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SENEENEENEEEEENEEES npeﬂ.MCﬂOBMe K cepun

YBaxaeMBblil YUTATENb!

Bul OTKpBHUIM OOHY W3 3aMeYaTeNbHBIX KHMI, M3AaHHEIX B cepud «Kuaccmyeckuit
YHUBEPCHTETCKHI YYeOHMK», ITOCBALIEeHHON 250-1etrio MOCKOBCKOIO YHWBEpPCHTETR.
Cepus smioyaer cBhilie 150 yueGHHKOB U yueGHBIX niocobuil, peKOMEHIOBaHHBIX K 13-
JaHnio YyeHbIMM coBeTamMu GaKy/nbTeTOB, PEAAKUMOHHBIM COBETOM CEPHH ¥ U3aBaEMBIX
X 100M1e10 N0 pelleHnio YyeHoro coseta MIY.

MOCKOBCKNI YHMBEPCHTET BCEINA CJIABWICH CBOMMM mnpodeccopaMu H mpenona-
BaTEeNAMH, BOCTIMTABLUIMMM HE ONHO TIOKOJIEHME CTYAEHTOB, BIIOCTEACTBHMM BHECLIMX
3aMCTHEIN BKIai B pasBUTIHME Haillell CTpaHBl, COCTABMBILMX IOPHOCTH OTEYECTBEHHOM
¥ MMPOBOI HayKH, KyJbTYypEl ¥ 06pa30BaHMsL.

Beicokuii ypoBeHb 00pa3oBaHMsA, KOTOpoe naer MOCKOBCKHI YHHBEPCHTET, B Tiep-
BYIO Oyepens 06ecneynBacTCs BHICOKMM YPOBHEM HANMCAHHBIX BHUIAIOIUMKCS YISHBIMM
¥ DejaroraMM y4eOHVKOB M yuyeOHBIX TOCOOMIA, B KOTOPBIX COYETAIOTCH KaK INy-
6uHa, TaK M JOCTYNHOCTE M3/IaTAEMOTO Marepuasia. B 3THMX KHWrax aKKyMYJIHPYeTCs
GecueHHBI ONBIT METONWKM ¥ METORONOTHY NpeNOAaBaHMdA, KOTODHI CTAHOBHMTCH HO-
CTOSIHMEM HE TONBKO MOCKOBCKOIO YHHBEPCHTETa, HO ¥ IPYrux yHuBepcHteToB Poccun
¥ BCEro Mupa.

Hznavve cepun «Kinaccuueckuit yHMBEpCHTETCKMH yueGHUK» HAMIAIHO JEMOH-
CIp¥pyeT TOT BKJIall, XOTOpblii BHOCHMT MOCKOBCKMI YHUBEPCUTET B KJIACCHYECKOE
YHUBEPCHTETCKOS 00pajoBaHKE B Halleli CTpaHE M, HECOMHEHHO, CYXHT €T0 PasBHTHIO.

Peluenye 31oit 6naroponHoit 3a5ayy 65010 OBl HEBO3MOXHBIM G€3 aKTHBHOH NOMOIH
CO CTOPOHBI M3NATCABCTB, NPUHABLINX y4acTHE B M3daHuu KHHUT cepun «Knaccmueckuii
yHUBEpcUTETCKHM y4eOumk». MHE pacueHHBacM 37O KaK NONAEPXKY MMH HMO3WLUM,
KOTOpY10 3aHHMaeT MOCKOBCKHMI! YHUBEPCHTET B BONpOCAX HayKH W o6pasoBaHMS.
DTO CAYXHT TaKKe CBUACTEABCTBOM TOro, 4to 250-netuuit 106mneit MOCKOBCKOTO
YHUBEPCHTETa — BBUIAIOLIEeCH COGBITUE B XKWM3HM BCEil HAMICH CTpaHH, MHPOBOTO

0Gpa30BaTesbLHOTO COOBLIECTRA.
6 i (7 17 jo ffwu(,‘,
Pexmop Mocxoackozo ynueepcumema

axademux PAH, npogbeccop B. A. Cadoenuyuii
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Kak u Bce ApyrHe HayKM, aCTPOHOMMS BCTYNIIA B TPEThE THICAYEsICTHE, KOTOPOE,
COITIacHO NPHHATOMY YEJIOBEYeCTROM CUeTY YHCHa JeT, Havaiocs ¢ 1 ausapa 2001 roaa.
3a npeauiecTBOBABLIME CTONETHS HayKa o BceneHHOM pocTUINA IPaHAHO3HBIX YCHEXOB,
MOCTOAHHO PacIIMpAA KPyro3op Juoneii 1 HEYCTAHHO COBEPLIEHCTBYS HX MUPOBO33peHHe.
Ecui nepBOGHITHEI YeJIOBEK Dafan HUL Nepe BenmyreM MHUpPO3aHus, a B CPCAHHE BeKa
¥ B 300Xy Bospoxuenus Gpocan eMy HeCMeNbIl BHI30B, TO COBPEMEHHBIN KCCENOBATEND
CBOCH MBIC/BIO CTa/ll NPOHMKATh B €ro DIYOMHBI ¢ HENOCTYNMHONH (U3UYeCKOMY MHpY
CKOPOCTBIO: 34 KpaTkwil Mur cymecrsopaHusa Yenopeka ero pasyM OXBaTun TakKue
PACCTOSHMSA, Kakue caMbiit GRICTPLI, CBETOBOM CHUTHaJl MOXET IPEOROIETH TOMBKO 34 BCE
BpeMsl cymecteopanusi BeenenHoll! VICTOpuKM acTpOHOMMM CUMTAIH, 4YTO 0coGEHHO
YCIELIHbIM UL pa3BUTHs BCEX HayK M ocobenso actpoHomum Ovur XIX Bex. Opmaxo
Teneps BUAHO, YT0 XX BeK — BEK BHIXO/IA YEJIOBEKA B KOCMOC ¥ OCBOEHMSI KOCMMYECKOTO
MPOCTPaHCTBA B npeaenax ComuvevHofl CHCTEMB — COBEpUMAJ HeCcpaBHMMO Gonbiunii
pHIBOK B no3HaHuU BceneHHoil,

Vineninee cToneTHe CAENANO aCTPOHOMMIO BCEBOMHOBOIM ¥ BCELIE/IO SBOMIOLMOHHON
HayKoil. Tem caMbiM GHONOrMYecKas HMCTODHS DA3BUTHA BUAOB ¥ PE3YNHTATHI M€OJIOTHH
06 3pomoLMHy 3eMITH CTAHOBATCA YACTHIO ODILEH 3BOMIOLIMN 3Be3l M NUIAKTUHK, BOCXOAA-
el K HeNOCTHXMMO AAIEKOi 31oXe «BO3HHKHOBeHMs» Habmonaemoii yacTy BeeneHnoit
¥ «IEPBHMM MIHOBEHMSAMM ce pa3puTHA». OT NMacCHBHOIO HabmomeHHs aCTPOHOMHSA
mepelia K aKTHBHOM NOCTAHOBKE BONMPOCOB «4r0?, rme?, xorma?» B CaMbIX KPYNHbBIX
MaciuTabax Hallero NpoCTPAHCTBA-BPEMEHH.

Hcnonsayst Hoeltume JocTiokeHus: PH3MKHM M MATEMATHKH, & TAKKE YCHELTHO IIpU-
MEHAY TIOCNERHNE M300peTeHMsT TEXHHKY, aCTPOHOMMUS BHOCHT CBOM (yHaaMeHTanbHbIH
BKN3aA B NPDHKIATHBIC HAYKH.

Ilo-npexHeMy OHa OCTAETCH MOHONOJMCTOM KpyitHeitieit naGopaTopun, B KOTOpo#
Gu3Ku MOryT HaGmoAaTh 3a Pe3yNLTATAMHM CAMBIX IPAHHO3HEBIX «3KCHEPUMEHTOB», Op-
TaHu3yeMbIX caMoil npupoAoi. TonbKo 31ech MOXHO MMETh A0 ¢ HEOORYatHO CHIBHO
BO30YXIeHHBIMH aTOMaMM, BAIEHTHHIE SMEKTPOHH KOTOPBIX HE <«IOTPEBOXKEHbI» CTONK-
HOBEHMAMM C IPYIMMH 4acTMOAMH. ToAbKO 3ECh OCYLIECTBISETCH MeYTa aMXMMMHKOB
H MoXHO GyKBanbHO Ha IVla3axX BMAETb NpEBpallicHAE XMMIYECKUX IEMEHTOB, CONPOBO-
Xpawouee o6pa3loBaHMe NPUHIMITHAIBHO HOBHIX 06beKTOB. TOMBKO 34€Ch €CTh Hagexsa
OOHapyXuThb HEYJIOBHMble BOJIHEI, CBs3aHHble ¢ HauboJiee M3BECTHBHIM M HauMeHee
NOHATHHIM SIBJICHUEM, UMA KOTOPOMY — TPaBUTALIMS.

He Mmenee 3HaymTenbHa posis acTpOHOMMM M Ana camoro Yesnosexka, uGo ero
obwerne ¢ KocMOCOM He MOXET He BAHATh Ha ero mupoBo3speHwe. Kax 3aBerHbie
CTpaHMLb! Haiiell ApeBHell ponocnoBHON MBI HayMHAaeM BCE OCTpee BOCNPHHMMATH BECh
6earpaHMYHBINl MHD, B KOTOPOM Mbl JKMBEM, H TO MECTO, KOTOPOE MKl 3aHVMaeM B €ro
spoyouM. Braromaps ycnexaM HayK# ¥ TEXHHMKH MBI BCE CHILHEE OLIYINaeM JLIXaHWe
peansHoro KocMoca, 3HaYMMOIt YACTULEH KOTOPOIO MBI SBJISICMCS.

B ocHOBY mpesnaraeMoro CTyfeHTaM HauyanbHBIX KYpCOB yHuBepcHterop «O6uero
Kypca actponoMmmm» ner «Kype obmeit acrpoHomums Tpex asropos (I1. W. Bakynun,
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3. B. KoHOHOBMY U ), BlIEPXaBIIMi 3a nepron 1966—1983 rr. maTh M3-
nmauuii. K ravamy 1989 r. 6sU10 MOATOTOBAEHO K BRIMYCKY B CBET €ro ILiecToe M3faHue,
onHako HaGop GbUI paccHinaH B CBSI3K C nepexogoM Turnorpaduil Ha HOBBIE TEXHOMOTHH.
3a mpowenuiee ¢ TeX NOp AECATWIETHE acTPOHOMMSA CHOBA OGoraTWiack MHOXECTBOM
HoBbIX dakToB, ocobeHHO Gaaronaps pe3yibTaTaM KOCMUYECKHX I3KCNIEPUMEHTOB, BBINOA-
HEHHBIX MeXAyHapogHbiM coobiiecTBoM. HOBBIA TeKCT, MOATOTOBNCHHBIN YXe TONLKO
AByMA apropamy, dakTuueckH — npyras KHura. [Mo3tomMy OHM pelminy M3MeHWTH ee
Ha3sBaHVe B COOTBETCTBHE ¢ peKoMmeHaammeit npodeccopa B. I. Iopbauxoro.

B nHoBoM «OO0LieM Kypce acTpPOHOMHM» MO BO3MOXHOCTH YYTEHbB! JOCTIDKEHMSA
aCTPOHOMMHHM nociieaHux ietT. MaMenen B oOwuii XapakTep pacCMOTPECHMSI NPHPOARI pas-
JIMYHBIX HEGECHBIX TeJl, KOTOpasd Teneph paCCMaTPUBAETCH BMECTE C MX NPOUCXOXIEHUEM
¥ pa3sBUTHEM. DTO HNO3SBOJSCT NOOYEPKHYTH 3BONIOLMOHHBIN XapaKTep COBPEMEHHOM
aCTPOHOMMHM ¥ PAacCMOTpPEeTh HM3ydaeMmbie €K OObeKTH B WX B3auMocBa3y. Takoii non-
XOJI COOTBETCTBYET HOXeNaHMsM MHOTMX npenozgasatencii. [loaroMy B «OGmieM kypce
4CTPOHOMUM» HET CHNEUMANIBHON InaBsl, NOCBAuEeHHON asomoumy HeGecHbIX Ten. [na-
Bel 9 # 10 0 miaHerax ¥ 3Be3jax MO BO3MOXHOCTH YYMTHBAIOT HOBellIHE NaHHBIE.
Bo BceM yuyeOHMKE MAKCHUMATLHO YYTEHB MHOTOMMCICHHbBIE 3aMEYAHMST DELEHICHTOB,
KOTOPEIMY B OCHOBHOM GbUIH COTPYHHHKH acTpoHOMHueckux obcepsatopuit Cankr-Tle-
TepOyprckoro ¥ MocKOBCKOIO roCyapCTBEHHBIX YHUBEPCHTETOB. MHOIME W3 HMX B3sUIU
Ha cebs TPy He TONPKO BHMMATENIBHO W3YYHTh PYKONMCh M AaTh NoApOGHEIE 3aMeyaHms],
HO ¥ ¢axKTHyecky orpenakTuposars ee. Ocobyio OnarosapHOCTL ABTOPHI BHIPAXKANOT
B. T. TopGauxomy, H. B. Boumtanukosy, B. B. Burasesy, B. B. Usanosy, K. B. Xon-
HIEBHUKOBY. MHOIO noJie3HuIX 3aMevaHmil GhUIO TakXe BbicKasaHo B. A. BarypuHbM,
H. C. BmuosrM, H. I BoukapeseiM, B. B. BposapoM, K. B. BerukosbiM, H.JI. [eHku-
uniM, H. B. EMempasoBeiM, B. E. XaposeiM, C. M. KoneitkunpiM, C. A, KpacOTKUHBIM,
C. A. Jlamsunbim, 1. K. HagexunrM, A, B. 3acosuiM, K. A, IoctHoBeIM, A. C. Pacrop-
ryesuiM, XK. ®. Pognononoit, M. B. CaxuuniM, A. I1. CaporuessiM, A. A. CONOBBEEBLIM,
B.T. CypnunbiM, B. M. YapyruuaeiM, A. M. YepenamykoMm, B. W. SIkumeHKO, KOTOpHIM
ABTOPHl TAKXKE BECbMA IPU3HATENBHBI.

OmnHanuath 1A yyeOHHKA HanucaHsl Wi nepepaborann 3. B. KoHOHOBHYEM.
apet 7 1 9 npuHamgnexar B. U. Moposy. B Hanucanuu maB 1 ¥ 5 npuHMMand
yuactvie B. B. Hecrepos (§5.15, 5.16, 5.18, 5.19 u 5.20) u K. B. Kyumos, Inasm 12
u 13 nogroronneHsl ¢ yyactHeM A. B. 3acosa.

Texcr Becelt KHHIM nMoAroTonied K usgaHuo 3. B. KoHoHOBHYeM npu copmeificTBun
10. A, Kynpsixosa u T. B. Marseituyk, KoTopbic BHec/u ero B gopmar IXIRX.

K coxanenMio, HacToslliée BTOPO¢ M3NaHME BBIXOAMT, KOrJa YXE€ HET B XWUBBIX
MOETO TalaHTIuBoro coapropa B. K. Moposa.

. B. Kononosuy
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§0.1. Mpeamet u 3aaaun acTPOHOMMM

Acmponomus — wHayka o BceneHHo#i, W3yyaiouias pacriOIOKEHME, IBIXEHHE,
CTPOEHME, MPONCXOXICHHE U pa3BUTHE HEOECHBIX Ten ¥ OOpa30BAHHBIX MMM CHCTEM.
CioBO «aCTpOHOMMSI» IPOVCXOANT OT ABYX IT'PEYECKHX CJIOB «aCTPOH» — 3Be€3[a, CBETUIO
M «HOMOC» — 3aKOH.

ActpoHoMHl wuccneayior ConHue ¥ 3Be3Abl, TUIAHETH ¥ HX CIYTHHKHM, KOMETH
M METEOpHBIE Teia, TYMAHHOCTH, 3Be3[HEIE CUCTEMBI M BELMECTBO, 3ANONHAIOLIME
MPOCTPAHCTBO MEXIY 3BC3aMy ¥ IUIAHETAMM, B KAKOM GBI COCTOSHIMH OHO HI HAXONMJIOCH.

JasxHpie 0 cTpoeHM M pa3sBuTHH HebGeCHBIX TeNr, 06 MX NOMOXEHUN ¥ ABIKCHUH
B NPOCTPAHCTBE MO3BOJIIOT NOMySHTb NPeACTaBieHue 0 cTpoeHnu Beenensoit B uesioM.

B acTpOHOMHM pelIaloTCs TPM OCHOBHBIE 3aiavyy, TpeGyolle MoCaenoBaTeNbHOMO
rogxoga:

1) msyueHue oudumbix, a 3areM ¥ OdelicmgumenbHux TIONOXEHW ¥ [BUXEHWH
HeGecHBIX TeN B ITPOCTPAHCTBE, ONpeleieHHe X pasMepos ¥ GOPMEL

2) v3yYeHME CTPOEHUS HEBECHRIX TEN, MCCAENOBAHME XUMMUECKOTO COCTana M bu-
3M4ECKHX CBOKCTB (JUTOTHOCTH, TEMIIEPATYDHI H T.11.) BELIECTRBA B HUX;

3) peureHne nPoBNAEMEl IPOMCXOXIEHIS ¥ PASBUTHS OTHCIBHBIX TSN ¥ OOpazyeMbix
¥IMH CHCTEM.

INepBas 3axa4ya peliaeTcd NyTeM JVIMTENbHBIX HabmoxeHuii, HauaTHIX eie B ITyGOKOM
IPEBHOCTH, & TaKXe Ha OCHOBE 3aKOHOB MEXaHMKH, M3BECTHHIX yxe Gonee 300 ner
1 (axkTHUeCK BBIBCICHHBIX U3 ACTPOHOMMYECCKMX Habmopnenwit. Iloaromy B 3Toit
o6s1acTi acTpOHOMMM MBI pacrionaraem HauGonee Goratoit nHdopMmanuei, ocobeHHo wid
HEGECHBIX TeN, CPABHUTENBHO GNN3KMX K 3emuie.

O odusmyeckoM crpoeHMM HEeGECHBIX TeJl Mbl 3HAaeM ropasio MeHblle. Peillexve
HEKOTOPBIX BOAPOCOB BTOPOH 3a/lauyt BHEPBBIE CTATO BO3MOXHBIM HEMHOIMM Gosee Cra
JIeT Ha3aj, 8 K OCHOBHBIM NpofJiemaM YAaioch NOJAONTH NHLLb B MTOCTSIHHE TOABL.

Tpetps 3ana4a croxHee ABYX NPEALIAYIINX, IOCKOIBKY MMEIOMIETocd Habmonarens-
HOTO Marepraja JUiA €e pEILicHWs NOKa €lie NANeKO He AOCTaTOMHO, M Hally 3HAHMA
B 3TO# 06NacT¥ aCTPOHOMMY OrPaHNNUBAIOTCS TONBKO OOMMHU COOOPaXEHNAMU H PAIOM
Gosiee M MeHee NPaBIONOROOHBIX MMIIOTES.

§ 0.2. HabmoparenbHbili XapakTep aCTPOHOMMHK

OcHOBOI AN aCTPOHOMHYECKHX MCC/IENOBAHNR ABASIOTCH HaGNIONCHMSI KaK CaMMX
KOCMWMYECKUX TeN wiM o6bexToB (3Be3nsl, nuiaHers, JIyHa), Tak M CBASAHHBIX C HMMH
sBiaeHunit (Bocxon, 3axos cpetwi, 3arMenusi Conrua ¥ Jlymbl, daswl JIyHm WM ruta-
Her). B GOMBLIMHCTBE Ciy4aeB acTPOHOMMYECKHEe HaGmomeHus TpeGyloT TLIATENbHBIX
U3MEpeHUI YINIOB, MOMEHTOB BPEMCHH, CBETOBLIX IOTOKOB M T. 1. IaHHbIX. Tlocneny-
1wias obpaboTKa pesynbTaToB HabMOLEHMH Hepenko TpeGyeT KpONOTIMBHIX DacyeToB
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M, B KOHEYHOM CYETE, MO3BOMSIET MOMYYMTD T€ WK MHbIE RAHHEBIC O HPUPOAE UCCIIENYEMBIX
HeOeCHBIX TeN ¥ 06pasyeMEIX MU CHCTEM.

Baxneltinast acrporoMuyeckas MHbopMauys CONEPXHTCH B KOCMMUYECKOM 3JieK-
TPOMATHUTHOM WM3TYYCHMH: HalpaBicHue, OTKYZA TIPHXOOUT 3TO W3NydeHMe, TOBOPHUT
O BHAMMOM HOJIOXEHUH M JBHXEHWY CBETHIA, a CHEKTPAIbHBIA COCTAB MANYYEHNS JaeT
BO3MOXHOCTB CYANTb O GU3HYECKHX €r0 CBONCTBAX.

Ho cepeamnni XX cronerus nabmoznenvsi 661y eIMMCTBEHHBIM UCTOYHUKOM HAIIKX
3HaHuil (332 MCKMOYEHHEM BO3ZMOXHOCTM HCCIENOBaTh XMMMYECKMHM COCTAB YNABIMX
Ha 3eMJI0 METEOPUTOR ¥ SHEPIHIO NEPBHYHEIX KOCMUYECKHX JIyueit).

OnHaxko nepBbiii MCKYCCTBEHHBI CNYTHHK 3€MJIN, 3aNnylLICHHbIH B Hallleil crpane
B 1957 r., OTKpbUT HOBYIO 3Py KOCMHAYECKHX UCCNENOBAHMN, YTO NO3BOIMIO UCTIONB30BATH
foslee aKTHBHBIE METONb ACTPOHOMHYECKUX HAOMIONEHMI ¢ MEXIUIAHETHBIX CTaHLMIA,
opGHTATEHBIX 06cepBaTopuii 1 naxe ¢ nopepxHocTH JIyHbI ¥ APYTHX NUIAHET.

§0.3. Pasgenbi acTpOHOMMM

Kaxk MBI BUIMM, TIPDEIMETOM MCCRenoBaHWil B aCTPOHOMUM SIBISETICH MHOXECTBO
CaMbIX pasnuYHBIX OOBEKTOB M 0OpasyeMmIX MMM CUCTEM BIUIOTH 1O Beeit BeeneHHoM
B uenoM. MckmounrensHO MHOroobpasHbl ¥ METOAB! MCCNEAOBaHMI, BKIIOYAIOIINE KAK
TEOPETHYECKHIT NOIXON, TaK ¥ BCEBO3MOXHbIE 3KCIEPMMEHTAIBHBIE CIIOCOOBI PEIHCTpa-~
MM ¥ U3MEPEHNS KOCMHYECKOTO MANYYEHHsI, KOTOPOE SAB/IAETCS OCHOBHBIM MCTOYHMKOM
uHpopMalnK B aCTpOHOMYKK. MHOroobpasue o6heKTOB 1 METOLOB NPUBOIMT K MHOTOYHC-
JIEHHOCTH Pa3fiefioB ¥ OTASNBHBIX HanpaBieHuit B acTpoHoMuu. OFHAKO 3TO He HapyIuaeT
€€ efMHCTBA KaK HAyKH: Yy BCEX pa3jienoB enuHas uenb vccneposanuit. [lo xapakrepy
posnyqaeMolt vHGOpMauuy CAEIyeT BBIAENUTb TPM OCHOBHEIX Dasfciia: acmpomempuio,
HEDECHYI0 MEXAHUKY Vi aCpodusuKy.

ACTpOMETpHUSA H3YYAET NOJIOXEHHE ¥ ABIDKeHHEe HCOCCHBIX TeN M BpaulcHUe 3eMJIH,
ONHpasiCh Ha METOAB! U3MepeHMii YIIOB Ha Hebe, IJist Yero OpraHu3yloTCs! TIONLVOHHBIE
HabmoneHusi HeGeCHRIX cBETWL. Y acTpOMETPHM [iBe BaXHBE Henu: 1) ycraHoBrieHue
cucTeM HeGeCHbIX KOOPAMHAT ¥ 2) MOMyueHue NapaMeTpOB, Xapakrepuayioumx naubonee
[I0JIHO 3aKOHOMEPHOCTH ABIDKEHUSI HEGECHBIX TJ ¥ BpaileHus 3eMan.

He6GecHas MexaH®Ka M3yyaeT ABHXEHNE HEOSCHBIX Te NMOJ AEHCTBHEM TArOTEHMs,
paspaGaTeiBacT METONE! ONpeleNeHusA WX opbuT (TpaeKTopuil) Ha OCHOBAHMHM HabImo-
IaeMbiX MoAoXeHuit Ha Hebe, MO3BOMET DPAcCYMTaTh KOODAMHATHI Ha JanbHeiiiiee
ppeMs (adeMepuibl), pACCMAaTPMBAET ABWXEHHE M YCTOWUMBOCTL CHCTEM ECTECTBEHHBIX
¥ VICKYCCTBEHHHIX HeGeCHEIX TeEJl.

Paznen neGecHOMl MexanuKM, CBA3AHHHI C ONpeneleHWeM OpOHT W pacyeToM
sdieMepua, WHOrga HasbIBAIOT meopemusieckoii acmponomueii. Kak BMaHO, HebecHas
MEXaHMKa LIEJTMKOM ONMpaeTcs Ha JaHHEE aCTPOMETPHM ¥ OYEHBb TECHO C Heil cBs3aHa.

AcTpodu3uka u3lyyaer [IPOUCKOXIEHNE, CTPOCHME, XHMHUYECKUIT COCTaB, (PH3NYecKie
CROMCTBA ¥ SBONIOUMIO KaK OTAENbHBIX HEGECHBIX Teln, TaK W MX CHCTEM, BIUIOTH
no Bceit Beenennoit B uenom. Takum ofpasoM, npemmer acTpodm3vuKH HCKTIOYUTENBHO
MHOrooGpaseH 1 obumpeH. BMecte ¢ TeM, B CBOMX HCCJIEOBaHMAX acTpodmsuKa 4acTo
npuGeraer K BHIBOJIAM ¥ METOZAM aCTpOMETPHM ¥ HeGeCcHOI MexXaHVKH, TaK YTO BCE TpH
BaXXHEHIIMX pa3jiesia aCTPOHOMMH TECHO B3aMMOZelicTByoT Mexay coboil. AcTpodusuka
B OCHOBHOM JENMTCA HA HpPaKTH4eCKy0 acTpodusuKy, B KOTOpoit paspaGaThiBaloOTCs
¥ NPHMEHAIOTCA KaK pasiuyHble METOIbl HabmoneHntl, TaK ¥ aHaNM3 3NEKTPOMATHHTHOTO
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KOCMHMYECKOTO H3NTyUeHHSs!, ¥ TEOPETHUECKYI0 acTpodH 31Ky, OCHOBAHHYIO Ha NNPYMMEHEHNH
K DE3yNsTaTaM HaGmoneHuH MeTomoB GM3NKN W MATEMAaTHKH.

Uccnenopalne TaKMX CNOXHBIX OObEKTOB, Kak lanakrtHka ¥ Jpyrue 3pe3iHbie
CUCTEMRI, TPEGYIOLINE AKTHBHOTO HCIOMBb30BAHMA METOAOB BCEX HEPEYHCIIEHHEIX Pa3JenoB
ACTPOHOMMUM, VIHOINA BHLIICNAIOT B TaK HA3LIBAEMYIO 38e3dmyio acmponomuro. OpHaAKO
B rOCAeHee BpeMsi 3TOT pasnen Bee Gosble m Gonbine cOMmixaercs ¢ acTpodu3MKoOi;
aHANOMMYHO MPONCXOMUT NpoHece COMIKEHHMS acTPOMETPHM C HebGeCcHOH MexaHMKoOH
M npaKkTHyeckoit acTpodusnkoil.

Kypc ofuieit acTPOHOMMM CONEPXUT CHCTEMAaTHYECKOE W3NOXEHHE CBeeHM
06 OCHOBHBIX METOLaX H DIABHEMMIMX DE3y/ibTarTaX, NOJYYEeHHBIX B PayIMYHBIX pa3-
Ienax acTPOHOMMH.

§0.4. Bo3HMKHOBEHME U OCHOBHLIE 3Tanbl
pasBUTHS aCTPOHOMMM

ACTpOHOMMA — OIHA W3 npeBHeHIUMX Hayk. Kak MU MHOIHe ApYTrHe HayKH, OHa
BO3HHMKJIA M3 NPAaKTHYECKHX NOTpeOHOCTE yenopeka. IlepBoOBITHRIM KOYEBBIM [UIEMEHAM
HYXHO ObUIO OPHEHTHPOBATLCS BO BpeMA CBOMX CTPAaHCTBUH, W OHM HAYYWINCH 9TO JENaTh
no ConHuy, Jiyne 1 3se3naM. 3emnepensuaM ORIO HeoOXOOMUMMO NpU HONERBIX paborax
YUHTHIBATH HACTYIUIEHME PA3TUHBIX Ce30HOB, [I03TOMY OHM 33METIWIM, YTO CMEHA BPEMEH
rona CBA3aHa C M3MEHEHMEM TONMyAEHHOI BRICOTHI COJHNA ¥ BOCXONOM ONpPENe/IEHHBIX
3Be3l. C manbHeMIIMM pa3sBHTHEM YEOBEYECKOro o0iIiecTBa BO3HMKIA NOTPEGHOCTD
B M3MEPEHUM BPEMEHM W B CO3NAHNM CHCTEMBI CUETA JJTUTEABHbIX POMEXYTKOB BPEMEHH
(xanernapeit).

Jnst Bcero 3roro TpeGoanuch HabmoneHus OBYKeHUN HEGECHBIX CBETHN, KOTODHE
BEJIMCh CHayana 6e3 BCAKMX MHCTPYMEHTOB M ObUIM BeChbMa HETOYHBIMM, HO BHOJHE
YAOBIETBOPSUTY NPAaKTUIECKUM HYXIAM TOrO BpeMeHH. M3 Takux Habmogennit 1 BO3HNKNA
HayKa 0 HeGECHBIX TeJlaX — acTPOHOMMSI.

C pasBuTHEM 4YeNOBEHECKOTO OOIIECTBA Mepell acCTPOHOMMeEH BBIABUTAHCH BCE
HOBHIE U HOBBIE 33Ja4Yd, ISl PELIEHHA KOTOPLIX HyXHbI Gbum Gosee CoBepiieHHbLIE
criocobul HabnomeHuil 1 Gonee TOYHBIE METOOE! pacyeToB. IloCTeNeHHO CTanM CO3ka-
BaThCS ACTPOHOMMWYECKME WHCTPYMEHTH ¥ pa3pabaThiBaThCs MAaTEMaTHYECKME METONB!
obpabotku HabGmoneHuit,

Ileparie 3an1CH aCTPOHOMMYECKUX HAGMOAEHNH, NOMTMHHOCTD KOTOPBIX HECOMHEH-
Ha, otHocaATcs K VIII B. 10 H. 3. OnHAKO ¥3BECTHO, YTO €IL€ 34 TPM THICAUM JIET 1O HOBOM
3pLl erMIEeTCKHE Xpetlbl MOAMETHNM, YTO pasansel Huwia, perymMpoBaBliMe 3KOHOMH-
YEeCKYl0 XH3Hb CTpaHbl, HACTyNna/li BCKOpe HOCJE TOIO, KaK nepen BocxogoM ConHua
Ha BOCTOKE MOSIBNANACH Camas Apkas u3 3se3l CHpHYC, CKPHIBABHIAACH A0 3TOrC OKOMO
nByx MecsueB B yayyax Connua. M3 atix HabGmiomeHuii ermnerckue Xpenbl NOBOJXBHO
TOMHO ONpPEeneAWIM NPOAOIKHTENBHOCT CEMBCKOXO3MMCTBEHHOTO (TPONUYECKOrO) rona.

B dpesnem Kutae 3a Ape THCAYM JieT AO HOBOM 3pBl BHOMMEIE [BHKEHWA
ConHpa ¥ JIyHE GBUTH HACTOABKO XOPOLIO M3y4YeHBI, YTO KHTaHCKHE acTPOHOMBI MOTIH
NPEACKa3bIBaTh HACTYTUICHME COJTHEMHBIX M JIYHHBIX 3aTMEHUIL.

B JpesHeit ITpeumu actpoHOMus Ohina yXe onHON M3 Hanbosee pasBUTHIX Hayk.
B III B. 1o H.3. Apwucrapx us Camoca BbICKa3al CMEJBIE IS TOTO BpeMEHH MIEH
O UEHTPaNRHOM nonoxeHuyn CoNHua M BHEPBble HAa OCHOBAHMM HAGMONeHM oLeHMI
OTHOLIEHUE paccTosiHMi oT 3emm no ConHua ¥ go Jlysel. s oOBACHEHNS BHIBMEIX
JBIDKEHMIl IUTAHET TPeyecKHe acTPOHOMBL, BENWYalMM 13 Koropsix 651 Tinnapx (I B.
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OO H.3.), CO3TANM FEOMETPMYECKYIO TEOPHMIO 3NMUMKIOB, KOTOpag JCIA B OCHOBY
reoueHTpuaeckoi cuctembl mupa Ilromemest (IT B. H.3.)). HecMotps Ha HeBepHoOe
TIpeANONOXEHNE O HENOABMXHOCTH 3eMiiu, cicTeMa [lTonemes TeM He MEHee 1O3BOSLIA
TIPEABLIYMCIIATS NpHOMIXEHHEIE MOOXEHWS IUIaHeT Ha HeGe ¥ HOTOMY YIOBJETBOpPSA,
JIO M3BECTHOW CTENEHH, MPaKTHYECKHM 3aMPOcaM B TeYeHHe HECKONBKUX BEKOB.

