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IIpenucnoBue
penakTopa nepeBoia

IlpennaraemMelii BHHMaHHIO COBETCKOI'O 4YHTaTeJsi NepeBOM
HeGosbiuoli o o6bemy Kuuru Il. ladder-Cmuta — onHo u3
NepBHIX NMocoOHil MO aCTPOHOMHH, PacCYUTAHHBIX Ha MCNOJb-
30BaHHe MHKpOKaJbKyJsitopoB. IlepeBox 6bi1 ocylecTBJieH
No BTOPOMY H3JaHHIO 3TOH KHHIH.

I'oroBsick K Ha6JI0leHUSIM, aCTPOHOM OLlEHHBaeT yCJOBHSA
Ha6JI0leHHs1 CBeTHJ M sIBJIEHHH, MepHoabl HX BHAHMOCTH, NO-
JIOXX€HHE CBeTHJ Ha HeGecHOH cepe, 06CTOATENLCTBA Hab10-
JeHHsi 3aTMeHHi U T. 1. Bce sTo siBasieTcst nMpeaMeToM npak-
THYECKOH aCTPOHOMHM, KOTOpOH M NOCBsilleHa HacTosiias
kuura. Kaxablii ee naparpag copep»HT NogKpenJeHHbl#l NpH
MEpOM PpeLeNnT pelleHHss 3alaud NPaKTHUeCKOH acTPOHO-
MuH. HeckosibKo BhIafiaeT W3 o6GLIEro CTHJA JHIb § 52 0 BO3-
MYHIEHHSIX TJIaHeTHHIX OpOHT, HMEIOHIHH CKOpee HJJIOCTpa-
THBHBIl XapakTep.

Xorsi KHHra Ge3ycJoBHO NMpeAcCTaBJfAeT HUHTepec AJs JIo-
6oro yHTaTess, HHTepecyouerocss HabJoAaTeJbHbIMH acleK-
TaMH aCTPOHOMHH, OHA paccyHTaHa Ha acTpOHOMa-J106HTeNs,
W TOYHOCTb, KOTOpPYI0 obGeclneuHBalOT coiepxKailHecsi B Hefl
cBoe0o6pa3Hbie NpOrpaMMbl BHIUHCJAEHHH, HE OYEHb BeJHKa
(xax bl pa3 oHa oueHuBaeTcss aBTopoM). Uuraremo, Korto-
pblif XOYET NpOBECTH BLIUHCJEHHS € GOJblleH TOYHOCTBIO,
NpHAETCA [ONOJHHTb INPHBOJAHMbIE aBTOPOM NpOrpaMMEl,
noJb3yficb CBEIEHHSIMH, COJEpXKallHMHCS, HanNpHMep, B
kuure B. K. A6anakuna «OcHoBbl 3geMepHOHOH acTpo-
nomuu» (M.: «Haykaw, 1979) uau B NOCTOSIHHOH 4YacTH
AcCTpoHOMHYECKOro KaJeHaapsi (nocjefHee H3JaHHe BHILLJIO
B 1981 r.).

Jlnsi BBIYHCAEHHH MOXHO NMO/b30BaThCs NPAKTHYECKH JIIO-
6bIM OTEYECTBEHHLIM KaJIbKYJAATOPOM JIJIsi HHXXeHepHbIX pac-
4eTOB HJIH NpOrpaMMHpyEMbIM KaJlbKyJasiTOpoM (Hanpumep,
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«dnextponnka» C3-15, B3-18, B3-36, 63-34 u np.). Bonee
nofpoGHLie cBeleHHst 06 ycTpoicTBe H paboTe KaJbKyJIsiTOPOB
MOXHO HaMHTH, HanpHuMep, B KHHrax B. Tuabge u 3. Anbt-
puxtepa «C MHKpOKalbKyasaTopoM B pykax» (M.: «Mups,
1980) u T. Kpoiina «Uto ymeer MOH MHKpPOKaabKyJaATOp»
(M.: «<Mup», 1981).

VicxonHble faHHble, NOMHMO NPHBOAMMBIX B KHHXXKE, UHTA
TeJlb MOXKeT HaHTH B mepeMeHHOH yacTH ACTpOHOMHYECKOro
Kajengapsi (BbIIyCKaeTcsi exeroaHo uaparteabctBom «Ha-
yka»), «CnpaBouHHKke Jio6utenss actpoHomuu» I1. I'. Kyau-
KOBCKOro (mocJjiefHee H3JaHHe BLINYLIEHO H3JaTeJbCTBOM
«Hayka» B 1971 r.) U B «ACTpPOHOMHYECKOM €XXEroIHH-
ke CCCP» (BhimyckaeTcsi eXerogHo H pacHpoCTpaHsieTcsl
yepe3 MarasHHbl «AKaJleMKHHI'H»).

Kaxk npasuJio, B KHHre He NPHBOAHTCS BHIBOL (OpPMY.J
€ro MOXXHO HalTH B yXe ynomHHaBuefics kHvre B. K. A6a-
JlakHHa H B YHHBEPCHTETCKHX Kypcax cdepHyecKoil acTpoHo-
MHH H HeGeCHOH MeXaHMKH.

B HeKOTOpLIX cilyyasiX TEpMHHOJOTHSI aBTOpa HECKOJbKO
OTJHYaeTCsl OT NPHHSATOH B OTeuyeCTBeHHOH JHTepaType. Tak,
HanpHMep, B OTeYyeCTBEHHOH JiHTepaType NJAaHeTH, pacnoja-
rapouirecsi 6aHxKe K ConHiy, yem 3emsisi, OGLIYHO Ha3LIBAIOT
HMXXHHMH, a Jajblie — BepXHHMH. ABTOp BMeCTO 3TOro roBo-
PHT O BHYTPeHHHX H BHeLIHHX NJaHeTaX. BmMecTo no3uuuonHo-
ro yrJja ceerJyioro num6a (§ 55) B oTeuecTBeHHOH JMTepaType
©OOLIYHO TOBOPAT O MO3HILHOHHOM YIJle 3KBaTOpa HHTEHCHBHO-
cTd ¥ T. 1. OlHaKo BO BCex Clyuyasix aBTOp LaeT onpeneleHHe
HCNOJIb3yeMbIX TEpMHHOB, TaK YTO HeJOpa3yMeHHsi HCKJIO-
yeHBbl.

Crenyer Taxkxe HMeTh B BHAY, YTO Ha TeppuTopuH Coset-
ckoro Coroza nocranoenenHem Cosera Munucrpos CCCP
«O nopsigke HcuucneHHss BpemeHH Ha TeppHTopHH CCCP»,
NpHHATHIM B KoHUe 1980 r., ycTaHOBJ€Hb HOBble IpaHHILbI
YacoOBbIX NMOSICOB. DTHM >Ke NOCTAHOBJ€HHEM NpeayCMOTpPEHO
pBefieHHe Ha Tepputopud CCCP seTHero BpeMeHH: exe-
rogHo ¢ 0 yacos nepBoro ampedisi BCce 4Yachbl NepeBOASATCS
Ha oxMH 4ac Brepei, a B 0 uyacoB mepBoro OkTsi6psi —
Ha ofuH yYac Hasax. Takum obpa3oM, ¢ OKTAGps MO MapT
«MOCKOBCKO€ BpeMsi» COOTBETCTBYeT BpeMeHH TpeTbero yaco-
BOrO Nosica, a C anpeJisi N0 CeHTAGpb — YeTBEPTOr'O M onepe-
)KaeT BCeMHpHOe BpeMsl COOTBETCTBeHHO Ha 3 M 4 vyaca.
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3aMeTHM B 3aKJiOYyeHHe, YTO NOCKOJbKY B OpHrHHalje
KHH2KKa NpeflHa3HayaJjach JJIsi aCTPOHOMOB-JIIOOuTeJel, XKH-
BYLLMX B aHIJIOA3bIYHLIX CTpaHax, rae HepabouyHe AHM 4aCTO
NpHXOJAATCA Ha peJMrHo3Hble NpasjHIKH, B pfAle clyyaes
yCJIOBHSI BHIHMMOCTH CBE€THJ pacCYMTLIBAIOTCS Ha 3TH HAaThl.

. Jletikun



IIpenucnoBue
KO BTOPOMY H3JaHHIO

«[lpakTuueckass acTpOHOMHsI C KaJbKyJsiTOpOM» HalHcaHa
Il TeX, KTO B MMPaKTHYECKHX IleJIfX WJH pajiH yIOBOJbCTBHUA
XOoueT BHIUHCJHTb NMOJIOXKEHHSI H yCJ0BHA HabgloneHHs Hebec
HHIX T€J H NpHMeyYaTeJibHbIX siBJeHHH, TAKHX KaK 3aTMEHHs
§l crapancsi cOKpaTHTb NyTb Yepe3 CJOXKHOCTH H TpYALHOCTH
CTpOroll MaTeMaTHKH, YYHTHIBAsi TOJIBKO Te (paKThl, KOTOpLIe
CyleCTBEHHBl AJIs1 JaHHOrO pacyeTa, H HTHOPHPYs MONpaBKH,
HEeO6XOHMBIE A5 OUEHb TOYHLIX MpeACKa3aHH# acTpOHOMH-
yeckHux siieHul. [Ipepnaraemuiit MHOH MeTON OGBLIYHO OKa3bi-
BaeTcsl HOCTATOYHO TOYHLIM JJis1 JIoGHTeJeH acTpOHOMHH,
€C/IH He TOBOPHTBL O CaMbliX TpeGOBaTENbHBIX H3 HHX, OLHAKO
3TOT METOJ He cjelyeT HCNoNb30BaTh AJAS HaBHrauMH. Ha-
npuMep, BpeMsi Bocxoma M 3axofa ConHua onpejedsieTcs
C TOYHOCTBIO JO OAHOH MHHYTBHl, a mnonoxeHHe JIyHb —
0 OfHOH nATOH rpanyca.

OTBeuasi Ha NHCbMa H NpOCbOLI YHTATEJEH, A1 BRJAOUHI BO
BTOpO€ H3JaHHe JAOBOJBHO GOJbLIOH JONOJHHTENBHBLIH MaTe-
pHaa. MicnpaBieHbl TakXe 3aMeyeHHble OLIHOGKH (XOTSl HeT
COMHEHH#, YTO B 5TOM H3JaHHH oOGHapy»KaTcsi HOBLIE) H,
KpOMe TOro, JaHHble AJsi OpOGHTaNbHbLIX pacyeToB OTHeCeHb
K 3anoxe 1980 siuBapb 0,0.

$l BecbMa mpH3HaTesJeH BCeM, KTO B3si1 Ha ceGs Tpyd CO-
OGLHTL MHe CBOH TNpeIJOXKEHHsl, 3aMe4aHHs1 H IOHpaBKH,
B uactHoctH C. Xary, E. P. Byny u C. I'apBeo (korophiit
COoCTaBHJ HOMOTpaMMy /sl pelleHHsi ypaBHeHHsi Kemnepa).
¢l xoten 6bl Takxe BbIpa3uTh GJarofapHoCTb H NMpH3HATEJb-
HOCTb aBTOpaM, YbH KHHT'H 51 Npoyes H YbH HIEH 3aHMCTBO-
BaJi, B oco6eHHocTH )Kany Meycy («ActpoHoMHuecKHe thop-
Mysbl Aast KaabkyasitopoB») W B. Hlpemepy («Ilpaxthue-
CcKasi aCTpOHOMHS»).

Sl npuHoIy TakXke GaarogapHocTb A-py DHTOHH YHHTeEpy,
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KOTOpHIH NpeAJoXHJ MHE HamHcaTbh 3Ty KHHUTY, r-xe JlauH,
ybe MacTepCTBO MAUIHHHCTKH JeflaeT ee JIOGHMHILEH KaXJAOro
aBTopa, A-py I'u Ilynedi, koTopelli NpounHTasn pykonuck H 1an
MHOXKeCTBO NOJE3HbIX coBeToB, H A-py CalimoHy MHTTOHY,
crapwemy penakropy Cambridge University Press, Bao-
JKHBLIEMY TaK MHOT'O TpyLa B 3Ty KHHTY

IlpHBeneHHbIe B KHHMe NpHMepbl CYHTAJHCh NpH MOMOLUH
KapMaHHoro Kajabkyastopa Hewlett Packard HP67
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O6 3TOll KHHre
H KaK el MoJb30BaThCH

Mbi yacTto 3ajilaeM BONpOCH: «a OyIeT JiIH BHIAEH B 3TOM Me-
csine MepKypui?» HJIH «KakoBa ¢asa JlyHbl B caenymowui
BTOPHHK?» HJHM Ja)e «CMOry JH si HabmionaTh 3aTMeHHe B
Bocrone?». Bo3aMoxHO, BamM yjnacTcsi HalTH OTBET B rasere
HIH mnocmoTpeTb B GHGAHOTeKe AcTpoHOMHYeCKHil exxeropu-
HHK. MoxeT ObiTh, BHl [laXKe NMOJy4yaeTe KakoH-1H60 acTpoOHO-
MHYeCKHH XypHaJ, coiepxaiuuii HyxHble cBefeHus. Ho s
NOAO3pEeBalo, UTO BaM He NMPHIET B FOJIOBY CeCTh H pacCyHTaThb
BCe 3TO CaMOMY, XOTSl B Hall BEK KapMaHHOH MHKpPOMHHHa-
TIOpH3OBaHHOH HHTErpajbHOH 3J€KTPOHHKH BLINOJHHUTL Ta-
KHe pacuceThl NOA CHJY KaxXAoMy. Jlaxe ec/id Bbl He CJAHIIKOM
CBelyli¥ B MaTeMaTHKe, Bbl CMOX€Te HaHTH OTBeT INOYTH
J106oi 3aHHTepecOBaBluel Bac acCTpOHOMHYECKOH 3amgaum.
HyxHbl BCero JHIIb 3Ta KHHTa, KaJjbKyJsiTop, JHcT Gymary,
KapaHjall W npoctas JuHeika. Cnenys war 3a marom He-
CJIOXKHOH HHCTPYKLUHH M3 naparpada, NocBsillleHHOTo Baluei
3ajiaye, BHl MOJY4HTE OTBET.

Bam KaJbKyJATOp He L0J2KeH GbiTh CJAHLIKOM CJOMHBIM H
JOPOTHM, HO, C JIpyroit CTOPOHBbI, OH JOJK€eH BHINOJHATE He
TOJLKO 4YeThipe apH¢MeTHUYeCKHX JeHcTBHS. Kak MHHHMYyM,
KaJbKyJsiTOp JOJKeH JaBaTb CHHYC, KOCHHYC, TaHIeHC
(u obpaTHbie UM (PYHKUHH) AJs J1060To yria, Bhipa)eHHOro
B rpajaycax WJIH pajvaHax (He NoJb3yiTechb KaJbKyJsiTopa-
MH, pa6oTaloiltiMH B OrpaHHYeHHOM JHana3oHe yrJos!). Baw
KaJIbKyJATOp JAOJ2KeH TaKXe JaBaTb KBaJpaTHbie KOpHH H
Jorapudmbl yHces. Jlpyrdie BO3MOXXHOCTH He OYeHb BajKHHI,
XOTsl, KOHeYHO, OHH 06JieryaloT BhiuHcjdeHHsl. Hanpumep,
OYeHb NOJIe3HO HaJHYHE HECKOJIBKHX PerHCTPOB MaMsiTH, B KO-
TOpPHIX MOXHO XpaHHTb NpOMEXYTOYHble pe3yabrathl. Ecuau
y Bac NporpaMMHpyeMblH KaJbKyJsITOp, TO BBl MOXKeTe COCTa-
BHTb NpPOrpamMy M BHINOJHATL GOJBILIYIO YacTb pacyeToB
aBTOMATHYeCKH, c6eperasi BpeMst H CHJIbI, — C MOHM KaJbKy-
JIAITOPOM 1 TaK H MOCTymnaio.

Cefiuac B npofaxe HMeeTcsi MHOXKECTBO pas3jHYHbIX
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KaJbKyJIITOPOB, H lleHbl Ha HHX, NO-BHAHMOMY, NPOAO/XKAIOT
cuHxKatbess. Pa3symeercsi, ¢ GoJjee «yMmedbiM» ycCTpolicTBOM
Bam Oynetr pabGoraTb ropasno Jerde. BoiGHpasi kaabKyasitop,
He OYeHb NpHCAylIHBaHTeChb K apryMeHTaM O NpeHMYyLecT-
Bax TOH HJIH HHOH JIOrHYeCKOH cxXeMbl, 3a/l0X{€HHOH B ero
ycrpofictBo. Kaxaasi HMeeT CBOH LOCTOHHCTBa, H Jilo6as no-
3BOJISIET MPOBOJHTb BHIYHCJEHHSI ONHHAKOBOH CJOXHOCTH.
BaxkHO TulaTelbHO TNpoYeCTb HHCTPYKIHIO H JIOCKOHaJbHO
H3YUHTb Balll HOBbIH KaJbKYyJsiTOp, YTOGH OLICTPO H TOYHO
BeCTH pacyeThbl. ¥ GeHTeCh, UTO Bbl «4yBCTBYETEe» KJIAaBHATYpY
H YTO OJNHOKpaTHOe Ha)aTHe KJIaBHIUH NPHBOAHT K NOsiBJe-
HHIO Ha HHIHMKAaTOpe OAHOH LH(QPH, a He HECKOJBbKHX, KakK
6biBaeT, KOrja KaJbKyJATOp OT3LIBaeTCs Ha JpoxKailee HJH
cnaboe HaxatHe. HakoHell, o6paTHTe BHHMaHHe Ha JAONOJ-
HHTeJIbHbie BO3MOXXHOCTH, KOTOpble MOT'YT OKa3aThbCsl NoJe3-
HbIMH — HalpHMep Ha KJaBHLIy NpeoGpa3oBaHHsi BpeMeHH
HJIH yrJia, Bblpa*XeHHOro B yacax, MHHyTax H CeKyHJax, B Je-
CATHYHBIE JOJIH Yaca; KJaaBHIlY, TOCPeJCTBOM KOTOpOH A1060#
yron (MOJIOXHTEeJBbHEIH HJH OTpHILATeNbHBIH) NepeBOJHTCS
B HHTepBan 0—360°, u KJaBHUy nNpeoGpa3oBaHHUsi NMPsIMO-
YrosibHbIX KOOPAHHAT B NOJsipHble (€e MOXHO HCNOJb30BaTh
IJIS1 HCKJIIOYEHHS] MHOFO3HaYHOCTH NpH BBIYHCJEHHSIX C KpY-
roBoiMH QYHKIHSIMH) .

INoBTopsisi BhUHC/NEHHs1 B paGoYyHX NpHMepax, NpHBeleH-
HblX B KHHre, He TPeBOXbTeCb, €CJIH NOCJeNHsisi 3Hayallas
uudpa B BallHX pacueTax He coBnajaeT ¢ MoeH. ITO OGLIYHO
6blBaeT CBsI3aHO C pa3jiHYHeM BHYTpeHHeH TOYHOCTH HallHX
KaJbKyJsATOPOB (T. €. YHCJOM 3HAyalluX LHGP, C KOTOPLIMH
onepHpyeT KaJbkKynaaTop). EciH BHyTpeHHsIi TOYHOCTB Ba-
IIero KajbKyJfToOpa CeMb HJH BOCEMb 3HawalluHx uudp,
olwM6Ka KOHeYHOro pe3yabrata OyleT JAOCTATOYHO MaJda.
31eck yMeCTHO CKa3aTh HECKOJBKO CJOB O MHKpOMpOLEecco-
pax; 3TH ycTpoiicTBa, NOAOGHO BCeM BBIYHCJHTEJNBHBIM CHCTe-
mMaM, TpeGyIOT HCHOJb30BaHHsl f3bIKa NpOrpaMMHpOBaHHS.
MHorHe SsI3LIKH Sl OTHOCHTEJbHO MaJIOMOLHBIX BBIYHCJIH-
TeJbHBIX cHcTeM (Hanmpumep, Beficnk) HcmoabsyloT aas mpe-
BpallleHHs1 JeCATHYHOrO YHCJa B ABOHYHYI0 (GOpMY uyeTbipe
6aiiTa, YTO 1laeT TOYHOCTb BCErO JIHLIb B LIECTb KIH B Jyyliem
cnydyae ceMb 3HayauHx Hbp. [IpHXoaHTCcss npuHHMaTh cne-
IlHaJbHble Mephl, YTOObl OLIMGKH OKpYrJeHHsi He OKa3aJHCb
Cyl1ecTBEHHbIMH.
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YTo Ke HYKHO JieJaTh, HMES B pyKax NHCbMEHHble NpH-
HaJJ1eXHOCTH, KaJbKyJsiTOp H 3Ty KHHry? Pas6epem B kaue-
cTBe NpHMepa 3ajfauy o6 onpejejeHHH BpeMEHH BocXxona
Jlyubl. O6paTiMcst K OIJ1aBJEHHIO; OHO oToulleT Hac K § 66,
rie Bbl HafileTe KpaTKHe NOsICHEHHSI H HHCTPYKLHIO C J€-
TajdbHO pa3oOpaHHbBIM NpHMepoM. UTOGLI BHIMONHHTL pacyer,
naxe He 06si3aTeIbHO YHTATb Bee nosicieHHe. Bo Besikom cary-
uae, 51 CTpEMUJICS CAENaTh ONHCAHHA N0 BO3MOXXHOCTH Kpar-
KHMH H He mbiTaJjicsl BLIBOAHTL ¢opMyabl. EciH Bac 3aHHTepe-
cyeT, Kak 3TH (OpMyJbl NOJYyYeHbl, clefyeT Oo6paTHTbCS K
yue6HHKaM no cepHUYECKOl aCTPOHOMHH, TaKHM, HampHMep,
Kak npeBocxoAHbli Kypc cepuueckoii actpoiomun Y. Cmapra
(Cambridge University Press, 1977). Ilocne BbinosineHusi
COOTBETCTBYIOLeH HHCTPYKLHH 3anHIIHTE ee HOMEP H NoJy-
YeHHbIH pPe3ysbTaT, KaK 3TO 0OBIYHO fenaeTcs. DTO NOMOMXKET
BaM CJEJHTb 3@ XOAOM paGoThH, a 3aTeM W NpH NpOBEpKe
pesyabrata. Ecin Bl GyAeTe HEAOCTATOYHO METOMHYHHI,
BepHOEe pelieHHe 3aJlaydH MOXET OKa3aTbCSl HEJLOCTHXKHMLIM,

Bo MHOrHx ciydyasix B XOl€ BbIYHCJEHHH BaM NpHIETCS
obpawaTtbcsl K ApPYruM paspenaM. Hanpumep, BTOpOH mar
onepautH «Bocxon Jlynsi» otowner Bac Kk § 62. Brinosnnute
HHCTPYKLHIO sTOro maparpacda W BepHHTechb 06paTHO, 4TOGbI
BLINOJHHTL CJelyloulylo onepauHio — 3. YL06HO HMeTb He-
CKOJILKO NOJM0COK 6yMard H HCNOJNbL30BATb HX B KayecTBe
3aKJaA0K.

DTa KHHra, pa3yMeeTcsl, He NMpeAHa3HaueHa /s 3aMeHbl
ActpoHomHuecKoro exerofHika. Bpsaa au komy-n1H60 ynacres
KOHKYpHPOBATH CO CJOXHBIMH BHIUHCJHTENbHEHMH MAallHHAMH,
HCNOAb3YEMBIMH /ISt €ro cocTaBiaeHHss. ONHAKO TOYHOCTb
ONMHCaHHbBIX B KHHre METOJO0B JOCTATOYHA B GOJBUIHHCTBE
cjlyyaeB, KOTja NpPOCTOTA BaXXHee TOYHOTO ONpeNeseHus
n-ro 3Haka pesyJbrata. Eciu B BaleM pacnopspkeHHH Hme-
eTcsli BbIYHCJAHTENbHAsi MallMHa, MOXHO BOCNOJb30BaTbCs
KHHrOfi H COCTaBHTb NpOTpamMMbl, NMO3BOJSIOLIHE BOCHPOH3-
BOAHTb Ha 3KpaHe IHcHJesi cOOLITHS, pa3BepThiBalOILHECS
B CojiHeuHOH cHCTEME, ¢ TOYUHOCTBLIO, NpeBOCXoAs el pa3spe-
meHHe sKkpaHa. Ho MHorhme M3 Hac noayyar JdOCTaTOYHO
6oJibLI10e YA OBJETBOPEHHE, pACCUHTLIBAA XOJ, CBETHJ M Npel-
CcKasbiBasi aCTPOHOMHYECKHE $SIBJ€HHsI MOYTH CO CKa3OYHOM
TOYHOCTBIO C MOMOILBIO OGLIYHOTO KApMaHHOr 0 KaJbKyJsiTOpa.



Bpems

AcCTpoHOMBI BCer[a HMEIOT JeJ0 CO BPEMEHEM H €ro Himepe-
HueM. EcaH BBl UNTaJH KaKoii-1160 yueOHHK 1O aCTPOHOMHH,
OTHOCSILIHIICA K 3TOl npo6jeme, Bb HaBepHsiKa OLIH o3aza-
ucHbl 6€CKOHEYHbIM Ha MepBhlil B3rjsa pasioobpasneM BHIOB
speMeHH H HX onpeleneHhii. CyilecTByeT BCeMHpHOE H cpell-
Hee rpHHBHYCKOE BpeMsi, HCTHHHOE 3BE€3/lHOE€ BpeMsl H CpefiHee
3Be3JHoe BpeMs, aeMepHIHOe BpEeMsi, MECTHOE BPEMsl H CpeJl-
Hee CoOJIHEYHOe BpeMs, NMpHYeM 37ech YNOMSIHyTa JHIIb He-
Gonblwasi JoAsi pas3jHYHBIX CHCTeM cueta BpeMeHH. Kpowme
TOro, CyHmlecTBYeT 3Be3[Hbi# rOf, TPONHYECKHH roj, GecceJsen
roi U aHOMaJIHCTHYECKH# rof. A ecTb JIH y Bac 4eTKoe mpeh-
CTaBJieHHe O pa3JjHyHH I0JHAHCKOIrO H TPHrOPHAaHCKOro Ka-
neupapeii?! (OnpeneneHusi BCEX 3THX MOHATHH NpHBeLeHbl
B CJioBape TEpMHHOB, B KOHIlE KHHIH.)

Kaxpaas H3 nepeuyHCJieHHbBIX €IHHHL H3MEpeHHsI BpeMeHH
Heo6xonHMa. M Bce oHH HMeIOT TOuHble onpenenexus. K cua-
CTbIO, OAHAKO, OObIMHO NPHXOAHTCS HMETb JAEJO JHIUb C He-
GoJbIIHM YHCJIOM CHCTEM CyeTa BpeMeHH, NOCKOJBbKY pac-
XOXIEHHA MeXIy HHMH MpOSBJSIOTCA TOJBKO TOrAa, Korpa
Heo6XonHMa oyeHb GoJibliasi TOYHOCTD.

§ 1. Kanrendapo

KaneHnapb [1aeT HaM BO3MOXHOCTb BECTH OTCYET TEUEHHS
ppeMeHH NpH TNOMOIH HNoApa3feseHHsl TOfa Ha Mecsilibl,
negesd U gHH. Ipy6o roeopsi, Mecsili — 3TO BpeMsi, 32 KOTOpOe
Jlyna cosepmiaeT ogHH NOJHBIH 06OPOT Mo OpOHTE BOKPYT
3cmaiH, MpHueM B TEYEHHE 3TOr0 NEPHOLA MPOHCXOAHT CMEHa
yethipex a3, HAM ueTBepTeil, JlyHbl, Kaxgasi M3 KOTOpBIX
JVIHTCA Hepeqio. A rom — 3To Bpems, 3a KOTOopoe 3emJsi
coBeplLiaeT OJHH NoJHBIH 060poT no op6ute Bokpyr Conauna.
Ilo o6luenpHHATOMY CcoOrJanieHHI0 CYHTaeTcsl, 4TO HeneJs
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CONepKHT ceMb aHeH, mecsaut — oT 28 no 31 gus (Taba. 1) H
rog — 12 mecsineB. YHCA0 M Mecsll OOHO3HAYHO ONPENEJSIIOT
Jio6ol AeHb rozaa.

TpynHocTh Takoro cuera JHefll B rofy 3ak/iouaercsi B TOM,
4TO FpaKJaHCKHH (KaneHJapHblit) roi Bcerga CONEpPKHT ue
Jioe YHCJIO CYTOK, B TO BpeMsl Kak 3eMJIsl COBEpIIaeT OHH NoJ-
Hbli o6opor no op6ute Bokpyr CoakHpna 3a 365,2422 cyTok.
(dTa BeJHYHHA HaA3bIBAETCS TPONUueCKuM 2000M; omnpenede-
HHe cM. B cjoBape TepMHHOB). EcaH 6bl MBI He yUHTHIBAJH
stroro ¢akTa H CYHTaJH, UTO KaxJAblii O COCTOMT pPOBHO H3
365 nHel, TO Hama cHcTemMa cuyeTa BpeMeHH Bce Gogee H
Gosee oTcTaBaJga Gbl OT peajbHOrO ABHXEHHSA 3€MJIH, NpHYEM
owH6Ka HakamJauBaaack 6bl co ckopocthio 0,2422 cyTok B roa.
Cnycrs 100 sieT pacxoxpaenne coctasuio 6b 24 nus, a cnycTs
1500 net BpemeHa roga NoMeHsIHCb 6bl MeCTaMH, Tak 4TO B
ceBepHOM NoJyLIapHH JeTo 6blio 6bl B nekabpe. $lcho, 4To
Takasi cHcTeMa cyeTta Gbiia 6bl KpaliHe HeynobHa.

IOanit Llesapb npennpuHsy NONBITKY YCTPaHHTb yKa3saH-
HbIH HEJIOCTATOK NMyTeM NPHHATHS AEKpeTa, COTJIacHO KOTOpo-
My TpH NocJiefloBaTeNbHbIX rofla cofepxat 365 nueii, a cie-
IYIOIHH 32 HHMH 8UCOKOCHbLE 200 — 366 nHEH, Tak 4TO BCs-
KHii pa3, Kak TOJbKO HOMep roia AeJuTcsi Ha 4, K ¢eBpanio
no6apasieTcsl JUIIHUA OeHb. B cpeiHeM ero rpa)XaaHckui
ron conepxHT 365,25 CyTOK, YTO YK€ JOBOJBHO GJIH3KO kb
BeJHYMHE Tponuyeckoro roxa (365,2422 cyrok). B camom
zeqe, o npowectBiH 100 neT oumM6Ka He NpeBHIUAaeT 1 AHSA
Takasi cHcTeMa cyYeTa BPEMEHH, Ha3blBaeMasi IOAUGHCKUM
Kanendapenm, yCreLIHO TPHMEHANACh HA TNPOTSXKEHHH MHOTH:
croneTuit 10 1582 r., Korza onfiTb BCIJILLIO 3HAYHTEJLHO
pacxoxjeHHe MEXJy AaTaMH H COOTBETCTBYIOIULHMH BpeMe

Tabauya 1
SlaBapp 31 Hrone 31
deppanp 28 (unu 29 B BM-  ABrYCT 31
COKOCHOM rojy)
Maprt 31 Cenrabps 30
Anpene 30 Okta6pb 31
Mait 31 Hosn6ps 30

Hionp 30 JHexabpn 31
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Hamu roga. Torpa mana I'puropuit XIII noanpasun cywecr-
BYIOLHMIl KalleHapb, HCKJIOYHB H3 Hero JHH ¢ 5 no 14 (BKJIO-
putenbHO) OKTsA6psi 1582 r., uTo6bl BOCCTAHOBHTb COOTBET-
cTBHE MEXAY rpaKIaHCKHM H TPONHYECKHM TOLOM, U BBe.s
npasuJo nponycka Tpex aHeli Kaxnbie 400 ser. Coraacho
ero yJay4lleHHOMY KaJjieHJaplo, roja, COAepiKaillie uejoe
yycao cored (Hanpumep, 1700, 1800 um T n.) cuHrawTcs
BHCOKOCHBIMH TOJIBKO B TOM Cjyuae, eCiiH OHH nensiTcst Ha 400.

DTa cHCTEeMa cueTa BpeMeHH, Ha3biBaeMasi TPHTOPHAHCKHM
KajleHJapeM, sIBJIieTCA CerofgHs HaHbGoJsiee pacnpocTpaHeHHoil.
400 rpaklaHCKHX JieT TPHIrOPHAHCKOrO KaJleH1apsi cofepiKar
400 « 365 + 100 — 3 = 146 097 nueit. Takum obpasom, cpen-
nsisi MPOJLOJIXHTEJNbHOCTh TpaXIaHCKOro rofa CoCTaBJsiET
146 097 /400 = 365,2425 cyTOK, 4To oueHb GJH3KO K Npoaoi-
JKUTEJBHOCTH TPONHYECKOTO roja.

§ 2. Ipedsviuucarenue nacxu

MacxanbHoe BOCKpeceHbe — JeHb, IO KOTOPOMY yCTaHaBJIH-
BAIOTCS TaKXX€ TaKHe Nepexofsililie NepKOBHbie Npa3iHHKH,
KaK TPOHLA H LYXOB JieHb, — OGbIYHO GhIBae€T B NMEpBOE BOC-
KpeceHbe CNyCTsl [Be HeleJH Nocje NepBOro IOJIHOJYHHS,
HactynuBuiero nocae 21 mapra. (Bonee TouHoe onpenenenne
MoxHO Ha¥tu B Kuure «The Explanatory Supplement to the
Astronomical Ephemeris and American Ephemeris and
Nautical Almanac».) IlaTy nacxaJbHOro BOCKpeCeHbsl MOXKHO
BLIYHCJIHTL € NMOMOWIBIO TaGJHIl H ONHCAaHHSI K HHM, INpHBe-
JcHHBIX, HanpuMep, B «Book of Common Prayer» (1662),
MJIM TOJb3YsICh OJHHM H3 HECKOJBbKHX METOLOB, NMpHIyMaH-
HLIX Ha NPOTSXKEHHH MHOTHX BEKOB Pa3/HYHbIMH MaTeMaTH-
kamMH. 3pech Gyner omnHcaH co3gaHHbit B 1876 r. metop,
KoTOpHi#t BriepBbie 6bl1 ony6aukoBan B «Butcher’s Ecclesias-
tical Calendar» u npumenuM masi J1060ro roja rpHropHaH-
ckoro Kajenpapsi (T. e. HauHHasi c¢ 1583 r. v panee). O
OCHOBaH Ha MHOFOKpPaTHOM HCIO/Ib30BaHHH pe3yJbTaToB jeJie-
HHSl OJHOro YHCJAa Ha J[pyroe, NpHYEM paccMaTpHBAIOTCS
uenasi 4aCTb YacTHOro H ocratok. B pesysabrate nenenus
Ha MHKpOKaJbKYJsITOpe BbiCBEUHBaeTcsl psii UH}p, pasie-
JCHHBIX pecsiTHYHON Toukoi. Llugph, pacnonoxenHsie nepen
NecsITHYHOH TOYKOH, o6GpasyloT LeJyw 4YacTb, UHdpb 3a
NeCSITHYHOI TOYKO#H 06pasyloT npo6HyI0 yacTb. OCTaTOK MOX-
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HO HaWTH no JpoOHOH uyacTH, YMHOXasi €€ Ha MAeNHTEJb
(T. €. Ha TO YHCJI0, HA KOTOPOE TOJBKO YTO AEJHIH) H OKPYTJIHifl
peaysabraT Ao Gamxaiwero uenoro. Hanpumep, 2000/19 =
= 105,2631579. llenass uacte paBna 105, gpoGHasi yacTb

Ipumep 2
HMHCT pykuHs Peaynurar
Henaa Ocra-
YacTs  TOK
1. PasnesmTs HOMep rofa — a m= 105,2631579
Ha 19 19
a=5
2. ::3:1(;1"“ HOMep rona b c 2_|0:%0= 20,000000
b=20 =0
3. Pasgenuts b Ha 4 d e d=5 e=
4. Pazpnennte b+ 8 Ha 25 ¥ — =
5. Pasnenmte b—f +1 Ha 3 g — g=6
6 Pasgennts* 192 + b—d—g + — h 19+b—d—g+15=119
+15 Ha 30 h=29
7 Paspenute ¢ Ha 4 - i k i=0 k=0
8. Paznemuty 32 + 2¢ + 2i— —_ ! 3242+ 2i—h—k=3,
—h—k Ha 7 1=3
9. Paspenuts a + 11k + 221 m — a+11h+221=390,
Ha 451 m=0
10. Paznemuts h+1—Tm+114 n p h+1—7m—114 = 146,
Ha 31 n=4, p=22
11. U¥cno, Ha xOTOpOE TpHXO- p+1=23
JAMTCA MacxanpHoe BOCKpe-
ceHpe, pasHo p + 1
Tlopanxoebiil HoMep Mecslla
paBed n (n=3 coorsercr-
BYeT MapTy, n =4 — anpemo)
Hrtaxk, nacxansHoe BOC-
xpecebe B 2000 r. npu-
XxoauTcA Ha 23 anpenn
* Januce 19a cienyer MOHEMarh Kax 19, y Ha a (8 nal cayyvae 19-5 =95
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puasHa 0,2631579. YMHOKHB nocaeHee YHCO0 HA 19, nosyunm
5,000000100, oTkyna ocTaTOK paBeH 5.

[TpownaJiiocTpHpyeM ynoMsiHyThHIif METOZL Ha NpHMepe 2 BHI-
YHCJIEHHSl gaThl NacXajibHoro Bockpecenbsi B 2000 r.

§ 3. Hepecuer darvt 8 nopadxossui Homep Ona z0da

Bo MHOrHX acTpOHOMHYECKHX pacueTax HeOGXOAHMO GbiBaeT
3HaTh YHCJO CYTOK, HCTEKLIHX C Hayaja roja A0 ONpeneeH-
Hoii nathl. 3a Hayasao orcyera npuMeMm O U HyJeBOro siuBaps,
APYTHMH cjoBaMH nojHoyb mexnay 30 v 31 nekaGps npenbi-
ayutero roga. Ha nepBbift Barsisin sTo MOXeT BLINJISALETh A0-
BOJIbHO CTPaHHbIM, OAHAaKO Mbl GyJieM NpHIEPXKHBATLCS B
gajbHefilieM Takoro Bbl6opa HayaJja OTcYera, NOCKOJBbKY OH
HaM YNpoCTHT BhiuHcJeHHs. Iloagenb 3 siHBapsi 3anuchbiBa-
eTcsl B BHlle siHBapb 3,5, NOCKOJbKY ¢ MoMeHTa sinBapb 0,0
NpoLJO TPH € MOJOBHHON [HM, KAK 5TO HArJsifHO MOKa3bl-
BaeT pHc. 1.

Takum o6Gpa3oMm, HaxOXIE€HHE MOPSIAKOBOrO HOMEpa IHS
No faTe He COCTaBJsieT Tpyaa. DTO JeJaeTcsl CJeylouiuM
obpa3om:

1. Cymmupyercss uHca0 OHe#l NO BceM Mecsiiam, Npef-
LIECTBYIOUIHM HHTEpecYIoLleMy Hac Mecsiny (YHC/O OHeH B
KaxJaoM Mecsine cM. B Taba. l). Takue cymmbl npHBeleHbI
B Taba. 2b.

2. IlpuGapnsieTrcss 4HcAO, T. €. HOMEP MOHA B JaHHOM
Mecsiie.

1
1

-~ 1979 : 1960 >
)

n n n n 1 n n
L9 J0 g7 7 2 3
deralps | dersabps | derabps |sneaps | sreaps | aweaps
A A

35 s
Lyns - gyrrem llenderre I sneaps

J7- nonrove

Puc. 1. Onpenenenne snoxu.



Tabaruya 2A

Yucno cymok, npowedwux om anoxu 1980 smeapy 0,0
0o nauaaa coomeemcmeyiouezo 200a

1980* 0 1990 3653
1981 366 1991 4018
1982 731 1992* 4383
1983 1096 1993 4749
1984* 1461 1994 5114
1985 1827 1995 5479
1986 2192 1996* 5845
1987 2557 1997 6210
1988* 2922 1998 6575
1989 3288 1999 6940
3ame 3eca B or rona.
Ta6ruya 2B

Yucao Onell 2004, ucmeKiiux K HQuaAy O0anHO20 MeCAya

OGuI9HNE ron BucOxOcHBI#t ron
SluBapsb 0 0
deppanipb 31 31
Mapr 59 60
Anpens 90 91
Mait 120 121
HioHp 151 152
Hrions 181 182
ABsrycr 212 213
Cenrsbpn 243 244
OxT1a6pb 273 274
Hos6pe 304 305

Hexabpb 334 335
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ITpumep 3A. BuuucauTb, Kakoil NOpAAKOBLI HOMep B
roay ¥meeT neHb 17 ¢espans (rox HeBHCOKOCHbII).
Otser: 314+17=48.

EcaH y Bac HMeeTcsi NporpaMMHpyeMblii MHKPOKaJbKy-
JATOP, TO BBl MOXK€Te BBECTH B NaMsiTb MHKPOKAaJbKyJsiTopa
uporpammy RI1, nossossionlyio npoBoauTh BHUYHCJEHHS
4BTOMATHYECKH.

Jlanee no Bcell KHHUre B KauecTBe HyJb-NIYHKTa, HJH 3MOXH,
OTHOCHTEJIbHO KOTOpOH GYLYT BbIYHCASITLCA [MOJIOXKEHHS
ne6ecHbIX TeJ, Mbl npHMem snoxy 1980 $luBapn 0,0. Yucio
CYTOK, HCTEKIIHX C 3TOr0 MOMEHTa A0 Hayana Jio6oro rojga
pnaotk no 1999r., npuseseso B Taba. 2A. Utobbl HalTH
NOJIHOE€ YHMCJO CYTOK, HCTEKIIHX OT ONOPHOH 3MOXH, Hano
NPOCTO K COOTBETCTBYIOILLEMY 3HAYEHHIO H3 Taba. 2A npuba-
BUTb NMOPSZLKOBLHIH HOMEpP IOHS B roiy, BHIUHCJAEHHbIH TOJBLKO
4TO ONMHCAHHBIM COCOOOM.

Ipumep 35. UYucso pHeH, HCTEKLIHX OT ONOPHOH 3MOXH
K 17 deBpans 1985 r., cocraBasier 48 + 1827 = 1875.

DTy BeJHYHHY MOXXHO Obl1O0 Gbl MONCYHTATh TaKke NpH
NMOMOLLLH CHCTEMBEI I0JJHAHCKHX nHeH (cm. § 4).

IMpoepamma RI1. TlepecueT naThl B NOPSAJKOBLIH HOMED IHSA
rona.
1. BBecTH mnopsiikoBhii HoMep Mmecsina (Hanmpumep, 11 B
ciydyae Hosibpsi).
2. IpoBepuTh BLINOJIHEHHE YCJOBHS: «BBeleHHasi BeJlHYHHA
Goablile 2».
— -Ecav «za», 1o nepeiith K wary (8).
— Ecau «Her», To mepeiiTH K caepyiouemy mary (3).
BriuecTe 1 W3 HOMepa mecsua.
YMHOXKHTD Ha 63 (uaH 62 B ciiyyae BHCOKOCHOTO rozna).
Paagenutb Ha 2.
BoiienuTs nenyio 4acteb.
Ilepefit K mary 12.
Ipu6aButh 1 Kk HOMepy Mecsaua.
YMHOxHTE Ha 30,6.
BrigennTh unenyio 4acTb.

S©OENO U
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11. Boiuects 63 (uaiu 62 B cayuae BHCOKOCHOro roga)
12. Tlpu6aBuTh YHCAO, COOTBETCTBYIOLLEE MAAZHHOMY JHIO
Tlonyuaem B pesyJibTaTe NOPSAKOBLEI HOMEP AHS B TOLY

§ 4. IOauanckue onu

Huorpa 6biBaeTr HeoOOGXOAMMO BbIpa3uTh MOMEHT HabJiofeHui
yepes uHEJO AHEH W AOMIO [Hf, MpOWeEAWHX OT AaHHOH
MCXOAHOH 3n0Xu. B KauecTBe Takol HCXOLHOH 3MOXH acTpo-
HOMbl BbIOpadi cpelHHH TPHHBHUCKHI mnoJjgeHb | sAHBaps
4713 r. 1o H. 3., UTO COOTBETCTBYET cepeAuHe OHA 1 AHBapsa
Ha I'puHBHUCKOM Mepunuane B 4713 r. no H. 3. Uucsao axei,

Npumep 4

Wuctpyxuna Peaynsrat
1. OGo3HauuM: y — HOMep roja, m — HOMep y = 1985

Mecsina; d — uucso m=2

d=1725

2. Ecmu m=1 nm 2, nonoxute y' =y—1lu y = 1984

m =m+ 12

Ecrm m>2, nonoxure ' =y u m' =m m =14

3. Ecnu Hawa sara nosgHee 15 oxrabps
1582 r. (1. e. OHa jaHa NO rpuropuas-
CKOMY KaJIeRAAPIO), BBIYUCIIUTH:

a) A =uenas vacts or y'/100;
6) B=2—A4 + uenas vacte ot A/4.
B npoTuBHOM cily4ae NOJOXHTE B =0

. Beryucymte C = nenad uacts ot 365,25)"

. Bemuucnure D = nenas uacrb OT
30,6001 (m' + 1)

, Haiitn JID=B+ C+ D+d+1720 994,5.

Oro u Oyner toaMaHCkO# AaToi

A =[1984/100] = 19
B=2—19 +[19/4) =—13

C=[365,25-1984] = 724656
D = [30.6001- 15) = 459

JD=2446 113,75
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npoliefliX € 3TOro MOMEHTa, Ha3biBaeTcsl [0/HaHCKOH na-
Toii*. CjlenyeT OTMETUTh, UTO Kax<Jasi HoBas I0JHaHcKas faTta
HauuHaercss B 12 y 00 mud GMT (UT), uto Ha mnoJjcyTok
PaCXOAHTCA € HauyajJoM TpaXXJaHCKHX CYTOK.

IOnuaHcKyio naTy, COOTBETCTBYIOILYIO KakKOMY-HHOYIb
LHIO 0JIUZHCKOrO HJIH TPUTOPUAHCKOTO KaJieHAapsl, MOMXKHO
HaliTH OMHCaHHHIM HUXXe cnoco6oM. Ecau BB HMeeTe nesio
C rofaMH «[0 Haulefi 3pbl», OTCUHTHIBAHTE HX €cTeCTBEHHbIM
oGpasom, T. €. roi, npeauiectpyolwuid 1 r.H. 3., sABaferca
HyJIEBbIM, a npeabiayluil roa ssaserca — 1.

Insi npuMepa BLIYHCJAUM IOJIMAHCKYIO HaTy, COOTBETCT-
pyrouyio snoxe 1985 ¢despanb 17,25 (t1.e. 6 u 17 dpeppans)
(npumep 4 Ha npeablpyulefi crpanuune). lOnuanckas para,
cooTBeTcTBYIOILas 3noxe 1980 suBapb 0,0, paBHa 2444238,5.
Yucsio CyToK, NpoIeAIHX OT 3TOH 3M0XH, Jerko MOXHO HalTy,
BHUTA H3 I0JIHAHCKOH AaThl NPHUBEJEHHOE UYHUCJO.

Ipumep. Yucsio cyToK, npolefIIHX OT NPUHATOH 3MOXH N0
snoxu 1985 roma deppann 17,0, cocramiasier 2 446 113,56—
=2 444 238,5=1875, uto corJjacyeTcst co 3Hau€HUEM, NoOJy-
yeHHbLIM B Mpenblayulem naparpade.

§ 5. Hepecuer wauanckol darsl 6 Karendapuyro oary

HHorna BO3HHKZ@eT HEOOXOAMMOCTbL [l€pecueTa I0JHaHCKO#H
JLAaThl B COOTBETCTBYIOILYIO €fi 1aTy PUrOPHA@HCKOro KaJleHaa-
ps. IlpuBeneHHbIil 34eck MeTox NPHMEHHM AJsl BCeX nHeH
¢ 1 siuBaps 4713 r. Ao H. 3. [lns npumepa Haiigem rpuro-
puHaHcKyo aaty, cooTsetctByoulyio GD =2 446 113,75 (npu-
MCp 5 Ha caepylollleil CTpaHuLe)

Takum o6pa3oM, HCKOMBIi MOMEHT BpE€MeHH MO TpHIrO-
prnaHckoMmy KaJaenpapio — 1985 ¢despann 17,25.

* Uuorpna roBopsatT o MoaH¢HUKHpoBaHHOH lonHaHckol nate MJD. Ona
pasHa JD — 2400000,5. Takum obpasom, orcuer MJID naunnaercs B
0 4 17 nHonbps 1858 r.
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Hpumep 5

HHcTpykums

Pesynsrar

1.

2.

3.
4.

5

6.

I—1 867 216,25

Ipubasuts 0,5 x JD. INonoxwure I = uenas
vactb ¥ F = gapobHas wacrs

Ecu I 6onpie 2 299 160, BbIMHCIUTE:
a) A = Henas 4acTh OT BeJIHUHHbL]

36 524.25
6) B=1I+ 1 + A~(uenas uactp or A/4).
B npoTHBHOM cilyuae NOJOXUTh A =1
Buiyucnure C =B+ 1524
Buiuncure D = nenast Yacte Ot

C—122,1

365,25
Bouiyvcsry £ = nenast sacte or 365,25: D
Buruuciiure G = nenag 4acre OT
C—E
30,6001
Boiuuciute d = C—E + F~(uenas yacts
ot 30,6001G).
TostyuaeM umcio (sxymoyast Apo6HYIO YacTh
CyTOK)

. Berumcours m= G —1, eciu G MeHbllle

13.5, umn m= G—13. ecin m Gospive 13,5.
TMonyuaem HoMmep Mecsina

. Boiuucrute y = D—4716, ecii m Gossllle

2,5, umm y = D—4715, eciu m MeHbIlle 2,5,
TNonyyaeM ron

ID=2446 113,75
+0,5 =2446 114,25
I=24466 114
F=025

A=150
B=2446 127,0

C=2447651,0

G = 6700,0
E =2447175,0

G=15,0

y =1985

HHorpa 6biBaer noJieaHo 3HaTh, Ha Kako# feHb HefesH GyneT
NpUXOLHTLCA onpeneJieHHas Aata. JTO OYEHb JIErKO onpese-
JIHTh, €CJIH. TOJbKO BbluHC/€Ha lonuaHcKan Aata. Huxke mb
onpenesdM AeHb HeaesaH, coorBeTcTByOIME 17 ¢QeBpan

§ 6. Onpedenrenue Ona nedeau

1985 r.



Bpems 23

Ilpusep 6

HHcTpyxLMs Pesyabtar

Haltu roMmaHckylo nary, coorsercreytoniyto 0 4 1985 ¢espans 17,0

UT untepecyrouleit Hac matbl (M. § 4) IJD=2446 113,5
Beiuucnure A = (JD + 1,5)/7 A = 349 445,0000
B3sTe JpobHylo YacTe A, YMHOXHUTEL ee Ha 7 U Npobuas vacrs = 0,0
OKpyrMTh A0 Ommxaiiwero uenoro. 3ro Oyner n=0

HOMep IOHS Hellesiw n. JleHb Hedelw NMpH 3TOM

onpeaeisiercss Tak: n =0 — pockpeceHpe; n=1—

NOHeJe/ILHUK; n = 2 — BTOPHUK; n =3 —cpena;

n =4 —dersepr; n =5 — nsArHuna; n =6 — cyo6-

Gora Bockpecenbe

§ 7. Nepeeod uacos, munyr u cexynd 8 uacol
u decaruunvie dosu uaca

B GoJsblLIMHCTBE CJyuaeB BPeMsl BblpaxiaeTcsl B uyacax ¥ MH-
HyTax WM B uacax, MHUHyTax M cekyhnpax. Hanpumep, «Ges
ABanuaTH uyeTblpe AHA» MOXHO 3andcatb Kak 3.40 nHs,
unu 3 y 40 MHUH pgHA, WaH B 24-yacoBoW I1IKajle B BHIE
15 u 40 muH. OnHako Npd NpOBEAEHHHU pacueToB BpeMs
JOJI2KHO ObITb Bblpa’KeHo B yacax U AeCATHUHBIX AOJSIX uaca
no 24-uacosoil mkane. Huxe paerca cnoco6 mnepecuera
mpeMeHHd, 3anUCaHHOro B BHAE YaCOB, MHHYT H CEKYHJ, B Uathi
M JecsATUYHBIE AoJH yaca. HekoTropele TUIIBI MHKPOKaJbKYyJA-
TOPOB MMEIOT CrellHaJjblible K/AaBHILIH, C NOMOULLIO KOTOPbIX
Takoii nepeBoj] BHINOJHAETCA aBTOMaTHUYECKH.

Mpumep 7
Huerpysums Pesyastar
6 u 31 Mun 27 ¢ pHs
I. Pa3nenuts yucno cekyHa Ha 60 27/60 = 0,45000

2. K nonyvyeHHoMy 3HaueHuIo npubasuth wHciI0 Mu-  31,45/60 = 0,52417
HYT U pa3fle]MTh Ha 60

3. Ilpubasure X pe3ysbTATy HHUCIO HacOB 6,52417

4. Ecmu BpeMs ObLIo ykaszaHo B 12-yacoBoit mixane +12,0
¥ MMeJIOCh B BUIY BpeMS NOCJIe NOJYnHS, NpH-
Ganurp 12 18,52417 4
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§ 8. Iepeeod uacos u decaruunvix doneii waca
8 4acel, MUHYTLL U CeKyHObl

Korpa B peaysnbTate Kakoro-au60 pacueta nojyuaeTcs Bpems,
TO OHO OOLIYHO ObLIBAET BHIPAXKEHO B Uacax M AeCATHUHBIX AO-
AAX Haca, H €ro Hy>XHO nepeBOJAUTb B uachl, MUHYTHl H CEKYH-
nbl. Huxe npuseneH cnoco6 takoro nepesoga. OTMeTuM, uto
HEKOTOpPblE MHUKPOKaJbKYJATOPbl MMEIOT CrelHajbHblie KJa-
BHILH JAJIST aBTOMaTHUECKOro BLINOJHEHHA 3ITHX AeHCTBUH

Hpuvep 8

Hucrpykuus Pesynerat

18,52417 u

1 JlpobHyro uactb yMHOXuH1b Ha 60. Llenas uacte 0,52417-60 = 31,4502
[oJy4eHHOro pesyJsbrara npencrasiser coboi
HHCTO MHHYT

2. NipoGsyio vacThb pe3ysbTaTa yMHOXMTH Ha 60. 0,4502- 60 = 27,012
10 fAaeT HaM HHCNO CEKyHO 18 u 31 mmn 27 ¢

§ 9. Ilepe6od mecTHO20 NOACHO20 8pemeHU 8 ZPUHBUUCKOE
cpeduee spema (GMT, UT)

CpenHee rpuHBHuckoe BpeMsl (GMT) HJIH, K&K ero elie Hasbi-
BaioT, BceMupHoe speMn (UT) ceazano ¢ apuxenuem Connila,
KoTopoe perucrpupyercs HabjionaresneM Ha I puHBUuckoM Me-
punuale ¢ goaroroit 0°. ITo BpeMa ucnojbiyerc B Bennko-
6pHTaHHH B KauecTBe MECTHOro NosiCHOro BpeMeHH B 3HMHHe
Mecsubl. B seTHue xe Mecsiubl BBOAUTCA OpUTaHCKOe JieTHEE
BpeM#, KOTOpoe nojyuaetca yseaduesdeM GMT Ha oaun uac,
ueM aoctHraerca 6onee yaobHoe copnaigeHue pabouero naHsA
€O CBETOBbIM JHeM. Bo MHOrMX ApPYrux CTpaHax Tak»Ke MpHHA-
Ta nojobHas CHCTEMa nepeBoja uacos.

