmonerna 3a opbuTamm 3Be3l OKOJIO IleHTpa [alaKTUKN
(puc. 83) nokazanu, 4yro Tam, B HeOoJbIIoM obsacTn ¢ pazmMepamu,
cpaBHMMEBIMU ¢ pas3MmepamMyu COJHEYHOI CHCTEMEBI, COCpeIoTOYeHa
HeBUIMMaA Macca, IPeBhIMarilad 4 MJIH COJTHEYHBIX Macc.

CHMMOK, TIOJNYUYEeHHBII B MH(ppPakKpacHOM IManasoHe, IOKa-
3bIBaeT MeHTp [alaKTUKM U 3Be3/Ibl, KOTOpble HAaXONATCA PAIOM.
TounocTs HabMONEeHNit — oroo (),02". Habmonennsa, mpoBeieHHbBIE
3a Hboiree ueMm 10 JieT, MO3BOININ IIOCTPOUTE TOUHYIO OPOUTY 3BE3ILI
S2. Cnepa moka3aHO I0JIOMKeHNe 3Be3Ibl S2 cpely OPYrUX 3Bes],
KpecToM OTMeueH IleHTp l['ajakTuku. Kak BMIOHO, OKOJIO II€HTpPa
TamarTurn maso sBesn. CripaBa noka3aHo ¢ O0JILIINM yBeIdeHeM
TIOJIOsKeHNe 9TOM 3Be3/IbLl B pas3JIMUHEIe MOMEeHTLI BpeMeH!, KOTophle
coeIlMHeHbI KPpUBOM JuHKell. BuaHO, 4TO 3Be3]ja ONMChIBAeT BOKPYT
nenTpa ['amakTurn sanumnc. 119 IBUKeHMA STOM 3Be30bl IPUMeHN-
MBI 0000I1IeHHBIe 3aKOHBI Hellepa.
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NACO May 2002 52 Orbit around Sgra®

The Motion of a Star around the Central Black Hole in the Milky Way ﬁ

Puc. 83. Ipn:xenne 3pe3/ BOKPYT CBEPXMaCCHBHON 9ePHOM IBIPhI
B uerTpe Muegnoro Ilyru

VlcnonbayeM niA OLeHKNM Macchl B IeHTpe lamaxturm M .
TpeTuit 0600ITIeHHBIN 3ak0H Kennepa. Mcnonb3ya MaciuTad cHUMEKA,
nMeeM:

a=600a.e.=9,1-10%m, T =15 ner =4,510% c.
]
4n* @@ 4-(3,14) (9.1107)

M .= — = . =7,7-10"xr =3,8-10° M,
yl” G T2 6,67 . 10—” (2’4 108 )2 @,

OfpluHaa 3Be3lla He MOXKET MMeThb TaKylo OOJIbIIyI0 Maccy.
Ecau aTo ckomeHMe NMo4dTH B 4 MJH 3Be3] M B TaKOM MaJeHBKOM
obbeMe, cpaBHMMOM ¢ 00beMoM CoJIHeUHOJI CICTeMBI, TO II0YeMY MBI
MX He BUIVM (Ha CHMMEKeE JX BCero HecKoJIbK0)? EnmHcTBeHHOe 00b-
ACHeHMe 3aKJIoYaeTcd B TOM, YTO MEI IMeeM JIeJI0 ¢ YePHOI IBIPOoI],
MMeIonIeli orpoMHYI0 Maccy. Paguye 3Toli uepHOI OEIPEI Rg = 15 myH
kM — ntouTn B 20 pas Hoxbiite, uem paguyc ComHia.

Kpome 3Besp, rasa 1 b1y, Hallla 'aslaKkTHKa 3aroJIHeHa KOCMM-
YeCcKVMM JIydaMy — PeJIATMBMCTCKMMM JacTUIlaMM — IIPOTOHaMH,
3JIeKTPOHaMM M A7paMM aTOMOB IOPYIMX XMMMWYECKNX 3JIeMeHTOB,
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KOTOpBIe ABUTAIOTCA CO CKOPOCTAMIM, OJIM3KMMM K CKOPOCTHM CBeTa.
Tlon mejicTByEM MarHMTHOTO II0JIA, KOTOPOe TOKe IIPOHN3bIBaeT BCHO
TanakTUKY, KOCMIYeCcKHe JIy4Yy ABUTalTCH [I0 3allyTaHHBLIM TpaeK-
TOPUAM, He TokNad [anakTuKY.

PenatuBucTcKMe 3JIEeKTPOHBl KOCMMYECKUX Jydell, OBUTrasfch
B MarHMTHOM II0JIe, M3JIyYaloT PaJMOBOJIHBEL OTO PaayoM3iyueHle
aCTPOHOMEI MCCJEeAYIOT ¢ IIOMOIIBIO pagioTe ecKOIIOB, U3ydasd pac-
IIpeeseHle MarHMTHOTO MI0JIA M1 KOCMIYeCcKMX Jydeli B ['aTakTuke.

VlcTOYHMKOM MOIIIHOTO paayon3y4eHns okasanack Kpabosua-
Had TYMaHHOCTB, KOTOpad B OIITMUYECKOM Jyalla3doHe IpefcTaBJlsA-
eTcd Kak M dysHad creTANadcad TYMaHHOCTE (puc. 84). 9ta Ty-
MaHHOCTB HaXOJIMTCA Ha MEeCTe B3PLIBA CBEPXHOBOMN 3Be31bl. B3phIB
OBLIJI HaCTOJILKO MOIIIHEIM, UTO CBepXHOBad OblIa BMAHA B TeUeHNEe
HeCKOJIBKMX MecslleB fHeM. B maxkcumyMe Ojlecka oHa cBeTuJa, Kak
MMITMapAbl 3Be3]l, M MO3TOMY, HeCMOTpPA Ha CBOK YZAJIEHHOCTb
OT Hac, oHa Oplia BMOHA Jaske AHeM. HapaAny c pasMeTamIyMK
ocTaTKaMM B30pBaBlllelicA 3Be3Jbl B 3T0J TYMaHHOCTM OCTaJlach
HeJiITpOHHaA 3Be3lla — IJIOTHOE SNIPO B30pBaBlllelicd 3Be3Ibl. JTa
HeliTpOHHaA 3Be3]a HabIogaeTcs Kak Iyabcap.

Puc. 84. KpaGoBupaasa TyMaHHOCTD

Taxkux ocTaTKOB B3PEIBOB CBepPXHOBBIX, M3JIYUAIIMX palno-
BOJIHBI, HaGJIEOI[aETCﬂ A0BOJIBHO MHOI'O B T'amaxture. MimerHO OoHM
TIOCTaBJIAKT KOCMWMYEeCKNe JIYUIL B €€ MexK3Be3JHOe ITPOCTPaHCTBO.
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5.6. 3BOAKOLNA 3BE3A;
UX POXXAEHUE, X)KU3Hb U CMEPTDb

BozHHKIIINe B ra30IblieBoii cpene ['alakTUKM CTYIIeHNA, TTPO-
JOJIKAOIIIE CHKMMATLCA II0]I IeiicTBIeM cOOCTBEHHOIO TATOTEHNA,
TOJNYUMIM Has3BaHMA MIpoTo3Be3d. I[lo Mepe ciKaTuA IIJIOTHOCTH
U TEMIIEPATYpPa TPOTO3BE3 B TTOBBIMIIATCA, I OHA HAUMHAET 00UITE-
HO MBIYyYaTh B MH(MPAKPACHOM JManazoHe cnekTpa. JITMTe sHOCTh
CTanuUM C3KATUA IPOTO3BE3] PA3JINUHA  IIPY MacCe MeHbIIIe COJHeU-
HOJIT — COTHU MUJLIMOHOB JIeT, & ¥ MACCUBHBIX — BCETO JIMIITL COTHI
TeIcAY JeT. Korga TeMIiepaTypa B HeIpaX IIPOTO3Be3 Ikl IIOBLIIIaeT-
CHA 10 HECKOJIBKUX MUJIJIMOHOB KeJTbLBMHOB, B HUX HAUMHAIOTCH TEp-
MOAZEepPHBIe PeaKINM IIPeBpallleHnsa BoJiopoa B reimit. [Ipm sTom
BhIZIeJIAeTCA OTPOMHAS SHEPTUA, OPelATCTBYIOIAA JalbHeeMy
COKATHUIO M Pas30TpeBamIlad [0 CAMOCBEUeHMS, — NOPOTO3Be3a
IIpeBpalaercda B 0OBIUHYI0 3Be3y TJIABHON IOCIeJ0BATEIbHOCTH
muarpaMMel Ieprmnpysra — Peccesa. CBETUMOCTE M TIOBEPXHOCT-
HadA TeMIepaTypa chpopMIPOBAaBIINXCHA 3BE3]] 3aBUCAT OT X MAaCCHI,
II03TOMY OHM IPUHAJJIEKAT K PA3JIMIHBIM CIIEKTPAJIEHBIM KJIACCaM,
TO €CThb BCTYHAIOT Ha Pas3JIMUHBbIlE YYACTKU TJIABHOI IIOCTIemoBa-
TeJILHOCTH. MacCHBHBIE 3Be3Ibl — BbIllle CoOMHIIA, a 3Be3Ikl MaJoit
Macchl — HIDKE HETO.