CucreMoiit MHpa [lToneMesi 3aBeplUacTCsl ITAN Pa3BUTHS NPEBHETPEYECKON acTpo-
HOMKH.

B cpennde Beka aCTPOHOMH 33HHWMAJIMCh B OCHOBHOM HabGMONCHHAMM BHAMMBIX
JBVOKEHNH [UIAHET ¥ COIJIACOBaHMEM 3TUX HaOMIOAEHYIA ¢ reolleHTpHYEeCcKOoil CUCTEMON
ITronemes.

PanyoHaibHOE Pa3BUTHE B 3TOT NEPHOI aCTPOHOMMSI BCE Xe TIOMyYWna y apaGos,
naporos Cpenneit Asuu u Kaskasa, B Tpynax BBIJArOIIMXCS aCTPOHOMOB TOTO BPEMEHM
Ams-Barranu (850-929), Bupynu (973—1048), Yayrbeka (1394—1449) u np.

B nepuon BO3HVMKHOBEHMs M CTaHOBNEHMS KanutammsMma B EBpone acTpoHOMMst
HauuHaer Bo3poxaarscs. OcobeHHo ObicTpPO OHA pa3BHBANaCh B 3MOXY BEJIMKMX reorpa-
bHueckux oTKphITHit (XV-XVI BB.). Viconb308aH1e HOBRIX 3eMENb TPEGOBANIO MHOTOYM-
CNeHHBIX SKCNIeNMUNR ia uxX u3yveHus. Ho nanekue ryTeimecTsrs Hepes okead Gulny He-
BO3MOXHHI 63 MPOCTHIX ¥ TOYHBIX METOZOB OPUEHTHPOBKH ¥ MCIHC/ICHMS BpemeHH. Pas-
BUTHE TOPTOBIM CTHMYJIMPOBAIO COBEPLICHCTBOBAHME MICKYCCTBA MOPETUIABAHMSA, KOTOPOE
HYXIAIOCh B aCTPOHOMUYECKHX 3HaHUSX M, B HACTHOCTH, B TECODMM ABVKCHMSA ILIAHET.

Hactosinyio pesomouMio B aCTPOHOMHH MNpOM3Bea nombckuil yyeHblii Huxonait
Konepuuk (1473-1543), pa3paGoTaBmumii reMOLEHTPHYECKYIO CHCTEMY MHUpa B [1pO-
THBOBEC JOTMaTHyecKoil reoueHTpudeckoil cucreme IlTonemes, He COOTBETCTBOBABILEH
HeNCTBUATETBLHOCTH,

VYyenue KonepHuka fBUAOCH HAayajOM HOBOIO 27Tana B Pa3sBUTHY acTPOHOMMU.
B 1609~-1618 rr. KernepoM Obiny OTKDEITRI 3aKOHBI ABMXKEHMS [UiaHeT, a Tanuneit
IOEN HO TIOHMMaHwus 3akoHa uHepumn. B 1687 r. Hwuoton chopmympopan ceou
OCHOBHEIE NPUHUMIBI MEXAHHKM, BKTIOYas 3aKOH BCEMUPHOIO TATOTECHMS, M 3aJI0XWA
KJIACCHYECKHE OCHOBEI COBpeMEHHON actpoHoMum. Ha 3toM 3Tame HOBasg acTpOHOMMA
MONy4HUna BO3MOXHOCTL C OOJbllelf TOYHOCTBIO M3yyaTbh ACHCTBUTENBHBIE [IBHIKEHUS
HebecHBIX Tel. MHoOroumcnennsie ¥ Onecrsiue ee ycnexu B XVIII-XIX BB. npusenn
K OTKPBITHSAM HOBBIX TU1aHeT — YpaHa n HenrtyHa, MHOrOMMCAEHHBIX CITYTHHKOR ILIAHET,
IBOMHEIX 3BE3N H IDYIMX OOBEKTOB. 3TOT 3Tan 3aBepiumwicss Gonpluoit nobenmoit —
orkperTHeM [TyToHa — Ha To BpeMs caMoit nanexoii rnaHeTbl COMHEUHOM CHCTeMBI.

Crenylomuii, O4eHb BaXHBI 3Tall B pa3ssUTHM aCTPOHOMUY HAYAICH CPABHUTE/IEHO
HEJABHO, ¢ cepenuHbl XIX B., KOr#a BO3HUK CIIEKTPAibHbIA aHANK3 ¥ CTaNa IPUMEHSATECS
tdbororpaduss B acTpoHOMMM. DTH METOEM JATM BO3MOXHOCTH ACTPOHOMAM Hayarb
w3ydeHne Gu3nyeckoii DpUpoabl HEeBGECHHIX TeA M 3HAYWTEBbHO PACLUMPUTH IPaHHLbI
HCC/IEAYEMOro NpocTpaHcTsa. Bo3HMK 2 acTpousuKa, NOMyYHBLIasg OONbLIOE PasBUTHE
B8 XX B. ¥ npoponxaiomasi 6ypHo passuBareesl B Hau nHM. B 40-x . XX B. crana
Pa3BUBATECH PAIMOaCTPOHOMMS, a B 1957 r. GsUI0 MONMOXEHO HAYAN0 KAYECTBEHHO HOBBIM
METOaM WCCHENOBanuii, OCHOBAaHHLIM Ha WCIOJBIOBAHMH HCKYCCTBEHHRIX HeOeCHEBIX
TeJl, YTO B JAJIbHEHLIEM NPUBEIO K BO3HUKHOBEHMIO HOBBIX pa3fieioB acTpodu3uKK —
PEHTTEHOBCKOM, raMMa- ¥ HEWTPHHHON aCTPOHOMMH,

3HayeHue 3ITHX NOCTHXCHHH acTpOHOMMM TPYZHO NEPEOUEHHTh. 3anyck MCKYC-
€TBEHHBIX cnyTHHKOB 3emum (1957 r., CCCP), kxocMuuecknx cranpmii (1959 r., CCCP),
FIEpBbIE NOAETH uesoBeka B kocmoc (1961 r., CCCP), peicanka mozneit Ha Jiyny (¢ 1969 r.,
ClIIIA) — 3noxajbHbie COBBITHS A1A BCEro 4eOBEYeCTsa. 3a HUMM NOCTENOBAIM A0CTaBKa
CHYCKAEMEIX anmapaTor Ha MOBEPXHOCTH BeHephl ¥ Mapca, NOCHUIKA aBTOMaTHYECKHUX
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MEXIUTaHETHBIX CTaHIMH K Goee IanexwuM TUTaHeTaM coflHeyHol cucTeMsl. B HacTosee
BpeMsd rofieTel K Berepe u Mapcy, a Takxe 3anyck OpSUTANILHBIX CTaHUMi U TEJIECKOHOB
CTaM BAXHBIM ¥ PasSBUBAIOMIMMCS HANMpPaBIeHHEM KOCMHUECKMX MICCIEHOBaHMM}.

§ 0.5. MNpaxtyeckoe 3HaYE€HHE ACTPOHOMMM

ACTpPOHOMMA ¥ €€ METONH MMEIOT GONBLIIOE 3HAUYCHME B JKU3HM COBPEMEHHOTO
oburecrpa. bes ee yuacTHsl HEBO3MOXHO petnaTh GyHnaMeHTAIbHbBIE BONPOCH, CBA33HHbIE
C TeueHHEM BaXHEHIINX MPYPOIHBX NMPOLECCOB.

Iilvpe pacnpocTpaHsiioTcs aCTPOHOMHMECKUE METONBl HABHIAIMH B MODETUTABAHHU
¥ aBmauuH, a B INOCNEOHME TOAB — H B KOCMOHaBTHKE. BEMMuMcHeHHe 3(heMepun
(Tabnuy MoMOXeHNit) BAXHEMIUMX OOBEKTOB ¥ COCTABNEHHME KaneHuapeil, HeoGXOMMMBIX
B HapOMHOM XO3fICTBE, TAKXE OCHOBaHbl HAa 2CTPOHOMMYECKMX JaHHBIX.

Cocraenetiue reorpadmyeckux u TonorpadHyeCKHX KapT, NpeABLIYUCAEHHE HACTYTI-
JieHM! MOPCKMX NPWIKMBOB ¥ OTIAMBOB, ONPEAEICHHE CHIB TAXECTH B PAVIMYHBIX TOUKAX
3EMHOM NOBEPXHOCTH € LETBI0 OOHAPYXEHMS 3aneXell HONE3HBIX HCKONAEMbIX, — BCE
3TO B CBOEH OCHOBE ONMUPAETCH HA aCTPOHOMHWYECKHE METORI.

Hccnenoparve NpoLECCOR, NPOUCXOAALLIMX HA PasIMYHBIX HEGECHEIX TeIax, MO3BO-~
JICT aCTPOHOMAM K3y4aTh BEIIECTBO B TAKMX €70 COCTOSHMAX, KAKHME €LIE HE JJOCTUTHYThI
B 3eMHBIX JlaGopaTopusix. ACTPOHOMUS, ¥ B YaCTHOCTM acTpod¥3mKa, TECHO CBA3AHBI
¢ dusrkoii, xuMuei, MareMarukoil. OHM CNOCcOGCTBYIOT Pa3BUTHIO 3THX HayK, KOTOpbIE,
KaK M3BECTHO, ABJIIOTCA OCHOBO#M BCel COBpeMEeHHO#M TexHuku. JJOCTaTOYHO CKa3arh,
YTO BOTMPOC O POMM BHYTPHMATOMHOIN 3HEPrUuy BriepBHE ObUT NMOCTABNACH acTpody3mKa-
MU, a Bennyaitiuee AOCTIKEHHE COBPEMEHHON TEXHHKH — CO3JaHNE€ HCKYCCTBEHHRBIX
HeGecHBIX Ten (CIyTHUKOB, KOCMMYECKMX CTaHUMil ¥ anraparos) — Boobie 6bino Gu
HEMEICTHMO €3 aCTPOHOMMYECKMX 3HaHMi.

Omun To/bKO HabyoneHysl HeOeCHBIX SBICHUN He MO3BOMSIOT OGHApYyXHTh HX
UCTHHHDBIE NpuduHEL. [103TOMY OTCYTCTBME HaydHBIX 3HAHMI HEpEAKO NPHBOAUT K He-
BEPHBIM MX TOJIKOBAHMSM M CYEBEpUSM, K 0B0XECTRIEHMIO CaMUX ABJEHMI B OTAENBHBIX
HebecHbix Ten. Tak, Hanpumep, B apesdHocTy ConHue, JlyHa ¥ IaHETH CUMTANKCH
6oxecTBaMy, 1 UM TIOKIOHAIMCH. MuOro cyesepril y molie# 6u1o cBs3aHo (ma u Terepnb
eille He BCE OCBOGOMMAMCH OT HHX) C CONHEYHKMHM M JIYHHRIMU 33TMEHMAMH, ¢ HO-
SIBJICHUEM KOMET, C SIBJICHMEM METEOPOB M OOJMINIOB, MAJEHHMEM METEOPMTOB ¥ T.A. 12K,
HANPHMED, Y HEKOTOPHIX HAPOKOB KOMETH CYMTAIMCh BECTHMKaMU PALITHBIX GencTsui,
MIOCTHTAIOLIMX YeTOBEYeCTBO Ha 3emne (MoXapbl, SITUIEMUM, BOWHKL): SRIEHVE MeTeopa
HEPEAKO CBA3BIBAIM CO CMEPTHIO OTAENLHOIO YENOBEKA ¥ T. M.

ACTpOHOMMS, U3ydast HEGECHbIE ABIEHMS, MCCNEOys NPUPONY, CTPOEHKE ¥ Pa3BUTHE
HEGECHHIX TeN, AOKa3biBacT, 4ro BceneHnas NONYMHEHA €IMHBIM 3aKOHAM TPUPONLE
M B COIVIACHM C HHMMH DasBUBAacTCA BO BPEMEHH M B MpocTpaHcTee. [103TOMY BRIBOABI
acTPOHOMHU MMEOT MIybokoe dunocodekoe 3HAYEHNE.

B Hacrosiiee BpeMs dunocodckre npobneMbl aCTPOHOMHHM B OCHOBHOM KACAIOTCSH
OOLUMX B3[JINOB HA CTPOEHME Marepur ¥ BceneHHOM, Ha BO3HUKHOBEHHE, pasBUTHE
¥ RanbHelny1o cyanly Kak oTmesbHEIX yacTeil, Tak 1 Beeit BeeneHHoO# B nesom.

§0.6. Kparxuii ouepk ctpoenus BcenenHoi

3a MHOTO BEKOB CBOEIO Da3BUTHH ACTPOHOMMHA HAKOMWIA KONOCCAMBHBIN (akTu-
YeCKuil MaTepyail, MO3BOMAIOMWMI COCTABUTE OTIPEAE/IEHHEIE IPEACTARIEHUS O CTPOEHUH
oxpyxaroulero Hac mupa. Habmonennsam ¢ 3eMiu AOCTYITHO OrPOMHOE KOIHYECTBO CaMBbIX
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pa3nYHBIX 0GBeKTOB. 3aHMMaeMas MMH OOGJacTb NPOCTPAHCTBA HaswiBaerca Memaza-
aaxmuxoi. biaaxne obsektH — Coymine, JlyHa, niaHers, Kak NpaBwio, OKA3bIBalOTCH
M caMBIMU SIpKMMM Ha HanleM HeGe. BMecTe ¢ poeM TBEPABIX MEJIKHMX YaCTHL, Pa3peXeH-
HBIM I'230M 1 NTOTOKaMH 3IeMEHTAPHEIX YaCTHL] OHM 06pasyloT Hairy CoJlHeqHYIO CHCTEMY.
Consue pacrionoxeHo B ee nexHtpe. Cuia ero THIOTeHMS! ONpEHeNnsieT ABHXCHHWE BCEX
OCTIBHBIX TeN Mo pasaMyHeIM opburaM. IlnockocTn 3THX opbuT GIH3KM K HEKOTOPOit
obmieif TNIOCKOCTH, a caMU OpOMTH YaCTO He CHJIBHO OTJIMYAIOTCH OT KPYTOBbIX.

CoHlle — DIaBHBIH MCTOUHHMK HEPTHH B Halled IUIAHETHOI CUCTEME U CPELOTOuMe
noyTH Beell ee maccH. BenlecTeo Bo BreneHHol Takke CKOHIEHTPMPOBaHA B MOOOGHBIX
CoiHILy ra30BbIX CAMOCBETAIMUXCH TejlaxX — 3Be3jaX. B HUX MOCTOAHHO IIPOMCXOMMT OOMH
#3 BAXHEHIMX NPOeCcCoB NpUPOAH — 00pa3oBaHHe padINYHLIX XHMUIECKHX NEMEHTOB
B DE3YABTATe TCPMOANCPHEIX peaklMil. DTH peaklMH — BAaXHEIM MCTOYHHK SHEPIHH
3Be3l. B urore, Gnaroxaps npoueccaM Ha 3Be3fiaxX Halll MHp o6aagacT HaGopoM aToMoB
BCeX M3BECTHHIX XMMHYECKHX NCMEHTOB.

3Beagnl B0 Beenennoit ofnamaioT TeHmeHIMeil OOGpasOBHIBATE MepapXHio CHCTEM
pa3sTHYHEIX Macilrraon. BaxHeiintee 38¢HO 3T0l MepapXyl — OrPOMHBIE CHCTEMEL COTCH
MWUTHADIOB 3BE3k, HasbiBaeMble 2asaxmuxamu. Yactb BeliecTsa, OHTL MOXeET naxe
3HAYMTENbHAS, NPHXOIUTCA Ha Pa3peXeHHYIO CPeAy, KOTOpas 3alloNHAeT TIPOCTPAHCTBO
MeXIy 3Be3JaMH M TajIaKTHKaMH.

IIoutn Bce OOBeKTHI, HabGmozacMble Ha HeGe HeBOOPDYXCHHBIM INa30M, NpHHAI-
nexar Haweli 3eyHON cucreme — Tanakmnke"). OcraibHbE TATAKTHKY (xpome 1pex)
JOCTYITHB TOVIBKO TeleckonaM. OGmlee MX 4HciIo B MeTaraiakTike JOKHO JOCTHIATH
MHOrMX MwuHapaos. OHHU, TaK Xe KaK ¥ 3Be3fn, ofpasylor Gonee obUIMpHEE CHCTE-
MBI — CKONAEHUR 2G/aKMUK, COJiepXalllie COTHH W THICSTYM WieHOB. EcTb OCHOBaHus
FIONArarh, YT0 CKOIJICHMS TaIaKTHK — CaMbie KpymHbie 00sexTH BO BeeneHHO#. B eme
Goxpirux MaciuTabax 3aMeTHa TEHICHLMA CKOMICHUI FaNakTHK PAacmoiarareCsi BIONB
IPaHHL] OTPOMHBIX SYeeK, MOJOOHEIX MYEMHEM cotaM. B mpelenax rajakTHK BeleCTBO
pacnpeneneHo KpaiiHe HeOTHOPONHO. 3Be3ubl — OYeHb KOMIaKTHbE OOBEKTH, a Cpef-
HME PacCTOSIHMS MEXIY HHMM B JECSTKM MIWDIMOHOB pa3s MpPeBHILAIOT MX pasMephl.
B nipesenax cKONNEHHH rafakTiHK, B KOTOPBIX PaCCTOSHMS MeXOY OTAENBHERIMH WICHAMM
COM3MEPMMBI C MX Pa3MepaMH, BEIIECTBO PAcrpeieNieHo 3HAYMTENBHO GoNee paBHOMEP-~
Ho. Fine Gonee paBHOMEpPHO, IO-BHIMMOMY, PaCHpeIe/ieHO BEIECTBO B MACITabax BCel
Meraranaxrviki. B acTpoHOMHE uCCIERYeTCH, K&K 3TO pacrpeefiediie BELECTBa BIHIET
Ha obiHe CBOICTBa MPOCTPAHCTBa-BpeMeHY Halllero MHpa.

CoBpeMeHHBIE METORB &CTPOHOMHMM [O3BOJSIOT M3y4aTh BcesleHHYIO Ha npors-
XEHWUH OrPOMHBIX PAacCTOSTHMIA, MaciuTaGhl KOTOPHIX TPYRHO cebe AaXe IpeACTABHTE.
Ot Haubonee yhaleHHBIX OOBEKTOB CBET, PacHpOCTPAHMIOUIHIICA CO CKOPOCTHIO OKOJO
300000 xM/c, MaeT X HaM JAECATKM MWUIMAPHOB JIET, YTO OKA3BIBAETCs COM3MEPUMBIM
¢ Bo3spacToM GonblmHcTBa 06HeKTOB Bo BeesenHoii. Orciona chenyer, 410, HaGimo-
Jas Janexue ranakKTHKM, MblI MOXeM Kak OHl 3aIMIAHYTh B rybokoe mnpolioe HauieH
BceeneHHOM ¥ cOCTaBHTH cefe omnpenelieHHOe NIPEACTaRlIeHUE 06 ee SBOMIOUH.

Ilpexne yeM NPUCTYINTH K NOCNCACBATEIIBHOMY M3YYEHMIO PA3IMYHEIX Pa3sliefioB
aCTPOHOMMM, OYeHb MONE3HO 6erio pacCMOTPETh, YTO MOXHO HabnlogaTh B Npeaenax
PAMYHLIX MACINTaG0B OKpyXalomero Hac Mupa. Ha puc. 0.1 m3ofpaxeHa nocnegopaTe/ib-
HOCTDH PasAMIHEIX 00BEKTOB BeeaeHHOM, MacliTabbl KOTOPEIX 06pa3yloT FeOMETPHYECKYIO
TIPOrPECCHIO; KAKNLI MOCHENYIONHY KBAaZpaT COOTBETCTBYET YBEIHYEHMIO NMHEWHHIX
pasmepoB o6bekToB nMpuMepHo B 1000 pas.

) D10 uMa CcOfCTBEHHOE, H €10 HAIO TIMCATD C 3aTIaBHOM GyKBhI.
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Puc. 0.1. TNpocrpatcTeennble Maciutabu Beenennoli. Cropona Keanpara @ mopaixa
MIUTHOHA KM, 8 KXKIO0To niocienyiomero — B 1000 pas Gonbiue
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Haurem ¢ BechMa «ckpomsoro» maciraba B8 500 twic. xm. B <«oxso» Takoro
pasMepa MOXHO <yBUIETB» Haubojec 3HAKOMYIO HAM CHCTEMY JBYX Tenl — 3eMio
H obpauarowyiocs Bokpyr Hee Jlyny. Mamenus macirmab B 10 pas, nonyunm paccrosiHie
B MIUTHOHBI KHIOMETPOB. B Takoe «okHo» Mpl YEUAMM CONMHLE M Pl MHTEpecHeHIINX
obpa3opanuit B ero armocdepe. Eie B 10 pa3 6oiblliee «OKOLIKO» NO3BOMMT HabMonaTh
ConHiie BMECTE ¢ JaTeKO NPOCTHPAIOILEHcs ero kopoHol (prc. 0.1 a). Ksaapar co cro-
pouoii B 100 mumnonos KkuaoMerpos oxsatut ConHile BMmecre ¢ Onuxalimeit K nwemy
rianeroit — MepkypueM. OpGuta BeHephl uyTh-4yTh He YMeCTUTCA B HEM. Ksanpar
CO CTOPOHOH B MWLUIMAPHA KWIOMETPOB (puc. 0.1 6) HETUKOM OXBaThiBaetT OpOUTHI BCEX
futater 20 Mapca M MHOrMX MaNbiX FIAHET — acTepornoB. JIMiub naMeHHB MacluTab enle
B 10 pas, Mu nprGmusnmMes K rpapruaM ConxeyHOH cucreMBl B BocTHrHem opout He-
nryHa 1 IDTyTona. PacCToAHKMA MEXIY 3BE31aMH TaK BEJTHKH, YTO TOJIBKO NpH MacLrrabax
B COTHM TPWLUTHOHOB KWJIOMETPOB Mbl CMOXeM OxBaTuTh ComHile BMECTe ¢ GinnkalimMuy
K HEMY 3Be3lamu, BKmOYas cucremy o lewraspa. [Janvile HeymoGHO MOAL3OBATLCH
xuoMerpamu. Macurra6 10’ KM [OYTH COOTBETCTBYET CBETOBOMY rOfy, T.e. IIyTH,
TPOXOAMMOMY CBETOM 34 OOMH [0Jl, 3 MPHMEPHO TPH CBETOBHIX rONa COCTAR/IAIOT BAXHYIO
B ACTPOHOMMM EIMHMLY JJMHBI — napcex (k). Paccroanme go Gmuxaiiieii 3pesgst
B cucteMe o Llentaspa coctaBnser 1,3 mapceka (3910 CIOBO HEOGXOOMMO CKIIOHHATS).
Maciutab B oniH CBETOBOR MOA COM3MEPHUM C ra30BOi TYMaHHOCTHIO, BOSHMKILEH BOKPYT
spesgpl (puc. 0.1 8), a pacCTosHME B COTHM M THICHYM CBETOBBLIX NET COOTBETCTBYET
CKOIUTEHHSIM 3B€31 K GONBILNM Ta30NMbUIEBBIM TYMaHHOCTSM, M3 KOTODBIX 3TH 3BE3fHI,
KaK npasuno, BosHukawr (puc. 0.12). Janee, npu pa3sMepax «OKHa» B THICSYH M M-
JMOHBI TapceKoB” MBI MOCTEMEHHO nepexoauM K BAXKHEHIUHM CTPYKTYPHBIM GHHHHMLIAM
Beenennoit — ranakmukad (pric. 0.1 3), rpynnam ¥ ckonnenusiM ranaktuk (puc. 0.1 €).

B utore MOXHO CKa3aTb, 4ro HaOmoJaemblii MHpD B OCHOBHOM COCTOHT W3 3BE3j
A pa3jpekeHHOro raza, oOLEIMHEHHBIX B FajlakTHKH. 3Be3gnl — Haubonee BaxHbie
A [Opa3UTENbHbIe MO CBOEH npupome W MHOroobpasuio o0nekTel. B 3THX rasoBbiX
1apax — €CTECTBEHHbIX 2TOMHBIX PEaKTOpax — IOCTOSHHO BO3HHKAIOT fipa Bce Gonee
A Gonee TAXKENBIX BNEMEHTOB M, TEM CaMbIM, OCYLUECTBIAACTCH XMMHYECKAs IBOMIOLMSA
Hawero mupa. Iomaraior, yro BeeneHmas BOIHMKIAA HECHTKY MIUUIMAPHOB JET TOMY
Ha3ad M3 M0 €lle MOHATHOTO CBEePXIUIOTHOTO TOPAYEro COCTOAHMS B Pe3yibrare
HEKOTOPOro IpOoLEcca, MOXOXEro Ha B3pHIB, BRI3BAHHbIM H30BITKOM 3Heprvu. C tex
rnop OHa paciuupaercs. IlocjenosaTenbHo BOSHUKAIHN KBAHThl, YaCTHIIB! M aHTHYACTHLILL,
sApa NpocTeHUIX aTOMOB, a3, KOHACHCHPOBABIIMIACA 3aTEM B TA/IaKTHKY M 3Be30bl. D10
paciiiMpeHHe KaK aKTHBHHIN Mpouece Mbl HabmooeeM K roHslHe, Vicnones3ys Maneinne
BO3MOXHOCTH TIOATydeHus HH(MOPMaLMH, KOTOPYIO HECET B OCHOBHOM 3NEKTPOMAarHUTHOS
HM3IMYYeHHE, aCTPOHOME! BOCCO3NAIOT KAPTHHY MHD2 B €r0 PasBUTHH M YCTAHABAMBAIOT
NPHPORY KaK OTACBHBIX 00beKTOB, Tak M Beeil BeeNeHHON B LIETOM.

@ Bonpocs x Beepetwio

1. Kaxue cucTeMnl HebecHRIX Ten BaM u3BecTHH?
2. CopMynupyiite CBOMMH CIOBaMH, TIO-BalileMy, HauGosnee NOIHOE OTpene/jcHHE NMpeIMeTa

ACTPOHOMHH.
3. Npueenwre npUMep aCTPOHOMMYECKHMX HabmoneHuii.

4. YeM OmIMHAIOTCA UCTOYHMKY MHGOPMALMM B aCTPOHOMUM M (usKKe?

)¢ paccTosiimst B | Nk nama ConHeywad cucTema BugHa mop yriom B 1Y myru, PaccTosiHMe B ThicAdy
NapPCeKOB HAIBIBAKOT kiutonapcexom (KUK), a B MUJUIHOH NapeeKos — mezanapcexom (MNK).



5.

6.

11.

12.

Bonpocs! K Beeaemiio o 13

B KakoM NOpPAAKE CHAEAYET PACTONOXUTD PAVINYHEBIE PasIeibl ACTPOHOMHMY, YTOOL KakIhii
NOCACAYIOIIMI HYXIAICA B PE3YAbTaTaX TOABKO Npeapiaymero? .

B kakom nopsake, no BailemMy MHEHMIO, BO3pACTaCT TPYHHOCTb NPOGAEM, BOZHMKAIOMIMX
B NEPEHBCICHHLIX pasfenax acTpoHoMHH? Kakue M3 HWX NPEANOIaraloT 3HAHWS U3 OPYTHX
HayK H Kakux?

QOueHure NpUMEPHEIH «BO3PACT» PA3AUYHBIX PA3NENOB ACTPOHOMHMN.

. Kax, no-painemy, crana 66 paseuBaThca Ha 3emMiie acTPOHOM¥A, ecay 6b1 Hame HeGo Beerda

OBUIO 33KPHITO TOJICTHIM CJToeM 061aKoB?

. Ilpnsemwre crov npHMepbl CBA3H aCTPOHOMMM C ADYTHMH HAyKaMH.
. B vem Haubosbiliee 3HayeHMe aCTPOHOMMM, no Bamemy muenmio? Otser mnocrapaitrecs

ofocHOBATD.
OueHuTe BOMOXHOE YHCIO YacTHll BO Beenennoii.
KaxoBb! fipefie/ikl pa3MepoB BaXHeumx ofsexToB Beenenroii?

3 3ax. 170
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OcHOBHbBIE CBEeOeHus
n3 chepumnyeckon acCTpoHOMUU

§ 1.1. Buaumbie nonoxenus ceetun. Cossesnua

Jlnem He6o, eciM OHO He 3aKpHITO O0NaKaMu, UMeeT roay6oii LBer, 1 Mbl BHAUM
Ha HeM caMoe fpkoe cBeTino — Connitie. MHorga, ogHoBpeMeHHO ¢ ConHLeM, AHEM BHJI-
Ha JlyHa, W oYeHb PeliKo HEKOTOpEIE ApYrie HeGecHule Tena, HanpHMep IulaHeTa Bexepa.

B Ge3obiayHylo HOYL HA TeMHOM Hebe Mul BMAMM 3Be3dbi, TYMaHHOCTH, Jlymy,
11aHeTsl, KOMETH 1 JpyThe o6bekThl. ITepBoe BnieyaTieHHe oT HAGMIONEHMS 3BE3IHOTO
Heba — 310 OecuvCAeHHOCTL 3Be3A M GECTOpANOYHOCTE PACTIONOXKEHHA HMX Ha Hebe.
B nelicrBuTelLHOCTH, 3BE3l, BUIMMBIX HEBOOPYXECHHEIM LJIA30M, HE TAK YXX MHOIO: BCEro
OKOJIO HIECTH THiCAY B OGOMX ITOMyIIapuAX Heba, 8 HA ORHOI MOOBUHE €ro, KOTopas BHAHA
B JJAHHBIA MOMEHT H3 KakoH-JMb0 TOUKHM 3eMHOU MopepxHOCTH, He GoMee Tpex THICHY.

BsauMHOe pacloloXcHHe 3Be3R Ha HeGe MeHsieTcs ypespbiyaiiHo meineHHo. bes
TOYHbIX H3MEPeHnii HHKaKHX 3aMETHHIX M3MEHCHuMH B pPacIiojOXEHHM 3Be3l Ha Hebe
HeNib3A OOHapyXHTL B MPOJOIKEHHE MHOTHX COTEH, a JUTA NOAABSIOIEro YHCIa 38e3] —
¥ MHOTMX ThiCSY neT. Ilocnennee oGCTOATENBCTBO NMO3BOJIAET JIETKO OPMEHTHPOBATHLCA
CpeAH TLICAY 3Be3Jl, HECMOTPA Ha KAKYHIYIOCH XaOTHYHOCTE B MX PaclOJIOXEHHH,

C uennio OpHEMTUPORKYM HAa HebGe ApKMe 3Be3dbl JaBHO yxe Guintn oObemuHeHbl
B IPYNNbI, Ha3BaHHbIC co3eesduamu. Co3Be3ing 0Go3HAYAMMCH HA3BAHHAMH XHBOTHBIX
(Bosvwas Medseduya, Jlee, dpaxon ¥ 1.1.), HMEHAMM repoes rpeyeckoi MudaIOrMH
(Kaccuones, Andpomeda, Ilepceii M T.1.) HWAM NpPOCTO HAZBAHHAMM TeX NPEIAMETOB,
KOTOpLIE HanoMuHamy (Urypbl, o6pa3oBaHHbie spKHMH 3Be3llamu TPYNmul (Cegepras
Kopona, Tpeyzonvrsux, Cmpena, Becws, FOxcwuiti Kpecm n 1.11.).

C XVII B. otzensHbIE 3BE3ABI B KAKAOM CO3BE3MM CTANH 0003Ha4YaThes OyKBaMM
rpeveckoro aadaenTa. Heckompko nosxe 6bi1a BBeAeHA YUCIOBAs HYMEpatsi, ynotpe-
6asiemas B HACTOsLIEE BPEMS B OCHOBHOM ANy caabhix 38e3g. Kpome Toro, sipkue 3Be3nl
{oxosno 130) nonyumnu cobeteeHHbie umeHa. Hanpumep: o Bonsworo ca HassiBaetes
Cupuycom, o Bosnmyero — Kaneanoii, @ Jlupni — Bezoii, o Opnona — bemenveelize,
£ Opuona — Puzenem, § Tlepces — Aszosem v T. p. DTH Ha3BaHMA M OG03HAYEHHS IBE3NL
TAPUMEHAIOTCA ¥ B HacTosiiee Bpems. OOHaKO TpaHMIIE! CO3BE3NMI, HAMEYEHHEBIE APEBHU -
MM ACTPOHOMAMH U NPEACTARAABIINE M3BWIMCTHIC JIHHUH, B 1922 r. 6pL1H 3aMEHEHL! iy~
raMu, Hekotopbie GoabliMe co3Be3aysa GbUTH pasacieHbl Ha HECKORBKO CAMOCTOATENbHBIX
co3Be3nuii, a O CO3BE3ANAMM CTATH NOHUMATL He TPYIIIL APKHX 3BE3/1, 4 YYaCTKH 3Be3A-
Horo He6a. Teneps Bce HEGO YCROBHO pasnenicHo Ha 88 OTHeNbHBIX YHACTKOB — CO3BE3HH.