CrtpaHnbl, pacnoJioxeHHble Ha JPyriX MepuiHaHax K BOCTO-
Ky u 3anany or I'puHBHuCKOoro MepuaHaHa, He ynoTpebssaoT
B KauecTBe MecTHoro BpeMeHd GMT. 310 6buio Gbl Henmpak-
THYHO, MOCKOJbKY MECTHHIH mnoJijeHb, T.€e. MOMEHT, Koria
CoJiHLie LOCTHTaeT MaKCHMaJibHOH BbICOTHl Haj rOPH3OHTOM,
HacTylaeT NpH ABHXKEHHH HA BOCTOK WJIM 3a1aj COOTBETCTBEH-
HO paHblile HJIH 032K e N0 OTHOIIEHHUIO K MECTHOMY NOJYAHIO Ha
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I'punBHuckoM Mepuauase. UToObl u36exaThb nyTaHHIbl, BECh
3€MHOH wWap pa3fiesied Ha yacoBble NOofACa, TaK YTO B KaXIOM
yacoBOM MNOsICE BPeM#A Ha LeJloe 4ucJio uacos onepexaer GMT
HJIH 3anasjbiBaeT OTHocHTeNbHO Hero. [Tpu 3ToM HeGosbuiue
rocyapcTBa M OTJe/bHble TEpPHTOPHH GOJbIIMX FOCYNAPCTB,
pacnoJioXkKeHHbIe B npejesaXx OJHOro uacoBOroO Mofica, B Ka-
yecTBe MECTHOrO BpEMEHH IMPUHHUMAIOT TMOSICHOE BpeMsi
(puc. 2).Ilpu npoBeneHun acTpOHOMHUECKHX PACUETOB YACTO
6biBaeT yaobHo uenonb3osaTh GMT. MecTHoe nosicioe Bpemst
MoxHo nepesectd B GMT cnoco6oM, npuBeseHHbIM HHXKe.
Jnn npumepa nepesenem B GMT serHee Bpemst 3 u 37 MUH Ha
BOCTOUHOH poJgrore 64° (nmpuxoxsiiieiics Ha uyacoBoil
nosic +4 u)

Hpumep 9
HHCTPyKUHR Peayabrar
1. Eciu nmaHo JerHee BpeMs, MEPEBECTH 3 u 37 mun
ero B mosicioe spems. [lepeiitu k ua- —1 4 00 MuH
caM H JECHATHYHBIM 0JisM Huaca (cM. =2 4 37 Mun
8§87 INosichoe Bpems = 2,616667 4
2. BoiyecTs MOMPaBKy 3a YacOBOH MOsc —4,00
=—1,383333 4
3. Ecsm pesyabrar Gonpine 24, BbluecTs 24. + 24,00
=22,616667
Ecnu pesynerat orpHnarelbHBIN, NMpH-
Gasurs 24
[epeiitu 06patHo Kk uacam, MuHYyTaM
U cekyHmaMm (cM. § 8) GMT =22 4 37 muun

§ 10. Ilepesod epunsuucxkozo cpednezo spemenu (GMT) &
MECTHOE NOACHOE 8peMA

INycts 3anano Bpemsi UT unu GMT. Kakoe MecTHoe mnosic-
Hoe BpeMA eMy cooTBeTcTByer? Hanpumep, kakoBo MmecTHOe
NosiCHoe BpeMfl Ha BOCTOuUHOH poarore 64° (pacnooxeHHOH
B yacoBOM nosice +4 u4) B nepuoa AEHCTBHA JIETHEro Bpe-
meHu, koraa GMT pasHo 22 u 37 MuH?
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Tpumep 10
HHcTpyxuns PesynsTat
llcpesect GMT B Yachl M AcCATHYHbIE [OJIH uaca 22 y 37 MuH
m. §7) =22,616667 u
[1pubaBuTh pasHULY YacOBBIX NOSICOB. + 4,00
Feom pesynbrar 6ouibiie 24, Boiuects 24. = 26,616667 u
kcim pesysnbrar orpunarensHbld, npubasure 24 —24,00
=2,616667
Mepeitrn x vacam, MuHyraM M cexyMzaaM (cM. § 8) u =2 u 37 MuH
BBCCTH, ecnu HeoOxXoguMo, monpasky 3a JieTHee BpeMst +1 4 00 Mun
=3 u 37 Mun

§ 11. 3se3dnoe apema (ST)

CpeaHee rpUHBHUCKOE BpeMsl, KaK H MECTHOE BpeMsi B J106oi
TOUKE 3eMHOoro uapa, onpepenserca asHxehneMm CoJHia.
rpy6o rosopsi, 3a COJIHEYHble CYTKH MOXHO TPHHSITh BpeMf
MeXAy ABYMS MOCJEeAOBaTeNbHbIMU npoxoxaeHusiMu CosHua
yepe3 MepHAMaH npu HaGJoAeHHH B faHHOM nyHkTe. OnHaKo
aCTPOHOMOB HHTepecyeT ABUXKEHUE 3Be3A. B uacTHocTH, UM
HeOGXOAMMO HMETb «4achl», KOTOpHIE LK 6Bl ¢ TaKoil cCKopo-
CThiO, UTO HEKOTOpas 3Be3fia BepHyJiach Obl Ha TO XXe caMoe Mec-
TO Ha Hebe pOBHO uepe3 24 4 no 3THM «uacaM». Takue yacol
Ha3bIBalOTCA 3BE3JHLIMH uacaMH, a BPeMsfl, KOTOpOe OHH OT-
CUHTHIBAIOT H KOTOpPOE ONpenessieTcs BUAHUMBIM [BHXEHHEM
3Be3), HasbiBaeTcs 3Be3gHbIM BpeMeHeM (ST). CosHeuHoe
BpeMs (HanpuMep, BpeMa GMT) He coBnagaer co 3BE3AHLIM
BpeMeHeM, MOCKOJbKY B TE€UEHHe OLHHX COJHEUHbIX CYTOK
3eMsifl MPOABHraeTCsa NpPHMEpPHO HAa OJMH rpaayc no cBoei
opGute Bokpyr Connua. CienoBaresibHo, pH HaGJIOREHHH C
3emau CoJsHUE CMeLaeTcsi OOTHOCUTENLHO ¢hoHa 3Be3s.

OnuH roa, 7. e. Bpems, uepe3s kotopoe CoJHie BO3Bpalla-
eTCsl Ha nmpeXKHee MoJI0KEHHE OTHOCUTE/IbHO 3Be34, CONEPKUT
npumepho 365 '/, cyTok. B Teuenue 3toro mepuona 3emss
copepuiaeT npuMepHo 366'| , o6opoTa BOKpyr cBoeli ocu; cJe-
JIOBATENbHO, CTOJILKO XK€ 3Be31HbIX CYTOK CONEPKUTCHA B FOAY
TakuM o6pa3oM, 3Be3iHble CYTKH HECKOJIbKO KOpOue COJIHeu-
HuiX: 24 y 3Be3HOr0 BpPEMEHH COOTBETCTBYIOT MPHMEPHO
23 u 56 MuH cosHeuHoro BpeMeHd. CpenHee rpHHBHUCKOE
BpPCMA M IPHHBHUCKOE 3BE3JlHOE BPEMA COBNAfaioT B TeueHHe
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roga JiMIIb OAHH pa3 — B MOMEHT OCEHHEero paBHOJEHCTBHSA
(okoso 22 cenrabps). Haunnan ¢ 3Toro MoMenTa, pacxoxie-
HHe MeXAYy HuMH pacrteT, Tak uto ST obronuser GMT. Yepes
noJirofia 3To pacxoxaeHue pocruraer 12 u, a cnycrs roxn oba
BPEMEHHU OMATb COBNALYT.

dopmMasibHo 3Be3HOE BPEMA MOXKHO ONPEAEHTHL KaK uaco-
BOH YroJ TOUKH BECEHHero paBHOZEHcTBHS (cM. § 18).

§ 12. Ilepesod zpunsuucxozo cpednezo spemenu (GMT) &
epunsuuckoe 36e3adnoe spemsa (GST)

Huxe onncakla npoctasi npoueaypa nepesosa CpefiHero rpuH
BHUCKOTO BPEMEHH B CpeiHee IPMHBHUCKOE 3BE3JHOEe BpeEMs
(GST). Ona naer TouHocTb Bbitie 0,1 c.

Hcnonbayemble npu pacuere nocrosiiibie A 0 C He 3aBHCAT
or roga (cM. Ta6a. 3). OnHako 3HaueHHE NOCTOSAAHHOH E
MeHseTcst oT roaa kK rony. Ee 3Hauenusn pas rogos ¢ 1975 no
2000 npusenensl B Taba. 3. UToObl onpenesuTh TOUHOE 3Haue-
Hue B nsis1 no6oro Apyroro roaa, Heo6xoaumMo HaiTu B AcTpo-
HOMHMUYECKOM €XXerojlHHKe cpeaHee TIpHHBUUCKOE 3Be3JHO-
ppeMsi B 0 u UT HyseBoro gHs siHBaps AaHHoOro roja, nepe-
BECTH €ro B uachl M JecsiTHUHble aoiu 4yaca (cM. § 7) u

Tab.1uya 3
A =0,0657098 C = 1,002738 D = 0,997270

B
1975 17,397610 1988 17,407368
1976 17,413525 1989 17,357573
1977 17,363730 1990 17,373487
1978 17,379643 1991 17,389402
1979 17,395558 1992 17,405316
1980 17,411472 1993 17,355521
1981 17,361677 1994 17,371435
1982 17,377592 1995 17,387349
1983 17,393506 1996 17,403263
1984 17,409421 1997 17,353468
1985 17,359625 1998 17,369382
1986 17,375539 1999 17,385297

1987 17,391453 2000 17,401211
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BbIUECTb NOJyyeHHOe 3HaueHHe u3 24. B peaysnbrare o noay-
yHTE NOCTOAHHYIO B. 3HaueHne B MOXHO TaKKe pacCuHTaThb
METONOM, NPUBEAEHHbLIM B KOHIE 3Toro maparpada.

Ilpumep . KaxoBo 6bly10 GST B 14 4y 36 mMuu 51,67 ¢ 22 anpena

1980 r.?
Mpumep 124

MHCTpyKUMS Pesyabrar

Haiitn yucno mHeit Mexay susape 0,0 Umcno gmeit =113,0
W 3agaHHOR maroii (cM. § 3)

YMHOXHTD Ha NMOCTOSHHYIO A x 0,0657098
=17,425207
Buigecth MoOCTOSHEYIO B —17,411472
B pesynerare mojydaem T, Ty =—9,986265
TNepesectt GMT B uachl U gecsTHY- GMT = 14,614353
ubic JosM uaca (cM. § 7)
VYMuOXuTh Ha nocrosxuyro C x 1,002738
= 14,654367
Npubasure T, Ecau ronyyurcs 4uc- + (—9,986265)

no, Gonpitee 24, BbIYECTH 24.
Ecax nmonyudtcs OTPHULIATENIbHOE YHC-
o, npubasure 24.

Nonyuyaem GST B uacax GST =4,668102
MNepesecTu pe3ynbrar B Yachi, MUHY-
Tbl U cekKyHAabl (cM. § 8) GST=4 4 40 mmu 5,17 ¢

Buiyuciaenue nocmosannoii B (npumep npueeden onsn 1979 2.)

Hpumep 125
MNHcTpyKuns Peaynprar

BuINUCIMTD FOJMMAHCKYIO JIaTy, COOTBETCTBYHOILYIO JD = 2443873,50
oxe sHpapp 0,0 paHHOro rona (cM. § 4)
Buyucnures S = JD —2415020,0 S = 28853,50
Buiyucoute T = $/36525,0 T =0,789965777
Buluucnute R = 6,6460656 + 2400,051262- T + R=1902,604442
+ 0,00002581- 72
Butuncurs U = R —24-(rog—1900) U =6,604442

Buivects U us 24. Tonyuaem B B =17,395558
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§ 13. Iepesod zpunsuucxozo 3ee3dnozo epemenu (GST)
8 zpunsuucxoe mecrrnoe spema (GMT)

B sToM naparpade mbl 6yaeM HMETb feJ0 ¢ 3anaueli, o6paTHOH
TOH, KOTOPO#H Mbl 3aHHMaJHCh B NpeablayuieM naparpade, a
MMEHHO C TNEpPeBOAOM 3aAaHHOro CpefHero TrPUHBHUCKOro
3BE3IHOTO BPEMEHH B COOTBETCTBYIOLILEE CpeiHee rPUHBHUCKOE
Bpemsa (UT). OnHako Jesio OClOXKHAETCH TeM, UTO 3Be3fHble
CYTKH HEMHOro KOpOu€ COJIHEYHBIX CYTOK, H B pe3yJibTate B
TeueHU€ NAHHOH AaThl HeGosblllasi yacTb 3BE3AHBIX CYTOK
nopTopsieTcs asaxabl. [1o npoponxuTeILHOCTY NOBTOPAIOLLA-
fICSl UaCTb COCTABJIAET OKOJIO 4 MHH, TaK YTO HHTEPBaJ 3BE3k-
HOro BpeME&HH, COOTBETCTBYIOLMI HHTepBaJy BpemMeHd GMT
of 0 u 5o O u 04 MuH, nosTOpseTcs cHoBa B uteppase GMT or
23 y 56 muu po nosyHouu (puc. 3). Ilpeanaraemmiii 3gechb
MeTOJ NepeBoja NpHMMEHHM JiHlib JJf MOMEHTOB 3Be3JHOro
BpEMEHHU, KOTOphle PACIOJOXEHb B NEPBOM HHTEPBaJe KaJjeH-
LAapHbBIX CyTOK.

IMocrosnubie A 1 B npusenens: B § 12. INocrosiuian D uHe
3aBHCHT OT rojd; oHa yka3zaHa B TabJi. 3. TouHoCTb NpuUBeeH-
Horo Meroaa Takasi xke, kak B § 12, a umenHo ayuue 0,1 c.

Hpumep. Kakoe 6b110 GMT B MoMenT GST =4 u 40 muH
5,17 ¢ 22 anpens 1980 r.?

22 anperng > 23 —>

Oy : Oy 03mun S56¢ 23y Sbarar O4c :04/
] ¥ 1

21 —>j

1 o

A A} : A
T4y O0nrur 489¢ My O0muti 43¢
744y Oborrun 43¢ 14y Obmun 45¢

Puc. 3. CoorBercrBrie GMT 1 GST ans 22 anpens 1980 r. 3awutpuxoBaHnbie
nutepBaibl GST noBTOpsIOTCS ABaXK /bl B TEYEHHE OXHOrO H TOr0 JKe AHsl.



Bpemsa 31

Ipumep 13
HHcTpyxuss Pesynntat
1. Haiitu uncno nued Mexny siH- Yucno gueit =113,0
Bapb 0,0 ¥ 3ananHoit garoi (cM. § 3)
2. YMHOXHUTBH Ha NOCTOSHHYIO A x 0,0657098
=7,425207
3. Boiyects nocrosiHHyio B. Eciu pe- —17,411472
3yJLTAT OIpPUNATENbHBIH, npuba- = —9,986265
BUTb 24. + 24,0
Tonyuaem T, T, =14,013735
4. Beipasuib GST B uacax W slecaTuy- GST =4,668103
HbIX jonsix uaca (cM. § 7)
5. Boiuects T, Ecrm pesynerar orpu- —14,013735
narenbHblii, npubasurs 24 =—9,345633
+24,0
= 14,654367
6. YMHOXuTH Ha nocrosiHRyro D. Tlo- x 0,997270
nydaeM GMT B vacax = 14,614361
7. Ilepesecty pe3ynbrat B uachl, MH-
HYTBl M CekyHAB! (cM. § 8) GMT =14 4 36 muu 51,70 c

§ 14. Mecrnoe 38e3dno epemsn

I'puHBHUCKOE 3Be3fHoe BPEMs, KOTOPOE pacCMaTpHBa/loCh B
npenbiaylux naparpadax, npeacTaBJiseT Ccoboil 3BeanHoe
ppeMsi ans Habjopatenss Ha [pUHBHUCKOM MepHAHaHe
(1. e. Ha nogrore 0°). 3To — MecTHOe 3Be3jHoe BpeMmst I'pun-
BUuCKOro MepuadaHa. OfHako NpH CMEILEHHH K 3anapy Wiu
K BOCTOKY OT poirothl 0° mMecTHOe 3Be3fiHOo€ BpeMsi COOTBET-
CTBEHHO OTCTa€T OT IPHHBUYCKOTO BPEMEHH WJH OfNepexaer €ro,
MOCKOJIbKY YaCOBOH yroJ TOUKH BECEHHEro paBHOLEHCTBHSA,
ornpefefAOUIMI MECTHOe 3Be3lHOe BpeMsi, HaMeHsneTca. Ecan
HM3BECTHO I'PHHBHUCKOE 3BE3JIHOE BPEMS#, OUCHb JIErKO BHIUHC-
JIUTb MECTHOE 3Be3lHOe BpeMf NaHHOro nyHkTa, Tak Kak pas-
HHMIla MeXAY 3TUMH AByMsl BpeMeHaMH paBHa IpocTo reorpa-
¢uueckoll fosrore B rpagycax, aejenHol na 15. Jaa sanan-
HbIX JOJIFOT MecTHOe 3Be3aHoe BpeMsi orcraer o GST, a ans
BOCTOUHBIX onepexaeTt ero. PaccMoTpum npuMep: ueMy paBHO
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Me

Bpemsa

CTHOe 3Be3JHOe BpeMsi Ha 3amnaijHoil poJrote 64°, Korna

rpHHBHYCKOEe 3Be3nHoe Bpems paBHo 4 u 40 muu 5,17 c?

Ilpumep 14

MHcTpyKuus Pesynerar

Boipasute GST B uwacax u Aecarwunbix ponsx GST =4,668103 u
yaca (cM. § 7)

. Ilepesectn pasHocTe OOJITOT B rpafaycax B 64° =4,266667 4

pa3sHOCTh BpeMeH NyTeM JejleHus ee Ha 15

. Ecnn ponrora 3ananHasi, BbIYecTh NOJIyYeH-

Hylo BeJmuuHy. Ecom poJrora BOCTOYHad —

npubasurb. Ecnu pesynbrat Gosblie 24, Bbi-

yectk 24, Ecim pesynbrar OTpULATENLHBIM,

npubasute 24.

[lonyyaem LST B yacax LST =0,401436 u

. Ilepesectn LST B yachl, MUHYTBI M CEKyHJbI

(M. § 8) LST =0 u 24 muu 517 ¢

§

15. Hepexod or mecrnozo 36e3dnozo epemenu (LST)
K zpuneuucxomy 3eesdnomy aepemenu (GST)

drta 3anaua sBisercs o6paTHOH IO OTHOIIEHHIO K 3anaue,
paccMorperHoi B § 14, a HMeHHO: yeMy pPaBHO IPUHBHUCKOE
3BE3HOE BpEMs, COOTBETCTBYIOLULEE 3aJaHHOMY MECTHOMY

Hpunep 15

W HcTpyKuns Pesynsrar

1. Buipasure LST B yacax u gecarmuHbix pgonsx LST =0,401436 u

2.

Yaca

IlepeBecTn pasHocTh AOJNrOT B rpadycax B 64° =4,266667 4
Pa3sHOCTEL BpEMeH NyTeM JejicHus Ha 15

. Ecnm ponrora 3ananmsas, npubasure. Ecnn
J0JIroTa BOCTOYHAs, BbYecTh. Ecnm pesyub-
tar Gosblue 24, Boldects 24. Ecnm pesynsratr
orpHMuarebHblt, npubasurs 24.
[lonyyaem GST B yacax GST =4,668103 u

. Nepesectu GST B uachl, MUHYTBI U CEKYHABI
(cM. § 8) GST =4 1 40 s 5,17 ¢
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3Be3HOMY BpeMeHH B AaHHOM nyHkTe? B kauecTBe nmpumepa
goiwucauM GST B moment, korna LST Ha 3ananHoii monrote
64° paBHo O u 24 muH 5,17 ¢ (cM. npumep 15).

§ 16. Igpemepudnoe epema

BceMupHOe BpeMsi U 3B€31HOE BPeMS$i HEMOCPEACTBEHHO CBfl-
3aHbl ¢ HEepHOLOM BpalleHusi 3eMJd BOKPYr MOJSIPHOH OCH.
IMo cyTtu, 3emasi ucnonbayercss B KauecTBe MasiTHUKa MJIA
KOCMHYECKHX YacoB, XOJ KOTOpPLIX oTcuuTbiBaeT nHH. OpHako
C nosigjleHHeM OY€Hb TOYHBIX aTOMHBIX UACOB CTAJO SICHO, UTO
BpalueHne 3eMJi He SBJSIETCH CTPOrO pABHOMEPHbLIM, @ UCIIbI-
ThiBaeT HeGoJibluue ciayuaiiHble QaykTyanuu, npupoaa KoTo-
phiX ewe a0 KoHua ue nousitra. Kak spems UT, tak v Bpems
ST He ABJSIIOTCA CTPOro paBHOMEPHBIMHU, OCKOJIbKY OHH Ofpe-
NeNSIIOTCSl TAaKHMH Hepery/isipHbiMH KOCMHYECKHMH 4YacaMH.
TeM He MeHee acTpOHOMaM HYXKHa CHCTeMa U3MepeHHS Bpe-
MeHH, KoTopasi gaBaja Gbl paBHOMEpHOe BpeMs, TaK KakK B
HeGecHOH MeXaHHKe Mpejnosaraercs, YTO Takasd BeJUYHHA
AeicTBHTENBHO cyliecTByer. Hanpumep, ansi aByX TBepAbixX
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TeJ1, ABHXKYLIUXCA 110 op6uTe BOKPYr APYr ApPyra NOCTaTouHO
[AJIeKO OT KaKHX-Ju00 BO3MYILAIOUWINX TeJl, NOJI’KEH coxpa-
HATbCSA OpPOUTANbHLI Nepuos, H3IMEPEHHbIH 110 paBHOMEPHbIM
yacaM. B ¢BfI3H ¢ 3TUM acTpOHOMBI NOJBL3YIOTCH IhemepuoHsim
epemenem (ET), koTopoe BuluHC/IfiIeTCA H3 NBUXKEHHS JIYHBI H
npeanoJiaraercsi cTporo paBHoMepHboM. OHO 6bl10 BeIGpaHO
TakuM o6pa3oM, YTo6Ll GLIJIH KaKk MOXKHO MEHbLIHEe pacxoxXie-
HHs ¢ BceMupHbiM BpemeneM (GMT) B XIX B. ¥ Becbma
MaJioBePOsITHO, YTOObl pasHOCTb 3THX BpeMeH B XX B. npesbl-
CcHJla HECKOJIBKO MHHYT.

UcxopHofi enunuuesi 3sdeMepuaHOro BpeMEHH CJYXUT
NPOAOJKHTEIbHOCTh TPONUYeckoro roga Ha smnoxy 1900 siH-
Bapb 0,5 ET. OH cogepxut 31 556 925,9747 scheMepHaHbIX
cekyHa. [lo cywecTBy, HaM He NpHAETCH HMETb NEJIO C ITHUM
BpeMeHeM, IOCKOJNIbKY B 3TOH KHHUXKKE HE CTaBUTCA LEJbIO
JocTHXKeHHe Goabluoil TouHocTd. [Toutu BO Beex cayuyasX Mbl
moxeM npuHats ET= UT=GMT, He nenas Mexny 3TuMu
BpeMeHaMH pasjidydsi. JIHlb NpU BHIYHUCJAEHHH ABHXKEHHUSA
JlyHbl M mnpenckazaHuy 3aTMeHHE HaM IpPHAETCS YuecTb
paasnuue Mexny ET u UT. B siuBape 1980 r. 310 pasanuyue
coctasasyio okoso 51 ¢, npuuem UT orerasano or ET, 1. e.
ET—UT=AT=351 ¢ (suBapb 1980 r.).

Puc. 4 nokasuiBaer, kak Mensiocb AT ¢ 1800 r. MoxHo
BbICKa@3aTb NpEANOJOKEeHHe, uTo 3Ta BesauunHa B 2000r.
6Gyaer coctaBasiTh + 70 ¢, ONHAKO TOJNbKO HeNocpeNCTBEHHbIE
HabaopeHus B 2000 r. eMoryT 3To NOATBEPAUTH.



CucremMbl KOOpAHHAT

Jlis onpeneseHust nojoxeHuss Ha Hebe J1060ro acTpOHOMH-
yeckoro o6bekTa HeoO6XOAMMO UMETb CUCTEMY OTCueTa, WJIH
CHCTEMY KOOpAMHAT, KOTOpas KaXXIoH Touke Ha HebGecHOM
chepe CTaBHT B COOTBETCTBHE OINpPEAEJNEHHYIO Mapy 4YHCeJ.
JlBa uucJia, Ui ABe KOOPIAHHATHl, OOLIUMHO yKa3blBaIOT, «KakK
JlajleKo B CTOPOHY» M «KakK BbBICOKO» pacroJioXKeHa TOouKa,
aHaJOrHuHO TOMY KakK J10JIroTa u IIHpOoTa ONpenesslioT 1moJjo-
)KeHue oO0beKTa Ha 3eMHOH noBepxHocTH. Bl Moxete Betpe-
TUTbCA € HECKOJbKHMH CHCTEMaMH KOOpPIMHAT, 31eCb MHl
OonMilieM YETbIPpe U3 HUX: FOPH3OHTAJNbHYIO, SKBATOpUAJbHYIO,
3KJIUNTHUECKYIO H rajiakTHuecKylo cucrembl. Kaxnas cucrema
KOOpAMHAT MNo/JyuaeT CBO€ Ha3BaHHe MO HMEHH OCHOBHOMH
NJOCKOCTH, KOTOpas Hcnosb3ayercsl Agsi orcuera. Hanpumep,
B IKJHINTHYECKOH cHcTeMe KOOpAHHAT WU3MEpeHHs BeayTCs 1o
OTHOLIEHH!O K IJIOCKOCTH 3KJHITHKH, T. €. IJIOCKOCTH 3eMHOMH
op6uthl Bokpyr CosHua. B eaenyomux naparpadax Mol yeu-
IMM, Kak, 3Hasl nojloxkeHue o6beKkTa B OLHOH cucteme, HaHTH
€ero KoopiuHaThl B Apyroi cucreme. Mbl Takxke y3Haem, Kak
ONUCHIBaTh MOJIOXeHHe TOUKH Ha moBepxHocTH CoJsHua, Kak
peliuTh 3ajauyy BbIYUCIEHHSA BpEMEHH BOCXO[a M 3aXoAa, KakK
yUuUThIBaTh BJIHSIHHE 3eMHOH Mpeueccud, arMocthepHoll pe-
¢pakuMd U nmapajyiakca Ha BUAMMOE MMOJOXeHHe HeGecHoro
06beKTa.

§ 17. I'opusonrarvuvie Koopdunars:

["opH30HTa/bHBlE KOOPAUHATHI 00 bEKTa Ha He6e — a3uMyT H
BbICOTa — H3MEPSIOTCA OTHOCHTEJNbHO MJIOCKOCTH TOpPH3OHTA
uwabaonatens (puc. 5). [lpegnosioxum, uto Habawpartesb
naxonutcs B Touke O; Torfa ero ropuaoHT — 3to Kpyr NESW,
11e 6YKBBl 03HaualoT cooTBeTcTBeHHO ceBep (N), Boctok (E),
wor (S), 3anan (W). 3ametum, uTO HampaBJleHHe Ha CeBep

z.
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o3HayaeT HanpasJjleHHe He Ha MarHWTHLIH ceBepHbIH MoJloc,
a Ha CeBepHblii noJsioc, onpenessieMbli OCbl0 BpalleHHs
3emau. [lpencrasbTe ceGe, YTO 3BE3Jbl pAaclOJOXKEHH Ha
NOBEpXHOCTH noJycdeprl, B LEHTpPe KOTOPOH HaXxoauTcs
HabJlonatesab, Kak mnokasaHo Ha puc. 5. Cdepa, uactbio
KOTOpO#l sABJfieTcAa 3Ta nojaycdepa, HasbiBaeTcss HebecHol.
Touka npsiMo Han rojioBoil HabjalopaTeNsl Ha3bIBAETCA 3€HU-
Tom, HanpaBaenue OZ onpenesnsiercss OTBECHOH JIMHHEH B Tou-
ke Habumonenun. PaccMoTpuM Tenepb 3Be3ny X H MbICJEHHO
npoBeneM GoJiblloi Kpyr (T. €. Kpyr Ha moBepXHocTH cepsi,
UEHTP KOTOpOro coBnafaer ¢ ueHTpoM cdepsl) uepes Touku Z
H X, OH mepeceueT ropH3oHT B Touke B. Bsicora 3Be3nnl Haj
rOpU3OHTOM @ — 3TO YroJ ¢ BepliHHOH# B Toyke O, onupalo-
wuiica Ha ayry XB. Asumyr A — 3to yron ¢ BepuinHo#i O,
onupawlniica Ha nyry NB. Takum o6pasom, BhicoTa onpene-
JIfleT B rpajycax «HaCKoJbKO BbICOKO» (BbICOTa IOJ, rOPU3OH-
TOM CUMTAETCHl OTPHIATEJbHON), @ a3UMYyT — «Kak [aJleKo B
CTODOHY» OT HampaBJeHHsi Ha CeBep paclojioXkeHa 3Be31a;
a3UMYT TOXe H3MepsieTca B rpapycax. ¥roa A sospacraer ot
0 no 360° no mepe noBopoTa B HanpaBJE€HUH CEBEP—BOCTOK—
lor—3anaj. B Touke cesepa asumyt paBeH 0°, B TOuke lora
180° u 1. A.

Bbicota u azuMyT Bcex HeGeCHBIX Tes, 32 HCKIIOUEeHHEM
CTaUHOHapHbIX CNYTHHKOB, NOCTENEHHO HU3MEHSAIOTCH N0 Mepe
ppaueHnsl 3emau. [To3ToMy onucaHHas cucTeMa KOOpIOHMHAT
[PEBOCXOAHO CJYXHT NPH HaBeAEHHH BalUero TejiecKona, HO
0Ka3bIBAeTCsl He CTOJIb XOPOlLLieH NpH onpeaeseHHH NoJ0KeHHH

Puc. 5. [ophu3ontasibhble KOOpAHHATHL.
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apean. Jlis storoHeob6xomuMa apyras CHCTe€Ma KOOpAHHAT,
He 3aBucsillan oT BpaueHus 3emiau. OHa onucaHa B CJepylo-
uieM naparpade

§ 18. 3ksaropuarvnoie Koopdunarvt

Kak nonckasmBaeT Ha3BaHHe, 3KBATOPHa/bHble KOOPAUHATHI
OTCUHUTHIBAIOTCH OTHOCHTEJbHO MJOCKOCTH 3€MHOro 3KBaTopa
(puc. 6, a). Habmopnatens, Haxoautcsi B Touke O, MJ0CKOCTD,
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Puc 6. DkBaTopHaibHble KOOPLHHATH: @  Ha HebGccHoW cdepe; 6  npu
HabJIoNeHuH ¢ 3eMin.
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conepxawasi kpyr NESW, xak o6bluHO, AIBJSAECTCH FOPU3OH-
ToM, a Touka Z — 3eHuToM. IlpencraBbte cebe, UYTO Hal pUcy-
HOK M3o0paXaeT BHIL Ha 3eMJII0 ¢ oueHb 6OJbIIOro paccTos-
dusn. [lnaHeta BMecTe ¢ pacnojoXeHHbIM Ha HeH Habulonarte-
JIEM TIpeBpaliaeTcs B TOUKY B LEHTpPe PHUCYHKa, a IJIOCKOCTb
3KBaTOpa MOXeET ObITh MpPOAOJKEHa A0 nepeceveHus ¢ Hebec-
Holt cdepoil no Gonpbmomy kpyry ETRW. 3ta nnockoernb
Ha3LIBAeTCsl IKBATOPUAAbLHOU, OHa HAKJOHEHa K IJIOCKOCTH
ropuaoHTa nog yriom 90° — ¢; ¢ — reorpaduueckas wupora
Habaonatensi. Hanpumep, ans Habjwopatensi Ha ceBepHOH
wupore 52° 3707 yros pasen 38°. [NepnenaukyJsisapHo 3kBaTo-
pHabHO#H MJIOCKOCTH BAOJL npsiMoii OP npoxoauT ock spauie-
HHs 3eMJid, KoTopas nepecekaer HeGecHylo cdepy B Touke
P — ceeeprom noaroce mupa, unu npocro Ceseprom noatoce.
ITocKosbKy HMEHHO BOKDYT 3TOH HpsiMoii BpawaeTcsi 3eMJs,
HaM KaXeTcsl, YTO BCe 3Be3Jbl OMUCHLIBAIOT KPYrH 1o Heby Bo-
Kpyr Toukd P. Puc. 6, 6 noka3sbiBaeT, uTo BHAUT HabJioaa-
Teqab O, rasaswuii Ha He6o. IToMuMo Touku ora S Ha ropu-
30HTe Ha PHCYHKe IoKasaHa TakXe BooGpa)kaemasi JIMHHUA
sksatopa CTRD. Jlyra, unymas KHH3y uepe3 Toukd R u S,
ABJAAETCA YacTulo Gosbinoro kpyra NPZRS, nokazaHHoro Ha
puc. 6, a. [lyra XC — 370 uactb apyroro 6oJbLioro Kpyra,
He oTMeueHHoro Ha puc. 6, a, npoxoasulero yepes Touku P, X
n C. PaccMotpum 3Be3ny, Haxoapsiulylocsi B Touke X. lyra XC
WJIM YroJi ¢ ueHTpoM B O, onupawluuiics Ha 3Ty 4yry, Ha3blBa-
ercsl ckaoHenuem & Touku X H onpenessieT, «HaCKOJbKO
BLICOKO» HJIM «HACKOJIBKO Ha ceBep» OT IJIOCKOCTH 3KBaTopa
pacnosoxeHa 3se3na. Jlpyras KoopiauHaTa, onpeneisiioulas
«KaK JaJjleKo B CTOPOHY», OTCUHTHIBA€TCA OT ONpene/eHHOH
ToukH Ha HeGe, oGoaHauaeMoii cuMBosioM T. DTo Touka eecen-
He2o pasHOOEHCTBUSR, €€ IMOJOXEHHe OolipelelisieTcsi nepece-
YeHHEM IJIOCKOCTeH 3eMHOro 3KBaTopa H 3KJIHUNTHRKU — OpO6H-
Tl 3eMau Bokpyr CosnHua. OgHako cefiuac 3To onpenejeHue
HaM He noHapo6utcs. CnenyeT TONbKO MOMHHTb, 4TO 110J0Xe-
uue Toukd T ocTaercs HEH3MEHHbIM 110 OTHOLLEHHUIO K 3Be31aM
(cp- § 33) ¥ uTO HMEHHO OT Hee Mbl OTCUHThIBAEM BTOPYIO
KOOpAHHAaTy. DTa KoopaMHaTa Ha3blBAETCH NPAMbIM 80CXONC-
JeHuem a M onpepessercs BeJUYUHOH yrJa ¢ ueHtpoM B O,
onupatowerocs Ha ayry TC.

C TeueHHeM BpeMeHH 3Be3na X NMoCTENEeHHO nepeMelnaercs
Ha 3anaj, BAOJb Kpyra ¢ LeHTpOM B Touke P, coBepuiasi oauH
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oGoport 3a 24 u no 3BeagHoMy BpeMeHH (cM. § 11). ITockonbky
IJIOCKOCTh 3TOr0 Kpyra napaJjljlefbHa IJIOCKOCTH 3KBaTopa,
CKJIOHEHHe ocTaeTcsi HeusMeHHbIM. DoJsiee Toro, nockosbky
Touka ‘T 3aHnMaeT QHKCHPOBaHHOe NONOXKEHHE Ha Hebe, TO
OHa LOJKHa cMellaTbcA BAOJb 3KBaTOpa ¢ TOYHO Takoil ke
yrJjoBoii cKopocTbio, uTo u 3Be3ga X no csoeMy kpyry. Cieno-
BaTeJbHO, NIPSIMOE BOCXOXEeHHe 3Be3abl X TaKKe He U3MEHS-
ercs. Takum o6pa3oM, o H © OKa3blBalOTCH UJeasbHbIMH KOOP-
JMHaTaMH [Jisl ONMMCAHUS MOJIOXKEHUS 3BE€3JL H APYTHX «HEIo-
IBHXKHBIX>» HeOeCHbIX TeJl.

IToMuMO mnpsiMoro BOCXOXHAEHHUSI CylLUecTBYeT M Jpyrasi
BeJH4YMHa, Ha3biBaeMasi uacosuim yeaom H, nns onucaHus,
«HaCKOJIbKO AaJleKO B CTOPDOHY» paclojiokeHa Touka (cM.
puc. 6, 6). [1ns 3Beansl Y 3Ta BesiMuuHa H3MEpsIeTCs YIJIOM C
uedtpom B O, onupawlumes Ha ayry RD, u onpepessier, Kak
Jajeko 3Be3jla yuja BAOJb 3KBaTopa OT TOYKM R Ha Iore;
apyruMu ciaosamMu, H — Mepa BpeMeHH, NpoTeKalollero c
MOMeHTa IepeceueHusn 3Be3noii Mepuanana. Beauuuna H
paBHOMepHO Bo3pacTaeT co BpeMeHeM U obpallaercsi B HYJb,
Korna 3Be3ga nepecekaetT Gosblioil kpyr NPZRS (cwm.
puc. 6, a). DToT Kpyr Ha3biBaeTcs MepuduQHOM, a iepeceueHue
ero 3Be3Joii — ee KyavmuHayueid WK npoxoxcOeHuem depes
mepuduar. Bricota HeGecHOro Tejla B 3TOT MOMEHT MaKCH-
MajabHa, a aaumyt* (§ 17) pasen 180° (mpu ycaoBuH, utO
CK/IOHeHHe 3Be3Jbl MeHblle reorpauuecKod MWHPOTH).

CkJ/I0HeHUe HaMepsieTcsl B rpalycax H CYHTAEeTCsl MOJOXKH-
TEJIbHbIM K CEBepY H OTpULAaTeNbHBIM K IOTY OT 3KBaTopa.
YacoBo#i yron H mnpsiMoe BOCXOXJEHHE TOXE€ MOryt GbiThb
M3MepeHH B rpagycax, oHH H3MeHsoTcs ot 0 no 360°. Yroa a
M3MepsieTcsl TaK, YTO yBeJHYMBAETCsl Ha BOCTOK oT Touku ‘T,
a B camoil Touke ‘T' npunumaer snauenne 0. (OTMeTHM, uTO
3TO HanpasJleHHE NPOTUBONOAOHCHO TOMY, B KOTOPOM OTCUHTHI~
Baercsi BesvuuHa H). OpgHako GoJiee pacnpocTpaHEHHLIM
SIBJISIETCA U3MEpEHHe 3TUX BEJIHUUH B yacaX, MUHYTaX U CeKyH-
nax ot 0 1o 24 u. OguH nosHelit o6opot (360°) coorsercTByeT
24 y 3Be3jHOro BpeMeHy, 7. €. 1 u coorBetrcTByet 15°. YTBEp-
KIeHHSI «npsiMoe BocxoxiaeHue 3Beaanl X paBHo 90°» wu
«npsiMoe BocxoXJeHue 3seanb X paBHo 6%» nosHOCTLIO 3KBH-

* HekoTopele aBTOpLl M3MepsiloT a3HMYT OT TONMKM Iora, a HE ceBepa;
B 3TOM CJyyae B MOMEHT mepeceueHHsl mepHaHana A =0°
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BasieHTHbl. [l151 nepexona ot OAHMX €AHHHIL K APYTHM AOCTa-
TOYHO NPOCTO pasfesHTb HJIH YMHOXHTb COOTBETCTBYIOLLHE
3HaueHust Ha 15.

Y no6cTBO M3MepeHHs] NMPAMOro BOCXOXIEHHSI B 4acOBOH
Mepe onpejessieTcsl TeM, YTO B MOMEHT Ky/JbMHHALlHH MeCT-
HOE 3BEe3/lHOE BpeMsi PaBHO NPSIMOMY BOCXOXIEHHIO.

Hakonel, elile HECKOJIBKO CJIOB O yacoBom yrJe. Hemuoro
nongymaB, BHl 6e3 TpyAa 3aMeTHTe, YTO €C/IM 3Be3fa HMMeeT
sanaaublii asumyt, . e. A> 180°, 70 uacoBO# yros HaXoAHTCA
mexay O 1 12 u (4 Hao6OpOT); €CJH XKe y 3Be3ibl BOCTOYHBIH
asumyt, T.e. A<180°%, 10 uacoBoil yros 3akjloueH MeXxay
12 n 24 u.

§ 19. 3kaunruveckue xoopdunaret

InocKocTb, B KOTOpOH pacnosoxeHa op6uta 3eMJHd BOKPYT
Connua, Ha3blBaeTcs 3KkaunTuKol, ocrajabisie miaverel Con-
Hey HOl CHCTeMBbl ABHKYTCS NO op6uTam, GJIH3KHUM K TOH Io-
ckoctH. [1pn pacuerax, cBsizanHbIX ¢ o6bektramu CosHeuHOH
CHCTEMBI, 4acTo yNO6GHO onpefensiTb HX NOJOKEHUA OTHOCH-
TeJbHO 3SKJHNTHKH, T.€. HCNOJb30BaTh 3SKAUNTHYECKYIO
cicremy koopanHat. Kak M B 3KBaropHaJbHOH cHCTeMe,
onucaHHol B § 18, B 370MH cucTeMe 3a HayaJio OTCYeTa NPHHH-
MaeTcs TOYKa BeceHHero pasHopenctsusi T. Puc. 7, noxoxuit
Ha pHuc. 6, 6, noKa3blBaer, Kak 370 Aesaetcs.

Ha pucynke n3obparkeHbl nonoxeHHs1 Ha Hebe JIMHHH 3K-
JUNTHKH H 3KBaTOpa; TOUKA HX IepeceyeHHs] — 3TO TOUYKa
BECEHHEro paBHOAEHCTBHA 1. TH ABe IJIOCKOCTH HAKJOHEHb
APYF K ApYry npHmepHo nox yraom 23°26’, kotropblit Ha3bIBa-
eTCsl HaKAOHOM 3IKAUNTUKU K 3K6aTopy H o6o3Havaercs Yepes
€. DTOT YroJl COOTBETCTBYET OTKJIOHEHHIO OCH BpalleHUs1 3eM-
JIH OT NEepNeHAHKYJsipa K IJOCKOoCcTH 3KnnnTHku. Ha puc. 7
TaKKe OTMEUYEHO MNoJiokKeHHe miaHerol V. Jlyra 6oJblioro
Kpyra HeGecHOH cdepbl, HAyWlasi OT NOJIOCA 3IKJIMNTHKH
(T. €. TOYKH, B KOTOPOH NepreHAHKYNSAP K NJIOCKOCTH SKAUNTHU-
KH, nipoBeseHHokl uepe3 Conue, nepecekaet HebecHylo chepy)
BHH3, yepe3 Touky V, nepecekaer 3kinuntuky B touke F. Torna
SKAMNTHYECKasl AoJrotra A Touku V onpepessiercsi Kak yrod,
onupawowniics Ha ayry FT, a skauntuueckas wupora f —
Kak yroJi, uamepsiembifi nyroit FV. Kak u B ciiyyae 3KkBaTopH-

* M nepBoe H BTOpOE YTBEpMKKAEHHA OTHOCATCH K 3BE3[aM, CKJICHEHHE
KOTOpbIX MeHbille, YeM reorpagHyeckan WHpOTa MecTa HaGalofeHH:A.
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Puc. 7 DxaunTHYecKHe KOOpAHHATH NpH HabaonehHH ¢ 3eMau

aJbHBIX KOOPAHHAT, § NPHHHMAET MOJOXKHTENbHEIE 3HAYEHHS,
ec/M IJlaneTa HaXOAMTCS Hal 3KJIANTHKOH (T. e. ceBepHee),
H OTpHIAaTe/bHblE, €C/IH non Heil.

A U3MepsieTcsl Tak, YTO OHA YBEJHYHBAETCs IPH ABHXKEHHH
BAOJb IKIUNTHKH Ha BOCTOK. YIJIbl A H § OGbIUHO H3MepsIOTCA
B rpaaycax. B teuenne roma ConHlle OBHIKETCSI Ha BOCTOK
BAOJb 3KAUNTUKH. [10 onpeneseHnio ero sKAHNTHYECKAs! K-
pora Bceraa pasHa nyJo. 21 mapra ConHue HaxoaHTCcsl B TOU-
K€ BECEHHEro paBHOAEHCTBHA, TAK UTO €ro NpsiMoe BOCXOXK e-
HH€ H CKJIOHEHHE PaBHBl HYJIO. DKJIHNTHYECKas 10JroTa TOXe
paBHa Hys10. C 3TOro MOMeHTa B TeJEHHE TPEX MecsileB IKJIHM-
Tuyeckas noJirota CosHla Bo3pacraerT H yepe3 TpH Mecsiua
npocturaer 90°, 4To COOTBETCTBYET CepeHHe JieTa B CEBEPHOM
noayuwapuu. Ilo ucreuennn rona ConHue Bo3Bpalaercsi B
HCXONHYIO TOUKY, npoiasi Bce 360° 3kauntHuecKoil noarothl.

§ 20. I'araxruueckue koopounars

HHorna nepen acTpoHOMaMH BCTAIOT 3aia4H ONHCaHHS COBO-
KYNHOCTH 3Be3JL MWJIH ApYruX HebGecHbIX oOGbeKTOB Haltell I'a-
JakTHKH. JLJisi 3TOrO ynoGHO MCNOAbL30BaTh rajlakKTHYECKYIO
cuciemy koopaHHat. Ha 3T7or pa3 oCHOBHO# NJ10CKOCTbIO sIBJ1SI-
ercsi TJIOCKocTb [ajaKTHKM, & OCHOBHBIM HamlpaBjleHHEM —
npsmas, coefuHsiomasn Conrue ¢ uentpom lajnaktuku, Kak
noka3zano Ha puc. 8. Touka S obosnavaer Connue, G —
uentp lanaktHku, a X — 3Be3jia, HaxonsLLasACsl BHE TU1OCKO-
ctu lanakruxu. Tosoxenne uentpa lanakruku G B 3KBato-
pHaJIbHBIX KoOpaHHaTax: a= 12749 ¢ =+ 27,4°. OGe npsimbie
SG n SX’ nexar B miockoctd [anaktuku (Touka X’ — 3to
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X

Puc. 8. TanakTHuyeckye KOOpAHHATHL

MpOEeKIHs 3Be3lbl HAa rajlakKTHYeCKYyio NMaockocts). lasaxkru-
yeckasn 0os2oTa onpepesiercs: yriaom [, uamepsieMbiM B IJ10C-
koctd [anakTukH, a easaxkruueckas wupora — yrjom b,
H3MepseMbiM NeprneHAHKyasipHo eii. Ulupora Bozpacraer or 0
1o 90° Ha ceBep oT miockocTd H of 0 1o —90° Ha ior or Hee.
Hoarora orcuuThiBaeTcs BAOAb MiockocTH anaktuku B ToMm
JKe HanpaBJIeHHH, YTO H NpsiMmoe BocxoxkaeHue, [Ipunumaercs,
YTO J0JIF0Ta BOCXOAALLEro y3Ja niockocTH Fanaktuku [=33°.

§ 21. Hepesod zpadycos u Odecaruunvix Ooaeit zpadyca 6
Zpadycel, munyrel, cexynov

¥Yravl, v3Mepsiemble B rpajlycax, oOLIYHO BHIPaXKawTCs B rpa-
Lycax, MHHYTax H CeKyHAaX, NpHYeM MHHYTHl H CeKyHAbl Ha-
3bIBAIOTCH MHHYTaMH H CeKyHAaMH AyrH B OTJIHYHE OT MHHYT
H ceKyHI BpeMeHH. Mexay TeM BbluHc/eHHS ynoGHee NMPOH3-
BOJHTb C J€CATHYHBIMH JOJISIMH Fpajyca, H cnoco6 nepexozna
43 oHOH (opMbl B ApYryio abcoJIIOTHO TaKok e, KaK W NpH
nepexone MeXay yacaMH, MHHyTaMH, CEKyHAaMH BpeMeHH H
AecsiTHUHBIMH ponsimi yaca. ChenoBaTesbHO, Tpoleyphl,
onucaHubie B § 7 0 8, MOryT GbITb HCIIO/IL3OBAHL! H B aHHOM
cJjyuae, €CJIH BMECTO CJIOBA «4achi» YHTATh CJIOBO «Ipanychbi».
Hucrpykuus 4 n3 npumepa 7 (§ 7), oueBHAHO, HENMpHMEHHMA.
IlpuBenem npumep: yron 182°31’ pasen 182,5242°
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§ 22. Ilepexod or zpadycsoil mepbi yan08 Kk 4aco6oL

B acTpoHOMHueCKOH NpaKTHKe MPHHATO H3MePATH YacOBOMH
yroJi u NpsiMoe BOCXOXKaeHHe 3Be3/ibl He B rpajlycax, a B 4aco-
BOIl Mepe — yacax, MHHYTax H ceKyHAax. Mbl moxeM nepeitH
OT OLHHUX eNHHHIL K APYTHM, HCNOAB3Ysl TOT QaKT, YTO NOBOPOT
3emsin Ha 360° MPOHCXOAMT 32 OOHH CYTKH, T. €. 3a 24 u.
CaepoBatenbho, 360° coorserctByioT 24 4, unu 15° — uacy.
Ta6anna 4 naer Gosee nosHoe npencrasJeHHe o6 3ToM co-
oTBeTCTBHH. Jl/isl Nepexona OT 3HAYEHHS yrJa, BHPaXKeHHOro
B NeCATHYHBIX JO/fIX Yaca WIH B JeCATHYHHIX NOJSX rpanyca,
HY2KHO TIPOCTO pa3fie/iuTh MM YMHOXHTL ee Ha 15. Hanpumep,
ecM TpsIMOE BOCXOXI€HHe B 4yacoBoil mepe a=9u 36 mMuH
10,2 ¢, 10 B rpanycHoll a=144°02'33".

Tabauya 4

Hsmepenue yzn06 6 zpadycroti u 6 uacosoii mepe

Yacopas Mepa CooTeercTpylomas BelnuNHa
B rpanycuolt Mepe

1 cyrkn (CyT) 360°

1 vac (9) 15°

1 MuHyTa (MMH) 15 munyt aoyru (15°)

1 cexynza (c) 15 cexynn ayra (15")
Mosopor 3emmt ua CooTrercTpytomuii NPOMEXYTOK
yrioeyso enmuuLy BpEMEHY

1 paauan (pan) 3,819719 yaca ()

1 rpanyc (1°) 4 MuHYTHI (MMH)

I musyta ayra (1°) 4 cexynmt (c) ,

1 cexynpa myru (1 ) 0,066667 cexynms! (€)

§ 23. Hepexod or odnoll cucremsv: Koopousar x dpyeod

OueHb 4acTO NMPHUXOAMTCS TEPeXOAHUTb OT KoopaMHaT Hebec-
HOTO TeJla, BbipasKeHHBIX B ONHOI CHCTeMe, K KOOpAHHATaM,
BoipaXeHHbiM B apyrofi. Tak npoucxomut, HanpuMep, ecjaH
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26
-FHOaImOpUANENOR > THITURTTIUYEC FGS
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Jopusonmansrnas lananmavecras
cucmema cicmema

Puc. 9. INepexon oT onHOil CHCTEMB! KOOPAKHAT K ApPYroi.

Bbl HALWJIH NOJIOXKEHHE MJIAHETH B 3KJIHIITHYECKHX KOOPAHHA-
Tax M XOTHTE 3aTeM MepeATH K TOPH3OHTAJbHOH CHCTeMme,
yTo6Gbl y3HaTbh, B KaKOM HanpaBJIeHHH CJefyeT HampaBHTb
HHCTPyMeHT Ha HeGo. Popmysbl AAs1 nepexoa OT 3KBaTOPH
aJIbHOH CHCTeMbl KOOpAHHAT K JIIOGOH M3 TPeX OCTajbHbIX
(3KAHUNTHYECKOMA, FOPH3OHTAJLHOH W rajakTHueCkol) OTHO-
cuteabHo npocrbl. [losatomy npeo6pasoBanna yaoGHee npo-
M3BOAHTL Yepe3 3KBATOPHAJIbHYIO CHCTeMY, KaK NOKasaHo Ha
puc. 9. CtpeskH 0603Ha4alOT NEPeXOAbl, ONHCAHHbIE B 3TOH
KHHre, uHGpH 03HaYaloOT COOTBETCTBYIOLLHE Naparpadbi.
Hanpumep, utoOnl nepeliTH OT rajJakTHYeCKHX KOOPAHHAT K
TOPH3OHTANbHbIM, CJeAYeT CHayaJla nepeHTH K KBaTOpHaJb-
Hoii cucreme (§ 30), a 3atem K ropH3ontasbHOH (§ 25)

§ 24. Hepexod or npamozo 60Cx0NOeHUR K 4QACOBOMY YZAY

Yacoso#l yroa H n npsimoe BOCXOXK/AEHHE @ CBf3aHBl NPOCTOM
¢opmyJoi:
H=LST—aq,

rae LST o3nauaer mectHoe 3Be3fHoe BpeMmsi. Tenepb paccmor-
pHM 3aauy HaXOXAEHHS 4aCOBOro yrJia 3Be3fibl, NpsiMoe BOC-
X0 leHHe KoTopoil a=18 y 32 mun 21 c, asis TOUKH HabJo-
nenus Ha 64° 3anagHod posrotel 22 anpens 1980 r. B
14 4y 36 mun 51,67 ¢ GMT.
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Hpumep 244

WHCTpYXUHA Peaymstar
1. Npeobpasyem GMT 8 GST (§ 12) GST =4,668104 u
2. Iipeo6pasyem GST B LST (§ 14) LST =0,401436 4
3. BulpakaeM @ B JecATHHHBIX jgonsx 4aca (§ 7) a = 18,539167 u
4. BulunraeMm o u3 LST. Ecnu pesysbrar Oxa-

3bIBACTCA OTpHUATENBbHBIM, NpHGaBnseM 24.

lNonyuaeM “acoBo#l yron B Hacax 4 HeCHTHY-

HBIX JIOJISIX Yaca H = 5862269 u
$ Tepepomum H B Hacomyio Mepy (§ 8) H=05451 vmim 44 ¢

[Mepexon OT 4aCOBOro yriia K NPAMOMY BOCXOX I€HHIO OCy-
1ecTBJAsIETCS aHaJorudHbiM nytem. Hanpumep, uemy O6niilo
paBHO NPsIMOE BOCXOMIEHHE 3Be3Nbl, 4acoBO# yroj KoTOpO#H
cocrasasin 05 4 51 mun 44 ¢ 22 anpens 1980 r. B
14y 36 mun 51,67 ¢ GMT B Touke HaGmoneHus Ha 64° 3a-
nanHoi AOJNTrOTHI?