[TpopossENTeNbHOCTE ¢ IpeOblBaHMA 3Be3]] Ha IJaBHO IOC-
JIegoBaTeILHOCTY ONpelelideTcAd MOIIHOCTHI0 M3IIYUYeHU:A 3Be3IIbl
(cBeTUMOCTBIO) I 3arlacaMy AfiepHoli sHepruu. OHO pacCUNThLIBAETCS
TeM 3Ke criocoboMm, uTo 1 Bpems sku3HKu CoaHila (em. 102). TlogetaB-
A4 B 9Ty (QOPMYJIY BMECTO Macchkl U cBeTuMocTH CoJIHIIa Maccy i
CBETMMOCTD 3Be3JIbl ¥ YYUTEIBAs, YTO CBETUMOCTD 3Be31bl L ~ M:,
IOJIy4YaeM:

_E,_q¢M, q¢M, (MY M, Y i

M,
=1, =10"| —= | ner. (109)
Ik B Lo \ M M, M

* *

Vcxona m3 sTUX pacuyeToOB MOIKHO YTBEPKIATh, UTO 3BE3]IBI
ceRTpaJbHBIX KIaccoB O, B u A, HaxonAmmecs Ha TJIaBHOM Iociie-
IOBaATEeIBLHOCTH, — 3TO MOJIOALIE 3Be3IbI (Tad. 3).
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Tabnuua 3

BpeMH SEHSHH 3Bead Pas/JIHYHBIX CIIeKTPAJIBHBIX R/IACCOB

CrerTpaIbHBII 0 B A F G K M

HIacc

Bpemsa wu3an

=108 107 108 10° 100 10t =10t
(71eT)

Ilocye BeITOpaHMA BOLOpPOXa B HeJpaX 3Be3] obpasyeTcs re-
JyeBoe AApPO, a TepMoAAepHbIe PeaKIyy IpeBpallleHNnd BOLopoLa
B reJii Ha4VMHAKT IIPOMCXOANTH B TOHKOM CJIOe Y TPaHMIBl AIpa.
B camoM resmeBoM Anpe IIpy cO3IaBllelica TeMIlepaType sAllepHble
peakIuy IPOUCXOINTE He MOTYT, M OHO pe3K0 CKJMMaeTCHd [0 IIJI0T-
HocTH cBhilIe 4-10° kr/m°. BesleZicTBUe C3kaTHUs TeMIIepaTypa B aape
rozpacTtaeT. PocT TeMmepaTyphl 3aBUCUT OT Macchl JI1d 3Be3qwl
€ Maccoll UyTh MeHBIle COJTHEUHOJ TeMIepaTypa Bcerjga ocTaeTcsd
Menbmie 80 muaH KenbBuHOB. IlosToMy coxaTie fapa IPUBOOUT
TOJBLKO K OYPHOMY BBIIEJIEHNIO ANePHOJ BHEePTMM B TOHKOM CJIOe
y rpaHuiel Agpa. ¥ CoJHIla TeMIlepaTypa Afpa IpY csRaTuM CTaHO-
BUTcA Bbllle 80 MJIH KeJIbLBMHOB, M B HEM HauMHAIOTCSA TepMosagep-
Hble peaKIMM IIpeBpallleHnA TejiisA B yraepon. ¥ 6ojlee MacCHMBHBIX
3Be3]] TeMIlepaTypa JejlaeTcs HaCTOJBKO BBICOKOJ, YTO BO3MOIKHBI
TepMOsAJlepHBIe peaKIuM o0pas3oBaHMsA as30Ta, KUCJopoja ¥ Oosee
TAKENBbIX XMMMYEeCKMX BJeMeHTOB. BeIXoidllad M3 fAOpa M ero
OKpEeCTHOCTel 3Heprys BhI3bIBaeT IIOBEIIIEHNe ra30Boro NaBJIeHns,
II0J meiicTBMEM KoToporo poroctepa 3Be3bl pacmypseTcd. JHep-
udA, Ipuxondamas K gporocdepe u3 Help 3Be3Ibl, paclpocTpaHd-
eTcs Tellephb Ha DOJBIIYIO IIOMIAAb, YeM paHbllle. B cBA3M ¢ 3TUM
TeMIlepaTypa (poTocchepr! NoHIDKaeTCd. 3Be3a CXOOUT ¢ TJIaBHOM
IIoCJIeA0OBaTeIbLHOCTY, IIOCTEIIEHHO IIpeBpallaschk B KPAacHOIO TM-
TaHTa MJM CBEPXTUTaHTa B 3aBMCHMOCTI OT MAacchbl, JI CTAHOBUTCH
CTapoi 3Be30i.

Pasgysmasca obomdouka 3Be3fbl HeOOJBIION Macchl yike
crabo IpUTATMBaeTCsA ee ANPOM M, IOCTEIIeHHO yAalAAchk OT HeTo,
0bpasyeT niaHeTapHYIO TyMaHHOCTB (puc. 77). Ilociie okoHUaTE b~
HOTO paccedHNA 000JI0YKM OcTaeTcA JIUIIb TopsAdee ANPO 3Be3bl —
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Genplii Kapamk. ¥ 3Be3anl Tuna CoJHIA ocTaHeTcA YIJIEPOIHBINA

OeJbIil KapIInK.

OBOMIOIIMA MACCUMBHBIX 3Be3]] mnpoucxoant ©Oomee OGypHO.
B KoHIIe cBO€IT 3KM3HM TaKasd 3Be3a MOKeT B30PBaThCA CBEPXHOBOI
3Be3I0l, a ee AIpPO, Pe3K0 CIKABIINChH, — MPEBPaTUTLCA B CBEpPX-
IIJIOTHBI O0BEeKT (HETPOHHYIO 3Be3Iy MM Jaske B UePHYIO IBIPY).
CbporieEHa A 000JI0UKa, oboralneHEadA TeaMeM U IPYIVMH TAKebl-
MI 3JeMeHTaMl, obpa30oBaBIIMMICA B HeIpaxX 3Be3lbl, pacceuBa-
eTcsa B IPOCTPAHCTBE I CIVKUT MaTepuasioM IJd (hopMupoBaHUA
3Be3]] HOBOI'O IIOKOJIeHNdA. B 4acTHOCTH, eCcTh OCHOBAaHMS MO0JIAaraTh,
uTto CosHIle — 3Be3a BTOPOTro MOKOJeHNA.

Tabnuua 4
Oraner spoIONUY 2EE2TEI
S a— Temmeparypa IlnoTHOCTE i IIponomxzu-

e uenrpe, K | B nenrtpe, kr/m TEe/ILHOCTh
Topermne Bomopoza 4-107 5-103 7-10° met
T'operne remmna 2-10% 7-10° 510° mer
Topenme yrorepona 6-108 2-108 600 mer
lopenne meona 1.2-10° 4-10° 1 rox
lopenwne xucmopona 1.5-10° 1010 6 Mecanes
Toperne KpeMHANS 2,7-10° 3-101° 1 mens
KHommane aopa 5.4-10° 3-1012 0,2 cexyumrr
Baprie agpa 2,3-1010 4-10%7 MUJLTHCEKYHITB
Pacmmipenne oxroo 10° MEeHAeTCH 10 ceryun

B Tabanme 4 mpuBemeHBI ATallbl 3BOJIIOLIMM 3Be3IbI Maccoii,
paBHOI 25 Mmaccam CoJTHIIA.

5.7. 3BBE3AHbIE CUCTEMBbI (TANAKTUKH)

FanaKTUKH

B 20-x r. XX B. 61710 YCTaHOBJIEHO, YTO 00O'beKThbI, Ha3bIBaBIIIN-
ecsd paHee IIMUNTUIECKIMHU 1 CIMPAJTLHBIMIY TYMaHHOCTAMM, HAX0-
IATCHA 3a MpeJleylaMy Hatreit ['aTaKTHKY U ABJIAITCA CAMOCTOATEI b
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5.7. 3Be3AHbIE CUCTEMBI ([araKTUKK)

HBIMU 3BE3JTHBIMI CUCTEMAaMN — TAJIAKTUKAMU: 10 YNCITY BXOIATIIIX
B HUX 3Be3]] OHM He YCTYIIAl0T Halllell 3Be3aHol cucTeMe. Vzyuenne
CTPOEHUdA, pacupenesieHNnsa M IBMKEeHNA raJlakTUK B IIPOCTPaHCTBe
uMeeT pelllaiolllee 3HaAUYeHMe A MOHMMAHUA 3aKOHOB DBOJIIOIMN
Bcell yacTu HaOmogaeMoii HaMmu BeelleHHOT.

Yucno ralakTUK, OOCTYIIHBIX HaOMIOIeHMAM B KpyOHeIme
TEJeCKONLI, IOCTUTAeT [OecATKOB MIIMapnoB. Hecmorpa mHa
MCKIIOUUTEJIEHOE MHOrooOpasue BHEITHero BUAA, OOJBITMHCTBO
raJJaKTHUK BCe Ke MOKHO O0LeIMHNUTE B HeCKOJIBLKO OCHOBHBIX TUIIOB:
annunmuueckue (E), cnupaavusie (S), Henpasuavusie (Ir). Ha pue. 85
IpeAcTaBleHa TaK Has3blBaeMad KaMepTOHHAafd nuarpaMmma Xabbia
(HaBBaHHadA Tak B UeCTh M3BECTHOIO acTpoHOoMa 3. Xabbia).

BHEIE g
po oyt
0—.—’—@/\ Crupand -
EO E3  E7 esﬁq SBb %Q; Ir

£

f_ﬂc
%%am@e"‘_a

Pue. 85. Rameprounasa auarpamma Xabbmaa

K sanunTiyecKuM raJakTUKaM OTHOCATCA Te U3 HUX, KOTOphbIe
MIMEIOT BUJ KPYTOB MJIM BJIJNIICOB. VIX APKOCTE IJIaBHO YMEHBIIa-
eTcs OT IeHTpa kK nepudpepnn. Hukakoit BHYTpeHHel CTPYKTYPLI
¥ 9TUX raJlakTUK HeT. HabaroneHna MoKa3bIBaloT, UTO 3TU FaJlaKTUKI
He BpalllaloTcsd, B HUX OUeHb MaJIo Ta3a I ML,

Macchl caMbIX KPYITHBIX 3JITUITUUECKUX TAJTAKTHEK JIOCTUTAI0T
BeJINMUMHEI 1013M0. B zaBucumMocTH OT BeJIMUMHELI BUAMMOTO C3KATMA,
5Ta TpyINa nofpasnendeTcd Ha BoceMb noaTumnoB — oT E0 go E7.