Sflpkue 3Be3nn B CO3BEIAMAN CAYXKAT XOPOWMMH OPHUEHTHDAMM U HaXOXICHUS
Ha HeOe cnabuix 3Bean Wiu ApyruX HebecHpix 06bexTon. I103TOMY HEODXOANMO HAYIMTHCH
GBICTPO HAXOAMTL TO WIIH MHOE CO3BE3IHE HEMOCPEACTBEHHO Ha Hebe. Jins aToro cnenyet
MPEABAPUTEALHO M3YIMTh KAPTY 3BE3AHOrO Heba M 3aNOMHHTL XApaKTepHble KOHTYDH,
obpa3yeMble 8 CO3Be3/IMAX Hanbosiee APKUMH 3BE3NaMH.
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§1.2. Buaumble aewxenmns 3sess, Conuua, Jlynsi u nnaser

Ecau B AcHy10 HOYb NpoHabAINAaTh 38e38HOE He6o B TeYeHHe HECKONBKMX YacoB, TO
JIETKO 3aMETHTDb, YTO HeGecHBI CBOJL Kak ONHO Heoe CO BCEMM HaXOASIIMMHCH HA HeM
CBeTHAMH TINABHO OOpamaercs BOKpYT HexoTopol BooGpaxaeMollt ocH, mpoxoasiel
yepe3 MECTO HabmiomeHHsl. JTo ABHXEHHe HeGeCHOro cBoma M CBETWN HAas3bIBAETCH
cymosHuiM, TaK Kax MOAHBI 000OpoT coBepluaeTcsi 3a CYTKM. Beneacteme cyrounoro
IBIXKEHYMSI 3pe3fbl ¥ OpyrHe HeOeCHBIC Tela HEMPEphiBHO MEHSIOT CBOE MOJOXCHHE
OTHOCHTEJIEHO BHIMMOIO FOPHIOHTA.

Ecniu HaOmozaTh cyToYHOE ABIMDKEHHE 3Be3 B CEBCPHOM NOJAVIIADHHM 3¢MIH
(HO He Ha moIOCE) M CTOSTH NMLOM K IOXKHOH CTOPOHE TOPH3OHTA, TO MX IBIXEHHE
MPOHCXOAMT CJICBa HAIIPABO, T. €. No 4acosol; cmpene. Ha BOCTOUHOM: CTOPOHE TOPH30HTA
3Be3fbl BOCXONAT, 3aTeM TMOOHHMMAIOTCH JIO HEKOTOPOi Hanbonee BHICOKOH TOYKM Hajd
TOPHM3OHTOM, NOC/IEC Yero OIMYCKAIOTCA M 3aXomiT HA 3amagHol cropoHe. [lpu 3tom
KaXAasA 3Be31a BCEeria BOCXOAMT B OLHOM M TOMH XKe ToUYKe BOCTOYHOH CTOPOHB! TOPM3OHT2
M 3aXOAMT Bcerna B OBHOM M TOM Xe TOYKe 3ananHoll cropoHn.. MaKcuMaisHasi BeICOTA
HaJl TOPH3OHTOM U KaXIOH NaHHOH 3Be3lLl U Ui JAHHOro MecTa HabmioieHus TaKke
BCErRa NOCTOSHHA.

Ecnu Xe cTaTh AULIOM K CEBEPHOM CTOPOHE ropM30HTa, TO HAOMOKEHMA MOKAXYT,
YTO ONHH 3B¢31bI Gyp;y'r TaKX€ BOCXOAUTE M 33XOAHTh, 4 IPYTHE ONKCHIBATH NMOJHLIE KPYTU
Haji FOPH3OHTOM, BPAILasCh BOKPYT o61eil HenmoRBMXHON TOUKM. JTa TOYKA HA3LIBAeT s
CCBEPHBIM NOAIOCOM MUPA.

TIpubau3nTebHOS NMONOKEHHE CEBEPHOro MOMIOCa MUpa Ha HeGe MOXHO Halitu
no camoli sipko#t 3Besne B cosBesmu Manoit Menpeauubl. Dra 3Beana HA 3Be3IHBIX
xaprax obo3Hayaercss OykBo#f o M 33 CBOKW ONHM3OCTE K CEBEPHOMY MONIOCY MHpa
Haskmaerca [loaspnoii 3eeadofi. Paccrosinme Tonsproit 3Be3gnl OT CEBEpHOro nomoOca
MHpa B HACTOALLEE BpeMsi 4yTh MeHbiue 1°,

Connue 4 Jlyna, Tak Xe Kak H 3Be3/1bl, BOCXOEAT HA BOCTOUHOMH CTOPOHE rOpM30HTa
M 3aX0ZAr Ha 3ananHoii. Ho, HaGmonas BOCXOR M 3ax0l 3THX CBETHJI, MOXHO 33METUTD,
YTO B pa3Hbie AHH rofa OHM BOCXOAAT, B OTIIMYKE OT 3BE3/, B Pa3HBIX TOYKAX BOCTOUHO#
CTOPOHBI TOPH30HTA M 3aXOAT TAXKE B PA3HBIX TOMKAX 3aNagHO#M CTOPOHEI.

Tak, Conrle B Ha4ane 3uMbl BOCXOIMT Ha I0ro-BOCTOKE, @ 3a8XOMMT Ha 10T0-3anale.
HO ¢ XaXIuM OHEM MOYKu ero ocxeda ¥ 3axodq NepelBUraloTcs K CEBEPHON CTOpOHE
ropusonTa. [lps 310M € KaxueiM aHeM CosiHlle B NOAAEHL NOAHUMAETCH HAA FOPHU30HTOM
BCE BHILLIE H BhHillie, JIcHb CTAHOBUTCH ANMHHEE, HOYb — KOPOYE.

B Hauane nera, nocTMrdys HEKOTOPOro Mpenesia Ha cEBEPO-BOCTOKE M HA CEBEPO-
3anafe, TOUKH Bocxofia M 3axona ConHLA HaYMHAIOT MEpPEeMelaThcd B OBparHOoM
HANpaBieHHH, OT CeBePHO CTOpOHB! ropu3oHTa K 10XHOMN. [lpu 3tom nosydennas evicoma
ColHUa M IpOAOIXHTENBLHOCTS AHA HAYMHAET YMEHbLUAThCH, 8 IIPONOJDKMTENLHOCTh
HOYH — YBEMHYMBAThCA. JOCTHIHYB HEKOTOPOro npeaea B Hayale 3HMB, TOYKH BOCXOaa
M 3axona Conmllia CHOBa HauMHAIOT TEPEHBUTaTLC K CEBEpHOI cropoHe Heba, M Bce
OTIMCAHHbIC SABJICHHSA TIOBTOPSAIOTCS.

W3 anemeHTapHBIX M HE OYeHb NPONOIXMTEARHBIX HAGMIOZEHHI JIErKO 3aMETHTh,
4yto JIyHa He ocTaeTcs BCe BpEMS B OJHOM K TOM XK€ CO3BE3/IMH, 8 NMEPEXOOHT B3 OHOro
CO3BE3TMs B JAPYroe, MEpeABMrasch C 3anaja Ha BOCTOK NMpuMepHo Ha 13° B cyTKu.
INepementadck no cospe3nmsiM, JlyHa obxoauT monmHkit Kpyr no Heby 3a 27,32 cyrox.

Bonee TmmatensHble W Gosiee MPOAO/KMTE/IbHEIE HAGMIONCHHA TOKasBLIBRIOT, Y70
n ConHue, nono6Ho JlyHe, nepemeliaercs 110 Heby ¢ 3anafa Ha BOCTOK, NPOXORS T¢ Xe
co3Be3aus. TOMLKO CKOPOCTh €F0 NepeMeLlieHUst 3MaYMTENbHO MeHblIle, oKoo 1° B cyTxH,
¥ Bech nyTb CoNHIIE MPOXOAMT 3a FOn.

Al

3*



16 e Thasa 1. Ocuossmie cBECHUS M3 CHEPHUCCKON ACTPOHOMUH

JlBeHaauaTs CO3BE3AMA U3 TPHHAALATH, MO KOTOphIM npexoauT ColHLEe B TeYeHHe
rOfia, HA3BIBAIOTCS 30duaxaibhbimu (OT TPEYECKOTO ClIOBA «300H» — XHBOTHOE). HaspaHus
ux TakoBbl: Pubui, Ocen, Tereu, bausneum, Pax, Jles, deea, Becw, Cxopnuon, Cmperey,
Kozepoe n BodoseiV). TMepsuie TpM co3peanus ConHIlE MPOXOAUT B BECCHHME MECSiIbE,
crenyoljie TPH — B JIETHHE, €LIE TPH CHefyioiHe — B OCEHHNME H, HAKOHEIL, TIoCIenHue
TPH — B 3UMHHE MecALbL Te CO3Be3aus, B KOTOPLIX B A@HHOE BpeMsi Haxoautcs CosHile,
HEZOCTYIIHb HaOJMOACHUIO ¥ CTAHOBSITCHA XOPOIIO BUAHBI MHLIE DPHOMH3UTENPHO Yepes
TOJITOAA.

Ente B miyOokoit ApEBHOCTH CPEIy 3Be3/ 30/MakalbHLIX CO3Be3aAMit Oblio 3aMeueHo
1ATh HEGECHBIX CBETWI, BHEILUHE OYEHB MOXOXHMX HA 3BE3[bl, HO OTMYAOIIHACS OT No-
CNeAHUX TeM, YTO OHM HE COXPAHAIOT OJHOIO H TOr0 Xe NONIOKEHHS B CO3BE3IMAX,
a «OnyxpaioT> no HUM, noxobuo Conmuy K JIyHe. DTH Tena ObLMM HA3BaHBI naGHEMaMu,
OT IPCYECKOT0 CIOBA «IIAHETAC», YTO 3HAYMT «Onyxnalomye cperuna». JpepHHe pHM-
JISIHE ANy nUiaHeraM uMeHa ceoux Goros: Mepkypuii, Benepa, Mape, IOnumep u Camyph.
B XVII-XX sB. 6613 OTKpHTHI ewie Tpu WwiaHeTsi: Ypan (8 1781 r.), Henmyn (8 1846 1.)
v Iaymon (B 1930 1.).

TnaHeTs! NepPeMEeIAOTC MO 30AMAKANBHEIM CO3BE3INAM GOJBIYIO YACTh BPEMEHU
€ 3araja Ha BOCTOK, HO 4acTh — M C BOCTOKA Ha 3anan. [lepsoe aBixeHue, T. €. TAKOE XKE,
kaK y Conxua M JiyHel, HaswIBaeTcs npambiM, BTOPOE, C BOCTOKA Ha 3alall — HONAMHOIM
JBHXECHHEM.

§ 1.3. leorpadmyeckue KoopaUHATHI

BonsIMHCTBO aCTPOHOMHKYECKMX HaGMIOAEHMI NO HACTOSILErc BPEMEHH NPOM3-
BoAuTcst ¢ JeMiau M FIOTOMY BMJ HeDa 3aBHCMT OT NOJMOXKCHHA HAOMONATEIst HA €€
nosepxHocT. T103TOMy HANOMHMM HEKOTOpHIE TeorpaduyuecKuie NMOHATHS U TEPMMHEL,
KOTOPHIMK B JlanbHelilueM Mb GY/IEM NOTE30BATHCA.

3emiis UMeEET NMOYTH AapoobpasHyio GopMy.
Boobpaxaemasn npsiMass Py FPgs, BOKpyr Kotopoii
a 3emwn BpaILAETCsl, NPOXONMT YEPE3 LIEHTD MACChi
< 2 3eMiH ¥ ABIACTCA €€ OCHIO Bpawlenus (puc. 1.1).
) 7T T =) Ocy BpallicHHsd TEepecekaeT TOBEPXHOCTh
\ 7/ 4 3eMIM B IABYX TOUKAX: & CEGEPHOM 2e0cpaghuneckom
7 noaroce Py u tomnom Pg. CepepHblii reorpadm-
df T""“\ YECKHMif MOMOC — TOT, CO CTOPOHB KOTOPOTO
R 2 BpanieH1e 3emMiau TNPOUCXOAMT NMPOTUB 4YacoBoOit
7 & crpenxu. Bonbiloit Kpyr Ha MOBepXHOCTH 3eMiH
e 2V (¢'G'0'g), nnockocte xoToporo neprnenwmMKysp-
HA K OCH BPALUCHHsI, HA3HIBACTCSA 3EMHbIM KA~
e mopoy. OH JENMT TOBEPXHOCTH 3eMNM Ha [Ba
] noNywapkst:. ceseproe (C CeBePHEIM NOMOcoM Py )

L 73 H 1ooichoe (¢ 1okubiM nomocoM Pg).

Manbie Kpyry, TUIOCKOCTH KOTOPBIX Mapast-
NejbHbl JUIOCKOCTH 3€MHOrO HKBATOPa, HA3LIBA-
10TCS 2e02PAgUYECKUMU NAPAANCAMU.

Bonpioit nonykpyr PyOO'Ps, npoxonsiliMii yepe3 TeorpadMuecKue IONIoCH
3emsn u yepes Touky O Ha €€ MOBEPXHOCTH, HA3LIBACTCH 2e0epaduuecKum Mepuouarom
toukn O. Teorpaduueckuit mMepwman PyGG Pg, npoxomuupii uepes TpvHBHYCKYIO

]

LT

gy

d

Puc. 1.1. Teorpaduyueckne KCOPARHATH

) Cospeamme 3meenocey, PacrioNOAKEHHOE MeXAY co3Beaiusmu Becos #1 CKOPUMOMA, K 3OIHAKANBHEIM
He NPUYHCIACTCA.
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OBCEpBaTOPUI0 B AHIVIMHM, CUMTACTCS Hyre6uM, WIH Howasbiom, MepuauaHoMm. Hynesoit
MepHIMaH H MEDUIMaH, OTCTosmmi of Hynesoro Ha 180°, menst nmomepxHoeTh 3emau
Ha Aba NOAYIUAPHS: @0CMOYHOE U 3anaonoe.

Tipamad nuHua T'O, MO KOTOPOM HANPaB/IcHa CUNA TKECTH B JaHHOH Todke 3eMmn,
HAa3bIBACTCA OMEBeCHOl WU 8epMUKAAbHOT AuHUEl.

Tlpy pelleHHH MHOTHX ACTPOHOMHYECKMX 3aJa4 MOXHO CUMTATh, YTO 3eMJiT Mpea-
craniseT coboli onHOponHbI wap pammycom R = 6 370 kM. B aToM cnydyae HanpasieHue
oTBecHOU IMHUM B MOGOH TouKe 3eMHOM MOBEPXHOCTH NDOXOIMT 4Yepe3 HEHTD 3eMiaH
M COBIMANAET € €€ panuycoM, a reorpadmyeckuie MepUIMAHLI U 3KBATOD -— OKPYXHOCTH
OXMHAKOBOTO paldyca, papHoro pammycy 3Jemmu. [MonoxeHue ToukM O Ha 3eMHO#
TIOBEPXHOCTH ONIHO3HAYHO OMPERENAETCH NBYMA 2e02padiudeckumu KoOpOUHAMaMY: 2eozpa-
dhunecroli wupomoii ¢ w zecepadunecicoii doazomoil A.

Teorpaduyeckoit 1mpoTolt ¢ ToukM O HasniBaerca senudHHa mytu 0’0 mepu-
amana PyQO'Ps ot aksatopa g0 To4ku Q. Teorpadmyeckue WUMPOTHE OTCYHTHIBAIOTCA
or 3kBaropa B npegenax ot 0 no +90° (cesepnan wwupoma), ecim TOUKHM JIEXAaT B ce-
BepHOM noaywapuy 3emin, ¥ or 0 g0 —90° (oocnas wupoma), ecnyi TOYKA JIEXaTr
B I0XHOM MONYIIAPUN.

Teorpathrueckoit qonroToit A Touke O Ha3LIBaeTcs ABYrpaHHbI yron G'TO' Mexay
UIOCKOCTAMM HAYAJTBHOTO MEDHAMBHA M MEDMIMAHA, TIPOXONsLIEro deped Touky O.
TIpHHATO OTCUYUTHIBATE reorpadnyecKyio NONTCTY K BOCTOKY OT HAYANBHOTO MEpHIMaHa,
T.€. B CTOPOHY BpamieHus 3emiH, B mpeaemax or 0 go 360° (B rpamycHoii Mepe)
win or 0 no 24" (B uacosoii Mepe). Tkorpadul, Kak NPaBUNO, OTCYMTLIBAIOT HONTOTY
B nipenenax or 0 no -+180° k BocToKy (@ocmounas donzoma) u ot 0 no —180° k 3amany
(3anadnan doszomay).

IIpy pemweHun 3anad, Tpebyommx Gonee 2,

TOYHBLIX 3HA4YEHHR pasMepos u GopMel 3emn,

nocneansas MPHHUMACTCS 33 /UIMIICOMA BpAaLlie- g
aud (cpepoud) C HEOAHOPOIHLIM PacHpeneicHHEM 2 2

macc. B artom cnyuae orsecHag MMHMS He A

BCEX TOYEK 3EMHOM MOBEPXHOCTH GYALT FIPOXOAMTH 2% 7

4epe3 LeHTp cepouda (pvc. 1.2), a Gymer mepe-
CeKarb IVIOCKOCTh 3EMHOTO 3KBATOpA B HEKOTOPOi
npyroit Touke 13, He cOBMagad ¢ pPagiyc-BEKTO-
poM p, T.€. ¢ npamoii T'O, coenuxgiolleli HeHTP
ceponaa ¢ Toukoit O. )

Bcneacrere HEPaBHOMEDPHOTO pacnpeetcHHA
Macc B oOnacTH JaHHOM TOUKM OTBeCUad JIH-
HuA T}0 MOXET TaKXe He COBMNafaThb M ¢ HOp-
Manbio T50 K noBepxHOCTH chepouna, T. e. ¢ nep-
NEHAHKYNAPOM K KAacaTenbHO IUIOCKOETH B AAaHHOK Touke O 3emmu. IMoaromy mana
KaXIOH TOYKH Ha FIOBEPXHOCTH 3eMIIH HEOGX0MMO pasiiarhk TPH BHAA reorpaduyecKo
IIKPOTHI: ACTPOHOMHYECKYIO0, FEOLIEHTPHYECKYIO H FEORE3HUECKYIO.

Acmponomunecxoit wupomoii p Haspisaetrcs yron OTiq MeXIy TIOCKOCTBIO 3eMHOIO
3KBATOPA H OTBECHOU AHHMUEH B JaHHOW TOYKe.

Feouenmpuuecxoii wupomoit @' naztiaerca yron OTq MEXAY IUIOCKOCTBIO 3EMHOTO
3KBATOpa M paanyc-s8eKTOPOM JaHHOM Toukn O.

Teodesuveckoit wupomoli Haspibaerca yron OThq Mexay TUIOCKOCTHIO 3eMHOTO
3KBaTOpa M HOpPManbio K chepouny B gaHHOH Touke. Ha puc. 1.2 sT10T yron He orMeueH.

HenocpeacTBEHHO U3 ACTPOHOMHYECKHX HAOMIONEHHUH ONpeRenacTCs TOMBKO acTpo~
HOMMYECKAs [MPOTA .

Pue. 1.2. Pasmauubie BHAH reorpadm-
qecKOM IMHPOTH (WA HADBAHOCTH
cxatHe 3EMITHM [PEYBEITEHO)
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W3 reone3nyeckKHX W rpaBUMETPHYECKHX HU3MEpeHHIT ONpeaenseTCa yKaoHeHue om-
8eca B llaHHOﬁ TOUYKE, T.€. HECOBNAIACHHE OTBECHOU JIMHHH C HOpMaJIbIO, KOTOPOE A3ET
BO3MOXHOCTb M3 ACTPOHOMHYECKOI ILHPOTH § NOJIYYHTE reofesnueckyio. OfHako, 3a Uc-
KINOYEHNEM AHOMANBHBIX MECT, YKIIOHEHHE oTBeca MeHbite 3", M 370l BemMIHOI YacTo
npeHeOpEeraloT, He AeJias pasAnYMs MeX1y aCTPOHOMHYECKO# M reose3Hyeckol WHpoTost.

TeoleHTpMYECKas IHPOTA (¢ BHLIMKHCARETCH Mo GOpMYAaM aHAIMTHYECKOH TeoMe-
TpHH, CBA3LIBAIOIMM €€ € reofieaudeckol wKpoToif. PaznocTs Mexay reoneHTpryuecko
M aCcTPOHOMHuecKoif LIMpoToii He npepsiyaer 12, Ha pomocax M Ha 3KpaTope 3eMin
OHa pasHa HYJIO.

§ 1.4. HebGecnan cdepa

B acTpoHOMMM B18 H3YHEHVS DACTIONIONEHNS ¥ BBWKEHYS HEOECHBIX TN Nonb3yioT-
CH CPHEPUIECKOR CHCTEMON KOOPAWKAT, B KOTOPO# NONOXEHNe Tena onpenesaTca
RBYMS yrnamu 1 paccrosiHues. [ToCKONLKY YaCTo PaCCTOAHUS HeN3BECTHS!, YA0G-
HEE MONOXEHUE CBETU/ APOSUMPOBATL Ha nebecryio cdhepy, NoA KOTOPOH NOHUMAIOT
chepy npou3soasH020 pacuyca ¢ YERMPoM & MoNKe Habnodenus.

Takum o6pa3oMm, BooGpaxaeMmslil HaGmona-
TeNb, Haxopsuuuiics B ueHTpe HebecHoit cdeps,
JODKEH BHAETh MOJIOKEHUS CBETHI HA €¢ TMOBEpX-
HOCTH TOYHO B TAKOM XK€E B3aiMHOM PaCIIONOXEHHH,
B KaKOM peaibHblif HAOMIONaTenb BUWAMT peaibHbIE
cBeTHNa Ha Hebe.

Bpauieniue HeGecHo# chepni Win Habmoaare-
Nid, HAXOISILErocsi Ha NMOBEPXHOCTH 3eMiH, BOC-
TMPON3BOIUT CYTOYHOE JIBUXCHHE CBETHI Ha Hebe.

HebGecHas cdepa CIyXHUT A M3YYeHHUsS] BUIAH-
MbIX NOJOXEHUH B neruXeHu# HebecHbix Ten. Jins
3TOr0 Ha €€ INOBEPXHOCTH (PHKCUPYIOTCH OCHOB-
HBl€ TMHHH M TOYKH, MO OTHOLUEHHIO K KOTOPBIM
M NPOU3BOAATCH COOTBETCTBYIOLINE M3MEPEHMS.

HNpamas ZOZ' (puc. 1.3), npoxonsias vepea
veHTp O HebGecHOi cdepbl M COBNAAAOLIAR C Ha-
npaplieHHEM HMTH OTBECa B MeECTe HaGmopeHws,
Ha3LIBACTCS OMEECKON, HITH 6EPMUKAAbHONE nuHUeil.

OTBecHaR NHHMS MEPeCceKaeTcs ¢ NOBEPXHOCTLIO HeGecHOM cdiepsl B ABYX TOYKAX:
¢ 3enume Z , wal ronoBoi Habalonatens, ¥ B AMAMETPaIbHO NPOTHBOMNOIOKHOK TOUKE —
nadupe Z'.

Bonbio# kpyr nebectol cdepur (SW N E), 1110CKOCTh KOTOPOro NepleHIHKynspHa
K OTBECHOH JIHHHM, HA3LIBAETCS Mamemamuveckum 2opusonmos. Matemarnieckuit ropu-
30HT AENMT NMOBEPXHOCTE HeBecHOI cdeprl Ha ABE MOJOBUHEL: 6UOUMYI0 ANsi HAabMOAATENS,
¢ BepiIuHOH 8 3eHuTe Z, ¥ Hesudumyto, C BEPIIHHON B Hagupe Z'.

MaremaTHyecKuit TOPH3OHT ClICAYeT OTIHYATD OT audUMO20 20pu3onma (IMHIK, BIOIbL
KOTOpO#i «HeBo cxomures ¢ 3emieliv). BuAMMBIN TOPH3OHT HA Cyllle — HEMpaBWIbHAS
JIMHMS, TOUKH KOTOPO# JIeXaT TO Bbiille, TO HHXE MaTeMaTHHECKOro ropH3oHTa.

Manpifi kpyr HebecHolt cdepni (aMa'), NPOXOARLIKIE Yepe3 CBETHIO, TUIOCKOCTh
KOTODOTO NAapalieibHa TIOCKOCTH MATEMATHYECKOTO FOPH3OHTA, HA3HIBACTCH adbMyKaH-
mapamom CBETUNA.

Puc. 1.3. HebGecnas cdepa u ropm-
30HTANBHAA CHCTEME KOODOMHAT
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BonpuIoi nonykpyr HeGecHoit chepn ZMZ',
Npoxoasilmnil uepes 3eHMT, csetno M u Haaup,
HAa3bIBACTCH KPYZOM GHICOME, 8EPMUKAIbHOIM KPY2OM
MM NPOCTO 66PMUKAI0M CBETHIIA.

Iuamerp PP’ (puc. 1.4), BOKpYT xotoporo
NPOMCXOIMT BpaweHHe HeGecHol cdeprl, HasbBa-
eTcs ocsio mupa. Ock MHEpa HEPECEKacTC € HOBEpX-
HOCTLIO HebecHol ceph! B BBYX TOYKAX: B Ce6EPHOM
noaroce mupa P u 1oxcrom nomioce mupa P’. Cepep-~
HBIli MOMOC — TOT, CO CTOPOHBI KOTOPOro Bpa-
1eHKe HeGecHo# cdepb MPOMCXOAHT IO YACOBOH
cTpenKe, ecm cMoTpeTs Ha chepy HinHe. Bonkioit
xpyr HeGecHolt chepsl QW Q'E, miockocTs KoTo-
poro MepreHIMKyRApHa K OCH MHMpa, Ha3blBaeTCs
Hebecuim sxeamopom. HebecHblid 3KBaTop nenuTt
HOBEPXHOCTh HebecHO# cdephl Ha ABA NOAYHIGPUA:
ceseproe, C CEBEPHBIM ROMIOCOM Mupa P, M joxcnoe,
€ I0XHBIM nOMmocoM Mupa P,

Masiit kpyr neGecHoll cbepnt (BMD'), nAOCKOCTE KOTOpOro napamiensta nioc-
KOCTH HebecHOro 9KBATOpa, HA3BIBAETCH cymowHoii napaarenvio ceetina M. Buanmbie
CYTOMHBIE NBYXXCHNA CBETWI COBEPILAIOTCS 1O CYTOMHBIM NMapajUie/aMm.

Bomsurolt noaykpyr HeGecnoll cepnt PMP', npoxopsapmii yepes nomocs Mupa
M Yepes CBeTMIO M, Ha3bIBaCTCs KPyeOM CKAOHEHUA CBETHAA.

HeGecHpilt 9KBaTOp MEPECEKaeTCcsl ¢ MaTeMarH4eCKMM FOPH3OHTOM B ABYX TOYKAX:
B mouxe éocmoxa E v B mouxe 3anada W. Kpyrn smicOT, NPOXOAAIIHE Yepe3 TOMKH
BOCTOKA M 3aI1aJ1a, HASLIBRIOTCH HEPELIMU GEPMUKANAMY — GOCTMONHBIM U 3QNATHLIM.

Bosnbiuoll kpyr HebecHo# cdepnt PZQSP Z'Q' N, NrockocTs KOTOPOTQ HpOXOAUT
Yepes OTBECHYK) JMHHIO H OCh MUPA, Ha3hiBACTCH HEOECHBIM MEPUOUAHOM.

HebGecHruii MepHAMaH AENMWT MOBEPXHOCTL HebGecHolt cdepnl Ha nBa mosywiapus:
eocmoynoe, ¢ Touxol Boctoka E, 1 3anadnoe, ¢ Touxoli 3anana W,

InockocTs HeGeCHOrO MEPHANAHA B TIOCKOCTE MATEMABTHIECKOTO FOPH30HTA Nepe~
ceKalorcs no npamoit anHnu NOS, Kotopas Ha3bIBAeTCS NOAVOERKOl Aunuel.

HeGecHbiit MepuiMan NepeceKaeTcs ¢ MATEMaTHYECKUM IOPH3IOHTOM B IBYX TOYKAX:
B mouxe ceeepa N m B mouxe w2a S. Toukoit cepepa HasuiBaeTcs Ta, KOTopas Gimxke
K CEBEpHOMY Mojiocy MHpa. Touka jora — GAMXe K I0XKHOMY NOMOCY MUpa.

C HebecHBIM 3KBATOpPOM HMeOeCHEIN MEPHAMAH TIEPECEKAETCS TAKKE B ABYX TOMKAX:
B gepxveil mowxe sxeamopa (), KOTOpas GIMXE K 3CHUTY, H B HuNCHed moyxe sxéamopa ',
Kotopas 6amxke K HagMpy.

Puc. 1.4, HebGecnan cdepa H 3xBato-
PHANBHBIE CHCTEMB KOODANHAT

§ 1.5. TopusoHTanLHan ¥ 9KBaTOPUANbHLIE CUCTEMbI
HebeCHbIX KOOpAUHAT

TMonoxerne cpetna Ha Hebe, WM XakKol-nuGo TOYXH wa HebecHolt chepe,
OTHOCHMTENIbHO TPHHATOR OCHOBHOM TUIOCKOCTH M TOYKM HAYaia OTCYETH ONHO3HAYHO
OfnpeJieNACTCSA ABYMA YINOBSIMI BeTMYMHAMY (Zyr GONBIUMX KPYTOB MNH COOTBETCTBYIOMIMX
LEHTPANLHBIX YINOB), KOTOPhIE HA3BIBAIOTCH HeDECHbMU KOOPOURAMAMY.

Jlnsi permieHus pasHooOpasHeIX 3aJay ACTPOHOMMH TIONB3YIOTCS PasHYHBIMH CH-
creMaMu HeGecHbix KoopauuaT. CHCTeMbl 3THM OTNHYANOTCH APYT OT Apyra BHIGOpOM
OCHOBHOI TUTOCKOCTH H HAYAIOM OTCYETa.
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Fopusontansuas cucTema. OCHOBHOM MAOCKOCTHIO B 3TOM CHCTEME SBJISETCH
FUIOCKOCTH MaTeMaTugeckoro ropusonta NWSE, a orcuer Bepercst OT 3€HUTa M OT ONHO#M
M3 TOYEK MATEMATHYECKOro ropusonTa (cM. puc. 1.3).

Onwoit KOOPAHHATON ABAETCS WIM JCHUMHOE paccmosnue Z, Wi 6biComa CBeTWIa
Hall FOpH30HTOM K.

Buicorosi h ceeruna M Hg3abBEETCR Ayra BEPTMKANsHOro Kpyra mM, or a-
TEMATHYECKOro ropusoHTa a0 csetvna, wm yron mOM Mexgy nnockocTsio
MATEMATUYECKOID Iropu30oHTa U HanpaBfieHhem Ha ceetmno M.

Bricorsl orcuntriBaioTcs B npepenax ot O mo 490° x senury u or 0 no —90°
K Haugupy.

3eHUTHLIM PAECCTORHMEM z CBeTHna M Ha3bieaeTcs Ayra BepTUKAAbLHOIO Kpy-

ra ZM or 3endta Bo cBetuna wm yron ZOM Mexay OTBECHOH JHWEH

¥ HanpaBneHremM Ha ceeruno M.

3enuTHBIE PECCTONHMS OTCUMTHIBalOTCH B mpeneiax or 0 no 180° 8 HanpamneHnu
OT 36HMTA K Haaupy. Ceernia, HaxoasiuHecs B BUOIMMO# yacTi HeGecHoit chepbi, NMEIOT
z < 90°, a B HeBMAMMOIH yacTh z > 90°.

Jlns 3eHHTHOrO PAcCTOSIHUS M BHICOTH! OJHOrO M TOFO Xe CBeTHJIa BCErAa CIpaBsen-
JMBO COOTHOIUCHHE

z+h=90". (B}

CBeTuna, HaxoAAUMecs HA ONHOM aIbMYKaHTapare, MMEIOT OOMMHAKOBble BLICOTHI
¥ OfIMHAKOBLIC 3CHWTHRIC PACCTOSHHA.

Bhicota (WK 3¢HMTHOE PAacCTOSHME) OMPENENsIOT MONOXECHHE CBETUIA HA BEPTH-
KANbUOM Kpyre.

TonoxeHne xe caMoro BepTHKAILHOIO Kpyra Ha Hebecnoil cdepe onperensierca
Apyroii KOOpAMHATOH — aszumymom A.

AsnmyTom A csetwna M HaswisaeTca Ayra MaTeMatvNecKoro ropusoHta Sm
OT TONKM 10rd S [0 BEPTHKANbHOrO Kpyra, NPOXOJALEro 4epes CBeTWno, Win
yron SOm Mexay MONyOEHHOA JMHMER U IMHNEH NepeceyeHns IfocKocTH
MBTEMATUHECKOrD FOPHM3IOHTa C IIOCKOCTLIO BEPTUKANBHOTO KDYra, POXORSLIEro
4epes CBeTH/0.