Mpumep 245

HHcTpyxXuss Peaynurar
1. Mpeo6pasyem GMT B GST (§ 12) GST =4,668104 4
2. Ipeo6pasyem GST B LST (§ 14) LST =0,401436 u
3. BoipaxaeM H B wacax ¥ JeCATHYHBIX JIOJISIX

[CR)) H =5,862269 u
4. Boiumtaem H u3 LST. EcnM pesynbrar OT-

puuaTensibiii, T0 n06aBnsem 24. [NonyuaeM

npsaMoOe BOCXOXKJEHMe B 4acOBOii Mepe, B 4a-

cax ¥ JecATHMHBIX NOJSX Haca a=18,539167 4
5. lNepeBOBM € B Yachli, MUHYTHI M CEKYHIp!

(§ 8 a=18 u 32 mun 21 ¢

§ 25. Ilepexod or 5K6ATOPUANLHOIX KOOPOUHAT K
ZOPU3OHTANBHBIM

dopmyabl, CBA3HBalOUlHE HacOBOH Yrod H, ckioHeHHe §,
asumyT A, BHICOTY @, HMEIOT BHI

sin a=sind sing + cosdcosgcosH,
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sind —singsina
Se—aresra,

cosAd =
cos¢cosa

rae ¢ — reorpaduueckas wmHpora Habmoparensn. (Yacosoh
yroJ moxet 6biTb BbiBe[leH H3 NPSMOro BOCXOXIEHHS METO-
nom, onucanHbiM B § 24.) Mcnonb3oBanune stHx dopmyn MOxX-
HO NPONEMOHCTPHPOBAThL Ha CjeayiollieM NpHMepe: yemMy pas-
Hbl BhICOT@ H a3WMyT 3Be3[lbl, 4acoBOil yroia KOTOpOi
05 4 51 muH 44 ¢, a ckaonenHe 23°13’107? Ha6aonarens
HaxXOAHMTCS] Ha ceBepHOH wHpore 52°

Hpumep 25

UHCTpYXUMS Pesynvrar

1. BeipaxaeM 4acopoif yron B yacax M Jecsi- H =5,862269 4
THYHBIX sionsx 4vaca (§ 7)

2. VYmHoxkaeM H Ha 15 muis nepesona B rpa- H = 87,934035°
nycuyio Mepy (§ 22)

3. TlepesonuM & B rpanycs ¥ gecsTHYHbIe JOJNH 8 = 23,219444°
rpanmyca (§ 21)

4. BoiuuciuM sina = sind sing + cosdcos ¢pcos H sina =0,331073

5. HaxomuM arcsin ¥ monydaeM a a=19,333925°

6. BhiyucnaeMm cos A = sind —sing sina cosA = 0,229567

cos¢cosa

7 HaxomuM arccos ¥ nonyuaeM A’ A’ =176,728442°

8. OmnpenenseM sin H. Ecnu 310 BenuyuHa OT- sin H = 0,999350
puNaTenbBads, TO MCTHHHBIN asuMyr A=A’ (nmonoXuUTENBHDIM)
Ecnn monokurenbHasi, TO HCTHHHBIH a3uMyT A =283,271558°
paBed 4 =360°—4’

9. Tlepesonum a u A B rpanycHyro Mepy (§ 21) a=19°20'02"

A =1283°16 18"

lllar 8 HeoO6XoaHM, MOCKOJIbKY KaJbKYJSITOPbl BEPHO Bbl-
yucasiior o6paTHbie TpHTrOHOMeTpHueckHe (yHKuMH (argsin,
arccos, arctg) auuwb Aas nosoBHHLL HHTEpBaaa ot 0 no 360°.
Hanpumep, cocuuraiite cos 147°. Orser, paBubit —0,8387,
naet 147° nocne BoulyHcaeHHsi arccos. Onnako nonpoGyiite
tenepp cos 213°. Tlonyyaercss tor ke orser: —0,8387, ko-
TOpbIH NPH HCNOJL30BaHHH OGPaTHOH TPHIOHOMETPHUECKO#H
¢yHkunH naer 147°. Takum o6pa3om, KaK TOJNBKO BBOAHTCH
obpartuasi TpUronomerpuvdeckas GyHKIHSA, BO3HHKaeT Heolpe-
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NEeJeHHOCTh, KOTOpasi AOJIXKHa OblTb yCTpaHeHa myTteM MpH
BJleUeHUS! JIOTNIOJHHTENbHBIX COOOpaKeHHi,

32MeTHM, YTO OTpHILLATENbHbIE YFJbl MOryT ObIThH Npeobpa
3oBaHbl K HMHTepsany or O po 360° poGassennem 360°
Hanpumep, —87,23° — 370 ToO ke camoe, uto 360° —87,23° =
=272,77°.

§ 26. Ilepexo0 or zopu3onranvuvix Koopounar K
IKBATOPUANLHHIM

Srta 3apaua fBJsieTcHA OOpaTHO paccMOTPEHHOH B Hpepblly
ulem naparpade, a HMEHHO: 10 3aaHHBIM BEICOTE G H a3HMY
Ty A 3Be3abl HalTH ee ckjJoHerHe § H wacosoii yron H. Coot
BeTCcTBYIOLLHE (POPMYJbLI HMEIOT BHA

sind =sin a sing+ cosa cos¢ cos4,
sina —sing sind
cosdcosd
rne ¢ — reorpaduueckas wHpora Habaopatens. 3ameTum,

uTO pOpMYJsbl B TOYHOCTH TaKHE Ke, Kak U B § 25, 3a HCK/I0-
yeHHeM TOro, uto 8 u H nomeHsiivch mectaMH ¢ a U A. d1or

cosH=

Ilpumvep 264

HecTpyxuns Pesynerat

1. BuipakaeMm a3sHMYT B rpanycax ¥ JecATHY- A = 283,271667°
HbIX nonsx rpanyca (§ 21)

2 BeipaxkaeM BHICOTY B IpajilycaX M HecsTHY- a = 19,333889°
HbIX ponsx rpanyca (§ 21)

3. BuiuucnseM sind = sina sing” + cosacos¢cos A sind = 0,394255

4. C noMouibio QyHEROMM arcsin  HaxomuM 8 & =23,219492°

5. Haxoum cos H = SR2—sing sind cos H = 0,036048

cos¢cosd

6. C noMombio GyHRIME arccos HaxonuMm H’ H' =817,934155°

7. BuiuucnseM sin A. Ecnum pesynbrar orpuua- sin4 =—0,973293
TenbHulM, TO Yacosoii yron H = H'. Ecin (oT punar enBHLIH)
NONOKKUTENbHEIH, TO Yacopoil yron H =
=360°—H' H=87,934155°

8. Ilepesogum H B 4acOByO Mepy, pa3fiesiuB H=5,862277 u
Ha 15 (§ 22)

9. BeipaxkaemM H B 4YacaX, MHHyTax M cexyHAax H=05451 vun 44 ¢
u § BrpaAycaX, MHHyTax H CeKyHAax AYyrd 6 =23°13'10"

(§ 8, 21)
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dakT MOXKeT GHTbL NoJie3eH NPH HaHCaAHHH TporpaMMbl AJIs
NporpaMMHpPYEMOro KaJslbKyJisiTopa, NOCKOJIbKY OlHa H Ta e
nporpaMMa MoXKeT HCNOJb30BaThesl AJs mepesona (o, H) B
(A, a) u (a, A) B (8H).

Tenepb paccMoTpHM npHMep: NycTb 3Be3/a, Habnolaeman
Ha cesepHoil lHpore 52°, umeer Buicory 19°20°02” H asumyT
283°16718”. KakoBbl ee uyacoBoii yron H ckJoHeHHe? Ecuan
HaGsaonaTesb HaxoaHtcsi Ha I pHHBHUYCKOM Mepnnnéﬂe, a
GST paBno 0 u 24 muH 05 ¢, TO YeMy paBHO NPSIMOE BOCXOXK-
nenne? (Cm. npumep 26 Ha crp. 47.)

BuoBb war 7 norpeGoBaJici AJsl yCTpaHeHHsI Heonpene-
JIGHHOCTH, BO3HHKIIEH NpH Hcnonb3oBaHuH arccos. Bropoit
BONpPOC O NepeBOje HacOBOrO yrja B NPSIMOE BOCXOXJeHHe
pelaeTcsl ¢ NOMOLILLIO GOPMYJIbI

a=LST—H,

rne LST — mectHoe 3BeanHoe Bpemsi (B Hallem npuMepe
LST =GST), kak Gbu1o nokasauo B § 24
Takum oGpasom:

Mpumep 265

Hnctpyxuus Pesyabrar

1. BeipaxaeM H B 4acax M AeCATHYHBIX JIONAX H =5,862277 4
yaca (§ 7)

2, Buipakaem LST B uacax u gecarmwumbix gonsx LST =0,401389 u
vaca (§ 7)

3. BuunraeM H n3 LST. Eciu pesynbrar oTpH- a=18,539112 4
narened, no6asnseM 24. TlonysaeM o B 4acax
U [ecATMHHBIX HOJAX Haca

4, TlepesOm¥M @ B “achl, MHHYTEI H CEKYHJbt a=18 9 32 mnu 21 ¢
()

IMpocmaTtpuBasi 3Be3AHblHl atjac, mMbl Haiinem 3Besny 6-it
BeJHuHHbl B co3Be3fHH [epkysneca BOG/JH3H BBHIYHCIEHHOTO
NOJAOXKEHHS.
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§ 27. Hepexod or sxaunrudecKux KOOpOUHAT K
IKBATOPUANLHOIM

MOXHO nepeiTH OT 3K/IHUNTHYECKHX KOOPAMHAT — AOJATOTH A
H IWHPOTH B K NPSIMOMY BOCXOXAEHHIO @ H CKJIOHEHHIO § no
dopmynam:
sinAcos e—tgPsine

cos A 7’

8= arcsin{sinf cose + cosf sine sin A},

a =arctg(

rpe & — HaK/JIOH 3KJIHNTHKH, T. €. yroJ MeXay INJIOCKOCTSIMH
3KBATOPa U SKJIMINTHKH. DTOT yros MeAJIeHHO HU3MEHSIETCS CO
BpeMeHeM, M NPH HeOOXOAHMOCTH AOCTHXKEHUS BBICOKOH TOuY:
HOCTH cJlenyeT BHIGHpaTh COOTBETCTBYIOLLee 3HayeHHe 3TOH
pesiuuHHbl. Ecan, Hanpumep, o H § OTHOCATCS K cTaHAAapTHOMH
snoxe 1950,0 (cm. § 33), TO U & NOJIKHO HUMETb 3HAUEHHe,
coorBeTcTByMollee 3noxe 1950,0. B npumepe, npusonumom
HHXe, U B NocjeayiolWHX naparpadax mbl NpHHHMaeM Aasi
snoxu 1980,0 3nauenune e =23,441884°. Cnocob nepecuera Ha
Jio6ylo ApYryio 3noxy lpHBeneH B KOHUe naparpada.

90°
7 g0
x<0 »J
(-180°) 180° 0° (360°)

y <0 AT/
x<0 x>0

270°

(—90°)

Puc. 10. YcrpaHeHHe HeONpefeNeHHOCTH NPH BbIYHCIEHHH HAX0XKAEHHA yraa
no ¢yHkuun arctg.
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Paccmotpum Teneps cienyiolMid NipuMep: KakoBbl f1psiMoe

4°52°31”, a poarora 139°41'10”?

Ipumep 274

IHHpOTa KOTOPOH

UscTpyxuta

Pesynurat

-

. Bupaxaem A B P B rpamycax H HecATHYHEIX

nonsx rpanxyca (§ 21)
HaxoauMm sind = sinfcose + cosP sing sink
(nonaras € = 23,441884°)

. C noMowmpro GyHkuHM arcsin ompezenseM &

B rpanycax M [eCSTHYHEIX NONSX rpaayca

. BoiuucnseMm y = sinhcosg —tgPsine
. Buruncnsem x =cosa
. Haxomim a’ = arctg(y/x)

. HaM HyXHO u30aBMTECA OT HeonpeaencHHO-

cTH, BO3UMKiIell NMpU HCIONB30BaHKM (yHK-
i arctg, TlpaBuno TakOBO: o HOJKHO Jie-
xaTh B KBalpaHTe, ONpeleisicMOM 3HaKaMM
x u y Ha puc. 10. Crnenyer BbidecTh MJM JO-
Gasure 180 wym 360° x o', 9robul 3Ta Benu-
YHHa NONala B MYXHEIH kBaZpaHT (ecM TONL-
KO He Haxomutcs taM). B aroM ciyvae a=a’

. [lepeBOMM @ B MacOBYIO Mepy JelicHHeM

Ha 15 (§ 22)

. BuipaxaeM o M & B 4acax, MHHyTax H CeKyH-

nax (§ 21,8).

A = 139,686111°
p=4,875278°
siné = 0,334420

& = 19,537269°

y=0,559644
x=-—0,762512
ylx =—0,733948
o' =—36,276732°
x<0
y>0
a=a' +180°
= 143,723268°

a=9,581551 u

a=09 4 34 mum 53 ¢
5 =19°32' 14,2

3HaueHHe cpeiHero HaK/IOHa SKJAHNTHKH K 3KBaTOpy AaeT-
csi Gopmydiol
£ =23°27/08,26” —46,845”T—0,0059”T2 40,001 811”73,

rone T — 4HCJI0O I0JIHAHCKHX BEKOB, MNPOLIEAIIHX C 3MOXH

0,5 siuBaps 1900 r. Hanpumep, KakoB Obll cpeHHH HaKJIOH
skauntHku B 1980,0?
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Hpusmep 276

Hucrpyxuns Pesynerar
1. BeiuucnsieMm ronuanckyio nary (§ 4) 1980 r, 0,0 susaps
JD= 2444 238,50

2 BriuuraeM 2415 020,0 (=JD gns 0,5 susaps 2415 020,0
1900 r.) =29 218,50 cyr

3 JHenuMm Ha 36 525,0 u nonyyaem T 7 =0,799959 Beka

4 BuiuucnseM Ag =46,8457 + 0,005972%—0,001811°73 Ag = 37,476925""

S [Oenum Ha 3600 mns nepeBoja B Ipanycsl Ag = 0,010410°

6. BoiuuTaeM Ac u3 23,452294 u paxomuMm & € = 23,441884°

7 Ecnm Tpebyercs, nepeBoiuM € B TPaaychl, MMHYTHI £=2326'30,8"

u cekynmt (§ 21)

§ 28. Ilepexod or 3KksaropuasbHoiX KOOpOUHAT K
aKAuUnTUYECKUM

3apaua, o6paTHasi pacCMOTPEHHOH B NpeabiaylleM paspese
COCTOHT B HAaX0XKAE€HHH HeGecHOH noATroTH A H f§ ITO 3agaHHOMY
NpsiMOMY BOCXOXIEHHIO 0 H CKJIOHEHHIO 6 POpMY#Abl TAKOBHI

sinacosp + tgd sinc )
cosa Vi

h=am@(
p=arcsin{sind cose—cosd_sine sina},

roe € — HaKJIOH 3KJIHNTHKU K 3kBartopy (cM. § 27). dtu dop-
MYJB O4YeHb NOXOXKH Ha dopmyan npenpinyilero paspena,
€CJIH BMeCTO A M f§ NOACTaBUTL @ H 6 H HA0GOPOT; CHMMETpHUS,
OIHAKO, He fIBJISIETCS NOJHOH H3-32 H3MEHEHHS1 3HAKOB.

Paccmorpum npHMep: KaKOBbI SKJIHNTHYECKHE KOOPAHHATHL
njaHeThl, NpsAMOe BOCXOXIeHHe Kotopoit a=09 y 34 muH
53,6 ¢, cknonenHe ¢=19°32'14,2”? (Mb BHOBb NpHHHMaem
3Hauenue € aas snoxu 1980,0.)

Hpusep 28
Vet pyxuss PeaynsTar
1. BuoipaxkaeMm 3HauyeHus o ¥ & B BHIOE JECATHYHBIX §=19,537278°
npoGeii (§ 21, 7) a =9,581556 u
2. YMHOXaeM 3HaYcHue o Ha 15 mnd nepesoja B rpa- a = 143,723333°

nycuyio Mepy (§ 22)
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3 HaxomuMm sinP = sin§cose—cosdsingsina (& = sinP = 0,084988
= 23,441884°)
4 C nomoubio QyHKnMH arcsin HaxomuM B B rpagy- B =4,874306°
cax M JECATHYHBIX HONSX rpamyca
5. BuiyucnaeM y = sinacose + tgdsine y=0,684016
6. BoruucnseM x =cosa x=—0,806169
7. Buucnsem A’ =arctg(y/x) A’ =—40,313833°
8. Ham HyXHO yCTPaHHTh HEOMPEACIEHHOCTb, BO3HHK- y>0
iy npd Hcnonb3opamuM ¢yuxnud arctg. [ipasu- x>0
IO TAKOBO: A AOMXHO ObITL B KBAaJpaHTE, KOTO- A=A"+ 180,0‘
polii onpenensercsa 3uakamMM x M y (cM. puc. 10). = 139,686167°

JoGapnsem wmm Beuntaem 180 mau 360° mna npu-
Be/icHMA A B MYxHbii kpaapant. Ecam A yxe ne
XHUT B HY)KHOM KBajpauTe, 70 A =X
9 BoipakaeM A M B B rpagycax, MHHyTaX M CeKyHIaX A =139°41"10"
myru (§ 21) B=452'31"

§ 29. Ilepexod or sxsaropuarvusix KoopOunar K
2a1aKTUYECKUM

HMHorna Hy»XHO 3HaTb NOJOXKEHHE 3Be3jbl N0 OTHOLIEHHIO K
ocTaJbHbiM 3Be3nam B Hawed [anaktuke. s storo moXxHo
BOCNO/1b30BaTLCA rajaKTHUYECKOH cHCTeMOH KoopaHHaTt. Pop-
MyJabl npeoOGpa3oBaHHs HMEIOT BHI

b=arcsin [cos 6 cos (27,4 ° cos (a¢—192,25)°+
+sin 6 sin (27,4)°],

_ sind —sinb sin (27,4°)° o
l= amg[cos 8 sinla—192,25)° cos (27,4)°] +33°
Yucna orpaxkalor cieayioiine naHvbie o Hauell anakTtuke:
KOOpAMHATH FajlakTH4Yeckoro nosioca o = 192°15, 6 = 4 27°24;
RoJarora Bocxoasimero yssna [=33°. Bce stH KoopauHaThl
oTHocATcA K snoxe 1950,0. (cm. § 33).

O6paTtuMcsi K NpHUMepy: KaKOBbl raJlakTHYECKHE KOOpPJH-

Ilpumep 29
Unerpyxuns Pesynbrar
1. MNpexctaBnsieM @ u & B BUAE NECATHY- 8 = 10,053056°
HBIX apo6eii (§ 21, 7) a = 10,350000 4
2 TIepesoauMm @ B IPanycHyio Mepy, YMHO- a = 155,250000°

xas Ha 15 (§ 22)
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3. HaxomuM sinb= sin b=0,778487
= cos8cos(27,4)° cosf@— 192,25)° +
+ sindsin(27,4)°

4. Vicnonb3ys ¢yukuuro arcsin, HaxomuMb b =51,122268°
B rpajycax

5 BuuucnseM y = sind—smbsin(27,4)° u y =—0,183700 (< 0)
3anOMHHAEM €ro 3HaK

6 BriuucaseM x = x =—0,526097 <0)

= cosd sin(@—192,25)° cos(27,4)° u 3a-
TIOMMHAEM €ro 3HaK

7 JenuM y Ha x yIx =0,349174

8 Haxomum arctg. arctg(y/x) = 19,247874°
Tenepb HyxHO H3GaBUTLCH OT Heonpe- B cootsercTBHM
[EeJCHHOCTH, BO3HHKUICH NpH BblYMCHE- ¢ puc. 10 no6ap-
muu. [lna 3toro obpatumes K puc. 10 nsem + 180,0°
W, BLIUMTas WM no6apnsa 180 wm 360°,
CIIBUHEM YroJl B HYXHblii KBaApPaHT, €C/IH
OH TaM HE OKa3aics cpasy

9. No6asnsem 33° mis nosyyenus / + 33,0

1=232,247874°

10 MNepeponuM ! ¥ b B TpaAyChl, MHHYTHI, 1=232°14"53"

cexynmsl (§ 21) b=51°0720"

1aThl 3Be3]bl, NIPSMOe BOCXOXAeHHe KoTopoil @ =104 21 MuH
00 ¢, a ckaonenue 8 =10°03"11"?

§ 30. Ilepexod or zaraxkrtudeckux xKoopousar k
IK6ATOPUANBHHIM

[lycts panbl ranakTHueckHe KoopaHHaThl o6bekta [ M b;
KaKOBbl COOTBETCTBYIOLHE IKBAaTOPHaJbHble KOOPAHHATH € H
6? Uro6bl oTBETHTb Ha 3TOT BOMNPOC, HAM HYXXHbI CJleflylolHe
«¢opMysbl npeoGpa3oBaHHsA:

8 =arcsin [cosbh cos (27,4°) sin({— 33°)+
+sinb sin (27,4],

cosbcos(/—33°)
o =arct +192,25°
a g[sinbcos(27,4°)—cos bsin(27,4°) sin(l——33°)] 257

rne ¢ H § BHpa)XeHsl B rpajycax.

Jlas npumepa HaHgeM NpsiMOe BOCXOXHEHUE M CKJIOHEHHe
3pe3fbl, rajakTH4yecKasi Aoirora koropo# [=232°14'63" a
ralakTuuyeckass mupora b="51°07/20".
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Tpumep 30

HHcTpyxkuns Pesynsrar

1 NepesomiM [ u b B TpafycHl M OECATHY- b=51,122222°
Hele poau rpajyca (§ 21) 1 = 232,248056°

2. BuiuucnsieM sind = cosbcos(27,4°) x sind =0,174558
x sin{/—33°) + sinb sin(27,4°)

3. C noMolubio QyHKUMM arcsin HaXoIUM & 8 = 10,052940°
B rpajycax

4. BoiuucnseM y = cosbcos(/—33°) u 3ano- y =—0,592575 (<0)
MUHAEM 3HAK 3TOH BEJIHYHHLI

$. HaxomiM x = sinbcos(27,4°) u 3anomu- x =0,786374 (>0)
HaeM ero 3Hak

6. JdemuMm y Ha x yIx =—0,753554

7 BoruuciaseM Aarclg. arctg(y/x) = 36,999998
HaM HyXHO n36aBUTBCS OT Heonpene- = (yXKe B HYXHOM
JICHHOCTH, NOABUBLIEHCA OT HCNOAb30Ba- = KBaJIpaHTE)
Hua arctg Jins 3toro obparuMcd K
puc. 10 1 BuivTeM nim noGasum 180
win 360°, yTo6bl pe3ynbTaT nonan B
npaBUNbHbIH KBAAPAaHT, €CIM OH HE OKa-
3aJCs TaM cpasy

8. Jlo6amnsem 192,25° u nHaxomuM a B Ipa- + 192,25°
nycax

a = 155,250002°

9. Jeaum Ha 15 M nonyuaem a B 4acoBoit a = 10,350000 4
mepe (§ 22)

10. NepesosuM @ H & B Ipaiychl, MHHYTEI a=10y 21 vum 00 ¢

§=10°03"11"

§ 31. Yzon mexncdy dsymn nebecnvimu obvexramu

Huorpa GuBaetT HHTEPECHO 3HATH YIJOBOE PACCTOSIHHE MeX1y
nByMsi o6beKTaMH Ha He6e. Ero Jlerko BLIUHC/IHTD, 3Hasi 3KBa-
TopHadbHble (@, &) MaH 3KAunTHYeckHe (A, §) KoopaHHATHI
o6ouX 06bekToB. POpMYJB HMEIOT BHI

cosd =sind, sind,+ cosd, cosd, cos(a,—a,),
cos d=sin B, sinB,y+ cosP, cosP, cos (A;—A,),

rae d — yron Mexay oGbeKTaMH € KOOpJAHHATaMH o, &,
(A, By) ¥ 0y 8y (Ay, B3). DTH POpMYJIBI ABASIOTCS CTPOTHMH
H 1al0T BEPHBIH pe3yJbTat AJsi JIo6hIX 3HaYeHHH a, & Wi A, .
Onnako pasi madabix d uau aas d, 6au3kux k 180°, TouHocTh
Ballero KajbKyJsiTOpa MOXeT OKa3aTbCs HeJlOCTaTOYHOH 118
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nosyuyeHHs] NPaBWILHOTO OTBeTa; B 3TOM Cjydae Jyuylie
HCMOJIL30BaTh BbIPaXKEHHS

d =(cos?d « A(1.2+A8"’)1/2 wm d=(cos’p 'A7~2+Aﬁ2)l/2-

rne Aa, A8 (unu AA, AB) — pasHOCTH MeXAy ABYMsl COOTBET-
CTBYIOILHMH KOOpAHHaTaMH (T.e. Aa=a;—ay H T. .).

31t dopMy/bl MOXKHO HCNOJbL30BaTh, €CJAH 3HaueHHs d
otanualtcs ot 0 uian ot 180° He Gosiee uem Ha 10°. U Aa (AR),
# A8 (AB) nonxHbl 6bITh BHIpaXKeHbl B ONMHAKOBBIX €1HHHLAX
(uanpumep, B CeKyHnax AyrH); 3aHauenve d nojy4aercs B 3THX
*Ke eNHHHLAX.

OnpenenuM, HanpUMep, KAaKOBO YIJIOBOE PAaCCTOSIHHE MeX-
ny p Opuona (¢=054 13 Mmun 31,7 ¢, §=8°13"30") u o B.[lca
(u=064 44 mun 13,4 ¢, 6=—16"41" 11" )>

Hpumep 31
HncTpyxuus Peaynerar
1. Ilpeobpasyem 06Ge napel KOOPAHHAT B NECATHY- a, =5,225472 4
Hyio ¢opmy (§ 7, 21) 8, =—8,225000°

u, =6,737056 u
5, = —16,686389°

2. HaxopuMm pasHOCTH @, —Q; ¥ MEPEBOJAVM €€ B o, —a, =—1,511584 4

rpagyCHyr Mepy, YMHOxas Ha 15 (§ 22) =—22,673760°
3. BueiuucnsieM cosd = sind, sind; + cosd =0,915846
+ c0sd,cosd,cos(a, —a,)
4. C noMmolupro QyHKuuH arccos HaxomuMm d. Ecnu d = 23,673859°
HYXHO, npeo6pa3yeM pesynbTaT B Ipajycel, M- =23°40"26"

HyTHl H ceKynmnl ayru (§ 21)

§ 32. Bocxod u 3axod

[Mpencrasasiercsi, 4TO B TeYEHHEe CHAEPHUYECKHX CYTOK 3BE€3]bl
H ApYrHe «HeNoABHXHble» HeGecHble OGBEKTHI ABHXKYTCHA NO
OKPY2KHOCTSIM € LlEeHTPaMH Ha OCH BpalleHuss 3eMJiH, CoBep-
uwast nosHblit o6opor 3a 24 uy. B Hacrosiulee BpeMsi odeHb
6a13ko K CeBepHOMY MOMIOCY 3eMHOM OCH HaXOAHTCs 3Be3Na,
umeHyemas IloasipHoii, H KaxeTcsi, 6yATO 3B€3bl CeBEPHOro
nonywmapus o6pawaiorcs Bokpyr [Moasiproit 3se3nnl. OnHako
3Ta 3Be3fa He rnpeacraBasier coboH HHuero ocobGeHHOro,
a B I0XKHOM MNOJylIapHH NOAOGHOro o6bekTa BOBCe He cylle-
crByet. [loMHMO TOro, nonioca NOCTENneHHO H3MEHSIOT CBOE
nosioxeHHe Ha HeGe BCJienCTBHE NpenecCHH (CM. CleayioLH i
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naparpad’, tak uro Ilonsipuas 3Be3ga uepe3 HECKOJbKO
THICAY JIeT yXe He 6yaeT pacnojoxeHa GJH3 MOJKOCa MHpa.

BunuMuiii paaMyc OKpPY»XHOCTH, 1O KOTOPOH JABHXKeTCH
3Be31a, KOHEYHO, 3aBHCHT OT YIJIOBOrO PacCTOsiHHA (noasip-
HOrO pacCTOAHHA) MeXay 3Be3qOH H MOJIIOCOM. Te 3Be3jbl,
Yy KOTOpPBIX TNOJSIPHOE pacCTOsIHHE AOCTATOYHO Manad, NpH
csoemM obpauieHHH TNo He6OCBOAY HHKOraa He 3axXOAAaT 3a
ropu3oHT. TakKue 3Be3lbl Ha3blBAIOTCH OKOAONOAAPHLIMU.
OnHako no Mepe yBeJHYeHHS TNOJSPHOTO PacCTOsiHHSI BO3-
HHKaeT MNOJIOXXEHHe, KOorga 3Be3jia B onpeaejeHHOe BpeMs
CYTOK KacaeTcsi FOPH3OHTa. 3Be3fibl C ele GObIIUM NoJasip-
HbIM pacCTOsiHHEM 4YacTb BpPeMeHH HaXOAfTCH NOoA FOPH3OH-
TOM, BHe noss 3peHnsi HaGaonatensi. Korga 3se3ana nepece-
KaeT TOPH3OHT NPH ABHXEHHH BHH3, rOBOPSAT, UTO OHA 3AXO0-
Our, a KOrja TnosiBlsieTCH BHOBb, FTOBOPST, YTO OHa 80CX00UT.

MoMeHTB BOCXOAA M 3aXona, a TaKKe asHMyTbl TOYEK
ropH30HTa, TAe 3TO NPOHCXOAHT, MOXHO BBIYHCJHTL NO CJje-
ayouwuM hopmynam:

LST, =24 — 11-5 arccos (— tgotgd) + o,
LST, = ,—lgarccos(-— tgptgd) + q,

A, = 360 — arccos (sind/cos¢),

A, = arccos (sind/cos¢),

rae HHOEKCH r M S 0603HA4YalT BOCXOA H 3aX0[ COOTBETCT-
BeHHO, A — a3umyTt, LST — MecTHoe 3Be3qHOe Bpems B yacax,
«a — NpsiMoe BOCXOXJAeHHe, & — CKJIOHeHHe, a ¢ — reorpacdu-
yeckasi LiMpoTa HabJioaatedns. DTH GopMyJibl 1al0T MOMEHTH
BpeMeHH, KOraa BricoTa 3Be3abl paBHa 0°. Ecsin Ha ropusonre
HabJsonatensi BHAHB FOpbl HIAH ecaH cam HabsiopaTenab pac-
nosaraeTcsi Ha rope, To ero MeECTHOe BHIHMOe BpeEMs BOCXO/a
H 3aX04a MOXeT HEeMHOro orjHuyatbci—Pasymeercsi, ot LST
MoxHO nepeiith kK GMT, a 3aTeM H K MECTHOMY rpaXX1aHCKOMY
BpeMEeHH NPH MOMOILH MeTOAOB, onHcaHHbiX B § 15, 13 u 10.

Takum o6pa3om, MOKHO paCCUHTATh BCE OGCTOSITENbCTBA
BOCXOAa H 3axofa 3se3fbl. Jssi npumepa shuucaum CMT
BOCXOJla H 3axoja 3Be3abl Ha 24 asrycra 1980 r. ¢ xoopau-
HaTaMH ¢=23 4 39 MU 20 c 1 6 =21°42" 00” u HaiineMm co-
OTBETCTBYIOLLLHe 3HaueHHs asumyToB. Hama mupora 30° c. w,,
posnrora 64° B. 1. (Cwm. npumep 32 A.)
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Npumep 32A

HHCcTpyxuns Peaynbrar

1. [lepeBoaum 3HaueHMs ¢ ¥ & B HECATHYHYIO & = 21,700000°
dopmy (§ 7 u 21) o = 23,655556 4

2. Haxomum cosA, = sind/cos¢ cosAd, =0,426947

3. C nomouwmro ¢yHKuuM arccos* HaXomum A, = 64,726049°
3HaueHHe A,

4. BoluuraeM A, w3 360° u nomyuaem A A; =295,273951°

S. TepexomuM K IpaxycaM. MUHYTaMm U ce- A, =64°43" 34"
kynaam (§ 21) A, =295°16"'26"

Tenepb HaiineM MOMEHTHI BpEMEHH
6. BolupciuM BeauuMHY H=6,885512 4
= J-arccos(—1g¢tgd)

7. HaxoguMm LST, =24 + a— H. Ecin orser LST,=16,770044 4
6oneiie 24, sbiuMTaeMm 24

8. Haxomum LST; =a + H. Eciu otrser LST, =6,541068 4
Gonbie 24, phiuuTaeMm 24

9. INepexoauM OT MECTHOTO 3BE3QHOTO BpE- GST,=12,503377 4
menu x GST (§ 15) GST,=2,274401 4

10. Tlepexomum ot GST x GMT (§13) GMT, =14 4 18 mun 09 ¢
GMT,=04 4 06 mun 05 ¢

* Ecmy cx 3BE36I NTO OHa HHXOIAA HE BOCXOAMT MaA rOpHIOHTOM MM €CIK
98€118 HBNRETCE OKONONOANPHONH, BH OOGHApPYXHTE, Y4TO TpeOyeTcA BHYMCNMTL Arccos BENWUMHH,
Gonbweil nay Menwwed—I. ITo caenars HEBOIMOXMO, # Ball KANbLRKYNATOP BLIAACT COOGUICHHE
06 owubxe.

3ameTHM, YTO BHIYHCJIEHHblE HAMH MOMEHTHI 10 COJIHEYHO-
My BpPeMeHH OTHOCSTCH K onpeneseHHoil nate. Kak n B pac-
CMOTPEHHOM TIPHMeEpE, BpeMsl 3aX0/a MOXKeT HacTynaTb paHb-
1€ BpeMEHH BOCXOAA.

Besne B HawKx pacuerax Mbl NPeanosarasH, 4To BbIYHC-
AcHHBle KOOPAHHATH AAlOT HaM BHAHMOE NoJoXeHHe HeGec-
poro tena. OnHAKO HMMeIOTCs HECKONLKO 3(dekToB, B TOM
uncae atmocdepras pedpakumus (cm. § 34) u napaanakc
(anf TeJ, CpaBHHTENIbHO OGaM3KUX K 3emae; cm. § 35),
KOTOpblE TPHBEAYT K CMEILEeHHIO BHAHMOrO NOJIOXKEHHS, a 3TO
MOXXET H3MEHHTb HabsiofaeMble MOMEHTH BOCXO/a H 3axona
1a HECKOJAbKO MHHYT. DToT 3ddekT a5 Bocxoaa HH 3axofa
niobpaxeH Ha puc. 11.

INepeceuenne ropH3oHTa HeGeCHbIM TenoM Habiiopnaetcs
B TouKe B, XOTs «Ha caMOM faesie», KaK NaeT pacyeT C HeHC-
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Budumeri nyme  Hemunred mymey

P
/
/
/
/
7/
7
¢ Jopusorm

Puc 11 WcTvHHOE M BHANMOE 1010KeHNs HeGECHOrO TeNa NP1 BOCXOMIE H

3axone.

NpaBJ€HHbIMH KOOPAHHATaMH, 3TO INPOHCXOAMT B TOYKe A
(BHH3Y).

Ecan Ham #3BeCTHO BepTHKasnbHOe CMellleHHE X, Mbl JErKO
MOXEM BbIUHCJAHTH BedHYHHB AA M y, 4yTOOB BHECTH MO-
NpaBKH B BHUHC/JEHHbIE a3HMYThl i MOMEHTbl BpemeHH. Pop-
MyJibl HMEIOT BHJ,

y = arcsin (sinx/sim}) (rpaaycsi)

AA = arcsin (tgx/tgy) (rpaaycu),
rae

P = arccos (sin¢g/cosd) (rpanyce)
[MonpaBKa, KOTOPYIO HYKHO 106aBHTbL K BpeVeHH 3aX0a HJH
BblYeCTb U3 BPeMeHH Bocxoaa, aaercsi dopmynoit

At =240y/cosd (cexkyunnl).
rlie y Boipa)eHo B Fpaaycax.

BeanurvHa x, onpenensiemasi arviocdepHoll pedpakuueit,
B YCJOBHSIX BOCXO/la H 3axoaa aocturaet ~ 34’. Paccunraem
Teneps spderto pedpaku K sl YCIOBHH 3aX0la H BOCX0/a,

ONnKCaHHLIX B npeapiayiem naparpade (npumep 32 B).
Jlpyroit meton Boiuncaenusi Al 6ynet onvcan B § 34.
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Hpumep 325

Wnctpyxnns Peaynerar

1 Buruucngem ¥ =arccos(sing/cosd) (¢ u d V¥ =>57,44313%°
BbIpaXkeHbl B JIECATHYHOM ¢opme)

2. TNepepomuM 3HA4YEHHE X B HECATHYHYIO x = 0,566667°
bopmy (§ 21)

3. Bumucnsaem AA = arcsin(tgx/tgy) AA =0,361812°

4. BuuucnseMm A, =A,—AAd n A} =As+ A4 — A7 =64,364237°
BUIMMBIE Q3UMYThl BOCXOJAa M 3aX0/a. A} =295,635763°

A, B A; DOMKHBI OBITH BbIPAXKEHLI B IeCs-
THuHOH dopme

5. Tepesonuv A; M A; B rpaaycel, MHHYTsHI A4; =64°21'51"
n cexynmnl (§ 21) Al =295°38'109"

6. Buuucnsiem y = arcsin(sinx/siny) y =0,672321°

7. Buiuncnsem At = 240yfcosd (8 Bblpaxcenos Az =173,664100 ¢
rpagycax)

8. IlepexonuM K NONAM 4aca, OENs NONYYEH- At =0,048240 u
meiii B (7) pesynbtat Ha 3600

9. Haxonum LST, =LST,—At u LST! = LST,16,721804 u
=LSTs + At — BuauMsie MOMEHTHI BOC- LST; =6.589308 u
XOfa M 3aX04a MO0 MECTHOMY 3BE3HHOMY
BPEMEHH

10. IlepeBOAMM NOJNYHEHHBIE MOMEHTHI BpeEMe- GMT;=14 1 15 mun 16
Hu cyayana B GST (§ 15), a sarem B GMT GMT, =05 4 08 vun 59

13

c
c

§ 33. Hpeyeccusn

B § 18 Mbl y6eaunuch, 4TO 3KBATOpPHAJLHbIE KOOPAMHATH
HieasbHBl JJISl ONHCAHHSl TOJOXEHHH 3Be3]l, TaK KaK OHH
He 3aBHCAT OT [BHXeHHs 3eMJIH M TO3TOMY AJs JaHHON
3Be3/lbl OKa3bBalOTCs NOCTOAHHBIMU. DTO CNpaBeJHBO € IO-
CTaTOYHO BHICOKOH TOYHOCTbIO, OJlHAKO Ha CaMOM Jiesie Koop-
AHHATBl MEeAJIEHHO H3MEHSIOTCH CO BpeMeHeM. JTO NPOHUCXO-
JIUT BCJIeACTBHe crnenH@HYEeCKOro ABHIKEHHS 3€MHOH OCH.
[Tono6Ho TOMY KakK oOCb ObiCTPO BpallalOLIErocs BOJUYKA
MELJIEHHO CMeLlaeTcsi OTHOCHTEJbHO BEPTHKAJbHOH JUHHH,
3cMHasi OCb MeIJIEHHO NMOBOPa4YHBAETCH OTHOCHTENbHO Onpe-
JIeJIeHHOTO HanpabJjeHHsl B MNPOCTPaHCTBe. IDTO ABHXEHHE
1a3bIBAETCSl AYHHO-COAHEUHOU npeyeccueli 1 Bbl3BaHO MPHTH-
xennem 3emiu Jlynoit 1 ConHuem. Mul He GyneM BraBaTbCsl
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B JleTali; JOCTaTOYHO CKa3aTb, 4To 3¢ deKT MaJj, a CeBepHblit
nomtoc 3emyH coBepuiaeT noJaHslii o6opor 3a 25 800 set
OIHAKO JJifl TOUHOCTH HAM HYXXHO YYHTHIBaTb H 3TO nepeme-
UIEHHE.

Koopaunathl @ ¥ § 3Be3jl M rajakTHK, yKa3aHHble B Ka-
Tanorax, NpHBEfleHbl K ONpelesIeHHOMY MOMEHTY BpPEMeHH,
uan snoxe. Te KOOpAHHATELI, C KOTOPLIMH BaM NPHIETCA HMETh
JleJ10, CKOpee BCEro, OKaxyTcs npHBeieHHLIMH K snoxe 1950,0
(T. e. oTHeCeHHBIMH K Hayaay 1950 r.), v Bol MOXKere HAHTH
3HayeHHsl, KOTOpLle OHM GYAYT MME€Tb B KaKoil-1H60 RpYyroi
MOMEHT BpPEMeHH, UCNOJb3ysH (GOopMYyJbl

a, =0y + (3,07327 c+ 1,33617sina,tgd, cek) N,

8, =8, + (20,0426" cosggy) N,
rne N —uucino ger, npowenuwnx ¢ 1950,0; a; v §; — Koop-
AMHaTb pas 3noxu 1950,0, a;, 8, — HOBbHIE KOOPIHHATH.

IIpu nepexome OT KOOPAHHAT, OTHECEHHBHIX K 3Moxam,
oravunbiM ot 1950,0, ucnonb3yior caenywouiHe GopmyJibi*:

a; =0ag+ (m+ nsinaytgdy) N,
8§, =8y+ (n’cosagg) N.

3Hayeuusi m, n, n’ naubl B Taba. 5.

Tabauya 5
m, n, n,
3noxa, CeXYHAN CERYRAB CEXYHAM O¥TM
1900,0 3,07234 1,33646 20,0468
1950,0 3,07327 1,33617 20,0426
1975,0 3,07374 1,33603 20,0405
2000,0 3,07420 1,33589 20,0383

Jlas Haulero npuMepa Mbl paccyutaeMm Ha snoxy 1979,5
KOOpAHHaTHl 3BE3/1bl, KOOPAHHATH KOTOpOi Ans snoxu 1950,0
6blsin 09 =09 u 10 mun 43 c, §;=14°23"25".

* Otn dopMysbl HeynobHbl AnA 3Be3h BOGJIM3H CEBEPHOrO M KOXKHOrO
no.nwocos, rae 3Hauenns tg 8 HeorpanHuenHo Bo3pacTalor
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Hpumep 33

61

HxcTpyxuns

Pesynsrar

. MepeBenem 3uavenue g, 8, B AECATHYHYIO

dopmy (§ 21 u 7)

. IepeBosuM @, B TPanyCHYIO Mepy, YMHOXas

o, =9,178611 4
8, = 14,390278°
o, = 137,679165°

Ha 15 (§ 22)
3. Beruncnsiem S, =(3,07327 + 1,33617sin0,tgd ) N
(rne N=1979,5—1950,0 = 29,5)

S, = 97,470657 ¢

4. enum nonydennoe 3navenue Ha 3600 u nepe- S, =0,027075 y
BOJIHM B H&ChI
5. Npu6aensem S, (B uacax) x o, (B yacax) u o, =9,205686 u

noJiydaem @, (Toxe B yacax)

6. Iepexoaum X YacaM, MHHYTaMm M CEKyHJaM g, =094 12 Mun 20 c

8
7. Bouucnsem S, =(20,0426 cose,) N S, =—437,167111"
8. Jlenum Ha 3600 M nonyuaeMm rpanycel S, =—0,121435°
9. No6aensiem S, x 8, u monydaem O, 8, = 14,268843°
10 Hepexoaum K rpagycaM, MHHYTaM H CEKyH- 8, =14°16'08"

mam (§ 21)

§ 34. Pe¢ppaxyun

o chnx nop BO BCeX HAUIMX pacyerax MPeanosaraioch, YTo
CBET OT OTAAJIEHHLIX OOBEKTOB (HEOECHBIX Tesl) NPUXOAHT
K Ham KpaTyaHLIHM nyteM — no npsimoil. Ha camom nese sto
He TaK (32 HCK/IIOYeHHEM HAGJIONEHHH B 3€HHTE), NOTOMY YTO
3emHas aTMocdepa HECKOJbKO MeHfieT HanpaBJeHHe Jyuei,
3actaBjfii MX NajaTb Ha MOBEPXHOCTb 3€MAH NOA YIJOM,
OTJIHYAIOWHMCH OT TOro, NOJ KOTOPLIM Jiyy mnpuuies 6nl B
orcyrcTBHe atMmocdepsl (puc. 12). 310 sipienne Ha3bIBaeTcs
armocgpeproll pedpparyueii; ee 3¢pGeEKT COCTOHT B TOM, YTO
3Be3/1a Ka)KeTcsl OJiHXKe K 3€HHTY, 4YeM B NEeHCTBHTEJbHOCTH
Bennunna pedpakilHH 3aBHCHT OT 3@HUTHO20 YeAa, WK 3€HUT-
Ho2o paccrosnun (90° — BbicoTa CBETHJA), H OT COCTOSIHHSA
aTmMocdepsl, B YaCTHOCTH Temnepatypul H aAaBjeHus. Opnako
JJISi HAILHX Lefied MOXHO He YUHTHIBATb OTHOCHTE/BHO MaJible
H3MeHeHHA pe(dpakLHH OTC JHA KO AHIO H NPHHATb CTaH-
LapTHOe 3HaueHHE [MOKa3aTessi NpejoMmJeHHsi aTmocdeps
Takum o6pa3om, ecsn Mbl HaGJIOAAeM C NOBEPXHOCTH 3eMJH



62 Cucmema xoopouxHam

Puc. 12. Armocheprast pedpakuns.

3Be3]ly Ha 3€HHTHOM PACCTOSIHUH {, TO ee HCTHHHOE 3eHHTHOe
paccTosiHHe BBIYHCISETCH no QopmyJe

z={+R="C+58,16"tgl — 0,067" tg®(,

KOTOpasi OCTaeTCsl JOCTATOYHO TOYHOH IUISi 3€HHTHBIX YIJIOB,
MEHbUINX NPHOJU3NUTENBHO 75°, T. €. AJIA BLICOT CBETHJ, Npe-
phimanoinx 15°. Pedpakuus nns 6onee 61H3KHX K FOPHIOHTY
HabaoleHHil 06blYHO HE MOXeET GHIThb pacCYuTaHa M onpepe-
JIAETCH M3 H3MepeHHii.

Bnusinne pedpakunn Ha NpPsSIMOE BOCXOXAEHHE H CKJIO-
HeHHe MOXKHO JIETKO pacCUMTaTh IJifi 3€HHTHHIX YIJIOB MeHblle
~ 45°, Ec/iH HCTHHHBIE KOOpIMHATH 3Be3AH a H 8, TO BHAM-
Mble KoopRHHaTh a’ i O BbIYHCAAIOTCA no ¢GopMyJaM

8 =08+ 58,16"tg { cos 1,
a”’=a+3,877c« »tg{ (sinny/cos §),

rie 1 onpenensieTci H3 COOTHOWIEHHUS
_ sin@ —sindcos:
n—arccos( cosdsin z
3pechb ¢ — reorpaduyeckas wWHpora HabjaoaaTess.
PaccuutaeM Tenepb pedpakuuio sl 3Be3lbl C 3KBAaTO-
pHanbHHIMH KoopnyuHatamH a =05 y 12 mun 32 ¢, &=
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= 45°5920” pns Mecra, B KOTOpOM HabJiofaeMoe 3eHHTHOE
paccrosinie 6nso 9°5416”. lupora nabaonartens 52° c. w.

Hpumep 344

HHcTpykums Pesynbrar

). INepepomum 3nauenne { B pecsaTuynyio $opmy ¢ =9,9044°
21

2 Borucnsem R=58,16t50—0,067tg% R =10,14"

3. INepeponum 3Hadenve R B rpagychl, nens Ha R =0,0028°
3600

4. Haxonum z={+ R z=9,9072°

5. TNepeponum 3nauene & B accarvunyro opMy & =45,9889°

¢ 21
_ singg—sindcosz _ °
6. Boruucnzem n= arccos(—-—--—cos§ Sinz ) n=48,2951
7. Boluucnsiem A, =58,16tglcosn A, =6,76"
8. Ilepesonum 3nauenue A, B rpanycel, fneas Ha A, =0,0019°
3600
9. MpubasnseMm A, x 5 ¥ Haxomum &' 3" =45,9908°
10. Mepeponum &’ B rpamycel, MHHYTHI M CEKYH- 5’ =45°59'27"
abl (§ 21)
11. Buruncnsem A, = 3,877tg{ - (sinm/cosd’) A, =0,727"
12. Jobaensiem A, kX @ H HaxomuM a’ o/ =05y 12 mun 33c¢

3Hayenne R HenocpeiCTBEHHO Ha YPOBHE FOPH3OHTa CO-
crapnsieT okojio 34” . TlocKonbKy pedpakuus yBeJTHUHBaeT
BHIHMYIO BBICOTY CBE€THJa, BOCXOA (3aXOll) MNPOHCXOAHUT
panblie (no3xe), yeM 3TO NPOHUCXONHNO Obl B OTCYTCTBHE
armocepnl. CnenoBaTesbHO, 3QPEKTHBHAS RJAHHA NHSA YBEJH-
YHBAE€TCA 32 CYeT aTMochepHol pedpaKiuHH.
MoXHO paccuHTBIBaTh BJIHSIHHE PedpPAKUHH HAa a3UMYTHI
H MOMEHTH BOCXOa H 3aX0la 1no METony, OnucaHHoMmy B § 32.
C npyroii cTOpOHB, MOXKHO BBIYHCJIHTH BJAHSIHHE PedpaKiUHH
Ha yacopoil yron H B MoMeHT BocXona u 3axona no gopmye
= 3¢
AH —m (Mm{y'ﬂ:l BpeMeH“),
rae AH — BennuuHa, Ha KOTOPYIO YMEHbILAETCH HCTHHHBIH
yacoBo#l yroJ. IlpuMenum 3Ty GopmMyJly K npumepy, HCNOMb-
30BanHOMYy B § 32.
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Hpumep 346

Hucrpyxuss Pe3ynerat
1. BoluucnsieM 3HaueHue YaCOBOro Yrja TO4YEK BOCXO- H =6,885512 4

na u 3axona (H B § 32). Ipeobpasyem ero B rpa- = 103,282680°

RyCHl, YMHOXas Ha 15

1
34
= AH = 2,894381 Mun

2 Buiuncnsem AH 5cosgcosssndl 2,

(¢ =30° cu, §=21,7°)

3. Vmuoxaem na 60 sis nepexona K cekynpuam; cpas-  AH =173,66 ¢
HUTE PE3ynbTaT CO 3HAYEHHEM Af, NOJYYCHHBIM
B § 32

§ 35. I'eoyenrpuueckuii napasnaxkc u @guzypa 3emau

B nocnenywouwnx naparpadax KHUrH Mbl GyIeM BhIUHCJATH
kooprunarsl Cosuua, Jlynst v npyrux ten Co/nHeyHO# cHCTe-
Mbl. DTH KOOPAHHATH SIBJSIIOTCSI eOLEeHTPHYECKHMH, T. €. OT-
HeCEHHbIMH K LeHTPy 3eMJiH KakK Hayanay KoopnuHaT. Ecam
HeGeCHOe TeJO OueHb YNaJleHO OT HacC, TO reolleHTPHUECKHe
KOOpIHHATH NPAKTHYECKH COBNAafaioT C KOOPLHHATaMH, H3-
MepeHHBIMH H3 J1I060i TOUKH Ha 3eMHOH noBepxHocTH. OnHako
NpH H3YYEHHH OTHOCHTENBHO GNH3KHX OOBLEKTOB, TaKHX, KakK
Cosivuie 1 oco6enno JlyHa, HX noONOXeHHS OKa3EIBAIOTCH He-
CKOJIbKO Pa3/HYHbBIMH B 3aBHCHMOCTH OT TOYKH HaGJIONEHHS.
1o nokasano Ha puc. 13; nBa nabaopatens O, u O,
cmotpst Ha Jlyny M ¢ noeepxnoctu 3emsn. Kaxablit uameps-
€T yroj Mexu1y HanpapJeHHsIMH Ha JIyHy H Ha oueHb naje-
Kylo 3Be3nty S. Ilockosibky 3Ta 3B€3fa oueHb najieka OT Hac,
ayun OS u 0,S napannenbHbl apyr apyry, Tak uto o6a
Hab/alofaTenss BUAAT 3BE3Lly B ONHOH H TOH Xe Touke He6Ga
flo OTHOIIEHHIO K 1pyruM 3Be3fam. OnHako uamMepsieMble HMH
yrJibl @, H Q, He ONHHAKOBH, H, CJIeJlOBaTe/IbHO, BHIHMblE
nosoxeunss Jlyubnl pasi 3Tux HabGaoparteneil toxe 6ynyr
pa3HbIMH.

Ecan aq— npsiMoe BocxoxpeHue JIyHbl, BHUHCIEHHOE
ANA LeHTpa 3eMJiH, TO KaXXAblH H3 HabJionartejieil AoJKeH
BBECTH CBOIO NONPaBKY K Qg, YUTOGH MOJYYHTb BHIHMOE npsi-
MO€ BOCXOXJeHHe O; WIH O, LJf CBOell TOuKH HabJIONeHHS.



Cucmemwl Koopouram 65

X owers danerol 368308
——

Puc. 13. Teouentpuyecknii napaanakc.