CrnupaibHBIE TAJTAKTUKM COCTOAT M3 A7Ipa M HECKOJIbKUX CITM-
PAJbLHLIX PYKABOB, MJIM BeTBEeM. Y OOBITHBIX CIMPAJIbHBIX TATaKTIR
(S) 9TH BeTBM OTXOIAT HEIIOCPEACTBEHHO OT ANPa. ¥ nepeceueHHblr
COMpaJbHBIX TalaKTHUK (OHKM obo3HadaroTca SB) Azxpo mepeceka-
eTcsd II0 AMaMeTpPy IollepedHol MoJocolii — nepembiykoti (dapom).
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OT KOHI[OB 3TOW TEepPeMBIYKM UM HAUMHAIOTCHA CIMPaJbHLIE BETBIL
B BaBucuMocTH OT cTENIEHN Pa3BUTUA PYKABOB CIIMPAJLHBIE FajlaK-
Tugu S (1 SB) nnogpaszieligwTed Ha oJikjaacesl Sa, Sb, Sc (1 coor-
BeTcTBeHHO SBa, SBb, SBe). ¥ ralakTHUK THUIIa Sda OCHOBHOI cocTaB-
HOJi YacThi0 ABAAETCA AAPO, TOTAA KAK CIIMpPAaJi BEIpayKeHsl caabo.
Y rajlakTUk Tuna Sb coupaayu pas3BUTHI V3Ke B DOJBINEN CTelleHH,
a y TUIIOB Sc¢ TIOUTH BCe BEIIIeCTBO COCPe0TOUEHO B CTINPAJIEHBIX PY-
KaBaX, TOTJIa Kak AP0 OUeHb MaJieHbKoe. Tak, omHa m3 dixaiinmx
K HaM 3Be3JHBIX CHCTEM — TYMAHHOCTH AHIPOMEILI — ABJIHETCH
cOomMpaJbHONM ranakTukol, a ramaktuka NGC1300 — coupaibHOI
TaJIAaKTHKOM ¢ TlepeMbIukoil. CunTaoT, uTo Hala ['atakTKa MoX0:Ka
Ha TYMaHHOCTB AHIPOMEEL.

CrnupalibHBIE TAJIAKTUKN BPAIlal0TCs, Y HUX MHOTO Ta3a U MBI,
KOTOPBIE KOHIIEHTPUPYIOTCA K IIJIOCKOCTH TAJaKTUKA B CIIMPAJIEHBIX
PYKaBaX, B HMX MHOI'O MOJIOALIX TOPAUYMX BBEe3]l CIeKTPAJIbHBIX
kaaccoB O u B. 9Tu 3Be31b1 BO30Y:KOa0T cBedeHNe N1 y3HBIX ra-
30BBIX TYMaHHOCTEl, pa3bpocaHHBIX BMECTE C [ThIJIEBBIMM 00JIaKaMI
BJIIOJIb CIIMPAJBHBIX BeTBell. O0uine ra3zoBBIX MBIJIEBBIX 0DJIAKOB 1
IIPUCYTCTBYME B HUX TOJYOBIX 3Be3]] CIeKTpPaJibHBIX KiaaccoB O u B
TOBOPAT 00 aKTHBHBIX HpoIleccax 3Be37000pa30BaHNA, IPOMUCXOA-
WX B COMPAJILHBIX PYKaBaX STUX rajlakTuk. Macchl cnMpalibHbIX
rajJlakTUK COCTaBJIAIT oT 10' 1o 10"*M |

IIpoMeRyTOUHBIM MeXKIY 3JIIUIOTUUYECKUMI M COMPaJIbHBIMU
raJlakTMKAMI ABJAETCA TUM JUH3000pa3HbIX rajaktuk S0. Kak u
TaJaKTUKN TUTA E, 0HIT He UMEIOT OTpeJieIeHHO CTPYKTY PhI, OTHAKO
APKOCTB OT IIeHTPAa K KPAlo Y HUX N3MeHAeTCHd CKaUKaMM («CTYIIeHb-
KaMm»). Y TAKUX TaJIAKTUK Pa3JUUaioT AIPO, CUJIBHO CIUTIOCHYTOe
CTyIIeHNe — JIMH3Y U cJIabblif, MHOTJIa KOJIbI[e00pas3HbIii Opeol.

K HenpaBUJILHBIM raJakKTHMKaAM OTHOCATCH Te, ¥ KOTOPBIX OT-
CYTCTBYET YeTKO BBEIPasKeHHOe ANIPO U He o0Hapy KeHa BpalllaTellb-
Hafd CUMMETPUA.

IlpumepamMyu  HempaBMJIBLHBIX  TaJIaKTHK, 0003HAYAEMBIX
cuMmBosyioM Ir, cay:xaT Boabinoe MarennanoBo Obyako u Madjoe
MarennanoBo Obmako — camble OJIM3KME K HAM TaJIaKTUKU, BUIN-
Mble HEBOOPYIKEHHBIM TJIa30M B I0YKHOM IOJIyIIapuu Heba, BOIM3M
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Maneusoro [TyTi. 9T OBe raJaKTUKU ABJIAKTCA CITY THUKAMI Halllen
lamaxTHKM.

CrermaabHBI KIacC TalaKTHMK IIPEeACTaBIAIOT B3aMMOJerc-
TByMOIME rarakTuiky. OOLIYHO 5TO ABOVHBIE TaJAKTUKM, MEKIY
KOTOPBIMI HaOIIOOAa0TCA CBeTIIbIe IePeMbIYKI, «XBOCTEI» M T. I,

AKTUBHbIe FraAaKTUKU U KBa3apbl

B Anpax HeKOTOPBIX TAJaKTUK MIPOUCXOAAT Oy pPHBIE ITPOIIECCHI,
TaKMe TaJaKTUKM TOJIYUNMIJINM Has3BaHNEe AKTUBHBIX TaJlakTHK. Tak,
B ranakTure M87 B cosBeanuu JleBrl HabmomaeTca apkuil BEIOpoc
BelllecTBa co ckopocThio 3 000 kM/c, Macca oToro BeIOpoca cocTaB-
JaeT 10"’MU. OTa rajakTUKa oKasajlach MOIIHLEIM MCTOUHMKOM pa-
Iuousaydenusa (puc. 86).

Puc. 86. OnmmnTndeckasd rajdakTuxa M87

Pannonabarogennsa raJakTUK I0Ka3aJy, 9YTO DOJLINMHCTBO M3
HUX ABJAOTCA CJIAOLIMI MCTOYHMKAMH PaayioN3JIydeHns, OCHOBHA A
JOJIA VX MBJIydeHNd IPUXOAUTCA Ha cBeT X 3Be3l. OHaKo cyIec-
TBYIOT TaKMe TaJIaKTMKM, PalyoM3JIydeH)e KOTOPLIX He TOJIBKO
CPaBHMMO, HO M 3HAYMTEJBHO IIPEeBLIIIaeT UX CBETOBOE M3JIydeHNe.
OTH rajlakTUKHM TOJYy4YMJIM Has3BaHMe paiuoraitakTuk. Ha pme. 87
mmokasaHa (oTorpadgua OLHON M3 MOIHEMINX paJuoraJakKTUE —
HenTaBp A. 'amakTuka Ha doTorpacpun nepecedueHa MOIIHON IIOJIO-
COJ1 IIOTJIOIIAFOIIero BellecTBa.
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Puc. 87. Axrusnas ranmaxktura [learasp A

AHaJ3 CBOVCTB palyoM3JIyUYeHNs IIOKasblBaeT, UTO OHO BEI-
3pIBaeTcA oOJlakaMy ropsddelf IJasMbl, BEIOPONIeHHBIMM M3 Anpa
raJlJakTHKN ¥ JIBUTAIOIMMICS CO CKOPOCTBIO, OJIM3K0I K CKOPOCTH
CcBeTa.

Emre 6oJiee MOIITHBIMY MCTOYHMKAMY PaaoN3JIyYeHIA ABJIAK0T-
cs KBasaphl, IIOJIHOe Ha3BaHMe KOTOPBIX — KBas3M3Be3Hble (II0UTH
3Be3/1000pas3Hble) paguoMCTOUYHUKIL. [IpuMepoM Takoro MCTOYHMKA
AaBngeTcd bavsxalimmii kK HaMm kBazap C273 B cozreznuu Jlerrl. Ero
cBeTUMOCTE mocturaeT 10'Lg;. CreTuMocTH DONLIIMHCTBA KBAa3apoB
B JleCcATKM VM COTHM pa3 IPeBLIIIAI0T CBeTUMOCTY ODBIUHBIX TaJlaKTUK.
KBa3zapsl ABIAI0TCA TaKe MOILIHBIMI UCTOYHIEKEa MU MH(pPpaKpacHO-
TO, PEHTTeHOBCKOTO J FraMMa-M3JIyueHuit. A BOT pa3Mephl KBa3apoB
OKa3aJych HeDOJBIIMMIM, NPMMEPHO TBICAUM ACTPOHOMMUECKIX
eIVHNII], TO €CTb BCETrO JIMIIL B JecATKM pa3 0oJibllle pasMepoB
CosHeuHOJ cucTeMbl. THiaTeNbHBIE MCCIEOOBaHMA [IOKa3aJy, UTO
KBasapbl IpeJicTaBJIA0T coD0It aKTUBHEIE A1pa rajlakKTUK, CTPYKTY-
Pa KOTOPBIX ITOKA He JJOCTYIIHA COBPEMEHHOM TeXHIKe HabIroaeHnit.