A3HMYTH OTCYUMTHIBAIOTCH B CTODOHY CYTOUHOTO mpanienmsi HebecHoil cdephi,
T. €. K 3anafly OT To4KH Iora S, s npenenax or 0 no 360°. MHoraa asumyTs! OTCUHTHIBAKOTCS
or 0 no +180° x 3anany (3ananueie asumyTsl) 1 oT 0 o —180° (BocTouHBIE a3UMYTHI).

B reone3any asuMyTH OTCHMTBIBAIOTCH OT Touku cesepa N or 0 20 360° B cro-
pouy Bocroka. (MHOrma BBOASTCS BOCTOMHbIE M 3anamHble aawMmyTol) Taxue asuMyTl
HA3HIBAIOTCH 2000€3WdecKUMl, B OTRIHMME OT gCMPOHOMUMECKUX a3UMYTOB, OTCUHTHIBAEMBIX
QT ToYKM lora. Ieogesmueckuii azmMmyT A’ M acTpOHOMMYecKM# A CB3aHLI TMPOCTEIM
COOTHOLICHMEM

A =A+180°. (1.2)

Crernna, Haxonsilldecss HA OOHOM BEPTHKAIBLHOM Kpyre, HMEKT OAMHAKOBbLE
A3MMYTHL.
IepBas 3KBaTOpHaAbLHAN CHCTEMA KOOpAKMHAT. OCHOBHO# ILIOCKOCTHIO B 3TOH
CHCTEME SIBIIETCH TDIOCKOCTh HebecHoro axsaropa @, a HMayaioM oTcyera — TOMKA
HeBecroro akBatopa Q (cM. prc. 1.4).

Onnoli KOOpANHATON ABRAETCA CKAOKeHUEe CBETIAa d.

Crnoverimem § ceserwia M waswiBaeTcs ayra kpyra cxnokeHns PMmP' or we-
GecHoro aksaropa po cegeruna um yron mOM Mexay nnockocTsio HebecHoro
aKBaTOPAa Y HanpasNeHeM Ha CBETWIO.
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CxriIoHEeHHs oTcyMTHIBaioTes B npenenax or 0 go +90° k cepepHoMy nomocy
Mypa (CBETHNIO HAXOAMTCS B CEBEPHOM TONYlapuH HebecHol cdepnt) u or 0 o —9H0°
K I0XHOMY TIOJIIOCY MMpPa (CBETWIO HAXOEUTCH B 10XHOM ITONyIIapHu cdepkl).

HnHorna ckioHeHue § 3aMeHACTCH HOAAPHYM pacCmonnuem P, T.¢. ayroit PM kpyra
CKIOHEHMSA OT CEBEPHOTO MOJIOCAE MHMpa O CBeTWna M yriioM POM wmexay ochio
MMpa ¥ HanpasjeHleM Ha cBeTuo. TlonsipHble pacCcTOsHUA OTCYMTHIBAIOTCA B Npenenax
ot 0 no 180° OT ceBepHOIO MOMIOCE MUPa K 10XKHOMY. CBETHIA, HAXOMALLMECH B CEBEPHOM
nionymapun HeGecHol cepht, umeloT p < 90°, a B 10xHOM noxyLapuu p > 90°.

Jlns nONAPHOrO PAcCTOSHUA U CKJAOHCHUS OBHOIO M TOrG XKe CBeTWNa BCerla
CIpaBeIMBO COOTHOLIEHHE

p+8=90" (1.3)

Ceetvna, HAXOAALIMECS HA ONHOR CYTOUHON Napalend, UMEKT ORHHAKOBHIE
CKJIOHEHRS § U ONUHAKOBHIE TONAPHBIE PACCTORHMSA P.
CKJIOHEHWME ONPERENseT MONOXEHUE CBETUAA Ha Kpyre ckiloHenus. TonoxeHne Xe

€aMoro Kpyra CKnoHeHHMs Ha HeOecHoil cepe onpenmensiercss apyroil KOOpHMHATOH —
HACOGHIM Y2AOM 1.

YacopeiMd yrnoM U cserwna M Hassieaercss Ayra HeGecHoro skearopa Qm
or BepxHeit Toukn @ HeBecHOro axearopa A0 kpyra cknoHenns PMmP', npo-
XOASLWero Yepes CBETWII0, Ml ABYTPaHHbIA Yroa Mexay nnockoCTRMU HeBecHOoro
MepuauaHa ¥ Kpyra CK/IOHEHUA CBeTuna.

Yacosbie IRl OTCYMTRIBAIOTCH B CTOPOHY CYTOYHOTO BpallicHUs HeGecHol ceph,
7.e. K 3amagy or BepxHed Touku @ HebecHoro skgaropa, B mpemenax or 0 mo 360°
(B rpanmycsoit mepe) mam or 0 gmo 24" (» uacosoii Mepe). Mmorma wacosbie ymbl
orcuuthiBaiotes of 0 no 180° (or 0 mo +12") x sanamy (3ananmme yacoBhle YIiHY)
n ot 0 o —180° (or 0 o —12") K BOCTOKY (BOCTONHHIE MACOBHIE YTNEI),

CieTwia, HaxOOAIUMECH HA OIHOM KpYre CKIOHEHMsSl, HMEIOT OJIMHAKOBRIE 9aco-
BH€E YTIBL.

BTopas 3KBATOPUANBHAA cUCTEMA KOOPEHHKAT. OCHOBHOH IIOCKOCTLIO B 3TOM
CHCTEME SRNAETCA TaKXe TUIOCKOCThL HEGECHOTO 3KBaropa, a ONHOM KOOpPAMHaroi —
CKJIOHEHHE § (PeXe TOAAPHOE PACCTONHUE P).

Jpyroit xe KOOpIMHATOR, OMpeleisioEH MOJOXEHNE NAacoBOro Kpyra CBeTHIa,
ARNAETCH NPRMOE GOCXONOEHUE Q.

TMpsmbine BOCXOXAEHMEM @ CBetuna M He3bisaercs gyra HEOECHOIO SKBSTO-
pa Tm (cm. puc. 1.4) or ToykM BeceHHero pasHogeHcTema T (em. §1.9)
Q0 Kpyra CKNOHEHNS, NPOXOASLEro Yepes CBeTHno, ums Asyrpanns#i yron T Om
(B nnockocTi HEGECHOrD 3KBaTOPa) MeXay HanpasNeHVeEM Ha TOYKY BECEHHEro
PaBHOACHCTENS ¥ MIOCKOCTHIO KPYra CKNOHEHNA CBETHAA.

TIpAMbIE BOCXOXKIEHNS @ OTCYUMTHIBAIOTCS B CTOPOHY, POTHBOMOIOKHYIO CYTO‘IHOM¥
BpaleHKIo HebecHol cepsl, B npenenax or 0 go 360° (B rpaxycHoit Mepe) wim or 0 1o 24
(B yacoBoit mMepe).

CieTnia, HaXOASUIMECs Ha ONHOM Kpyre CKJIOHEHHS, HMEIOT OIMHAKOBbIE MPAMBIC
BOCXOX/IEHUS,

H3menenue KoopauHar. TopusoHTaabHbie KoopauHatet (z, b, A) n vacosoii yron
cBCTHRA § HEMNPEPbIBHO M3MEHAIOTCS BCACOCTBUE CYTOUHOTO BpalleHHA HeGecHo#M cdepnt
(cM. §1.8), Tak KaK OHM OTCYMTHIBAIOTCS OT HEMOABHXKHBIX TOYEK, HE YYACTBYIOLIMX
B 3TOM BPALLIEHHM.

BDKBaTOpHANbHbE KOOPAUHATH CBETUAA (MPAMOE BOCXOXIEHHE @ U cKIoHERue &)
M3-3a CYTONHOro Bpauickud HeGecHoM cdhephl He MEHSIOTCA, TaK KAaK OHM OTCYUTHIBRIOTCSH

2 3ax. 170
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o7 ToueK HeGeCHOro 3KBAaTOPa, KOTOpHIE CaMM YYacTBYIOT B CYTOYHOM BPallleHMH, H,
CJIeR0BATEALHO, NONOKEHHE CBETH/IA OTHOCUTEILHO ITHX TOYEK HE M3MEHAETCAH.

Topu3oHTaNbHAA CHCTEMA KOODJUHAT MCIONBIYETCA A ONpEAcHEHWS Harpasne-
HHSA Ha CBCTWIO OTHOCHTEJIBHO 3€MHBIX TPE/IMETOR HJIM ¢ NOMOILIBIO YIJIOMEPHBIX
MHCTPYMEHTOB, KOTZIa TEecKON CMOHTHPOBaH Ha a3MMyTalibHON ycTaHOBKe,

Ieppas skBaropuanpHasd cHCTeMa (CKJIOHEHHE M YACOBOH YION) MCMOAB3YETCA
NPEHMYILICCTBEHHO TIDH ONPCOCACHMM TOMHOTO BPEMEHHM — ONHOM M3 OCHOBHBIX 3a-
Jlay TPaKTHYECKOH acTpoHOMMM, npH HaOMOAeHMSX Ha Te/lecKomne, CMOHTHPOBAHHOM
HA& 3KBATOPHAILHOMN YCTAHOBKE.

Bropasi 3KBaTOPMaNIbHAS CHCTEMA SBRASETCA obenpuHATOR B acTpomeTpM. B orol
CHCTEME COCTABASIIOTCS CIMCKY (KATANOIH) MOJOXEHMH 3Be31 M APYTHX CBETHI, 2 TAKXCE
3BE3HbIC KAPThHI.

§ 1.6. 3aBMCHMOCTDL BLICOTHI NOMOCa MUPA
OT acCTPOHOMMYECKOH LWKPOTH MecTa HabniopeHust

Buanmoe BpawieHde HeBecHOro cBoOla TpencTabisieT coGolf CileAcTBHE BpPAlUCHUS
3eMnM BOKDYT OCM B HANPABACHUH, TPOTHBOMOIOXKHOM CYTOMHOMY BpallicHMI0 Heba,
T.€. ¢ 3anana Ha Boctok. [losTomy, B xakoit bt Toyke Ha MosepxHOCTH 3eMin Habmo-
JAaTens HY HAXOAUACH, OH BCEIda BUOMT BpaiueHue HeGecHoll chephl APOHCXOMAIUM
BOKDPYT OCH MHUpa — TipAMoil, NapajUiesibHOM OCH BpallieHNst 3eMITH.

Hanpapnenue Xe oTBecmoil NHMHMM MEHSIETCH TpH NepeMellicHMM Habmonarens
10 3eMHOH NOBEPXHOCTH M COCTABNAICT Pa3IMYHBIE YTAK C OCHIO BpauicHus. BiaHMHOE
PACNIONOXEHHE KDPYTOB M TouyeK HebGecHol cdephl, CBA3aHHBIX C OChIO MMpa M OTBECHOH
JMHUEN, 3aBHUCHT, CICNOBaTe/IbHO, OT HANpPAaBICHHA INOCACAHEH, T.€. OT MOJIOXCHHS
Habmopartens Ha MOBEPXHOCTH 3eMi.

Bra 3asHcuMOCTb GOPMYNNPYETCS B Bue caedyoniell T€opeMHl.

Beicora cesepHoro romoca mupa hp, Han ropusOMTOM BCErAa paBHa dCTPOHO-

MHYECKOA LUIMPOTO & MEcTa HabMoZeHws.

JlOKa33TeNLCTBO TEOPEMBl CHEAYET HEMOCPENCTBEHHO M3 ueprexa (puc. 1.5), rme
{PON = hp, n [OTq = ¢ — ymiLl C B3aHMHO FCPNCHANKYSIDHBIMH CTOPOHAMH.
Ha ocHopaHmuH 31Ol Teopemsl (puc. 1.6) CKIOHeHHe 3eHNTa §; = @, NONAPHOE PACCTOAHHE
TOUKHM ceBepa Pp, = ||, 3eHHTHOE paccTosHne BepxHell ToUKM JKBaTopa zg = |¢|.

Pnc. 1.5. Cpasp Mexay BrHcOTOH nomoca Puc. 1.6. Tpoexuna HeGecHolt cheput
MHpa U reorpaduueckoit mmporoit Ha IIOCKOCTh HeBecHOTo MepraMana



§ 1.7. Sinaenns, CBRSANHME ¢ CYTOURMM Bpamennem Hebecnoh chepu o 23
M3 coorHomeRus (1.1) SCHHTHOE pacCTOfHME MOJIOCAa MHpa Zp;, =90° - hp, =
90° — ¢.
KpoMme Toro, moaspHoe paccTosHue 3eHUTa pz = 90° — ¢; CKIIOMEHME TOYKH ceBepa
&y = 90° — [ip|; BHICOTa BepxHe# TouKH 3KBaTOpa hg = 90° — [¢].

§1.7. fenenus, cBA3aHHbIC
C CYTOuHbIM BpawieHuem HebecHol chephl

Bocxon ¥ 3aX0R cBeTHJ. Beiencrsue CyTOYHOro Bpatie-
HHUA HebecHolM cdepbl Bce CBETHA ONMCHIBAIOT KPYFH, TVIOCKO-
CTH KOTOPHX napaiiefbHbl IJIOCKOCTH HeGecHore 3akBaropa,
T. €. ABMXYTCS MO CYTOYHBIM NapajLieisiM.

B 3aBucHMOCTH OT reorpad@uueckoil LIMPOTHl MECTa Ha-
6Mm00eHHA @ M OT CKIOHEHMHt cBeTUN 6 cyTOuUHble mapasue-
7N TMOCHAEAHHMX MO0 NEepeceKaloT MaTeMaTHNECKMH FOPH3OHT
B JBYX TOYKax, IMG0 LIENHKOM DACIIONAraloTcsi Hal HHM HIH
rion Hum (puc. 1.7). Touka nepeceueHus CBETIIIOM rOpPH3OHTA
CHHM3Y BBEpX Ha3biBAETCH MIOYKON 60cxoda CBETWIa, 8 CBEPXY
BHH3 — mMOuKoil 3ax00a CBETHAA.

CeeTHnO BOCXOOMT M 3aXOAMT Ha HaHHOW WIMPOTE ¥, Puc, 1.7. Cyrousoe mmm-
ecaM abCoMOTHOE 3HAYEHHE CrO CKIIOHEHUS XKenre CBeTMN B CPeIHMX

6] < (900 _ |80|) (1.4) reorpadmyecKux UIMPOTax

Ecnu cBeTHIO HaxofWTcs HAa neBecHOM 3KBatope QQ', T.e. ero § = 0, To oHO
BOCXOIMT TOYHO B TOYKe Boctoka F M 3ax0IuT TOYHO B TOYKE 3amana W.

Ecau cxioHenve ceetiaa § > 0 (cyrounas papaiens aa’), TO OHO BOCXOAMT
HA CEBEPO-BOCTOKE, a 3aXO/MT Ha CeBepo~3anaje.

Ecan cxpoHeHMe cpetHna 6 < 0 (cyrouHas napamiens bb'), 10 oHO BocxomuT
Ha 10T0-BOCTOKE, a 3aXOAMT Ha I0ro-3amnaje.

Hakoxen, ecim aGcomoTHoe 3HaYeHHE CKIOHEHUS CBeTIIa

181 = (90° — |el), (1.5)

TO €0 CYTouHas Napanieis He MepPeceyeT MaTeMaTM¥ecKuil rOpM3OHT, M OHo Gymer
aubo resaxodauum ceemutom (cyrounas mnapaiens II' pacnionaraeTcs LENUKOM Han
TOPU3OHTOM), JIHOO Hegocxodauum (cyrouHas napamwiens kk' pacronaraercs Le/MKOM
TIOR FOPUIOHTOM).

Ecau Habumosateas HAaXOIUTCH Ha 3eMHoM 3ksatope (¢ = 0°), To st Hero, comacHo
yciosuio (1.4), Bee cneTiaa sABASIOTCS BOCKORSILMMU M 3axonsuummMu. JleHcTerrenbto,
Ha 3eMHOM 3kBaTope (puc. 1.8) cepepHbli nomoc Mppa P JleXMT Ha TOPU3OHTE,
B ToyKe cepepa N, a iokubii momoc P' — B Touke fora . Hebechmit axparop QQ'
MEPNEHIHKYIAPEH K MaTEMaTHYECKOMY TOPH3OHTY U MPOXORKT vepes 3eHut Z. ITosromy
M TUIOCKOCTH CYTOYHBIX NIapajiencii BceX CBeTH TAKXKe AEpNEeHINKYAAPHL K TLAOCKOCTH
MaTeMaTHYecKOTo ropu3oHTa. CrejloBaTeNsHo, BCE CBETHIA BOCXOJAT M 3aXOHAT, BHIHK
HaJ TOPM3OHTOM B TedeHHe 12 YacoB U CTONBKO XK€ YacOB HE BHAHLL

Ecmi HaGmomarenb HaXOmUTCA HAa CEBEPHOM reorpadimyeckoM monioce 3emiu
(¢ = +90°), 1O nua Hero, cornacHo ycaoeuw (1.5), ceewia ¢ § > 0 spamorcs
HeaaxopmummM, a ceetuna ¢ § < 0 — Hepocxomammmu, HdelicTeurensto (puc. 1.9),
Ha CeBepHOM FreorpaduueckoM nofoce 3eMian ceBepHhlif nomoc mupa P cosnajaer
¢ seHuToM Z, a HeGecHntl skearop Q@' — ¢ MaTeMaTHYeCKMM TOPH3OHTOM. Ioatomy
NJIOCKOCTH CYTOYHBIX Mapaljieieil CBETUN MApaUIEABLHE IJIOCKOCTH METEMATHYECKOro
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24 e Iiasa 1. Ocuosuble cBeNCRUN H3 cEPHICCKOIH ACTPOHOMNN

rlzy
Puc. 1.8. CyrouHoe ABMOXEHHe CBeTHI Puc. 1.9. CyrouHoe nsuXeHne cBETHI s
A8 HabMO#aTeNAsa Ha 3eMHOM 3KBarope HabnionateNn Ha CeBepHOM RoMIOCE 3eMAH

TOpM30HTa, W CBETWIA HE BOCXOUNT W HE 3axolar. CBeTHJA CEBEPHOIO MOMYILIAPDHA He-
BecHolt cdeprbl § > 0 Beerna BUIOHBE! Hal TOPH3IOHTOM, @ CBETHAA IOXHOIO MONylapHsa
HebecHol cdeph (§ < 0) HMKOTAa HE BHAHBL

HetpynHo coobpasuts, 4To HaGMIONATe b, HAXOASIIHACH Ha I0XKHOM TNojloce 3eMu,
HaoBGopOoT, Beerna GyaeT BUAETb CBETHAA I0XKHOIO Noaywapus HeGecHoi chepn (5 < 0)
¥ HHKOIJA HE YBUIIMT CBETHJI CEBEPHOTO Noyliapns HebecHol cepul (6 > 0).

Ecnn nabniopatens HAXOAMTCS Ha wWMpoTe ¢, otauysolt or 0 n or 90°, 10
4acTh cBeTHn OyAeT lUia Hero SIBASTECH BOCXOSILMMM M 3aXofsinMMM, a YacTh —
HEBOCXOAAIUMMH U HE3AXOHAILIMMH. '

KynsmuHauus csetun. CyroyHas napajiieiis KAXIOro CBETHNa ticpecekaer Hebec-
HBIA MEpHIMAH B IBYX TOYKAX, MeXalIUX Ha KOHLIAX AMAMETpa Tapasicin.

SlBneHne nepeceycHUs CBETHIOM HEGECHOrO MEPHIMAHA HA3LIBACTCH K)abMuNanueti
ceemuna. Taknx nepeceyeHmnii foJxHO ORITL nBa. To M3 HUX, B KOTOPOM CBETHIO HMeeT
6OnpIYIO BHICOTY, HA3HIBAETCH BepXHel! KYNoMUHAKUEIL, 3 IPYTOE — HUNCHEU KynoMuHauued.

PasinyaloT BepXHIOK KyAbMMHALIMIO K I0TY oT 3eHuTa (Ha ayre ZQSP ) ¥ x ceBepy
ot senuta {(na nyre PZ) (cm. puc. 1.6).

Y cBeTuN, He3aXofAIGMX HAa [aHHOW WupoTe (o, HOCTYMHBI As HabmomeHwMit
o0e KYIBMMHALIMU — M BEPXHAS M HUXKHAS; Y BOCXOAALNMX W 3aXOAALUMX CBETHR —
TONBKO BEPXHAA, B TO BPEMA KAaK HIDKHAA KYNBMMHALMA [POMCXOIMT MOJ TOPU3OHTOM;
Yy HEBOCXORsMUMX CBETMN o0c KynbMHHAUMM HEHOCTYMHB HaOniodeHusiM, TaK Kak
MPOUCXOMAT MOI FOPH3OHTOM.

§ 1.8. WsmeHeHne KOOpANHAT CBETUN
NpPH CYTOYHOM [ABHXEHWN

Korza cBeTHJIO BOCXOIMT HJIM 3aXOIMT, TO e€ro 2 = 90°, h = 0°, a a3uMyTH TOYeK
BOCXORA M 3aX0Ra 3aBHCAT OT CKJIOHCHMS CBETHJIA U IIMPOTH! MecTa HaGMmoneHHS.

B momeHT BepxXHe#t Ky/AbMUHAUMM 3CHHUTHOE PacCTosiHHe CBETHNIZa MHMHMMAJBLHO,
BBICOTA MaKCUMaJIbHa, 2 23uMyT A = 0° (ecny CBETHIO KYILBMHHHMPYET K 10TY OT 3eHHTa)
wm A = 180° (ecam oHO KyIbMMHUDYET K CEBEPY OT 3CHHTa).

B MOMEHT HuXHel KyNbMHMHAlUMM 3€HUTHOE pPAacCTOAHHE CBETWIA NPHHMMAET
MaKCHMANBHOE 3HAYCHHE, BHICOTA — MMHHUMAJILHOE, a a3MMYT A = 180° mnu A = 0°
(ecny HIDKHSIS KyRSMUHALNS MPOHCXOINT MEXIY HALHPOM M J0XHBIM N0mocoM Mupa P').

CnepoparenbHo, OT HUXHEH KyJIbMHHAUMM IO BEPXHEH 3€HUTHOE PACCTOSHHME
CBETHJ/IA YMEHBIIAETCA, 2 BRICOTA YBeIHYMBAETCS; OT BEpXHEH RO HIDKHEH KynhMHUHAUWN,



§ 1.8. HiaMenenne KOOPAHHST CBETI NP CYTOYROM Apxennn o 25

HaoGOpOT, 3CHUTHOE PACCTOAHNE YBENMYMBAETCH, 4 BLICOTa YMeHmuiaercs. IIpu 3Tom
A3UMYT CBETWIA TAKXKE MEHAETCH B ONpPEAENCHHEIX NPERcHax.

Takum 06pa3oM, rOpPM3OHTaNLHEIC KOOPIMHaTh! ceetina (2, h M A) HenpepbiBHo
M3MEHSIOTCS BCJIEACTBHE CYTOYHOTO BpalicHWs1 HebGecHOH cdiepnl, M €Ccld y CBeTHAa
HEWU3MEHHBI CKIOHEHUE § ¥ NPAMoe BOCXOXKIEHUE ¢, TO €0 FOPHIOHTANBHBIE KOOPIWHATHI
MPMHUMAIOT CBON NPEXHHE 3HAYCHMI, KOTHa cepa COBEPIUUT OfMH 06OPOT.

Tak Kak CyToyHblc MAapaniciu CBETHA Ha BeeX wMpoTax 3emim (KpoMe NOmocoB)
HenapayieNbHb! TOPU3OHTY, TO TOPU3OHTAIBHBIE KOOPAUHATL U3MEHSIOTCSE HEPAaBHOMED-
HO [AXE NPH PaBHOMEPHOM CYTOYHOM BpanieHuM HebecHoll cd)epuz). Buicora cBetHaa b
M €70 3eHMTHOE PacCTOSHME 2 HauboJice MeAIeHHO MeHsIOTCH Oi1Y3 MepHANHaHa, T. €. B MO-
MCEHT BEpXHEil WM HIDKHEH KyApMUHaumii. AsuMyT Xe ceetiia A, Hao0OpoT, B 3TH
MOMEHTH H3McHseTcs Haubonee GLICTPO.

Yacopoit yron cpetuna t (B nepsoill 3KBaTOpHANBLHON CHCTEME KOOPAKHAT), Nofo6GHO
a3uMyTy A, HENpEPHBHO MeHAeTcA. B MOMEHT BepxHe# KynbsMHUHALIMN cBeTUAR ero § = 0,
B MOMEHT HIOKHEH KYIbMHHALMH YACOBOH yron ceeruna ¢ = 180°, wim 12

Ho, B OTnuuMe ©F a3MMYTOB, Yacoshie Yrmnt cBetHn (€COM WX CKIOHEHMA &
M TpSMBIE BOCXOXMCHMS f OCTAIOTCH FOCTOAHHBIMM) M3MEHSIOTCS DaBHOMEPHO, TaK
KaK OHH OTCYMTBIBAIOTCH TO HebeCHOMYy 3KBaTOpy, M NpH PaBHOMEPHOM BpallleHHH
nebecHol chepul U3MEHEHHs YACOBLIX YITIOB NPONOPLHOHANBHE IPOMEXYTKAM BPEMEHH,
7. €. MPHpALlcHUA YACOBLIX YINOB PaBHH YNy NoBopoTa HebecHol chephl.

PaBHOMEPHOCT: M3MEHEHMA 4YacOBHX YINIOB JENAeT 3IKBATOPHANBLHYIO YCTAHOBKY
HE CAMLIKOM KPYITHOrO TejlecKona oCOOEHHO BHINONHOM.

Buicora cBetHaa A WM 3€HMTHOE PACCTOSIHME 2 B MOMEHTH KY/JIBMMHALMA 3aBuCAT
OT CKJIOHCHUS CBETHAA 6 ¥ INMPOTH MecTa Hablionatens ¢.

HemocpenctserHo 13 Yeprexa (cM. puc. 1.6) crenyer:

1) ecmu cknoHeHme cBetHna My § < ¢, To OHO KYIBMHHHDYET K IOIY OT 3eHMTA
Ha 3¢HHUTHOM PACCTOAHNH

z=¢p—6, (1.6)
WM HA BHICOTE
h=90"-p+6; (1.7)
2) ecnd § = {p, TO CBETHIIO KYILMHHHDYET B 3€HUTE M Torna
z=0, (1.8)
Wi
h=+490% (1.9)

3) ecmn 6 > @, 10 ceetMno M, B BepxHell XyNbMUHAUMM HAXOAWTCH K ceBepy
©OT 3¢HHTa Ha 3eHNTHOM DacCTOSHHUM

2=8—¢, (1.10)
UAH HA BLICOTS
h=H"+¢-85; (L.11)
4) HAKOHELl, B MOMCHT HHXHEH KYIbMHHALIMN 3eHMTHOS PACCTOsiHME CBeTHNa M;
z2=180" - ¢ -4, (1.12)
a BRICOTA
h=6—(90°"—¢)=p+6—90". (1.13)

3 Kpome ToyeK Ha HebecHOM 3KBATOpE NMpH HaGNIONeHMH ¢ 3KBaropa 3eMnu.



26 o I'asa 1. Ocnosusie cBefenun K3 Chepuraeckoll ACTPOHOMHH

W3 Habmonenuit u3secrHo (cM. § 1.2), 4To Ha naHHON LIMPOTE ¢ KaXIas 3Be31a BCerna
Ky/IbMMHHMpPYET Ha OHO#M 1 Tol xe sricoTe. OTCIONa MOXHO 3aK/NOYMTh, YTO CKIOHEHHS
3Be3], HE MEHAIOTCA C TCYCHHEM BpEeMEHM B fIpEenax TOYHOCTH HabmoneHni.

Bricothl Xe B mepHauaHe Conuua, JIYHEL # IUIRHET B pa3HbIe JIHH TOIa Pa3IMYHEL.
CrenoBaTenbHO, CKIOHEHHA 3THX CBETH HelIPEPBIBHO MEHAIOTCH ¢ TEYCHUEM BPEMEHH.

§ 1.9. AxnunmTuka. JKMNTUYECKas CUCTEeMa KOOpAUHaT

H3mepeHMAMYM 3eHUTHOTO paccTOfHHMS MM BbicoThl ConHIa B TIOJNACHD (T.€. B MO-
MEHT €ro BepxXHell KYNIBMHHaLMH) Ha ofHoH M To# Xe reorpacudeckoil mmpore GbUIO
YCTaHOBICHO, YTO cKloHeHHe CONHLA B TEYCHHE Iofla H3MeHseTca B npenenax or 23°26
no —23°26', mea paza B rogy mepexomd yepes Hyimb. M3 HabGmioneHuil 3a MIMEHEHMEM
BHIA HOYHOro Heba CiedyeT, YT0 ¥ npsmoe BocXoxiaeHie COMHIA HA NPOTAXCHHMM roga
TakKe TIOCTENEHHO M3MeHsieTes or 0 no 360°, Mau or 0 go 248, HefictBurensHo, B noA-
HOYB B BepXHeH KyNMbMMHAUMM HAXONATCH T€ 3BE35bl, MpAMEBIE BOCXOXICHMS KOTOPBIX
OTIANAIOTCH OT ApsAMoro BocxoxaeHus ComHna Ha 180°, wm Ha 127, Habmonenns xe
MOKA3RIBAIOT, YTO ¢ KAKABIM AHEM B TIONHOYL KYNEMHHHPYWOT 3BE3ALL BCE ¢ GAMBLUIAM
u OONBIIMM MPAMBIM BOCXOXKACHHEM; CIEHOBATENbHO, M IPAMOE BOCX0XIcHHe CONHIA
C KaXAbIM IHEM yBeJHUMBAeTCS),

PaccMaTpHpasi HETIPEPHIBHOE M3MeHeHMe ofeux koopauHar ConHna, HETPYOHO
YCTaHOBHTD, 4TO OHO MEPEMEIIAETCH CPENU 383/ € 3ar1aia K BOCTOKY No GoIbIIoMy Kpyry
HebecHoit ceph, KOTODHI HasniBaetcs axaunmuxoii. Tlnockocts sxavmmukn £ T &'
(puc. 1.10) Hak/IoHeHa K IIOCKOCTH HeGeCHOTO 3KBaTOpa NOX YoM £. Hduamerp IIIT,
TNEPNEHAMKYAPHEI K TUIOCKOCTH 3KJIMNTHKY, HAa3bIBACTCS OCbIO IKAUNMUKY H Tiepece-
kaetcn ¢ HeGecHolt cepoit B ceseprom nomoce axaunmuxu IT (nexaem s ceBepHOM
NONYIApHH) U B loxcrom nosioce skaunmuxu 1T (B 10XHOM nomymapun).

DKIMNTHKA MepeceKaeTcsd ¢ HeBGeCHBIM 3KBaTOPOM B JIBYX TOUKAX: B MOMKE BECEHHEZ0
paenodencmaus T M mouxe ocennezo pasHodencmeus . B Toyke BeCeHHETO paBHOICH-
cteua T ConHue nepecexaeT HeGecHBb 3KBATOP, NEPEXOAs H3 IOXKHOrC MNONYIIAPHS
HebecHol chepst B cesepHoe. B Touke oceHHero
paBHOICHCTBHA = ConHlle NEPEXoRMT U3 CEREPHOTO
NONyap#s B I0KHOE.

Touk! 3KIUITTHKH, OTCTOMIINE OT PaBHOACH-
CTBeHHBIX Ha 90°, Ha3LIBAIOTCS MOUKOIl AemMuezo COMH-
yecmosuus (B CEBECPHOM TIOJYHMIADHM) W MOYKOIl 3UM-
He20 connyecmoanua (B 10XHOM MOYLIAPUM).

Bosnstioit momykpyr Hebecuolt cepm [IMIT,
NPOXOAAIIMI Yepe3 NoJIoCH IKIMNTHKH U Hepe3 CBe-
THAO M, HA3BIBACTCS KpyeoM LUPOMB CBETHIIA.

OKIMITUKA M TOYKA BECEHHErO PaBHOICHCTBHSA
NEXKAT B OCHOBE 3IKaunmuuecxkoil cucmemu HeGeCHBIX
xoopruHaT. OnHoll KOOpAMHATON B 3TOM CHCTEME
ABNAETCH IKAunmudeckas wupoma [ ceetwna M,
T. €. fiyra MM Kpyra mHpors! (cM. puc. 1.10) or 3xm-
NTHKH 0 CBETHIA.

DKIMITHYECKHE IUMPOTE OTCYMTHIBAIOTCA B npedenax or 0 go +90° k ceseprOMy
nomocy swmmruka (II) u or 0 po —90° k ee 1oxHoMy nomocy (IT'). Ceeruma,

Prc. 1,10, DxinnTHueckas CHCTe-
Ma KOOpAWHAT

Y [osops TouHce, CACAYET YY€cTh, YTO HAKION SKINITHKM K 9KBATOPY — BETMYMNA HEMOCTORHHAS:
ero 3HAYEHME KBASHIEPHOMHYECKH MEAICHHO M3MEHSCTCA, B HACTORILICE BpEMS COCTABIAET okoio 23°26
M yMenbinacTCs Ha 46,8" 3a cro ner.