STtoT BHAMMBIH CIBHT MosioXeHHs1 HebecHOro tena Ha Hebo-
CBOlle HA3bLIBAETCH 2EOYEHTPUHECKUM NAPAANAKCOM, W HAM
4yacTO MPHIETCH YUYHTHIBATh €r0 — HaNpHUMep, eCJIH Mbl XOTHM
paccunTaTp O6CTOsITENbCTBA 3aTMeHHsl. 3ajiaua HeCKOJNbKO
YCJIOKHACTCA TeM, 4TOo 3eMJsi HMeeT He TOYHO cepHUeCKyIo
¢opMy, a GoJblie NoXoxa Ha CpepoHJ BpallleHH$i, CIJIIOCHY-
Tulfi BpoAb npaAmoi, coepnHsomeidl Cesepublii u KXxHblil
nojoca 3emsin. CeueHue 3eMHOI OBEpXHOCTH NO JIHHKH 1O-
CTOSIHHON JOJTrOoThl NPHOJHIKEHHO OKa3blBaeTCS 3JJIHIICOM,
B TO BpeMf KaK CeYeHHE IO JIHHHH IOCTOAHHON IIHPOTH
JOJIXHO 6bITh OKPYKHOCTbIO. EC/1H HaM HY>XXHO BHECTH TOUHYIO
nonpaBKy 3a napajjakc, Halo YuyHTeiBaTb Qurypy 3emun,
T. €. €€ OTKJIOHEHHE OT HjeasibHOl cdepbl. CuTyalusi B npe-
yBeJIHU€HHOM BHAe H3o6paxeHa Ha puc. 14, rme uepes [
o6o3Hayen uentp 3emam, uepes N u S — ee CeBepHblii H
IOxubl nosoca cooreBercTBeHHo. HabGaioparenb, Haxonsi-
iwuiicss B Touke O, onpenensieT ¢ NOMOLLLIO OTBECA Hanpap-
nenne B 3enur OZ (nyHkTHp). Yroa, Koropuii obGpasyer
9TO HanpaBJieHHe C MJIOCKOCTbIO KBaTOpa, paBeH 2eoecpaghu-

4ecKkoli, MJN acTpoHoMmu4Yeckod, wupore ¢ HabmonaTens
3—-1045
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Fwoamop

Puc. 14. Y4er necepudnocTh 3eMu.

TMockonbKy ¢popma 3eMsH OTiHYaeTcs OT TOUYHOH cdephl,
reoueHTpuyeckas septukaiab EZ’, 1. e. npsiMas, coeLuHsIO-
ulan uedtp 3eman E u Touky Habmonenns O, Kak H I'eoleHT-
puyeckasi wupora ¢’, 6yleT HMeTb HECKOJbKO OTJIHYHbIE
3navennsi. JIns pacuera BIMsiHMSI NapaJllakca HaM HYXKHO
3HaTb BeJHYHHBI psing’ u pcos¢’, rae p— paccTosiHHe OT
pabaoaarens Ao ueurpa 3emyu. [Insi TOUKH, UMeOwied Bbl-
COTy HaJ YpOBHEM Mopsi A MeTPOB, Mbl nojyyaem

S . h .
psing’ =0,996647 sinu + <378 100" sing,

’ h
pcos@’ =cosu +W0s¢,

rae
u = arctg (0,996647 tgd).

Yron ¢ cunuTaercs NOJOXKHTENbHBIM B CEBEPHOM H OTpHIA-
TeJIbHbIM B I0XKHOM mnoaywapuH. Insi npuMepa paccuutTaem
aHauenusi psing’ u pcos¢’ s HabmopaTeNs, PaCHONOKEH-
HOro Ha BbicoTe 60 M HaJ ypOBHeM MOpSi B TOUKE C KOOPLH-
natamu 100° 3an. poar. u 50° cep. mup. (npumep 35).
¥ron p Ha puc. 14 no onpepeseHHI0 Ha3LIBAeTCH 2€o-
YeHTpuieckum napairaKcom. ITo yrod, noi KOTOpbIM OTpe3oK
npsimoil Mexny Ha6JjioparteseM H LEHTPOM 3eMJIH BHIEH C
uccnenyeMoro HeGecHoro Tena. Ecnv uabaioparenb BHIHT
O6BEKT HEMOCPELCTBEHHO HAa TOPH3OHTE (T. €. 3€HHTHBHIH yroJ
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ITpumep 35
HHcTpysnns Pesynstar
1. BoiumcnaeM u = arctg(0,0996647tg$) ¢ = +50,0°
u =49,905217°

2 Buuucnsem h’ = (k/6 378 140) h =60,0 m

K =0,000009
3. Buuucysem psing’ =0,996647 sinu + A ‘sind psing’ = 0,762422
4. Buuncnsem pcosé’=cosu+ A’cos¢ pcos¢’ = 0,644060

paBeH 90°), To p HA3LIBAETCHi 20PUBOHTONbLHLIM NAPAAAGK-
com. Ecin K ToMy ke HabnopaTesb HaXOAUTCS Ha 3KBaTope,
3TOT Yroal HMEHYeTCH 3KBATOPUANbHbIM 20PU3OHTAALHOLLM
napaanrakcon u obosnavaercs 6yksoi P.

§ 36. Boiuucaenue nonpaexu 3a napainaxc

Ecnu reonenrpuueckuii yacopoil yronm HebecHoro tena pa-
BeH H, a ero reoueHTPHUECKOE NpsiMOe BOCXOXKJAEHHE O, TO
BUAHMBIE YacoBo#l yron H’ u npsiMoe Bocxoxaenne a’ (c yue-
TOM napaJJjlakca) HaXosATcs no ¢gopMysam

H =H+ A,
o' =a—
=arctg pcose”sinH
rcosd—p cosé’cosH
Beanunna pcos¢’ sbiuucaena B § 35, a r— paccrosinne or
HeGeCHOro Tejla 4O UeHTpa 3eMJH, H3MEPEHHOE B IOJIfAX 3eM-

Horo panuyca (6378,14 km). Ecsin 310 paccTofiiHe yKa3aHo B
KunoMetpax (o6o3HayuM ero r’), To

r=r'/6378,14.
3HaueHHe 7 MOKHO ONpPENESHTb TAKKe, 3Has SKBATOPHAIbHbIR
ropu3oHTaNbHbl Napaniakc P neGecHoro Tesa, CAefYIOLHM
obpasom:

r=1/sinP.

dopMysna AN HAXOXKJAEHHS BHAMMOro CKJOHeHus &’ no
rCOLIEHTPHYECKOMY CKJIOHEHHIO & uMeer BHA

rsind—psiné ’
rcos Scos H—p cos¢’

&' = arctg cosH’
3*
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Kak u pasee, BennunHbl psing’ u pcos¢’ moxiuo onpene-
Jutb crnoco6oM, onucauubim B § 35.

Ons npuMepa BHIYHCIAHM BHIHMOE NPSIMOE BOCXOXAEHHE
d ckjonenne Jlyuol Ha 26 ¢pespans 1979r. B 16 u 45 mun GMT,
ecsn oHa Habjonanacbh ¢ Bbicorhl 60 M Hajt ypoBHEM MOpS
B Touke ¢ KoopaHHataMmu 100° 3.1 u 50° c. w. leouentpu-
yeckHe KoopjiHHaThl JlyHbl =22 y 35 MuH 9 c u & =
=—7°41"13", 3kBaTOpHANbHLI rOPH3OHTAJIbHBIH NnapaJakc
1°01°09”.

Tpumep 364
MHCTPYKIRS Peaynerar
1. MNepexogum or GMT x GST, 3areMm k GMT =16 u 45 mun
LST npu nomoum Meronos § 12 u 14 GST=3,145733 4
LST = 20,479066 u
2. IlepeBoauM 3HaucHUS @ ¥ O B AECATHY- a=22,588611y
Hyro ¢opmy (§ 7 u 21) & = —7,686944°
3. HaxonuM uacosoii yron H (§ 24) u ne- H=-—2,109545 4
peBOANM €ro 3HaueHue B rpaiycel (§ 22) =—31,643175°
4. OnpepensieM pcosgp’ u psing’ (§ 35) pcos¢g’ = 0,644060
psing’ =0,762422
5. Onpenensem r = 1/sinP (e 3abynpre me- r =56,221228 pammy-
peBecTH P B [IECATHYHBIE JOJN rpanyca cop 3emusH
corylacHo § 21) P =1,019167°
6. BorumcnseM A =arctg M— H) A =—0.350921°
rcosd— pcos¢’ cos
7. Haxomum H' =H + A H' =—31,994096°
. 8. MepesonuM A B uachl, geas Ha 15 (§ 22) A =-—0,023395 4
9. HaxomuMm o', Bbluuras A H3 O a’ =22,612006 4
10. Boluucnsem &' = 5 =—8,538164°
¢+ rsind—psing¢’

= arctg OSHrcosacosH— pcosd

11. Tlepesosium @' ¥ &' B MMHYTHI M Ce- =22 4 36 mun 43 ¢
xyHaH (§ 8 m 21) o =—8°32'17"

Cronb peTajbHEle pacyeTsl HeO6XONHMbl TONBKO 1 JIy-
Hbl, HMeollel oueHb Gosbluoi napannakc. ¥ CosHlla, KOMET
# NJaHeT OH 3HAYHTEJIbHO MeHblIe, YTO NO3BOJSIET YNPOCTHTD
¢opmynnsl 6e3 norepu ToyhoctH. [lycrth onATb r o6o3nayaer
paccrosinHe OT HebecHoOro Tesia O UEHTpa 3eMJiH, OAHAKO
Ha cedl pa3 H3MepeHHOe B aCTPOHOMHUYECKHX €IHHHILaxX (a.e.).



Cucmembi koopouram 69

Torna
n=38,794/r cexyHn nyrwu;

o =0— nsinﬂpcﬂ'
cosd ?

8"=06—mn (o sin ¢’cos 6—¢ cos ¢’ cosH sin §);
6yKBY 7T 4aCTO NPHUMEHSIOT AJsi 0003HaUeHH§ MNapaJjjakca.
BynbTe BHHMaTe bHbI IPH HCNIONBb3OBAHHH 3TOH OYKBBI; KpOMe
napaJjjiakca oHa obGosnauvaer uucao «nuy» 3,141592654... .

Paccmorpum Tenepb BupuMoe nonoxeurne ConHua njsi To-
ro ke HabJofaTeJs ¥ B TOT XK€ MOMEHT BPEMEHH, UTO H B fpe-
abinyulemM npuMepe. I'eoueHTpHUeCKoe MpsMOe BOCXOXJAEHHe
Connna 22 u 36 muu 44 c¢; cknonenue — 8°44’24”, Paccros-
nue cocraeasio 0,9901 a.e.

Tlpuvep 365
MUHcTpyxuns Pesynprat
1. Boruvcnsem 7 =8,794/r = 8,881931'"
2. IlepexommM K rpafycaM, Hiejs Ha 3600 7 = 0,002467°
3. IlepepoauM B 4acel, aejis Ha 15 (§ 22) n=0,000164 u
4. Ilepesoaum GMT B GST ¥ 3arem B LST GST =3,145733 4

Npd NOMOIIH METOA0B, OMMCAHHBIX B
§12u 14

. Tepepoum 3HaveHus o ¥ & B JecATHY-

nyro ¢opmy (§ 7 n 21)

. Haxomum pcos¢’ u psing’ (§ 35)

LST = 20,479066 u

a=22,612222 4

& = —8,740000°
pcosg’ = 0,644060
psing’ =0,762422

7. Haxommm uacopofi yron H ¥ nepeBomumM H=-—2133156 4
ero B rpaaycnyio ¢gopmyny (§ 24 u 22) =—31,997340°
8. Boiuucnsem A, =&C’le’ac°_s¢'(n BHIpa- A, = —0,000057 4

XKEHO B Yacax)

. BeluMTaeM momnpaeky M3 € ¥ nony4aeM a

o =22,612279 4

10. Haxoaum A, =mn(psing’ cosd— A, =0,002064
—pcos¢’ cosHsind) (n BbIpaxeHO B
rpajycax)

11. BeruuraeM mompaeky 43 & u nomyuaem o’ 8§ =-—8,742064°

12. INepeomum @’ u 8" B MUHYTH H Cce- o' =22 4 36 mun 44 ¢

xyrasl (§ 8 u 21)

o =—8°44'31"

3aMeTuM, YTO nonpaBkKkH 3a napaJJiiakC B 3TOM CJjyuae
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NpakTHYECKH HecyulecTBeHHbL. [Lisi Bcex HeGeCHLIX Tell, KpoMe
JIyHBI, reOleHTPHUECKHM MapaakcoM OGbIYHO MOXKHO Tmpe-
He6peub. OTMerHM TakKe, uro Cosnue u Jlyna uMeoT noyTH
OlHO H TO Ke BHAMMOE MONOoXKeHHe B PACCMOTPEHHOM NpH-

Mepe; Mbl Bol6pajH MOMEHT MOJHOIO COJHEYHOTO 3aTMEHHS
{cM. § 70).

§ 37. I'eauozpagpuuecxue xKoopounarst

Fennorpaguyeckne KOOpAHHATH MO3BOJSAIOT ONPEAENHTH MO-
JIOXKEHHEe TOYKH (CKaKeM, COTHEYHOro NATHA) Ha NOBEPXHOCTH
Connua. Kak u B /060 apyroii acTpPOHOMHYECKO# cHCTeMe
KOOpPIHHAT, IIHPOTBl OTCYUHTLIBAIOTCH OT OCHOBHOH MJIOCKOCTH,
a JoJroThl — OT OnpenesieHHOH TOYKH B 3TOH IJIOCKOCTH.
3a OCHOBHYIO IJIOCKOCTb NMPHHHUMAETCH MNJOCKOCTb COJTHEYHOro
3KBaTOpa, HaKJOHeHHasi noA yraoM I =7°1%" K 3KJIHNTHKe,
a HauaJo OTCYyeTa MHONrOT — 3TO MOJOKEHHe, B KOTOPOM
HaXOHJICSi BOCXOASILLHIT Y3€Jl CONTHEYHOT O 9KBaTOpa B NOJAEHDb
1 stupaps 1854 r. Ha coiHeuHoM pnuHCKe OTCYTCTBYIOT mo-

Conneyrerd
SKEaITP

Puc. 15. Onpegedente rennorpadHyecKux KOOpAMHAT
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CTOsIHHBIE JI€TaJlH, KOTOphIE MO3BOJHIH 6bl 3adHKCHPOBATH
9Ty TOYKY; NO3TOMY Mbl OyneM BLIUHCIAATb €€ TOJOXKEHHE,
npenrnosarasi, yto nepros Bpailenus Conulia paseH 25,38 cyr.

Ha puc. 15 noka3sana rejHorpaguueckasi CHCT€Ma KOOp-
annat. Coepa n3obpaxaer nosepxHoctb Conuua, a 60ib-
woit kpyr ONJ — conneuHwiii 3xBatop. PyC — ocb Bpaule-
ung Connua, v go6asi TouKa 3KBaTOpa ABHXKETCH B Hanpas-
geurnn O—N. TlnockocTb 3KJIHNTHKH nepeceKaer MNoBEpX-
noctb Contua no 6onbuiomy kKpyry TEN; cnenoBarenbho,
Touka N SIBJIieTCA BOCXOASLUHM Y3JIOM COJIHEYHOTO 3KBAaTOpa
la NJOCKOCTH 3KIUNTHKH. BooGpaxkaemble JHHHH, npose-
nenHbie H3 nentpa C K 3eMse H TOUKe BECEHHErO paBHOLEHCT -
BHSi, NepeceKaioT nopepxHoCTb B Touke E n‘T' coorsercTBeHHO.
O — 310 TOUKa, KOTOpasi B noJjaeHn 1 suBaps 1854 r. naxo-
munace B N. TlatHo B Touke X HMeeT resHorpagHuecKyio
wHpoty B (nonoxurenbHylo Ha cesep OT 3KBaTopa H OTpH-
UaTeJbHYIO Ha IOT) M reJTHOLEHTPHYECKYIO poarory L, usme-
psieMyio BIOJb 3kBaTOpa OoT O B TOM K€ HanpaBJE€HHH, YTO
u BpauienHe Connua.

Ipu nabmopennnx Connua (Koroprle 0643aTeabHo NLONK-
Hbl BBHINOJHATBLCA MYTeM MPOEKTHPOBAHHS H306paXKeHHS Ha
3KpaH) Mbl BHIUM NJOCKHH HHCK, UEHTP KOTOPOro coBnanaer

Conneyras ock
Ceoeprerl nonwe
ducka

Omeyenm
yenos

JOwersra
nonre dacna

Puc. 16. Conueunslit qucK.
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¢ toukoii E, 310 nokaszano Ha puc. 16, rie ormeueHs Tak-
)e Pp— ceBepHBIH NOJIOC COMHEUHOH OCH BpauieHuss U X —
nosoxeénne nsarHa. [lynkrupuas Junus NS — 370 npoexkuns
ocd BpauleHnsi 3eMaH Ha NUCK. Ternepb -KOOPIHHATH TOUKH X
MOXHO ONpene/inTb KOOpAMHaTamu p,-u 0. 3apaua cocTouT
B Tom, uTOOul nepesectn pp 1 0 B B H L.

Jlns ee pellennss Ham HeOOGXOAHMO Mpexje BCero HalTH
koopaunatel By m Ly uentpa pucka E. CoorsercTsyioiiHe
ypPaBHEHHSI HMEIOT BHJ

_ sin(§¥—Ae)cos I
L, =arctg [———_—-—cosme—la) ] + M,

By=arcsin [sin (§L—Ae ) sin 1],

rne Ao — reoueHTpHuecKas sKaunTuueckas nonrora Connua,
I — HaKJIOHEHNe COJIHEYHOrO FKBATOPA K NJIOCKOCTH SKJHITH-
ku (I=7°15"), Q — nonarora Bocxousuiero ysna (yron TN
ua puc. 15), M — yroa mexay O u N Ha puc. 15. Q Bhunc-
nsetce no ¢opmye '

Sb = 74°22" + 84'T,

rie T — uuclo YONIHAHCKHX CTOJIETHII, NPOoUIeiLINX C MOJNYIAHSA
1 siupapsa 1900 r.; M paercs dopmyoi

M =360 — M’,

, _ 360
M = H(JD — 2 398 220,0),

rie JD — onnanckas nata. 3navenne M’ OMXKHO GHITH
nNpHuBeLEeHO B HHTEPBaJ, 3akmioueHHblH or 0 pno 360° nyrem
BolunTaHHa H3 Hero 360°. [lna npuMepa BLIYMCJIHM reJsHo-
rpaduueckre KOOPAHMHATHI IlEHTPa COJIHEUHOrO IHCKa Ha | man
1979 r. I'eonentpuueckyio aonrory CosHua Ag MOXHO ONpe-
JeJINTb CrocoOoM, onucaHHbiM B § 42; nna BIGpaHHON faThH
ona Gblna papua 40°02'44”. (Cwm. npumep 37 A).

AcTpoHoMHUecKHiT €XXeroLHHK [laeT ClefyIollne 3HaueHH s
3TuX Ke BenuunH: Ly, =301,09° u By =4,20°.

Kpome By u Ly Ham Hy»KeH TakKe MO3UIHOHHLIA yros ocH
spawenun ConHua, o6o3naueHuuiii GykBoil P Ha puc. 16.
Ero MOXHO BHIUHC/IMTL CJEeYIOUIHM oOpa3om:

P=0|+62,
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HncTpyknuns

Pesynsrar

. Haxonum ronuaHckyro zaty (§ 4)

JD =2 443 994,50

2. Bbluutaem 2415 020, genum Ha 36 525 m mo- I'=0,793279 Bexa
syyaeM [ — uMCNO CTOJNETHH, NpoieUNX ¢
nonyaus 1 smeapsa 1900 r.

3. Boluucnsem A = 847T. Pesysbrar nenuM Ha 60, A = 66,635400"
4ro6bl nepelTv kK rpagycam =1,110590°

4. BolpaxaeM 74°22' B OeCATHYHBIX AOJAX Ipa- 8§y =75,477257°
ayca (§ 21), npuGapiseM x A n noxyuaem§)

5. Boipaxaem Ao B JECATHHYHBIX JOJSX rpalyca e = 40,045556°
(§ 21). (A; MOXHO BLIMHCJIHTL METOAOM, OMK-
caHHbIM B § 42.)

6. Bemcnsem y =sin(3—Aeo)cos] (I =7,25°) & —A =35431701°

y =0,575097

7. HaxonuMm x = —cos(§l—As) x =—(,814807

8. Haxomum A’ = arctg(y/x). Heobxomumo yct- A’ =--35,214735°
PaHHTL HEONpeNeIeHHOCTb, BOSHHMKLIYIO IpH y>0
YcnoJsip30BaHMH QYHKIMM arctg. [lns 3ToTO x<0
pocnoJibayeMcs puc, 10 u OymeM BHIYHTATD + 180,0
win goGasnsars 180 sm 360° po rTex nop, A = 144,785265
noka A He NOmal€T B NpaBMWILHbIM KBajpar.

Ecnu A cpasy nonaznaer B Hero, 10 A=4'

9. Buluncisem M’ =2%6—g—8 (JD — 2 398 220). M’ =649 283,687 9
BelauraeM 360 cTONBKO pa3s, urobul pesynn- —360 x 1803
Tar nonan B AuanasoH or 0 mo 360° = 203,687 9°

10. Haxogum M= 360°— M’ M =1563121°

11. Mpubapisiem M x A u nonyyaeM L, Boiuw- L, =301,097°
TaeM 3607 O Tex mOp, MOKa pe3ynbrar HE
craHeT MeHblle 360°

12. BoriuvcaseM B, = arcsin[sin(§3—Ao) sinl) B, =4,196°

rune

0, = arctg (—cosiptge),
0, = arctg [-—cos ( Q—Ag) tel],

a € — HAKJOH 3KNUNTHKH (cM. § 27).

Kakoeo 3HaueHue P 1| mas 1979 r.?
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Ipumep 375
WHCTpyXIHS Pesynerat
BoinuchipaeM 3uadeHus BeSMUMH Ay, 3, I U3 npemmi- Ao =40,045556"
Ayiiero npumMepa =75,477257°
1=725°

0, = —18,363185°
0, =—-5917948°
P =—24,281133

1. BuiuucnseMm 6, = arctg(-—cosAgtge) (rae € =23,441°)
2. BuiuucnseMm 0, = arctg[—cos(§3—Ao)tgl]
3. Haxomum P =0, +6,

ActpoHoMuuecknii exeronuux naer P = —24,928°,

Tenepb HakoHelu Mbl MOXeM BbIYHCIHTL reJHorpaguue-
CKHe KOOpHMHAThl COJIHEYHOro MfATHa X, MO3ULMOHHBIA YyroJj
koroporo O (cM. puc. 16), a yros, nos KOTOPbLIM BHIEH H3
nentpa 3emnn ortpe3ok XE, paBeH P, PopmyJbl TaKOBHL:

B = arcsin [sin By cosp + cos B, sin pcos (P— 8)],
L=arcsin [——-—r—smpsci:su’_e) ]+ L,

rge p =arcsin (p,/S)— p,, S — yrsnosoii paauyc Conuna

Haiigem tenepp rennorpacguuyeckne KOOpPAHHATHI COJHEY-
HOro NATHA C NO3HIHOHHLIM yrjoM § =220° p,=10,5" | masn
1979 r. ¥YrnoBo#t paguyc Connua pasen 15’547,

Ipumep 37B

HMuctpyxuns Pesynstar
1. Buiuncnsem Ly, B, u P (cM. mpemblayluue L ,=301,097°

OpHMepH) B, = 4,196°

P =-—-24281°

2. Haxooum arcsin(p,/S) (de 3abynnre BrIpa- S=159

3UTh B ACCATUYHBIX HOJAX MMHYTHl JyrH) arcsin(p,/S) = 41,328659°
3. IlepesonuM p, B AECATHYHbIE OOJH rpaxyca p, =0,175000°

(§ 21), BoluMTaeM p, H nosyyaeM p
4. Brhruucnsem

B=arcsin[sinB,cosp +cosB,sinpcos(P—0)]
5. BuumciseM

A= amsin[s————'"Ps";zil;—e)

6. IpuGasnsem L, u saxomuMm L; ecnu L
Gonpie 360°, puiuuTaeM 360°

p =41,153659°
(P—6) = —244,281°
B = —13,280690°
A =37,530005°
L=338,627005°
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§ 38. Homep o6Gopora no Ksppunzrony

Yucno o6oporoB ConHua OTCYNTHIBAETCH NPH NOMOLIM TaK
Ha3biBaeMoro Homepa oGopora no Ksppuunrrony (CRN), nep-
Bl M3 KOTOpPhIX HauvaJjcsi 9 Hosn6ps 1853 r. OnuH o6opor —
3TO TNIEPHOJi, B TeUeHHe KoToporo Benuunna Ly (cM. § 37) us3-
Mensiercd Ha 360°; ero cpefHsii AJUTENBHOCTb paBHa
27,2753 eyr. Mbl MoxeM oueHb ToyHo Bulumcauts CRN,
3aMeTHB B ACTPOHOMHYECKOM €XKErofHuKe, 4To Hayajo 060-
pora 1690 npuxoputrcss Ha 3noxy 27,84 pekabps 1979 r.
Takum ob6pasom,
_ JD—2444 235,34

CRN = 1690 +——m——,
rie JD — onuanckas para. Iosyuennoe 3nauendne HYKHO
OKPYIJIMTh A0 OnMXKafilero uenoro uucina. Jlns Momewnra,
Korjpa HoMmep ob6opora H3MeHsieTcsl, GOpMyJia MOXKeT AaBaThb
omn6Ky *1.

Tlpumep: uemy pasustnocb CRN 27 suBaps 1975 r.?

Ipumep 38
Hrcrpyxuns Peaynerar
1. BoiuncnseM tosmaHckyto mary (§ 4) JD = 2442 439,50
2. Haxomam CRN = 1690 + Q‘;—_lz’;‘;%-’ﬂ CNR = 1624

H pe3yNbTaT OKpYyrfiseM jo Gnukaliliero uesnoro
uucsa

§ 39. Armocipeproe ocaabaenue ceera

CeeT OT HeGecHBIX TeJ, KOTOPbIHi NOXOAHT AO NOBEPXHOCTH
3eMsM, AOJKEH npoiith 4yepe3 artMmocdepy, rie uyactThb €ro
paccenBaercst NbUIbIO, 3JIEKTPOHAMH, MOJEeKyJlaMH KHCJIOpoaa
H a30Ta H pa3HbIMH APYrUMH Hactullamu. Beanuuna paccesn-
HUS 32aBHCHT OT QU3NUECKHX yciioBuit B aTMochepe (oHa MoO-
JKeT BO3pacCTH, HalpuMep, H3-3a YBeJHUEHHS KOJHUECTBa
NbUIKM, CO3[AaBAEMOT0 BYJKAHHYECKHM H3BepXEeHHeM) H OT
AJMuHBL BOJiHH cBeTa. OObluHO 6osiee KOPOTKHE CBETOBble
BOJHbI (CHHAI 4acCTb CNEKTPa) PpacceHBAIOTCH 3HAUYHTEIBHO
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cunbHee Gosiee NMHHBIX (KpacHasl yacTh CNEKTPa); BCJELCT-
BHe 3TOro He60 MMeeT ronay6oi LBeT (NOCKOJLKY Mbl BHAHM
paccesiHHBIN CBeT), a BHAHMMBII 1iBeT 3Be3x NpH HabJIOneHHH
¢ noBepxHocTH 3eMJsIH KpacHee, ueM Ha caMoMm nese.. Ecnu Mbl
paccMOTPHM BeCb BUAHMBIH jHana3oH JUIMH BOJH B LeJioMm, TO
MOXHO Trpy6o OLEHHTb OXHIAEMYIO BeJHUHHY MOrJIOLeHHs
mis uncToll atmocdepsl no gopwmyse

Am =0,2/cosz 3Be3HOH BeJHYHHDI,

rge Am — nolpaBka, KOTOpylo cjlenyeT no6aBHTL K 3Be3Jl-
HOH BeJIHUHHe, a Z — 3eHHUTHOe paccTtosiHue (2= 90°— BH:
cora). Hanpuwmep, nsnanera, umeroulass BoicoTy 15°, Moxer
Buir/isAneTh cjlaGee Ha 0,8 3B. BeJ. NMPH XOPOWIHX YCJOBHAX
H yhcTOl atMocdepe; B oblleM cnyuae 3Ta nonpapka Oyner
6onbute. Popmysna nepecraerT OblThb CNpaBefJHBOH 1/1A 3e-
HHTHBIX pacCTOAHMH, npeswllalounx 85°.



CoJiHle

Bausxaiiei kK 3emae spespoit apaserca Connuue, HaHMeHblllee
pacctosine no kKoroporo (npu HanbosnpuleM cOANXKEHHH
3eman n Conuua) nocruraer npumepuo 146 man. km. Jloxo-
JASILIMIA 1O HAC CONMHeYHBIH CBET Mbl BUIUM «ITOCTaPeBIIHM» Ha
8 MHH — MMEHHO TaKoe BpeMsl CBeT 3aTpauHnBaeT HA NMPeono-
JIeHHe pacCTOfiHHA, PaBHOro pajaHycy 3eMHoi opourel. M Bce
e, HecMOTpPH Ha Takoe paccrosinve, CoJIHIE HACTONBKO
OrpOMHO, UYTO Ha He6e OHO BHIMJIALHT OLHHM N3 HaHOGOJbLUNX
CBeTHJI, CPaBHUMBIM 1O pa3MepaM JMilb ¢ JlyHoii, KoTopas
Mo c/lyualHOMY COBMNAIEHHIO HMEeT NPHMEPHO TaKHe XKe yrJo-
Bole pasmepbl. M yx HecomHenHo Connue — Haubosee
sIpKH# 06beKT Ha Hebe. Ono siBsiercs rnapuuiM tesioM B Con-
HEYHOH CHCTEME, YNPaBJASIOUINM ABHXEHHEM MJlaHeT U CHab-
KawuwuM 3emio 3Hepruei, Heo6Xonumoll jJist CylllecTBOBa-
HHUA Ha Hel XXH3HN. XOTSi HA OCHOBE NPAKTHUECKOro ONLITa Mbl
Bcerna npencraenasem cebe, rie Ha HeGe JONKHO HAXOAUTHCHA
ConHue, yacto GuiBaeT. HEOGXOLMMO 3HaATh €ro TMOJOXEHHe
6osiee TOYHO, KaK, HanpuUMep, B Cllyyae, eCJl Mbl XOTHM Npej-
BLIUUC/IHTD 3aTMEHHA HJH PacCUMTaTb OPHEHTAIHIO COJIHEU-
HbIX yacos. Crenyiouine HeCKonbKo naparpadgos 6ynyr noces-
lleHbl MeToflaM BbluMc/ieHust nonoxeuus CosnHua, paccros-
HHA €ro OT 3€MJIN U €r0 YIJIOBHIX Pa3MEPOB, BPEMEHH BOCXOa
u 3axona Cosnnua, nponoIKHUTENbHOCTH CyMepEK, 3JIoHTal i
ApYyrux Hebecubix Tes orHocHTeNbHO Connua, a TAKKe ypaBHe-
HUSl BpEeMEHH, KOTOpoe HeOOXOAMMO 3HaTh, €CJH Bbl XOTHUTE
CBEPHTb BalllM YacChl M0 COJHEYHbIM Yacam.

§ 40. Op6urer nebGecrnoix Ten

Kak npuxeHue njianer Bokpyr ConHua, Tak H HBHXKEHHE
CNYTHHKOB BOKPYI CBOMX TJlaHeT MNOAUYHHAIOTCA HEHCTBHIO
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rpaBUTallMy, T. €. CHJIe B3aHMHOro nputsiKenns macc. OnpHO
U3 caencTBHil, BbITEKa1OWMX U3 XapaKTepa 3aBHCHMOCTH 3TOH
CHJIEl OT PacCTOAHHSA, — 3TO TO, YTO OPOGHTHI MJAaHET HUMEIOT
¢opmul snauncos (puc. 17) — reomerpuueckux ¢puryp c xopo-
IO HM3BECTHHIMH MaTEMaTHYECKHMH CBOMCTBAaMH, MO3BOJSIIO-
LIMMH TOYHO PacCYUTaTb ABHKEHHE MJIaHeTHl. DJIJINNC MOXKHO
npeacTapuTh cebe Kak CrIIOIIEHHYI0 OKPYXKHOCTb; NO CY1LecT-
BY, OKPY>KHOCTb ABJII€TCH YaCTHBIM CJyYaeM 3JUJIMICA, B KOTO-
pom o6a ¢okyca S u S’c6IM3UNUCE HACTOIBKO, YTO CIHJINCDH
B neHTpe. Mepoil CNIIOIEHHOCTH CNYXHT 3KCYEHTPUCUTET €;
y kpyra e=0, a y CHJIbHO CIIIOLIEHHOTO 3JIJIMINCA 3HAYEHHE e
npubankaercs K |. BoapminncTBO naaveTHBIX OPOGHUT HMEIOT
skcuenTpucuter Menbiie 0,1 n noTromy Majno OTANYAOTCH OT
KpYroBoiX. 3710 6JaronpuftHoe JJf Hac OGCTOATENbCTBO
NO3BOJIIET CPABHHUTENBHO TPOCTHIMH METOLAMH BLIYHCIAATH
MOJIOKEHHS NJIaHeT C AOCTaTOYHOH TOYHOCTHIO.

Jnst Bcex nnaHetrHblX op6ut ConHuEe HAXOAHUTCA B OJHOM
3 ¢okycoe (S). Ha puc. 17 nnanera V gBuxkerca BaOMb
3JUUIMIICa B HaNpaBJIeHHWH, YKa3aHHOM CTPEJIKOil, pHueM pac-
croauue or CojHUA [0 NAaHETHl MEHSIETCSE OT MHHMMAJIbHOTO
B Touke A Jlo MAKCUMaNbHOTO B Touke B. 3TH TOUKH Ha3blBa-
10TCA COOTBETCTBEHHO nepuzesuem W agesuem. [lpsmas,
coepunnowan naavery ¢ ConHueMm, HasviBaercs paduycom-
8eKTOpOM r, a yros [ Mex 1y paanycoM-BeKTOPOM H (HKCHPO-
BaHHBIM HanpaBJieHHEM B IJIOCKOCTH OpPOGHTHI Onpepensier
noJioXKenHne NJjaHeThl Ha op6GUTE B HEKOTOPLIi MOMEHT Bpeme-
HH. Pa3mep snaunca 3apaercs 6oasbuwioll noayocsro a.
v

q —— !

Puc. 17. dnnuntuueckas opbuta.
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§ 41. Budumas opbura Coanya

Ha nporsixeHnH ropa 3eMmiisi ABHXKETCH M0 3JIHNTHYECKOH
op6ute Bokpyr ConHna, coBepumiasi ofiuH MOJHEIH 060poT
npumMepHo 3a 365'/, cyr. C Touku 3peHust nabmonarenss Ha
3emne Kaxercsi, yto ConHUE ABHIKETCH MO OpOHTE BOKPYF
3emau, U AJsi Bbluncienus nonoxeuus ConHua ypobuo npu-
HATb, YTO JAeJNO O6CTOMT HMEHHO TakuMm obpasom. Hrak, ¢
3TOro MOMeHTa 6yleM npeanojarath, YTO Mbl HaXOAMMCH B
¢okyce op6ute, a Connue onucpiBaeT BOKPYF Hac 3JIHMC.
Korna Connue 6auxe Bcero K 3emine, 6GyAeM roBOPHTb, YTO
OHO HaxXONUTCH B Anepuzee, a Koraa Jajblle BCEro —
B anozee.

IMockonbky mnnockoctb, B Kotopol nexwut opbura Conn-
ue — 3eMnsi, onpefesifieT NJIOCKOCTb IKJIHINTHKH, BBIUHCIAATH
suanmMoe npHxenne ConHua oco6eHHO IerKo — He Hafo 3a6o-
TUTBCA 00 YyyeTe OTKJOHeHHH OT 3KIMNTHKU. CTOUT TONBKO
BLIYUC/IHTD 3KJINNTHYECKYIO AOJAroTy, H noJjoxenue Connua
yKe onpejesieno, NOCKoNbKy skauntuueckas wupora ConHua
BCEr[ia PaBHA HYJIO.

§ 42. Boiuucrenue nonoxenun Coanya

[lepsoe, uTO cnepyer chenarth, — 3TO ONPEJEJHTH 3MOXY,
OTHOCHTENBLHO KOTOpPOi Mbl 6yieM NMpOBOAHTL HALUH pacyeThl.
Bui6epem 3noxy 1980 smBapp 0,0. M3 ActpoHomHueckoro
eKeroflHiKa HaXoHM, UTO CPEAHSif 3KJIHUNTHUECKas JONroTa
Connua B 3T0T MOMeHT Gbla &, =278,833540°. 10 nonoxe-
Hue, Kotopoe uMesio 6bl ConHle, eciin 6bl OHO ABUTaNOCh MO
Kpyrosofi op6uTe, a He M0 3/JIHNTHYECKOH. YKa3aHHOe 3Ha-
yeHHe &, IPUMEM 32 ucXopHoe. YTo6H ONpefesHTb, Fie HaXo-
JHTCH éonnue B JI060#i Apyrodl MOMEHT BpE€MeHH, Hafo Mpo-
cto npu6apuTh K YKa3aHHOH BeJHuHHE YHCJIO IPajycos, Ha
KOTOpOE OHO CMECTHJIOCh 32 HCTeKilee BPEMS, H NPUHATb BO
BHHMAHHE 3JUIHNTHYHOCTL Op6uTH. JIns 3toro HaMm Heobxo-
JMMO 3HaTb JiB€ NPyrue MNOoCTOsHHbIE: ©, =282,596403° —
poarory Conuna s nepuree u e=0,016718 — skcueurpucn-
Ter op6urbl Conkue—3emasn.

Teneps Boo6pa3um, uro CosHue ABHIKETCH BOKPYr 3eMJlH
C MOCTOAHHOH CKOPOCTBIO HE 110 3JJIMICY, KOTOPHI# Npeacras-
JIleT HCTHHHBIH NYTb €70 ABMKEHHS, a 110 Kpyry. JIerko MoxHoO
BBIUMCINTL Yroll M, Ha KoTOpblHi nepeMecTHNOCH TaKoe BO-
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ob6paxaemoe cpednee Coanye ¢ MOMEHTA TIPOXOXKACHHS yepes
nepurem:

360
= 365003 9 TPamycoB,

rae d — 4YHCAO CYTOK MOCJ€ MPOXOXIEHHsI mepuresi. 31ech
yUYTEHO, YTO B TeueHue Tponuyeckoro rona CosHie onucoBaer
Ha HebGecHoil chepe nyTh B 360°. Bennunna M nasbiBaeTcst
tpedneli anomarueli. ONHaKO Mbl JOTOBOPHJIHCH TPOU3BOIHTD
OTCYeT He OT MOMEHTa NPOXOXKJEHHsl uepe3 mepurei, a
noJsib3oBatbes anoxoil 1980,0. Torna, ecnu D — 4yHceso CYyTOK,
NPOLUENIIHX C 3TOM 3MOXH, BeJIHUHHA M naeTcsl BelpaXkKeHHeM
{puc. 18)
360

M = —esaaz D+ es—on,
rie €, H ®, — COOTBETCTBEHHO cpenussi nonrora CosnHua B
HauaJbHYIO 310Xy U B MOMEHT NPOXOXJAEHHUS uepe3 nepurei
(yucseHHble 3HAYEHHS NMpHUBeleHb B Taba. 6).

Bennuuna M onpenensier nsuxkenne cpennero Coanua no
Kpyropeoii op6ute. ®aKTHUYECKH XK€ HAC HHTEPECYeT UCTUHHAA
aHOMQAUSL U, KOTOPast CBSi3aHa C peasbHbiM aBHXeHHeM Coi-
HUua no. sanuncy. Ee mMoXHO HaliTH M3 ypaBHEHHS LEHTPa,

Lpedree
'”L'Mﬂl/e

HemiHeoe
LonHHE ,/

Havarnsrias
FRoXQ

Puc. 18, Onpenenenne nojoxeHHs
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Tab6auya 6

Hapamemper eudumoit opbumer Coanya

£, (GxsmnTuyeckas noarota B 3moxy 1980,0) = 278,833540°

g (3KNMUOTHYECKas JOJIrOTa B INepHree) = 282,596403°

¢ (OKCUeHTpHCUTET OPOHUTHI) =0,016718

ro (bonpmas monyocs) =1.495985 10° xm
0, (yrnopoii muaMerp mpu r=rg) =0,533128°

KOTOpOe (C LNOCTAaTOuHOH n4/5 HAWHX Lejdell TOYHOCTDLIO,
cM puc. 25) 3anuceiBaeTcss B BHAE

v=M+ éﬁo—e'sm.u,

rae v 1 M Bblpaxennl B rpaagycax, si=3,1415927. 3uas v,
Mbl monyuaem gosarory Consua Ag, NpocTo upHGaBAsis K 3TOM
BesnuHHe o, (pHC. 18). Takum o6pasom,

}\.;.)ZU+(Dg
HJIH
_ 360 360 . 360
o= 32 Dt € S‘“[ 624 Dt “’s]+gz'

BbluscauB A, , MOXHO BOCIOJIb30BATHCA METOAOM, NPHBEEH-
HeiM B § 27, a1 onpenesieHHss NPSIMOro BOCXOXIEHHS H
ckioHedHuss (MOMHS, UYTO 3KJHNTHUECKas WHPOTAa paBHa
HyJ10)

Jlas1 ysicHeHus1 BCcero CKasaHHOTro pasfepemM NpHMep: Ka-
KOBO ObljIO IMPsIMOEe BOCXOXKA€HHe a H ckyoHeHHe § CosnHua
927 uonsa 1980r.? (Cm. npumep 42 Ha cTp. 82.)

ActpoHomHuyeckuil exxeronHuk naetr =8 4 25 Mmun 44c u
6 =19°13'46", TaKk uyTo Haw pe3ynbTaT LOCTATOYHO TOYEH.
Boo6ule cnenyer ckas3aTb, UTO C ITOMOLIBIO TOJABKO YTO NpHBe-
JIIeHHOro cnoco6a MOXXHO BBIYHCJAHTD @ C TOUHOCTBIO ~ 10 ¢ H
8§ ¢ TOYHOCTHIO HECKONBKO MHHYT NyTH. OHOKH BO3HHKAIWOT
u3-3a TOro, YTO Mbl HCNOJAB3yeM TONBKO NEpBbIl YJIeH B ypas-
HEHMHM LIEHTPa, He YUHTHIBAEM Pa3jiHYHble BUABI MAJbIX BO3MY-
LIeHH 1, co3naBaeMblX ApyrumMu nuaneramu ColHeYHo# cucre-
Mbl, 8 TAKX€ MOTOMY, YTO Mbl He BBOJHM Pa3JIHYHbI€ MONPaBKH,
CcKaxeM, 3a napaanakc, pedpakilnio, NMPeueccHro # T. 1.
B paccmorpenHoM npHMepe pa3siHYHbEe MONPABKH B MPSIMOM
BOCXOX AEHHH, MO-BHIHMOMY, B33aHMHO CKOMMEHCHPOBAJH
4-1045
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Coanye

Tlpumep 42

Huctpyxuus

Peaynsrar

L

. Bbruncium N =

OnpelenuM YMCJIO CYTOK, MCTEKIIHX C Ha-
Yyana OaHHOTO roja, T. €. OT MOMeEHTa #H-
Bape 0,0 (cMm. § 3)

. JoGasuM 365 cyr 3a kaxIpl# ron, mpo-

wemunii ¢ 1980 r., mmoc 1 nonoyHuTens-
HBIAl JIeHB 32 KaXIbIH Npolue/MMUHH BHCO-
xocHBli rog (rabn. 2). Pesynbrar oGosna-
YuUM 4yepes D

360
365,2422
(s npuGaBuM) HeckOJIBKO pa3 360, Tax
yro6bl N nexano B auanasone 0—-360
Haifinem M =N +¢g,—w, (tabn 6)
Ecnu pesynbrar OTpHLaTesibHBIR, npuba-
BMM 360°

D; 3gece BbIYTEM

. Haiinen E, = 3% sinM (n =3,1415921...,

a e naHo B tabi 6

. Haiinem o= N + E_ + &g Ecnu pesyserar

Gonpiie 360, Beivects 360° Ilonyyaem
reoLeHTpHYECKYIO 3KJIMINTHYECKYIO JOJroTy
Comna

. Teneps, Bcnomume, 4T0 Py =0, mepeitgem

K NPAMOMY BOCXOXIEHHIO H CKJIOHEHHIO
(em. § 27)

27 wona = 182 427 = 209

+0
CrnenosaresbHO,
D =209 cyr

N = 206,000292°

M = 202,237429°

E, = —0,725004°
(w=M+E,)
Ao = 124,108828°

ao=8 4 25 mun 44 ¢
8o =19°13' 53"

apyr npyra,

BCjenCTBHE Yero Mbl NOJAYYHIH pe3yJbTar,

coBnajaiouiiil co 3HaueHHeM, NPHBEJEHHBIM B AcTpoHOMHUue-
CKOM €’KerojgHHKe

§ 43. Bosee Tournoe 8viuucienue noAOKHCEHUSA

B s3ToM naparpadge Mbpl NO3RAKOMHMCS C TEM, KaK HAUTH HCTHH-
HYl0 aHOMaJHI0 U HECKOJbKO 60jee TOYHLIM MeToaoM?*”
B GonbmuHCTBE CnyuyaeB ObiBA€T . JOCTATOYHA TOYHOCTD,
KoTOpylo naeTt Gojiee NMPOCTOH METOJ], NPUBEAEHHBLIH B § 42,
OIHAKO, €CJIH Y BaC €CTh XOPOLIKH NporpaMMHpyeMblii MHKPO-

* OuiH6Ka, BO3UMMKAIOWAs NPH HCIONb3OBAHHH TOJNBLKO NEPBOrO uJjeHa
B ypaBIEHHH LEHTPa, NPOHJIOCTPHPOBaHa Ha pHc. 25 (§ 52).
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Conyue

Puc. 19. McTHHHan aHoOMasHA K 3KCUEHTPHYECKAA aHOMAJHA.

KaJbKyJasiTOp HJH €CJH BaM NOCTYIHa BHYHCJHTEJbHAsA
MaluMHa, 3TOT naparpad MOXKeT oOKasaTbCsl [Jsl Bac [0-
JI€3HBIM.

Kak u paupwe, naitmem cpenniow anomaauio M npu
NOMOIUH COOTHOLUEHHS

360 .
M= P tHe—op

rne M, g; 1 wy BLIpaXkeHol B rpagycax. 3aTeMm HaleM 3KCyeH-
Tpuueckyto uHomaruwo E, onpenenenne KoTopoil OueBHIHO
u3 puc. 19. 3navenne E Boiuncasiercs u3 ypasHenus Kenaepa,
Ha3BaHHOrO TakK B YeCTb 3HameHuToro actponoma Horawna
Kensiepa, MOCBATHBIIErO CBOK XH3Hb H3YYEHHUIO [JBHXKEHHS
nJiaHer:

E —esinE=M;

Ha sTotr pa3 E u M BeipaxenH B paduannoti mepe. K coxane-
HMIO, 3TO ypaBHEHHEe pellaeTcCsl HeJerko, ONHAKO METOJ HTe-
pauuii 03BOJsIeT HalTH PelleHue YHCAeHHbIM MeTonoM. Takoi
MeTOJ HCNOoNb30BaH B niporpamme R2. Ou npurones pjisi Bcex
JnaveHuit e, Menbwux 0,1 (B ciayuae GonblIMX 3HAuUEHHE e
cM. § 57),

4.
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PewuB ypaBHenne Kemnnepa, Mbl CMOXEM BBIYHCAHTH HC-
THHHYIO aHOMAaJMIO U H3 BHpaKeHus

1+e V2

rZie BCe yIibl BbipaXk€Hbl B paduanax, a 3aTeM, Kak H B peabl-
ayuiem naparpade, Bocnonb3oBatbest popmynoi

he=0+ 04 (rpanychl)

LS ofipeesieHHs SKJAHNTHYECKOH 0AToTH ([peX e YeM CKJa-
IbIBATh C ®,, He 3a6yjbTe NepeBecTH U W3 paJMaHHOH Mephl
B IpalyCHYIO).
[Tpoepamma R2. Haxoxpnenue peluennsi ypasHeHusi Kensepa
E—esin E=M
npu e< 0,01
(Bce yrabl BhIpa)keHbl B palMaHax.)
1. IlpunsATE B KayecTBe nepBoro npuGJAMXKeHHS

E=E,=M
2. Haittu 3Hayenue
§=E—esin E—M

3. Ecan Pl<e, nepeittn k wary (6). Ecau [f>e, nepeitu k
caenyoulemy wary (4). 3mecb € — TpeGyemasi TOu-
HocTh (e=10"% pan).

4. Haiitu
o
AE = 1—ecosE °

5. BoluncauTh caenywuiee npHbaHIKEHHE:
E,=E—AE.

[Tepeiith Kk wary (2).

6. IlonyueHHoe Ha s3ToM wware 3Hayenne E npencrabasier
co6oil pelleHHe, OTJHYAIOLLEeeCss OT TOYHOTO PEIUEeHHsT Ha
BeJIHYHHY, HE NPEBHIANILYIO E.

Pelwnm ¢ nmomolbio ONHCAHHOrO METONAa OYEpEeNHYK 3a-
nayy, KOTOpyl0 MOXHO c(hOpMyaHpOBaTh C/aenylouuMm obpa-
30M: KaKoBO 6blO IPsAMOe BOCXOXAeHHe H cKaoHeHHe CoJiH-
na 27 uwoasa 1978 r.?
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Hpusep 43

85

NHcr pykuns

Peaygsrat

10

11

. Beruyucnium N =

HaiineM 4uc/O CyTOK, NpoilieAltHX ¢ Ha-
yana HasHoro rofa (cm. § 3)
Ipubasum 365 cyt 3a Kaxzplii roji, npo-
wemuuik ¢ 1980 r., wmoc 1 pgonosmu-
TeNLHBbIR [eHbp 3a KaXIplii BUCOKOCHBIM
rog. (B masBOM ciyvae MBI NPOU3BOAMM
BblYMTaHMe, Tak Kak 1978 r. Obln paHp-
we 1980 r.) Pesymnrar 0Go3HaumM 4e-
pes D

360
365,2422
MJIM BbIYTEM HECKOJILKO pa3 360 no rex
nop, noxa N He Oyner B nuana3one
0—360°
Hatinem M =N +e,—w, (rabn. 6)
Ecmu pesynbrat orpHMUAaTeNbHBIH, TpH-
GasuM 360°

D. TpubGaaum

. TlepeBeneM 3HauyeBHe M B pafHaHHYIO

Mepy NyTeM YMHOXeHHMA Ha 7/180 (n =
=3,1415927...)

Bocnonksyemcs nporpammoii R2 u sai-
nem E

2
. BeruucsiuM tg;— =(}——_J|_'T;z ) lg-—g— (nanom-

BuM, uyto E M v BblpaXkeHBl B pajHaHax)

. Basip arctg OT NOJIyueHHOro BbIpaXKeHHf,

onpefenuM uf2 (B pamuaHax)

. VMHOXKM Ha 2 M niepeBeieM B rpaayc-

Hy10 Mepy yMHOXeHHeM Ba 180/n
HaiineM Ao=v + @, Ecnu B pesynwtare
nOJIyYuTcs 4McJio, Oonpiuee 360, BbluecTh
360. Ecnu nonydMTCsi OTpHLATENbHOE
yucyo, npubasure 360. NonyyaeM 3xJmn-
THYeckyro nonrory Coimua

Iepeiitu 0T AoKnpsMomMy BOCXOXOEHHIO
U CkJOHeHHIO (cM. § 27), noMHs, 4TO
Bo=0

27 wmona =208 cyr

—365 (1979)
—365 (1978)
D =--522 pgus

N =—514,507907°

= 205,492093°

M =201,729230°
M =3,520839 pan
E=3,514745 pan

tg% =-5,386726"

vf2 = —1,387244 pan
= —158,966491°

ho=123,629912°

6:

AcTpoHomHuecKHH exxerogHuk gaer a =8y 23 mun 44 c H

19°20°38”.
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§ 44. Buuucnenue paccroanuna do Connya u yzrosoix
pasmepos Connya

OnpenesuB HCTHHHYI0O aHOMaJHIO U METOLOM, H3JOXXEHHbIM
B § 42 nau § 43, MOXHO JiIeTKO BBIYHCJAHTH PACCTOSHHE OT
3eman no ConHua r H yrjaosbie pasmepnl CosHua (T.e€. €ro
nuametp) 0. CoorBercTBylouine (oOpMyJsil HMEWT Clenyio-
UIHH BHIC
ro(1—e?)
1+ecoss
0 =9, Feer,
rae ro — Gosplasi noayock, 0y — yraosoil auamerp CoaHua
NpH r=rg a € — 3KCLUEHTPHCHTET OpOUTH. DTH NMOCTOSIHHbIE
npuBelnenbl B Tabsn. 6. Bo3spauwiasick Kk npumepy, pasobpan-
Homy B § 42, raélmem r 1 0 nasi Coanua 27 uwoan 1980 r

r= N

Hpumep 44

Hucrpyxuua Pesynerat

1. HaiigeM mcTuHHyro aHoOMasuio v (§ 42 nin 43) v =201,512425"

2. Buuncmun =198 (¢ Geperen s Tabn 6)  f=0.984722
3. Tenepr Haiinem r = roff (r, Geperca W3 7261 6) r=1,519196-10° xm
4. Haiinem raxxe 0 =/9, (0, Gepercs u3 tabmn 6) 0 =0,524957°
5. INepepemem 0 B MuHyTHI ¥ ceKyHIpl (§ 21) 0=0"31"30"

ActpoHomuueckuii exeronsuk naer 0 =0°3133”. BooGue
roBOpsi, OTKJIOHEHHE OT TOYHOrO 3HAUEHHS JJ151 TAKOrO pacyera
H LOJIKHO GbiTh B Mpelenax HeCKOAbKHX ceKyHA. MHTepecHo
orMeTuThb caenyiouiee. CONHEYHHH CBET NOXOAHT 4O Hac 3a
npoMeXyTok Bpemenu rfc, rne ¢— 3 - 10° km/c. B nanHoMm
ciyuae BpeMmsi paclpocTpaHeHHsi cBeTa cocrasisieT 506 ¢ u
Connie 3a 370 BpeMs nepemeuiaercst npubausutensuo Ha 217
Crporo roBopsi, yTo6bl NONYYHTh BuauMoe nojoxkeHne Con-
1a, cjenoBajo Gbl BLIUECTh 3Ty BEJHYHHY H3 BBIYHCJAEHHOrO
3HAYEHHS [ OJITOTHI.

§ 45. Bocxod u 3ax00 Coanya

B § 32 Mbl NOSICHUAIH, KAaK pacCYHTATb MOMEHT BOCXOMa U 3aX0-
la Kakoro-1u60 HebecHoro o6beKTa, 3KBATOPHAJNbHbIE KOOP-
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JIUHATbHI KOTOPOrO H3BECTHbl. MBl BBIYHCJIHIHN NPSAMOE BOCXOXK-
nenne u cknonenue Connua (§ 42 u 43) v Teneps MOXKeM Mpu-
MEHHTb TOT e crnocob A7t onpejiesieHHs MOMEHTOB BOCXOa H
saxona Comuua. OpgHako 3ajiaya yYCJHOXHSETCsl TeM, 4YTO
ConHue Bce Bpemsl NepeMellaeTcsl BOJbL SKAHITHKH, H, Cle-
JIOBAaTENbHO, €ro 3KBATOPHaJbHbIE KOOPAHHATH MeHsoTcst. Te
3HAYEHHS @ H §, KOTOpble Mbl PACCUMTAJH, BEPHBl TONbLKO AJs
3alaHHoro MomenTa speMent. (B npumepe 42 310 61 MOMEHT
nofiyHoun mMexay 26 u 27 uionsi. K momenTy Bocxoaa caenyio-
wuM yTpom CoJHlle CMECTHAOCh NPHMEPHO Ha 4YE€TBepThb
rpanyca oT NOJOXKEHHs, KOTOPOe OHO 3aHKMaJIo B MOJHOYB, a K
MOMEHTY 3aX0la — NMpHMepHo Ha °/, rpanyca.) Ecau ne tpe-
GyeTcsl BLICOKAsl TOYHOCTb, TO B pacyeTax MOXHO npeHeGpeub
npuxenvemM Co/HIIA H CYHTATh, UTO B MOMEHTH BOCXO4a H
3axona KoopaHuatol ConHLA UMEIOT Te »Ke CaMble 3HAYEHHS,
4TO M B MoJjHO4Yb. B 3TOM ciayyae pacxoAeHHs ¢ TOYHBLIM
3HAYEHHEM MOTYT JOCTHraTh HECKOJBKHX MUHYT.