Ilo coBpeMeHHBIM HNpefcTaBJIeHNAM, B AApaxX rajakTUK, KaKk U
B Anpe Hamel l'amakTHUKM, HaXOo4ATCA MacCHBHbBIE YepHbIe OBIPEHL
IlosTomy Hambosee paspaboTaHHON MOAeJbI0 KBasapa ABJISeTCA
MOJleJIb C MacCHBHOJ YepHOl IOBIPOi, paclloJIo;KeHHOl B IleHTpe
oIlpelleJIeHHOTO TUIIa raJIaKTHK C BBICOKOI 3BE€3JHOM IIJIOTHOCTBIO.
JlmTenpHOe M MOIITHOE SHEPToBbIfelleHle MoKeT ObITh MOJTHOCTBIO
00bACHEHO BBbINaJeHMEM BelllecTBa raJaKTHMKM Ha HepHYIO OBIPY.
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Macca Takoil 4epHOii ABIPHI cocTaBisgeT oxkoio 10°Mg, a ee paan-
yc — 3-10% km. Haxopsce B IleHTpe raJakKTHKM C BLICOKOJ 3Be3IHOi
IIJIOTHOCTBIO, TaKasd dYepHasd Oblpa MOKeT 3aXBaTBIBATH IIeJible
3Be3bl /A obecrieuenna HabIrOaeMoil CBEeTMMOCTH KBa3apoB J0-
CTaTOUHO, UTOOLI UepHAaA ObIpa 3aXBaThIBalla X0TA Obl OMHY 3Be3aY
B roa. IIpM BBICOKMX IIJIOTHOCTAX 3Be3l B AOpaXxX TaJlakKTUK TaKue
YacThIe 3aXBaThbl 3BE3]I UEPHOI ILIPOI BIIOJIHE peaslbHEIL

B OOBIUHBIX TaNaKTHKAaX TLIOTHOCTU 3Be3]] B A1pe HEeBEeJUKH,
TTO3TOMY TaKMe 3aXBaThl 3BE3]] PEJIKN, 1 MBI HE BUIMM TIPOABJIEHUE
DOJBITION AKTUBHOCTY Y OOBIUHBIX TAJTAKTUK.

CKONAeHUA FranaKTHK

WMszBecTHO, UYTO AuaMeTp Halnelt 'aJaKTMKEM [OCTHUTaeT MIOYTH
40 xrx (130 000 cB. neT), auameTp rajakTuky Aagpomens (M31) —
40 KOK, TO eCTb MOYKHO IIPUHAThH JMaMeTpbl KPYIIHbIX FaJlaKTHUE
ommagkumu K 40 Kok, PaccToAdame A0 TYMaHHOCTU AHIpPOMEeIbl
coctaBiudgeT 670 KOk (2 MJIH CB. JIEeT), CJIeI0OBaTeJBEHO, TPEBLIIIAET
JIMaMeTphl KPYITHBIX raJIaKTUK ITouTH B 17 pas. CpelHee sKe paccTo-
AHME MeXKIy 3Be3aMy NPMMEPHO TaKoe 3Ke, Kak Mexay CoJHIleM
n o IleHTaBpa, To ecTs okoso 275 000 a. e, u DoJskIlle nUamMeTpa
Comamna (1,5°10° km = 0,01 a. e.) B 27,5 mH pasd. Taknum obpazowm,
TaJJaKTUKM 3HAUUTEJILHO TecHee COMIMKeHLI B IIPOCTPAHCTBe, UeM
3Be3Ibl MeKay coboii.

CucreMaTHuecKle UCCIeJOBAHNSA paclpeelleHUA TaJlakTUK I10
HeDy IMOKa3ayM, YTO HApPANY C OTHeJILHBIMU TrajlakTuKaMy Habio-
JaloTcA CKOIJIeHMHA rastakTuK. Tak, Hamia ['ajakTuka, TYMaHHOCTE
Aunpnpomensl, Bonbmoe n Masoe MarennanoBel objaka U ellle He-
CKOJILKO 3BEe3[IHLIX CHCTeM 00pa3yioT MecTHYIO TPYIILY, B KOTOPYIO
BXOJAT 35 rajlakTUK. ['anmakTury MecTHONM IPYyIIEBI CBA3aHbL 00IIMM
TATOTeHMeM U IBUIKYTCSA BOKPYT 0D0Illero eHTpa Macec.

Ceituac naBecTHO 0k0JI10 4 000 cKomIeHMI TaTaKTHK, B KOTOPBIX
HaCUMTBIBAIOTCA COTHM M ThICAYM 3Be3[HBLIX clcTeM. B cpenHeM
IraMeTphl cKollIeHuit 6au3kn k 8 Mok (26 maH cB. jeT). OZHUM 13
HanboOJBINX ABJIAETCA CKOILJIeHNMEe TaJlaKTUK B co3Be3nunu Bosock!
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Beponnkn. OHo HaxoguTcA Ha pacctodgaum okoyo 70 Mok ot Hac
M 3aHMMaeT Ha HeDe ydacTok amamerpom 12°. B srom GoraTom cKoIl-
JleHNM HacuuTeIBaeTcd 0koJo 40 000 rajlakTUK.

Ham Muneunsiii IIyTe BMecTe ¢ MecTHOI Tpynmnoi rajaKTHE
HaXOIUTCH Ha OKPaVHEe CKOIUJIeHIA TaJaKTUK, [IEHTP KOTOPOTO pac-
moJlaraeTcd B co3Be3nuu JleBul

Ha puc. 88 norkazana HabmogaemMasa KapTHHA paclipellelleHUd
raJakTHUK 110 Heby. ObpariaeT Ha ceda BHMMaHKe AdencTad CTPYK-
Typa STOTO pacupefiesieHNA. [aJaKTUKM UMET TEHJEHIJMI0 pac-
TI0JIATATHCA [0 TPAHUIIAM TMTAHTCKUX AYeeK, BHYTPU KOTOPBIX OHM
IIPaKTUUECKN OTCYTCTBYIOT.

Puc. 88. Auencras crpykrypa pacnpeeeHus ralaKTHR

fAuencraa CcTPYKTYpa pacopefelleHMsa TaJaKTUK ABJIAeTCs
HanboJee KPYIHOI CTPYKRTYpPoit MeTaratakTUKi — BUIMMO YacTH
Bceenennoit. Camble nanexne o6bekThl MeTaralaKTHEN, KOTOPLIe
HabJIOIal0TCA B HACTOAINlee BpeMs, — 3TO KBasaphl, OT HanboJee
YAaJIeHHBIX KBa3apoB CBET TOXOOUT 10 Hac Hosree ueM 3a 10 Mup[ eT.

KpacHoe cMmelleHUe B CNEKTPaX raAakKTUK U 3aKOH Xab6aa

CeeT raJakTUK B OCHOBHOM IIpelcTaBJdeT coboit CYMMapH]:Iﬁ
CBeT MMJIIMapOOoB 3Be3 1M ras3a. I[JIH n3ydenmd q)HSM‘—IE?CRHX CBOJCTB
TaJIaKTHK aCTPOHOMBI MCIIOJIB3YHOT MeTOObI CIIeKTPaJIbHOI'O aHaJIM-
3d CBeTa.
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5.7. 3Be3AHbIE CUCTEMBI ([araKTUKK)

Habmrogerna mokasbIBaroT, 9TO JIMHUN B CIEKTPaX BCEX M3BeC-
THBIX TAJIAKTUK CMEIIEeHbl K KPAaCHOMY KOHILY. DTO fBJIeHNe OBLIO
Ha3BaHO KPACHbIM cmeuleHuem. IIpyu 3TOM OTHOIIeHNe cMelleHN:d
CIeKTPAJIbHOM JIMHMI AA = A — A K JJIVIHE BOJIHBL A, OKa3aJI0Ch M
BCeX JIMHNUIT OOMHAKOBEBIM B CTIEKTPe TaHHOI raakTurn. OTHOIIeHUe

AN A=,
Z _—=

Ay Ay
bogaemoit B 1abopaToOpUN) Ha3Ba N KPACHEIM CMEII[eHIEM.

Of1enprHATaA MHTEPIIPETAIINS 3TOTO ABJEHUA B HaCTOAIIee
BpeMa cBAsaHa ¢ sdpdertom Jlommepa, coraacHo KOTOPOMY CMeIle-
HMe CIIEKTPAJbHBIX JUHUII BBI3ZBAHO NIBUIKEHNEM (yIaJleHneM) U3-
JIy4darolero oObeKkTa (TalakTHKM) CO CKOPOCThIO V 110 HallpaBJIeHNIO
oT Habmopmatend. IIpu MasbIX KpacHBIX cMmelleHMAX (z << 1) ero
BeJIMUMHA MO3KeT ObITh HalifileHa o chopmyie JJommepa:

AL
V=c-—=c¢c-z (110)

3
0

(rme A, — IJMHA BOJIHBI CIIEKTPAJIbHONM JIMHWUM, Ha-

rme ¢ = 3-10° kM/c — CKOpOCTH CBeTa.