§ 1.10. Mismenenne sxsaropuaisbanx Koopanuar Coanga o 27

HAXOHSIMMECA HA ONHOM MAIOM KpYyre, IUIOCKOCTh KOTOPOrO TApANEN:hHA IJIOCKOCTH
3KJIMNTHKH, UMEIOT ONMHAKOBBIE 3KIUINTHYECKHC HINPOTHI.

DKINITHYECKasd UIMpOTA OrpenensieT TOJ0XEHNE CBETHIA HAa KpYre IIHWPOTHL
TIooXeHHe Xe caMoro Kpyra mMpoTH Ha HebecHoit cdepe onpenensercs Apyrodl ko-
ODAMHATON — sraunmuseckoli Goszomoil A. DxavnTuyeckoit ponrotoll A cseruna M
Hasbisaerca Ayra T m SKIMOTHXH OT TOYKM BeCeHHero pasHomeHcTns T Ho Kpyra
HIMPOTH, MPOXOMALLETO Yepe3 CBSTHAO. DKINNTHYECKHE JORTOTH OTCIMTHIBAIOTCH B CTO-
POHY BHIMMOTO roiuuHore Aprkenus CopHUa no SKIHITTHKE, T.€. ¢ 3anana K BOCTOKY
8 npegenax or 0 go 360°. CeeTuna, HAXOMIILMeCH HAa ONHOM Kpyre INHPOTHI, HMeEKOT
ORHHAKOBBIC 3KAMNTHYECKUE AORTOTHL

DKIUNTHYECKAS CHCTEMA KOODAHHAT NMPHMEHSCTCH NMPEUMYUIECTBEHHO B TCOPETH-
YecKoii ACTPOHOMMH [pY OnpecicHUN opGUT HeGeCHBIX TEN.

§ 1.10. Mamenenne aksaropuanbHbix koopauHar ConHua

HisMeHeHME 3KBATOPHATBHEIX KOOpaHHAT CoJHIla IIpH €ro ABMXEHHKHM T10 SKIHMITTHKE
npovcxopuT caeayiolMM obpasom. Korma ConHie HaXODUTCS B TOYKE BeCeHHEro
pasHonencteis T {cM. §1.9), ero fipAMoe BOCXOXIEHHEe W CKIOHeHHME PaBHLI HYIIO.
3areM ¢ KaXOHM IHEeM MpAMOE BOCXoXICHME M ckioneHHe CONHLA YBEIMIMBAKTCH,
# xorna CofiHIe OpuIeT B TOYKY JIETHETO CONHLICCTOSTHMSI, €ro NPAMOEe BOCXOXACHHE
craHer pasubiM 90°, win 67, a cKIOHEHMe JOCTUTHET MAKCHMANLHOTO 3HaYeHNs +23°26",
Tocne aroro cknoHenne ConHlia HAYMHAET YMEHLINATBECH, 2 MIPAMOE BOCXOXJIECHHE FO-
nipexneMy pacrer. Korma Connpe npvaer B TOMKY OCEHHETNO PaBHONEHCTBHMSA, €ro
npsAMoe BocxoxkaeHwe & = 180°, mwnu 12°, a cxiomenme & = 0°. Manee, mpsmMoe
BocxoxaeHue CoOiHUa, TPONO/KAsA YBETHMUMBATLCH, B TOUYKE 3UMHETO COMHLCCTOSHHA
CTaHOBMTCH panHEM 270°, wm 18", a cKIOHEHME NOCTHIZeT CBOEro MHHHMMANLHORO
sHavdenns —23°26'. Tocne storo ckionenre CoNHNa HAYMHAECT PacTH, M Korga Consle
MPHAET B TOYKY BECEHHETO PaBHOMECHCTBMA, €70 CKJIOHEHME CHOBA CTAHOBMUTCSH PABHBIM
HYNIO, 2 IPEMOE BOCXOXIAEHHE, AOCTHIHYB 3Ha4eHMs 360°, win 24" obpawaercs B HYJIb.

BT M3MeHeHHS SKBARTOPHANBHEIX KOoOpOHHAT CONHLA B TeyeHMe Ioia MpoOMCXo-
nar HepaBHoMmepHo. CxnioHenMe H3meHsieTc ObicTpee Bcero npi asuxenHum Connpa
BOAM3M TOYCK PABHONEGHCTBHMU W MelleHHee Bcerc — BOJM3H TOYEK CONHLECTOSHHMEL
Tlpsimoe BocxoXzeHMe, HaoGOpOT, MelneHHee MEHsETC BOIM3M TOUEK paBHONEHCTBHM
u GricTpee — BO/M3N ToYek conunecroguuil. TIpU 3TOM CKOPOCTS H3MEHEHMS NPAMOTO
BocxoxaeHus ConHiia BOAK3N TOYKH NETHETO COMHLIECTOSHHA MeHbllle, yeMm BOIM3N TOY-
KM 3UMHero coTHuecTosiHuA. Bunumoe mpixeHue ConHLa 110 SKINIITHKE €CTh CSICTBHE
JeUCTBHTENLHOTO ABIXKeHNs 3emin — obpaiueHus e¢ BoKpyr Conxua,

HNerxenne 3emmn Boxpyr CojHLI2 NPOHUCXOONT HEPABHOMEPHO M B TOM XXe Ha-
FAIpaBNeHHH, YTO M BpaiieHMe 3emau BOKpyr ee ocH. Ilpu 3TOoM och BpauleHus 3emum
HaKNOHEeHa K IUIOCKOCTH ©€ OpOUTRI nox yrtoM 90° — £ &5 66°34’. Tloatomy Ham Kaxercs,
yro ConHile ToXe HEPAaBHOMEPHO MepeMeLIaeTCs o HEGECHOMY CBOAY CPElM 3Be3N, TaKkKe
¢ 3anaja Ha BOCTOK, HO MO 3KIMIITHKE, TUIOCKOCTH KOTOPOf HAKIOHEHA K IJIOCKOCTH
neGecHOro (¥ 3eMHOTO) 3KBaTOpa NOA YoM £ = 23°26' = 90° — 66°34’.

Korzia Convlie HAXOmMTCH B TOUKE BECEHHEro pasHoleHcTBMA (6 = 0), To omo
Ha BceX reorpabmyecKux MMpOTaX 3eMHOM MOBEPXHOCTH BOCXOAUT B TOYKE BOCTOKa F
M 3aX0IMT B Toyke 3anana W (cM. § 1.7). TlonoBHHA ero CYTONHOTO MyTH HaXOXMTCA Hal
TOPH30OHTOM, TIONOBHHA — MNOA ropusoHToM. ClefoBatenbHO, HA BCEM 3eMHOM 1uape,
KPOME TIOIOCOB, B 3TOT NEHB MPOROJLKUTEIBHOCTD IHA PABHA NPOAONXKTENEHOCTH HOYH.
Dot BeHL HasbiBaeTcs Onem Gecennezo pasrodericmeun (okono 20 mapra) M CYMTaSTCH
HAYajloOM BECHE B CCBEPHOM Monymiapnd 3eMian (B 10XHOM NONYWADHH 3TOT MOMEHT
COOTBETCTBYET Hayaly OCEHM).



28 e Inasa 1. OcuoBibe CBEACHHR U3 CHEPHIECKOH HCTPOHOMHM

Tonynennas swicora Conuua B 1€HE BECEHHETO PABHOAEHCTBUS Ha RaHHO# ceBepHO
upote @, cornacHo ¢opmyne (1.7), cocrasisier

he =90° - p.

Korza ConHie HaxomMTess B TOYKE JIETHETO cofHuecroadus (§ = +23°26'), 1o
OHO BOCXOAMT HAa JaHHON IUMPOTE ¢ HA CEBEPO-BOCTOKE, A 3aXONUT HA CEBEPO-
sanage. Boapipas YacTb ero CyTOMHOIO Ny s HabnionaTeneil CeBepHOTO MONYLIADUS
HaxXoAMTCA Hal ropu3oHTOM. [IDOROEKMTENLHOCTE IHS B CEBEPHOM MONYILIApHH 3eMAn
MaKCUManbHasi, HOYM — MMHHMAJbHas, B I0XHOM — HaobopoT. DTOT feHb HA3bIBaeTCs
Onem nemuezo connyecmonnus (OKONo 21 UIOHA) M CYMTAETCS HAYANOM JIETAa B CEBEPHOM
nosymapuy 3eMaM (B I0XHOM 3TOT MOMEHT COOTBETCTBYET HAYANY 3UMBI).

B [EHb NETHETO CONHUECTOSHUA NMoNyfeHHas BbicoTa ColHuUa Ha NaHHO# ceBepHOU
IMPOTE @ ROCTUIGET MAKCHMAIBHOIO 3HAYCHUS

Bonax = 90° — o 4+ 23°26.

Korna Connue maxommrcs B Todke oceHHero pasHopeHcTBHs (5 = 0), 10 OHO CHoBa
Ha BCell 3emne BOCXOOMT B TOYKE BOCTOKA M 3aX0RMT B TOYKE 3amaxa;, M CHOBA
Ha BCEX LIMPOTAX, KPOME TTOOCOB, TIPOJOMIKUTENbHOCTE JIHA PABHA MPONODKATENBHOCTH
HOYH. DTOT [eHb HAIBIBacTCH OmeM ocennezo paenodencmsus (oxono 23 centa6ps)
M CYHTAETCH HAYaloM OCEHH B CeBepHoM noaywapuy 3emiu (Hagaiom BeCHH —
B I0XKHOM NOYIIAPHY).

Beicora CojiHLIa B NofiicHs Ha RAHHOH IMMPOTE @ B ICHH OCEHHETO PABHORCHCTBHA
CHoBa paBna 90° — .

Hakonen, korma CofHLe HaXOAMTCA B TOYKE 3UMHEr0 CONHueCTOsHMA (§ =
—~23°26'), To OHO BOCXOAWT Ha I0FO-BOCTOKE, 3 3aXO[MT Ha 10r0-3anane. bojblias yacTs
€10 CYTOYHOTO IIyTH HaxogMrcs Tox ropu3onrom. Ha naunolt cepepHoii reorpaduueckoit
LIMPOTE § MPOROKMTENKHOCTL JIHA MUHHMAILHA, HOUM — MAKCUMATIbHA (B I0XKHBIX
EIMPOTaX, HAO0GOPOT, NMPONOIKMTEIBHOCTh JIHS MAKCUMANEHA, HOYM — MUHMMATHHA).
DTOT neHb HA3HIBACTCH Onem Sumnezo coaHuecmosnusn (0kono 22 mexabps) M CIMTAETCR
HauanoM 3UMbI B CEBEPHOM TIOMyLIapiK 3emn (HaYaioM JIeTa — B I0KHOM NOMYILApHn).

Beicota ConHua B OEHBL 3HMHETO COHLIECTOSIHNA HA JAHHOM CEBEPHON UIMPOTE @
OOCTMTEET MUHUMAIEHOTO 3HAYCHUH

Buin = 90° — ¢ — 23°26'.

B ocraasHbie JHU roga Beicota ConHuAa B NONACHD AEKUT MEXAY 3HAYCHUAMM Ryay
H Rpip, IIpHYEM B TMONAPHBIX obnacTax spicota ColHLa MoXer ObWTh OTpHLIATEABHOMN,
T.€. OHO MOXeT OBITb HEBOCXONALIMM CBETHIOM, O YeM MNoapobHee Oyzer ckalaHo

B CIenylollleM naparpade.

§ 1.11. Cyrounoe gsuxenune ConHua Ha pasHbiX LWIMpOTaX

a) Jas waGmonarenss ma cepepHoM nomoce 3emau (p = +90°) HesaxonguwMM
CBETHIAMY ABAAIOTCA TE, V KOTophX § 2 0, a HEBOCXONRIMMH Te, y Kotophix § < 0
(cMm. §1.7, puc. 1.9).

HNonoxutensHoe cknonwenme y Comuna Goisaer ¢ 20 mapra no 23 centsbpa,
a orpuuarenbHoe — ¢ 23 ceHmsips no 20 mapra. CilemoBaTenbHO, HAa CEBEPHOM
nomoce 3emin ConHue npubausutensHo noaroga GuiBaeT HEIAXOHSIIMM, 3 MO/MoJa —
HeBoCXomsIMM cBeTHioM. Oxono 20 mapra CosiHLe 37ech MMOARIAETCH Hal NCPH30HTOM
(ocxomuT) W BCNEACTBHME CyTOqMHOrO BpallieHMs HeGecHol chepbl ONMCHBAET KPHMBLIC,
G/mM3KKe K OKPYXHOCTH M MOYTH M2PALNEAbHBIE TOPM3OHTY, NOTHUMAACH €' KAXKILIM
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JIHEM Bce Builiie M Bhiile. B nens setHero conHuecrosrMs (okono 21 HlOHﬂ) Connue
JIOCTHTAET MAaKCUMANBLHOM BEICOTHI Rpyg = +23°26'. HMocne storo ConHue HauMHaer
npubanXaThcs K TOPM3OHTY, BBICOTA €ro MOCTENEHHO YMEHBINZETCH W FOCHE HHA
OCEHHETO DABHONECHCTBHR (nocie 23 ceHTAOPA) OHO CKPLIBAETCH MOR TOPU3OHTOM
(3axopmT). [llens, muBHMitCs NOJNTONA, KOHYAETCH M HAYMHAECTCHA HOYb, KOTOpas
JTATCA Takxke nonrofa. ComnHiie, MPORO/IKAs ONUCHBATL KPUBLIE, TIOYTH NApaNebHEIC
TOPM30HTY, HO MOA HHMM, ONYCKAETCA Bee HiXe U Hipke. B JieHb 3MMHETO CONHUECTORHNA
(oxono 22 nekabps) oHO ONYCTMTCH TOA TOPUSCHTOM HA BHICOTY A, = —23°26/,
a 3areM CHOBa HayHeT npMOAMXaTLCA K IOPH3OHTY, BRICOTA ero OyAeT yBenmuuBaThes,
M nepel AHEeM BeceHHero paBHOLeHCTBHsi CONHLE CHOBa TOSIBMTCH Hal TOPHM30HTOM.
Jna nabmonarens Ha oxHoM nomoce 3emmn (¢ = —90°) cyrouroe asuxenne ComHua
TPOMCXOANT nofobHuM xe obpasom. Tonsko 3gecs Connue BocxoauT 23 cenrsbps,
a 3axoauT nocae 20 Mapra, M MOITOMY, KOTAa HA CEBEPHOM MNOMOCe 3eMIn HOYDL,
Ha IKHOM — JIeHb, ¥ Ha0BOopoT.

6) Ilis mabmonareis Ha CEBEPHOM MoOJNSpHOM kpyre (¢ = 66°34') Hesaxomammmy
ABIAIOTCH cBeTHAa ¢ § 2 +23°26, a HeBocxoAAWMMH — ¢ § < —23°26'. CrenoBarenbHo,
Ha ceBepHOM mnoispHoM kpyre COjHIIE HE 3aXOAMT B JEHb JIETHEr0 CONHHECTOAHMA
(B nosHOYb peHTp CONHIIA TONEKO KACAETCs TOPH3OHTa B TOUKE ceBepa N') 4 He BOCXOBHT
B JCHb 3UMHETO CONHLCCTOAHMNA (B NONICHD LIEHTP COJHEYHOTO AMUCKA TOJBKO KOCHETCS
FOPU30HTA B TOUKe fora S, a 3aTeM CHoOBa OMYCTHTCS MOA TOPHM3OHT). B octanenbie nHM
rora Conmue Ha 3ToH IIMPOTE BOCXOANT M 3aXoAMT. IlpH TOM MaKCHManLHON BBICOTH
B MOJNACHb OHO HOCTHTACT B ACHB JIETHETO CONHLECTOTHUA (Rma = +46°52'), a B neHb
SHMHETO COMHHECTOSIHUS €ro TONyAeHHas BBICOTa MUHUMANBHA (R, = 0°). Ha oxHom
nonspHoM kpyre (¢ = —66°34') ComHue He 3aX0muT B ReHb 3UMHETO CONHLIECTOSHUS
M He BOCXOOMT B IEHb ACTHEro COMHUECTOAHMS.

CeBepHblil H 10XKHEIH ITOASPHBIC KPYTH SRIMIOTCA TCOPETHYECKUMH TPAHMLIAMM TEX
reorpatbuyecKyX LIHPOT, e BO3MOXHE NONAPHBIE KHY U HOYH (ZHH M HOYM, WIAIMECH
Gonsiue 24 wacos).

B Mecrax, jexallinx 32 NojJspHbuIMM Kpyramu, Conxue GniBacT He3axo[sidM HAH
HEBOCKOIATLIMM CBETHJIOM TeM ROJEIIE, YeM GiXe MecTO K reorpadHHecKuM moalocaM.
Mo mepe npubiuxeHus K MONIOCAM NPOIOIDKHTEIPHOCTH NOJAAPHBIX JHS ¥ HOYM
YBETHIMBAIOTCS.

8) Jlna uabmonatens Ha cenepHoM Tponuke (@ = +23°26') Conmue Bcerna spnsercs
BOCXOALINM M 3aXOAALUMM CBETWIOM. B [eHpb NETHETO CONHLECTOAHKS OHO B IOMIEHL
JOCTHTAET MAKCUMANBLHOM BHCOTH Amg, = +90°, T. 6. IpOXonuT Yepes 3euuT. B ocTanbHbie
nan ropa Conxue B NoageHs KYAIbMHHHMPYET K IOTY OT 3eHHTa. B JieHp 3MMHEro
CONHLICCTOAHHUS €T0 MAHMMATbHAS TIONYNEHHAS BLICOTA Aoy = -+43°08'.

Ha toxuoM Tponuke (p = —23°26') Commile TaKKe BCETIa BOCXOUMT ¥ 3aXOIMT.
Ho Ha MakcuMansHOH noONyReHHOH BricoTe Hal ropusoHToM (+90°) omo GmIBaeT
B JACHb 3UMHErO CONHLECTOSHMA, a8 HA MUMMManbHo# (4-43°08') — B Zemb nertHero
conunectosuua. B ocranpmeie neM roga ColiHpE B MOAIEHL KyJILMHHHMpYET 3IECh
K CEBEPY OT 3eHUTA.

B MecTax, nexaiiix MexXay TPONHKaMH B NoMspHbiMi Kpyramu, ConHue BocxoouT
M 3axoAMT Kaximil nenb roaa. Ilonroma 30eCh NPOROLKWTENBLHOCTH AHM Gonbile
MPONO/DKMTENEHOCTH HOYM, a MOATOfa — HOYb MpojojxutensHee aus. INoaymeHnas
Bricota ConHua 3gech Beerna Medbuie 90° (Kpome Tponukos) M Gombuie 0° (kpome
NOASAPHBIX KPYFOB).

B Mecrtax, aexammx Mexay Tponukami, Conxue GbipaeT B 3eHuTe ABa pasza B TONY,
B T¢ IHH, KOTH2 €T0 CKJIIOHEHKRE PaBHO reorpaduecKoil IIMPOTe MecTa.
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r) Jas wabmoparenss Ha skearope 3emmn (p = 0) Bce cBermna, B TOM YMCHE
u ConHie, ARIAIOTCH BOCXONAMNMY M 3axoaAmMu. TIpH 3Tom 12 yacoB OHM HAXOUSTCH
Hal TOpM3OHTOM, a 12 uwacos — noa ropusoHtoM. CaelnopaTensHo, Ha 3KBarope
MpOACIKUTENBHOCTL OHA BCErfa paBHa NpofomXureabHocTy Houn. JlBa pasa B roay
ConHue B NOAZEHDL NPOXOIHUT B 3enuTe (21 Mapra u 23 cenrsiGps).

C 21 Mapra no 23 centaCpsa ConHiue Ha 3KBATOpPE KYJABMMHHPYET B HONAEHL
K CEBEPY OT 3€HHTa, a ¢ 23 ceHtabpsa no 21 Mapra — K 10Ty or 3eHWTa. MHUHMMaNbHAA
nionyaeHHas BbicoTa ConHua 3nech Gyaer pasHa Ay = —90° — 23°26' = 66°34 (22 mions
M 22 pexaGps).

Ha ocHOBaHHMH MPEABIIYIIEre MOXHO CHOPMYNHpOBaTh CICAYIOIIHE aCTPOHOMUYC-
CKHME NPU3HAKH TETOBLIX MOSCOB:

1. B xononnex noscax (o ¢ = +66°34' mo ¢ = 190°) Conmue MoXeT GHTb
He3aXOHAWMM ¥ HeBOCXoiuM ceeTiioM. TTomapHeiit AcHp M NONSPHAS HOYL MOLYT
JNMTLECHA OT 24 4acop AC TONYyTroia.

2. B ymepennnix nosicax (ot ¢ = £23°26' o p = +66°34’) Connue xaxapii nens
BOCXOZIWT ¥ 3aXOOMT, HO HEKorna He OmBaeT B 3eHHTe. [osApHEIX nHe# w HoueH 3aech
Hukoraa He OwiBaer. IlpomomXuTenbHOCTD AHA M HOYMHM Kopodue 24 yacos. JletoM nenn
LAvHHEE HOUM, 3 3uMoit — HaoboporT.

3. B xapxoM nosce (or ¢ = +23°26' fo ¢ = —23°26") Conuue — TaKXe Boeraa
BOCXOAfILice W 3aXOAMICE CBETIIO Y ABa pa3a B rojy (Ha TPONUKAX ofMH Pa3) B NOJICHL
GuiBaeT B 3eHMTE (B Pa3HBIX MECTAX — B DPa3HBC NHH TOA, 4 HA BKBATOPE — B AEHD
BECEHHETO U B JeHb OCEHHEIO paBHOIEHCTEMIE). CM. Takcke §1.24.

§1.12. NMpuHymni -usuepeum BpeMEHU

Mexanuka HeloToHa 0CHOBaHa Ha NPERTIONOKEHHH O CYUIECTBOBaHMKM abCoIOTHOM!,
He 3aBUCHINE OT NPOCTPAHCTBEHHEIX KOOPAMHAT, DIKaihl BpeMeHN. TedcHue BpemeHH
B 3TO# WIKaNe NpeRnojaraeTcs pasHoMepHEIM. H3ayueHne Takoro abcTpakTHOIO NOHATHA
BpemeHd — npemMer $unocodnd. B acTpOHOMHM, Kak M B 3KCMEPUMEHTATbHOM
Gu3nke, BO3SHHUKAET BAXHAA 3aa4a UIMEPEHUA Epemenu, T. €. MPaKTHYECKON peanu3aluu
wKansl BpeMeHM. JLis 3Toro HeoOxomMMo TeHeHHE BeeX HabMonacMpiX ABICHNI CBA3aTh
¢ KakKuM-nub0 nepHofMYecKUM TNpoLIeCCOM, KOTOPHH MOXHO CYMTATh PABHOMEPHBLIM.
OnHAKO NOCKONBKY CTPOrC MNEpHOAMYECKMX ABICHMN B MPUpOmE HeT, NPUXOAMTCH
HMCNONB30BaTh KBasMMNEpHOOUYECKHE MpoLecchl, MEPHOIHYHOCTE KOTOPHIX BLITIONHSAETCSH
¢ onpemeneHHoit TowHocTRIO. Ilo 3Toil npHuMHe Bce peanN3oBaHHBE N0 CHX TOP
IWKATH BpEMEHN HE ABIAIOTCS MIACANTBHLIMM M COACPXAT HEKOTOPYIO OLUNOKY, BHISABUTE
KOTOpYIO HEBO3MOXHO RO TeX IOP, MoKa He 6yneT HaitneH 60iee paBROMEPHHI NMpotecc,
O CPaBHEHMIO C KOTOPBIM METKH BpeMeHH NPEXHETO APOREcCa MOXHO U3MepuTh ¢ Gonee
BBICOKOH TOYHOCTBIO.

TouHOCTh WIKaNB BPEMEHH ONpEIeAsiercs NOCTOSHCTBOM MEPHOA OCHOBHOIO Mpo-
necca, MCNoAb3OBaHHOrO A ce peanusaumu. C APEBHOCTH YCTAHOBW/ICH CYET BPEMeMH
COIHEYHBIMU CYTKaMH, T.e€. obopoTamMm 3eM/M BOKPYI CBOEH OCH C Y4eTOM €€ [BHM-
xeunsi orHocuTensHo Connna. OmHaKo HePaBHOMEPHOCTh OPOHTaILHOTO NBHXKEHHUS
3emnn Bokpyr CoaHLa MPUBOINT K TOMY, YTO IPONCIKHTEALHOCTh CONHEYHBIX CYTOK
NJABHO MEHAETCH B TCUEHHe roZia B Mpeienax NpumepHo 125 c¢. JrToro mocrarodyHo
BAs TOTO, 4TOOLI B TEYCHHME TOfIa HCPABHOMCPHOCTh LUKANbl BPEMEHM, onpencidemas
BWIMMEIM aenxeHueM CONHIA, He NpeBHILANA MOJYYaca, YTO YXKE CYLIECTBEHHO JaXe
ANl NOBCETHEBHOM XM3HN.

3HaunTenbHO GoNee MOCTOSIHHBIM OKa3LBaeTCs MepHon BpatleHHs 3emiH OTHOCH-
TeNbHO RaneKux 38e3f. C ero MOMOLIBIO YCTAHABIHBACTCS LIKAJIa BPpeMEHH ¢ TOYHOCTBIO
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20 107 ¢ B TeueHHe HECKOJIBKMX MecsLEB. Dra TOMHOCTH ONpeaenseTcst Henpen-
CKa3zyeMbIMH BapHAaLUMAMH CKODOCTH BpAllleHHsl 3€MJIH 1IOCJE YYeTa psiia M3BECTHHIX
HepasHOMepHOCTeil. OfHAKO TONBKO © M30DpeTeHHEM ATOMHBIX CTAHIAPTOB YAacTOTHI
TOYHOCTH WIKANK BPEMEHH YAANoCh HOBECTA IO 1 MKC 32 ToX.

B COOTBETCTEHH C SKCIEPHMEHTANBHBIMM BO3MOXHOCTSIMH HM3MEHSIOCH Opene-
JIEHHE OCHOBHOH eAVHHMHEI BpeMeHM — cexyrOw. o obHapyXeHHs HepaBHOMEDHOCTH
BpamieHus1 3eMiH CeKyHaa onpenenack kak 1/86 400 nona nepnona spamenns 3emmu.
B 1956 1. 61110 BBeAEHO OnNpenenenme spemepudnoii cexynon xak 1/31556925,9747 nonn
nepuopa obpameHns ColHya OTHOCUTENBHO TOYKM BeCHH Ha 31oxy 1900,0. B racrosmiee
BpeMs TIPUHATA amomHan cexynda, pastas 9192 631770 nepuonam KoneGaumnit anekTpo-
MATHHTHO} BONHBI, H3Tydaemoll atoMoM *>Cs, HAXOAIMMCA B OCHOBHOM COCTOAHMH.
K UCTIONB30BaHMIO 3THX MOHATHA MBI BEPHEMCS B ITL 4.

TTpoRO/KMTENBHOCTD TPAIMUMOHHO HCIONB3YEMOTO MHTEPBANIA BPEMEHM, HAIbIBAE-
MOTO CymKami, 3aBIUCHT OT H36paHHOM TOYKH Ha HeGe. B acTpoHOMMH 33 TaKue TOYKH
TIPMHUMAIOTCSH: ) TOYKA BECEHHEN) PABHOMEHCTEHS; §) LeHTp BuumMoro aucka ConHua
(ucmunnoe Coanye); B) <cpednee Conryjer — OGUKTMBHAH TOYKE, MONOXEHHME KOTOPOH
HAa HeGe MoxeT GHITE BHUNCIEHO TEOPETHHNECKH uid oBorc MOMEHTa BPEMEHH.

OnpenensieMpie ITHMH TOYKaMH TPH PA3NNYHBIX HHTEPBANA BPEMEHM HAJLIBAIOTCH
COOTBETCTBCHHO 3630HWMI, UCMUHNLIMUE COMHEUHUMU Vi CPEOMUMU COAHEYHLIMI CYMKaMU,
a BpeMfi, UMH H3MEpSEMOe, — 36e30HbIM, HCTHUHHDIM COAHEYHbIM U CDEOHUM COAHEHHBIM
8pemeneM,

3aeck HEOBXOMMMO OTMETUTS, YTO DTH PaTMUHBEIE HA3BaHUS BPEMEH, TAK XE KaK
M BCE APYTHE, ¢ KOTOPEIMM MHE TIO3HAKOMHMMCSA B AIBHEHIIEM, OTHOCATCA K ORHOMY
M TOMY X€ PeanbHOMY M OGBLEKTHBHO CYLIECTBYIOLIeMY BpeMeHu. WHBIMM croBamu,
HUMKAKYX Pa¥diMYHBIX BpEMEH HE CYILECTBYET, €CTh JMIb DA3NHYHBE CIOOCODB! erc
M3IMEPEHHS M PAIMYHBIE CHCTEMBL €TI0 CYETA.

CyTtkn M MX HOMH (YacH, MMHYTel M CEKYHIAB) HCIMONB3YIOTCS NPU H3MEDEHHM
KOPOTKMX IIPOMEXYTKOB BpeMeHH. Jlia waMepeHMd GOJBUIMX TpOMEXYIKOB BPEMEHM
CHYXHT Opyras eXMHMLA Mephl, OCHOBaHHAA Ha HBHXcHMM 3emun pokpyr Connna
M ONpeAesAIoiuas CMeHY BpeMeH roia Ha 3emne. OHAa Ha3BIBAETCH MponuMecKuii 200
¥ pABHA MPOMEXYTKY BPEMEHM MEXIY ABYMS OJMHAKOBEIMH nepecedeHHaMH CoHueM
HeGeCHOrO 5KBATOpa MPH €ro ASWXEHMM TIO SKIMITTHKE. JTOT NMPOMEXYTOK 3aBUCHT
OT nepvosia ABMXeHMs 3emmm no opbute B €lde or ckopoctH npeneccru (cM. §4.4).
IlpeneccHs MpUBOOMT K TOMy, YTO B3aMMHOE MONOXEHWE BKBATOPA M SKIMINTHKK
He OCTaeTCA MOCTOSHHBIM. 3a rofi mOIOKeHWE IKBATOpa N3MEHSETCs TakuM obpa3oM, ¥To
ConHile «BCTpeyaeT» SKBATOP PaHblie, YeM 3aBEpIIAeTCs OAMH OGOPOT NpM JBHXEHUN
3emun o opOute. Jra pasHuna cocrapisier 20 MuH 24 c.

HTaK, TPOMMYECKMM [OLOM HASLIBACTCS NPOMEXYTOK BPOMEHN MEXZY ABYMS
110CACAOBATENLHIMIA NDOXOXAEHMIMH LEHTPa MCTHHHOre COMHUA 4epes TOoYKY
BECEHHEro pasHOZEHCTBIS.

W3 muoronetHux HabmoaeHM YCTEHOBNEHO, YTO TPOIMMECKHH TIOX CONEPXMT
365,2422 cpeaHMX CONMHEYHBIX CYTOK. M3-32 MEINIEHHOYO IBIXEHHS TOYKH BECEHHErO
paBHOJEHCTBHA HaBcTpedy CONHITY, BMIBAHHOIO mpeneccHedi (cm. §4.4, 4.5), otHock-
TenbHO 3pe3l CoMHLE OKA3LIBAETCH B TOM Xe Touke Heba wepe3 NpPOMEXYTOK BpeMeHH
Ha 20 MuH 24 ¢ Gonbuiuit, yeM TpomuuecKuil rom. OH Ha3LBacTCA 36e30HbM 2000M
M conepxuT 365,2564 cpeAHMX COJHEYHBIX CYTOK.
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§1.13. 3se3gHoe Bpems
Yacoso# yroi TOYKH BECEHHETo PABHOACHCTBUS HA3bIBACTCH 36€30MBIM GDEMEHEM S.

FlpoMexyToK BpeMeHy MeXZy AByMS NOC/HEROBATENbREIMN ORHOMMERHbIMI KYflb-
MUHBLIAMY TOHKM BECEHHEIO DaBHOAEHCTBIS HE ORHOM ¥ TOM X€ reorpapu+eckoM
MEPUAMEHE HA3LIBAETCS 36E30HbIMU CYIMKAMU.

3a Hayaio 3BE3AHBIX CYTOK Ha HAHHOM MEpHIHAHE NMPMHHMAETCH MOMEHT BepxHeH
KYNEMMHALHH TOUYKH BECEHHEIO paBHONEHCTBHA.