Opnako pesynbrar 6Gyner BepHee, €ClH Mbl BBLIYHCIAHM
koopanHaTel CoiHLa B MOJHOuDb, NPEALIECTBYIOYI0 BOCXOLY,
M B [IOJIHOYb, HACTYIAIOULYIO MTOCJIe 3aX0Aa, a 3aTe€M NpoBeaeM
HHTEPIIOJHPOBAHHE MEXAY HHMH (aHaJOrHYHBIM oO6pasom
Mbl cienaem pacuet aast JIyanl B § 66). CoorBercTByoulas
¢opmyna UMeeT BHJ

T— 24,07-STI1

24,07 + ST1—ST2
roe T — MCTHHHOE 3Be3JJHOe BpeMsl 3axoja HWJH BOCX04a,
ST1 — 3Be3sHOe BpeMsi BOCXOJa HJH 3aXO0/a, BblYHCJAEHHOE 110
a; U §;, COOTBETCTBYIOLUIHM MpELLIECTBYIOIIEH MOJYyHOYH, a
ST2 — 3Be3HOe BpeMsl BOCXO[A WJIH 3aX0[a, BblUHCIEHHOE
10 ay H 8y, COOTBeTCTByWOLIUM NOChenywoueld noasyroun. Ha
caMoM Jejie HeT HeOOXOAHMOCTH JBaXKAbl MNPOBOAWTb BCE
BbluncaeHHs § 42 u 43, uToOH HallTH JBa Habopa KOOPAHHAT.
JlocTaToOuHO paccyuTath o, W 6, nas nNpealecTByOLLeH
IOJAYHOYH, @ 3aTeM Y4ecTb, YTO 32 24 Y 3KJHNTHYECKas
nonrora Coanua yeennuuBaercs na 0,985647°. dta Benuuunna
npuGaBnsieTcst K Ag, H TaKHM MyTeM HaXOAsATCA a; H O,

JanpHelluHe YTOUHEHHs 3aKI0UalOTCsl B yueTe pedpak-
11K, 06yCA0BAEHHO# HalinuneM 3eMHoil atmocdephl (cM. § 34)
K reoueHTpuueckoro mnapannakca (cm. § 35). He caenyer
Tak»e 3a6biBaTh, YTO COJHEUHHIH JHCK HMEET KOHeUHble pas-
MEPHI: KOrla FOBOPSAT O MOMEHTE BOCXOAa H 3aXOAa, OGLIUHO

(uacos),
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HMeloT B BHAY BOCXOI M 3aXOJ] BepxHero kpasi nucka Coanua.

JlJi1s npuMepa BbIYHCJIHM MOMEHTH BOCXOAa M3-338 rOpPHU-
3oHTa M 3axoma 3a ropu3oHT (Bepxuero kpasi) Conunua na
ypoBHe mopsi 7 cenTsi6psi 1979 r. npu HabaioneHHH H3 NYHKTA
¢ poanroroii 0° u ceBepHoii wuporoll 52°. lpumem nuamerp
Conunua paBumm 0,533°, ero ropu3oOHTaJbHBIA Napannakc
8,79”, nonpaBka 3a pe(ppakuHio B 3eMHOI aTmocdepe cocTas-
aser 34’

Ilpuviep 45

HHeT pykuns Peaynbrat

1. BoluuciseM KOOPAMHATHI LEHTpa ho = 163,778867
COJIHEYHOIO MOHMCKa coryacHo § 42 a, =11,003687 4
w § 43 8, =6,380389"

2. IIpubaBuM k ko 0,985647, u no h, =164,764514°
¥3MEHEHHOMY 3HA4YEHUIO A, CHOBa o, =11,064683 y
pbludciM o B O (§ 27) 8, =6,000751

3. Vicnospaysi noJyueHHble KOO PAH- STI, =4,455106 4
HATHI, BHIYHCJHMM MECTHOE 3Be3[- ST1, =17,552268 4
HOE BpeMSA BOCXOOa M 3axola ST2, =4,549199 4
§ 32 ST2,=17,580167 4

4, Jlns napel 3HaY€HHH MOMEHTOB T, =4,472590 4
BOCXOZOB M 38XOJOB NPHMEHHM 15 =17,572636 4
dopmyny
= 24,07-ST1

24,07 + ST1—ST2
S BeludcamM nompasky At 3a na- & =8‘;§=6,190570°
AJIJIAKC, aKIHK0 M KOHEYHbIH

ﬂpuaMeTp gg‘l;xl:ua (§ 32), npunss v =37,567754°
AJIA CKJIOHEHHMs 3HayeHMe, cpelHee x= 2:_5%3_" +8,79" + 34’

w3 8, u B, (=5'-_‘2“ﬁ) =0,835608

y = 1,370608°

At =330,88 ¢

6. TlepeBeneM At B 4achl, pa3fe/luB At =0,091910 4
Ha 3600. IoJsyyeHHOe 3HaueHHe 7, =4,380680 4
npubapuM x I; u BBHIYTEM ero I; =17,664546 4
us I,

7. INepeeenem T, u Iz 8 GMT (§ 13). GMT, =5 4 20 mun
(3amMeruM, 4TO B JaHHOM Clydae GMT; =18 4 35 mun

poJyrora passa 0°, Tak YTO MecT-
HOE 3BE3OHOE BPEMS NPELACT aBJser
co6oii rpHHBHYCKOE 3BE3QHOE Bpe-
M)
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§ 46. Cymepxu

B no6om cayuae, korga CosHLe OKa3bBAETCsl NOrPy>KeHHBIM
f10j1 TOPU3OHT He HHUXKE 18° (:1m6o nepen BocxoaoM, AHGO Noc.e
3axopa), ocBelleHHe Ha 3eMJie CO3[aeTcsl CBeTOM, paccesiH-
HLiM B ee BepxHeil atmocdpe. HureHCHBHOCTBH paccesiHHOro
cBeTa pes3Ko fanaeT no mepe Toro, kak CouHlle Bce HHKe
NOrpy»KaeTcst MOL TIOPH3OHT, M CTAHOBHTCS I[IPAKTHYECKH
He3aMeTHOH K MOMEHTY, Korjga 3enuTHoe paccrosinue Conuua
nocturaer 108°, 1. e. Connue onyckaercs Ha 18° non ropu-
3ouT. IlepHon BpemeHH mocse 3axoma WM nepel BOCXOLOM,
B T€UeHHE KOTOPOro 3eHUTHOe paccTosinne ColHLa He npeBbl-
waet 108°, Ha3bIBAETCS QCTPOHOMULECKUMU CYMepKamu.

MomeRT BpeMeHH, KOFa HaUHHAIOTCH YTPEHHHE CyMEpKH
HJH KOHYalOTCsi BEYEPHHE CYMEPKH, BBYHCJIHTE AOBOJBHO
npocto. CHavana Haiinem yacosoil yroa CoaHua H B MOMEHT
BOCXOAd WJIM 3axopna 1o ¢opmyne

cosH= —tgg¢ » tgé,
roe¢ — reorpaduueckast wupora, a § — ckaounenue Coanua.
3arem BHuHCauM yacoBoil yroq Coanua H’ B MmomeHT, Korja
ero 3eHHTHOg paccTosinne paBHo 108°:
cos108° —sing- sind

cos¢h -cosd )

Torna npoaosKHTeNLHOCTH CyMepeK B yacax paBHa

t=(H —H)/15u.

Ha nporsixennun ropa ckionenve CoJHLA MEHSIETCSl OT
—23,5° 1o + 23,5°. ChenoBatenbHo, AJs1 XKHUTEJ€H ILHPOT ce-
sepuee +48,56° u wxHee —48,5° B seTHUI nepuOL CyMepPKH
npoposxalwTcs Bcio Houb. Hanpumep, na cesepuoil wupore
60° cymMepKH AJISITCS BClo HOYb B epuoz ¢ 23 anpeas no 22 as-
rycta. B Takom cnyuae snauenue cos H’ nexut BHe HHTepBana
JONyCTHMBIX 3HaueHu#l (—1, + 1), n Ball MHKPOKaJIbKyAATOP
BHIAACT OMHOKY, €CJIM Bbl NONLITAeTeCh B3ATh arccos H'. Jlas
npuMepa BHIYHCAUM HAuas0 yTPEHHHX CYMEPEK H KOHEL Beyep-
HuX cymepek 7 cenTsibpsi 1979 r. nas nabaionatensi, Haxous-
Llerocss Ha ceBepHo#i mupore 52° (cM. npumep 46 mwa
cnen. cTp.).

ACTpoHOMHYECKHI €XErofHHK [aeT sl OnpenelseMblX
HaMu BeJHYHH 3HadyeHust 3 u 17 muu u 20 u 37 MUH ¢ yueToM
usMeHeHusl koopaunaT ContHla B TeUeHHe JHA, a TAKXKe C yue-
ToM pedpakLiu H napajnakca.

coskH' =
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Hpumep 46

Mnctpyxums PeaynwTat

1. BuluvicimM ckJjioHeHHe CoOJNHL@; NOCKOJNBKY do = 6,380389°
Mbl He cTpeMHMcH k OoJbIoN TOYHOCTH
B 3THX pacueTax, BIIOJIHe MOJO#JeT 3Ha-
YeHHe CKJIOHeHUs AJs nonysouu (§ 42
wim § 43)

2. HaiizeM wacopoii yron Cojymua npu 3axo- H =98,228710°
ne no ¢popMyne
H = arccos (—tg¢ -1gd)

3. HaiineM yacosoit yron Connua npyu z = 108° H' =130,404520°
no ¢bopmyine
H' = arccos 28 108° —sing - sind

cos¢cosd

4, BoiuucavM t =(H' —H)/15 4 t = 2,1450544 (ST)

5. Ilepesedem t B MHTepBan Bpemern GMT t' =2,139262 4 (GMT)
nyTeM yMHOXeHHs Ha 0,9973

6. OnpenenuM MOMeHTHI BOCXOHAa M 3axona GMT,=5,333 u
(§ 45), perureM unu npubaBuM 3HaueHUe t’ GMT; =18,583 4
INonyuaem BpeMsl Hayana YTPEHHUX MJIH VipeHHHe CyMep-
KOHLa BEYEPHHX CyMepek KH HauMHAIOTCA B

3412 M GMT.

Beyepuue cyMep-
KH KOHYaloTCs B
20 4 43 mus GMT

§ 47. Ypasnenue spemenu

Bunumoe nBrxxenne CosHLA BIOAb 3KIHITHKH He sIBJSIETCSI
paBHomepubiM. Ha nepsblil B3rsif 370 Ka)kercsi AOBOJBHO
YIAHBHTEJbHLIM, NMOCKOJbKY Mbl NMPHBHIKAH cuHTaTh CosHue
KakK 6bl XpOHOMETPOM, 1O KOTOPOMY Mbl MOXK€M CTaBHTb CBOH
yacel. Ha camoM nesie 3TO HHKYZABIILHBIH XPOHOMETP, €CJIH
/sl CPAaBHEHHSI B KayecTB€ CTaHAapTa B3siTb COBPEMEHHbIE
kBapueBnie yachl. HeTouHocTs ero xozna moXxer nOCTHrath
16 MHH MO CPaBHEHHIO C yacaMH, CTPOro paBHOMEPHO OTCYH-
ThiBaoOWHMH Bpemsi. HepasHomeprocTh naBHxennsi Connua
o6ycJsioBJiI€HA ABYMSI NMPHYHHAMM:

a) 3emHast op6uTa He KpyroBasi, a sjaauntuyeckas. B pe-
3yJbTaTe CKOpPOCTb 3eMJIH MEHSIeTCsl Ha MpOTsKEHWH rola,
JOCTHTasi MakCHMyMa B MEPHreIWH H MHHHMyMa B adeHH.
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C ToukM 3peHus HabJlojaTeNsi, HAXOMAslLerocs Ha 3em.e,
ckopocTh aBHxKeHusi ConHUa 10 ero Boobpakaemoil opbure
MeHsieTCs OT MHHHMAaJbHOH B amnoree 10 MAaKCHMajbHOH B
nepuree.

6) HanpaBnenne 3eMHOI OCH COCTaBJIsIET KOHEYHBIH yroJ
C MNEePIeHAHKYJASIPOM K IJIOCKOCTH 3KJAHNTHKH. ITOT yron
COBIIajlaeT C HAKJIOHOM 3KJHNTHKH £€=23°26" (§27). 3emasn
pejeT cebsi Kak FHraHTCKHE THPOCKOI, HanpaBJjieHHe OCH Bpa-
LIE€HHS KOTOPOro OCTAETCs] HEH3MEHHBIM B [TPOCTPaHCTBE. 3T0
NPHBOANT K ToMy, 4To Beicora ConHua B NMONLEHb MEHSeTCs
B TEYEHHE I'OAa OT MAKCHMAaJIbHOH B I€Hb JIETHET O CONHLECTOsI-
HHUSI O MHHHMAaJbHOH B JI€Hb 3HMHErO COJHIECTOSIHHA. 3TO
n3MeHerHe BbicOTbl COJIHIIA OKa3biBA€T ONpeJleleHHOe BJINsi-
HHe Ha MoMeHT npoxoxneHusi ConHya yepe3 MepHAHAH.

Uto6b! yuecTh siBHBIE OTKJAoHeHHs1 CONHLA OT HIE€adbHOTO
xpoHoMeTpa, BooGpa3dum ¢ukTuBHoe CosiHLe, Ha3bBaeMoe
cpedrum CoaHyem, KOTOpOe IBHKETCSH BOJbL 3KBATOPa U [IPH-
TOM paBHOMepHO. [TonneHs onpenesnsieTcsi KAK MOMEHT Tepe-
ceyenust cpegnuM ConHueM MepuoMaHa, a ABa IOCAELOBa
TenbHbIX npoxoxneHusi cpennero ConHLa yepe3 MepuIHaH
ONpenesisioT NPOLOJXKHTENBHOCTL CYTOK. Bpems, usmepsiemoe
Ha I'punBruckoM Mepunuane no cpennemy Conduy, HasblBa-
€TCsl CpeOHum 2puHBuU4CKUM BpemerHem. TIpuBsi3ka cpenHero
ConHua K HCTHHHOMY OCY1LeCTBJISIETCst YCJIOBHEM COBIaLeHMUS
HX MOJIOXEHHH KaXkablfl rof B OAHH H TOT ke mMoMeHT. Pas-
HOCTb MEXJY HCTHHHBIM COJIHEYHLIM BPEMEHEM M CpeldHHM
COMHEYHHIM BPEMEHEM HAa3bIBACTCH YpPABHEHUEM BpEeMEeHU;
cJie10BaTeNbHO,

E=RST— MST,

rie E — ypaBnenne Bpemenu, MST — cpennee conneunoe
Bpems, a RST — uncrunHoe conneunoe Bpems. 'paduk ypas-
HEHHsI BpeMeHH npusegeH Ha pHc. 20.

YpaBHeHue BpeMeHH Ha BbIOpaHHbIH [N€Hb BHIYHCJAETCS
L0BOJLHO npocto. CHavana Hago HAUTH NpPSIMOE BOCXOXKIE-
Hue ConHUa B MOJA€Hb, a 3aTeM, BCIIOMHHB, UTO MNpsiMoe
BOCXOXXJI€HHE PaBHO 3B€3lHOMY BpeM€eHH B MOMEHT [IPOXOXK e-
HUs1 uepe3 mepunHan, nepeidtu K GMT. B pesyabrate nmony-
yaetcsi momenT GMT npoxoxknenusi uctunroro ConHua uepes
MepunnaH. Buluta HalineHHoe 3Hauenne u3 12 u 00 mun —
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Puc. 20. YpaBHenre Bpemenu.

MOMEHTa NpoxoxaeHHsn cpentero ColHua yepe3 MEPHANHAH MO
GMT, — nonyuaeM ypaBHEeHHE BpEMEHH.

OnpenennM, HanpHMep, KAKOBO 6bl7I0 ypaBHEHHE BpEMEHH
27 vionst 1980 r. (He 3a6ynbte, YTO MONJEHb COOTBETCTBYET
MoMeHnTy Hoab 27,5.)

Hpumep 47
UHcrpykuns Peaynprar
1 BeiyucauM npsmMoe Bocxoxnenue Connna (§ 42) D =209,5 nHsa
B Yacax M JeCATHYHEIX JOJigX 4Yaca a=_8,461737 4
2. CuuTas NOJIyYCHHYIO BEJIMYMHY IPHHBMYCKMM GMT =12,106709 u
3Be3llHEIM BpeMeHeM, nepefizem x GMT (§ 13)
3. BriureM Haiifennoe 3HadeHwe u3 12,0 u nepeiinem E=—6 mun 24 ¢

K yacaM, MuHyTaM u cekynnam (§ 8). ITomyyaem
YpaBHeHHe BpeMeHH
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Ecan Yy BaC UMEI0TCHA COJTHeYHbIE Yachl, AJIH NMepexoaa oT HX
oTcyeTa K CpelHeMy BpEMEHH BaM Hajno HCNMOJAb30BaTb ypas-
HEHHE BpEMEHH.

§ 48. 3nonzayua ornocurensvno Connya

dJyonrauueii niaHeTsl (MM APYroro HeGeCHOro CBETHNA)
oTHocHTenbHO CONHL@ Ha3bIBAETCsl YroJ Mexiy HanpasJie-
HHeM or 3eman Ha Co/HiEe M HanpaBleHHeM OT 3eMJH Ha
nyianety. JIOBOJbHO Y4acTO BO3HHKAeT HeOGXOJHUMOCTL OIpe-
JlesieHHs] 3HaYeHHs1 STOr0 yrja, KOTOpHH MoKa3biBaeT, Ha-
ckosbKo 6au3ko k Conuiy HaM npupgercsi HabGawoparbh nna-
HeTy H, clepoBaTtesbHo, 6yneT au oHa Boobiue sunHa. Popmy-
Jla [Jist 3JO0HrauMH € HMeeT BHI

=arccos [sin & « sindg + cos(ap—ae ) = cOs 8o + c0OsSp]
rpanycos,

rle ap M O — NpsiMOe BOCXOXKJ€HHe H CxJioHenHe CoaHua,
a ap H_§ — NPsIMOE BOCXOXKIEHHE H CKJIOHEHHE MJIAHETHl.
SKBaTOpHaNbHBlE KOOPAHHATH Mepkypusi 27 wions 1980 r.:
ap=7u 8 Muu 18 ¢, 8,=19°21’50”. KakoBa 6nsa ero 3JjoH-
rauusi oTHocutenbHo Coanua?

Tpumep 48
UncTpykuus Pesynerat
L. BoiukciiuM 0o ¥ 8o (§ 42 wim § 43), ocraBuB pe- ao=126,433333°
3yJbTar B IpalycaX ¥ JecATHYHBIX JOJIAX rpajyca o=19,231389°
2. Ilepepenem op ¥ Op B AecaTwunyo Gopmy (§ 7 8p =19,363889°
u § 21) ap=7,138333 u
3. IlepeBeneM ap B Ipajychl NyTeM YMHOXeHMs Ha 15 o p=107,074995°
¢ 22
4. Haitnem & = arccos {sindp- sindg + cos (0 p—a) X e =18,26"

% cosdpcosdy)




[TnauHeTs, KOMeTH
H JIBOHHBIE 3Be€3]Ibl

Ha6nionasi HouHoe He6O € NMOBEPXHOCTH 3eMJiH, Bbl BHIHTE
HEM3MEHHbIl PHCYHOK 3B€3Ji, MeIJEHHO MMOBOPAYHBAIOLIMICS
OTHOCHTEJIHO M0JI0Ca, [0 Mepe TOro Kak 3emJsi HoBOpayu-
BaeTCH BOKPYT CBoeil ocH. PaccTosiHus 10 3Be3] CTOJb BEJUKH,
YTO H3MEHEHHe MOJOXKEeHHsT 3eMJIH, KOrjla OHa [BHXXETCsl BO-
kpyr ConHua no cBoeil op6uTe, NPAKTHYECKH HE BHI3bIBaeT
HHKAKHX H3MEHEHHH B 3TOM DHCYHKe Ja)ke 3a 6-MeCsuHbiil
nepuon. OnHako Ha He6e HMeTCcH O6BeKTH, KOTOphle 3ameT-
HO cMeulalTcsl Ha (OHe HEeMOABMXKHBIX 3Be3A. ITO YJleHbl
naiueil CosiHeuHOi CHCTeMbl — MJIaHETHl, aCTEPOHIBl H KOMeE-
Tol. 3BecTHO neBsiTh 6osbluKX naanetr. B nopsizke Bospacra-
nust paccrosinus or ConnHua ato Mepkypuii, Benepa, 3emas,
Mapc, IOnurep, Caryps, ¥Ypan, Henryn u Ilayron. Ha Goab-
uiMe NJaHeTHl, Kak H Ha apyrue ujenbl CosnHeuHOH CHCTeMBI,
BosaeiictByer noje tsaroteHHss ConHLA, H BCe OHH, BMECTO
TOro 4Tobbl pasjieTaTbCs B Pa3JHUHBIX HanpasJieHHsiX, o6pa-
LI AIOTCSl BOKPYT HEro Mo 3jJHNTHYeCKHM opbutam. Ux Buau-
Moe JIBHXXeHHe Ha HebGe JOCTATOUHO CJOXKHO, MOCKOJBKY
3TH TeJa CPaBHHUTENbHO GJH3KH K HaM, BBHIY Y€ro W HYXHO
YUMTHIBATh NOJOXKeHHEe 3emyl Ha ee COGCTBEHHO# opbwure.
Huxecnenyioumne pasgensl copepkar ONHCAHHE METOLOB
BbIYHCJIEHUST TMOJOXKEHHI, YrJOBHIX pa3MepoB, pacCTOSIHWH,
¢ a3 u spkocTH 6osbluKX- NJaneT. B 3Ty rnaBy Takke BKJIO-
yeHbl pa3jeJbl, MOCBsIIEHHble BHIYHCIEHHIO MO OXEHHI KOMET
W NBOMHHIX 3Be3].

§ 49. Opb6urvt naaner

Kaxnasi nnanera CONMHEYHON CHCTEMbI OMHCHIBAET 3JJHIITH-
yecky© op6uty ornocutenbho CosHua, KOTOpPOe HaXOAMTCH
B dokyce sanunca (puc. 21). B§ 40—43 Mbl 10O3HAKOMHUJKC,
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[lnocrocms gpbuImel nAGKENS

JI0CHoCTIy SHRUIITII

Puc. 21 Opburta nnaHerbl.

JeTanbHO C COJHEYHO-3eMHOH op6HTOl. 3TO Obli upe3Bol-
4yai{HO NPOCTOH caydyaH, MOCKOJNbKY NJAOCCKOCTb 3¢MHOH OpOHTHI
COBMafaer ¢ MJIOCKOCTbIO 3KAUNTHKH. Takum o6pasom, skaum-
THYECKas IHPOTa BCerja paBHAa HYJIO U HalpaBJeHHe Ha TOU-
Ky BECEeHHero paBHOIEHCTBHS JIEXXUT B OpOMTANbHON I1J10CKO-
ctH. OOHaKO [pyrHe IJIAHETHl JBHXKYTCH He B IJIOCKOCTH
3KJMNTHKH: MJOCKOCTH HX OpPOGHT HAKJOHEHBl K MJOCKOCTH
SKJMNTHKH Ha HeGosbluiHe yrabl. JTO Moka3aHo Ha puc. 21

ConHie S pacnonoxeHo B LeHTpe pUcyHKa. Boobpasute,
yTo Bol HabuionaeTe ABHXKEHHe njaHeTsl Bokpyr Connua ¢
Gonbuioro pacctosinus. Op6Guta nNJaaHeTsl — MaJdeHbKHH
aamTpuxoBaHuulit anaunc N,AP; A — nepureauit, a P orme-
yaeT MFHOBEHHOe NOJIOXKeHKHe niaaneTH. YacTb op6uThl, Jexa-
wasg Haj MJOCKOCTBIO 3KJIHNTHKH, MOKa3aHa CNJOWHOH JiH-
Huet, non Heil — nmyHkTHpoMm. [laockocTe OpOHTH MAaHETH!
npoekTHpyeTcs Ha cdepy oueHb GOMBILIOrO panHyca ¢ LeHTPOM
B ConHue u mepecekaer 3Ty cgepy no 60JabLIOMY Kpyry
NIA'P'N,. A" — npoekuus A, P/- roocknust P u 1. 1. Ha pu-
¢’ - IOKJ?aHa TakXe MIOCKOCTh 3KJANI HKH YNNI, conep-
»Kal. a5 HalmpabJjieHHe Ha TOYKY BC~ ‘1Hero paBHOACHCTBHA T
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HanpaBsnenne gBHXKEHHS N1aHeTh! 10 OpOHTE NOKA3AHO CTPe
koit. Touka N, rae niavera nepecekaeTr NJIOCKOCTb IKJAHUMTH-
KM, MOJHHMANCh Haj Heli, Ha3bIBA€TCsl B80CXO0AUUM Y3NOM.
Touka N,, roe nnaveTa yXoauT Noj MJAOCKOCTb IKJAUNTHKH, —
HUCX00AWUM Y3A0M. YTJbl B NJOCKOCTH OpOHTHI OTCUHTHIBA-
I0TCSl OT BOCXOASILLEro y3ja, a AOJroThl — OT HalpaBJIeHHS
Ha Touky T, He nexauero B miockoctu op6uts. Takum obpa-
30M, MEpHTeJHH pPaCMoJOXeH Ha YrJIOBOM PacCTOSIHHH ® OF
yana (3TOT yroj HMEHYETCsl apeyMeHTOM, nepu2eaus), a MrHo-
BEHHOE IOJIOXKEHHE [JIaHeTH OMNpenensiercss YriaoM -+ v
CoOTBETCTBYIOLLHE AOTOTH GyAyT paBHbl © +SWH O + U +cS s,
rae $%— AOATOTa BOCXOASUIEro y3aa. 3aMeTbTe, YTO 3TH A0J-
roTsl NpeacTasasiloT co6oil CyMMbl NBYX YFJOB, OTCUMTHIBae-
MbIX B Pa3HbIX MJIOCKOCTHX.

§ 50. Boiuucaenue xoopdunar naanersi

Hauw pacuer mbl npoBenem B Tpu 3tana. CHayasa BBIYHCIHM
MO/MI0XKEHHE NJaHeThl B NJOCKOCTH ee COOGCTBEHHOH OpGHTHI
TOYHO TaK e, Kak MH 3TO AeJanHd 0Js COJHEYHO-3eMHOH
op6utsl B § 42. Ha BTOopoM 3Tane nepeiineM K HaXOXAEHHIO
MOJIOXKEHHS NJIaHeTbl OTHOCHTEJBHO IJIOCKOCTH 3KMHOTHKH U
onpenesHM 3KIHNTHYECKHE NOJNTOTYy H WHPOTY OTHOCHTENbHO
CoaHla (3KJIUNTHYECKHE TeJHOLEHTPHYECKHE KOOPJAHHATHI).
Tperuit sran Oyner BKJKOYATL NMEePEHOC Hauyaja KOOPAHHAT
or Connua Kk 3eMe, 4TO6b ONpeNesinTh 3KJIUNTHUYECKHE KOOp-
JHHATHl OTHOCUTEJBHO 3€MJIH, 10 KOTOPbIM Mbl MOXEM HaHTH
nNpsiMOe BOCXOX/EHHE H CKJIOHEHHe, KaK onHcaso B § 27

Kak u npexpe, 3a HaualbHBH MOMEHT (310Xy) BhiGepem
1980,0. Boiuncaug uncsno cytok D, npomeinx ¢ 3Toro MOMeH-
Ta, HallgeM cpelHKo aroMannw M no ¢popmyne

M= T(;é%[ x -]l,:— +&— W rpaaycos,
roe T, — nepnoa obGpauieHusi NJ1aHeThl MO op6uTE B TPONH-
YeCKHX Trofax, € — CPeAHss [OJArora MJiaHeThl B 3MO0Xy,
o — poarora nepurenus. Has nnaner ConHeuyHoill cHCTeMBI
39TH TOCTOsIHHBlE NpuBenenbl B Tabua. 7. CpenHsis aHoManusi
xapakTepu3yeT NBH>KeHHe Boobpakaemoii nnanersl P,, nsu-
}KyleHcsi Mo KpyroBoi opb6HTe € MOCTOAHHOK CKOPOCTBIO H C
TeM »Xe [NEPHOAOM, YTO ¥ peanvHan naanera (puc. 22). I[lo
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T

Puc. 22. Cpeanss ¥ HCTHHUAA ZHOMAJHH

CYLLeCTBY, Mbl XOTHM 3HaTh 3HaueHHe HCTHHHOI aHOMaJMH U,
1. e. yraa mexay npsimbiMH ConHue-nepurenni u Connue —
peaibHas naaHeTa. Mul MoXeM onpeneinTb v Mo M, Hcrmonb-
3ysi ypaBHeHHe LeHTpa:

v=M+ ~3n6°~e sinM rpanycos,

roe € — 3KcUeHTpucuteT opbutnl (Taba. 7) u n=3,1415927.
3t10 onATb-TakH NpubauKenHast Popmysa, TOUHOCTb KOTOPOI
BIIOJIHE YAOBJETBOPHTENbHA B GoJbiIHHCTBe cayuaeB. Ecan
TpebyioTCs 60siee TOUHLIE pacyeTH, 3HAUYEHHS U CJAENYeT HANTH
nyTeM pelieHHs ypaBHeRus Kenjaepa, nanpumep crnocobom,
onucanHuiM B § 43.

CaenyollHii Ar COCTOHT B BbIYMCJAEHHH FeHOLeHTpHYe-
CKOH poarorsl I:

l=v+ 0, Hiun

_(_ 3% _ . D
I=(365.202 %7, )+

360 360 D . R
+ 38 esm(365,2472 x-p—+e m)lpduycos.
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Hy>xXHo Takxe onpejlesHTh NJAHHY paavyca-BeKTOpa r:

a(l —e?)

1+ecosv ’

rge a — 6oapliasi noayocb op6butel (tabsa. 7).
BHIYHC/IEHHA, mpoaenanHble AJsl [JIaHETHl, HAal0 NOBTO-
putb aasi 3eman. Bynem o6o3HayaTh BeJMYHHBI, OTHOCSI-
1HeCsl K MNJaHere, CTpouHbiMH OykBamH, a K 3emnae —
nponucHuiMu. Takum o6pa3om, Mbl 6ynemM HMeTb 3HaueHust [ u
r nast nnanetsl © L w R nast 3emaun. Kpome T0ro, HaM Hy»&HO
ONPENesIHTh TeJIHOLEHTPHUYECKYIO LIHPOTY M/1aHETHl

y=arcsin [ sin (I— fN,) sin i},

rae { — HaKJOHeHHe OpOHTH H L — JOJAroTa BOCXOASILErO
yana (Taba. 7). KoHeuHO, reHOLEHTpHYECKAsI LUHPOTA 3EMIH
paBHa Hymo. Tenepb HyXHO CNIPOEKTHPOBaTb BHIUHCJEHHLIE
AJs MJaHeThl BEJIHYHHB Ha IJIOCKOCTb 3KJAHUNTHKH. [Ipoekunn
rejIHoLeRTpHYecKOR foaroTsl [/ u papuyca-Bektopa r’ 6ynyt

'=arctg [tg (I— Q) cosi]l+Q
r’'=rcosvy.

[Nocaennuii mar COCTOHT B mepexoxe K 3emse Kak Hauagdy
KOOPIHHAT H ONpefeseHHIO TeOlleHTPHYECKHUX 3KIAUNTHUECKHX
wuporsl B KW jpoarotl A naanersl. Ha puc. 23, a nokasana
CUTyaUMs AJs1 MJaaHeTsl, opbuTa KOTOPO# JIeXKHT BHE OpOGHTHI
3emau, a Ha puc. 23,6 — 145 BHyTpPeHHe# naaHersl (7. e. Ajs
Mepkypusi 1 Berepnl). [TnocKocTb CTPaHKHLIBL KHHTH NIPEACTaB-
JsieT MJAOCKOCTb 3KJAMNTHKH, S — Coanue, E — 3emas,
P, — nonoxerue MJaHeThl, CIPOELLHPOBAHHOE HA 3KJIHMNTHKY.
Touka BeceHHero paBHOLEHCTBHsl pacHoOJOXeHa Ha CTOJb
6onbuioM paccTossHiH ot COHEUHOI CHCTeMbl, YTO HanpabJe-
nust ETwu ST napanaennusl. [lonb3ysichb 1pOCTLIMH FeOMETpH-
yeCKUMH COOGPaKeHHsIMH, TNoJiyyaeM IJs1 BHEIIHHX [JaHeT

. Rsin(/’ —I) ' .
A =arcig [————~r, ~ Reost — L)] + /' rpanycos,

a assi BHYTPEHHUX —

A =180+ L+ arctg [ R"_Sr".‘.c(o’;_(té}” ] I'PaIyCOB.
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b)

Puc. 23. TeomeTpHs OTHOCHTE/IEHO MAOCKOCTH IKJKNTIKH. @ — BHELUHsIA nia
HeTa; 6 — BHYTPEHHsS mJauHera.

Puc. 24 unnioctpupyer onpenenenHe uuporol. M3 npoctbix
reoMeTpHYECKHX COO6pakeHnii uMeem

 to sinl—F
B=arctg [_';%%(t__nl rPaaycos.

310 BbipaXXeHHue CripaseaJiBO H A1l BHELUIHUX, H AJ151 BHYTpEH
HHUX NJAaHEeT.
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Puc. 24. Oupesesiene wmporsi.

Ilonkpenum Tenepp 3TH Ype3BLIYAHHO AJHHHBIE BHUHCE-
HHSl ABYMS MpHMepaMH: OAHHUM JJisl BHYTPEHHEH IJaHETHI
(Mepkypusi), ApyruM ans BHelHeil — IOnutepa. Jnis o6eux
naaner 6yneM BBIUHC/ATH MPSIMOE BOCXOXKJEHHE H CKJOHe-

nie Ha 22 Hoabps 1980,0.

Tlpumep 504
HEHCTpYRKUHSA Pesynbrar
Mepkypuii (BHYTpeHHSAS IUaHeTa)
1. OnpenenuM 4YHCIO CYTOK, NPOTEKLIHX IIOC/E =305 + 22
sBapsa 0,0 (§ 3) +0
IIpn6asum 365 3a xaxnawpiii rox nocue 1980 D =327 cyr

1wioc 1 gonosHuTeNnbHble CYTKH 32 KaXabli
BHCOKOCHBIM rog (cM. T1abu. 2)

Han naanemst

30 _ D °

2. BoryucauMm Ny = 365.2427 2123 TP Boluutars Np=1338,205014

360, noka pe3ysbTar He OKaXeTcs B MHTEp- —360 x 3

sane 0—360° =258,205014°
3. Haiigem M,=Np+e—o0 Mp=412,358101
4. Boruonum [ = Np+ S0 ¢sin(Mj) +¢ 1 = 148,160937°

(n =3,1415927...). Ecnu pesynbrar bosblue

360, sbrdectn 360. Ecim pesysmwrar oTpMua-

TeJieH, npubabure 360
5. Haligem vp=I—o0 vp=171,016724°
6. Bbrumcrmm r = al—e)? (8 pamuycax r=0,347483 a. e.

1 +ecosuvp
3eMHoit opOmTsI)



HucTpyxuus

Pesynerar

Jrn 3emau

7.

10.

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

_360 D
T 365,242 Ty

360, noka pesyiwTar He Oyner B MHTepBa-
ne 0—360°

Haiinem Ng Beryutaem

. Boluncium Mg =1\£. +e—0

- _ 360
. Haiinem L-NE+ = esin(Mg) +&

(n =3,1415927...). Ecim pesynerar Gosblie
360, sbiuecth 360, ecnm pesysbTar OTpHIa-
TesleH, npubasute 360

BeruseoM v, = L—o
. (1—ed)
Haiinem R —m (B paguycax 3em-

HO# opOurh)
BriuncauMm y = arcsin[sin(/ =) sini]
HaiigeM y = sin(/—y)cosi

Haiinem x =cos(/—Jf)

OmnpenemiM  arctgy/x. Kpyrosble QyHKun
He omHO3HauHbl. OOpaTHTe BHMMaHHe Ha
3HakM x M y M cpapHure ¢ puc 10. Ilpu-
Oaprnziire MM pblumTalite 180 mim 360°,
TOKa arctgy/x He OKaXercs B HY)KHOM KBal-
paHTe

Ipu6apuMd b, yTo6B TONMYyuuTEH ! (KOHT-
posis: !' AONXHO OBITH NOYTH paBHEIM [)
HaiizeM ¢ =rcosy

Haiigem A4 =amtg[—————r sin(L—7") )]

R—r' cos( L—I
BoruncnuM A =180 + L+ 4. Ecim pesyis-
Tar OTpHuareseH, npubabute 360, ecym pe-
synerar Oosblue 360, sbivects 360. D10 —
TeoLCHTPpHYECKas AOJroTa IUlaHeThl
HafineM reoLeHTpHYecKyl0 LIMPOTY

r thSm(A—I’)]

B=arcg [FEESEC—0) Rsin( — 1)
HakoHelw, BLIYHC/IHM IPAMOE BOCXOXJIEHHE
M CKJIOHEHHE, MCIoJn3ys crnocob § 27

N = 322,293786°

M; =318,530923
L=159,858692°

v =— 42,737 712°

R =0,987594 a. e.

v = 6,895996

»=0,977257

x =—0,174796
= —79,859090°

¥ TIOJIOXKHTEIICH
X OTpHMLATEJIcH
+ 180,0
= 100,140911°
I' =148,235084°

r' =0,344973 a. e.
L—/ =—88,376392°

A =—19,425531°

A =220,433161"

B =2, 304301°

a=14 4 35 muu 02 ¢
=—12 45 46"
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AcTpoHOMHUECKH} eXKEerofiHMK NaeT 3TH KOOPAHMHATHI KakK
=144 35 mun 30 c u §=12°5029”. Takum o6Gpasom, faxe
ajisi Mepkypusi € €ro CHJBHO 3JUIMITHYHOR OpPOGMTOH  3TOT
MeTOJ Ja€T BITOJIHE XOPOLIHe M0 TOUHOCTH pe3yJbTaThl. Boo6-
1le roBoOpsi, OXHAaeMmble OWHOKH B o COCTaBJSIIOT Camoe
6oJibiiee HECKOILKO MUHYT, HO Juuisi Mepkypus, Ui KOTOPOro
e=0,2, own6ku MoryT 6biTb U Gosibine. HeTouHOCTL BO3HU-
KaeT H3-32 TOro, 4YTO Mbl HCIOJIb3yeM ypaBHEHHE LleHTPa BMe-
cto0 ypaBHenus Kemsiepa ¥ u3-32 HeGOJIbLIHWX BO3MYiLEHHI
op6uthl nnaneramu CosnneuHol cuctembl (cm. § 52). MoxHo
YMEHbIIUTL OWIHOKH, BbI3BaHHbIC MepPBOil MPUUHHOM, MOJb-
3ysicb GoJiee paetasbHeiM  MeTtopom § 43. Puc. 25 (§ 52)
no3poJisieT CyaAuTb 06 oOmKHOKax, CBSI3aHHbIX C HCIOJIb30Ba-
HHEM YKOPOUEHHOro metonaa.

Ipumep 505

Wscr pyxuns Peay nbtar

KOuuTep (BHeuiHsis nUaneTa)

1. Bemvumnel L tp, r, y, I n r pns HOow- 1=176,025048“
Tepa U L, V; u R ans 3eMJH BBIYHCIS- v, = 162,015499°
I0TCS TOYHO rak Xe, Kak B NpelblAylleM r=>5,441166 a. e.
npuMepe y = 1,264176°

' =176,021511°
r =5,439842 a. e.
L=59,858692"
v = —42,737712°
R =0,987594 a. e.
2. Tcnepb BBIYKCIMM (' — D =116,162819°
Rsm(/’ — L) o
=arctg|— -~ — —14+/. Ec A =184,601058
A u"g[r’—RcosU — 1) + ™ 8

pesyabtar bosbiie 360, Bhuects 360, ecom
pe3ynbTar OTpMLaTeneH, npubasurs 360

. Hait —arctg [ [ 1BYSNA—/ =1,157413"

3. Hajigem B ancg[ Rsin(/ — L) ] B

4. IlepedineM K OpsMOMY BOCXOXICHMIO M 0=12 4 18 M 44 ¢
CKJIOHEHMIO, MCnosb3ys Meron § 27 & =—0-45'59"

ActpoHOoMHYECKHH e€XeroaHHK aaer roopjauHaThl lOmnu-
Tepa Ha 3TOT A€Hb: a=12 4y 18 mun 51 ¢ u § = —0°46’40”
Kak u B npeablayinem npumepe, omwubka, CBA3aHHAsA C UCIIOJ b~
30BaHHEM yPaBHEHHSl LEHTPA, MOXKeT ObITb YMeHblIeHa, €CJIH
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BbIUKC/EHHS NPOBOAHMTHL no Metony § 43. HauGosiee Baxnble
BO3MYyILEHHSI OT Apyrux nyanetr CosHeyHOH CHCTEMBI TOXe
MOXHO yyecTb — cM. § 52.

§ 51. Onpedenenue npubauscennsvix nonosxcenuti naaner

MeTon onpene/ieHUsl 3KBAaTOPHAJIbHbIX KOOPAHHAT IJ1aHET,
H3JIOXKEHHBIH B MpeAblayileM naparpade, 10CTaTOYHO TOYEH,
HO BKJIIOYAeT AJIMTENbHLIE BBIUHCNEHHS. AcTpoHOMYy-jo6uTe-
JII0O 4acTo HY>KHO 3HaTh JIHLbL NPHOJHAKEHHOE MOJ0XKEHHe
nJaHeTH, YToOb NOHATH, Fe ee HCKAaTh HA Hebe, U enBa Jik OH
3axoueT nposectH nepeA stuMm 20 muH, 6apaxtasice B Mope
undp panu 3tod mupopmauu. s onpenenenuss npubsim-
JKEHHbIX M0/0KeHHH OObIYHO AOCTATOYHO MPHHATH, YTO MJia-
HeTBl JABHKYTCs OoTHOcHTesNbHO CosiHua no Kpyrosoit opbure,
Jexauedl B MJOCKOCTH 3KAHMINTHKH. DTO NPHUBOAHT K 3HAYH-
TEJIbHOMY YIMPOILIEHHIO BLIYHCIEHHIL.

TennoueHTpHUecKyIo HOJNrOTy Tenepb He HalLO UCNPABSATH
32 ypaBHEHHe LEHTPa, TAK YTO MOXKHO 3anucaThb

—__360 . _D_ r
{ 3652472 X A + & panycos.
Takyio e ¢opMyNy MOXKHO 3anucaThb 405 3eMJIH H NONY4YHTb

L. ITockosbKy op6uTH Kpyrossie ¢ uenTpoM B CosiHue, panuyc-
BekTOp noctosined. CienoBaTe/ibHO,

r=a.

lennouenTpHyeckasi (a 3HaUHT, H FE€OLEHTPHUECKAs) LWIHPOTa
MJiaHeTbl PaBHa HYJIO, MOCKOABLKY MBI MPUHSAJH, YTO OpOUTa
JIEXXHT B MJIOCKOCTH SKJIUNTHKH. CiefoBaTtesibHO, AJsi BHeL-
HUX TUIaHeT Mosiyyaem

sin(/— L)
A= arctg[ 7—cosi—I) ] +1,

H AJid BHYTPEHHHX

in(L—D
= L+ arctg [——gsin(L—)
A =180°+ L+arctg T—acos(i—0 |’
nockosibKy R=1 (pamuyc 3eMHOH OpOHTLI NPHHAT 32 €fM-
HHLY). OTO — reoueHTPHUYECKasi IKJUITHYECKAs [0Jrota
NJiaHEeThl, MO KOTOPOH MOXHO Ha#HTH NPSIMOE BOCXOXAEHHE
H CKJIOHEHHe, HCnoJibdysl ¢dopmysnn § 27 u nomus, uto =0:
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a=arctg [tg A - cos €]
8§ =arcsin [sin ¢’ sin 1],

3/eCb €’— HAKJOH 3KJUNTHKU (cM. § 27). B nekotophix cay-
uasix MOXHO Jia)ke npeHeGpeub TeM (PAaKTOM, YTO MIOCKOCTb
3KJMNTHKH HAKJOHEHa Mo onpe/iejeHHbIM yrioM K MJOCKOCTH
3KBaTOpa, U HANMUCaThb

a=A.
B kauecTBe mpuMepa Mbl CHOBA BbLIYMCJIHM KOOPAHMHATLI

IOnurtepa Ha 22 Hosa6ps 1980 r., UCNONB3Ys 3TOT MPUGIHUINKEH-
HbI METOA.

Ipustiep 51
Hecrpykuns Peaynprar
1. Haiigem umcno cytok nocyle seaps 0,0 (§ 3). Ilpu- =305 + 22 cyToK
6aBsaTh 365 3a kax el rog nocne 1980 nuroc 1 cyrkn +0
3a KaXxjblid BHCOKOCHBIH rog (cM. Tabu. 2) D =327 cy1
360 D _ -
2. Boiyvconrb ! = o 16524 2422 J;T + & Beluurare 360, 1=174,14
noka pesynbrar He Oynmer B mHrepBane 0—360°
3. Yrobel Halitw L, nopropure war 2 g 3emim L=#61,13"
4. Burmcnmrs A = arctg[ sin(/— =8 ]+ A = 183,48
a—cos(l—
5. Ilepeiitn X IpAMOMY BOCXOXZeHWIO M cKioHeHHio * o =12 4 13 mun
(§ 27), noMEs, yro B=0 =—1°23

PesyabTar orauyaeTcss OT TOYHOrO MOJIOKEHHS] MEHBILE
ueM Ha 6 MHH o a ¥ Ha noarpaayca no §. OAHAKO B HEKOTOPBIX
cayuasix ciaeiyeT OXHMAATb ropa3zno 60JbHIMX OMIKGOK, OCO-
6eHHO KOrjaa op6urta xapakTepusyetrcs GOJIbILIUMH 3HAUEHHS-
MH e WIH L

§ 52. Bosmyuenun naaunernsix opbur

Briuncaaa kooppunate naawer (§ 50), mb nmpunumasau, 4To
MX JIBUKEHHE MOJIHOCTBIO ONPEJeJAETCs MOoeM TAFOTEHHS
Cosnnna, Tak 4ro BANSHAE opyrux uaesoB CoJHEYHOH CHCTEMBI
(BO3MYILLUEHHUA) NPEHEOPEKHUMO MaJjo. DTO NPEeANoJioKeHHe
obecnieunBaeT LOCTAaTOYHO xopoluee NpubJHIKeHHE, OJHAKO,
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yTOGB! YBEJTHYNTb TOYHOCTh, HEOOXOAHUMO YUYeCTh TaKHe BO3MY-
illeHusi, oco6enno pis op6ut lOnurepa u CatypHa, A8 KoTto-
pbIX jgeHcTBHE BO3MYilleHHH MOXeT aoctvraTh 1° B poarore.
CTangapTHBIH MeTOA COCTOMT B TOM, 4YTO K BEJHYHHAM
BbiuncieHHblM B § 50, npubapisiercss psn nonpaBokK. AHasio
ruyHblil npueM jis JlyHsl Mbl BoinoinuM B § 61. B 3Ttom
naparpade Mbl paCCMOTPHUM JiHIIb HanboJiee BaxKHblE MONpPaB
ki jasi opbut IOnutepa u Carypua, npesnialomne 0,04°
B NOJITOTE.

[lpexxne Bcero Ha/l0 BBIYHCJAHWTb BPEeMS B IOJHAHCKUX
crosieTusix, npoweairee noche aatel 1900 suBape 0,5. Ono
onpeaeasercss Kak

T _ _ JD—2415020,0

e T ey

36 525 ’
rne JD— waunanckas pata (§ 4). 3atem BBIUMCJIUM BEJHYHHbBI

A= +ol,

P =237,47555° 4+ 3034,9061° - T,

Q =265,91650° +1222,1139° - T,

V=5Q—2P,

B=Q—P.

I'napubie nonpasku s IOnnrepa n Carypra 6ynyt cie-
JAyouiue:

IOnwurep:

Al= (0,3314—0,0103 A) sin V—0,0644A cos V,
CaTypHh:

Al=(0,16094—0,0105) cos V + (0,0182A4 —
—0,8142) sin V—0,1488 sin B—0,0408 sin 2B +
+ 0,0856 sin B cos Q + 0,0813 cos B sinQ.

3nauenus Al ciepyet npubaBuTh K cpefineii nosirore [ 10 Hava-
Jia BbIYHMCJEHHH, onmucaHublx B § 50.

Ilepesbiukcaum Teneps nosoxenne IOnurepa Ha 22 Hon6-
ps 1980,0, pewas ypasHenue Kensepa (§ 43) u yuuThiBas
rJaBHble YJeHbl BO3MYIIEHHH.
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IIpumep 52
HHcT pyKUHR Peaynprar
1. BbluncyuM romuasckyro nary (§ 4) JD=2 444 565,50 cyT
2. Haiigem T=w0_ T =0,808912 croJseruii
36525
3. Haiinem A =1TJ5+0,1 A=0,261782 cronerHii
4. Onpenenum P =237,47555° +3034,9061°-7 P = 2692,447513"
5. OnpenmenuMm Q = 265,91650° +1222,1139°-T Q = 1254,499099°
6. MNMonyuum V=5Q—2P V = 887,600469°
7. Bblyucium Al = 0,087047°
Al=(0,3314—0,0103 4)sin ¥ —0,0644 Aco sV
8. Cnenys npumepy 50, HaiimeM Mp M, =160,127626°
Ep=2,810509 pax
9. Hcnone3ys MeTox § 43, onpeneium vp vp=161,913246°
10. HalineM /=vp+ © 1=175,922796°
11. VBenuuuM 3HaueHMe /, npubasup A/ + 0,087047°
Ip=176,009843°
12. BuuucimMm L, vz m R gna 3emim, cue- E; =5,548202 pan
nys Merony § 43 v, = —42,757812°
L=59,838591°
R=0,987598 a. e.
13. Cornacuo § 50, BbIuHcIMM € ¥ O r=>5,441013 a e.

v = 1,264091°
I' =176,006303°
r' =5,439689 a. c.
(' — D=116,167712°
A = 184,588480°
p=1,157401°
=12 4 18 muu 41 ¢
8 =—045'41"

MBb! BHJIHM, YTO, HECMOTPA Ha HalUH YCHJIHSl, OTBET OKa
3ajncsa 6osee pajeKHM OT TOYHOrO 3HAYEHHs, YeM paHee. ITO
yKasblBaeT Ha BaXXHoe OOCTOATE/ibcTBO: x0Tl Meton § 50
C [ONOJIHEHHAIMH 3TOro pasjesna JoJKeH, Boobie rosops,
JlaBaTb Jy4yUWHH pe3yJsbTaT, C HUM cBA3aHbl OOJibiive 06miHe
oW HOKH, H KOHEYHBIH pe3y/ibTaT OKa3blBaeTCs MEHEe TOUHBIM.
OwubkKa, BO3HHUKAWOLIAsl MOTOMY, YTO Mbl YUHTHIBA€M TOJIBKO
nepBblii 4J€H ypaBHEHHSl LEHTpa, NOKa3aHa Ha pHC. 25 B
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GyHKUHU cpeaHell aHoMaauun M pas ABYX 3HAUEHHH 3KCLEH-
TpucuTeTa e. B nameM npumepe owubka coctasasier 0,102° u
CJy4afiHO MOYTH MOJHOCTBLIO KOMMEHCHPYETCH APYTUMH OHG-
KamMu, 4TO U naet OJH3KWH K HCTHHe pe3yJbTaT.

g e=-02

—

2 -

7 4

20 40 60

280 500 520 540 560

A, epadyces
Q

M, epadycsr—=

-3 -

Puc  25. Ownbxa A, BHocumasi npuGauxenueM y=M + (360/x) e sin M.
VlcriiHHOe 3HaueHue HCTHHHOH aHOMAJNHH PaBHO v+ A.

§ 53. Paccrosnue, c6eTo60ii npomeiCyTox U Yzao8otl
nonepeyHuK nNAGHETH

B xone Boiuucsenuin § 50 Mbl, onpepessisi NOJOXKEHHE IL1a
HeTHl, HauWIM paccTosinks maanersl r ¥ 3emnn R or Cosnua.
Hcnoab3yss 3TH BeJMYHHB, @ TaKKe TCeJHOLEHTPHYECKHE
posrorsl [ u L, Mbl JierKo BbiBegeM pacCTOSIHHE MJaHeTbl OT
3emau p. Feomerpusi nokasana na puc. 26. C npene6pexumo
MaJsiofi OHOKOM MBI MPUMEM, YTO MjaHeTa P JieXXHT B MJOCKO-
CcTH SKJUNTHKH. Torma, npuMeHsisi TeopeMy KOCHHYCOB K
TpeyronbHHKY SEP, umeem

p?2=R?4+r>—2Rrcos (I—L),
oTkyna onpejeasiercs p. O6biuHo r ¥ R Bblpaxaiorca B
acTPOHOMHYECKHX eJuHuuax (a.e.): 1 a. e. — 3TO BeJNHYHHA

60JbI0H N0ayOocH 3eMHOH OpOuThl. PaccTosiHue MJjaHeTsl oT
3eMJiH TaKXe H3MepsieTCsl B aCTPOHOMHYECKHX €AHHHMIAX.
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P
(A0

r

p
I A
S \ T
(360°-L)
R

A\ .

E

Puc 26 Onpenenenue pacCTOIHHA A0 MAAHETHI

Briuncaus p, He npejcTaBJisieT TPyAa HalTH CBETOBOH Mpo
MEXYTOK T — BPEMS$, 32 KOTOPOE CBET MPOHAET OT MJIaHeTH! 10
Hac. CMOTps1 Ha nJjaHeTy, Mbl BHAHM €€ B TOYKe, B KOTOpOii
oHa 6bl1a T yYyacOB Haszaj, rae

©=0,1386p uacos,

€CJIH p BBIPA>XEHO B aCTPOHOMHYECKHX €JIMHHLAX.
Mbl MOXeM TakKiXKe HaHTH BHAMMBIH YIJIOBOH JHaMeTp
MJiaHeThl, PaBHbIii

6=0,/p,

rAe p BbIPAXEHO B a. €., a O, — YIVIOBOH AHaMeTp MJaHETHI,
€ecJIM OHa HAaXOJHTCS Ha paccToAHUHU | a. e. oT 3emsn. 3nave-
Husi 0, npuBejieHn B Taba. 7.