ITocyie Toro kak ObLINM HalileHEl PACCTOAHNA 10 FAJIAKTUK C U3-
BeCTHBIM KPacHLIM CMeIleHneM, M3BeCTHLII acTpoHoM 3. Xabba ye-
TAHOBWJI MHTEPECHYH 3aBHCHMMOCTb, Ha3BaHHYIO 3aKOHOM Xabbua:
CKOPOCTE yZlaJIeH)A rajJlakTHK Bo3pacTaeT [IPAMO IIPOIOPIMOHAILHO
PACCTOAHMIO 10 HUX:

V=H-r. (111)

B sT011 hopmy e koadpueHT DponopIinoHalbHOCTH H Ha3bl-
BaeTcA IT0CTOAHHOJ Xab0J1a, uncieHHoe 3Ha49eH)e KOTOPOoJi 3aBVICUT
OT BbIOpaHHBIX eIVHNUI] M3MepeHNa. PacCcToaHNA 10 faleKNX rajak-
THUK OKas3aJlICb HAaCTOJBKO OOJBIIVMM, YTO MX NPUXOOUTCH BhIpa-
JKATh He B [TapceKaxX (IIK) M KMJIONapceKaX (KIK), a B Meranapcekax
(Mmg). Eciu B 3akone Xabbma ckopocTh BhIpaskeHa B KUJIOMeTpax
B CEKYHJY, a paccTOosgHNe — B Meramnapcekax, TO [OCTOSHHad
Xabbaa H = 75 xm/(c-Muxk).

Vlcnionbaya 3akoH Xabbma, yoaeTca UBMepUTh PacCTOAHUA IO
raJaKTHK I10 X KpaCHOMY CMeIlleHHIO.
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Tak, cambIit bim3kKii kK Ham kBasap 3C273 MmeeT KpacHoOe cMertie-
"ue z = 0,158. 9To 03HaAUaeT, UTO OH yAAJIAETCA OT HAC CO CKOPOCTHIO
V=cz=310°(&M/c)0,158 =47 400 km/c. I3 3akoHa Xab0Ja cenyer,
4TO paccTodgHMe o Hero v =V /H = 632 Mk = 2 MJIpJ CB. JIET.

5.8. COBPEMEHHbI B3rAAIAbl HA CTPOEHWE BCEAEHHOM

Pa3BuTHe NpeACTaBAEHWH O CTPoeHUU BceneHHoM

AcTpoHOMMA M3yYaeT He TOJLKO OT[elbHble HeDecHble Telsa
M MX TPYNIIEL (3Be31bl, IINIaHeThl, CKOILJIeHNA 3Be3]l, TaJJaKTUKN U UX
CKOIIJIeHUHA), TakKe 0OBEeKTOM ee M3yuyeHM:A ABJIdeTcA BceseHHasd
Kak enyHoe 1esoe. [Ipy n3ydeHny HebecHBIX TeJsl Mbl MOYKeM CPaB-
HMBaTE MX MeskIy coDOJi, IIpOocJeNTh ¥ CPaBHUThL MX SBOJIOLNIO
M CPaBHUTE UX OpyT ¢ apyroMm. [Ipn uzyuennu BeeneHHoii MEI 3TOTO
cIleNaTb He MOYKeM, TaK KaK OHa YHIKAJIbHA, MBI He MOYKEeM II0CMOT-
PeTE Ha Hee CO CTOPOHEL M CPaBHUTE ¢ APyToil BeesmeEHOIL

Paspen acTponomMmy, N3ydaloliii cTpOeHNe 1 pas3BUTHE (DBO-
moryio) BeesienHolt B 1iesoM, Ha3bIBaeTcsa KOCMOJIOTHEH (OT rped.
«KOCMOC» — «MUp», «BceJeHHadA» U «Joroc» — «ydeHue»). B kom-
IIeTeHIMI0 KOCMOJIOTUY BXOAUT 00 bACHeHNe HabiIroJaeMoro pacipe-
JeJleHNA TaJJaKTHK B IPOCTPaHCTBE U MX JBUKeHNe («pas3beraHne»).

B aHTHMuHBle M CcpeaHME BeKa MHOIMEe YydYeHble II0JIaraJii,
uTo BcesleHHasd KOHeuHa M oOrpaHndeHa cepoil HeloJIBMIKHBIX
3Be3]l. JTOJl TOUKM 3peHMA Ipuaep:xuBaanck gaske H. Komepruk
n T. Bpare.

C pasBUTHEM HAYKHU, BCe TIONTHEE pacKPBIBAIIEH (hua3ndecKkne
IIpOIIecChl, IPOMCXONAIIIe B OKPYIKAIOIeM Hac MUpe, OOJIEIINTHCTEO
VUeHBIX IIOCTeIIeHHO Iepelll K MaTepUalliCTUIeCKNM IIpeicTaB-
JeHNAM o DeckoHeUHOCTH BcesieHHOI. 37eck OrPOMHOe 3HAUEeHNe
uMmesio oTkpeiTHe V1. HroioTonom (1643—1727) 3akonHa BceMMpPHOTO
rAroTeEnA. OIHMM M3 BarKHEBEIX CJEJICTBMII STOTO 3aKOHA ABNJIOCH
yTBep:kJeHNe, YTO B KOHeUHOI BcesleHHOI Bce ee BeIllecTBO 3a Or-
PaHIIeHHEBIN IIPOMeXYTOK BPeMeHN JOJ?KHO CTAHYTBECA B eOUHYIO
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5.8. CoBpeMeHHE! B3rAfAblI Ha CTpOeHWe BceneHHOM

TEeCHYI CHCTeMy, TOTJla Kak B OeckoHeuHOi BcelleHHOI BeIllecTBO
o[ IeficTBMEeM TATOTeHNA coOupaeTca B HEKOTOPBIX OTPaHMIeHHBIX
obbeMax — «ocTpoBax» (M0 TOrJAIHUM pecTaBJIeHNAM, B 3Be3-
JaX), paBHOMEPHO 3aTIOJTHAIINX BeeleHHEYIO.

KoseuHO, B paMKax HbIOTOHOBCKOJ MeXaHWMKM M TeOpUM Tpa-
BUTALMM BO3HUKAJN CEpPbe3HbIe MPoDJIeMbl NPM MPENNONOKEeHNN
0 DeckoHeuHOCcTM BeeneHHOM. OnHa M3 TakuX NpodbiieM IoJy4dnia
HasBaHMe homomempuueckozo napadoxca. VIHoTia 5TOT mTapagoKc
(hopMyIMPYIOT B BHUIE BOIIpPOCAa: II0UeMYy HOUBKH HeDo TeMHoe? Ka-
3aJiock OBI, MUMeeTCcs TPMBMAJLHEBIN OTBET: HOUBLIO TEMHO, TaK Kak
Conaile HaxoauTeA o ropu3oHTOM. Ho 5T0 He Tak.

B 6ecrkoreunoii BeesleHHOI MMeeTcd DecKoHeUHOe UNCJIO 3Be3].
IlosTomy, ecnu MEI 6yZIeM cMOTpPeThH B KaKOM-TO HalIpaBJIeHUH, TO
Halll IyY 3peHusd paHo MJIM O3OHO HaTKHeTcs Ha 3Besny. IlosTomy
Bce HebOo JI0JIPKHO OBITH IOKPHITO CIIJIONIHOM CTeHOM 13 OMICKOB 3Be3]
Pas3HBIX pasMepoB. Eciii IpelnoiosKUTh, YTO BCe 3Be3Ibl IIOXO0KU
Ha ComnHrile, To 1100011 ydacTOK HeDa IosKeH ObITh TAKNM ke APKUM,
kak Comnnie. Ho storo HeT. Houbio Temuo. Ecan 651 Beestennada 6nli1a
KOHEUYHOI, TO B Hell Ob1y10 ObI KOHEeYHOoe 41cJio 3Be3 u Hebo He Ob1i10
OblI cTOJIb ApkUM. Ho IpeAIioiozxke e 0 KOHEYHOCTH BeesleHHOT Ipo-
TUBOpeunJio Obl HabDJMW0IaeMOMY pPaBHOMEPHOMY paclpeleleHNo
3Be3]] BO BecelneHHOI. Benp, cornacHO Teopun TATOTeHMA HBIOTOHA,
BCe 3Be3JIbl B OTPaHNMYeHHOI BeeJleHHOl paHo MM M03IHO NOJ3KHbBI
Ob11IM OBI cOOpaThLCA B OTHO MECTO.

Bonbmioe 3HaueHMe NJIA Pas3sBUTHUSA COBPEMEHHBIX MpecTaB-
JeHUl 0 CTPOeHMHM U pasBUTHM BceeseHHOIT MMeeT obIlad Teopusa
OTHOCHTEJBHOCTH, co3maHHada A. Oiinmrreiinom (1879—1955). Ora
obobuiaeT Teopuio TAroTeHusa HrioToHa Ha OoJybliMe Macchbl U
CKOPOCTM IBU:KEHUA BelllecTBa, CpaBHMMEIE CO CKOPOCTBLIO CBeTa.
HeticTBUTEINLHO, B raJakTHKaX cOCpeJoToueHa KoJloccaslbHas Macca
BeIllecTBa, & CKOPOCTH JaJIeKMX TaJlakTHK M KBa3apoB CPaBHUMELI CO
cropocThio cBeTa. CorsacHo ob1lell TeOpMM OTHOCUTEJIBHOCTH, Ipa-
BUTAI[MOHHOE B3aUMOJeliCTBIe NlepejaeTcA ¢ KOHEUHOM CKOPOCTEIO,
paBHOI ckopocTH cBeTa (y Hbl0TOHa rpaBUTallMOHHOe B3auMoaelic-
TBHUe IlepelaBajloch MTHOBEHHO).
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TAABA 5. CTPOEHUE BCEAEHHOM

Ob1ana TeOpPNA OTHOCUTEJIEHOCTM HaKJIaAbIBaeT OollpeleJleHHEIe
OrpaHMYeHNA Ha reoMeTpHUYeCcKIe CBOJICTBa IIPOCTPAaHCTBAa, KOTOpoe
Ve HeJlb3d CUMTATE e BRIIMIOBEIM. CorzacHo 3Toit TeopHul, BpeMd He
uMeeT abCoI0OTHOTO XapaKTepa B CMEICJIe HBIOTOHOBCKOI MeXaHUKN,
a IOBMKeHHNe M paclipeleJieHMe MaTepPHMM B IIPOCTPAHCTBe HeJlb3d
pPacCMaTpPMBATE B OTPEIEE OT TeOMeTpPpMYeCENX CBOJVICTB IIpOCTpPaHC-
TBa M BpeMeHN.