Takum 0Gpasom, 3Be3nHOe BpeMst pasHo 0 B MOMEHT
BEpXHel KyJIbMMHAaLMM TOYKH BECCHHErO pPaBHOLEHCTBUSA,
a B moboii Apyroif MOMEHT DaBHO HacOBOMY YITIY TOYKM
BECEHHET0 paBHOASHCTBMS B 3T0T MOomeHT. CnenoBatens-
HO, 3B€3[HOC BPEMA S HAa JAHHOM MepuauaHe B moGoi
MOMEHT MHC/ACHHO PaBHO 4aCOBOMY YINY TOYKH BECEHHETO
PaBHOAEHCTBMS Ly, BBIDAXEHHOMY B YaCOBOH MeEpe, T.€.

s=tp. (1.14)

Touka BeceHHETO paBHOACHCTBHS Ha HeGe HIYEM HE OT-
meyeHa. HenocpencTBeHHO M3MEPHTD ee 4acopoil yron Wi
Pue. 1.11. Cpasb 3Be3IHOTO  3aMeTHTH MOMEHT MPOXOXACHUSA €€ YePe3 MEPHIMAH HEJb3s.
BpeMEHH ¢ a W ¢ cpeTHIA Tlo3TOMY NMpakTHYECKHU VIS YCTAHORIEHHS HAYAA 3BE3NHBIX

CYTOK WM 3BE3NHOTO BPEMEHH B KaKOM-JIMGO MOMEHT Hallo
M3MepHTb YacoBoll yron ¢ Kakoro-mubo cBetwia M, npAMoe BOCXOXIEHHE KOTOPOroO
a ussectro (puc. 1.11). Torma, nockonexy £ = @m, a = T m, a 4acoBOH yroil TOYKH
BECCHHET0 PABHOINEHCTBYSA {» = @ T u, 110 OMpeNeNernio, papeH 3BE3IHOMY BPEMEHH 5,

s=t+a, 1€ (1.15)

3BE38HOE BPEMA B MOOOH MOMEHT DABHO MPAMOMY BOCXOXIAEHMO KBKOro-mibo
CBETUNE AMIOC €I0 4acosoi Yron.

B mMoMeHT BepxHeH KynbMHHAlKU CBETHIa €I0 YacoBoil yroa § = 0, u Torma

s=a. (1.16)

B MOMCHT HWXHe#l KyAbMMHALUMHK CBETHJIA €ro 4acoBoit yron £ = 12", u 3BeaaHoe

BpeMs
s=a+12" (1.17)

3Be3nnoe BpeMs HeoGXOIMMO IJis PEIIEHHs MHOTHX 3a/iay, CBA3aHHBIX ¢ BpALIEHUEM
3emau. Ho B noBceAHEBHOM XH3HH NONB30BATLCA 3BE3IHBM BPEMEHEM KpajiHe HeyaoGHO.
ToBceaHeBHEBI PACTIOPANOK JKH3IHH YEJIOBEKA CBA3AH € BUAMMEIM nooxenueM CoiHua
HAaJ, rOPU30HTOM, C €F0 BOCXOHAOM, KYJIBMMHANMEH H 3aX0IO0M, a HE C MONOXEHHEM TOYKU
BECCHHETO PABHOACHCTBHA. A TaK KaK B3auMHoOe pacnonoxexnte ColHLAa M TOIKH BECEHHE-
TC PAaBHONEHCTBHS B TEYEHHE rOla HENPEPLIBHO MEHSETCH, TO, HANPUMED, BEPXHSA KY/b-
Munanust Connua (#oadenb) B pa3Hbie AHH TOMI2 IPOUCXONUT B PA3HBIE MOMEHTH! 3BEATHBIX
cyToK. JlelicTBUTENBHO, TOMLKO pa3 B rojy, koraa ConHLe MpOXOAUT Yepe3 TOYKY BECCH-
HEFO PABHOIEHCTEMS, T. €. KONA €ro ApsSMOe BOCXOXJIeHUE o = 0", 0O 6ylieT KyNsMHHH-
POBaTh BMECTE C TOYKOH BECEHHEr0 PABHOAEHCTBUA B fIOAEHS, B 0" 3BE3IHOTO BpeMeHH.
Yepes onHM 3Be3THBEIE CYTKH TOMKA BECEHHEro PaBHOACHCTBMS CHOBA GyleT HAXOAMTHCSH
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B BepxHe#l KyrtsMHHAIMY, a CONHLE NpUIET Ha MepUANAH NPUGIMAUTEILHO AMILD Yepes
4 MuH, TAK K8K 32 OIHH 3Be3/iHble CYTKH OHO CMECTHTCA K BOCTOKY OTHOCHTEABHO TOYKH
BECEHHETO PABHOIEHCTBHA Ha 1°, 1 ero npsAMoe BocxoxaeHne Gyner yxe pasHo o & 074™,
E1ue yepes OOHH 3Be3AHBIE CyTKH npaiMoe Bocxoxaenne CojiHia CHOBa yBenwynTes Ha 4™,
7.€. MONIeHb HACTYRHT yXe npuGIM3uTeNbHO B 0'8™ 1o 3BE3HOMY BpEMEHM, M T. 1.
Taxkum oBpaszom, 3se3zHOe BpeMsl KynbMHHauuU ConHlLia HeNpepsIBHO PACTET, M MIOJIEHL
HACTYMAeT B Pa3iMyHbIe MOMEHTHI 3B¢3THEX CyToK. HeynoGcTBo coBepiiieHno oyeBHAHOE.

§ 1.14. Conneunoe Bpems

flpomexyrox spemern MEXZY [BYMS! NOCNEA0BATEALHBIMU OJHONMEHHLIMI KyIlb-
muHaLuamy ConHya (ToHHee, LEHTPa CONIMEYHOro [MCKa) Ha OBHOM ¢ TOM Xe
reorpauiecKoM MEPUANEHE HA3bIBACTCS UCIIHHBIMI COAHEYHLIMU CYMKAMU.

3a Hauano0 MCTHHHBIX COMHEYHBIX CYTOK Ha HAHHOM MEpWAHAHE MpUHMMAeTCs
MOMEHT HUXHeii KymemuHanuu Conua (ucmunnas nonnov).

Bpems, npotexiwee OT HuXHe#H KynbMuHaruu ConHua 80 moboro Apyroro ero

NOAOXEHUS, BLIPAXEHHOR B JONSX WCTUHHBIX COMHEYHBIX CYTOK (B MCTUHHLIX

COfHEYHBIX YaCAX, MUHYTaX ¥ CEKYHHAX), HB3bLIBAETCH UCIMUHHLIM COAHCHHLIM

epemenem T,

HctrniHoe conHedHoe BpeMst T, Ha JaHHOM MEpUIHaHe B 060 MOMEHT YHMCIEHHO
panHO yacoBoMy yray Comiua £, BHPAOXEHHOMY B yacosoii Mepe, noc 12, 1.e.

Ty =to+ 12", (1.18)

Yaconoit yroa ConHua, Korma OHO HAXOOWTCA HAZ NOPM30OHTOM M HE 3aKpPHITO
06nakaMy, BCETIA MOXHO M3MEPUTH HEMIOCPEACTBEHHO. B MOMEHT BEpXHE#H KyNhMHUHAITHK
Comuna (B ucmunmbiii nosdens) to = 0" U, ClEnOBaTeNEHO, MCTUHHOE COHEYHOE BPEMS
B NOJIeHb BCerna pasHo 12 yacam.

HM3MepeHKe BPEMEHH MCTHHHBIMM COTHEYHBIMM CYTKAMM fIPOCTO, HO MOJIb30BATHCH
MCTHHHBIM COMIHEYHBIM BpEMEHEM B MTOBCENHEBHOM XHM3HM TaK Xe HeyaobHo, Kak 1 3Be3/-
HEM. HevnobcTBo BO3HHKaeT MOTOMY, YTO MPONOMKHTEABHOCTE HCTHUHHBLIX COMHEYHBIX
CYTOK — BeNMYMHA HEfloCTOAHHas. BenuunHa 3anasnpiBaHMa BepxHeit (M HWOKHEH) KY/b-
muHaiu CONHIIZ OTHOCHTENLHO 3Be3fHOro BpemexM (cM. § 1.13) B pasmsle aHM rona
pazmuyHa. ClenoBarebHO, pajiHyHa M IPONOLXKHTENBHOCTS UCTHHHBIX COTHEYHEIX CY-
TOK. OHa Obiia 6B MOCTOAHHOM, eCK OB CYTOYHOE NMPUpALLIEHUE MPAMOT0 BOCXOMICHUSA
Connta 6bino mocrosuunM. Ho 3toro wer (em. § 1.10) o asym npuumaam:

1. ConHue nBrxercs He 1o HeGeCHOMY 3KBaTopy, a IO SKIMATHKE, HAKJIOHEHHOM
K HeGECHOMY 3KBATOpPY Ha 3HaYMTEIBHBI yroa £ = 23°26'.

2. Nsrxenue CoaHLa 110 IKIMNTUKE HEPaBHOMEPHO,

Beaeacteue nepBoil MpHYNHEB! po-
IOJDKHTC/IBHOCTD MCTHHHBIX COJTHEYHBIX P pr
CyTOK OEi1a ©bl HEONMHAKOBOM Jaxe
M B TOM ciay4ae, eciH 6n Conmpe ne-

pPeMEANIOCH N0 SKIHIITHKE paBHOMepHO, ‘91
T.€. ecnu 6bl CYTOYHOE NpHpAILEHNE ero g T g q ——t
nomrotH AA 6bU10 6M BCETAa ONVHA- : ¢ i

KOBLIM. JleHCTBHTEIbHO, BOAM3N paBHO-
JIEeHCTBEHHBIX TOYeK paBHhe ayru AB =—  Pue. 1.12. K uepaBHOMEPHOCTH WCTHHHLIX COJI-
BC = A), npuHamiexalliie SKAWNTH- HEYHBIX CYTOK

ke g€’ (puc. 1.12 a), cripoekTHpoRaHHHEE
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Ha nebecublit sxBarop QQ', nator npupaimenns Aa npsivoro socxoxaeHus Connua (ab
H bec), MeHbiIMe COOTBETCTBYIONIMX OTPE3KOB IKIHITHKY, T.€. Aa < AA. B6ausn Toyek
COMHLIECTORHHIT, HAO6OPOT, NpHpatueHHe Aa Tipamoro socxoxaerus Conuua (mk u ki
Ha puc. 1.12 6) Gonsiue otpeskon sxnuntek MK = KL = A) BeiieacTsre PACXOXAEHHS
YacOBBIX KPYIOB 110 Mepe MX yiaienus oT nomiocos. Takum o6pasomM, aneck Aa > AA.

B pesyasrare ACiCTBHA OGEMX MpMYMH WCTHHHBIE COJHEYHbie CYTKH, HANpPUMEP
22 nexabps, anvHaee Ha 50-51 ¢, yem 23 centabpa. HenoctosncTeo NpOROIXUTENDb-
HOCTH MCTHHHBIX COMHEYHBIX CYTOK He YIO3BONAET TPUMMEHSTh HX J1f CYETa BpEMEHH
Ha NPaKTHKE.

Yrobel MONYYHTH CYTKHM NOCTOSHHOM MpONOMKMTENBHOCTH M B TO XK€ BpeMs
cBA3aHHEe ¢ arXeHueM ConHila, B acCTPOHOMMH BBEICHH! MOHATHA OBYX (QMKTUBHBIX
TOYEK — CpeNHETO SKIMIITHYCCKOrO M CpefHero 3KBaTtopualbHoro cosHuia. CpernHee
IKNMMIITHYECKOE CONHLE PaBHOMEPHO ABHAKETCA 10 3KJIMIITHKE CO cpe,uﬂeﬁ CKOpPOCTBIO
CosHila ¥ COBIANAET C HUM OKOJIO 3 sAHBaps U 4 Mons.

Cpentiee 5KBaTOPHANBHOE CONHIE PaBHOMEPHO JBHXETCH 10 HeGecHOMY 3KBaTOpY
C MOCTOSIHHOH CKOPOCTHIO CPENHEFO IKIMIITHYECKOTO CONHUA W OAHOBPEMEHHO C HUM
TNIPOXOBMT TOYKY BeceHHETo PaBHOACHCTBHS.

CnenoBateibHO, B KaXIbl MOMEHT BpeMEHH MPAMOE BOCXOXIEHHE CPENHET0 5KBa-
TOPHANBLHOIO COMHLA PABHO AOAYOTE CPENHEro SKIMITHYECKOro conHua. Mx Xe npsambe
BOCKOXJAEHHA ONMHAKOBHE TOABKO YETHIPE pa3d B rofy, a MMEHHO, B MOMEHTHI HpOXoXie-
HMSA MMH TOUEK PABHOAEHCTBMN M B MOMEHTH MPOXOXISHHS CPEAHMM 3KIMIITUYECKUM
CoJIHLEM TOYeK COJNHUECTOsHu, BBeennem CPEAHETO 3KBATOPHANEHOTO COMHLA, ¥ KO-
TOPOro CYTOYHBLIC MPHpAILEHWA A TPAMOTO BOCXOXIEHMWS OJWHAKOBH, YCTPaHHETCH
HENOCTOSHCTBO [IPOAO/KHMTENLHOCTH CONHEYHBIX CYTOK ¥ HepaBHOMePHOCTh UCTHHHOTO
COJTHEYHOTO BpEMEHM.

FIPOMEXYTOK BpEMEHN MEXZY ABYMS NOCNSHAOBATE/IbHBIMYN OQHOMMEHHLIMY KYIib-
MUHaLMAMY CPEOHEro 3KBaTOPMAanbHOrO CONHLE HA OAHOM M ToM Xe reorpa-
DHNECKOM MEPUANEHE HA3bIBAETCH CPEOHUMU COAREMHULIMY CYymKamu Wi NPOCTo
CPeOHUMU CYymKamU.

W3 onpeneneHus cpeaHero 3IKBATOPHANBHOIO COMHUA CAeAyeT, YTO TPOAOIKH-~
TEABHOCTE CPENHMX COMHEYHBIX CYTOK paBHa CPCAHCMY 3HAYCHMIO NPOSOIKHUTCALHOCTH
HUCTHHHEIX CONTHEYHBIX CYTOK 32 FOL.

3a Hayano CpefIHNX COMHEYHBIX CYTOK HA BAHHOM MepuIMaHe IPUHMMAETCS MOMEHT
HUXHElH KyNbMMHALMKM CPENHEro sKBaTOpHANbHOro conmna (cpednss nomoys). Bpems,
nporekitiee OT HAXHEeH KYIBMMHALUMHM CPEHHETO KBATOPMANBHOIC COMHIA A0 Jo6oro
IPYTOIO er0 MOJOXKEHMS, BHPAXEHHOE B JONAN CPEAHMX COMHEYHBIX CyToK (B CpenHEX
YACAX, MUHYTax M CEKYHIAX), HA3LIBACTCH CPEOHUM COSHCHHBM GpeMenem WIW npocmo
cpednum epemenem Ty,

Cpenuee spems T, Ha JaHHOM MEpUAMAHE B NGO MOMEHT YHCJIEHHO paBHO
qacoaomx yray {,;, CpelHero 3KBATOPHANILHOYO CONHLA, BHIPAXEHHOMY B 4aCOBO Mepe,
mmoc 127, 1. e.

Ty =t + 127 (1.19)

Cpennee 9KBaropHanbHOE cONHLIE Ha He(6€ HHYEM He OTMEYSHO, NIO3TOMY H3MEPHTH
€ro YacOBOM YTOJ HeJb3sl, U CpEIHee COMHEYHOE BpEeMs TOAYYalOT AyTeM BbIUMCICHMMH
110 OfMpenelleHHOMY W3 HAOMONEeHHH UCTUHHOMY COJNHEUHOMY HIN 3BE€3HOMY BPCMEHH.

Ho 1925 r. npWm acTpOHOMHMYECKMX HaGMIOAEHMSX 332 HAYafo CPEAHHX CYTOK
MPHHHMATICA MOMEHT BEPXHEl KYNEMMHAUMM CpenHero conuia. IToatoMy paznmyand
CpenHEE BPEMsi «aCTPOHOMMYECKOE» M <«rpaxjaHckoes. HaumHan ¢ 1925 r. acTpoHOMB



§1.14. Connewnoe npemn © 35

CTAIH CYNTATL CpeRHEe BpeMs TAKXE OT MOAYHOYH, W Terepb HaloGHOCTL B TepMHUHAX
“ACTPOHOMMUYECKOE BPEMS» M «TPAXKAAHCKOE BPEMSi» OTHANA.

Pa3HOGTh MeXzy COELHMM BDEMEHEM 1 HCTVHHBIM COHEHHEIM BDEMEHEM B OanH
¥ TOT Xe MOMEHT HA3bIBACTCH YPOGHEHUEM GDEMEHU 1].

n=Tpn — To (1.20)
M3 nocneiHero CoOTHOMIEHHS! CeRyeT
Tp=Ts+1 10 (1.21)

cpearee ConHesHoe epems B MO0 MOMEHT DEBHO MCTVHHOMY COMHEHHOMY
BPEMEHH NNIOC YPaBHEHUE BPEMEHN.

TaxnM obpazoM, HIMEPUB HEMOCPEICTBEHHO Yacopoi yron CosHua, ONpeaeasior
no (1.18) MCTHHHOE COJIHEYHOE BPEMs M, 3HAA YPaBHEHHME BPEMEHH 7} B 3T0T MOMEHT,
Haxoxar 1o dopmyne (1.21) cpenree conneuroe Bpems Ty, = o + 12" 4 9.

Tak Kak cpenHee 3KBaTOPHaIbHOE CONHLE APOXONHMT 4Yepes MepuIMaH TO paHbiie,
TO TI03XE HCTHHHOFO COJHLIA, Pa3HOCTb MX YACOBLIX YINOB (YpaBHeHUEe BpEMEHU) MOXeET
OHTDb KaK MONOXUTEABHOM, TaK ¥ OTPHLIATEILHOIM BETMYUMHOM.

YpaBHeHHe BpeMEHH M ero M3MeHEeHMe B TeUCHMe rofa npepcrasiedHo Ha puc. 1.13
CIIOUTHOM KpuBoii. DTa KpHBad SBAACTCH CYMMO# IBYX CHHYCOMI — € TOMHYHEIM Y IIO-
NyroaMyHuM nepuoiamu. CHHYCOMAA ¢ FOAHYHBIM NEPHONOM (IIXTPHXOBAS KPUBAs) faeT
PASHOCTb MEXY UCTHHHBIM Y CPEIHMM BpEMEHEM, O0YCIOBNIEHHYIO HEDABHOMEPHBIM ABH-
xexnveM ComHua 110 SKIMNTHKE. DTa YacTh YPABHCHUS BPEMEHH Ha3bIBACTCH YpasHeHUeM
yenmpa WIN ypasnenuem om xcuernmpucumema. CHHYCOMAA © MONYTOAMYHLIM MEPHOAOM
(IUTPUXTIYHKTHPHAS KPWBAs) TPENCTABASET PasHOCTL BPEMEH, BHIZBAHHYI HAKIOHOM
SKJIMITTHKH K HeGECHOMY 9KBATODY, U HASLIBACTCH YPUASHEHUEM OM HAKAOHA IKAUTIMUKU.
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Puc. 1.13. Ipadwx ypasHeHns spemeHn: | — ypadHeHHe BpeMeHH, 2 — ypaBHEHME LIEHTpa,
3 — ypaBHEHHE OT H2K/IOHA SKIHITHKH
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Vpasrenue speMeHH ofpaliaeTcst B HyAb OKOJIo 15 anpens, 14 uons, | ceHTa6pa
U 24 gexaGpa v yeThipe pasa B roAy TIPHHMMAET SKCTPEMAjibHbie 3HAYCHUS, U3 HMX
Hanbosiee 3HauMTeAbHbE Okono 11 despans (7 = +14™) 1 2 nonbps (7 = —16™).

YpaBHenHe BpEMEHN MOXHO BRIMUCIAHMTL WS moforo Momenta. OHO OBEIMHO
myGIMKYeTcs B aCTPOHOMMYECKHMX KA/eHaapsX M EXETOAHHKax Juiid Kaxuoi cpepHelt
MONYHOYH Ha Mepuivade Ipmmsuya. Ho ciaenyeT uMets B BuAy, YTO B HEKOTOPBIX
U3 HMX YDaBHEHME BPEMEHM JACTCA B CMEICIE <«MCTHHHOEC BpemMa MHUMYC CpelHees
(7 = T, — T;n) ¥ n03TOMY HMECET HPOTHBONONOXHEN 3HAK. CMBICH ypaBHEHHS BpEMEHH
BCCENA PasbACHAETCA B OGbACHEHVH K KaneHzapsM (exerofHukam).
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§ 1.15. Cesi3b cpeaHero CONHEYHOro BpeMeHn CO 3Be3AHbIM

Hcxoas 13 Toro, 4TO B TPOMHYECKOM FOAY COIEpXUTCS 365,2422 cpeiHUX COAHERHBIX
CYTOK, HETPYIHO TOKa3aTh, YTO 3BE3THAIX CYTOK B TPONUYECKOM IOy HA €AMHMLY Bobiie,
1. €. 366,2422. :

JleHCTBUTENBHO, TIPSANONOXKMM, YTO B MOMCHT BECEHHETO DaBHOJCHCTBHS HeE-
KOTOPOrO Fofia CPEAHEE SBKBATOPHAIBGHOE COMHIE M TOYKA BECEHHEro paBHONEHCTBUS
HAaXOAATCH B BepxHelf KynbMmuHauuy. Cniycrss OOHM 3Be3NHHE CYTKH TOYKA BECEHHETO
PaBHOZIEHCTBMS CHOBA TIPMAET Ha HeOecHBI MepHauaH, a CpeiHee 5KBaTOPHAILHOE
CONHIIE He NOMAeT N0 HEero, TAK KaK 32 3Be3JHbIE CYTKM OHO CMECTHTCA 10 HeGeCHOMY
SKBATOPY K BOCTOKY Ha Iyry mpumepHo B 1°. OHO npoiizer neGecHBIl MepHanaH ocie
NOBOPOTA HeBecHol chephl Ha 3TOT yroi, Ha yTo moTpebyerca okono 4™ BpemeHw,
a Tounee 3M56°. CremoBarefsHoO, Cperhme CYTKHM MPOJOIKMTENBHEE 3BE3NHBIX CYTOK
Ha 3"56°.

OTX0f KaXabie 3Be3fiHbie CYTKM K BOCTOKY Ha myry B 37'56° (wm ~ 1°),
CpeAHee IKBATOPHANILHOE COJIHIE HAa MPOTSLKCHMH TPOIMYECKOro ropa oOoiueT Bech
HebecHblil IKBaTOP (nonoGHo onHoMy BHAaMMOMY obopory ConHLa 1Mo SKIMNTHKe)
M B MOMEHT CIEYIOHIEI0 BECEHHErD PaBHOACHCTBMS CHOBA MPHIET B TOYKY BECEHHETO
pasHoneHCTBHA. HO B 3T0T MOMEHT “acoBOH YTOJl CPERHETO COJIHLIA M TOYKH BECEHHEro
PaBHONEHCTBWA OYRYT OTIMYATBCA OF HYNH, TAK KaK TPOMMYECKUH Toj HE COAEPXHT
LIEJIOrO YHCAa HU 3BE3JHBIX, HH CPEIHMX CYTOK.

HetpynHo BumeTh, uTO, KakoBa Obl HH OBLIA MPOHOIXUTEALHOCTH TPOMMYECKOIO
rofa, YHCAo CyTouHbX 060poros CoJlHiia 3a 3TOT NMPOMEXKYTOK BpeMeHU GyzieT Ha eNHHUIY
MEHBILE, YeM YHUCHO CYTOYHBIX 0BOPOTOB TOYKH BECEHHEIO pasHONEHCTBUS.

HupmMu criosamn,

365,2422 cp. conan. cyrok = 366,2422 3B. CYTOK,

OTKYHa
1 _366,2422 w5 C
CP. COMH. CYTKH = %524 > VTOK
H
) 365,422
3B, = 36 6,472 Cp. COJH. CYTOK.
Koaddumment
366,2422
= " = ] 002738 1.22
3652422 ' (122)

CAYXUT IS MEpeBoa MPOMEXYTKOB CPEOHETO CONHEYHOIO BPEMEHU B HMPOMEXYTKH
3BE3HOrO BpeMeHH, a Koadduumnenr

, 3652422
~ 366,2422
— BJst fiepeBoia MPOMEXYTKOB 3BE3IHOTO BpeMEHH B MPOMEXYTKH CPeIHENO COTHEYHOro

ppeMeHH. Takim ofpazoM, €CH NPOMEXYTOK BPEMEHH B CPENHMX CONHEYHBIX EMHNIIAX
paBeH AT, a B 3pe30HBIX eIUHUIIAX AS, TO

= 0,997270 (1.23)

As=K-AT,, AT,=K'- As. (1.29)
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Orcioga, B 4aCTHOCTM, CJICNYET, YTO

24" Cp. CONH. Bp. = 24"03™56,555° 3B. BD.

1 » = 01'00™09,856° »

1 » = 01700, 164° >

1 » = 01,003° »

24" 3B. BD. = 23"56™04,091° ¢p. CONH. Bp.
" » = 59™50,170° »

™ » = 59,836° »

& » = 0,997 »

Hna obnerueHns BLMUCIEHMIT Ha OCHOBEHWH COOTHOILeHMH (1.24) cocraBasioTcs
noapobHbie TabiMibl, M0 KOTOphIM 060 MPOMEXYTOK BPEMEHH, BHPAXeHHDBIA B ONHMX
€AMHMIIAX, IErKO MOXHO BBIpasHTh B JPYTHX eXMHHIIAX.

Jnst npuGiXKeHHbIX paCyeTOB MOXHO CYHTATD, YTO 3BE€3JHHIE CYTKA KOPOYE CPEIHHX
(Wi, Ha0GOPOT, CpelHue IIMHHEE 3Be3AHKX) NPHEIM3MTENBHO Ra 4™, @ ONMH 3BE3THHIA
yac Kopoue cpessero (WIH cpemHuii AIMHEEE 3pe3nvoro) — Ha 10°. Hanpumep, 5" cpen-
HEro BpeMeHH = 5"00™50° speanrioro BpemenH, a 19" 3BesaHOro Bpemern = 18P56™50°
CPEIHETO BPEMEHH.

IlycTh 3BE3AHOE BpeMSl B HEKOTOPHIE MOMEHT HA JaHHOM MEPHMAMAHE PaBHO 8,
a 3BE3NHOE BpeMA B GIMXAIIYIO TMPEIieCTBYIOIIYIO CPEAHIOK MOJNHOYBL HA 3TOM XKE
Mepuauane 6sui0 §. 3HaUMT, NOCIE MOMYHOMY fIPOILIO (8 —~ S) Yacos, MMHYT U CEKYHIL
3BE3AHOrO BPEMEHH. JTOT MPOMEXYTOK, €CHM Ero BHPasHTb B EAWHMILIAX CPEIHETC
conHeyHoro BpeMenu, Byzer pasen (s — S)K' yacaM, MHHYTaM M CEKYHIaM CpeIHETO
BPEMEHHM, a4 TAK KaK B CPEJHIOD TOAHOYL CpelHee CONHEYHOe BpeMst pasHo (") To,
C/leNOBATENIbHO, B MOMEHT S M0 3BE3IHOMY BPEMEHH CpefiHee COJHEUHOE BpeMst GymeT
Tn=(s~S)K'.

HaoGopoT, nycTh cpenHee BPEMsi B HEKOTOPBI MOMEHT Ha JAHHOM MepuaHaHe
pasHo T,,. 370 3HAUMT, YTO MocAe cpeaHell MojyHouu rpouic 7y, Y4coB CpeAHero
BPEMEHH. IT0T MpOMEXYTOK BpeMeHM paseH T, K 3Be3NHBIX YacoB, KOTOPHE MPOILLIH
OT cpefHel monyHoun. M eciu B CPeIHIOI MOJHOYL ONpeleNicHHON AaThl Ha JaHHOM
MepMIHaHe 3Be3Hoe BpeMa Ob110 S, To B MOMeHT T}, 3Be3aHOE Bpems Gyaer s = S+1,, K.

Taxum o6pazoM, B 00OMX CIOyuyasxX HYXHO 3HaTh 3BE3OHOE Bpems S B CPEIHIOIO
MONHOMb HA MEPHANAHE.

B acTpoHOMMHECKMX €XETOTHMKAX JAacTcs 3Be3THOE BpeMs Sy ANs KOKAOH cpelHeit
fIOJIYHOUM Ha mepuanane Ipunsuua. 3nas Sp, nerko euamcauts S Ha a1060M npyroM Me-
pHUIKaHe, €ClIM U3BECTHA €ro monrora ot [puHeuya A, BeipaXeHHas B 4acaX ¥ BOJSX 4aca.

JleHcTBHTENLHO, TAK KaX CpeiHue CYTKH ATMHHee 3Be3IHbIX Ha 3°56,555°, To S, TaK
XE KaK ¥ §, eXecyToyHo yBemuUMBaerca Ha 3756,555°. CnenosarensHo, Ha MEpHIKAHe
c nonroroif A K Boctoky or IpuHBMuAa 3Be3nHOe BpeMs B CPEIOHIOW TIOAHO4YL Oyrer
MeHbllie Ha BeTHuKHy A- (3™56,555°/24"), TaK KaK cpelHss NOTHOL HA STOM MEPHIHAHE
HACTYITHT paHbliie [PUHENYCKON MONyHOUH Ha AP, OTcrona

h
S= su——- 3"56,56. (1.25)

JHonrora A cumTaercsl nOJOXKUTENBHON K BocTOKY OT Ipuusnua. Jing npn6auxeHHBIX
pacueroB, ¢ TOYHOCTHIO [0 5 MMH, 3BE3ZHOE BpeMss S B CPEfHIOI MOJHOYR Ha JoboM
MepHIMaHE MOXHO BEMHUCIMTD 110 Cliefyioieif tabmmue;
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Hara S Hara S Jara S
Cenmsibps 22 | O" || fupaps 21 | 8" || Ma 23 | 16
Oxra6pn 2212 Qeppans 21 | 10 i Miowe 21 | I8
Hos6pe 2214 Maprt 23112 i Miome 23 | 20
JHexabpe 2216 Anpesis 22§ 14 || Asryer 221 22

TIp# 5TOM HYXHO MMETh B BMAY, YTO 32 KAXAHE CYTKR 3BE3NHOC BpEMS YXOIMT
BIIEPEA OTHOCHTENBHO CPERHErO BpeMeHH MPUGIM3UTENBHO Ha 4™,

§ 1.16. Cucremnl cyeta BpeMeHu
1. MecTuoe BpeMst ¥ HONTrOTA.

Bpems, uaMepeHHoe Ha HaHHOM FECTPa@uHecKOM MEDUAMAHE, Ha3LIBeTCS
MECTTHbIM GPEMEHEM ITOMO MEPMANAHA.

i Beex MecT Ha ODHOM M TOM XK€ MEpMaMaHe 4YacoBOM Yroi TOYKM BeCEHHETro
pasHopeHeTBus (win Conmua, Wim cPENHETO COMHLIA) B KAKOH-TWGO MOMEHT OAMH
u 101 Xe. [ToaTomy Ha BeceM reorpadHiEcKOM MeprANaHE MECTHOE BpeMsl (3Be3HOE WIH
CONHEYHOE) B OMH M TOT X¢ MOMEHT OIMHAKOBO.

Ecmm paiHocTs reorpadyMuecKHX JOITOT ABYX MECT ecth A, TO B 6oNee BOCTOYHOM
MecTe 4acoBoif yron moGoro ceetuna Gynetr Ha AA Gonblue, YeM YacoBol yros TOTO Xe
cBeTHAA B Gojiee 3annagHoM mecte. [103aToMy pasHOCTH JIIOGHIX MECTHRIX BPEMEH Ha JAByX
MEpHHMAHAX, B OOMH M TOT Xe (pM3MUYecKHit MOMEHT BCer/ia pasHa pasHOCTH AOJINOT 3THX
MEPHANAHOB, BLIPaXEHHOH B YaCOBOI Mepe (B eMMHMLAX BPEMEHH):

si—S=A~Ay, To1—Tea=M—-Ay Tomi—Tm=A—A (1.26)

HenocpencraeHHo M3 acTpOHOMHYECKMX HaG/MOAEHIH MOAYYAETCH MECTHOE BpeMs
TOr0 MEPHAMAHA, HA KOTOPOM 3TH HaGMIONCHHA MPOU3IBEAEHDI.

2. BcemupHoe BpeMsi. MecTHOe cpedHee COIHEYHOE BPeMsl TPHHBHMNCKOTO (Hyne-
BOTO) MEpMIMaHa HasHIBAETCS acemuprbim epemenem Tp.
Tonaras B gopmyie (1.26) Ty =Tp B Ay =0, Ty =Ty v A = X, nonyduMm

Tu=To+)\ T.e. (1.27)

MECTHOE CpegHee BpeMs moboro NyHKTa Ha 3emne BCerga PABHO BCeMUPHOMY
BPOMEHU B STOT MOMEMT NJIOC [OATOTa JaHHOID TYHKTA, BLPaXEHHas 8 4acoBoil
MEDE U CHITIEMAs NTONOXUTENLHOMA K BOCTOKY OT IpUHBIYA.

B acTpoHOMMYECKHX KAMeHAapSX MOMEHTH GONbLIMHCTBA SBAEHMl YKA3ZHIBAIOT
no BceMupHoMy Bpemens Tp. MomeHTb! 9THX ABJCHMI IO MECTHOMY BpeMeHH T, NErko
onpeneauts no dopmyae (1.27).