B kauecTBe mpHmepa BBIYHCIHM pacCTOSIHHE, CBETOBOI
NpOMEXKYTOK M BHAUMHH yrjoBod auamerp [Onurepa
22 noa6ps 1980 r.

B AcTpoHOoMUYECKOM exKerofiHUKe HaXOAHM, uTo aus IOmu-
Tepa B 3TOT A€Hb p=>5,94 a.e. u 0 =31".
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Hpunmep 53
WncTpykumss Pesynbrat
1. Haiinem r, R, [u Lxax B §50 r=5,441166 a. e.
R =0,987594 a. e.
=176,025048°
L=59,858692°
2. Beruucium p? = R? 4+ r* —2Rcos(i— D) p? =35,320973 (a. e.)?
3. H3sneyeM KBaJpaTHBIH KOpeHBL M Haiimem p p=59% ae
4. YMHoxuM Ha 0,1386, ytoOBl HaliTH 7; 3aTeM Ie- 1=0,823720 4
peBenieM B MHHYTH M ceKyHmsl (§ 8) t=49 Mun 25 ¢
5. Onpenesum 6 us 6 =0,/p 0 =33"

§ 54. Daswe naaner

B kakoii 661 TouKe OpOHTH HH HaxoAHsacCh MJiaHeTa, ee MoJay-
cdepa, obpaiuennas Kk CosnHIly, ApKO OCBELIEHA, B TO Bpems
KaK BTOpasi M0JIOBHHA €€ NOBEPXHOCTH MOrpyKeHa B TEMHOTY.
Onnako ¢ 3eMsid Mbl BUAUM Ty YaCTb MOBEPXHOCTH, KOTOpas
3aHKMaeT nosycgepy, obpauierHHylo K 3emMsie, KOTopasi OGLIUHO
3axBaThiBaeT U CBETJIOE, H TeMHOe noaywapus. Takum obpa-
30M, Mbl BHAHM HE€ PABHOMEPHO OCBEIll€HHBIH JHCK MJaHETHI,
a SIipKUH CErMEHT Ha HeM, OCTajbHasl YacTb JIHCKa — TEMHas
1 OGbLIYHO HeBHAMMa. [1OCKO/MbKY B3aHMHOE pacrosioKeHHe
3ema, naadetol H CosiHLla MeHsieTCsl, OCBelleHHasl Mioilanb
BHAKUMOrO AHMCKa Takxke meHnsercd. Ilo onpepenenuio ¢pasoi
NJaHeThl Ha3blBaeTCH OCBELWIEHHAasl 1OJA BHIMMOrO AHMCKa.

Ha puc. 26 yron (A—/) — cosiHeunasi 3jioHrauns 3emJiH,
usmepenHas ¢ myaHetol P. O6o3nauum stor yroa d. Torpa
d=A—1. ®aza F ces3ana ¢ d ¢opmyiioi

_1
—5(l+cosd).

3nauenue F Bcerpa sakmawueno B npepesax otf 0 no 1. Ilpu
F=0 k 3emse obpaiuleHa TE€MHasi CTOPOHA MJaHeTh. ITO
MOXKeT ObIThb TOJBKO AJISl BHYTPEHHHX NJiaHeT, MepkypHusl H
Benepnol. I1pu F=1 ¢ 3eM/id BHAHO TOJIBKO OCBELEHHOE MOJY-
apue MJaHeThl.

B kauectBe npumepa onpenesinm (passl Mepkypus u IOnu-
Tepa 22 Hos6psa 1980 r
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Hpuvep 54

HHcTpyxuus Pesy naetat

1 HaiineM d=A—/, ¥croJib3ysi IJ7s BbIMHCNE- Mepkypnit: d, =72,272224
uus A M ! Meron, onucauHelii B §50 IOnurep:  d, =8,576010
2. Haitnem F = %(1 +cosd) Mepkypuit: F, = 0,65
Onurep: F, =099

Mul BHJHM, 4YTO Y IOnu'rcpa OCBE€ilEeH NMPaKTHY€CKH BeChb

JHCK, B TO BpeMsi Kak y Mepkypusi — Heckonbko OoJiblue
MOJIOBHHEL JIUCKA.

§ 55. Hosuyuonnsili yzon ceernozo aumba

Puc. 27 nokasbiBaer, KaK BHIMIAJAUT MjaHeta B (pa3e OKOJO
0,7. IlyHKTHpOM OuepYeHa HEBHAHMAN YACThb INCKA, a Npsimasi
NS napanjsenbna 3eMuoii ocki Kpupas AB — tepmuHaTOp,

N
A
== T~~~ Teppraramop
s N
il bV
/
7 Terras vocmn
/
/
[
i
1 6
1
\
\
\
\
\
\
A

S

Puc. 27 Tlo3uuuoHHBIR yroa cBer.oro Jum6a.
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JIHHUS, OTReJsoiast HoYb OT JHA. [TO3HLHOHKBIE YIVibl H3Me-
pAIOTCSL OT TOYKH CEBEpa B HaNpaBJEHHH NPOTHB 4YacOBOM
crpesiki. TakuMm o6pasoM, TOYKH A u B xapakrepusywoTtcs
No3WLHOHHBIMH yrjamu 6, n 0, Touka C penut nomnosam
nyry AB, aBassce cepeaunoif cBetsioro n1um6a, U onpejessierT
NO3MUHOHHBIH yros csetsoro Jum6a y. CaepoBaresibHO,
x={(90,+6,)/2.

MO HO /IErKo BBIYUC/AHTD %, €CJH U3BECTHBl 5KBaTOpHAJb-
Hple koopauHatel mnanetsl (a, 8) w Coanna (ag, 6g):

X = arctg [ : 0055? sinlap—a) ] .
cosdsind,—sindcosdycosla,— a)

B kauecTBe nmpuMepa BbIUKHCINM IMO3MIIHOHHBIA yroa cBeT-
noro JuMb6a Mepkypuss 22 Hos6ps 1980 r. Koopaunath
Conmnua: ag =154 50 muu 37 ¢, 6 = —20°0704".

Ilpumep 55

UEcTpyxuns Pesynbrar

I. OnpenenuM npAMOE BOCXOXKIEHME M CKJIOHEHHE a=14 4y 35 mMun 02 c
makern (§ 50) & =—12°45"46"

2. IlepepeneM xoopauHarhl IyaHerbl M ConHua B o = 14,583889 u
necsTuumyio dopmy (§7 u 21) & =—12,762778
Koopousatel CosiHlia MOXHO HaliTH, chenys a,=15,843611 4
§42 . 8 o= —20,117778°

3. HaiizeM Ao =a,—a. IlepeBenem B rpanycel, Aa = 18,895830°
ymuoxus ua 15 (§22)

4. OnpenemM y =cosd, sinAa y=0,303973

5. OnpenemuM x = cosd - sindgy —sind - cosdgcosAa x =—0,139196

6. Haitnem X’ =arctg(y/x). UTOOBl HMCKMOUHTH X' = —65,395952°
HeOAHO3HAYHOCTh, OOpaTuMcs K prc. 10 u cpas- + 180

H¥M 3Haku x M y. Ilpubasnsiite win BbluuTai-
Te 360 mym 180 x X', moka He npusenere X
B BepHBI#l KBaIpaHT X =114,6°

AcTpOoHOMHUYECKHi] eXXEerOAHUK B 3TOT A€Hb JlaeT Anst Mep-
Kypus y=114°

§ 56. Budumeiil 6aeck naanerst
IlposeneHHble 10 CHX MOP BLIYHCJICHHS MO3BOJIHJIH HAM OMNpe-
JIeJIUTb MOJIOXKEHHE, CONHEYHY0 3i0Hrauuo (§ 48), paccros-

HHe OT 3e€MJH, BUAMMBIH YrJOBOH AMaMeTp, (pasy U MO3HLHOH-
HBlil yros cBeTJ0ro nuM6ba nianeTsl. UTO6H CITHCOK BCEX BaXK-
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HbIX XapaKTePHCTHK BHAMMOCTH IJaHeThl 6blJ MOJOH, OCTaeT
¢ 1o6aBUTb BHAUMBIA 6JieCK MJaaHeT.

bBJjieck o6LIYHO H3MepseTCsl B 3B€3LHBIX BeJHUUHAX M B He-
JUHelHON HIKaJie, MpHYeM MeHblLIeMy GJECKYy COOTBETCTBYET
GoabLIasi 3Be3[Hasi BeJHUMHA. 3Be3bl Haubosabuiero 6Jecka
HMEIOT BUAMMYIO 3Be3JHYIO BEJHUHHY OKOJO |, a HauGoace
caabble 3Be3/H, €€ BUAHNMbBIE HEBOOPYKEHHBIM TJ1a30M, HMe-
10T 3BE3[HYI0 BeJHYHHY OKosio 6. OTHOwEHHEe CBETOBbIX MNO-
TOKOB OT 3B€3]l, Pa3jHyamolluxcs Ha | 3Be3nHyw0 BeJIHYHHY,
cocraBaseT okojo 2,5. CosnHue, CBETOBOH NOTOK OT KOTOPOro
Ha 3emJie OUYeHb BEJHK, HMEET BU3YaJbHYIO BejaHUUHy — 26,74,
B TO Bpem#f Kak Jlyna B nonnoayune —12,73. [laauners pac-
nosaralpTCs B MHTepBaJe oT npumMepHo —4 ans Benepw no
+ 14 nns Ilaytona (B ux nauGoabuiem 6Jecke)

baeck njianer paajMuaeTrcs MO HECKOJBKHM MNPHYMHAM
Ilpexxne Bcero cBeTopoit norok ot CosHua, NPUXOASALIHHA Ha
NJaHeTy, U3MeHsieTcss o6paTHO NPOMNOPLUHOHAJBLHO KBaapaTy
paccrosinus or CosnHua o naarersl r. Kpome Toro, koanuectso
cBeTa, nepeusaydyeHHoro K 3emsie, 3aBucHT ot (asnl F u dak-
topa Gsecka A Ilocaennuil xapakrepusayeT OTpa)KaTeJbHYI0
LIOCOOHOCTb NJIAHETHI B COYETAHHH C IJIOLLAAbIO €€ AHCKA
Yem Gosibiie maowlanb aAucka, teMm OGosibwie cBeta Cosnua
nepexpaTbiBaeT NJaHeTa U, ClleloBaTeNbHO, TeM GoJibilie CBETa
oHa nepeusJyuyaeT kK 3emJe. Hakonel, ceeToBofi notok, nocry-
nawiluii Ha 3emJ0, MeHsieTcsi o6paTHO MPONOPLHOHAJBLHO
KBaJApaTy PacCTOSIHUAl MJaHeTHl OT 3eMJiH p.

[IpubauKeHHOe 3HAYEHHE BHAWUMOH 3BE3[HOH BeJIHYHUHBI
njaHeThHl onpepesnsiercsa no ¢opmyne:

m=5lg (rp/A+F)—26,7,
rae r ¥ p H3MepeHb B a. e. 3HaueHuss A npuBejeHb B
Tab6a. 7.
Jas nprmepa BHIYHCJIHUM BHAHMYI0 3BE3[HYI0 BEJIHUHHY
IOnutepa 22 Hoabps 1980 r.

IIpumvep 56

Huctpyruus Pesynprar

| HaiineM 3Hauenus r. p u F, ucnonesys Merom §5Q; r=5441166 a. ¢
53 u 54 p=3594 ace
F =0,99
2. Bobluvcaum m=51g(rp/A\/I?)—26,7 (rupsae) m=—0,64
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3HaueHue, KoTopoe npusBeneHo Ha 22 Hoa6pA nia FOnutepa
B ACTpOHOMHYECKOM €XErojHHKe, cocTapjisieT m= —| 4.
Boo6111e roBopsi, TOUHOCTh HalIUX BbLIUHCJEHHIl OKoJio | 3B.
Bej. Mbl He yuuTeIBaJKH atMocdepHoro ochabaenus (§ 39),
koTopoe O6/iH3 FOPU3OHTA MOXeT ocJiabuThb BHAHMYIO BEJiH-
udHy Ha 2 unu 3 epundupl. Tem He MeHee Hall pacyeT MOKasbl
BaeT, YEro MOMKHO KJaTh.

§ 57. Komerwnt

B npeablayninx pasznesnax Mbl NO3HAKOMHJIHCh C TEM, Kak
BBIYHCJHTD MMOJIOXKEHHE JI060ro Tesa, ABHXKYILErocsi BOKPYr
LlEHTPaJbHOrO0 MaCCHBHOro 0Ob€KTa, H NPUMEHHIH 5TOT METO/,
K 6osnbuinM nJuaneraMm Hauwell CosiHeuHoH cuctembl. Bcee, uro
HY>KHO OblJIO 3HATb, — 3TO 3JieMEHTbl OpOHUTHl KaXX[0H mJaa-
HeTbl. [Topo6HEIM ke 06pa3oM MBI MOXeM BBIYHCJHTL MOJIO-
JKeHHe NMepHOAHYECKOH KOMETbl, €C/iM H3BECTHBI 3/JE€MEHTh ee
Op6GHTHl, ONHAKO METOJ HYKHO HECKOJIbKO H3MEHHTb 10 ABYM
NpUYHHaM:

1. O6blyHO HE paeTcs AOArOoTa KOMEThl B ONpejesieHHYIo
snoxy. Haule faercs 510xa NpoOXOXK/AeHUs nepuresuss — 6au-
x)afimei K CoJiHLY TOYKH OpPOHTHL

2. JKcueHTpUCHTET e OpOUTHl KOMEThl OOBIYHO MHOrO
6osbumie 0,1, W ypaBHeHHe ueHTpa HelnpuMeHuMo. BmecTo
HEro HyXKHO pewiath ypasHeHue Kemnsepa.

DneMeHTH OpOHT HECKOJIbKUX MEPUOAHYECKHX KOMeT MpH-
pejeHbl B Tabsn. 8. 3aMerbTe, UTO, KaK U /s opOUT MJyiaHeT,
Mbl MPUBOAMM [OJTrOTYy nepuresina o. ViHorna Bmecto Hee
naetcsl aprymeHT nepuresiusl. OH 0603HayaeTcsl CHMBOJIOM ©
(oueHb JIerko cnyTaThb!) U CBA3AH € @ COOTHOMIEHHEM W=C+ b,

HaunemM, Kak u panbuie, C onpejieseHUsl cpeiHell aHOMa-
JIHH KOMETH no ¢dopmyJe

360 x—L_ 4e—aq,
365,2422 T,

rie D — yuesio CyTOK mnocje MNpOXOXKJAEHHS Nepuresus,
T, — nepuon obpaiienust no opbure B rofax, e — A0Jrora B
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3MOXy H © — goJsirota nepurenus. OLHakKo B 3TOM cjiyyae
3M0Xa — 3TO MOMEHT MPOXOXKAECHHUSA MepPHUresins, Tak 4To & = o.
Kpowme Ttoro, Her HeoGXOAHMMOCTH CUMTATh BpeMsi B CyTKax,
B 3TOM CJiyyae MOXXHO MPOBOAHUTb BHIYHC/ECHHA B NeCATHYHBIX
aonsax roga. Otrcoaa

M=360Y/T,,

riae Y — uHc/io et nocjie NpOXOXKAEHHS MepUresus.
Tenepb neobGxopumo petiurs ypaBreHue Kemsepa
E—esinE=M,

rae e — 3KCueHTpucHTerT H E — 3KcueHTpHueckas aHOMaJius.
Crnocob6 ero pewenust npuseael B § 43 (npouenypa R2); npu
3TOM MpeArnosaranoch, YTo 3KCLeHTpucuTeT Menbuie 0,1, Tak
yto mnepsBoe npubsuxenne E=M oKasbiBaercsl 1OCTAaTOYHO
XOpOLIHM, YTOOBI MOMYYHTh TOYHOE peLleHHe Mocjie OAHOH HiH
ABYX uTepaumii. B gaHHOM c/iyuae 3KCLEHTPHCHTET MHOIO
Gosblie K. XOTH B NpHHUHMNE mpoleaypa Bcerga CXOAHMTCH,
NPUXOAUTCHA BBHIMOJHATL MHOTO HTepanuit. MOXHO YCKOPHTH
npolecc, eCaH H3BECTHO Jilyyuiee HayanbHOe MpPHOJHIKeHHe,
yeM E =M. [lnis1 3TO#l uesnu pasymHO UCIOJIb30BATh CNEeNHAb-
Helil rpaduk (puc. 28). lns moboro snauenus e mexny 0 u 1
no 3HaueHHo M (BbipaXkeHHOMY B pagHaHax) Mbl CHUMaeM C
rpadHKa cOOTBeTCTBYIOLIEE 3HaueHne A. 3aTeM BMECTO NepBo-
ro npubsnuxenusa E=E =M npunumaem E=E;=M+A u
nasnee caenyeM npouenype R2, kak u paunbe. OkasbiBaertcs,
YyTO, KakKoBbl Obl HH ObUIH 3HAuYeHUss e U M, HeoOXOAHMMBI
BCErO JiB€ HJIH TPH utepanuu. Bmecto puc. 28 nasa onpenese-
HHSl A MOXHO HCNOJMb30BATh HOMOrpaMMy, MPHBELEHHYIO
Ha puc. 29. [TosoxKHTe JUHEHKY TaK, 4TOOL OHA COeAHHSJIA
3HaueHHe M (B papuaHax) Ha npaBoil BepTHKaJbHOMH LIKAJe
€O 3HaYEeHHEM e Ha JieBOH BepTHKaJsibHOH wKaJje. Touka nepe-
ceyeHHsl C KPHBO# aaeT BenuunHy A/e. YMHOXHB Ha e, Noay-
YMM A H NpUNHLIEM 3HAK COrJIaCHO MPaBOil LKaJje HOMOrpaM-
Mel. Hanpumep, npsamas, coepunsiomas Touku M =56 u
e=0,46, nepecekaet Kpusyw npu A/e]=0,9. Takum o6pasom,
Al=0,9%0,46=0,41 u 3uak orpuunatesie, T.e. A=—0,41.
Haiins E, Mbl MOXXeM BBIUHCJAHTD HUCTHHHYIO aHOMAJHIO U H3
paBeHCTBa

o= (22 ) 62
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Puc. 29. Homorpamma nasi Bblunc/enusi A.

{Bce ymibl B pajnaHax); OCTaBLUHECH BHIUHCJEHHS BLINOJI-
usotcs Kak B § 50. Ecsin o6Hapyxutcs, yro r’ Menblue R, Hano
noJib3oBaThcsl (pOpMYJiOi, CrnpaBenJMBOH AJisi BHYTPEHHHX
niadert; echau r’ Gosbiue R — paasa BHewHux. Ilpu Bbiumche-
HUAX HEOOXONHMO MOMHHTb, YTO 3M0Xa /il KOMEThl U 3moxa
A 3emiin OOBIUHO PA3JIHYHBL

MeTon onpejenenus nosiOXeHHsl KOMETHl Jiyylle BCero
NOSICHUTb NpUMepoM. BeiuucsiuM nonoxenue xomers Iasses
Ha Hadasio 1986 r. B atom ciyuyae ynoGHee BecTH pacuer
OTHOCHUTEJIbHO Oyayiuero (MpeABbIUHCAEHHOr0) MPOXOXKAECHHSA
nepuresins, a He OTHOCHTEJIBHO TOrO, KOTOPOE yxe Habsiona-
Joch, TaK YTO Mbl OyneM BecTU BHIUHCJIEHHSA «Hasan Mo
op6uTe».

Tlpumep 57
Hrctpyxuus Pesysasrar
Buiyucaenun 048 xomemul
1. Haiinem 4uchno jieT mocsie NpoOXoxmeHMsi NepH- Y =1986,0—1986,112
reuus =—0,112
2. Haiinem M, = %Y (rpanycos), Beruurars M, =—0,530470°
P
kparHoe 360, uTOOBl IpHBECTH peE3yJILTAT B + 360
unTeppane 0—360°, ecim pe3ynnTar OTpHua- = 359,469530°

TeneH, npubapisars 360



Irauemst, koMems! u 060tiHbIE 36€30bl

Hrctpyxuus

3.

4.

10.

1L
12,
13.
14.

15.
16.

. BoruvcuMm tg-2 =

Peaynetar

INepepenem 3HaueHue M B panMaHHyIO Mepy,
ymHOxuB Ha nf180 (n = 3,1415927...)

Pemunm ypasHenne Kennepa, cienys npoueny-
pe R2 (§43). IlNepBoe npubnuxkenue 13 puc. 28

. Hajigem Gosiee TouHOE pellleHHE, MCNOJNL3YS

npoueaypy R2

1 +e
2 1—e

1
]Iztg% (Bce yrimi

B paliMaHax)

Bo3eMeM arctg M yABOMM ero, yTo6bl moury-
9uTh U

TlepepeneM B rpaXycHyI0 Mepy, YMHOXMB Ha
180/n (n =3,1415927...)

. Haitgem I=v+ o

a(l—e i

1 + ecosv

BrruscnuM g = arcsin[sin{(/—f) sini]

Haiinem y = sin{/—g)cosi

Haitgem x =cos(/—f)

OnpenenuM arctg(y/x). Yerpaauts Heompeze-
JIeHHOCTh, CpaBHMBasi 3HakM x ¥ y ¢ puc. 10.
EcmM kpazpaHT He BepeH, A00aBiAThH MM BBI-
yutare 180 wnu 360

ﬂp};ﬁannm.ﬂ,. 4yTo0LI HakTH /'

Haiinem r’ = rcosy

OnpepemM r =

Boruucaenun onn 3emau

17.

19.

20.
21

360 D
20 o D p__
365,247 x y qmCIo

cyrok nocyie 1980,0 (cMm. Tabn 2). Belumrai-
Te 360, NOKa pe3yJbTaT He OKaXercs B HH-
TepBane 0-—360°

Haiinem N =

. OnpesemM My = Nz +&—o (cm. Tabn 7)

Hatizem L= N, + 30 c.sin(d) + &

(n =3,1415927...). Eciu pesynbrat Gosblile
360, sbiuecTs 360, eciM pe3yJiLTaT OTpMIaTe-
neH, npubasures 360

BerucnuMm vy = L—o

Hai R=_1=€ _
allaem 1+ ecosvg

Ecim r’ Mesblle R, BeIuwcigiiTe No ypaBHe-

M, =6,273927 pan
Ey=M+(—0,2)

=6,073927 pan
E = 6,056978 pan

—0,881041

v= -1444483 paxg
v =—82,762753°

1 = 87,248247°
r=1,028934 a. e.

y =8,530351"
=—0,463070
x =0,873821
=—27,920776°

I =30,233224°
r' =1,017551 a. e

D =2192

Ny =2160,452534
=0,452534°

Mg=—3310329°
L=99,175451°

vg=-—3,420952°
R =0,983311 a. e.

r' > R, ypassenne (6)

1ny
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Hrcrpyxumn Pesynvrar

Huo (a), ecnu r' Gonbuwie R, nonb3yiirech
ypasHehneM (6):
r' sin{(L—1)

- T Rsin(l’ — L) ’ —336 193¢
(6) A=arctg| T Reos(F — ) ] +1¢ A =336,132193

INpuGaebre 360, ccnu pe3ynbTar OFpULATENCH

. _ [ lgysinh—r) o _ o
23. Haiigem B=arctg| Ren@ —1) 1 B =17,673262
24. HaxoHen, BHIMHC/IMM NpsMOe BOCXOXAEHHE H 0 =224 20 mun
CKJIOHEHMe, Hcnone3ys Meroa §27 8 =—2°07"

Takum o6pa3oM, cllenyeT OXKMIAaTh, 4TO B Hauase 1986 r.
komera annesi 6yner BuaHa B co3BesfnH Bonones. Hackoab-
KO TOUHO Halle NMpencKa3aHHe, HaM €Ll TPEACTOHT YBHAETD.
OnHako 60JbLIOH TOYHOCTH MBI OXHMAATb He JOJIXKHbI, NO-
CKOJIbKY 3/IEMEHTHl OPGHTBHI MEHSIOTCSl OT BO3BpPAUIEHHMs K
BO3BPALIEHHIO BCJIEACTBHE BO3MYLIEHHH OPOGHUTHl KOMEThI
NOJIIMH TSroTeHus mJjaHer. TeM He MeHee MOXHO GHITH yBe-
pPEHHBIM, YTO KOMeETA 6ynet He jajbiue 1° OT TpenBBLIYHCIIEH-
HOT'O MOJIOXKEHHUS.

§ 58. NapaGoauueckue opburvi

B npeablnyuiux naparpagax Mbl pacCMATPHBaJIH JIBHXKEHHE
yneHoB CoJiHEUHOM CHCTeMbl, FPAaBHTAlLlHOHHO CBSi3aHHBIX C
ConHlleM, TakKHX, KaK TJaHeTbl HJIH NEPHOIHYECKHE KOMETHI.
3TH 06BEKTHl ABHXKYTCA N0 IHNTHYECKHM op6HTam ¢ CouH-
ueM B Qokyce asuiunca u B OTCYTCTBHE BO3MYLIEHHi OT npy-
rux ujeHos CoJiHeu HOfi CHCTEMBI HJTH BHELIHHX BJMSHUH GynyT
NpoAO/XKaTb ABHIaTbCA MO 3THM Op6HTaM GECKOHEUHO AO0JITO.
OnHako HeKOTOpble KOMeTbl, BHIHMO, HE YAePXKHBAIOTCH
Contiuem. Ecyin 66l He 6blJI0 BO3MyLIEHHH, TO OHH, OJHAX Jibl
NOSAIBHUBLIHCb, CHOBA YXOAHJM 6bl B MEX3BE3JHOE MPOCTPaH-
CTBO, 4TOGHl HHKOTJla He BO3BpaTuThes. MX nBuxkeHHe o6bYHO
paccMaTpHBaeTCs KakK JBHXEHHE 1o napaGosiuueckuMm Op6H-
Tam, H JAJIsl BHUHCJIEHHS! HX MOJIOXKEHHIi 10 3JleMeHTaM napa-
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60/ HYECKOH OPOMTHL HYXXHO HCMNOJIb30BATh HECKOJIBKO H3Me-
HEHHYIO mpouenypy.
dneMeHTaMH napaGonuyeckoll OpGUTHL CJyKaT:

— 3n0Xa NPOXOXKJEHHA NEPHreNus,
— TepureMiiHOE PacCTOSIHHE B a. €.,
— HaKJIOHEHHe OpPOGHTHI,

apryMeHT nepurenus (&=o—dJY),
— JOrOTa BOCXOASLIEro y3Ja.

Sa~as
I

BoiunciieHusi npOBOASATCS N0 TOH ke obLiel cxeMme, KakK H
A5 3NJIHITHYECKUX OpOMT: nocsie onpenesieHus HCTHHHOH aHo-
MaJjlMH U H pajHyca-BeKTopa r iJisl pacyeTa NnojioXKEeHHs KoMe-
Thl MOXHO HCNOJb30BaThb MeToh § 57. OnHako BHIYHCIEHHe
U H r NPOBOAMTCS HECKOJIbKO No-uHomy. I1pexne Bcero Haiinem
3HaueHHE BEJIMUHHBI

0,0364911624

I'NZE

rae d — 4HCJO JiHE#H nocje NPOXOXAeHHs MepHreins. 3ateM
HY>XHO PEllHTb ypaBHeHUe

s34+3s—W=0.
3to nydiue BCero CcAeNaTh METOAOM HTEPALHH COIJIACHO
npouenype R3. Ilocie storo BeiuHcasioTes U M r:

v=2 arctg (s),

r=gq(1 +s%).

Hanpumep, B Llnpkynsipe MexXnyHaponpHOro acTpoOHOMHU-
yeckoro cow3a, Ne3137, coobuiaoTcsi clenyiolue 3J1eMEHTBI
op6utel KoMetol Konepa (1977 m):

to=1977, Hoabpp 10,5659,

W= x d,

g =0,990662,
i =48,7196°,
o =163,4799°,
Sb=181,8175°.

(Orcona s @ =0+Sb umeem o =345,2974°.)
IMpoepamma R3. Utobbl pelintb ypapHeHue s3+ 3s— W =0,
Heo6X0AHMO:
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INpuHsaTe 32 nepBoe npuGAHNKeHHEe s =S,= W /3.

2. Buiuncautb 8 =s%+3s—W.
3. Ecan 18| <e, nepefitu Kk wary 6, B npoTUBHOM C/lyuae —
K wary 4;
e — tpe6yemas touHoctb (10~ rpanpyca).
3
4. Buiuvcautp S, = %&T':LIV)— (3ametbre, 4TO $° MOXKHO BHIUHC-
JIUTh KaK § « §%).
5. IMonoxurk s=s, u nepeiti kK wary 2.
6. TlonyueHHOe 3HaYEHHE OTJIHYAETCS OT TOUHOIO MEHBLIE UEM
Ha =*eg.
Ilpumep 58
HKcTpyxumus Pesynprar
1. PaccydTaeM YHMCJIO CYTOK MOCJ]ie IPOXOX- 10 Hos6. 1977. JD, =
JEeHUs Tepureans. 3TO MOXHO CAeNnarh, =2443457,5
HalpuMep BBIYTS IoNHaHckylo jary (§4) 25 pex. 1977. ID, =
3INOXM M3 IONUMAHCKO#M AaThl paccMaTpusae-  =2443502,5
MBIX CYTOK JD,— D, =45 cyr
Onoxa: Hoabpn 10,5659
d=44,4341 cyt
2. Haiinem p— 00364911624 W= 1,644432
a/a
3. Pewnm ypassenme s +3s— W=0, nons- 1-e npubn s=0,548144
3ysch nponenypoi R3 s=0,505171
4. Haiigem v=arctg(s) u r = g(I + 5%) v=53,603189°
r=1243477 a. e
5. NepeiigeM x n. 9 BHECTpyxnuM npuMepa 57 1 =398,900589°
(ue ob6paman sHuManus Ha n. 10 sroi =—26,944536°
HHCTPYKIMH), 9TOGLI wnaiita @ ¥ & r' =1,108492 a. e.
Han 3emau’

D =—1736 cyr
Ny =—725,407420°
= 354,592580°

L=93,120810°

R =0,983503 a e
r’ > R: ucnosns3yiite ypas-
HenHe (6)

A =336,099109°

B =—26,585505°
a=23 4 17 mun
5 =—3341"

Taxum obpasom, 25 nexabps 1977 r. xomera Konepa 6uina B cosseasium Cxynenropa.
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INpuseneHnble 3HaueHus i, ® HS b OTHECEHbl K PABHONEH-
crBuio 1950,0. Ctporo roeops, cnenoBajso 6l OTHECTH Bce
HalllH BBIYHCJIEHHS] K TOMY e PaBHOJAEHCTBHIO, HO Mbl He Gy-
JleM 3TOro JesaTh, NMOCKOJIBKY NOMNpaBKa MaJja. BuiuMcium
NoJioXKeHHe KoMmeThl Ha 25 nekabpsi 1977 r., cuuras opGuty
HeBO3MYlLIeHHO#H (npuMep 58).

§ 59. Opburst dsoiinvix 38e30

OueHb 4acTO acTPOHOMEI HAGJIIOAAIOT B CBOH TEJE€CKOMbl TEC-
Hble napel 3Be3n. Takasi BHAMMas GJH30CTh MOXeT OOBAC-
HATBCS T€M, YTO JBe He CBSI3aHHble MexX ]y co6oii 3Be3fibl cy-
yaiiHO pacnojioxeHbl 6su3 Jyya 3peHHsi. OOHAaKO HHoOraa
3Be3/ibl AeHCTBUTEIBHO GJH3KH APYT K APYry B NPOCTPaHCTBe
H 06pasyloT 1BOiHYI0 3B€3/ly, KOMIOHEHThl KOTOPOH CBSI3aHHI
B3aHMHBIM TIpaBHTALHOHHBIM TNPHTAXKeHHeM. KoMnoHeHTH
ABHMXKYTCAl JAPYr OTHOCHTEJIBHO JApYra 1O 3JIJIMNTHYECKHM
op6uTam, aHanorHyHo aBHxeHuio lOnuTepa OTHOCHTENBLHO
ConHua. Bonee sApkylo M3 ABYyX 3Be3Ji OGBIYHO HA3LIBAIOT
rnasHo#i, 6ojiee ciabyo — cnyTHHKOM. Mbl 6yneM paccmar-
puBaTb OpOHTY CNyTHHKA OTHOCHTEJIbHO TIJ1aBHOH 3Be€3Jbl,
CYHTaAsl €€ HEMOABHXKHOH, XOTSl B JEHCTBHTEJLHOCTH 06e
3Be3abl oOpaianTcs BOKPYr obLiero ueHTpa macc.

N
3

S

Puc. 30. [1Bofinas 3se3na, na6nionaemasi ¢ 3emnn.
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X

Nnocrocme
ppbumet

Kapmurinas
D7OCHOCTTIE

Y
X Femne

Puc. 31. Op6uta nBoiiHo# 3Be3nkl.

Ha puc. 30 usoGpaxena apoiinas 3pe3na. A — rnasHas
sBe3na, B — cnytHuk, npamas NAS — mepuauan uabmoaa-
Tens, npoxonsimmii  yepes A. Takum obpasomM, npsimass AN
onpenensieT wanpasjenue Ha cepep. OTpe3ok, coegHHAOMHUN
A v B, uMeeT no3HiHOHHBIH yroa 6 (u3Mepsiemblit OT ceBepa
yepe3 BOCTOK, KaK H NOKasaHO Ha PHCYHKe) H anuHy p. Ecan
9JIeMEHTBl OpOHTHI ABOIHOH 3BE3/ibl H3BECTHHI, MOXKHO BhIYHC-
JAUTb § M P H, Clen0BaTENbHO, NPEACKA3aTh KOHPHIypaLHIO
IBOHHON 3Be3/bl B AaHHLIH MOMEHT.

Op6uta nBoiiHoll 3Be3nbl mokaszana Ha puc. 31. Lleutp
cepbl coOBMeLleH € riaBHOR 3Be3fioll A, a 3Besfa-CNyTHHK
ONHCHIBAET BOKPYI Hee OpGHTY, MOKA3aHHYIO MaJIeHbKHM 3a-
WTPHUXOBaHHBIM 3yiuncom. Bonbwoii kpyr NL’DM’ noka3smni-
BaeT, Tl€ MJIOCKOCTb, MEePNeHIHKYNAPHAs Jyuy 3pEHHs, ne-
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pecekaet cgepy (ecqH cMoTpeTh € 3eMJIH, TO 3TO KapTHHHASA
njaockoctb). Otpe3ok AN onpenensieT HanpaBJieHHe Ha ceBep,
kak ¥ Ha puc. 30. Boabuwoit kpyr L’P’B’M’ — cnen nepece-
YeHHs1 chepbl MIOCKOCTbIO peasibHOH OpOGHTH. Touka L’ —
npoekuHus Ha chepy Bocxoxpsiuero ysna L, M’ — npoekuus
Hucxoasiuero yana M, a P’ — npoeKkuusi TOMKH TeCHelllero
c6nuxeHnns P (nepuactpa). 3Be3na-cnyTHHK HaXOJMTCS B
Touke B. Jloarorel orcuuTHIBAIOTCH OT BOCXOAsiLIero ysja L,
a UCTHHHAA aHOMaJiusa v mpencrasisier co6oil yron mexny B
H nepuactpoM. Ilns BbUMCIEHHS] TNOJOXEHHA HeOGXONMMBI
cllefyoLHe 3JIEMEHThI:

— nepuop obpauienus,

— 3M0Xa MPOXOXAEHHS mepHacTpa,

— 3KCUEHTPHCHTET OpPOHTHI,

— 6oJibLIasi NOJYOCh OPGHTHI,

— HaKJIOHeHHe OpOHTBbI K KaPTHHHOH NJIOCKOCTH,
— MO3HUHOHHBIH Yroji BOCXOASILLEro y3Jja,

@ — JOJroTa nepHacrtpa.

o n s

Bce yraibl, onuceiBamouiHe ABHXKEHHE, H3MEDPSAIOTCS B Ha-
npaBjeHHH ABHXXEHHA. DJIEMEHTbl HEKOTOPHIX JBOMHBIX 3Be31
npuBeneHel B Taba. 9 Ha caen. cTp.

BoiukcneHHss B ciyuyae JBOHHOH 3Be3fbl NpPOBOASTCSH
METOJIOM, AHAJIOTHYHBIM OMNpENeJIEHHIO MOJOXKEHHA IJIaHeT.

CHauana onpejnejisieM CpeJHIOI0 aHOMAJHIO

M=360Y/T,

rae Y — yuciio Jer, nmpoweniiuxX nocjie MOMEHTa NpoXoxie-
HUs mepHacTpa. 3areM HYXHO pellMTb ypaBHeHue Kennepa

E—esin E=M,

ucnonb3ys Mmeron § 57. McruHHylo aHomanHio v H panmyc-
BEKTOP 7 MOXHO HAHTH M3 COOTHOLIEHHH

_ 1+e\V2 _E
v =2arctg [(_I'-T) th],
r=a (1—ecos E)
(nomuute, uto E BhipaxeHo B panuanax). Hakowen, 6 u p
onpenesisioTes H3 BbipaXXeHHH

. T sin(v + w)cosi
6= arctg L cos(v + w)

] + Sbrpanycos,
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rcos(v + @)

= W—, ) rpaaycos.
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Ins npuMepa BHIMMC/IMM KOHGHrypauHio JBOHHON CHCTe-
mbl 11 CeBepHoit Kopounl B Hauane 1980 r.

Ipumep 59

HHcTpyxuss Peaynbrar

1. OnpenenuM Y®CJIO JIET MOCJIE NPOXOXZe- Y= 1980,0-—1934,008
HUs TepHacTpa =45,992 ner

2. HaitneM M =360 Y/T. Buiuurars 360, M =397,787762°
NOKa pe3ynbrar He Oyder 3akioueH B = 37,787762°
nipenenax 0—360°

3. IlepeiitH x paZuaHHON Mepe, YMHOXMB M =0,659521 pan
Ha 7/180 (% =3,1415927...)

4. Peutnm ypasnenue Kennepa IlepBoe npubimkenne:
E=esinE=M E;=0,86 pan
MeTo0M, omucaHHLIM B §57 Pecnme:

10.

1L

. Haiizem v=2arctg [ ] e )w' ‘?-%]

(Bce yraBl B paznaHax)

. VMHOXuM Ha 180/m, yro6b mepeiiry x

rpanycHol Mepe (7 = 3,1415927...)

. HaiineM r =a(1 —ecoskE), niomus, yto E

BBIPaXeEHO B paauaHax
BeruucneM y = sin(v + w)cosi

. BouucnuM x =cos(v + w)

Haiinem arctg(y/x). Vcrpasmrs, nonb-
syscb puc. 10, neonpeaenennoctb. Ilpu-
OaBnsaTh MJH oTHuMath 180 mym 360,
nOKa pe3y/brar He OKaXercs B BEpHOM
KBaJpaHTe b
Ilpu6aeuM b, 9T06BI Halitu 0. Ecnu .
pe3yJibTaT OTpHUarTelleH, npubasurn 360,
ecjin npepbiniaer 360, oTHATL 360

rcos(v + w)

Haiinem p = “cos(0=5Y

E =0,870858 pan

v =1,106803 pan

v = 63,415137°

r = 0,745568"

y =—0,500814

x = 0,230426
=—65,292744

+ 360
294,707256°

0=318,424°

p=0,411"




JlyHa u 3aTmeHus

H3 Bcex HebGecHBIX TeJ, BHAMMBIX HOUbIO ¢ 3eMJiH, HauboJsee
s¢¢pekTHOl BRraAauT JlyHa. OHa 3HAYHTENBHO NPEBOCXONHUT
no G6nécKy paa)e caMble sIpKHe NJIAHETHl; OHA JABHXETCH
HaCTONBKO OLICTPO, YTO MOXKHO 3aMETHTb €€ NnepeMelleHHe
OTHOCHTEJIbHO 3B€3J1; HaKOHel, Ha aHucKe JIyHB! MOXXHO Ha6Jio-
aTh OrPOMHOE YHCJIO HHTEPecHBIX AeTasieil. OnHako npencka-
3aHue ABHKeHHs JIyHBl OKa3biBaeTCsl CAMBIM CIOXKHBIM; HMEH-
HO MO 3TOH NPHYHHE Mbl HE paccMaTpHBaJiH ero panee. JlyHa,
KOHEYHO, JIBHXKETCS MO 0K0JI03eMHOH op6uTe, onHako CoaHue
u apyrue mjaHeTol COJIHEUHOH CHCTEMBI BO3MYILAIOT 3TY
OpGHUTY CTOJb CHJIBHO, UTO JJIfi TOHHOrO pacyera MoJIOXKeHHs
Jlynbl TpeGyercsi BHOCHTH MHOrO MOMPAaBOK.

B HECKOJIBKHX CJIEAYIOLIHX HHXKe maparpagax Mbl HCOJMb-
3yeM MPOCTOH METOA /I HAaXOXAEHHS NonoxeHus JIyubl
DTOT METOA YYHTHIBAET TOJIBKO OCHOBHbIE€ BO3MYILEHHS op6u-
Thl, OJIHAKO J@€T Pe3yJbTaThl C TOYHOCTBIO, JJOCTATOYHOH AJIf
6OJBbIIHHCTBA 3a7a4y. Mbl TakXe NMOKa)eM, KakK paccUHTaTh
MOMEHTHI 3axo1a U Bocxoza JIyuel, ¢assl JIyHbl H o6cTosITENb-
CTBA JYHHBIX M COJIHEUHBIX 3aTMeHuH. BbluHc/leHHs OKa3bi-
BalOTCA JOBOJIbHO JUIMHHBIMH, OAHAKO Bbl MOYYBCTBYyETE
HCTHHHOE Y/OBJIETBOPEHHE, KOrAa TOYHO npeACKaxere,
HanpHMep, JyHHOe 3aTMEeHHe.

§ 60. Opbura Jlynot

Jasn seMHoro Habaoaareis JIyna, nBHrasch no okoja03eMHoMH
op6ute, AesnaeT NOJHbIH 06OPOT MO OTHOUIEHHIO K 3Be3naM
¢dona 3a 27,3217 cyr. IToT nepHOn HasbiBaeTcs cudepuue-
cKkum mecayem. 3a 3to BpeMs 3eMJisl nepeBHraeTcs no cBoek
op6uTe, BCIEACTBHE HEr0 MEHAETCS N0 OTHOWEHHIO K 3Be3laM
u nonoxenue Connna. CnenoBarensHo, J1yHa nosxHa NpoHTH
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Qpbuma Mynet eonpys Loarua

-

Oobuma Semmu sorpye Lomda

Puc. 32. Jlynnas op6uta (Macwral He COOTBETCTBYET AeHCTBHTEILHOCTH) .

JIONOJIHHTEJIbHOE PacCTOsiHHE Mo cBoeli op6ute, 4TO6GHl CHOBA
3aHATh NpeXKHee noJoXxeHHe oTHocHTeNbHO ConHua. [Tpome-
KYTOK BPEMEHH, KOTOPbIH Heob6xonuM JIyHe Anisi Bo3BpaLleHHs
Ha MpexHee MecTOo OTHOCHTesbHO CosiHla, Ha3bIBaeTCH
cunoOuueckum mecayem u pased 29,5306 cyr. [lBHKeHHe
Jlynet mo op6ute Bokpyr ConHua fIBISIETCA NPAMbIM; WHBIMH
CJIOBAMH, OHO MPOMCXOAHT B TOM € HampaBJIEHHH, YTO H Y
BCEX APYTHX IJiaHeT.

BooGpaxxaembift Ha6Gaofaresb, KOTOpbi#t cMoTpuT Ha Cod-
HEYHYI0 CHCTEMY C OY€Hb GOJBIIOrO PacCTOSAHHS, OTHIOAb He
YBHAHT, KakK JlyHa nponesbiBaeT B KOocMOce NETJIH BOKPYT
3emnn. Bosee Toro, eMy HaBepHsiKa nokaxeres, uto JlyHa
HaXOMAHTCSl HA OKOJIOCOJIHEYHOM opOuTE, KaKk H 3eMJisl, a BJHSA-
HHe 3eMJIH 3acTaBJ/isieT JYHHYI0O OPGHTY HEMHOIO H3BHBAaTbCH
N0 Mepe TOro. Kak H3MEHSIOTCSH OTHOCHTEJIbHbIE MOJIOKEHHS
3eman u JIynsl (puc. 32). 310 NPOUCKXOAMT NOTOMY, YTO CHJIA
taroteHun Contua neiictByer Ha JlyHy HamMHOro CHJIbHee,
YeM CHJ1a TAroTeHusi 3eMJid, HECMOTPS Ha TO YTO NOCJAEAHAR
6nuxe. He yauBurenbHo, YTO JIyHHYI0 OpPGHTY TaK TPYAHO
paccuntatb. OHa onpenensieTcsl NPHUTAXKEHHEM cpa3y HABYX
TeJ, a HE OJIHOro, MPHYEM 3TH ABa Teja caMH ofpaluiaTcs
no op6HTE ZPYr OTHOCHTEJIBHO Jpyra.

Yro6bl nepeiiTH K BhIMHCAEHHSIM, NMpejicTaBHM cebe, 4TO H
Connue, u JlyHa HBHXKYTCH To oOpOHTE BOKPYr 3emyH.
B § 42 Mbl TakHM Crnoco60M yxe BbIYHCIHIH MOJO¥KeHHe
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[lnocroenme opburms! fyn!

T nennina

Puc. 33. Onpenenenne 3/1eMeHTOB Op6HTH! JIyHBI

Connua. dTu pacyerbl HaM NOHAAOGATCA B NOCJEAYIOUHX
naparpadax nsns Toro, YTo6bl HaHTH HEKOTOpLIE€ NONpaBKH
K JIyHHOH opGuTe.

MoXHO BBIAENUTH TPH OCHOBHBIX 3¢((eKTa CONHEUHBIX
BO3MYLIEHHA Ha BHAMMYIO JIYHHYIO OPGHTY BOKpYr 3emJiH.
[TepBhiii H3 HHX Ha3blBaeTCH 3@eKyuell H COCTOUT B TOM, UTO
BHAHMAas BE&JIHYHHA IKCLEHTPHCHTETA JIYHHOH OpGHTH HEMHOT O
n3MeHsietcsi. Bropoit ag¢dekr ob6ycnoBiieH H3MeHEHHEM pac-
crosinusl Mexny 3emaeii 1 CoHUEeM MO Mepe TOro, Kak 3emus
ABHXKeTcA no 3Jjuncy Bokpyr CoiHna. Jta nonpaBka Hasbl-
Baercsl 2oduunbim ypasHenuem. Tpetn#i 3¢d¢ekT Bo3HHKaer
u3-3a nBHKeHHA JIyHbl B rpaBuTanonHoM nose Connua. Kor-
Aa JlyHa HaXxomuMTCAi MO Ty K€ CTOPOHY OT 3€MJIH, YTO H
Connue, npursaxenue CosHia HeMHoro Gosblue, Yyem Koraa
Jlyna Haxoputrcs mo apyryio cropony or 3emian. Coorset-
CTBYIOLLAf MONpaBKa Ha3blBaeTcsl sapuayuel.

Bce 3Tu nonpaBKu BMecTe ¢ OGLIYHOH NMONpaBKOH, Ha3bl-
BaeMoOll YypasHeHueM YEeHTPA, MOTyT COCTaBJATh N0 9° nan
cpenHeil -aHoManuu JIyHel, MOSTOMY HMX YUeT OYEHb BaXeH,
Meul paccmorpuM B obuiedt cioxHocTH 6 TonpaBok, HTOGH
OnpenesuTh nojioXxeHue JIyHsl ¢ TOUHOCTHIO o0 Y/s5°.
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Ha puc. 33 usobpaxkeno Bugnumoe aBuxKeHue JIyHel M
CosnHua Bokpyr 3emyiu. D1a guarpaMMa noxox<a Ha puc. 21,
TOJIbKO 3/iecb 3eMJisl HaXOAHUTCS B ueHTpe, a Connue u JlyHa
ONKCHIBAIOT 3JUIHNCH BOKPYr Hee. IlpeacraBbTe OnsTh, YTO
Bbl cMOTpHTE Ha CoJIHEUHYI0 CHCTEMY C OueHb Gonbuioro pac-
CTOSIHHA M MepeMelllaeTech TakHM o6pa3oM, 4TO 3eMJis Ka-
)KeTcAl BaM HenoiBHXHOH. B uentpe Goabwoi cgepol Haxo-
nurca 3emnst E, a mjockocTH CONHEUHOH M JIyHHOH OpGHT
nepecekaioT cdepy Baoab KpyroB TN{SN; u NiP’m’N} coot-
BeTcTBeHHO. S’ — 310 mpoekuusi ConHua Ha codepy, a non-
rora ConHua, H3MepsieMasi OT TOYKH BECEHHErO PaBHOMAEH-
creust T, oGosnauaercsi Am JlynHas opOHMTa HaK/IOHEHa K
3KJIMNTHKE NoJ, yriioM i; N{u Nj,—3T0 NpOeKUHH BOCXOASILLETO
H HHUCXOASLLEro y3jioB, P’ — NMpOEKIHA JIYHHOTO MNepures,
a m’ — npoekuMs TeKymero nonoxenHuss Jlywol. [oarora
BOCXOAfLLEro y3ja o6o3Hayaercsi Sb, AOATOTA MEPHrest —
Sbt+ @, ucTHHHasA aHoManus Jlyuol — v.

Bo3MylleHHS, 0 KOTOPHIX MBI YTOMHHAJIH BHILLE, NPHBOAAT
K JIBYM OCHOBHHIM cJieACTBHsIM. IlepBoe COCTOUT B TOM, UTO
nepurei JyHHoii oOpOHTHI B OTJIHYHE OT MOYTH HEMOABHXHBIX
nepurejiueB OpOGMT MJaHET ABHXKETCS B MPAMOM HanpasJie-
HHH, cOBepliasi nojublii o6opor 3a 8,85 roma. Bropoe 3a-
KJIIO4aeTCcsl B TOM, UTO JHHHA y3noB N{Nj nBuxKeTcs Ha3zag
(B o6GpATHOM HanpasJieHHH) BAOJb SKJAHNTHKH, COBEpHiasi
nosiHeiii o6opor 3a 18,61 roga. Takum o6pasom, nosBasieTcs
euie ONHH Mecsill, KOTOPHIH MOXHO ONpeAeJHTb KakK BpeMs,
Kotopoe Ttpebyercsa Jlyne pis Bo3BpalleHHsi Ha mnpexHee
MecTo B CBOH Bocxoasimuii ysen Sb. dto dpakonuueckui
meesy, paBubifi 27,2122 cyr.

§ 61. Boiuucnenue nonoocenus Jlynot

Sranbl HAXO0XAECHHA MOJNOXKEHHA JIyHbl B OCHOBHOM T€ XE€,
YTO H NMPH BHYHCIECHUH NOJA0XKEHMH MJIaHET, 38 HCKIIOUEHHEM
TOro, uto 1) nompaBKH N0JI2KHbl BBOAHTBCS Ha KaX oM 3Tane
H 2) ponrora BOCXOASILUEro y3ja H AOJrOTa Nepuresi He
MOryT pacCMaTpHBaTbCH KaK NOCTOsIHHBIE BesMuKHbl. CHayana
onpeneJHM cpenHiolo aHomanuio Jlynpt M, Koropas orHo-
CHTCA K TNOJIOXKeHHIO BooGpaxkaemofi Jlywbl, paBHOMepHO
ABHIKYLleHicsl BOKPYr 3eMau. 3areM OnpejesHM JOJroTy H,
OTHECS! €€ K NJIOCKOCTH 3KJIHNTHKH, HAH1€M IeoleHTPHYECKHE
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3KJHITHYECKHE KOOpAHHATHI A, U B,,. [Tocne atoro nepeiineM
K NpPSIMOMY BOCXOXJAEHHIO H CKJOHEHHIO, HCMOJb3ysl Me-
Ton § 27.

BuoBe BbiGepeM 3moxy 0,0 simBaps 1980 B KauectBe
HauyaJibHOH TOYKH orcuera. OnpenenuM unciao cyrok D, npo-
WeAWHX N0 HHTEPECYIOLLero Hac MOMEHTa, Bhipa)asi BpeMs
B JOJIAX CyTOK. [l HeKOTOporo NoBLIIIEHHSi TOYHOCTH ClJie-
JLyeT Hcnonn3doBaTb 3¢geMepuanoe Bpems ET, a He mupoBoe
Bpemss UT (§ 16). Ilocne storo naxonum:

a) skaunTHYecKylo poarory CoaHia Ae H €ro CpejHIo0

aHoManuio M, npH mnomowH Metrona § 42;

6) cpenHoo poarory Jlynel I no ¢opmyae

1=13,176396 D + I,;
B) cpeaHiolo aHoMasHio Jlyusl M no ¢opmyne
M, =—0,1114041 D—P;
r) cpeaHiOw Aoaroty socxoasiuiero ysna N nmo ¢opmyne
N =Ny—0,0529539 D;
3necow Iy, Py 1 Ny — cpeinHe JOJroThl B Ha4yaJbHYIO 3MOXY.

Tenepn BhuKcisieM nonpaBkH 3a 3seKuHw E,, rogxuHoe
ypaBHeHHe A, H TPeTbl0 nonpaBky Aj:

E,=1,2739 sin (2C—M,,),
A.=0,1858sin M,
A3=0,37 sin Mg,
rae C=I[—Ae. I1p1 noMouin 3THX NONpaBOK HaHAeM HCHpas-
JIEHHYI0 CPeJlHIOI0 aHOMaJHo Jlyusl M7:
M, =M, + E,—A,—A,.
Tlocsie 3TOro HaXoAHM MONPAaBKy 3a ypaBHEHHe [E€HTpa
E.=6,2886 sin M/,.
Orciofa onpeie/IHM CJeAYIOLLYI0 NONpPaBKy:
A,=0,214 sin 2M;,.
Tenepp MOXHO HaHTH BeJIHUHHY HCHPaBJIEHHON J0JroTHl
Jlyur! I’ no ¢opmyne )
U=I+E,+E—A+A,
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ITlocnennsis nonpaska, poGaBisieMasi K godarore JIyHel, —
ato Bapunauus V:

V'=0,6583 sin2(l'—2,).
TakuM o6pa3oM, HCTHHHAs op6uTajibHas foarota JlyHbl 1”7
paBHa -

"=r+v.