Pacwupsarouwasnca BeceneHHan

BriepBble KOCMOJIOTMUECKYIO MOJeNb BeeleHHOI B paMKax o0-
et TeopuM OTHOCUTEIBHOCTM PacCMOTpes COBETCKUIT MaTeMaTUK
A. @punmas. OH 1T0Ka3aJl, 4To BeeneHHadA, 0JHOPOIHO 3all0JTHEHHAA
BEIIecTBOM, IOJI?KHA OBITH HECTATIMOHA PHOIL, M TEM CAMBIM 00'bACHILT
HabMIOIaeMy KapTUHY pasderannd rajJakTuk. OH IIOKasaj, uTo
B 3aBUCHMOCTH OT CPeJIHel IIJIOTHOCTH BelllecTBa BeesleHHA A MOMTK-
Ha MO0 pacmMpAThed, aubo cixuMaThed. [Ipu pacompenun Bee-
JIEHHO¥ CKOpPOCTL pasderaHmd raJakTUK JOJKHA OBIThH IPOIIOPITNO-
HaJILHOH pacCcTOSHUIO JI0 HUX — BBIBOJI, IOATBEPKAeHHBI Xabbmom
OTEPBITHEM KPAaCHOTO CMEIIIEHNA B CIIEKTPAX TAIaKTHUK.

KpuTtnueckoe 3HaYeHNe TIJIOTHOCTH BEIIECTBA, OT KOTOPOIH 3a-
BUCHUT XapaKTep €ro IBUKEHNA:

35
p.‘s = B
¥ 8nG
rge G — rpaBUTaAlMOHHAA HocToAHHAaA, a H = 75 kMm/c-Mnk — moc-
TosAHHaA Xaboia.

(112)

[Tomus, uro 1 ik = 3,08-10" kM u mosTomy 1 Mk = 3,08:10' km,
Haiimem H = 2,4-1078 ¢!, Torza kpuTndecKkas IUIOTHOCTD BEI[eCTBA:

3(2.4-107% ) 10 52/ A7
: — =10k / ar,

Py = ETR R
?8:3.14:6.67-107 a8 /(re-c?)

I
10284 3
P, =107"2/car.
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Ecnu cpensaa maoTHOCTE BceeseHHON Oosblile KPUTUYECKON
(p> pkp), To B OyayIieMm pacimmpenne BeeleHHO cMeHUTCH CiRATH-
eM, a TIpM cpeaHell IJI0THOCTU, PABHOM MJIM MEHBIIIE KPUTHYECKOI
(p < pkp), pacmiMpeHne He npekpaTtuTcA. KoHeYHO, MBI He 3HaeM
CpelHEl IIJIOTHOCTM BeIllecTBa BO Bcell BcelleHHOI, HO MOMKeM
MIOICYNTATE 3TY IIJIOTHOCTE B NOCTYITHOM HAIIEMY M3YUeHUIO YaCTHU
Bcemnennoii, To ecTh B MeTaraJlakTHUKe.

Papgnyc MeTaranakTHKH (ero ellle Ha3bIBAIOT TOPU30HTOM Bcee-
JIEHHOJ1) JIETKO OIIeHUTEL C IIOMOINbI0 3aKoHa Xabbma (111). Tak kak
MaKCHMaJIbHAA CKOPOCTH HE MOMKET IIPEBBINIATE CKOPOCTH CBETA,
TO MAaKCUMAaJIbHOE PacCTOAHNE, 0 KOTOPOTO MBI MOKeM HabironaTs
HebecHBIE TeJa, COOTBETCTBYET CKOPOCTHM pa3beraHmsa TalaKTUK
V =c=310°&M/c, oTKyDa

c 3-10°xu/ ¢

== =410 Mk =1,3-10" ce.tem  (113)
© H 75xu/(c-Mnx)

wm R, = 1,24:10* m. VIHorAa 3Ty BeIMUMHY Ha3LIBAIOT paduycon,
uau 20pu3oHmom, Beeaennotl.

B Meraranaktuxke HabiaogaeTcsa OKOJO 2 TPHAH TaJlaKTUK
B OCHOBHOM HeOOJIBIINX PasMepoB M MAacc, Cpeny HHX — OKOJIO
100 mnpp kpynHbIX ragakTuk (N = 10'), mOX0KNX 1 He TTIOX0XKUX Ha
Hamy [amakTnky. OHM ZaloT OCHOBHOM BEJaJ B Maccy BceneHHOIL
Kasxnas nz3 uux cocrout npumepso u3 n = 10" zBesn. [IpuanMmasn
Macchl 3Be3[] B cpenHeM Osu3kuMu K Macce CoJHIla MD = 2:10% xr
(Tak Kak HAPALY CO 3Be3aMI-TUTAaHTaMM CYIIeCTBYeT MHOIO 3Bes]I-
KapJMKOB), HaXoIyM, 4To B MeTarajlakTike 00beMOM v = ifr}? co-

2

OepHNTCA Macca M= N?’LMU, OTEyOa CpeHAd IIJIOTHOCTE BellleCTBa:

M NnM, 1.10".2-10" % 5
p:_f: " 107-107-2-107 3:2_._6~10"“?Ke;’.w3

v o 4op d -3_._14-(1_._24-1024 .u)
3 3

i p = 2107 kr/em®.

CrenoBaTenbHO, HabmoaeMas CpefHAA IUIOTHOCTb BceseH-
HOJIl TIPMMEPHO B YeThbIpe pa3a MeHbIlle KPUTUYECKOi IIIOTHOCTM.
Ho mesnaTh BBIBOZABI O HeCKOHEYHOM paclpeHnn BcesleHHO Moka
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IpeskIeBpeMeHHO, TaK KaK HeKOTOpble ACTPOHOMBI BBICKa3bIBa-
0T OpenloJio:KeHMe O CYIIecTBOBAHMM B TaJlaKTHKaX BelllecTBa,
KOTOpoe IIOKa ellle He oOHapysKeHo. JTa «CKpBITad Macca» MOMKeT
M3MeHUTH OIleHKY IPUHATON ceifdac cpeaHeli IIJIOTHOCTH BelllecTBa
Bo BecenenHoii. IloaToMy TouHOro oTBeTa Ha Bompoc o byaymiem Bee-
JIeHHOI! B HacTosAIllee BpeMs He MMeeTCH.

Boszpact Bceenennoii. HabOmrogernsa moka He MO3BOJIAIT HAM
C OIIpelleIeHHOCTLIO CKa3aTh 0 XapakTepe OyAyIllero paclinpeHnUsa
BcenenHoii, HO TO, KOTZla B IIPOIIJIOM 3TO PacllInpeHle Ha4aloch, MbI
MOKeM ¢ OIIpelelIeHHOCTBIO OLIeHUTh 13 3aK0oHa Xabbma. JeiicTBu-
TeJIbHO, ecJIM HaOJrolaeMasd HaMi TaJlaKTHKa YIaJlgeTCHA CO CKOPOCTh
V u celtuac nocye «Hadasa» paclliMpeHNA HaX0OUTCA Ha PacCTOAHNN
T OT Hac, TO CBOe yAaJleH!e OT Hac OHa HadaJja IIPUMepHO B MOMEeHT
r_r 1 1
"V Hr H 24105

OTU paccysKJeHUA NPpUMeHUMbI /1719 J000i rajakTnki. Takum
obpazom, okoJIo 13 MJIp[ JIeT Hal3all Bce BelllecTBO MeTarajlaKTHUKNI
ObLI10 cocpesioTodyeHo B HebouibiioM o0'beMe 1 [JIOTHOCTh BEILeCTBa
OblJla HACTOJIBKO BBICOKOJ, UTO HM TaJJaKTUK, HI 3Be3]] He CYILEeCT-
BoBaJo. [Ioka He ACHBI HU (pU3MUYECKIe [TPOIeCcChl, MPOTEKAaBIINE 0
3TOTO CBEPXILJIOTHOTO COCTOAHMA BellecTBa, HY NPUUYNHBI, BEI3BaB-
e pacluMpenne BeelleHHO. ICHO 0JHO: co BpeMeHeM pacIlyupe-
HJe IPUBEJ0 K 3HAUNUTEJbHOMY YMEHBIIEHWH IIJIOTHOCTHU BENIeCTBa
M Ha OIpeelJIeHHOM 3Talle pacIlMpeHud cTaln (opMMPOBATHCA
raJaKTUKN 1 3Be31blL.

HeroTopble BUIAT B HaOmtogaeMoM pa30beraHnun rajlakTHUK aHa-
JIOTUIO C PasJieToM BelllecTBa BO BpeMs B3PbLIBA, TO3TOMY OIMCaH-
Had Teopud pacliMpeHnd BcelleHHONM IoJIy4niia Ha3BaHME TEOPUN
Bossirioro B3peiBa, a Bpems t, = 1/H = 13 Mupn jiet, mporie/iiee
€ HauaJla 5TOTO B3pPLIBA, HA3LIBAIOT Bo3pacToM BeeeHnHoit.