3. [TosicHoe BpeM#. B riobcenHeBHOM XU3HW MOABIOBATECHA KAK MECTHHIM CPEIHUM
CONHEYHBIM BpEMEHeM, Tak W BCEMHPHBIM BpeMeHeM HeynobHo. IlepsniM — IoTOMY,
YTO MECTHBIX CHCTEM CYETa BpeMEHH B MPHHLIKIIC CTOJIBKO Xe, CKOJILKO reorpauyecKix
MEPHAMAHOB, T.e. DecYyHCICHROe MHOXECTBO, Tlo3TOMY 1A YCTaHOBIEHMSsl 110CaeN0Ba-
TeABHOCTH CODBITHH WM ABICHMH, OTMEMEHHBIX M0 MECTHOMY BPEMEHH, COBEpIHEHHO
HeoDXOIMMO 3HaTL, KPOME MOMEHTOB, TaKXe U pasHOCTh HOIIOT TeX MEpHAHAHOB,
Ha KOTOPbIX 3TH COGHITHS MM SBREHHSI MMENH MECTO.
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flocnenosatentHoCTs COOBITHIL, OTMEYEHHBLIX TIO BCEMVPHOMY BDEMEHHM, YCTaHa-
BAHBACTCH JETKO, HO GONLINOE PA3IMYME MEXKIY BCEMHPHBIM BPEMEHEM M MECTHHIM
BpeMEHEM MEPHAUAHOB, YOANCHHBIX OT TPHHBUYCKOIO HA 3HAYMTe/LHbE pacCTOAHMH,
€oaacT HeynoGCTBA IPH UCIIONB3OBAHMN BCEMHUPHOTO BPEMEHM B TIOBCCAHEBHON XU3HM.

B 1884 r. Gruia npenioXeHa NOACHAR CuCMEMA CYema CpeoHe20 epementi, CYTh
KoTOpOlt 3axmovaercs B chacnyiomieM. CHET BpeMeHM BERETCA TONBKO Ha 24 ocrue-
Hex reorpauuecKux MepHAMaHax, PacloNOXeHHBIX APYT OT Apyra Mo Ao/rore TOYHO
uepes 15° (m wepes 1"), npubIManTENBHO MOcEpenMHe KAXIOTO 4dc06020 Hosca. Ya-
COBBIMHM TIOSICaMyl HASHIBAIOTCS YYACTKH 3eMHO# ITOBEPXHOCTH, Ha KOTODHE OHA YCIIOBHO
pa3jzefieHa NMHUAMM, UOYIIHMH OT €8 CeBepHOro MONIOca A0 I0XHOTO M OTCTOALUMMH
ApHAGAMZHTENLHO Ha 7,5° OT OCHOBHHX MEPHIHAHOB. DTH JIMHUM, AN TPAHHULE] YACOBBIX
NI08COB, TOYHO CREHYIOT IO TreorpaduyeckuM MepHIAMaHaM JIMUIbL B OTKDMTBIX MOpPSIX
M OKeaHaX M B HeHAceCHHbIX MecTax cyiii. Ha ocraibHOM CBOEM MPOTSIKEHWH OHN MOYT
10 TOCYARPCTBEHHLIM, aIMHHHCTPATHBHO-XO3HNCTBEHHBIM MM reorpauyecKuM rpaHU-
11aM, OTCTYNAs OT COOTBETCTBYIOLIErO MEPHAMAHA B Ty WIH APYTYIO CTOpOHY. YacoBhie
nosica 3aHyMmeposann! ot 0 1o 23. 3a 0CHOBHOI MEPHANAH HYNEBOTO NOSCA NPUHAT TPHH-
pryckuil, OCHOBHON MePHAMAH IIEPBOTO YACOBONG NOSICA PACHONOXKEH OT FPHHBHYCKOTO
TO4HO Ha 15° K BocToKy, Bropore — sia 30°, TpeTbero — Ha 45° ¥ T. 4. 10 23-r0 4acoBoOro
nosca, OCHOBHOM MepHIMaH KOTOpOTO MMeeT BoCtoyHyio aonroty ot Ipumewuya 345°
(wnm 3anaanyio nonroty 15°).

Mecrioe cpegnee conHeyHOEe BpEMS OCHOBHOIO MepuayMaHa KaKoro-nmbo 4aco-
BOTO 11051Ca HABLIBAETCH NOSCHLIM Bpemerem T,

INo HeMy u BeZercs cYeT BpEMEHHM Ha Beell TEPPHTODHM, NeXauwlei B JAHHOM
4acoBOM nosice. PasHoOCTL MEXily MEecTHbiM BpemeHeM T, Kakoro-nMGo NyHKTa M ero
NosACHEIM BpemeneMm T, Ha OCHOBZHMM MoCHenHeETo ypaBHekus (1.26), pasxa

T —Tp=A—n", (1.28)

[Ie A — BOCTOMHAs JOAYOTA IyHKTA oT IpHHBHua, a n" ~— YHCIO LEJKIX YacoB, PaBHOE
HOMEpY 4YacOBOro Mosica, B KOTOPOM JaHHLIH (IYHKT HaxXOOMTCH (HOAroTa OCHOBHOTO
MepHIHaHa 4acoBoro MoxCa).

Tak Kak rpaHMLbl YACOBBIX [TOACOB YIAlCHH OT OCHOBHBIX MEPHIMAHOB TIPHGIM3H-
TeasHo Ha 7,5, To pasrocts Ty, — T,,, MOXET GHITh HECKONBKO GONBILE HAH HECKONLKO
Menpie 330" ToanKO A1A MYHKTOB, PACAOIOXKEHHBIX BOIM3H rpaHuL] YACOBHIX F10SICOB.

ITosicHoe BpeMs A2HHOFC Mosica CBA3GHO C BCEMMPHBIM BPEMEHEM O4EBHIHBIM
COOTHOLUEHHEM

T, = To +n". (1.29)

Taicke COBEPIIEHHO OYEBHAHO, YTO PASHOCTh MOSACHBIX BPEMEH ABYX NYHKIOB €CTh
LEJIOE YHCNIO YacoB, paBHOE PA3HOCTH HOMEPOB HX YACOBBIX FOSCOB,

B CCCP nosicnoe spemst 6u010 seeaeno ¢ 1 wions 1919 r. B csasm ¢ cywecrseHto
M3MCHHBIIMMMCH YCJIOBHSIMH 3KOHOMMYECKOTO PaiBUTH$t cTpanbl B 1980 r. rpanHimb
yacoBhiX 1OAcoB Ha Teppuropnn CCCP Gbi nepecMoTpeH L.

4. JjlerHee Bpems. B uensix Gosiee pallMoHaabHOrO pacfipeneleHus ANEKTPOIHEPTHH,
Waymeil Ha OCBemeHHe MNPEANPHATHI M XHALIX NOMELIeHWH, M Haubonee fOAHOIO
MCMOAL3OBAHUA [OHEBHOrO CBETa B JIETHUE MECALL! Tofla BO MHOIHX CTpaHaX MepeBo-
AKT Jacopble CTPEAKM 4YacoB, HIAYIUHX FIO MOSCHOMY BpEeMEHM, BIEpEH, Yame BCEro
Ha OMH MWIM Tofyaca. JlepeBof OCYILECTBIAETCH CIEHMATLHBIM TMPpaBUTENLCTBEHHBIM
pacriopsixerseM {aekpetom) AMGo TONLKO Ha JIETHMIA epros, 1H60 Ha BCe BpeMs roja.

B CCCP 16 uions 1930 r. ZexperoM RpaBMTCILCTBA CTPEJIKH 4acOB BO BCEX
yacosbix mosicax CCCP OGpUiH mepeseneHs! HA ONMH HaC BNepell NPOTHB NOACHOTO
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speMeBH. Cpok nelicTsust 2rore nekpera Obul nipowien 9 despans 1931 r. Bapens
o otmenbl. C Tex nop HaceneHMe Kaxaore yacoporo fiogca B CCCP xuno 1o speMeHu
COCEAHEro BOCTOYHOIO MOACA. DTO BpeMa TNOMYYWIO y HaC HasBaHUe OeKpemHozo.
Cesisb nekpeTHoro ppemeHn 1, Kakoro-nmfo MYHKTA ¢ ero MOsiCHBIM BpeMeHeM T,
C BCEMUPHHIM BpeMeHeM Ty M ¢ MecTHBIM CPEAHMM COJHeyHbIM BpemeHem T, naertcs
CHENYIOIIMMH COOTHOUICHHSIMHU:

T,=T,+1", T,=Tp+n"+1", T,=T,— A +a" 1"

C 1981 r. nHa seceil Tepputopun CCCP, a zarem Poccuy, Ha JieTo exeroiHo
Yackl NEpEBOISTCS ellile HA OOMH 4Y4aC BrepeN, T.e. Bcero Ha nBa uyaca. TeM caMbiM
BBOAMTCA JIETHEE BPEMS, LENECOODPA3HOCTE KOTOPOTO ONpaBAbIBAETCA SKOHOMMYECKHMH
coobpaxeHnamu. B octanbHyo 9acTs rona AeHCTBYeT 00BINHOE AEKPETHOE BpeMsl.

B oOblaeHHO XU3HM JeKpeTHOE WM [10ACHOE BpeMs Kakoro-HuOyab HaceleHHOro
fIYHKTa Y4CTO HA3bIBAlOT «MECTHHIM» BPCMEHEM 3TOro NMyHKTA; €ro He CAeNyeT MyTarb
€ aCTPOHOMMYECKHM IOHATHEM MECTHOrO BPEMEHHM, O KOTOpOM GBUIO CK43aHO B Hayale
37010 maparpada.

§1.17. Kanenaapb

CucreMa cyeTa JUIMTENbHBIX TPOMEXYTKOB BDEMEHM HA3LIBAaeTCA Kadendapem.
C npeBHHUX BPEMEH JIOAM CTAPATMCH CEA3ATH 3TY CHCTEMY C MEPUOAMYECKOi MOBTO-
PAEMOCTHIO MPUPOAHKIX MPOLECCOB. CMeHol IHS M HOYM, BpeMeH rona u a3 JlyHsl.
PaccMOTPUM BEAMUYHMHELI NIEPUOIOB ITHX ABAECHUN.

Kak ynomunanocs 8 § 1.12, nponosxurelbHOCTh CYTOK, ONpelessieMas CKOPOCTBIO
BpalilcHMs 3eMIH, HENOCTOAHHA, M B HACTOSNIEE BPEMS B CPENHEM MEIUIEHHO BO3PACTAET,
fIpMMEpHOo Ha 1,5 ¢ 32 cTO THICAY ReT.

Tponuueckuit roj, CeA3aHHM co CMeHOI BpeMeH To/ia, MEUICHHO YMEeHbIHAeTCsl,
M TOYHoe er0 3HaueHHe B 2000 r. cocrapnser Typ = 365,242186 cpeannx conHeyHbIX CYTOK,
y6EIBas co ckopocTsio 1,12 ¢ 3a cToMeTie M3-32 MPELIECCHH U ee HepasHoMepHocTH (§ 4.5).

Cwuena a3 JlyHn (cunoduneckuil mecsy) B 3n0xy 2000 r. mMpOMCXOIMT B CpelHEM
3a 29,5305898 cyTok M yBenwuusaercs Tonsko Ha 0,014 cekynn 3a cronetue.

MOMUMO CBOETO HENOCTONHCTBA, BCE YNIOMSAHYTLIC TEPUOLI HECOM3MEPHUMbL MEXEY
co6010, YTO MPaKTHYeCKW NETaeT HEBO3MOXHBIM CO3aHMe KalCHAApf, OAHOBpEMEH-
HO COTJACOBAHHOTO € MepUOnamMH ppaiieHus 3eMin, obpawenus ee Bokpyr ComHua
¥ oGpailienus JIyHel orHOCHTENBHO 3eMin.

B npouuioM CYILECTBOBAIO MHOIO pa3fMYHBIX fONBLITOK HANWTH KOMIIPOMUCCHOE
pellieHHE 3ala4%4 O PABHOMEPHOM CYETe MAMTENBHBIX NPOMEXYTKOB BpemeHH. bomnuma-
CTBO M3 HMX (OpMHMpPOBANOCH B XOJe JUIMTEJBHOIO UCTOPHYECKOIO TpoLecca U YacTo
IPMBOMAIO K CJONHHM M 3alyTAHHEIM KajleHIapHeM cucremaM. HauGonee sipxim
fIPUMEPOM SIRIHETCS PUMCKUIA KaTeHIaph C er0 MPUHIMIIOM CYeTa THEH Ha3aj or Hayana
Mecsna. BecbMa saxHyio pons rpu GOpMUpOBAHNM KaneHIapei MIPaayM pesMIHOIHBIE
M NOJMTHYECKHE coobpaxenmsi.

PasnuyHbe KaleHIapHbie CUCTEMB PPY0s MOXHO pa3leMTh Ha TPY TJIaBHBIX THIA:
conneumbie, Ayribie N AYHHO-COaHeunbie, B OCHOBE CONHEYHBIX KaneHAApeH NeXUT Apoaon-
XHTEJNLHOCTE TPOMHYECKOro Iofia, B OCHOBE JIYHHbBIX KafleHaapeH — MpoaoiXUTENBHOCTD
CHHOAMYECKOro, MAN JYHHOTO, Mecala, o KOTopoM Oyner ckasaHo B §4.10. Jlynwo-
CONHEYHbIE KaJleHNapH OCHOBARHBI Ha COYeTaHNUN OBOuX 5THX NEPHOACE M, €CTECTBEHHO,
CTPajIAI0T OT HX HECOH3MEPHMOCTH,

TpumMepoM NYHHOrO KAEHIApA ABNAETCH MYCYJBMAHCKMI KaleHAaph, TYHHRA rox
KOTOPOro COTepXHT 12 NYHHBIX MECAUEB, T.€. 354 WK 355 CpeHMX CONHEYHBIX CYTOK.
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B eBpeickoM IYHHO-COTHEYHOM KanEHAaPe ol COCTOMT To 13 12 Mecaues (354 nnsi),
7o u3 13 mecsiues (384 nus). Kpome Toro, ecrs roabl <HesocTarodHbies (353 ans v 383 ans)
¥ «n3GbiTounbies (10 355 1 no 385 meir)?.

Jlasi ynoGersa MOJAB30OBAHMA KajleHaapem Heobxonumo, 4tobbl Gonpiuve eqMHNLBI
HM3MEpPEHNS BPEMEHH COIEPXaiH B cebe Lienoe YHCIO MEHBIIUX EIMHHI, 8 CMEHA BpeMeH
rofa NpHUXOAKIACE HA OGHY M TY XE JATY.

B pesynsTaTe UCTOPHYECKOTO ONBITA PasfHYHbIX HAPOMOB JIOOM MPUIIUIH K TOMY,
YT0 NpakTHYECKW KaleHAaapb B CBOEll OCHOBE JOMXEH OBITH COJNHEYHBIM, B KOTOPOM
NPONOKHTENBHOCTE KJIEHNApHOrO TOfa, B CPEAHEM 3a ONpedeNeHHOe YUCIO JIeT,
He JOMXHA 3AMETHO OTNMYATBCH OT NPONONXKMTEIBHOCTH TPOMMYECKOro rofa, a cam
XaJeHAapHBEE Fof JOMXEH CONepXaTh Lefoe YUCIO CYTOK IS BO3MOXHOCTH YCTKOTrO
onpefieIeHKHs HAYaJIa Foja.

Jns noruMaHus npobneMil KaleHOapst AOCTATOYHO CYWTATH, YTO TPOIMYECKUH
MO MpaKTUyecKy cocTammsier 365°57'48™46°, 1. e. pasen 365,2422 cpelHMM CONHEYHHIM
cyrkam. TlpeactaBuM 370 YUCIO B BHAE

1 3 3
2422 = - —— .30
365, 360+5+ 200 10000° {1.30)
B 310M COOTHOWIEHNH HarasgHO NpeacTaBieHa NCTOPHUSA CTAHOBICHWA COBPCMEHHOTO

KaJeHlaps.

K3 Bcex M3BECTHBIX APEBHMX KajeHmapell Haubonee mpocThiM M YHOGHBIM 6bin
erunercknii. [lopasuTensHoe BrieyariCHUE MPON3BOIUAO HA JPEBHHX eTHITTSAH OIHOBpe-
MEHHOCTb HaCTYIICHUS TPEX BEINKUX ABNieHudl NMPUPOIL — CONHLECTOSHHS, NEpBOro
B rojy NIOABJIEHUS B JiyJax yTpeHHeil 3apu 3seaibi Cuphyc (Takue «BOCXOIB» HA3LIBAIKMCH
2equaKuHecKuMy) M HAYATA TUIOOHOCHLWEro padinea Huna,

MHuoroneTHne HabMOACHNA 3TUX SBNEHNIt MO3BONMIN ErMIIETCKUM XpeLaM ycTaHo-~
8UTH OPOAOTXHUTENRHOCTD rofia B 360 greil. [To-BHIHMOMY, 2T0 HOCAYXHAO OCHOBAHHEM
K IIeCTHIECHTUPHYHON cucTeMe cunciernss. OnHako falbHeHIIMe UIUTeIbHbIE Habmone-
HMS OpHBEIHN K 6ONEe TOYHOMY 3HaYeHMIO B 365 AHEH, NpelcTaRieHHOMY TIEPBbIMU JJBYMSA
craraeMbIMA B npaBoil yactu coorHomwenust (1.30). B ceasu ¢ stum s Jdpestiem Erupre
BO3HNKJIA JiereHna, oOBbACHAIOWIAs 1I0YeMy B JIYHHOM IOy CTaJ0 Ha 5 OHeH MeHsblle,
a B CONHEYHOM Ha 5 6Goablle BMECTO MEepBOHAYaJBHO ONUHAKOBEIX Jier no 360 aHeii.

O TOM, 9T0 B JEHCTBUTEARHOCTH IO/l COASPXMT HE LIEJIOe YKCAO OHe#, a NO KpaiiHel
mepe Ha 1/4 cyrok Gonmiue, ermnTaAHe y3HanM, NONB3YSCh CBOMM rofoMm 8 365 nHeit
€O CKOMB3AIUMM (OTHOCUTENBHO MCTHHHONO TPOMMYECKOTO Ioma) AHeM HOBOTO Fofa,
H 0BHapyXus, 410 3a 1460 (365 x 4) ner reruakuyeckmnii Bocxon CupHyca CHOBa cosnaj
¢ HayasoM ropa. [lpubasieHue oaHoro AMINHEro OHS pas B 4 roga GHUIO IPHHATO
acTpoHomamm Anexcauapuu (Tpetse enaraemoe B opmyne (1.30)).

Erunerckmil KaieHpaphb cTai NsBecreH s apesHeM PuMe mocne sasoesanus Erunta.
PumisiHe K TOMY BPEMEHHM OKOHYATENLHO 3aNyTAIMCE B CHCTEME CBOEFO Ype3BbIYalHO
YCIOXHEHHOTO cnocoda cyeTa BpeMeHH, Tak YTe BonsTep WMell Bce OCHOBaHMA MOBOPMTD,
YTO OHM BCETAA NOOEKAANM, HO HHKOFA HEe 3HANU, KOLAA 370 NPOHCXOIHNO.

TTostomy 8 46 r. g0 H.3. 10nnit Llesaps npoussen pehopMy PIMCKOTO KaleHAaps,
NPe/UIOXEHHYIO anekcaHapuiickumM actpoHoMoM Co3ureHoM. B 3ToM roauarckom Kanew-
dape TpY Tofa NONpPAA GLLTK NPMHATH o 365 CYTOK (kpocmute 2006(), 8 9eTBEPTHII 1O —
B 366 cyrok — (sucoxoenuii 20d).

HasBanue «BWUCOKOCHBLI> NPOMCXOAUT OT NATHHCKOFO bissextus, yTo O3HauaeT
«aobapouroe iecToe YMcao». JlononHuTensHbil JeHb B Te speMeHa BCTAB/SUICH nOche

a9 Esnpefickasi cHCTEMa KaneHNapd — OAHa M3 HanGosee CNOXHBIX ¥ Pa3BUBANACh OT JYHHOH K JIYHMO-
conseyHoit cHeTeme.
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23 dewpang, a 310 yucno OOO3HAYAIOCH KaK «ILUECTOe Mepel HAaYaioM MapTOBCKMX
kanena». Kaneniasl — yacte Mecsiia B Hauaie €ro, KOorAa Hano GbLIo MuaTtvTh AOJNW.
Orcrona COBpeMEHHOE CNOBO <«KaJleHAapb» NPOMCXOAMT OT JIATWHCKOro calendarium —
IOAroBast KHura (3anuch €cyn).

BHCOKOCHHMM TOAaMH B COBPEMEHHOM IOJIMAHCKOM KAJlEHZApe SIBISIOTCS T€ TOHEI,
HOMEpa KOTOpbIX Aeaarcs Ha 4 6e3 ocratka. B BHcOKOCHOM roay B (pespane 29 adeii,
B npoctom 28. Takum o6pasoM, NpOJONXHTEABHOCT: TOM2 B IOJAMAHCKOM KajeHaape
B CpeHEM 32 yeThipe rofia paBHa 365,25 CPeHHX CONHEYHBIX CYTOK, T.e. KaleHIapHBIi
rofl JTWHHEE TPOTIMYECKONo Beero auils Ha 0,0078 cyrok.

3a 128 ner 9T0 BACT pacXOXIEHHME CO CYETOM TPOTIMYECKHMM rogaMy Tipubian-
IUTE/ILHO B ONHM cyTxH, a 3a 400 neT — okono Tpex cyTok (yeTBepToe CraraeMoe
B ¢opmyne (1.30)). Tax, HanpuMep, A€Hb BeceHHEro PasHONEHCTBUA uepes 400 ner
FI0 IONMAHCKOMY KaJIeHAAp0 HACTYTIUT Ha TPH IH#A paHbile. Jlonroe Bpems 3TO pacxo-
XACHHe He UMeNl0 NPaKkTHYECKOTO 3HAaYEHUA W IONHAHCKUM KaJleHIapeM TIONB3OBATHCH
BCe eBponeiickue cTpaHel ouTH 16 CToneTHii.

TpuropuaHckyil KaneHnaps (HOBbil CTHIb) BOSHUK B pesysibTare pedyopMbl I0/Man-
CKOro KajleHaaps, npousseacHHol B 1582 r. pumcknm nanoit Ipuroprem X111, Ykasannoe
Bhiile HeGOMBIIOE pacxoXIeHHe IIMAHCKOIO KaleHJapsl CO CYETOM TPOMUYECKHMH ro-
JaM# NpHBeno K NPOTHBOPEYMIO ¢ MPUHLMAAMN onpeneneHus nacxanuu. Mo npasunam
XpHUCTHAHCKOH Liepksy npa3gHUK ITacxu gomkeH HAacTynaTh B epBoe BOCKPECCHBE NOcHe
BECEHHETO MONHONYHHA, T. €. NICPBOFO NOJIHOIYHHSA TOC/IE THSA BECEHHETO paBHOAECHCTBHS.
B rox, koraa 610 YcTaHOBIeHO 3T0 mpaBiio Ha Huxelickom Cobope (325 r. H.3.),
HeHB BECEHHErO PasHONCHCTBUA MO IOJNAHCKOMY KajleHAApIo NPUXOAMIcs Ha 21 Mapra.
B 1582 r., T.e. yepe3s 1257 net, on cran npuxonurcst yxe Ha 11 mapra. Dror nepexon,
IHS BeceHHero paBHogeHcTsHsi (3a 128 ner Ha omuu cyTku) Ha Oojiee paHHMe JAaTHl
BHOCHJI NYTaHKILY M HEOTpeACTIeHHOCTE NPH BLIYNCIEHUH AHaA Tlacxu v ApyrHX cBs3aH-
HBIX C HEI0 XPHUCTHAHCKHUX npaspHukos. Jas pedopmbl kaneHaaps nana Ipuropnis X111
co0pall COOTBETCTBYIOLYI0 KOMHCCHIO, B PEIYNIBTATE paboThl KOTOPOH, N0 NPEIIOXeHHIO
HMTaJIbIHCKOTO MareMaTtHka ¥ Bpaya Jl, Jiwmio, npedycMaTpyUBanocs, Bo-NepBhRIX, BO3Bpa-
1UeHHe KaJeHIapHOH Aarthl 21 Mapra Ha JieHb BECEHHETO PAaBHONCHCTBHUSI M, BO-BTOPHIX,
HM3MEHEHME B MpaBHIe CUeTa MPOCTHIX M BHCOKOCHLIX JIET € LeNILI0 YMEHBIUCHUA pac-
XCXAEHHUA €O cYETOM TponHuecKuMu rogamu. [osromy 8 Gymne nanml Ipuropma XIii
HMMENHCH 1BA OCHOBHBIX NMYHKTA:

1) nocne 4 oxtabps 1582 r. cpa3y Hactynaer 15 okmbps (a e 5);

2) M3 BUCOKOCHLIX FOA0B MCKIOYAIOTCA Te, Uudpbt CTONETUI KOTOPEIX He AenaTcs
Ha YeTsipe €3 ocTarka.

Hanpumep, rogst 1700, 1800, 1900, 2160 » 1. 4. DT roakl MO WJIHAHCKOMY KAJEHIApIO
congepxanu aaty 29 deppans, a B IPUropHaHCKOM OHA OTCYTCTBOBAJIA.

MepssIM NYHKTOM 3TOrO MOCTAHOBJACHUS YCTPaHSJIOCh pacxoxieHue s 10 cyTok
MeXIY IOMAHCKAM KalleHIapeM U CYETOM BPEMEHH TPOTIHYECKWMM FOJaMH, HaKONWBIe-
ecs ¢ 325 r. B cnenyioieM roay ieHb BeCEHHEro paBHOAEHCTBUSA CHOBA HacTynan 21 MapTta.
BTOpbiM MYHKTOM NPOOAXUTENLHOCTh KANEHAAPHOTO roa B cpeaHeM 3a 400 per ycra-
HapIMBanack pasHolt 365,2425 cpenHuX COMHEYHBIX CYTOK, yTo Bcero Ha 0,0003 cyrox
OTNMYAETCH OT NPONONXMTEIBHOCTH TPOMMYECKOro rozid. CRBHMI BECEHHErO PaBHOAEH-
CTBUS Ha OIHI CYTKM nponsoiizer nuwib 3a 3300 ner (1/0,0003), yro nerxko GyfeT yureHo
COOTBETCTBYIOIMMK MeXAyHaponHeimu akTamu. TMostoMy naneHeifinee cosepineHCTso-
BaHME IPUTOPUAHCKOro KANEHAADS HenenecoobpasHo,

[lo rpuropnanckoMy KaneHAapo Ha Kaxisie 400 ner npuxopurcst 97 BHCOKOCHBIX
¥ 303 npocthix rogos. Ero craay HasupaTh HoewM cmiuneMm B OTAHYME OT IONHAHCKOTO
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cmapozo cmuas. OH 6B NpUHAT GONBUIMHCTBOM 3apaAHBIX cTpaH B TedeHMe XVI-
XVH Bs.,, x0T HEKOTOpble TocyAapcTBa (B OCHOBHOM IPaBOC/IABHEIE) TPOROOKATI
XUThb N0 cTapoMy cThmo. CHuUcOK AAT BBENCHMA TPHUIOPHAHCKOTO KANCHAADS MOXHO
HaliTM B aCTPOHOMMHYECKOM eXerogHuKe eAstronomical Almanacs. B Poccuu nepemnn
Ha HOBHIN cTHL TOTBKO B 1918 1. B aTOM rony nmo nekpety CoBeTa HapOLHbIX KOMICCAPOR
JHeM mocnie 31 sHBaps 6bUIO NpeAnucaHo cYMTath 14 deBpans, Tak Kak pacxoxieHHe
IOJMAHCKOrO KaIEeHAaps CO CYeToM TPOMMYECKUMM romaMH K 1918 r. cocraBmio yxe
13 cyrox. Bro pasnnume B 13 cyrok Gyaer coxpaHaTbest o 15 despans 2100 r. no ctapomy
cTiwio, niu go 28 deppans 2100 r. o HoBoMy cTwiio, TMoce 3Tol JaThl OHO YBEAWYMTCH
Ha OfHH CYTKHM M CTaHeT paBHBIM 14 cyTKaMm,

B nHawe BpeMs rpuropHaHCKui KaneHaapb NpHMeHAeTcsi B GONLIIMHCTBE CTpaH
Mupa. TTapaaiensHo ¢ HIM MHOLAA HCTIONB3YETCS CTAPRI CTHAb U APYTHE KANECHAAPH.

Hauasom cyToK cywraercs nonHoys (O uacos). OnHaxo 8 acTpoHomuu 1o 1925 r.
HAYaNOM CYTOK CYHMTANICA MONAEHb, Ha KOTOphIil npuxoannocs 0 yacos. Tlpy asaanse ¢ta-
PRIX HabmofeHul 3TOT (PakT HeoOXONUMO YUHTHIBATE, H0GABIAS K MOMEHTY, YKa3aHHOMY
s nyGankauum, 12 yacos.

Havano kaneHaapHoro roma (Hoswii 200) — nousiTHe ycnoBHoe. B mpouuiom
8 HEKOTOpbiX crpaHax HoBBIl rom HaumHalics u 25 mapra, B 25 gekabps, W B Apyrue
aun. B Poccuu, Hanpumep, Ao XV B. NepBbiM JHEM rofia cyutaiv | mapra, a ¢ XV B.
go 1700 r. — 1 cenra6ps. M TonBKO NOTOM 32 Hayalo KaleHAAPHONO roja cTaik CYHTarh
1 sHBapA, KaK U IPH BB¢ACHHMH I0THAHCKOTO KaneHnapsa B 46 r. 10 H.3,

VCioBHBIM SIBISETCH M BHIOOP Hayaja cyeTa TOJOB, T. €. YCTAHOBJICHME Ipbl.
B npouuioM cywecreopato a0 200 pasnMyHBIX 3P, CBS3aHHHIX JHGO ¢ pealbHBIMM
cobuITUsIMM  (BO3BEIEHMEM Ha NPECTON MOHAPXOB, BOWHAMM, ONMMnMazamu), nubo
HA OCHOBAHUM PEUIHOIHBIX cOOLITHI (COTBOPEHHE MHpa, BCEMMPHBIA NOTOI M T. n.).

Hauanio cyera rogos ot Poxaectsa Xpucrora (H. 9., Ho6aa 3pa vilu nawa 3pa) 6bUI0
TIPEANIOXEHO YueHhIM mMonaxoM JIvonmcneM B 533 r. H.3. (B 1278 1. OT OcHOBaMMs
Puma). Ilnonucuit obwespwi, uto Xpuctoc poawics B 753 r. oT ocHosaHus PuMa.
Tpeanoxenune JuoHucHs cuuTath PoxnecTBo XpHCTOBO HayaloM 3phl GBIO TIPHMHATO
He Cpa3y W CTano MCIONb3OBATECH, HaulHasdA, npumepHo, ¢ VIII B,

3aMernM, UTO TPaBMiIO ONpPEAeNieHNWS BUCOKOCHBIX TOHNOB HPHIOAHO TOJBKO NS
ronOB Haitieit 3psl. BucokocHsle roga fo Hauiell 3pLi ONMpenelsioTcs 110 APYroMY NpaBuiy,
KOTOpOe MOXHO ¢(OpMyANpOBaTh TAK: M3 HOMepa roga JO Hauieil 3pel HAZO BHIYECTh
SAMHULY M AUt NIOTYMEHHOPO YHCA2 OnpeAeiHTh OCTaT0K OT AeHeHUA Ha yeThipe. Takoe
OTNIMYKE CBAZAHO € TEM, YTO NO TpaIMLIMK He CYLIECTBYET HY/IEBOTO rofa, Fox ¢ HOMepOM
«HyNb» 0603HAYACTCH Kak Iepsblii rog Ao H.2. B ionnaHckoM KareHzape 3TOT rof
ABMAETCA BUCOKOCHBIM.

ITo Toli Xe mpuuYMHE HAYAICM KAXAOro CToNeTHs Hauieill apnt Apngercs 1 gH-
Bapsi MEpBOro roga 3Toro croierds. Tak, HanpwMep, Hayano XXl Beka HpHuHLIOCE
Ha | aHBaps 2001 roza (a He 2000 r.).

YcraHoBiaeHre ABeHalaTH MECSLIER B rony M CeMH [Hell B Helene XOTs M NMeeT
acTPOHOMHYECKoe OOOCHOBaHME, HO, MO CYTH JENa, OHO CIOXKMIOCh HCTOPHYECKH,
¥ COXPAHSETCH A0 CHX TIOp TNO TPamHIMH.