[lepexonss or op6uranbHOii AOATOTHl K 3KJIHNTHYECKHM

KoopaHHaTaM, BBHIYHC/ISEM 3SKJHNTHYECKYI0 LWWHPOTY B, H
BOJTOTY Ap:

= arctg [ sin{l’’ — N')cosz ] N'

cos(l'" —
p.=arcsin [sin (l”—N’) sin i],
roe N’ — HcmpaBjleHHass poarotra BOCXOASILEro  y3da,
KoTopasi faeTcsi (popMyJof
N’'=N—0,16 sin M;.
Ar10 neHCTBHUTENILHO OYEHD AJIMHHBE BhluKciaeHus! ITpounndio-
CTpPUpYEM HX Ha NIpHMepe: KakoBo Gbl1o mojoxeHHe JIyHbl

26 ¢eppans 1979r. B 16 4 00 mun UT? Beanunnm I, Py, N,
H ApyrHe nmapaMeTphl JyHHOR OpOGHTH mpHBefeHbl B Tabu. 10.

Tabawya 10

Daemermbl aAynnoti opbumst na snoxy 1980,0

Cpemuas aonrora JlyHel B 310Xy 1, = 64,975464°
CpenHas AOAToTa Hepures B 3NOXY P =349,383063°
Cpezusas [OATOTa BOCXOHANIEIO y3JNia " Ny =151,950429°
Haxnonenue nywtolf op6uthi i =5,145396°
OKCLEHTpHCHTET NYHHOM OpOHTHI e = 0,054900
Vrnosoit pasmep JIyHE Ha paccTosHMH @ OT 3eMiu 0 =0,5181°
Bonpmas moayock opGurel JlyHb a = 384401 xm

INapannaxc Ha paccrosHum @ oT 3eMJn = = 0,9507°
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WHCTPYKLHS.

Peaynsrar

L

10.
1L
12.
13.
14

15.
16.
17.
18.

HaxoauMm yHcso AHe#H, NpOLIEAIIMX ¢
smpaps 0,0 ( §3). He 3abymbte BBIpa-
3UTh 4achl, MUHYTBI M CEKYHIBI B JOJSX
CYTOK

. Hobapnsiem 365 pHe# 3a Kaxiwli roa

HayuHasa c 1980 mmroc oaMH paeHb 3a
KaXIul#t BUCOKOCHBIH roa (cM. tabm 2).
OGee uucno nHed pasHo D

. Haxomum Ao M My mo Merogy §42

. Haxomum 1=13,176396 D + I,. Ilpn-

BOIMM pe3ysbrar B MHTepBad oT 0 Ao
360°, noGaenss uin Bbluuras 360 HyX-
HOe 9YHCJIO pa3

. Haxooum M,,=1[—0,111404 — P, Ilpn-

BOAMM pe3yJbTar B MHTepBanl or 0 1o
360°

. Haxomum N = N,—0,0529539D na npu-

BOJMM B MHTepBast or 0 mo 360°

. BbigncnseM E,=1,2739sin(2C—M,),

e C=1—X,

. Haxogum A, =0,1858 sinMgn A, =

=0,37sinM,

. HaxoiMM HcnpaBieHHOe 3HaueHHE cpen-

Heit anomamin M, =M, + E,—A,—A;
Briuncnsiem E.= 6,2886sinM,,
BoiuuenseM A, =0,214sin 2M,,
Haxoaum I =1+ E. + E,—A, + A,
HaxopuMm V =0,6583 sin2(I —Xo)
OTcro/1a HAXOAHM MCTHHHYIO AOJIOTY
r=r+Vv

Haxomum N’ =N —0,16s5inM,
Haxoaum y = sin(!”’ —N')cosi .
HaxoauM x =cos{{” —N’)

Boiumcnsiem arcig(y/x). Vcrpalsem He-
onpeneneHHocTs ¢ moMoubio puc. 10,
noGapnss unu ebruuras 180 nnm 360,
yro0bl pe3ysibTar monajnal B NpaBMlb-

16 ¥ 00 mun UT
=16 ¥ 00 MuH 50 ¢
ET (§16)
=16,013889 u
+24
=0,667245 cyt
+57
d=57,667245 cyr
—365,0

D = —307,332755 cyt

Ao =337,448134°
Mo =53,315427°
1=335,437196°

M,,= 20,292231°

N = 168,224897°
E,=—0,524514°

A, = 0,149000°
A, =0,296717°
M, = 19,322001"

E.=2,080752°
A, =0,133639°
I' =336,978073
vV =—0,010801°
1" =336,967272°

N’ = 168,096587°
y=0,192246
x=—0,98119

arctg(y/x) = —11,085570°
+180

= 168,914430"
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HMEcTpyxiss PeaynsTatr

HMBIH KBaJpaHT, €CJId OH He HaXOOMJICH

Tam cpasy

19. Jo6apnseM N’ u HaxomuMm Am A= 337,011006°

20. Haxonum P,,= arcsin[sin(#"* — N’)sini]} Bm=0,991900°

21. IlepeBoAMM B MPAMOE BOCXOXAEHME M Om=22 4 33 mun 27 ¢
CKJIOHEHHE [p¥ TIOMOLIH METOJOB, OlM- Om=—8°01'01"

caunpix B § 27

Ac‘rponomuqecxuﬁ €XXEroJHHK JaeT cjeayiouiHe BHAHMbIE
KoopauHaThl JIyubl Ha 16 u 00 Mun ET: =22 4 33 MHH 2:5) c
u §=—8°02/42"”. Ml MOXeM OXHJaTh OLIHOKH He 60J€E /s°
B 3KJIHNITHYECKHX KOOPAHHATaX, KaK MOKa3aHo HA PHC. 34, rae
pa3HocTb A MeXnay A,, BbIYHCJIEHHOH NMPH NOMOLLMW HALIEro
MeTOla, M TOH, KoTopas npHBeaeHa B ACTpOHOMHYECKOM
?3<7eronnuxe, npeactabjeHa B (QYHKIHH AaTel JJs Haudalna

9r

§ 62. Yacosoe dsuxcenue Jynot

BhiuHc/I€eHHS, KOTOPhIe NPHXOJHTCA NpojenbiBaTb AJsA Onpe-
AeJieHHs noJioxkeHHs JIyHnl, ouenb AJIHHHBL H Tpe6yloT 6oib-
1IOro BHUMaHHA, yTo6Gbl He JAOMyCKaThb OIHGOK. MoxeT OKa-
3aThCAl, YTO BaM norpebyercs 3HaTh nojoxeHue JIyHBl B

a2
Tﬂll- .’
~ ’ ° ° P
S e o Commu —>
'g’a RN S SN SR T SN S SN SN SRUN I ST T B N
2 /g 20 '.30 40° 50 o°60e 70
ﬂ\ . L] [
“GIFe . ° . .o
[ ] [ ]
_012}-

Puc. 34. Pasnuna A—3,,; (DS) —A,(AE) mexay 3knunTHYeCKHMHM KOODAM-
HaTaMu JlyHbl, BbIYHCJIEHHbIMH HawHMm MeTogoM [A, (DS)]. u npuHBELEH-
HbiMH B AcTpoHomuueckoM exeropuuke [An(AE)], mis Hagana 1979T.
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pasHble MOMEHTH BPEMEeHH B TeueHHe OHHX CYTOK, H, BMECTO
TOoro utofGbl MOBTOPSATH BBLIYHCJEHHSi MHOTOKPAaTHO, Jy4ule
NPOBECTH HX OAHH pa3, a 3aTeM B3KCTPanojHpoBaTb Ha
OCTaJIbHbl€ MOMEHTH BPEMEHH, HCNOJb3ysi 3HAUEHHS 4aCOBbIX
nepeMeuienHii JIyHnl N0 SKJIHNTHYECKHM KOOPAHHATaM. DTH
nepeMeleHHs ONMHCHIBAIOTCH (OPMyJiaMu:

AB=0,05 cos (I”—N’) rpanyc/uac,
AL =0,55+0,06 cos M/, rpaanyc/uac,
rae Ap — cMmeuieHse no wupore, a AL — cMelieHHe no A0J-

rote. 3Has nojioXkeHHe Ay, Py JIlyHHl B MOMEHT BpeMeHH f,
Jlerko HaMTH MoJIOXKeHHe uyepe3 ¢ u:

B=Po+ ABl, A=ho+ AML.

[lpononxkan npeabifylinHii npuMep, HaiAeM 3KIHNTHYE-
ckHe KoopniHHaTel JIyHsl B 17 400 mMunUT 26 ¢peBpans 1979 r,

Ilpumep 62

HEcTpyxuss - Pesyartar

1. BuinucisaeM Ao, Iy, Bo, N', M, to (§ 61) Ao = 337,011006°
I, =336,967272°
o = 0,991990°
N’ = 168,096587°
M, =19,322001°

t, = 16,00 4
2. Buumicnsem AP =0,05 cos (I'y —N’) u A[ti’ = —0,049060 rpanyc/aac
Ak = 0,55 + 0,06 cos M,, A\ = 0,606620 rpanyc/yac
3. Haxoaum ¢ B Hacax: ¢ = HOBbIH MOMeHT t=17—16
BpeMeHH — t,, He 3a6ynbTe BEIpasnTs 06a =1y
3HaYeHHs B JeCATHYHLIX moJiax 4aca (§ 7)
4. HaxomuM HOBble KOOpAHHATHI:
B =B, + ABt, B =0,943°
A=A, + Akt A = 337,618°

§ 63. Pasvt Jyno

OrHocutenbHoe nojokenne Connuna u Jlywel, nabawonaemMoe
¢ 3eMuH, B TeyeHHe Mecsina usMensiercsl. Ilonywapue JlyHsi,
ob6pautenHoe K CoslHLy, BCeria sipKko ocBeLleHO, OHAKO Mbl Ha
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2
E
3 o lomwye
y
Ty 1t
T 4 .
5

Puc. 35. ®a3bl JIyHbl,

3eMJie BHAHM TOMBKO TO MoJsiyliapHe, KOTOpoe o6paLieHoO K
naMm. Ecan Tonbko JIyHa He HaXOAHTCS, Kak BO BpPeM# MOJIHO-
JAyHH#, B nporHBocTosiHHH ¢ ConHueM, To nonywmapue, o6pa-
U1IEHHOE K HaM, OCBEIL€HO He MOJIHOCTbIO, a COAEPXKHT H TEM-
HYIO, H CBETJIYIO 4aCTH, NPHYEM Mbl BHIHM TOJIbKO OCBELIEHHbIH
cerMeHT AHCKa. [lynolwaab 3TOro cerMeHTa, BbIpaXXEHHAsA B
JIONAX MJIOLIAAH AMCKa, HasbiBaeTcs ¢asoii.

Hamenenus ¢aspl ¢ nosoxernHeM JIynol npeacrasiieHbl Ha
puc. 35, rae nokasaHa B MJlaHe ee OPOGHTa BOKPYr 3eMJ.
JlyHa H3o6paxeHa B NATH MNOJIOXEHHAX, NPOHYMepPOBaHHbIX
or 1 no 5. B nonoxennn 1 TeMHas dactb obpalieHa K HaMm
Tak, 4TO, €CJH TOJbKO Ha JlyHy He momajer AoCTaTO4YHOE
KOJIHYECTBO OTpakeHHOro 3eMJieil cBeTa, OHa BOOGLIE He BH/I-
Ha. ITo HogoayHue. Uepes uenenmo JlyHa nocTHraer noJjoxe-
HHR 2, H TOBOPAT, UTO OHA HAXOAHTCA & Kaadparype. 3t1o
nepsasn uergeprs. [lonoxenne 3 HasbiBaeTcs NOAHOAYHUEM;
Ha op6HTe 3TO TOuKa nporHBocTofiHHA ¢ ConHuem. B nono-
eHud 5 JlyHa onfiTk HaXxoAHTCSl B KBaapaType. TO TpeTosa
uereepTsb. Mexay nosoxeHnsiMu 3 u 5 Jlyna ocsewiena 6oaee
yeM Ha MOJOBHHY M roBopsT, Yto JlyHa «Ha ywepGe». Ha
puc. 35 yron D HasbiBaercs 803pacTom JIynol, OH H3MEHSIETCH
or 0 no 360° no Mepe Toro, Kak Jlyna coBepuiaer oGopor
no ceoeil op6ure. MHorna sToT yrosi H3MepsieTCs CyTKaMu;
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OJlHH CyTKH COOTBETCTBYIOT npuMmepHo 13° ®asa F naercs
¢opmynoii
F = (1—cos D) /2.
Bonbluylo 4acTh BHIMHCJAEHHH A1 HaxoxAaeHHs D Mbl yxe
nponenanu B § 61. BHoBb o6Gpaniascek K puc. 35, 3aMeTHM, YTO
D =1"—\g rpanycos.

INpononxas npumep § 61, Haiinem ¢asy JlyHsl Ha
16 u 00 mun UT 26 ¢eBpans 1979 r.

Ilpumep 63

Hrerpyxums Pesynerat

1. HaxomuM 3Havenma A, ¥ !”, ucnonesys meron § 61 Ao=336,448134°
I" =336,967272°
2. Haxonum D=1I" —h, D = —0,480862°
3. Bulumchasem F=0,0
F =(1—cosD)/2

Mpbl BHAHM, uTO (pa3a 6s1H3Ka K HOBOJIYHHIO; 3TO TaKxke
6/1H3KO K MOMEHTY MOJIHOIO COJHEYHOro 3aTMEHHS, KOTOpoe
Mbl paccuyutaeMm B § 70.

§ 64. Hosuyuonnwviii yzon ceernozo aumba Jynv

B § 55 Mbl y3HasiH, KaK BHIYHCJIAETCH MO3HIMOHHBIH yroJ ¥y
num6a nianeTn. BesnunHa y H3Mepsiercs yrioM, OTCYUHTHI-
BaeMbIM OT CEBEPHO TOUKH JIHCKA Ha BOCTOK 10 HanpaBJieHHs
Ha CPEeAHIOI TOYKY OcBeuieHHOro kpas (cM. puc. 27). To xe
onpejesieHHe MOXHO BBecTH H ayisl JIyHbl. YroJ x BeUHCAA-
eTcs no ¢opmyne
€083, sin(to—a,,)
€083,,8ind,,— $ind5Cc0sd,cOS( o—1t,) ]’

X = arctg [-

rA€e Og, 8o H 0, 8, — 3KBaTOpHaNBHBIE KOOpAHHATH CoJHDA
H JIyHbl COOTBETCTBEHHO.

PaccMorpuM nprmep: deMy Gblal PaBeH NO3HLHOHHBIH yroJ
ceerJioro suM6a Jlyunl 19 masi 1979 r.? Koopannate Conuua
1 JlyHbl Ha 3TOT JeHb: do =03 4 40 Muu 38 c, 8o =19°3516";
a,=214 56 MuH 32 ¢ H §,=—10°57'08”. (Bce 3TH BeNHUHHBI
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Hpumep 64
HMRCTPYKHHS. Pesynetrar
1. INepeponiuM o, M @, CHaYada B 4ackl ¥ ACCATHYHLIC 0, =3,677222 4
nom gaca (§7), a 3arem B rpamycs (§ 22) =55,158333°
Oy =21,942222 4
=329,133333°
2. BuipaxaeM dp M O, B HdecATHUHBIX AONAX rpagyca 8o = 19,587778°
§ 21) Om=—10,952222°
3. HaxoguM y =cosdg sin{to—=ay,) y =0,939863
4. HaxonmM x =c085,,sinde — sind,cosdocos(to—a,,) x =0,341553
5. Haxoaum X' = arctg()/x). VcrpanseM HeompeneneH- X’ =70,028516°

HocThb ¢ momonibio puc. 10. Ecm X He HaxoauTcs B
HY)XHOM KBajpaHre, n06aBJiiseM MMM BbhluMtaem 180
wm 360°. B nporupHoM ciydae X=X’ X=170,03°

MOTYyT ObITh BbIYHCJI€HbI MeTOJlaMH, H3JI0O2K€HHbIMH
B § 42 u 61.)

§ 65. Paccroanue do Jlynvi, ee yznosoii pasmep
U 20pU3OHTANBHLIE NAPAANAKC

B TeueHnHe onHoro o6opora no opbure JlyHa oka3biBaeTcsl Ha
pas3nuuHbiX paccrosiHHAx oT 3emyn. Touka HauGosblLiero
c6yinKeHHs (nepureil) ynajeHa or 3eMyiH nPHOJIHIHTEILHO Ha
356 000 kM, a caman pajekas Touka (amoreil) — Ha
407 000 kM. Paccrosinie B OCTaJIbHBIX TOUKaX MBI MOXEM Jier-
KO paccuHTaTh no ciaepywouied ¢opmyne:

_ a(l —e?)
p= 1 +ecos(My, +E) °

rae M, — HcnpaBienHas cpefiusisi aHoManus, E, — nonpaska
3a ypaBHeHHe neHTpa (onpeaesennas B § 61), e — 3kcuen-
TPHCHTET H a — Gosblias nonyock OpOHTH JIyHbl. O6GbIYHO
MBI BbBIpaXaeM paccTosfiHHe B JoJsX O6GONbLIOH NOJYyOCH a:

1—é
1 + ecos(M,, + E,)

?

p =—“:-=

EAHHHIBIL, B KOTOPBIX H3MEPSIOTCA @ H P, AOJXKHBL GHITH OfH-
nakoBuIlMH. Hanpumep, ecsin a BbipaxkeHo B KHjioMeTpax, ToO H
P N0JI2KHO ObITh BhIpaXK€eHO B KHJIOMeTpax. Buaumelil yrioBok
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Jertns

Ayea

Puc. 36. [Mapannakc Jlyubl.

nuamverp JlyHel © Boipa)Kaercsi HENOCPeACTBEHHO yeped
BeJHuKHY p’ no ¢opmyse

0=0 o/P'v

rae 0, — BHAMMBIHA yrioBo# nuamerp JIyHbl Ha PACCTOSIHHU @
or 3emau. 3HaueHue 0O, npuBeneHo B Taba. 10.

I'opusoHTanpHblii Napansakc JIyHH onpefensieTcsi Kak
yroa, nox kKoropuiM ¢ JIynnl Buaen paauyc 3eman. Ha puc. 36
o o0603Ha4yeH CUMBOJIOM 7t (He NyTaiTe ero ¢ MaTeMaTHue—
ckoil nocrosinHoi 3,1415927!). ®opmyna uMeer BHI

n=mne/p’,

Te 7, TOpU3OHTaMbHBIN Napannakc JlyHbl Ha paccTOsSIHHM @
or 3eman (cM. Taba. 10).

Jast npuMepa BHIYHCAUM 3HayeHus p’, O u 1t 6 cenrabpsn
1979 r. B Ou UT.

Ilpumep 65
Hrcrpyxuns Pesysnstar
1. Haxomum M,,, E, npu noMoum Meromos § 61 M, =—359,735278°
E_,=0,029055°
2. BoiumcnuMm p’ _— 1= (3mayenmue e p’ =10,945101
1 +ecos(M,, + E)
npusefeHo s tabn. 10)
3. Haxommm 6 =6,/p’ 0 =0,548°
=0°32'54"
4. Haxomum n =mnfp’ n =1,005925°

—1°00" 21"
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§ 66. Bocxod u 3axod Jynw

B § 32 mMbl y3Haau, Kak BHIYUCJIATD MOMEHTH BOCXO[A U 3aX0-
Ja 3Be3Jlbl ¢ AAHHLIMH 3SKBATOPUAJIbHBIMH KOOPIAHHATaMM.
ITOT K€ MeTOJ, MOXHO NPUMEHHTb AJISl ONpeAeJeHHUs] MOMEH-
TOB BOCX0Jia M 3axojia JIyHbl, OflHAKO 3a/aua yCJIOXKHSAETCS
no AByM npuuuHam. Bo-nepmnix, Jlyna OblcTpo ABHKeTCsi
OTHOCHTEJILHO 3Be3Jl, H, CJelOBaTeJbHO, €e NPSMOe BOCXOX-
JleHUe H CKJOHEHHe HeNpephlBHO H3MeHsTcsA. Hanpumep,
4yTOGbl BBHIYHCJHTh MOMEHT 3aXONa, HAM HYXHbl KOOPAHHAaTHI
Jlynei; oaHako, yToObl HailTH 3TH KOOpAMHATH, Tpebyercs
3HaTb BpeMsi 3axoja. Kpyr sambikaercs.

OnuH U3 nyreil npeojosieHust 3Toll TPyAHOCTH — HAXOXK-
JIeHue KOOpPHUHAT JIyHbl B IBa Pa3/JHUHBIX MOMEHTa BPEMEHH
I/ OJLHOI'O M TOTO K€ IHA, ¢ NocJenyolleil nHTepnosasumnei
IV HAaXOXJAEHUSI HCKOMOTO BpemeHHU. MiMeHHO 3THM MeTOnIOM
Mbl U BOCNOJIb3yeMCH.

Bropas cnoxHocTh, cBA3aHHas ¢ JIyHOH, cOCTOMT B TOM,
YTO OHa (MO acTPoHOMHYecKMM Macmitabam, pasymeercs)
pacnojioXxeHa oueHb 6iH3Ko K 3emJie. [leso B TOM, UTO KOOp-
IHHATHI, KOTOPble Mbl BHIYHCJIAEM, OTHOCATCSH K LEHTPY 3eMJn.
OnHako npu HaGMIONEHHAX € NOBEPXHOCTH 3eMJid BHAHMbIE
KOOPAHHATHl HEMHOTO H3MEHAIOTCA. DTOT 3¢ ¢eKT Ha3piBaeTcs
napaassakcom (cm. § 35). B cayuae Jlyubl Bennumna mnapan-
Jakca Moxer jgocturatb 1°. MoOXHO paccuMTath NONPaBKY
3a spdekr napajnakca no Meropy, H3joxeHHomy B § 36.
Jo6apuB K 3TOMY NONPaBKH 3a aTMocdepHylo pedpakiuio
W KOHEeUYHble pa3sMephl JYHHOTO AHCKa (NPUBOAMMBIE MOMEHTHI
OTHOCATCA K BEPXHEMY Kpal JHCKa), MB CMOXeM HaiTH
MOMEHTHl BOCXOAA M 3aX0a C TOYHOCTBLIO JO HECKONBKHX
MHHYT.

PaccuntaeM cHauasia NpAMOE BOCXOXKAEHHE O, W CKJOHE-
uue §, JIyHBl B NOJHOYB, NPEAIIECTEYIOLLYI0O HHTEPeCyolleMy
Hac IHI0, ¢ noMollbio Merona § 61. 3atem ucnosb3yem 3Ha-
HU€ 4YacoBOTO mNepemeilleHust JIyHBl 1O WHPOTE M AOJIroTe
(§ 62) nns wmaxoxaeHns o, u O, — koopaunat JlyHn uepes
12 u (B noneHp HHTEPecyolilero Hac AHA). [Tocse aToro Hyx-
HO B 06e naphl KOODAHHAT BHECTH NMONPABKY 3a MNapaJjiakc
(§ 36). 3naueHne r moxer GbITh HaEeHO IIPHU TIOMOLLH BEJIH-
unHel p’ (BbluncneHHol B § 60) crepylouum o6pasom:

r=260,286322 p!
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HcnpapnenHble Ha6opbl KOOPOMHAT a, &, M 0y, 8, y2Ke MOXKHO
HCIIOJNb30BaTh NJISi HAXOXKIEHHWS MECTHBIX 3Be3/HbIX BpeMeH
BOCXOJl2 M 3aX0/1a, BHIBOLUMBbIX Ha OCHOBE TOUHBIX NOJIOXEHHH
Jlyubl B nonsous (ST1) u B nonpenn (ST2). 3atem c no-
MOLLbIO HHTEPIIOJALLHOHHONH (POPMYJIEI MOXKHO YJYUIIHTh ONpe-
JileJieHHe MOMEHTOB IO 3Be3/HOMY BPEMEeHH 3aX0Ja W BOCXOAa
Jlyumi:
- 12,03 x ST1
=— " y4acoB.
12,03 + ST1—ST2

HakoHeu, BHeceM IONpaBKy 3a pedpakuHIO H KOHeuHble
pasaMepbl JYHHOTO NHCKA TOUHO TAK K€, KaK Mbl JIeJlaln 370
ans Connua B § 45.

IMosicium Bce ckasaHHoe Ha TNpuMmepe. Uemy paBHAJINCH
MOMeHTBl Bocxona H 3axopa JIyuwl 6 centsabps 1979 r. mnpu
Habl0JeHUsIX B MecTe ¢ KoopauHatamu 0° posrorbl u 52°
CEeBEpHOH LWHPOTHI?

Ipumep 66
HWEcTpykuss Pesynptar
1. BoluncnsieM NpsiMo€ BOCXOXZCHHE U A, =336,292039°
ckJioHeHue JIyHEl B moJHOub (§ 61) B, =0,174853°
o, =22,532709 4
8, =—9,041689°
2. Haxonum xoopauHathl JIyHE uyepes A, = 343,612031°
12 u (§ 62) B, = —0,424799°

0, = 23,004309 u
8, =—0,836710°
3. BHocuM monpaBky 3a mapamiakc. HMc-  pcos¢’ = 0,616945

none3ys § 35, HaxonuM pcosd’ u psing’ = 0,784367
psing’. 3arem, xak ykaszaHo B § 65, r=156,959651 panuyca
Haxomum P’ M r=60,268322p"'. Bu- 3emuu
upclisieM NpuGnuXkeHHOe 3HaveHue 4a- 8 =(8, +9,)/2=—7,939°
C€OBOTO yrya BOCXOZa MNM 3axoAa 1O H=179,718°
dopmyne H = arccos(—tgdigd’) (' — A =0,617711°
cpemee apudMerHyeckoe M3 8; U 8,) A =0,041181 u
M BBOJMM TIONpaBKy 3a Mapasjiakc Q) =22,491528 4
M. § 36) o, =22,963128 u
&) = —9,839231°
85 =—7,631825°
4. C noMousio MetoAa § 32 HaxoAMM ST1,=17,346579 4
MeCTHBIC 3Be3/IHbIC BpeMeHa BOCXOAa ST2,=17,621481 u
M 3aX0Aa, omlpeAeiseMblec AByMS Ha- ST1, =3,636477 u

fopaMy UCTIPaBJIEHHBIX KOO pAMHAT ST2; =4,304775 4
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HRCcTpYX UM Peaynetar

5. C noMompio MHTEpNOIALMOHHOM Gop- T,=17,752242 4
MyJbl HaXonuM Hauiyymlee npubnn- T, =3,850375 4
xenue aas ST, u ST,

_ 12,03 x ST1
12,03 + ST —ST2

6. BbrumcsiseM monpasky Af, yudThIBas 8" =—8,735528°
pedpakuHIo U KOHe4HblE pasMepbl JiyH- y = 37,130849°
Horo mucka (§ 32). R=34' ua ropu- 0 = 0,548°
30HTe (§ 34); 6 MOXHO HaliTu u3 § 65. R=34'=0,567°
Cnenyer ucmone3osare CpelHee 3Ha- x= R+ (6/2) =0,841°
YeHHe CKIOHeHus [8" = (8 + 83)/2) y =1,393308°

At=3383 ¢

7. BelpakaeM At B HONAX 4aca, Aeiisl Ha At =0,094 4
3600, pesyneraT nobapnsiem x T, u T; =17,658265 1
BbluMTaeM us 7, Ty =3,944352 4

8. Haxonen, nepexogsum x GMT (§ 13). GMT, =18 4 38 mun
3amerkTe, 4TO B HallleM CilydYae JOJ- GMT; =04 4 58 muu

roTa paBHa HYJIO M, cJleIOBAaTeNLHO, Me-
pexon ot LST x GST He tpebyerca
(§ 15)

ActpoHOoMuuecKuii exeroiHuk paet 18 u 46 muH ass1 Bpe-
meHn Bocxona Jlyubl u 05 u 02 MuH nnA BpeMeHu 3axona.
Mbl MOXeM YJYUIIHTh HALI PE3YJbTAT, BBIUHCJUB 60Ji€e TOUHO
MONpPaBKY 32 NapaJsjiakc ¢ NOMOLLbIO TOUHbIX 3HaueHuit H u §
BMECTO NPHOJINKEHHN, HCIIOTB3OBAHHLIX B NpHMEpe, W MOJY-
YMB C TIOMOLLbI0 HTepauuii HAa OCHOBE HOBLIX KOOpPJAWHAT
6onee Touble 3naueHust ST, u ST,. He 3a6uiBaiite kaxkablii
pas TOYHO YUuMTHIBaTh NONPABKK 3a Napasnakc, pedpakuuio
N KOHEeuHbe pasmepbl Aucka JIyHbl

§ 67. 3armenusn

U 3emas, u Jlyna or6GpachlBaloT B NPOCTPAHCTBE AJMHHBIE
TeHH. TeHb OT 3eMJIH JIEXKHT TOYHO B ILIOCKOCTH 3KJANUNTHKH
n HanparieHa or CosHua. JlyHHas TeHb B 3aBHCHMOCTH OT
nonoxeHusi JIyHbl MOXeT JieXXaTh Kak BHIIE, TAK H HHXKE
sKAMNTHKH (puc. 37). TeHu cyulecTBYIOT BCeraa, OLHAKO MBbl
OGLIUHO HE OCO3HAEM WX NPUCYTCTBHHA, NMOCKOJBKY € 3€MJH
OHH, KaK NPaBuyo, He BUAHBL. K3penka ofHO W3 3THX Tes mpo-
XOAMT 4epes3 TeHb PYToro, i TOraa Mbl HabJaI0OnaeM 3aTMeHHA.
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Puc. 37. Teun, or6paceiBaembie Jlyholt # 3emueil.

Ecnn Jlyna npoxoaut uepes TeHb 3eMJin, TO 3aTMEHHE HA3bl-
BaeTCA AYHHbIM, a ecqu TeHb JIyHbl 3ameBaer 3emimo, TO
coaneuntim, noromy uro Cosuie HabnORaETCH KaK YaCTUUYHO
HJIH 11€JIAKOM 32KPHITOE.

3atmenne JIyHbl MOXET NPOH3OHTH TOJNLKO B NOJHOJYHHE,
a sarMmenne CojHua — B HoBonyHue. OfHaKO 3aTMEHHSA
NPOHCXOAAT He B KaxJoe HOBOJTYHHE WJIH TO/JHONYHHe, IO~
CKOJNbKY Op6HTa JIyHBEI He JIEXHT B IUIOCKOCTH 3KJHITHKH.
3aTMeHHe BO3MOXHO JHWb TOraa, Korpa JlyHa Haxomurcs
BOJIN3H OJHOI'O H3 y3JIOB CBOEH OpOHTHL.

JlyHHOe 3aTMeHHe HAYHWHAETCH C HOAYTeHesoll ¢as3el,
KoTOpas HacTynaer INpuW BCTyIJieHHH JIyHbl B TNonyTeHb
3eman. [uck JIyHsl craHoBHTCst NPH 3TOM GoJsiee TYCKJIBIM.
Bol moxeTe paxe He o6GpaTHTh BHHMaHME HA 3TO, €CJH
TObKO He Habmiopaete cneuwnainHo. Korna Jlyna Bxonur B
TeHb, CHAuasa HacTynaeTt ¢)a3a 4acTHO20 3GTMEHUA, A 3aTEM
U HOAHAA ¢a3a, KaK TOJbKO BeCh JIYHHBIH JHCK OKaXeTcs
B TEHH U COJIHEUHLIH CBeT INepecTaHeT oCBellaTh ero. B ator
MomeHT JIyHa OCBellLaeTcsi TOJNBLKO CBETOM, MPEeJOMJEHHBIM B
atmocdepe 3emsn. IDTo mnpunaer JlyHe MenHblH OTTEHOK.
3emHasi TeHb NPOCTHpaeTcs Aajieko 3a opbuty JlyHbl, nos-
TOMY, NIPH NMPOYHX GJaronpPHUATHBIX YCJIOBHSAX, BCETAA CyLLecT-
ByeT BO3MOXHOCTb HaGJIOfaTh IOJHOE JYHHOE 3aTMeHHe
(puc. 38, a).

CosHeuHOe 3aTMeHHWE HAUMHAETCH C 4ACTHOU (a3t B
TOT MOMEHT, Korjia 3eMJisi BXOAMT B ToOJyTeHb JIyHbl. Mul
BHIIHM, KaK Ha COJIHEYHOM AMCKe TOSIBIAETCH TOJYKPYIJbIf
JedeKT, HAaTIOMHUHAIOUKHH cJell OT yKyca. DTOT fedeKkT yBeJH-
yuBaeTcs ¢ TeueHHeM BpeMmeHH. Ecin Bb HaxonuTech B yaau-
HO BbIOpaHHOM MecTe, TO, BO3MOXHO, Bhl YBHAMTE, KakK Ha
KopoTkoe Bpems Jlyna sakpoer ConHue ueankom. B srtor
MOMEHT 3aTMEHHE CTAHOBHTCH NOAHbIM.
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% Lomtiny
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Puc. 38. @  siyHHOe 3aTMeHue; 6 — NONHOE COHEUHOE 3aTMEeHHe; 8 —
KOJIbLIEBOE COJIHCUHOE 3aTMEHHMe.

Tak kak Jlyna HamMHOro MeHbue 3eMJiH, TO H €€ TeHb
HAMHOI'O KOpOue W JIHIbL NpH GJaronpUATHBIX YCJIOBUAIX HO-
cruraet 3eman (puc. 38, 6). KoHel TeHH NOKpPHIBaeT JIHILb
HeGosblIYI0 O6JlacTh Ha NOBEPXHOCTH 3€MJIH, W 3TO INATHO
nepeMellaeTcs Mo Mepe TOro, Kak HW3MEHSIeTCSi OTHOCHTEJb-
Hoe nosnoxexuve 3emyn u JIyubl. Hu npu xakux oGerositenb-
CTBaxX JYHHAs TeHb He TOKpHIBaeT 3emjo uenankom. Creno-
BaTeJIbHO, NOJIHOE 3aTMEHHE MOXKHO HAGIOAaTh JIHLIb B Y3KOH
NoJioce 3eMHOH MOBEPXHOCTH.

Ho wnHorma Tenn BOOGule He pocTturaer 3emiaH (cM.
puc. 38, 8). B atom cayuae MoXKeT IPOU3ONTH KOAbYEBOE 3AT-
MeHue, IPU KOTOPOM B MAakCHMaJsbHOH ¢ase JlyHa 3armeBaer
He Bech Auck ConHua, a ocTaBisieT BAAMMBIM KOJNBLO IO
Kpalo IHCKa.

6~1045
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§ 68. «Ilpasunra» 3armenuii

3pecs Mbl MPHBONHM Hanbojiee BaXKHble «IIPaBuHJA», KOTO-
pbIM NOAYMHSAIOTCS MOMEHTHl TOSIBJEHHS 3aTMEHHH.

a) JlyHHoe 3aTMeHHe MOXEeT NMPOH3OHTH TOJLKO B MOJHO-
JyHHE, A COJIHEYHOe —— B HOBOJIYHHE. 3aTMeHMsi He NOBTO-
PAIOTCA eXeMeCSAUHO.

6) Kaxnablfi rofx NPOHCXOAMT He MeHee NBYX H He Gosee
NATH COJIHEYHbIX 3aTMeHHH. MaKcHMaJlbHOe HYHCJIO JIYHHBIX
3aTmenuil — TpH. [losiHOE 4YMCJIO M JIYHHBIX, H COJHEYHBIX
3aTMeHHH 32 OIHH TOJ He MOXeT IPEBHIIAThL CEMb.

B) 3aTMeHHsl, KaK NPaBWJIO, NMPOHCXONNAT NapaMu HJIH
TPOHKaMH: COJIHEUHOe—JIYyHHOe—coJHeyHoe, JIyHHOe 3aTme-
HHe BCer/la NpeAllecTBYeT COJHEYHOMY HJIH CJIEefyeT 32 HHM.

r) Pacnpenenenne 3aTmeHuii BO BpeMeHH NOBTOPSETCS
yepe3 18 net 11 nHeli u 8 yacoB. D10 Tak Ha3blBaeMbll capoc.
OnHako NMOBTOPEHHe He SBJISAETCH TOUYHBIM.

1) MoOMeHT NnoJIHOTO 3aTMEHHsI COBIAJaeT Wk C NPOTHBO-
CTOSIHHEM, HJH C coelnHeHWeM. Ecan yron mexny JuHuned
yasios u HanpaeJeHneM Ha Coanue nin Jlyny Goawie 12°157,
TO TOJIHOe JIyHHOe 3aTMEHHe HEBO3MOXHO, €CJH 2Xe OH
MeHble 9°30, AyHHOe 3aTMeHHE TNPOH3OHAET O06A3aTENbHO.
CosiHeYHOTO 3aTMeHWsl 3aBeAOMO He 6yjeT, ecJiH BeJTHYHHA
cooTpeTcTByOllero yraa 6osbiie 18°31°. Ecnu ona meHbuie
15°31’, 3aTMeHKe Npou3okHAeT 06sA3aTeNbHO.

e) B syHHoM 3aTmeHnn nosuas ¢asa anutcsi He Gosee
1 u 40 muH, a Tenepas ¢asa (T. €. YaCTHOe—IOJHOE—YacT-
Hoe) He Gosee 3 u 40 muH. MakcHMasibHast IJIHTENbHOCTD
MOJIHOT'O COJIHEUHOro 3aTMeHusi (Ha 3kBaTtope) — 7 muH 40 c,
a JJisl KOJIbLIeBOTO 3aTMEHHSA 3Ta BeJIHUNHA paBHa 12 Muk 24 c.

§ 69. Ilpedevinucrenue aynnozo sarmenusn

INepen TeM Kak NPUCTYNHUTL K PaCYeTam, OCTAHOBHMCS HA IBYX
Bonpocax. Bo-nepBbiX, neACTBHTEJNBHO JIM 3aTMeHHE MOXKeT
npou3olTH? Ecnu OTBeT NO/NOXHUTENEH, TO BCTaeT BOMNPOC:
CMOXEM JIH Mbl YBHAETb ero? Mbl MOXXeM paccuuTarb Bpems
3aTMeHHs, HO, ecsqu JlyHa eiHe He B3ollJia WJH YyXe cena,
Ha6y0AaTh 3aTMeHHe HaM He YAacTCH.

HOns Hauana BbIeTHM BpeMs, B KOTOPOe BO3MOXHO
nosipjiesne JyHHoro satmenus. M3 mpapusia (a) Mbl 3Haewm,
yto Jlyna nomxkHa 6bITh TOJHOH, T.e. A,—Ap=180°. Ha
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npapuiia (f) NOJyyaem, YTO YroJ MexJy HampasJieHHEM Ha
JlyHy u snHKeH y3Ji0B foJKeH orsndaThes or 0 wan 180° He
6onee uem Ha 12°15’ B MOMEHT BO3BMOXXHOrO 3aTMEHHSA. ITOT
yron (ucnosabsyss o6oznauenus § 61) papen I”—N'.

Hanpumep, pesysabrathl BoluHcjaeHni 1ias JIynel Ha 10 u
41 muH 6 centsibps 1970 r. paior

Ao =163,24° An—Ag=179,84°,
A, =343,08°
7 =343,10° I"— N’ =184,89°.
N =15821°

Mbl BHAKM, UTO PA3HOCTb A, —Ag OueHb Gamnaka k 180°, 1. e.
3TOT MOMEHT OJIM30K K NOoJHOAyHHI0. Jlpyras BesnuuHa,
1”—N'—180=4,89, oueBHaHO, TONajaer B rpannuy 12°15'.
B camom pese, B 3TOT JAeHb HaGJIOfAJOCh NOJHOE JyHHOE
3aTMEHHE.

Yeuaum an Mbl 3atMeHne? OTBeT, OUEBHAHO, 3aBUCHT OT
Halero MectonosoXxenuss Ha 3emie. B § 66 mbl BhluMCIHIM
MOMEHTH BOCXOAa M 3axoja JIyHel B leHb 3aTMeHHs A
HaGaopaTess, pacnoyoXeHHoro Ha I'puHBHUCKOM MepuIHaHe
n 52° c.w. Msl noayuwsau, 4To Bocxof JIyHbl NpoOM3OineT
paubmwe 18u 38 mun UT, B To BpemMs Kak 3aTMmeHHe B
10 u 41 mun UT yxe B pasrape. CuepnoBaresbHO, Hall
Habawogatesb He YBHAMT ero. [Ins toro utro6bl paccuHTaTh
06CTOATENbCTBA 3aTMEHHS, HAaM HYXHO 3HaTh TOJOXeHHe
Jlynbl B onpenesieHHbIE MOMeHT BpeMeHH (OJH3KHHA K MOJTHO-
JIYHHIO), €e yacoBOe JBHXEHHE N0 JOJIroTe W IIHPOTE, €€
yraoBoe paccrosinne oT Cosnnua (yroa A,—Ag), ee yrioBoi
JuaMeTp M YIJOBOH palHyC 3eMHOH TeHH Ha PacCCTOSHHH
op6uthl JIyHbl. JTa NoC/aeHAA BeJHYKHA BLIBOLUTCA C AOCTa-
TOYHOH TOYHOCTBLIO M3 CJEAYIOILHX NPOCThIX (HOPMYJL:

S, =panuyc nonyrenn =sn+0,27°,

S.=pannyc Tenn =n—0,27°,
rje m — ropusoHTasdbHblil napamaakc Jlynel (§ 65).

B kauecTBe nprMepa BbIUHCJIHM OGCTOATENBCTBA JIyHHOTO
satmeHusi 6 centa6psa 1979 r.

CHauana BCIIOMHHUM BCE BEJHYHHBI, KOTOPble HaM yxke
ussecTHbl Ha 10 yac 00 mun ET 6 cenrsaGps 1979 r.-

6*
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A, =342,643°,
B =—0,398
Ao=163,213°

AL=0,610 rpanyc/uac,

Ap=—0,050 rpanyc/uac,

n =1,006°,

S, =n+0,27=1,276°,

S, =n—0,27=0,736°,

0,=0,548"

I o6aBum K 3TOMYy, uTo COJIHIIE TAKXKe CMelllaeTcs Mo LoJIroTe
co ckopoctbio 360/(365,2422X24) rpanyc/uac=
=0,041 rpanyc/uac.

Paccuntaem Teneps TOuky nporuBocrosiHu. OHa cooTeeT-
CTByeT MOMEHTY, Koria A,—Ag=180°. B 10 u 00 mun
ET stor yron Gbln papen 342,643 —163,213=179,430 , T.e.
na 0,57° menbme 180°. JlyHa nBuxeTcsi CO CKOPOCThIO
0,610 rpanyc/uac, a Coanue — 0,041 rpanyc/uac. CienoBa-
TesbHO, JlyHa poronsier CosnHue co ckopocthio 0,610—
0,041 =0,569 rpanyc/uac, Tak uto sro saimer 0,57/0,569 u,
T.e. nouth ofguH uac. [IporuBocTOsIHHE (B 3SKJHITHYECKHX
KoopauHarax) umeso mecto B 11 u 00 mun ET.

Tenepb MOXXHO OCTPOUTL IMArpaMMy 3aTMeHus (pHc. 39).
INpoBeneM ropH3OHTAJILHYIO NPAMYIO, U306paxKallLyo Mio-
CKOCTb 3KJWNTUKH. HEeMHOro HHXe npoBefeM NapaJijiesbHYyIO
NpsAMYIO H, BbI6paB noaxoaswmil Maciitab (ckaxem, 1 yvac=
=2 cMm), pasmeTuMm ee B uacax. Haxomum Ha wkane TOuky,
COOTBETCTBYIOLLYI0O MOMEHTY NPOTHBOCTOSIHHS, H OTMETHM ee
Ha npsAMo#, usobpaxaiouteil skIunTHKY (Touka P). 3atem Ha-
YepTHM OKPYXKHOCTH C LieHTpamHu B Touke P, uao6Gpaxaioine
TeHp H noayteHb. HMx paauychl JOMXKHB COOTBETCTBOBATh
yriaoshwiM pa3Mepam stux TeHell. Hanpumep, mbl yxe Hauuin,
yro S,=1,276°. Paannua Mmexny 4acopbiM ABHXKEHHEM IO
nonrore Connua wu Jlywsl paeusercs 0,569 rpamyc/u.
B Hamem macwitabe (1 u=2 cm) 0,569° coorBercTBYET 2 CM.
CrepnoBaTesnbHo, MacliuTabHbli Ko3¢d$uLIHEHT MeXXAY rpanyca-
MH K canTuMeTpamu pased 3,515 (1 rpanyc=3,515 cm), 1 mbl
IOMXHbl HAapHCOBaTb JJsi TIOJYTEHHW KPYr C pajHyCcoM
1,276 X 3,515=4,485 cm.

Tenepb Mbl IPUTOTOBWJIW BCE /IS MOCTPOEHHA MyTH JIyHBI
uyepes TeHb 3emsau. CHauana Hadnecem nosoxeHne Q Jlynwl
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B 10 4 00 mun ET, fjisi KOTOPOro Mbl y2Ke BBIUMCJIMJIM 3KJHAI-
THYEeCKHe KOOpAMHATH. JTa Touka Jexut Ha 0,398° Huxke
3KJMITUHKH, uTO cooTBercTByeT 0,398 X3,515=1,40 cm B mac-
mrabe HamweHd AnarpaMmbl. 3aTeM BBIUHCJIHM KOOPAHHATHI
JlyHbl B Kakol-HH6yAb ADYroii MOMEHT, HalpUMep uepe3 ABa
qaca, B 124 00 muu ET. OGosnauum 3ty Touky R. llupora
Jlyubl uepe3 nBa yaca Gymer paBHa

B=Bo+Apt=—0,398+(—0,050x2) =—0,498°.

3rto coorBercTBYer 1,76 cM B macwitabe Hawedi guarpammbl.
CoennsrM TOUKH Q ¥ R npsiMoll M NONYYMM TPAEKTOPHIO
IBuXKeHus JIyHbl.

Tenepk NOCTATOYHO HAUEPTHTh OKPYXKHOCTH C LEHTPOM B
NIPOH3BOJIBHON TOuKe oTpe3ka QR, urobbl n3oGpasutb JIyHy
B mnpomexyTouHoli Touke. Papumyc a3T1oro kpyra mosxkeH
COOTBETCTBOBATb BLIUHCJIEHHOMY YIJIOBOMY pannycy JlyHbl
0/2. B nannom cnyuae 0/2=0,274°, niu 0,96 cm B MacuiTabe
nuarpammbl. OTMETHM HeTbipe NPOMEXYTOUHBIX NOJIOKEHHS:
M, — Touka, rae Jlyna HaunHaeT BXOnHTh B TeHb; M, — Ha-
yaso noaHoi ¢asnl Jlyns; M; — ee koHel u M, — Touka,
rae JlyHa Bbixonut u3 TeHH. COOTBETCTBYIOLLHE BpeMeHa
MOXKHO HaliTH Mo wKasne BHW3Y. B peaynwrarte mnosyuyaem:

Briuncaenus Actponomuueckuii
€XEerofHHK
M, 09 u 21 muu 09 4y 19 mMuu
M, 10 4 44 muu 10 u 32 muu
M; 11 u 03 muu 11 y 18 mun
M, 12 u 31 mun 12 y 31 muu

BunHo, uro, HecMOTPsi Ha NMPOCTOTY METONA, Mbl BHIUHCJHIH
MOMEHTbl Hauaja W KOHLA TeHeBOH (as3bl € TOYHOCTBLIO M0
ABYX MHHYT. Omnbku anst M, 1 M3 MOryT GHITh OGYCJIOBJIEHD]
TONLULIMHON JIHHWH, NMPOBOAKUMBIX HA JAHWarpaMme, NOCKOJBLKY B
3THX CJIyyasX HIXKHHH KpaH JyHHOrO HCKA KacaeTcsi HHXKHeTr o
Kpasi TeHH.

§ 70. Ipedsviuucaenue coarneurnozo 3armenus

INpenBbluKceHne COJHEUHOIO 3aTMEHHMSl TOpPa3fio CJOXHEE,
yem JyHHoro. Eciu Bbl NOCMOTPUTE ONKMCAHHE COJHEUHOro
3aTMeHHsi B ACTPOHOMHUECKOM €XKETOLHHKE, TO YBHIHTE
KapTy MHPa, NOKa3blBAWOILYI0O NyTh JYHHOH TeHH H TPOLOJ-
XKUTEJIbHOCTh 3aTMeHHsl B KaXA0i Touke. Mbl He Gynem cra-
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paThCsi JAOCTHYL TaKOH JKe cTeNmeHH AeTasbHOCTH. Haum
yIpOILEHHblE BblUHCJIEHHSl GYAYT NpOBeAeHbl TOJNbLKO AJA On-
HOH TOUKH, W OHHM NpeACKAXYT HaM, YTO CJENYET OXHAAThb.

BHoBb HaM morpe6GyeTcsl OTBETHThb Ha BOMPOC, BO3MOXKHO
au 3atmenue? Ilpapuno (a) us § 68 ranacur, uro gas aroro
HYXHO HOBONYHHE, T.€. BbHINOJHEHHE YCJNOBHA A,—Agp=0°
(nnm 360°). IpaBuso (&) ykasslBaer, 4TO B 3TO BPEMS yroJ
MeXAy JuHHel y3J0B 1 HanpasieHneM Ha ConHue WK JIyHy
moxeT orandatbess oT 0 wam 180° He Gosee uem Ha 18°317
(yron Ag—N’, nan [”—N’).

26 ¢espans 1979 r. Habmonasoch COJHEYHOE 3aTMEHHe.
Mbl DPOMJTIOCTPUPYEM HAIl METOH, PAaCCUHTaBR OGCTOATENb-
CTBa 3aTMEHWSl AJA TOYKH HAGJIONlEHHS € KOOPAHHATaMH
100° 3. a., 50° c. .

Bo-nepBbix, Ham cjefyeT NOBTOPHThL pacueThl u3 § 61,
62, 65. st 16 u 00 muu 50 ¢ ET 26 ¢eppann 1979 r. mul
NOJTyUnM:

Ao = 337,448°
Am—heo =—0,437°
Am=337,011°

B =0,992°

AX=0,607 rpanyc/uac
Ap=—0,049 rpanyc/uac
0 =0,546°

pri=0,949

1" =336,967°

" — N’'=168,87°

N’ =168,097°

yacoBoe npuxenue Coanua=0,041 rpapyc/uac

Tenepbr HeO6XOAMMO yuecTh FEOLEHTPHUECKHI MapaJinakc.
BoluncsieHHble KOOPAKUHATHI A, U B,, TOUHB AJisE HabsOAaTE NS

Ipumep 70
HRcTpyRuRsg PesysnbTat
1. Mepeiinem ot A, u B, X 3KBaTOpHANBHLIM KOO PAM- ap,=22,557500 1
HataM (§ 27) Om = —8,016944°
2. HaxonuM BHAMMOE NPSMOE BOCXOXKACHHE M CKJIOHE- a,,=22,587070°
HHe, y4uTbipafd BiHsHHMEe mapasUlakca (§ 36) 8'm= —8,844591°

3. IepexomuM or a,, &, x A, B, ucnone3ys Meron § 28 Am=337,113312°
BL. = 0,060038°
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B ueHTpe 3emsu. Mbl HabuonaeM ¢ NMOBEPXHOCTH H3 TOYKH
¢ koopaunatamu 100° 3. 1. u 52° c. 11.; TpeGyeMble IKJIHINTH-
YeCKHE KOOPIAHHATHI, HECKOJBLKO OTJHHapllvecs: OoT Tabuauu-
HBIX, MOXXHO BBIUHCJIHTH CJELYIOLUIHM Oo6pa3om:

ITocJie 3TOro Mbl pacCYHTaEM MOMEHT COEJIHHEHHA B IKJIHII-
THUYECKUX KOOpAMHATaXx; NPH 3TOM A’,,,—AO=O. Ctporo roeops,
MBI JOJI2KHBI OblJIH 6Bl HCNIPABUTD 3a Napalljake H KOOpIAHHATHI
CosiH1a, OIHAKO 3Jlech 3TOl NONPAaBKOH MOXHO IpeHeGpeub
BBUIy €e MaJIOCTH.

B 16 u 00 mun 50 ¢ ET A, —Ag =—0,335° 1.e. JlyHe
ocTasoch NPOHTH elile HeGOJbIIOE PACCTOSIHHE, UTOGH 3aKPHITh
auck Connua. CkopocTh JIyHBl MO ROATOTE COCTaBJSsieT
AXL=0,607 rpanyc/uac, Tak uro Jlyna porousna ConHue co
ckopocthio 0,607—0,041=0,5666 rpanyc/uac. Paccrosinune
0,335° 6bu10 npoilineno 3a 0,335/0,566 u=0,627 y=38 MuH.
CuaenoBarenbHo, coegnHenue npousouyio B 16 u 39 mun ET.
Joarora ConHua B 3TOT MOMeEHT cocTtaBasiia 337,448+
+ (0,627 x0,041) = 337,474°. 3uaunt, BesHuHHA Ag—N'—
—180°=—10,623°, uTo c 3anacoM COOTBETCTBOBAJIO NP aBHJIY
(n). MoxXHO 3aKJIOYHTb, YTO 3aTMEHHE NOJ2KHO NpPOU3OHTH
(MBI 3HaeM, YTO OHO HAGJIIOAAJIOCh HA CAMOM JieJie).

Tenepb MOXKHO NOCTPOUTb AMATPaMMy 3aTMeHHst (puc. 40).
HauneM ¢ Toro e, 4To H AJ5 JYHHOI'O 3aTMEHHSI: NIPOBONHM
[BE TOPH3OHTaJIbHblE NpPsIMble — OAHY IJIsi OGO3HAUEHHSA IK-
JMNTHKH, IPYTYI0, HHXe, IJIf HAHECEHWS WIKaJbl BPEMEHH.
Bui6par macuitab (ckaxem, 2 cMm=1 u), paaMeTHM HHKHIOIO
IpPsIMYyI0 B Yacax TakK, 4YTo6bl MOMEHT COeJHHEHMsI Tonas
NpUGJHINTETBHO HA CepeflMHy Anarpammbl. Temepb Haiizem
Touky P Ha 3KJHNTHKe, COOTBETCTBYIOILYIO COEIHHEHHIO,
W TIPOBENEM OKPY>KHOCTb C LieHTPpOM B P, n3o6paxKamollyio
ConHue. B Hamux BEIYHCTEHHSIX NTPHMeEM, YTO YIJIOBOH panuyc
Conuua paenserca 0,27°. CkopocTb ABHXKeHHsi JIYHBI OTHO-
cureabno Connua cocrapsasier 0,566 rpanyc/u. Caepora-
TeNMbHO, 2 cM B HalleM macumrtabe — 310 U 1 y,u 0,566°, wiu
1°=3,543 cm. Pagnyc ConHia, BolpaXKeHHbIH B CAHTHMETpax
B macwTtabe puarpammel, pased 0,27 X 3,534=0,954 cwm.

Tenepr HaneceM BBIUHMCJEHHOe PaHee mosioXeHue JIyHBI,
HCMOJIb3ysl WCNpaBJeHHOe 3HaueHWe P, [lis sToro Haiizem
TOuKy, coorBercTByioulyo 16 u 00 muu 50 ¢ ET u B,=0,060°
(=0,212 cm); oGosnaunm ee OGykBoH Q. 3aTeM HYXHO
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Tpaermmopis
p.//yﬂbl K P
} } } T t 1 I I i I ) o
79 78 77 76 15
ET (vacer)

Puc. 40. Kaptuna conreuroro 3atvennst 26 ¢pespans 1979 r. pns waGnona-
Tens ¢ koopaduaramu 100° 3. 4. n 50° c. w.