=0,42-10%c=13-10"7em. (114)

'th

Moaenb ropaveii BceneHHow

Obnrite mpencTaBlieHNA O (PU3NYIECKNX YCJIOBMAX Ha PaHHUX
cTaIuAX paclpeHna BcesleHHOM MOMKHO IIOJYYMTE M3 aHaJM3a
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XMMWUECKOTO COCTaBa BelllecTBa. ECTeCTBEHHO MPealoIOsKUTh, UTO
o oOpa30BaHNA 3Be3]] BEIlleCTBO COCTOAIIO M3 IIPOCTEMIIIET0 XUMM-
UecKOro dJieMeHTa — BoJlopofa. [Io3ToMy IepBhie 3Be3bl, chopMU-
POBaBIINeCcA M3 3TOTO BellecTBa, ObIIM UMCTO BOIOPOOHBIMU. ITpn
TEPMOSIEPHBIX PeaKIMAX B HeNpaX 3Be3]] 00pa30BLIBAJICH TeJIMIA.
B panpHedimeM uacTb UX BellleCcTBa BO3BPAIIAIACE B MEXK3BE3THYIO
cpeny aubo IIPM BBPBIBaX CBEPXHOBBIX, JIMOO ITPU CIIOKOITHOM cOpoce
BelllecTBa (Kak B INTAHETApPHBIX TYMAaHHOCTAX), MO0 B Ipolleccax,
CXOJIHBIX C COJTHEUHBIM BETPOM.

Mz cOpoireHHOro BellecTBa (OPMMPOBAJIOChE HOBOE IIOKO-
neHne 3Beal. Vlcxoma M3 5TOro, MOYKHO IPenIosoKNUTh, UTO Bech
HabiromaeMelil Bo BeeseHHoi resmit (a ero okoso 30 % mo macce)
obpasoBacs B Hegpax 3Be3 . YToObl IpOBEPUTE 3TO IIPEAIIoII0Ke-
HMe, cJleJlaeM IIPOCTYIO OIeHKY. BCIIOMHUM, UTO B TepPMOAAEPHBIX
PeaknuaxX CHHTe3a relud U3 BoJopoa B Henpax CoJHIA KasKIVIO
cekyHJy BhIfenderca 4:10% Jlx sneprun (cBetumocTts Conana L).
IIpn obpaszoBaHMM OXHOTO AApa Tenud BBIEJIAETCA SHEPTUA
AE = 4,8-10"'2 [I;x. IToaToMy Ka:kayio cekyaay B CosHIle obpasyeTcs
10% smep aToMoB resms, v 6,7-10! kr resms. [Tosaras, 9To BO3PacT
TanaxkTukM 030K K Bo3pacTy Beenernoit 1,3-10" jret = 3,9-10'7 c,
JIETKO TIOJICUMTATL MACCYy Tesud, KoTopad Moriia Obl 0DpazoBaTh-
ca Bo BceX 3Besnax (10'' 3Bes3n) 3a BTOT TPOMEXKYTOK BpPeMeHU
6,7-10" &r/c-10'3,9-10'" ¢ = 2,6-10* &r. 910 cocrasageT 13 % oT Beeii
Maccel TamakTurn (Macca Beex sBesp Famaxturu 2-10* kr), uto cy-
IIIeCTBEHHO MeHbIITe HabIioaaeMoii MacChl Te.

Vlcxoma 3 3Toro, acTPOhM3MKN TPHUIILIN K BEIBOIY, YTO OCHOB-
Had Macca reama obpasoBajlach Ha pPaHHUX CTaAMAX pacllMpeHud
Bceenennoii, erie go chopMupoBaHua B Helt 3Be3n. Ecan yuecTs, UuTo
obpazoBaHNe TeMnd B TEPMOSJIEPHBIX PEaKIMAX BO3MOXKHO JIUIIIh
IIpU TEMIIEpAType CBBIIIE HECKOJBKUX MIJLIMOHOB KeJIbBUHOB, TO
Ha paHHNX Tanax pacimpeHnd Bceslennad Ovlyla He TOJBKO ILTOT-
HOIT, HO U ropadeii. [TosToMy npuHATaA B HacToAIlee BpeMd MOJleJb
pacimmpsaroleiica BeesleHHOM MOy YniIa Ha3BaHNeE MOJIeNN TopAdeit
BcenenHoii.
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VTak, Ha paHHMX 3Talax pacllMpeHN:d BelllecTBO BceseHHOI
JIMeJIO OTPOMHYIO IJIOTHOCTE I OYeHb BBICOKYIO TeMIeparTypy. llo
Mepe paclINpeHMA TeMIlepaTypa BelllecTBa yMeHBINAJach 1, cJe-
IOBaTeJIbHO, YMeHbIIajJach TeMIlepaTypa TeIJIOBOTO M3JIydeHNd,
KOTOopasd K HacTOoAleMy BpeMeHHU JIoJI3KHa OblIa CHM3UTheA A0 3 I
(—270° C). OTo mpefckas3aHme COBpEMEeHHOM KOCMOJIOTUN TIOATBEP M-
JIOCH OTKpPBITHEM B 1965 I MMKPOBOJIHOBOTO M3JIyUeHUA, MAKCHUMYM
KOTOPOrO NMPUXOAUTCA Ha JJIMHY BOJHBI A= 1 MM, 9TO, COTJIacHO
3aKOHY cMellleHUA BiHa, COOTBETCTBYeT TeMIlepaType M3JIydIeHNnd
T = 3 K. Kak nokazanu HEabIr0aeHNA, 3TO U3JIydeHle He CBA3aH0 HIL
C OHVM V3 M3BEeCTHBIX HeDecHBIX TeJ MM UX cucTemamy. OHO paB-
HOMEePHO 3alloJHAeT BUAMMYI0 BeelleHHYI0, TO eCTh XapaKTepusyeT
ropsAdee ¥ CBEPXIIJIOTHOE COCTOAHNME BelllecTBa B HadaJjle Pacllnpe-
HKA. ITosToMy 5TO M3IyUeHNe NOJIYyINUIIO Ha3BaHue PesIKTOBOro, TO
eCTb OCTaBIIIerocs OT PAaHHNX 3TAIIOB SBOJIIOIMN BeeleHHOIL

CoBpeMeHHble MeToAbl U TOYHOCTHU
aCTPOHOMMUHYECKUX HabntoAeHUH

OCHOBHBIM MCTOUHUKOM MH(OPMAIINMK 0 TPUPOoIe HeOeCHBIX Tel
1 00 UX IBMMKEHMM ABJIAITCA Habmomgenusa. Mbl He MoKeM SKcIle-
PUMEHTUPOBATEL ¢ HebeCHbIMU TeJlaMM, MBI MOYKEM TOJbKO U3YUaTh
CBeT, IOoChbLJIaeMbIli uMu. J[J14 3TOTO aCTPOHOMBI CTPOAT TMTaHTCKNME
TelecKkonbl. Biaromapa OonbIIMM IuaMeTpaM OOBEeKTHBOB 5STU
TeJIeCKONbl YJIAaBJINBAIOT OOJIBIIE CBeTa, YeM YeJIOBedYeCKNil IJjas.
Tak, caMOMy KPYIIHOMY POCCHUIICKOMY TeJeCcKOITy, YCTaHOBJIEHHOMY
"a CnemnmaJsibHONM acTpoHOMMYecKoi obcepBaTopmm Ha CeBepHOM
Kaprasze, ¢c nmamMeTpoM 3epKaja 00beKTHBa 6 M, JOCTYIIHEI 3Be3]Hl,
TaJaKTUKKM M Opyrue HebecHble Teja, OJECK KOTOPBIX JIOCTUTAET
29™ — mouTu B 40 MitH pas ciabee caMbIX cyabbIX 3Be3], BUAMMBIX
HEBOOPYIKEHHBIM IJIa30M.

Mcmonb30BaHNe KOCMWYECKNX ONTUYECKNX TeNIecKOIIOB, Ha-
6II0meHNAM ¢ KOTOPBIX HE MeIlaeT 3eMHad aTMocdepa, TT03BOJINIIO
IIPOBOJINTE M3MEPEHNHA TTOJIOXKEHNIT HeOECHBIX TeJl ¢ TOYHOCTBIO JI0
0,01". (4T00BI IIOYYBCTBOBATE 3TY TOYHOCTH, IpeICTaBbTe, YTO BbI
XOTUTE IIPOYMTATE TEKCT Balllero yuebHIMKA, KOTOPBII HAXOAUTCHA Ha

-226-



5.9 TpocTpaHcTBeHHbIE MacluTabbl HabAatoaaeMoin BeceneHHOo

pacctosauy 30 KM oT Bac). A HabIHIeHNA C TIOMOIIBI0 CHCTEMEI 13
HECKOJIBKMX PasHEeCeHHBIX PaJuoTeIeCKOIO0B [T03BOJIMIIN TOBBICUTE
TOYHOCTE M3MePeHN ITOJIOXKeHNA HeDeCcHBIX TeJl ellle Ha TPU ITopA]I-
®a Jryurie, To ecTs 710 0,000001". Brarogapsa KpYIHBIM TeJIeCKOIaM
YAAJ0Ch U3MEPUTH CKOPOCTU 3BE3] TI0 CMEIIeHUI0 CIeKTPAJIbHBIX
JMHUII B WX cHeKkTpaxX. TOYHOCTM TaKMX WM3MEpPEeHWH IOCTUTIIN
HECKOJIBKMX JIECATKOB M/C, UTO MO3BOJUJIO 0OHAPYIKUTE KPYIIHLIE
IITaHEeTHl Y MHOTUX 3Be3]I.