HafTH nonoxeHue JIyHbl, HanpHmep, uepes 2 4. ITO JETKO
cnenaTh, HCI'IOJIb3y9[ qyacoBOe MNBHUXEHHUE MO lunporte:

Bm=0,060— (0,049 %x2) =—0,038°=—0,13 cm.

O6031aunm 31y Touky 6ykBoil R. Coeninne Q nu R npsimoi,
HOJIYYUM TPaekTOpHIO NBHKeHHs1 JIyHb oTHocHTenbHO CodH-
ua. Ham ocranoch TOJIbKO HAYepTHTh OKPYXKHOCTH C LleHTpa-
MH, JieXXaluluMy Ha QR, W NpaBUJIbHBIMH 3HAYEHUSIMH panuny-
coB (0/2), nsobpaxawoumune JIyHy, uro6bl BbIICHHTb, KakK
BHIIVIAAENIO 3aTMeHHe B J060H NpOMeXYTOYHbIH MOMEHT
Bpemerd. Ha puc. 40 mMbl oTMeTHnu TpH nosoxeHus Jlynbi
M1, M2 n M3, cooTBETCTBYIOLIIHE HAYaJy, CepPeLHHE U KOHILY
satmennsi. Pagnmycnl kpyroe pasum (0,546/2) X 3,543 =
=0,97 cm. Huxe npuseneHbl peayabraTel pacyeToB:
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Bhluncaesust ActpoHoMHueckuil
€XXeroiHHK

M1 15 y 39 mMuH 15 y 37 mMuu
M2 16 u 39 muu 16 u 50 mun
M3 17 u 35 mun 17 y 52 muH

W3 puc. 40 BunHo, uTO 3aTMeHKe Gblio noaHblM. CpagHe-
HHe BBIYHCJIEHHBIX BpeMeH ¢ NaHHBIMH W3 ACTPOHOMHYECKOIo
eXeroiHHKa INoKa3blBaeT, YTO TOYHOCTh HAlIMX pacueToB
coctaBisieT Npubausutenabuo '/, uaca. Jlaxe Haw cpapHH-
TEJILHO NPOCTOH MEeTON NO3BOJKJ CHeJaTh BeCbMa TOYHbIE
NpenckasaHusi OTHOCHTEJNbHO BHI3BIBAIOLLEr0 HaHGoMbllee
6aaroroBeHne n3 HeGeCHBIX SIBJEHHH.

§ 71. Acrponomuueckuii karendape

Jasi MHOrMX ueJjeH NoJe3Ho HMeTb IHarpamMmy, KOTopas
nomorana 6bl GLICTPO y3HaBaTh OTHOCHTEJbHOE MOJOXKEHHe
Conuua, JlyHel  niaHeT, a TakKxke MOMEHTbl BEPOATHOro
HacTyMJeHWst 3aTMeHul. ACTPOHOMHUECKHHl KaJleHAapb M
NnpencTaByisieT coboii MMEHHO TaKylo AHarpaMMmy, B KOTODPOH
yKasaHbl 3HAUYeHHSI MNPSIMbIX BOCXOXIEHWA IJA KaxXAoro
He6eCcHOTrO Tesla Ha KaXinblfl MeHb ropa. JimarpamMma Ha
1980 r. n3o6paxeHa Ha puc. 41.

Yno6Hee (x0T U He 06A3aTesIbHO) CTPONTD AHArpaMmy Ha
MUJJInMeTPOBOH Oymare. BepTuKajnbHasi ocb pasmeuaercs B
auax (or 1 go 3656 wam 366) B macwtabe, yno6HoM naJs
HaJibHEeHIl ero nenoJib3oBanus. I'opusoHTanbHas ock pa3meya-
erca B uacax (or 0 go 24), npuuem Bpemsi pacteT clpaBa
HaneBo. JTO corjlalleHHe OObIYHO NPHHUMAETCS aCTPOHO-
MaMH JJIf TOro, uyto0b HOMOrpamMma Jyulie nepeaasalia
OTHOCHTEJIbHOE pacrnojiokeHHe HeGeCHoIX Tes HAJS 3eMHOro
HaGawonartenst. Tenepb MOXHO HauepTuTb npamywo aias Cosl-
1ia M npsMyio noayHoun. Jlis 3Toro mOCTaTOUHO BHIUHCJIHTH
npsimoe Bocxoxnenue Connua (cm. § 42) pas aByx nHed,
pasmelleHHBIX HECKOJbKHMH MecsillaMH, a 3aTeM MpPOBECTH
NpsAMYIO uepe3 noJiydyeHHble TOUKH. B Tex mecrax, rue JuHus
BLIHiZeT 32 npefxenbl HoMorpammel (Kak B A W B Ha puc. 41),
ee HY>XHO NPOMOJNKHTh H3 NPOTHEONOJ OXKHBIX ToueK (A’ u B’).
IMosyuaeMble npsiMble MOJXKHBI HATH BnpaBo BHH3. [lomeTHM
ux piasi CoqHla 3HAYKOM @ . JIHHHH NOJYHOUH, [OMeUeHHble
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sHaukoM @, napassesnbHbl JUHUAM CoJHIA, HO CMELLEHB
Ha 12 uy Mo mwKaJje NPAMBIX BOCXOXIEHHH.

Tenepb Hy>XHO HaHecTH JHHHIO JIyHB. DTO MOXHO Cclie-
JaTbh, BBIYHCJIUB NpsiMoe BocxoxXnaeHne JIyHB AJsi ABYX HAHeEH
(pasneseHHBIX NMPHMEPHO HejeseH) M3 KaXJAoro Mecsina no
Metony M3 § 61 n Tak e cOeHHMB MOJyueHHble Napel TOYEK
npsMbIMH JHHHUSAMH. OnIHAaKO 3TH BBIYHCJIEHHS MAJHHHB H
HECKOJbKO YTOMHTEJIbHBI, €CJIH TOJbKO Balll KaJbKyJATOp
HENpOrpaMMUpyeMbiH, NO3TOMY, BO3MOXHO, BaM 3axoyeTcs
HeMHOro cxutputb. Koopaunatsl JIyHbl Ha kaXnab# yac roga
NaHbl B ACTPOHOMHYECKOM eXXerofHHKe, B KOTOPHIii Bbl MOXeTe
3arJsiHyTh B GUGJIHOTEKe, ONHAKO 3Ty Ke HHoOpMaLHIO
MOXHO NOJYyuHTb H3 GOJBUIHHCTBA OOLIYHBIX KaJleHmapew,
rie ykasadbl MOMEHTH HOBOJYHHH M NMOJHONYHHHA. Mbl yXxe
HAHECJH JIMHUK coenuHeHu# (©) u nporuBoctrosiHuii (@),
H Telepb He COCTAaBJsieT TPyla HapHCOBAaTh MOJOXeHHe
JlyHbl, HauuHast OT MOMEHTOB HOBOJIYHHSI M IMOJIHOJYHHS.

Hanpumep, nycth B KajieHAape yKa3aHo, YTO MOJHOJIYHHE
1 HOBOMTYHHe Hactynasu 14 u 29 mas 1980 r. cooTBeTCTBEHHO.
ChnenoBaTesibHO, TNpsiMOe BocxoxaeHue JIyHbl 14 uncia cos-
nagano ¢ npsimbiMm BocxoxknaeHneM Connua, a 29 uncaa —
¢ NpsiMbiM BOCXOXeHHeM nosyHoun. CoeMHHM 3TH JIBE TOUKH
(toukn C n D Ha puc. 41) npsimoii JuHuell, oTMeualoLlel
nyTb JIyHBL

Tenepb Mbl JO/KHB HAaHECTH MyTH Bocxonsuero (Sb) u
aucxoasiero (V) yanoe op6uthl Jlyuol. Cpenusis noJrora
nepeoro u3 Hux paeHa N (§ 61), a nns BTOpPOrO CpenpHss
noarora paHa N+ 180°.

Haiinem 3Th BeJMUYMHB JJs1 OBYX JHeH, pa3nesieHHbIX
NPUMEPHO IIECThIO MECHALLAMH, H NepelieM OT HUX K NMPAMBIM
BOCXOXKIEHUAM MpH NoMolu MeTtoma u3 § 27 (nonaras
B=0). CoelHHHM KaXKLyl0 Napy ToueK NPSMOH JIMHHEH.

Hakoneu, Mbl MOXeM npenckasaTtb 3aTmedusi. Kak moka-
3aHo B § 68, 3aTMeHHe MOXeT NPOU3ONUTH JiMLlb TOrAa, Korna
JlyHa HaxomuTCA PANOM C OAHHM H3 Yy3JIOB B NOJHOJYHHH
(1yHHOE 3aTMeHHE) MJIK B HOBOJYHHH (COJHEUHOE 3aTMEHHE).
Jasi 3Toro HaM cJjielyeT HaAWTH Ha HOMOrpaMMme, B KaKHX
Toukax JHHUK JIyubl, CosHLa WJIH MONYHOUH W OQHOrO H3
y3J0B NpoxoasT Gansko apyr kK npyry. Ha puc. 41 takue
TOYKHM OTMeueHbl 3HAKOM «+» M yKasaHH [aThl, B KOTOpble
HabJlofanuchb 3aTMEHHA:
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16 ¢deppansn NOJIHOE COJIHEUHOEe 3aTMeHHe

1 mapra nojyreHeBoe 3aTmeHue JIyHhl
27 wwons nonyTeHeBoe 3aTMeHue JIyHBI
10 aBrycra KOJIblieBOEe COJIHEYHOe 3aTMEHHe
26 aprycra nojiyTeHeBoe 3aTMeHue JIyHhl,

Junsi Toro uto6bl HOMOrpamma Obljla NMOJHOH, Ha Hee MOXHO
HAaHEeCTH JIMHMK Gosbwmnx mnuaHer: Mepkypus (P ), Bene-
pu (%), Mapca (J'), IOmmtepa (%), Catypua (%),
Ypaua (&), Hentyna (&) u INnyrona (R ). Mx nonoxenus
MOXHO BBIUMCJWTb no metony § 50.



CnoBapb TEpMHHOB

A3UMyT — yroJ, H3MepsieMbli BHOJb TOPH3OHTAa OT TOYKH
ceBepa B HalpaBJIEHHH CeBep — BOCTOK — IOT — 3anai.

AnbGeno nnanerbl — Mepa OTPaXKaTeJbLHOH CNOCOOGHOCTH MO-
BEPXHOCTH NJiaHeThl; ()aKTOpP, ONPEeNeNsIIOUIHH ee BHIH-
MYI0 SIPKOCTh.

AHomanus — yron Mexay 6o/biiol ocblo OPOMTHI W NPSIMOH,
COeIMHAOLEH JBHXKYylUleecs MO opbuTe TeaO0 N LEHTP
(nan ¢dokyc) sanunca. Ikcyentpuueckas anomarun E
onpejensiercst Ha puc. 19 B § 43; cpednas anomarus M
W UCTUHHASL GHOMQAUSL U ONpenensiioTca Ha puc. 18
B § 42.

Anoactp — Touka opOHMTH 3Be3Mbl-CNYTHHKA, Haubosee oTaa-
JieHHasl OT TJIaBHOH 3Be3Jbl.

Anoreli — Touka op6uTHl Tena BOKpyr 3em.ik, HauboJsee OT-
JlajleHHasi OT Hee.

AcTpoHOMHYECKass €IWHWIA — BeJHYHHA OOJbLWOH NOJYOCH
3eMHOH op6uThl BOKpyr Comuua.

AcCTpOHOMHYECKasi LIHPOTA — YroJl MeXJY acTPOHOMHUUYECKUM
3€HHTOM H IJIOCKOCTBIO 3KBATOpa.

ACTPOHOMHYECKHH €KerogHHWKk — COOpPHHK TabJul, npencka-
3bIBAIOLIHUX TOJOXKEHUS] CBETHJ H OGCTOMATENbCTBA acT-
POHOMHYECKHX sIBJIEHMH.

ATMocdepHas pedpakuns — Kaxylleecs CMeLLleHHe M0J0xXKe-
Husi He6GecHoro o6bekTa, OOYCJOBJIEHHOE MpeJOMJIeHHeM
Jyyeit B aTmocoepe.

Adenunii — Touka Ha OKONOCOJHeuUHO# op6uTe, HaHboJee OT-
nanenHas or ConHua.

Boabuwasi nojiyocb — CM. 3JIHIIC.
Bonbuoil Kpyr — sobasi OKpYXHOCTb Ha MOBEPXHOCTH cde-
pPHI, LLEHTP KOTOpO# coBmagaeT ¢ LEHTPOM cdephl.

Bapuauus — nonpaBka K opGuTaibHOMy nBHXKeHHIO JIyHH
BOKpYr 3eMJi, KOTOpasi yUUTHIBaeT 3aBHCHMOCTb OT pac-
CTOsIHHSA CHJbl nputsiKedns Jlyusl CosHuem.

Buewnue niasetl — nuaHetrn CoJiHeYHOH cucTeMbl, GoJib-
uHe MoJiyocH OpOHT KOTOpHX OGoJbile, yem OoJblias
nonyocb op6utel 3emMJiH. BHeIHUMU nyiaHeTamMu sBJA-
1orcs Mape, IOnurep, Catyph, ¥Ypah, Hentyn u Ilaytomn.
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BHyTpeHHHe naaneTsl — NuiaHeThl, GosbLuKe TOJYOCH OPOMT
KOTOPBIX MeHblie, YeM Yy 3eMJd; TAaKHMH IUIaHeTaMH
apnswoTcs: MepKkypuii 1 Benepa.

BosMmyueHne — OTK/IOHEHHe OT 3IJIUNTHUYECKOro [ABHIKEHHS,
BLI3BAHHOE TNPUTAXKEHUEM oOcTalbHbIX 4JeHoB Cou-
HeYHOH CHCTEeMbl.

Bocxog — MoMeHT, Koria He6GecHOoe TeJo, MOAHHMASCh,
nepeceKaeTr MJOCKOCTb MOPH3OHTA.

Bpemsi — 1. Cosneuroe spems: BpeMs, H3MepsieMoe IO MOJIO-
kenuno ConHla uin BOOGpaXkaeMoro TeJla, Ha3blBAEMOro
cpenuum CosHuem (cpeduee coaneurnoe spemsn). Cpen-
Hee TPUHBHUCKOE BPeMsi, WIH BCEMUPHOE BPeMsi, KaK ero
ellle Ha3bIBaIOT, SABIAETCS INPOCTO CPENHUM COJHEYHBIM
BpEMEHEM, H3MepsieMblM Ha I pUHBHUCKOM MepHaHaHe,
Henagnne n3MepeHHsi ¢ noMOLIbIO BbICOKOTOYHLIX ATOM-
HBIX 4acOB MOKa3aJjH, YTO NepHOA BpalleHus 3eMJiH
HeTOCTOSIHEH, BCJIEACTBHE Yero Gbljio BBeNeHO 3ghemepud-
HOe 8pems, TeKylilee C MNOCTOSIHHOH CKOPOCTBbIO He3aBH-
CHMO OT JABHXeHHA 3emiu. DdeMepUIHOEe KU BCEMHP-
HOe BpeMsi NOYTH COBNaznaioT. bpuraHckoe seTHee BpeMsi
onepexaer IpHHBHUCKOe cpelHee BpeMst Ha | 4y u cay-
KHUT JUISS MAKCHMAJIbHOTO HCMOJIb30OBAHHSA AHEBHOroO CBe-
Ta, NMpHuYeM Yachl TNepeBOAATCH TaK, yToObl pabouuii
JeHb HAWTYUlIUM 06Pa3oM COBNAAaJ CO CBETJbIM Bpe-
MEHEM CYTOK.

2. 38e30noe (cudepuueckoe) spemsn: Bpemsi, uaMepsie-
Moe MO TOJOXKEHHIO 3Be3]l. MeCTHOe 3Be3fHOe BpeMsi B
J060H TOUKE PABHO YacOBOMY YrJly TOYKH BeCEHHEro
pPaBHONEHCTBHS; HA I PHHBHUCKOM MepHIMaHE OHO Ha3bl-
BAaeTCH SPUHBUUCKUM 368€30nbim. PasHnua MeXIy HCTUH-
HbIM CHAEPHYECKHM H CPellHUM 3Be3IHbIM BpeMeHeM YyUH-
ThiBaeT He6oJibliHe MepHOLHYECKHe KoseGaHHs 3eMHOM
OCH, Ha3blBaeéMble HyTaliHei, H MoXeT jgocturath 1,2 c.
[TepBoe K3 3THX BpeMeH COOTBETCTBYET NBHXKEHHUIO HC-
THHHOH TOYKH BeCE€HHero PaBHONEHCTBMS, a BTOPOE H3-
MepsieTcs MO NoJoXKeHHI0 BooGpaxkaeMoil cpefHeil TOUKH
BEeCEHHEro PaBHOLEHCTBHSA, AJIsi KOTOPO!H HyTalWs yCpea-
HEHa.

Bricora — yron Ha HeGecHOl c(epe Mexny TOPH3OHTOM M
JaHHOH TOYKOM.
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lFeoueHTpHueckne KOOpPAMHATHI — KOOPAHHATH!, H3MepsieMble
MO OTHOILEHHIO K ueHTpy 3emJsu. Takum ob6pasowm, reo-
LeHTpHUecKasl LIHPOTa — 3TO YroJ MeXJYy TOYKOi Ha
NOBEPXHOCTH 3€MJIH H IJIOCKOCTBIO 3KBaTOpa, H3Mepsi-
eMbli M3 ueHTpa 3eMJin.

leoLeHTPHUECK NI NAPANNAKC — YroJl MeXAY HanpaBJjeHH sIMH
oT He6GecHOro Tena Ha LEHTP 3eMJIM H Ha TOuKYy
HaGJIOfleHHs] HA TOBEPXHOCTH 3eMJIH.

I'naBHas 3Be3na — Gonee SIPKHH KOMIIOHEHT JBOHHOH 3Be-
3JHOH CHCTEMBI.

Fon — HHTepBaJ MexXIy HNBYMSl MOCHeNOBaTeNbHBIMH NpO-
xoxneHusimi ConHila yepe3 BLIGPAHHYIO TOUKY OTCYe-
ta. CnenuuanbHo BoiGpanHasi cpey 3Be3Jl TOYKA HCMOJb-
ayercs AJsl oTcueTa cudepuueckozo (3s8e30Ho0c0) 200a,
pasHoro 365,2564 cpenHHX cojiHeYyHHIX cyTok. [las ot
cuera Tponuueckozo 2ooa, conepxauero 365,2422 cpen-
HHX COJIHEUHBIX CYTOK, HCMOJIb3YETCSl TOUKAa BECEHHEero
paBHopeHcTBHsl. Ecnu mpu ynorpeGneHun cnoea «rop»
He yKasaHo, KaKoH roj HWmeercsi B BHIY, TO mnoapasy-
MeBaeTcsl HIMEHHO TpomnuyecKui rog. BoamyumeHue 3em-
HOH OpOGHMTBI APYTHMH MJaHeTaMH BbI3blBaeT HeGOMb-
1IHe H3MeHeHHs] 3/IeMeHTOB ee OpOUTH. AHomarucru-
ueckuli 200 (365,2596 cpenHHX COJHEYHBIX CYTOK)
onpejensieTcs KakK HHTEpPBaJl MeXAY ABYMSi IMOCRENO-
BaTeNbHBIMH npoxoxaeHusMH ConHua uepes nepureii.
Beccenes 200 — 1O ke caMmoe, YTO M TPOMHYECKHH rof,
C TOH NHIUb pasHHuel, YTO OH OTCYHUTBHIBAETCS OT MO-
MeHTa, Korja npsimoe BocxoxjeHHe cpenrero Connua
B TOUHOCTH paBHO 280°, uau 184 40 MHH. ITOT MOMEHT
61130K K Hauany o6biuHOro rpaxiaanckoro ropa. Crpo-
ro ropopsi, B acTPOHOMHUECKHX BBIUHCJIEHHSIX CJeLyeT
HCNONb30BaTh UMEHHO GecceseB rof.

FopnyHOe ypaBHEHWe — monpaBKa K OpOHTANbHOMY IBHIKe-
Huio JlyHBl, yunTBIBalOmasi H3MeHEHHe pPacCTOSHHA OT
3emnn g0 ConHya K3-3a 3NJTHOTHYHOCTH OPOUTH 3eMJIH.

Fopn3onTabHbIi Napajjake — reoleHTPHUECKHH nmapaJJakc
Ha3blBAGTCS 2OPU3OHTAAbHLIM, €ClH HabniolaeMoe He-
GecHoe TeJ0 HAXOAHWTCSH Ha TrOPH3OHTE; TEPMHH 3K84-
TOPUGAbHbLL 20PUBOHTAAbHLLE NAPAANAKC O3HAYaerT,
4yTO, KPOMe TOro, HabJionaTeNb HaXOLHTCH HA 3KBaTOpe.

I'pasutauns (TAroTeHne) — cusia B3AHMHOIO MNPHUTSXKEHHS,
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IelicTByIONIAas MeXAay JIoObIMH NBYMS T€JlaMH; €e BeNu-
YHHA NPSAMO NPONOPLHOHAJNbHA MPOH3BELEHHIO MacC Tel
W o6paTHO NpONOPLHOHAJbHA KBaipaTy PpacCTOAHHS
MEXIy HHMH.

IpuHBHUCKWI MepuANAH — NOJOBHHA GONBUIOTO Kpyra Hi
nosepxHocTH 3eman, npoxomsiuiero uyeped CepepHbl i
IOXHblil nosoca M Touky orcyeta B r Ipunsuue (AH-
raus) Hosrora storo MepuauaHna npHHsita 3a U°.

Jonrora — yrjiopas KOOPIMHATa, OTCUWTHIBaemasi B OC-
HOBHOH TJIOCKOCTH OT 3alaHHOro HanpasJieHHs; HalpH-
MEp, IKAUNTUHECKAA 00A207TQ. 2aA0KTUYeCKana 00A20Ta.
Ha 3emne 2eoepagpuueckan doneora usmepsiercsi BLOJb
sKBaTOpa. JKJAWITHUECKAsi AOJrOTa MOMXeT H3MepATbCH
Nu60 OTHOCHTENBHO LieHTpa 3eMsn (2eoyeHTpuueckas),
nu6o orHocuTenbHo ileHTpa CosHua (2eauoyenrpuie-
cxasn).

3arMenne — npoxoxneHue Jlyubl uepe3d TeHb 3emau (AyH-
HOe 3aTmeHue) WA 4YaCcTH MOBEPXHOCTH 3eMJH uepe3
JYHHYIO TeHb (coaneuHoe 3armenue). Ecnu Bo Bpems Ha
u6onbiiedl ¢asbl 3atrmeHus Jiyna uau CoJsHle 3aKphl-
THl JIMIIb YaCTHYHO, TO 3TO 4OCTHOE 3ATMEHLe, €ClH
MOJHOCTBIO — TO 3TO noAHOe 3armenue. Ecnu Bo Bpemsi
COJIHEYHOrO 3aTMeHHsi JlyHa 3aKkpblBaeT UEHTPAJbHYIO
YacTh COJIHEYHOrO [HCKa, OCTaBJsii BHAHMBIM KOJIBLO
Ha ero Kpaio, TO 3TO0 KOabyeobpasnoe 3armenue.

3axon — MOMeEHT, Korza HeGecHoe TeNO mnepecekaer MJoOC-
KOCTb F'OPH30HTAa, JABHrasicb CBePXYy BHH3.

3pe3na-cnyTHHK — 6osiee cjabbiii KOMIOOHEHT BH3YaJbHO-
IBOHHOH 3Be3NHOH CHCTEMBL

3Be3anan BeAMYMHA — €[lHHMNA H3MepeHHs Onecka He6ec-
HOro o6bekTa B Jorapud)MHUECKoOH ILKaJfe.

3eHHT — TOUKA NepeceueHHsl BepTHKaJHK, I poBeleHHOH B MecTe
Ha0JioNeHHs BBEPX, H HeGecHol cdepul. 3enutHolld yeoa,
WJIH 3eHUTHOE pacCCTOsKUe, — 3TO YTONl MeXIy HanpasJe-
HHeM Ha OODbEKT H Ha TOUYKY 3eHHTa.
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Kanengapb — cucreMa ucunc/aeHWs1 JHeH B rony. B rwauasn-
ckom Kanendape, sBegennom IOaunem llesapewm, ron co-
crour u3 365 nHe#, a Kaxawbl#i uerBepThii — M3 366.
I'pueopuanckuii karendapo, BBefeHHHIH nanoft I'puro-
puem XIII B 1582 r. (m npuHsaTstit 8 AHrauu ¢ 1752 r.),
SIBJISIeTCSI ONHHM H3 IUHPOKO HcHoJb3yeMblx HbiHe. Ero
BBEJl€HHE YCTPaHMJIO OIIMGKH IOJIHAHCKOrO KaJleHpaps,
ynaJnsist THIIHHEe TPH IHS KaXnble yeTsipe cronetus. Ecau
Homep roma KpateH 100, oH cyHMTaeTci BHCOKOCHBIM
TOJBKO B TOM cJyyae, eciH ero Homep aenutcsi Ha 400.

Komera — nud@ysubiii o6bekr, npuHaanexamui Conneynoi
CHCTeMe, YacTO HMEIOLiMi OYeHb BBLITIHYTYIO OpPOMTY,
npHYeM BHAHMOH KOMeTa CTAHOBHTCS TOJBKO B OKpECT-
Hoctsix CosnHuoa. Komera mmeer sipkyio ronioBy H aup-
¢y3HbI XBOCT H3MeHsIOLleHCA AJMHHBI, BCerna Hanpas-
neHHol ot ConHpa.

KyJbMHHaUH — MOMeHT, Korja He6GecHblli OObeKT nepece-
KaeT MepHiaHaH HaGuogartensi. OkoJononsipHbie 3Be3fbl
nepecekaioT IJOCKOCTb MEpHIHAaHa Haj rOpH3OHTOM ABa
pasa B CYTKH B 8epxHell W HUNCHel KYsbmunayusx.

Jlynno-coiHeyn as npeneccHs — MeNJleHHOe JBHXeHHe TOYKH
BECeHHEro paBHOLEHCTBHSl BOJb 3KBATOpa B CTOPOHY
yMeHbIUEHHUSI A0JTOT, 06yC/JOBNeHHOe COBMECTHBIM BJHS-
HueM nputsikeHusi ConHua u JlyHsl Ha 3emJiio, ¢popma
KOTOpPOH HEMHOro OTJiHYaercsi OT c)epHYecKOH.

Mepuasad — nojoBHHa GoJabworo Kpyra He6GecHOH cdephl,
HauHnHawoulasics Ha CeBepHOM H 3aKaHYHBalollasics Ha
[IOxHoM nosoce. Ha 3emsie MepuauaHl siBnisiercs JMHHeR
nocrosiHHoil posrotel. Ha HeGecHol cdepe MepumHan,
NpOXOoAsiltHi yepe3 3eHHT, Ha3biBaeTcs HebecHuim Me-
puduarnom, HIX MepHAHaHOM HaGJionarensi.

Mecan — BpeMsi, Kotopoe TpebGyercsi JlyHe nJsi coBeplue-
HHA OIHOro TNojHoro o6opora mo csoeii opGure. Hns
OpaKoHuuecKko20 MeCcAya B KauecTBe TOUKH orcuera Ge-
percsi BOCXOASIIHH y3eJ; ero fqJHHa cocrasasier 27,2122
CpeOHHX COJHeYHbIX CYTOK. Culepuuecxkuii mecay n3-
MepsieTcsl OTHOCHMTENbHO 3Be3l M agaurcs 27,3217 cpexn-
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HHX COJIHeYHbIX cyToK. CoJiHLe HCrmoJb3yeTcsl Kak TOuka
OTCYeTA IJIf CUHOOUHECKO20 MeCAya NPOLOJKHTENb-
HocTbio 29,5306 cpenHHX COJNIHEUHBIX CYTOK, @ mepurei —
LIS QHOMOAUCTUHECKO20 MEeCAYa, TIPOLOIIKHTENbHOCTBIO
27,5546 cpenHHX CONHEYHHX CYTOK.

MoauduuuposarnHas 10JHaHCKas Aara — YHCJIO CYTOK, Mpo-
wenwux ¢ 17 Hos6psi 1858 r.

HakJioH OpGHTB — yroj MeXAay NJOCKOCTbIO OPGHTHI H MJoC-
KOCTbIO IKJHNTHKH.

HakJiOH 3KJIMNTHKH — YroJl MexIy IJIOCKOCTbIO 3IKJIHNTHKH
H TUJIOCKOCTbIO 3KBaToOpa.

HeGecnan cdepa — soobGpaxaemas cdepa NPOH3BOIbHO
60MbIIOr0 panuyca, OGBIYHO C LEHTPOM Ha 3eMJe.
¥ n06HO CUHTATh, YTO 3BE3 bl PACTIONOXKEHB! HA MOBEPXHO-
CcTH 3TOH cdepbl.

Hyrauns — HeGosibllive nepHonHyeckHe KoseGaHHs OcH Bpa-
uleHHsA 3eMJIH.

OkoJionojapHbie 383/ bl — 3BE€3[ibl, YIJIOBOE PACCTOSIHHE KO-
Topbix OT CeBepHoro HiH IOXHOro mojioca HAaCTOJbKO
MaJlo, YTO OHH HHKOr[a He 3aXOAfIT 34 IOPH3OHT.

Op6utra — nyTb B NPOCTPAHCTBe, MO KOTOPOMY IBHXETCH
HeGecHOe TeJiO MNOJA BO3NeHCTBHEM TATOTEHHA APYroro
Tena.

Op6uranbHbiil nepuop — BpeMsi, B TeyeHHe KOTOpOro TeJo
coBepliaeT NonHbLIA 060poT mo opGuTe.

OcKyJMpyollHe 3JIeMEHThl — 3JIeMEHThl, ONHMCHIBAIOLLHEe 3J1-
JIMNTHYECKYI0 OPOGUTY NaHHOro Tena, ecad 6bl BCe BO3MY-
Li€HHSI MrHOBeHHO Hcue3sH. [lockosnbKy BO3MylleHuS
MOCTOSIHHO HCKaXaioT opGuTy Jio6oro tena CosHedHoi
CHCTEMBI, OCKYJHpYIOLLHE 3JIeMEeHTH MNOCTOSIHHO H3Me-
HSIIOTCS.

NMapaGosnueckas op6uta — opGHTA, Ha KOTOPOH CKOPOCTb
IBHXXEHHSI B KaXXNOH TOUKe paBHA CKOPOCTH yGeraHHs.

Iapaanakc — BenHYyHHA, Ha KOTOPYIO cMelllaeTcsi BHAUMOeE
NoJ0XEeHHe HeGecHoro o6bekTa MpH H3MEHEeHHH TOYKH
HabJoneHHs.



164 Croeape mepmunos

Neneabubiii ceer JlyHbl — TeMHasi yacTb JYHHOro JMCKa,
OcBellleHHasl CBETOM, OTPaXK€HHbIM OT 3eMJIH, H TOTOMY
BHAMMAS NPH GJaronpHATHLIX YCJOBHSX.

Nepnactp — 6anxaifiluass K 3Be3le TOYKA OKOJO3BE3JHOMH
OpOUTHL.

Tlepureii — Gauxkaiiias kK 3emse TOYKA OKOJIO3EMHOH Op-
OHTDL

TNepureanii — Gnuxaiiwas K CodHuy TOYKA OKOJIOCOJHEY-
HOH OpGHTHL.

Tlnanera — Tesio, ‘ABHXKYyllleecd MO 3aMKHYTOH op6uTe BO-
Kkpyr 3Be3anl. B ConHeyHoll cHcTeme GOsblUIMMH mJja-
HeTaMH fBJAIOTCH (B MOpsinKe BO3PAaCTaHHSI paccrosi-
uusi or Conuua) Meprypuii, Benepa, 3emas, Mapc,
IOnurep, CatypH, ¥YpaH, Henryn u Iayron.

Tlo3uumnonubiii yroa — yron Ha HebGecHOH cdepe, OTCUHTHI-
BaeMHIl OF TOUKH ceBepa Ha BocTok or 0 mo 360°.

Noapenb — Mmoment, Koraa CosHue nepecekaeT HeGecHbil
MepHIHaH.

TloayTeHb — BHELUHSI YacTb TEHH, OT HeGecHoro tena B Ko-
TOPOH HCTOUHHMK CBeTa 3aKpblBAeTCH JHIUb YacTHYHO.

Tloatoc — Touka cdepnl, B KOTOPOH ee nepecekaeTr NMpoXofs-
LIH#A Yepe3 LeHTP NEepPNeHAHKYJSP K TJIOCKOCTH NAaHHOro
Gosbuioro kpyra. B kaxiom ciayuyae HWMelOTCs ABa Io-
Jiloca, HasbiBaeMble AJ151 KPATKOCTH CEBEPHBIM H I0XKHBIM,
Hanpuwmep, noaroc sxauntuku wnu nostoc skearopa.

TlonapHoe paccrosHue — yron Ha HeGecHOli cdepe, H3Me-
psieMblii OT mosloca MHpa.

Tlonpaexka Ha NoOsiCHOE BpeMs — YHCJIO 4YacoB, KOTOpoe He-
06x0onHMO 106GaBHTb HJIH BblY€CTh H3 FPHHBHUYCKOrO Bpe-
MEeHH, 4YTOObl MOJNYUHTb MOSICHOE BpeMS.

TlonsaTHoe NBHIKeHHe — ABHXKEHHe B HampaBJIEHHH, MPOTHBO-
NIOJI0OXKHOM TOMY, B KOTOpOM of6pamaloTcsi IJaHeThl
ConHeunoit cucremnl. M3 cesepHoro nosioca mMupa 3to
ABHXXEHHEe MpeiCTaBJIsIeTCS] HaNpaBJEHHbIM MO YacoBOMH
cTpeJKe.

Tlpeneccus — CM. JIYHHO-COJIHEYHAST TIPELECCHS.

flpoTuBOCTONHNE — KOH(HIYpauUUsi, B KOTOPOi 1BA He6GeCHbIX
o6beKTa 3aHMMAalOT OTHOCHTENBHO Habnopatensi NPOTH-
BONOJIOXHBIE TOYKH Ha HeGe. IlporuBocTrosinneM nHasm-
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BalOT TaKXe CHTyalHlo, NMPH KOTOPOH AOJArOTHl 00Bb-
eKTOB otJiMualwTcsa Ha 180°.

TpoxoxaeHHne — MOMEHT, Kornpa He6ecHoe TeJlo mepecekaer
MepuaHaH Habnawonartens.

Ipamoe BocxoxaeHne — B 3KBATOPHANIbHOH CHCTeMe KOOPAH-
HaT yroJj, OTCUHTHIBAE€Mbli OT TOUKH BECEHHEro pPaBHO-
JEHCTBUS B TJIOCKOCTH 3KBAaTOpa B HanpasJeHHH 1or —
BOCTOK — CeBep — 3anap.

Mpamoe pBHkeHHe — nBHKeHHe BOKpyr CosHua B TOM Xe
HanpaBsJieHHMH, 4TO H ob6pauieHHe myaHetr CoJHeuHOH
cucrembl. M3 ceeepHOro mosmwoca MHpa 3TO [BHIXKEHHE
npeAcCTaBJsieTcl  HanpaBJieHHbIM  INPOTHB  4YacoOBOH
CTPEeJIKH.

PasHoaeHcTBHe — MoMeHT, Koraa CosHue nepecekaer HeGec-
HbIE 3KBaTrop. D710 mnpoucxonutT npumepHo 21 mapra,
Koraa mnpsMoe BocxoxzAenne CosiHLA PpaBHO HYJIO
(secennee pasnoldercraue), W oxkono 22 ceHTs6ps,
Korga ero mnpsiMoe BocXoxieHue 12 u  (oceunee
pasroOencreue). Toukn paBHOLEHCTBHH Ha HeGecHOM
cdepe nexar Ha JHHHH nepecevyeHUsi 3KBaTopa M
IKJIMIITHKH.

Papnyc-BeKTOp — OTPE30K, COeNHHSIOUIHA IaaBHbIH (OKyC ¢
TOYKOH, B KOTOPOH HaxXxOAMTCS TeJO B MpOLLecce CBOEro
ABHXeHHs 1o opbure. -

Capoc — nepHoj, MOBTOpEHHS] LHKAA JYHHbIX H COJHEYHBIX
3aTMeHHH, paBHbIil 18 ner 11 cyTok u 8 yacos.

CegepHblii 10J110C MUPa — TOYKa, B KOTOPOIi Npsimasi, NPOAOJ-
Xaloillass ocb BpauleHHss 3eman uepe3 ee CesepHblil
nosoc, nepecekaer HeGecHyio codepy.

CuHopHuecknii nepuog — BpeMsl MeXJAy INBYMSl Noclenosa-
TeJIbHBIMH OJHOHMEHHbIMH COEIMHEHHSIMH MO [OJITOTE.

CHcreMbl KOOPAHHAT — CHCTEMb! OTCYeTa, NPH NOMOLILH KOTO-
pbHIX TIOJIOXKEHHe KaXX[0H TOUKH NMPOCTPAHCTBA MOXKET
6bITh OHO3HAYHO onpezeNeHo. B acTpOHOMHH cHcTeMbl
KOOpAMHAT TNOJyyYyaloT Ha3BaHHe MO HMEHH OCHOBHBLIX
njocKocTeli, Ha KOTOPHIX OHH cTposiTcs. Tak, B 3KaunTu-
4ecKoli cucTeme KOOPOUHAT NOJIrOTa H3IMEPSIETCH YIJIOM,
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OTCUHTHIBAEMbIM OT TOYKH BeceHHero pasHoneHcteusi ‘T
B IJIOCKOCTH 3KJHNTHKH, @ IIHPOTA — YTJIOBBIM PaccTosi-
HHeM OT 3TOH mJjockocTH, B a3xearopuanrvnoii cucreme
KoOpOuHaT TPSIMOE BOCXOXKIEHHe H3MepsieTcst OT TOY-
ku T B mIOCKOCTH 3eMHOro 3KBAaTOpa, a CKJAOHEHHE —
yrl1OBblM pPACCTOSIHWEM OT 3TOH mJockoctH. B eopu-
30HTAAbLHOL cUCTeme KOOPOUHAT a3uMyT OTCUHTHIBAeTcCs
OT TOYKH ceBepa BJOJIb TOPH3OHTA B HaNpaBJieHUH ceBep —
BOCTOK — lor—3anaj, a BbICOTA OnpeneisieTcss Kak
yroJ MexJy TOYKOH Ha HeGe M IJIOCKOCTbIO FOPH3OHTA.
B earaxtuseckoll cucteme KOOPOUHAT TONOXKEHHE Onpe-
nenasiercsl AOJATOTOH — YIJIOM, H3MepSieMBIM B ILJTOCKOCTH
FanakTHKM OT HanpasJieHHs] Ha TaJlakKTHYeCKHH UeHTp,
H LWIHPOTOH, H3MepseMOH NepneHAHKYJIAPHO ranakTHue-
ckoii nockoctu. I'eauoepagpuieckue KoopounaTel NO3BO-
JSIIOT M3MepHTb MNOJIOXeHHe J1060H TOYKH Ha IOBepXx-
Hoctd Co/lHU@ MO OTHOILUEHHIO K COJNHEYHOMY 3IKBATOpPY
H OCHOBHOMY MepuAuaHy (mepuaMany KappuHrroHa),
KOTOpbIi cuMTaeTcsl BpalllaloildUMcsl ¢ NNOCTOAHHOH cKo-
pOCThIO.

CxJionenne — B 3KBaTOpHaJbHOH CHCTEMe KOOPIAHHAT YrJo-
BOE pacCTOSHHE OT IJIOCKOCTH 9KBAaTtopa (MOJIOXKH-
TeJIbHOE K CceBepy M OTPHLATENbHOe K IOry).

CoenHnenHe — MOMEHT, KOria AJs1 AaHHOro HaGuonaTens nBa
HeGecHbIX Tesla 3aHMMAIOT OJHO M TO Xe MNOJNOXKeHHe
Ha He6e MJM MMEIOT OLHHaKOBylo KoopauHaty. Ha-
npuMep, reJIHOUEHTPHUECKOE COeJHHEHHe MJIH COelH-
HEHHE TIO MPSIMOMY BOCXOXJAEHHIO.

CosneyHasn cucrema — COJIHue, a TaKXKe IJIaHeTbl, KOMeThI,
acTepoHnbl H aApyrue Tesa, obpailaiouiHecss BOKpPYr
CosnHua no 3aMKHYThHIM Op6GHTaM.

Cpennee CoJaHue — BooGpaxkaemoe HeGecHoe TeJslo, ABHXY-
uleecss € MOCTOSHHOH CKOpPOCTbIO BJOJMb He6ecHoro
KBAaTOpa M coBepllaioilee NOJHBIH 06OpPOT 3a TO Xe
Bpems, uto M peanpHoe Coanue (1 ron).

Craunonapublit cnyTHuk 3eman — teso, obpaiuaiouieecs
BOKpYr 3eMJIH B IJIOCKOCTH 3KBAaTOpa B TAaKOM Hamnpas-
JIGHUH W Ha Takon BLICOTE, YTO €ro OpOGHMTaNbHbIH me-
pHOL paBeH ONHHMM cyTKaMm H, CJeJoBaTesbHO, ero fo-
JIOXK€HHe OTHOCHTEJIbHO 3eMHOH INOBEPXHOCTH OCTaercs
HEH3MEHHbIM.
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CyMepKH — TNepHOJ NoJyMpaka Nocjie 3aX04a W nepel BOC-
xonoM ConHua, B TeyeHHe KOTOPOTO 3eHHTHOE PacCTosi-
Hde ConHuna Gosnbmie 90° M MeHblle, yeM onpenesyeH-
Hasl BelWuuHa. DTa BeJHuHWHa paBHa 108° pgns acrpo-
HOMHUECKHX cyMepeK H 96° Aansi rpaXaaHCKHX.

CyTKH — MHTEpBaJ MEXJY ABYMS NOCJeJOBaTeNbHbBIMH TpO-
XOXIEHHSIMH Yepe3 MepHIHaH HabaoAaTes ONHOH M TOM
’Ke 3Be3nbl (38e30nble cytku), ConHua (uUcTuxHble COa-
HewHble CYTKU) HUJIH BOOGpakaeMoro o6bekra, KOTOPhIH
IBHXXETCS C NOCTOSIHHOH CKOPOCTBIO BAO/bL 3KBaTOpa H
Ha3piBaercs: cpenHHM ConHuem (cpeduue coaneunsbie
cYyTKu).

Tepmunarop — rpaHuna Mexny ocBeuleHHOH M 3aTeHEHHOM
nonychepamn Ha mnoeepxHoctH Tena CoJsiHeyHoOH cH-
CcTeMBbl.

¥Y3en — Toyka Ha HeGecHoil cepe, B KOTOpOH Goabluoi KpyT,
n3obpaxailouluii op6HTY, INepeceKaeTcsi ¢ IJIOCKOCTbIO
skMUNTHKU. Tor yaen, roe Teno nmepexonHT H3-NOA IJO-
CKOCTH 3KJIHNTHKH CHH3Y BBepX (M3 I0XKHOro mnoJyiia-
pHfl), Ha3blBaeTcsl 80CX00AU{UM, a8 TIPOTHBONOJOXKHBIN
y3ell — HUCX00AUuUM.

YpapHenHe BpeMeHH — Pa3HOCTb M€Ky HCTHHHBIM H CpEeIHHM
COJIHEUHLIM BpeMeHeM.

YpaBnenne Kenjepa — cooTHOLleHHe, BbIpakaloilee CBS3b
MEeXy CpeiHeH H 3KCLEeHTPHYEeCKOH aHOMaJHSMH:

E—esin E=M,
rie Bce YrJibl BblpakeHbl B pajHaHax.

YpasHeHne LEHTPa — 3aBHCHMOCTb MEXJY HCTHHHOH H cpen-
HeH aHomanusiMH, Koropasi sisjisiercsi NpUOGJIHIKEHHLIM

pemennem ypaBHeHHsi Kennepa. B npocrteiiluem Buze
OHO 3amMHCHIBAETCA Tak:

v=M -+ 2esinM,

roe ¥ u M BelpaxkeHol B pajgHaHax.
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®Paza — |. Pasa JTyns u naarer: oceellleHHasl yacTb [HCKa.
Korna temnasi yacte Jlyno o6pameHa kK 3emse, ¢asa
JlyHbl paBHa HyJIIO M Ha3biBaercs Hosoaynuem. Ilepsasn
M TpeTbsi uers8epTu COQTBETCTBYIOT (ha3e MOJOBHHA;
npH 3TOM roBopsAT, uro JiyHa HaxopMTcs 8 Keadparype.
B noanosynue dhasza nynbl paBHa egHHHILE.

2. dasza 3armeHun: cTafiHs JyYHHOrO HJIH COJIHEUHOrO

3aTMEHHS, B TeYeHHe KOTOPOi 3aTMeBaeMoe TeJlO MOKPHI-
TO TeHbI0O YacTHYHO (uacTHOA (pa3a) WK UeSTHKOM
(noanas ¢pasa). Bo Bpemsi nyHHoro 3atmenus JlyHa
HaxonHTCS B MOJYTeHH 3eMaH B TNoJyTeHeBoll ¢pase H
3aKpblBaeTcsi YaCTHYHO MWJIH TOJHOCTBIO TeHbI0 3eMJH
B TeHeBOil (hase.

®urypa 3eman — ucTHHHas ¢opMa 3eMJIH Kak GH3HUECKOro
tena. OHa yacTo annpokcHMHpyercsl cepoHoM Bpaille-
HHUSI — reOMeTPHYECKHM TeJIOM, B KOTOPOM KaXJoe ceye-
HHe napajjieJlbHO 3KBaropy SBJSETCH OKPYKHOCTHIO,
a Jsoboe ceueHHe, NapaJjJelbHOe OCH BpallleHHs, —
3JJIMIIC, Majnas oCb KOTOPOro COBIAjaer ¢ JAHaMeTpPOM,
coenuHsiiolinM CeBepHblit B IOxHbI noatoca.

POKyC 3JJHNCA — CM. 3AAUNC.

Yacopoit nmosgc — MepHaHOHaNbHblE TOSICA HAa MOBEPXHOCTH
3emJH, 1] KOTOPLIX YCTAHORBJEHO e JHHOE TI0SICHOe BpeMs
B KauecTBe MeCTHOro rpaxinanckoro. [losicHoe Bpems
Ha 1eJIoe YHCJIO YyacoB OnepeXaer WJIH OTCTAeT OT
CpelHero TPHHBHYCKOrO BpEMEHH.

inpora — yrnosasi KoopaiuHata, H3MmepsiemMasi MepPHEHIHKY-
JIIPHO OCHOBHOH MNJIOCKOCTH (MOJIOXHTENbHAsi K ceBepy
H OTpHLATeJIbHAS K I0ry).

IseKuns — nomnpaska K nBHXKeHHIO JIyHel nmo opbure BOKpyT
3emJiH, yuHTbiBalollas He6oJibliHe H3MEHEHHS] KCLEHT-
pHCHTETa JIYHHOH OpOHTHI.

IKBaATOP — MJIOCKOCTb, MEpPNEeHAHKYJsSpHAsi OCH BpalieHHA
3eMJH H NPOXOLSALASA yepe3 ee LEHTP.

IKAMNTHKA — MIOCKOCTb op6uthl 3emau Bokpyr ConHna.
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AKCTHHKUUA — ocyiabeHHe CBETOBBIX Jiyueli H H3MeHeHHe
WX LBETa MO Mepe NMPOXOXKIeHHs dYepe3 Kakylo-HHGynb
cpeny, Hanpumep atMocdepy MJaHeTH.

IKCUEHTPHUCHTET — Mepa BHITSIHYTOCTH 3JIJIMIICA, pPaBHAs OT-
HOLUEHHIO paccTOfiHUA OT (PoKyca AO HeHTpa K 60Jb-
110K IOJIyOCH.

dneMeHTH OPOGMTHI — HaGoOp BeJIHUMH, OAHO3HAYHO ompele-
JAsiollHi op6HTY HeGecHOro Tesla H €ro MoJoXeHHe Ha
opbure.

daaunc — rnangkas 3amKHyTasi KpHBasi oBaJbHOH ¢opMmsl,
YacTHBIM cJlyyaeM KOTOPOH SBJSIETCH OKPYXHOCTb.
dnnunc onHchBaeTcsl TOYKOH, ABHXKYlleHcsl Tak, 4YTO
cyMMa paccTOsiHMiI OT Hee A0 ABYX 3alaHHBLIX TOYeK,
HasbiBaeMbIx roKycamu, ocraeTcsi NocrosiHHoi. Hawm-
GonblIKMH pHaMeTp 3JJIHICA, NMPOXOASILIMHA yepe3d o6a
¢oKyca M UeHTp, Ha3biBaeTcs 6046W0U OCbIO, @ YaCTh ee,
3aKJIOYeHHas] MeXIy LEeHTPOM H KpHBOH, Ha3nlBaercs
6oabuioti noayocsro.

Aaoxranmns orsHocureabHo CojiHLA — yros MeXiy HampasJe-
Huem Ha CoJHue M HamnpasJieHHeM Ha Habalopaembii
06GDbEKT.

dnoxa — MOMEHT, BHIOpaHHbII KaK HauaJbHasl TOYKa OT-
cyeta BpPEMEHH.

lO0anancKkaa para — YHMCIO CYTOK, NMPOLIEALIHX OT cCpejHero
rpuHBHYCKOro nonausa 1 siusaps 4713 r. 1o HaweH 3pHL.
Hanpumep, nenb 1 sinpapsa 1975 r. B 12 4. BcemMupHOro
BpPEMEHHM COOTBETCTBYET IlOJIMaHCKOH nate 2 442 414.
CmM. modugpuyuposannan wauanckan dara.
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O6o3HauYeHHs] H COKpallleHHs

© ConHue

b CarypH

@ NO/THOYb;, HOBOJIyHHE Ypan

a Jlyna

O Mepkypuii

@ Benepa
® 3emas
CMapc
4 IOnurep

o >OoTQ

80> emvevgea>onyg

& Hentyn

B [Tnyron

P ToyKa BEeCEHHErO PaBHOLEHCTBHSA
BOCXONSILLLHH y3eJ

QP Hucxonsimui ysen

npsiMoe BOCXOXJI€HHe

reolleHTpHYECKasl 3KJMNTHUECKasl IWHPOTa
CKJIOHEHHe

pa3HoOCTb; OLIHOKA

3JIOHTrallMsi; HAaKJOH 3KJIHNTHKH; [0JTroTa IJaHeThl
B 3MOXY

reoneHTpHueckas poarora CosHna B 3MoOXy
BHIMMOE 3€HHTHOE pacCTOsIHHe

YrJIOBOH AMaMeTp; CMellleHHe

reoueHTpHYecKasl 3KJHUNTHUeCKasi [OJIroTa
napaJJakc; nocrosinnasi=3,141 592 654 ...
reJJMOLEHTPUUECKAS] JOJTOTa NePHreus
reolleHTpHYECKasi [OJrora COJHEYHOro mnepures
paccrosiHue

BpeMsi pacnpocTpaHeHHs CBeTa

reorpacdHyeckass WHpoOTa

reoueHTpHUecKasi WHPOTa

MO3HLLHOHHBIH YroJ

reJJHOLEHTPHYECKAs] SKJIHWNTHYECKAas LIHPOTa; Bbl-
cota Haj rOpH3OHTOM

L0JITOTa BocXozsillero ysna

apryMmeHT mnepuresius
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A)\ uyacoBoe nepemeieHHe JlyHbl 1O 3KNMNTHYECKOI
nonrore

AB  uyacoBoe mnepemeiienue JIyHbl N0 SKJIHNTHUECKO
wHpore

AA  nonpaeka asumyta

A asuMyT; (akrop SIPKOCTH TJaHeThl

A. TroaHuyHasi nompaska

A;  TpeTbsl nonpaBKa AJsA cpeaneil anomanuu JlyHet

A, uerBepras monpasBKa Aans cpenHeil aHoManuu
JIyHbl

AU acrpoHoMuueckasi enuHMua (B COBeTCKOH JHTe-
partype a.e.)

a BbICOTA; 6OJbluIasi NONYOCh

B renuorpaduyeckas WIHpoOTa

BST Gpuranckoe JieTHee Bpemsi

b raflakTHyecKasi LIHpOTa

CRN ksppHHrTOHOB HOMep o6opora ConHua

DEC cksionenue

D po3pact JIyHbl HJH MJaHeThl; UMCJO JHeH, mpo-
UIe[LIHX C ONpeneseHHOro MOMeHTa

d YHCJIO OHEeH; yron

E 3KCLLEHTPHYECKasi aHOMaJksl; 3HaueHHs] ypaBHEHHSs
BpeMeHH

E TOYKA BOCTOKA Ha NOpPH3OHTE

E, nonpaBkKa, BHOCHMasi B ypaBHeHHe LeHTpa

ET sdemepunHoe Bpems

E, 3Bekuus

e 3KCLLEHTPHCHTET

F $asza

GMT rpuHBHUCKOE cpelHee BpeMsi

GST rpuHBHUCKOE 3Be3fHOe BpeMs

H  vyacoso# yron

{ HaKJOH COJIHEYHOro 3KBaTopa

i HaKJOHEeHHe

JD onuaunckasi nara

L reJIMOLeHTpHYECKasi 101roTa 3eMJH HJIH reJHorpa-
¢pHyeckasa poarora

LST wmectHOe 3Be3anHOe BpeMms

l ranakrHueckas ponrora; ponrora JlyHol B op6uTe;
reJIMOLEHTPHUECKAs LOJroTa IJaHeThl

M cpennsis aHoMmanus
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O6o3Hauenus u cokpayenus

MJD mvonudrunpoBaHHas 0JUaHCKas aaTa

m  3Be3JHaf BeJHYHMHA; KOHCTAHTa MpeueccHH

N  rTouka ceBepa Ha ropusoHte; N0Jrota BOCXO/S-
wero yana

NCP ceBepHbiii mosioc MHpa

NP cesBepHHH mnogioc

n NOCTOfIHHAA MpeLeccHu
P 3KBAaTOpHaJbHbIHi TOPH3OHTaJbHBIH napaJJgakc
yrodg

P napaJJakc
q paccTosinie B TMepHrenuu

R yroa pedpakuuy; paccrostnie ot 3emaun 10 Coui
RA  npsiMoe BocxOXaeHue

r panuyc-BeKTOp
ro  GoJbuiasi noayoch opOUTHI
S TOYKa tora Ha ropM3oHTe

SCP 1oxHblii Moaloc MHpa

SP  1oxHBI# noJioc

S, Panuyc 3eMHOIl NMOJAYTEHH

ST cuaepuyeckoe Bpems

S, paauyc TeHu 3emJu

T,- nmepron obpalieHuss no opbure
{, t, >snoxa

UT BcemupHoe Bpemsi

vV Bapuauus

W  Touka 3anaja Ha ropu3oHte
Y YHCJO JeT

z HCTHHHOE 3€HHTHOE PaCCTOsIHHE
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