5.9. NPOCTPAHCTBEHHBIE MACLUTABbI
HABAKOAAEMOW BCEAEHHOU

Me1 BUETM, UTO aCTPOHOMUS URyUaeT HebecHBIe Tesa: opMmy,
pPasMepsl, Maccy U pesbed MMOBEPXHOCTH, UX TPUPOAY U (PU3MIECKOoe
COCTOAHIE; B3aMOIeCTBUe MeXKIy HUMM, UX 3BoJoImi. O0bek-
TOM MCCJIeI0BaHUA aCTPOHOMUM ABJIAeTCs BeA BecelleHHada B 11eJIoM
OT MMKpPO- 110 Makpomupa (Tabi. 5). Tak, caMble KpYIIHBIE TeJEeCKOIIbI
MceIenyioT 00 beKThl, PACIOIOMKEeHHBIe HA PACCTOAHUAX CBLIIIE Je-
CATKAa MUJIIMAPA0B CBETOBLIX JIET, TO €CTh Mbl BUIAUM 00BeKThI, KO-
TOpBIE CYIIECTBOBaJM BO BeelleHHOIT CBBINIE AecATKa MUJIIMAPIOB
JeT Hasall. ITH 00BEeKTHI CYIIeCTBOBaJIM, KOra BceneHHad Oblia
MoJogasd, a 3emin, CoJHIIa ¥ Hac ¢ BaMH ellle He OBLIIO0.

HecMoTpsa Ha 5T0, MBI MCIIOJIE3YEM M3BECTHRIE HaM (pU3uUecKle
3aKOHBI [JIA OIMcaHMUA UX IPUpPOoALl. Biarogaps 3ToOMY MbI ITOJIyUaeM
IpelicTaBIeHNA 0 (PU3NUECKUX YCIOBUAX Bo BeeneHHolt, Korma oHa
elre ObLJIa MOJIOLOI.

Teopnusda, KoTopad ONNCEIBAET CBOICTBa BceneHHOI B Te maJje-
KHe BpeMeHa, — 00IIlad Teopud OTHOCUTEJILHOCTH, pa3paboTanHasd
A. DVHIITEHOM. OTY TEOPUIO ellle Ha3bIBa0T PeJIATUBICTCKOI Teo-
pHeli TATOTeHN A, TaK KaK OHA ABJIAeTca 0000IeHeM TeOpuN TATOTe-
HuA HproToHa Ha O0JIBIINe Macchl M CKOPOCTH IBIKEHNA BeIlecTBa,
CpaBHMMBIE CO CKOPOCTBIO cBeTa. IlosToMy B mociemHell KOJIOHKe,
A obbekTa MeTaralakTUKN — Habmomaemolil yactn BeeseHHOI:,
MBI 3aIMCaN KOHCTAHTEI G U ¢, UTpalolie IPUHIINIINAILHYIO POJIb
B chopMupoBaHNM BeceseHHoi B MaKCUMAaJIbHO TOCTYITHBIX Habmroge-
HMAM MaciuTadbax.
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Tabnuua 5
O6BexTH HCCTTeNOBAHUA
Baanmo- 5
Paamep | Macea . Hogn-
O8berT nelicTEIEe Teopua
() (xr) cTaHTa
(cma)
Bee 06
5 3 OBeIHHeHHAA
7 B3anMoIelic- G, h,c
Teopua
TBHA
Obmasn Teopous
MeTaramakTuka 10%® 1goi=e2 OTHOCH- G, ¢
TeTBEHOCTH
Cromwrenus 1022 10434
TaJIaKTHK
TamakTurn 1020-21 T0E
S—— - I'paBuramua
J— 101&-18 1038 KRnaccuuecraa G
= MexXaHHKa
3Beaner 10812 103031
M IIAHEeTE]
IlnangeTr! 107 1022
H CIIyTHHKHU
Acteponst 1042 1012
Yemoser 1-2 100 3 h
= - TeRTPOMATHe-
Kietra 10+ 10
TH3M
Morexyet 100 10- KeanTopan
ATOMEIL 2102 MexXaHHKa
Anpa aTomos i c.h
. 1015 | 1077 ,
D1-HEIe "acT. CI’HM:IO(?
- . H cr1aboe
Keapru 108 =102
Hauannune e ~
==107¢ | 10%*% Bce Baanmo- | O0reguHeHHan
3TAMEI = 2 5 ¢, h.G
- S 7 ? meficTBHA Teopus

Jna o6bACHeHNA NpUPOIbI Dojlee DIMBKMX K HaM 00BEKTOB
BceneHHol IpuMeHNMa KJjaccHdecKad MeXaHMKa U Teopuda TpaBu-
Tanuy, paszpaborarsele V. HeoToEOM. MIMeHHO 5Ta cuja rpaBUTa-

Oy yIpaBigeT OBVKeHNEM UM CTPYKTYPoii HebecHEIX Tel. Jlpyrue

CHMJIBI ABJAKTCA IIOOYIMHEHHBIMMN. Tak kak nebecHbIe Tesla B CBOeMl

Macce ABJAIOTCH He3apPAHeHHBIMHM, TO 3JIeKTPOMaroMTHOe B3aMMO—-

IelicTBMe IIPaKTHYecKH He ollpeJielieT KPYIIHOMAa CIITabHOM CTPYK-

Typbl HeOecHBIX TeJl, XOTA 0e3 Hee He O0BACHMIND IIPHPONY ITUX
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Tes. VIMEeHHO I10 3TOi IpUYNMHE B TTOCTeIHEN KOJIOHKE MBI 3aIlicait
koHcTaHTY G. Tak Kak B 3TuX MaciTadbax ckopocTu DOJIBIIMX Macc
CYIIECTBEHHO MEHBIIIE CKOPOCTH CBETa, TO B Pa3psAl OIpeIe IAroIX
KOHCTaHT y3Ke He BOIILJIa CKOPOCTL CBeTa.

JIJ1s1 omMcaHuA CBOJICTB M OBIMKEHNA HeOoJIbINMX HeOeCcHBIX Te
7 00BEKTOB, CPABHUMBIX I10 pa3MepaM C UeJIOBEeKOM, I Jaske KJeT-
KOlf, IpUMMeHMMa KJaccuueckasa MexXaHMKa HbIOTOHa, B KOTOpPOIL
HUKaK He (DUTYPUPYET CKOPOCTL cBeTa. D@yHIaMeHTaJIbHOI CUIION
B BTHX MacmTabax ABIgeTcda cuia HyJoHa, KoTopas ompenenseT
VIIpPYTHe CBOMCTRBA BeIlecTBa U CUITY TPeHud. B 5Tux Macinrabax Mbl
MOZKEM OITMCATEH OCHOBHEIE ABJeHNSA De3 yueTa MIPOBLIX KOHCTAHT.

I[Tponukasa royGixe B MUKPOMUP, MBI YK€ BXOIMM B 0DJIACTEH
JelicTBUA 3aKOHOB KBaHTOBON MeXaHmuiM. JIJ1g ommcaHmsa CBOMCTE
U OBMKEHUS aTOMOB M MOJIEKYJI UMEIOT JeJI0 ¢ MEeHLIIMMM CKOpPO-
ctavu. OCHOBHYI POJIb UTpaeT MOCTOAHHAA TJaHka — h, u Auda
OIICaHNA CBOMCTB ATOMHBIX A/IEP U 3JIeMEeHTaPHBIX YaCTUI] UCIIOJb-
3yeTcAa M HeODXOANMO YUUTBIBATE M CKOPOCTB cBeTa. Teopud rpa-
BUTAIMN B BTUX MacInTabax posm He urpaeT. PyHIaMeHTaJIbHBIMI
B3aMMOJeCTBUAMMN, ONpPeleldlNMMI CTPYKTYPY U OBIKEHNe
9JIeMeHTapPHBIX YaCTUII U Aep aTOMOB, ABJIAITCA caaboe U cuIbHOe
B3aMMOJIelICTBI .

A 4uTo e maibIie?

MuHuMaJbHOE PacCTOAHMe, Kyla VUeHble ViKe IPOHUKIN
B CBOMX BKCIIepUMeHTax, cocTtaBiadeT 107'% M. B sTOoM MacimTabde ermre
JIefICTBYIOT M3BECTHRIE HAaM 3aKOHBL. Ho HabIoTaemMoe pacimpenme
BceesenHoi1 yka3blBaeT Ha TO, YTO OHA B IIPOIIJIOM MMeJla OUYeHb
HebosbIINe pasMepbl. POPMAJIBHO TEOPUA TATOTeHUA OMHIIITEeTHA
OMICHIBAET TIOBeJeHNe BceJleHHO, KOrJla OHAa MMeJa pa3MepHI,
CpaBHIMEBIE C ATOMHBIMHU U eIlle MeHbIIe. Ho mpu Takmx pasMepax
yiKe MOJLKHBI UTPATh CYIIECTBEHHYIO POJbL KBAaHTOBBIE CBOIMCTBAa
BeIllecTBa, HO TEOPUA TATOTEHUA DWHINITElHAa 5TOr0 He YUMTHIBAET.
Taxum ob6pasom, MBI IPUXOAMM K BBIBOAY, UTO OyAyIas Teopusd,
IIPaBUJIBHO OMMCHIBAKIIIAA BCe B3TATIEI BBOJIIINY BeeleHHOM, MoK~
Ha COBMEIIATH U ODIIYI TEOPUIO OTHOCUTEJNBHOCTHU, M KBAHTOBYIO
TEOPUIO, 3TO JIOJI3KHA OBITH KBAHTOBAA PEIATUBICTCKAA TEOPUA TA-
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TOTEHMHA, B KOTOPYIO JOJIXKHBI OpraHNYecKMM 06pa3oM BXOOUTEL BCe
Tpu pyHIAaMeHTalbHBIE IOCTOAHHBIe — ¢, G 1 mocTogHHAaA [11anka
h=6,626 070 040(81) x 10~* [Isx-c. OTa yHMBepcaJbHasd TEOPUI — ee
MHOTIa Ha3bIBalOT Teopueil Bcero — erle :X1eT CBOEro OTKPBIBATE-
4. [ToaToMy B TIepBOl M MOCJIEIHEN CTPOKAX MBI IIOCTABWJIN 3HAK
BOIIpOCA, a B (DyH/IaMeHTaJIbHbIE KOHCTAHTHI Mbl BBEJIV BCE TPIL
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