Ipuropuancknii Kanen1aps COAEPKUT HEKOTOpHIE HEYA06CTBa: HEPABEHCTBO MECs-
LieB, HEpPABEHCTBO KRAPTANOB8, OTCYTCTBHE MPOCTON CBA3SH MEXIY KaJeHJIapHOM Aatoil
o aHem nenesd. IMostomy HeopHOKpaTHO 0OCYXAaics BONPOC O BBENEHMH HOBOIO Ka-
neHaapst. B Opranmnsauuy O0weanHenssix Hauuii HekoTopoe speMs paGoTana KOMUCCHS
Mo KaJleHAaplo, PaccMOTpesilass MHOTO NMPOSKTOB HOBOro KajieHzapd. OnHako gocTa-
TOYHBIX OCHOBaHNiA /Ui BREACHMS HOBOI'O KajeHIaps HaMueHO He 6wuto. C paspurHeM
BBIYHCIHTENBHOM TEXHUKM Nepedylcietible HeyloBCTBa NPUHOCHT BCE MEHBIIE XAONOT.
B o6o3puMonM GyaylileM BeEIEHHE HOBOTO KaleHIapa ManOBEPOSTHO.
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MoxHo npHayMaTs (4 NPUAYMAaHB) KaneHiapHbie cucTeMbl Gonee TOUHBbiE, YeM
rpuropuanckuit kanennaps. Ho Tax Kak TOYHOCTh nochenHero 6onee Yyem AOCTaTOYHA,
TO B M3MEHEHMU CPERHEH NPONODKHUTENBHOCTH KANCHIZPHOTO roda (T.€. B M3MEHEHHM
NpaBWia CYETA BHCOKOCHBIX TOJOB) HeT HeoOXOHMMOCTH. XenarelbHa fMulb pedpopma
B pacnpeseneHMy aHell Mo MecsiiaM. B IpHMropHaHckoM KaleHZape MeECAUbl WMEIOT
pa3TYHyI0 DPOAOAKMTENBHOCTE — OT 28 po 31 jgHA. 3rto HeymobHo. Takoe xe
HeynobeTBO MMEIOT M KBapTa/ibi roja.

TpeATOXEHO HECKOABKO MPOCKTOB pedOpMBl IPHPOPHAHCKONO KAICHAAPSH, OpEny-
CMATPHBAIOWIMX YCTPAHEHHME MM YMEHBbIIEHHE 3THX HeroctatkoB. OovH M3 HHUX, NO-
BHIMMOMY CaMblif IPOCTOMH, 3aKIICUaETCA a CIIeyoleEM.

Bce KBapTayiipi Tofa HMMEOT ONMHAKOBYK) NPONOQKUTENBHOCTH MO 13 Henenn,
T.€. 1o 91 muo. lNepswii Mecsy KaXROro xpaprana conepxut 31 geHs, octanbHble fBa —
o 30 pueit. Takum o6pasoM, kaxabi keapran (u rof) 6yeT HAYHHATHCH BCErAa B ORMH
M TOT Xe [JEHb HENCTH.

Ho Tak kax 4 ksaprana no 91 gHio conepxut 364 nHs, a rol HOJKEH CONEPXAThL
365 wam 366 gHel, o mexnay 30 aexkabps W 1 smBaps Berasssiercs onyuH JeHb BHe cyera
MECHLIEB M Hellenb — MeXAyHaponHeiil HepabGouuii neHs HoBoro roga. A B BHCOKOCHOM
rofy Takoii xe Hepabouuit peHs, BHE cyeTa MECALIEB Y HelIENb, BCTABIAETCA €1UE U Moce
30 wioHs.

OnHako BOTIPOC O BBEICHMM HOBOFO KANCHAADS MOXET ObITh PEIIEM TONLKO
B MEXIYHApOXHOM Macurrade.

§ 1.18. Onuanckue gum

BuruuradueM Gosiee parHeil JaThl OHOTO CODBITUA U3 BOJee Mo3aHel AaTh APYToro,
JIBHHEIX B OAHOM CHCTEME JIETOCYNCACHUA, MOXHO BHYHCINTD YHCIO CYTOK, NPOLIEAIINX
MeXay 3TuMH cobmtusaMu. [lpu 3TOM HEOOXOMMMO YYMTHIBATL YHMCNO BUCOKOCHBIX FO-
JIOB; NpM GONBIIMX NPOMEXYTKAX BPEMCHH BLIYUCJICHUS MOFYT NIPENCTABUTL HEKOTOPLIE
HeynobcTBa ¥ AaTh HEYBEPEHHOCTE B pesynbTatax. [103TOoMy 3anaya o yucae CyToOX, fpo-
IEIIIMX MEXIEY ABYMS 33]AHHBIMH J1aTaMM B aCTPOHOMMH (HaNpUMED, NPy HCCNEIOBAHHMK
fiepeMeHHbIX 3B€3]), YI0OHEE petaeTcs C IOMOUIBIO HAUAHCKO20 Nepuodd, YUTH HAUGHCKUX
dneii. Tax Ha3HIBAIOTCH AHW, CYUTAEMBIC HENPEPHLIBHO C | stHpapsa 4713 r. jgo H. 3.

HayanoM xaxnoro 0AMaHCKOrO AHA CYMTAETCH CpenHuil IPHMHBWYCKMIA MOJACHB.
B aCTpOHOMHYECKMX €XErOIHMKAX WM B CreUMaNBHBIX TAGMMLAX AAIOTCA LeNbie YHCHa
IONIMAHCKMX AHEH, NpOLeAIIHX ¢ Hayana cyeTa OO CPEeJHero TPHMHBMYCKOID NOMYAHA
onpeneseHHoi garel. Hanmpumep, cpegnvil rprHBMYCKui nonneHb 10 axsaps 1980 r.
B JOMMAHCKHWX OHSX BbIpaXaercs 4Yuciom 2444249, a cpenHssi TPMHBMYCKas [IOMHOYB
ITOM Xe parhl — yHcnoM 24442485,

Hayano cyera voymaHCKMX AHel OpL10 nmpemioxero 8 XVI B. H. 3. Ckanurepom Kak
Havyano Gompiuoro nepuoga B 7980 nerT, SBIMIOWEroCT NPOU3BEAEHHEM TPEX MEHBINMX
NEPHOAOS:

1) mepuon B 28 net, 4epe3 KOTOPLIN [OBTOpAETCH pacnpeeNeHne JHel ceMUIHEeB-
HOM HeeNu MO IHAM TONA;

2) nepuoaa B 19 neT (MercHOB LMKI), COmEpXAIMMil NOYTH TouHO 234 NYHHBIX
Mmecaues (6940 axeit);

3) nepuozna s 15 net, ynoTpe6nsBIIErocs 8 PUMCKO HAJOTOBO CUCTEME.

Cxanurep, MCXOAS W3 IPUHATHIX B TO BpeMsi HOMEPOB JIET B 3TUX TPEX nepHoax,
paccumTan, YTto AepBHE HOMEpa BCEX TPEX LHKIOB NPUXONMAMCH Ha | siHBaps 4713 r.
O H.9.

Hepwon 8 7980 ner Cxanurep Ha3BAJT «0IuGHCKUM» B 4eCTh cBoero otua KOnusa.
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§ 1.19. Jluuua nepemenbl pathl

Fpy cyeTe BpeMeHH KaneHIApHBIMM CYTKAMM HeODXOIMMO YCTOBHIECH, tae (Ha Kka-
KOM MEepHMaHe) HaYMHAETCA HOBas naTa (mcno mecsia).

Mo MEXAYHAPOOHOMY COMMALIEHWIO JIMHESA NepeMeHbl JaThl (AeMapKaumoHHas
NMHUSA) NPOXORUT B 60mbiueil ceoeit YacTH MO MepHANaHy, OTCTOSIIEMY OT ITPHHBHYCKOIO
na 180°, oTcTynas or Hero X 3anany — Y OCTPOBOB BpaHrensi v ANeYTCKHX, K BOCTOKY —
y oxoHeyHocTH Asul, octposos Dumxu, Camoa, Tonraraby, Kepmasek u Haram.

HeobX0aMMOCTh YCTAHOBIEHNS: TMHMM TIEpEeMEHB! IaThl B8HI3BAHA CNEAYIOIUMMHN CO-
obpaxennamu. IIpH xpyroCBeTHOM TYTEIECTBHH C 3aNnala HA BOCTOK IMYTEIUECTBEHHUK
NPOXOONT NYHKTH, LHe Yachkl, MAYLUUie NO MECTHOMY (MM MOSICHOMY) BPEMEHH, 11OKa-
3BIBAIOT Bee Gosbllee BpeMA HO CPaBHEHMIO C MECTHBIM {TIONCHBIM) BpEMEHEM NYHKTa
OTNPABNEHHS NyTellecTBEHHHUKA. [ToCTENEeHHO NepeBOA CTPENKK CBOMX Yacop sIiepel,
K KOHLY KDYTOCBETHOFO HYTEIICCTBMSA IYTCLISCTBEHHUMK HACYMTBIBACT OIHH JIMILHHC
cyTku. Y HaoGopoT, Npu KPyroCBETHOM NYTCHIECTBHHM C BOCTOKA Ha 3allal — OJHU CYTKHM
TepsioTcst. Bo mabexaHue CBA3aHHBIX € ITHM OWHMOOK B cyere AHEH M yCTaHOBIIEHA
JIMHUA TIepeMeHBE IaTHL.

K 3anamy or nMHMM nepeMeHB 1aThl YUCIO MecsAua BCeraa Ha enuHuLy bossile,
yeM K BOCTOKY OT Hee. ITo3ToMy noc/ie nepeceyeHHMs 3TOi MHHHH € 3aMaja Ha BOCTOK
HeOGXOMMMO YMEHBINWTD KaleHJapHOe 4YHMClo, a HOChe MepecedeHHsl €e ¢ BOCTOKZ
Ha 3anaj, HaoGopoT, — yBenHMUNTH Ha egMHUuy. Harnpumep, ecam xopabnb nepecexkaet
JEMAPKALMOHHYIO JIMHUIO 8 HoAbps, M ¢ 3anaza Ha BOCTOK, TO Ha kopabne mara s non-
HOYb, CIEAYIOMYIO TIoCHE nepeceyeHus 3Toll TNHKUE, He MEHSIETCS, T. €. IBa AHA NOLPSAX
Jarvpylores Kak 8 Hou6psa. M HaoGopoT, ecny Kopabnk NEPecekaeT 3Ty IMHMIO 8 HoAOps,
MAS C BOCTOKA Ha 3anaj, TO B TOJHOYL, CNEAYIOIIYIO NOCHE NEpexoia yepes Hee, gara
MeHsieTcA cpa3y Ha 10 Hos6ps, a nust ¢ HasBaHWeM 9 HOAOPH ua xopabine Boobiue He GyneT.

CoGmoneHe aToro mpasuia McKiodaer ommbKy B cuere gHel, BhiepBrie AOMY-
HIEHHYI0 YYACTHMKAMM TIEPBOil KPYTOCBETHOH skcnenniuM Mareanana B XVI 8., xoraa
OHH, BEPHYBIUKCH HA pOINHY, OGHAPYXWIH, YTO PA3OHITMCEH B CYETe OHEH ¢ XUTENAMH,
OCTaBABUIMMHUCH Ha MECTe, POBHO HA OJTHH CYTKH.

§1.20. Cdepuyeckuii TpeyronbHUK U OCHOBHLIE (OPMYNbI
chepuyeckoit TPUroHOMeTpm

MHorie 3amayu aCTPOHOMHH, CBA3aHHHIE C BU-
HUMBIMH NOJIOXEHUAMH W ABUXEeHUAMH HeOECHBIX Tel,
CBOIIAITCH K PEHICHUIO cepuneckix mpeyeonbHuKoe.

CheprueckuM TpeyroNbHEKOM HaseBaeTcs dpurypa
ABC nua nomepxHoct# cdepsi, 06pa3oBaHHas KyraMu
Tpex Bonbimx Kpyros (puc. 1.14).

Vinamu cdepryeckoro TpeyronbHMKA HA3bIBalOT-
Cs1 JBYTPAHHBIE YIJIBI MEXAY MIOCKOCTAMH OOJIBIIMX
KpYTOB, 06pa3syiouux CTOpoHbl ¢hepHyecKOro TPeyroib-
HHKA. DTH YIIB MIMEPRIOTCA TUIOCKMMM YINaMu APH  Pyc. 1.14. Cepuueckuht Tpe-
BEpIUMHAX TPEYTOIbHUKA MEXIY KAcaTelbHBIMM K €T0  yroibHUK
CTOpOHaM.

O6LIYHO MCTIONB3YIOTCS TPEYrONBHUKY, YITTH M CTOPOHBI KOTOPBIX MeHsme 180°. Jina
Taknx cepHYecKUX TPEYTONBHHKOB CYMMa YTiios Beerna Gonbine 180°, Ho meHbine 540°,

5 3ax. 170
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a CyMMa CTOpOH Beerfia Menbiiie 360°. PasHocTs Mexay cyMMol Tpex YInoB chepHueckoro
Tpeyroabhuka i 180° HasmBaercs cgepuveckum usbumuom o, T.€.

oc=LA+/[B+/C - 180"
Inowaze chepuueckoro TPEYronLHHKA § paBHa

rnc R — pazuyc cgepbl, Ha NOBEPXHOCTH KOTOpOi 06pazoBaH TPEYToibHHK.

Cidepryeckuii TpeyrafibHUK, TaKMM o6pasoM, OTAMYAETCH IO CBOMM CBOICTBaM
©T IUIOCKOTO, M NIPHMEHSATEL K HEMY TEOPEMBI TPHIOHOMETPHH HA NIOCKOCTH HEAb3d,

BosbmeM cepuyecknit TpeyronsHuk ABC (puc. 1.14), ofpasosanHslii Ha chepe
paguyca R ¥ ¢ ueHTpoM B Touke (.

M3 peprumnnl A nposenem kacatensHbie AD u AE x cropoHaM b W ¢ mo ne-
pPECEYEHNS UX € TPOJOMXeHHMAMH pamnycoB OC u OB, jexaiyx B OAHOM IIOCKOCTH
€ cooTBeTCTRYIOIEN KacaTenbHolt. CoeaMHNB npAaMoii ToukH nepeceyenns O n E, nony-
YMM JBa MAOCKUX KOCOYTONBHEIX Tpeyroibiuka ADE v ODFE c obuwedi croporolit DE.
IlpuMensisi K 3TUM TPEYTONBHHKAM TEOPEME] SJIEMEHTAPHON FeOMETPHH, HAMHLIEM

DE’ = 0D + OF* - 20D - OF - cos q,
DE* = AD* + AE* ~2AD - AE - cos A.
BrrynTanueM BTOPOTC PaBeHCTBA M3 NEPBOTO MOJYYHM
20D - OF - cos e = OD* — AD? + OF® — AE? + 2AD - AE - cos A. (1.31)
M3 npsIMOYTOIBHBIX TUIOCKHX TPEYTOABHUKOB OAF u OAD cnenyer:
OD* - AD’=R’, OF’-AE’=FR', AD=Rwgb, AE=Rtgc,

0D=i, OEz—R-—.
cos b cos ¢

TNoncraeus 3T cootHomeHna B GopMyny (1.31) ¥ npousBenas COOTBETCTBYIOLIME
COKpAEeHNs M NEPEHOCH], TIONYYUM

cos @ = cos b cos ¢+ sin bsin ¢ cos 4, T.e. (1.32)

KOCKHHYC CTOPOHB CEPHYECKOro TREYTrO/ibHUKE PABEH NPOM3BEACHMIO KOTHHYCOB

ABYX BPYrux €ro CTOPOH IIOC NPOUIBEAEHHE CUHYCOB TEX Xe CTOPOH Ha KOCUHYC

yrna Mexay HumH.

@opmyny (1.32) MOXHO HalMCaTh fift moboil cTOPOHH TpeyroipHuKa. Hanumem
ee, HaripuMep, B1A CTOpoHLt b:

cos b = cos ¢ cos a + sin ¢ sin a cos B,
Tloncraeus B Hee cos a U3 Gopmynnl (1.32), nonyuum
cos b = cos ¢(cos b cos ¢+ sin b sin ¢ cos 4) + sin ¢ sin 4 cos B.
Packpeid ckobki M niepeHecs epBuiif WieH npasoil 4acTH B JieBylo, Gynem HMETh

¢os b{1 — cos” €) = sin b sin ¢ cos ¢ cos A + sin ¢ sin a cos B.
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2

3amenns (1 — cos? c) HA Sin° ¢ N COKPATHB BCe Ha sin ¢, OKOHYATENIbHO NONTYYHM

sin @ cos B =sin ¢ cos b — cos ¢ sin b cos A, T.e. {1.33)

NPOKM3BEAEHUE CHHYCA CTOPOHB! HB KOCHHYC NPUNEXALLEro yIa PaBHO Npousse-

REHWO CHHYCa BDYTO¥ CTOPOHNI, OrPaHUHMBAIOLLICN NPUNEXALLMI YION, Ha KOCHHYC

TPETLEHA CTOPOHE MUHYC NDOM3BEAEHWE KOCMHYCa CTOPOHBI, OrpaHmyvBaowiedd

FIPUAEXKELLAA YOI, HE CHHYC TPETbed CTOPOHE U Ha KOCUHYC YIiia, NPOTHBOAEXa-

Hierc nepeoii CTopoHe.

@opmyma (1.33) HasbiBaeTc GopMynoit namu iemenmoe. Ee MoXxHO HanucaTh
MO aHANOTHH M Ajs npousBenenmilt sinacos C, sinbcos A, sinbcosC, sinccos 4

u sin ccos B.
Pewmm teneps paseHcTso (1.32) otHocuTe bHO cos A:

cosa—cosbcose
cos A = ————on ——
sin b sin ¢
Bosseas obe 4acTH MOCHENHErc PABSHCTBA B KBAIpaT Y BMNTH MX U3 1, momyyuMm
sin? b sin® ¢ — (cos @ — cos b cos ¢)?
sin? bsin? ¢

1-cos® A=

(1 — cos? b)(1 — cos? €) — (cos @ — cos b cos ¢)?
sin? b sin? ¢

sin® A=

Packphis ckO6KH H pa3fienHB obe YacTH NocAeIHEro BRIpaXeHHs Ha sin? a, NoJayInM

sin® A _ 1-cos’ a—cos’ b—cos® c+2cos acosbcos e
sinfa sin a sin? b sin? ¢ :

MonydeHHoe BhipaXeHHe COBEPINEHHO CHMMCTPHYHO OTHOCHTENLHO @, b M ¢.
3amensis A Ha By a Ha b win A Ha C ¥ ¢ Ha ¢, MOXHO HalcaTh

sinB l—cosfa—cos’b—coste+2cosa cosbcose

sin? b sin? ¢ sin? bsin? ¢

sin? C 1-cos’fa—~cos’b~cos?c+2cosa cosbeose

k]

sin ¢ sin? q sin? b sin? ¢ ?
OTKYZIa
sin a sind sin ¢
sind  smB sinC
HIH

sina sinA 1.34)
—_— = ——, T.E. .
sinb sin B’ (
CUHYCB! CTOPOH CQEPHMHECKOTO TPEYrORLHYKE NPONOPLUOHANbHE! CHHYCaM NMpoTH-
BONEXALYNX KM YITIOB, MY OTHOLIGHUE CHHYCA CTOPOHL CHEPHHECKOrO TPEyrofs-
HUKE K CUHYCY NPOTHBONEXALYETO YIAE €CTb BEMUHA NOCTOSHHAS.
Tpu BbBegeHHsIX cootHomern (1.32), (1.33), (1.34) mexay cTopoHamu u yraaMu
chepuueckoro TPEYTONbHUKE ABIAIOTCH OCHOBHBIMH, M3 HHUX MOXHO TNONYIMTE MHOTO
ApyTHX GopMyn chepUYECKOi TPUTOHOMETPHH. ME! orpaHHIHMCSH BHIBOIOM OTHOM TOJBKO

I
L

\
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dopMynsl Ind nipsiMoyronsHOro cibepuyeckoro Tpeyromsuuxa. Ionoxkum A = 90°; torma
sin A =1, cos A = 0, u u3 dopmyis: (1.33) nomyuum

sin a cos B =sin ¢ cos b.

Pasnenus o6e yacTH 3TOro PaBeHCTsa Ha sin b 1 3aMeHuB sin afsin b Ba sin Afsin B=
1/sin B cornacto (1.34), 6ynemM uMeTs

ctg B=sinccigd

igd
—— =sineg, T.e 1.35
tg B in €, ( )
OTHOLUEHME TAHTEHGA ORHO0 KATETE NPSIMOYTONLHOTO CGBPUMECKOrD TREYTONLHIKE
X TQHTEHCY NPOTVBONEXALUETD Yra PaBHO CUHYCY APyroro Kateta,

§ 1.21. Napannaktmyeckuii TPEYroNbHUK
u npeobGpa3soBaHue KoopanHaT

Hapassakmuyeckum mpey20abHUKOM Ha3bBaeTCA TPEYTONBHUK HA BebecHOH cdepe,
0Gpa3oBaHHiii NepeceycHUeM HEOECHOTO MEpIIMasa, BEPTUKATBHOTO KPyTa U YacoBoro
Kpyra ceerina. Ero BepiuvHaM# SIBJISTIOTCS Mosloc Mupa P, 3eHuT Z ¥ Ceetmno M.

Ecnn ceetuno M uaxopurtcs B 3anafHoit nonosuHe HeGecHolt cdeprr (prc. 1.15),
To cropoHa ZP (myra HeBecHOro Mepuauana) papHa 90° — ¢, e ¢ — MMPOTa MecTa
Habiofenus; cropoHa ZM (ayra BEPTHKANBHOIO KPyra) paBHA 3eHUTHOMY PacCTOSHHMIO
ceerwna z-= 90° — h, tie h — BHicOTa cBeTHNa; cropoHa PM (myra wacoBoro Kpyra)
paBHa TONSPHOMY paccTORHMIO cBetwid p = 90° — §, roe § — cKIOHeHHe CBETHA;
yron PZM = 180° — A, rue A — asumyT cBeTUAa; yron ZPM =1, 1.€. paBeH yacoBomy
yray ceetina; yron PM Z = q HasbIBaeTCH napaitaKmu4eckum y2aoM.

Puc. 1.15. HapamiakrHaeckuil TPEYronb- Puc. 1.16. NapamiakTHyecKnit Tpeyrons-
HHK (CBETHNIO B 3amanHOl nonycdepe) HuK (CBETHNO B BOCTONHOM Tonycdepe)

Ec/in cBeTHIIo HAXOOUTCA B BOCTOYHON NonoBuHe HeGecHoi cdepsl (puc. 1.16), o
3HAYECHHS CTOPOH NAPaJIAKTHYECKOrO TPEYroAbHUKA Te Xe, YTO M B Ciiydae rpeOhiBaHus
CBETWIA B 3anajHoil MONOBMHE, HO 3HAYEHUR yrAoB npu BepumHax £ u P uuse,
a pMeHHo; yron PZM = A~ 180°, a yron ZPM = 360° — .

Bua napainakriHdeckoro TPEYTONLHUKA IS ONHOTO M TOIO K& CBETHNIAG 3aBUCHT
OT IIMPOTH MecTa nabmonenus ¢ (0T B3auMHOrO pacnoioxenus P u Z) u or MoMeHTa
Hab/mioneHn, T. €. oT YacoBoro yraa t.
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TIpumensist ocHOBHBIE (OpMYIH Chepudeckoil TPMIOHOMETPHH K Tiapaniakruiec-
KOMY TpeyroibHEKY (puc. 1.15) v cumras uexomHeMu cropory PM w yroa ¢, nomyuum

cos{90” ~ 8} = cos(90° — ¢) cos z + sin(90° ~ ) sin z cos(180° — 4),
sin(90° — &) sin ¢ = sin z sin(180° — 4),
sin{90° — 8) cos ¢ = sin(90° — ) cos z — cos(90° - ) sin 2z cos(180° — 4)

sin § = sin y cos z — cos @ sin z cos 4,
cos 6 sint = sin z sin A4, (1.36)
cos & cos £ = cos ¢ cos z -} sin i sin z cos A.

DopMymEL (1.36) CHOYKaT JJisi BHIMMCICHUS CKJIOHEHHUS cpeTMaa § M ero yacoporo
yria (2 3aTem M IIpAMOTO BOCXOXAEHMS @ = s — t) NIO M3MEpeHHBIM (WIH M3BECTHHIM)
€ro 36HUTHOMY PacCTOSHHIO 2 M a3uMMYTY A B MOMEHT 3BE3NTHOro spemeHM 8. MHbIMM
CHOBaMHM, OHM CHYXAT UM FEPEX0LA OT FOPH3OHTAIBHBIX KOOpDIMHAT CBETHJIA K €ro
IKBATOPNATBHEIM KOODAMHATAM.

EciM MCXOAHBIMM CYMTATL CTOpoHY ZM = z n yron 180° — A, To OCHOBHBIE
¢OopMYNIbI B IPUMEHEHMH K NIAPa/UIaKTHIECKOMY TPEYFOIBHNKY HANMMUIYTCH B CeAyIoLieM
BHIE:

cos z = cos(90° — ) cos(90° — 8) + sin(90° — ) sin(90° — 6) cos £,
sin z sin(180° ~ A) = sin(90° — 6) sin £,
sin z cos(180° ~ 4) = sin(90° — ) cos(90° — 8) — cos(90° — ) sin(90° — 5) cos ¢

M
€os z = sin i sin § -+ cos ¢ cos § cos 2,

sin z sin A =cos § sin t, (1.37)
sin 2 co8 A = — cos @ sin § 4-sin  cos § cos £.

®opmyner (1.37) cayxar Jist BEINMCICHMS! 3¢HWTHOIO PECCTOSHMS z M A3uMYTa
ceetHia A (nis JMIOGOFO MOMENTA 3BE3THOIO BpeMEHM M Uit JUoGOH HmMpoTh ()
Mo U3BECTHOMY CKJIOHEHMIO CcBeTwna & ¥ ero yacopoMmy ymy ¢ = 3 — . WHeMum
CIOB3MM, OHM CAYXarT [UIS Mepexona OT IKBATOPHANLHBIX KOODHMHAT CBETMIA K €ro
TOPH3OHTAILHBIM KOOPIMHATAM.

Kpome Ttoro, gopmyasr (1.36) u (1.37) Hcnonb3yroTesi DPH BEYUCTEHHM MOMEH-
TOB BpeMEHH BOCXONA M 3ax0Aa CBETH M HX a3yMyTOB B 3TH MOMEHTH, a TaKXe
Npy pelieHMM JBYX OYCHb BAXHAIX 33734 NPaKTHYECKO!
acTPOHOMMM — oNpezneneHus reorpadgpHueckoll WHPOTH Me-
cra HabMoJeHUs ¢ W ONpeNeNeHNsi MECTHOFO 3BE3NHOro
BpEMEHH §.

Jnst nepexona OT 3KBATOPHANLHEIX KOODHMHAT CBETHIA
(¢ ¥ 8) K ero sxmmudecknm KoopmuHatam (A u f),
H Ha060pOT, MOXHO BhiBECTH (JOPMYJIbL, aHanoTHYHbe (1.36)
n (1.37). TonbKo B 3TOM crnyYae Hai0 OCHOBHEE (op- Puc. 1.17. Cdbepuseckit
mynel § 1.20 npuMenuts K chepHYECKOMY TPEYroNbHHUKY TPEYTONEHHK, CBAILBAIO-
HeGecHOi Cipephl, BEPIMHAMM KOTOPOTO SIRNAIOTCH MOMOC 1y nosoc MHpa K nomioc
mupa P, pomoc axmnTHku 17 v ceetwio M, a CTOpoHbl  gumuruku
U YI7bl HMEIOT 3HAYEHHMs!, YKa3aHHbe Ha puc. 1.17.
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§1.22. Pedpaxums

Buaumoe monoxeHue CBETUAA Hall FOPH3OHTOM, CTPOIO roBOpS, OT/IMYAETCH OT BhI-
uncsentoro no dgopmyne (1.37). eno B Tom, 970 JTy4H cBeTa OT HeGeCHOIO Tea, NpeXae
4YeM MONACTb B IMa3 HabMIofaTeNs, NPOXOAAT CKBO3b aTMochepy 3eMJIN U NPENOMANIOTCS
B Hel, a Tak KaK TUIOTHOCTh aTMocdephbl YBEIMUMBALTCS K TIOBEPXHOCTH 3eMnH, TO Jyd
ceera (puc. 1.18) Bce Gonee u Gosee oTKIO-
MAETCH B OOHY M Ty Xe CTOPOHY [0 KpMBOii
JNHHUH, TaK 4TO Hanpaginenne OM;, no xo-
TOpoMy Habmofgarenb O BUIMT CBETUAO, OKa-
3LIBAETCH OTK/JIOHEHHBIM B CTOPOHY 3€HWTa
M HE COBTIANAIOIMM ¢ HanpasiesueM OM;
(napaensuniM BM), no KOTOPOMY OH BH-
JieTl 661 CBETHIIO TIPH OTCYTCTBUM aTMOChEpSHI.

SlpneHMe NpenOMAEHHA CBETOBBIX Jiy4ei
NpY TIPOXOXASHNH MMM 3eMHON arMocdeps
HAa3bIBaeTCsl ACMPOHOMUHECKOl pedhparijueii.

Vron M,OM, uasumaerca yeiwom pe-
dpaxyuu, MM npocto peghpaxyueti p. Yron
ZOM, Ha3BIBaCTCH GUOUMBIM IEHUMHBIM DOC-
cmosnuen cBetHna z', a yron ZOM, —
Pue. 1.18. ActpoHoMHYecKas pedpakumsa UCMUHRbLIM €TO 3CHUIMNHLIM PACCMOAHUCM Z.

HenocpencreHHo u3 puc. 1.18 caenyer

I 14
z—zZ=p ¥vmM z=2 +p,

T. €. MCTHHHOE 3¢HHTHOE pPacCTOSiHHMe CBETHAA GONble BUAMMOTO Ha BeJIMYMHY pedpak-
uum p. Pedpakuns kak 651 NPUIOTHUMAET CBETHAO HAl rOPHU3CHTOM.

Mo 3aKoHaM NpeNIOMACHWMA CBETA Jiyd HaJaloliMil ¥ JIyd nNpeioMJIeHIBIH Aexar
B ofHOM 1iockocTH. CrenoBaTebHO, A TIOCKONapaUleNbHOM atMocdephl TpaeKTopHs
ayya MBO v HanpasieHus OM,; u OM,; nexaT B OOHOM BepTHKaNbLHON MIOCKOCTH.
INoatoMy pedpakums He U3MEHSIeT a3MyTa CBETHAA M, KDOME TOTO, PaBHa HYJIO, €C/H
CBETUJIO HAXOAHWTCSA B 3CHHUTE.

Ecnu cBETMNO HAXORMTCH 8 KyAbMMHAIMH, TO pedpakiing HIMEHSET TOIBKO €ro
CKJIOHEHWE Ha Ty Xe BCAHYMHY, YTO M 3EHWTHOC paccTosiHbe, Tak KaK B 3TOM Clyuae
TUIOCKOCTH €r0 4aCOBOIO W BEPTHKAABRHOPO KPYTOB COBMANAIOT, B OCTANBLHBIX CAyYasX
pedpakuns U3MEHAET I CKIOHEHHE, ¥ NIPAMOE BOCXOXJIEHHE CBETIIA.

Teopus pedpakumm OYeHb CHOKHA M PacCMATPHBaeTCA B CHELMANBHBIX Kypeax.
Pedpaxkumns 3aBucHT HE TONBKO OT BHICOTE CBCTHE Hall FOPU3QHTOM, HO M OT COCTOSHHSA
armocephl, rmapHbM 00pa3oM OT €€ MIOTHOCTH, KOTOPas cama 3aBUCHT OT TEMIIEPATypL
n pasnenus. Tlpu papnens B MM pr.cr. H Temneparype t° B rpanycax Heascus
npubmixenHoe 3HaycHre pedpaKiMi ans BUAMMBIX ygeit (A = 0,6 MKM) cocTamnser

» B 273° ,
p = 60,25 70 TF L gz, (1.38)

Creposarensbho, Ipn temneparype 0° u npy nasneHuu 760 MM pr. cr. pedipakums
ANst TaKWX Aydeit papHa

p=6025"1g2 (1.39)

Io opmynam (1.38) u (1.39) pedpaxuusa BENHCAsieTCH B TEX CYYafAX, KOTAA
BUIMMOE 3eHHTHoe pacctosmme 2 < 70°. Tlpu 2' > 70° dopmynn (1.38) u (1.39)
J810T TIOFPEIIHOCTh Goable 1", HEOrpaHUYeHHO YBEIWYHMBAIOHIYIOCH MPH AaNbHeHlneMm
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npubivxeHni K FOPH3CHTY, TOIMa KaK ACHCTBUTENBLHOE 3HaYeHUE pedpakiHH B ropu-
30HTE coctanisier okono 35'. TloaroMy Ans 3eHMTHBIX paccTOsiHHR 2’ > 70° pedpakims
onpegeueTcs NyTeEM COYETAHHUSA TEOPHH CO CRieHMANTBHEIMM HaGMOREHHAMMU.

Benencreue pedpaxnmyu Habiopaetrcs u3MeHeHHe dopmbl auckoB Contua u JIyHe
NpH MX Bocxoze vk 3axofte. Pedpakuysi HIDKHMX KpaeB IMCKOB 3TUX CBETHJ Y TOPH3OHTa
noyt Ha €' Gonble pedpaKkiMM BEPXHUX KPacB, a TaK KaK FOPM3OHTAILHEE AHAMETDHI
pedpaxiimeii He HAMEHAIOTCH, TO BUaMMBle axcky ConHua H JIyHb! NpMHUMAIOT OBAILHYIO

Gopmy.

§ 1.23. CyrouHblii napannaxkc

Koopantarh! HeGeCHEIX Te/l, onpeencHHbe u3 HabnoneHMA Ha NOBEPXHOCTH 3eM-
Jlu, HA3EIBATCH monoyenmpuqeckumu. TOMOUEHTPHYECKUE KOOPAHHATE ORHOIO M TOTO
%€ CBeTHIa B OIMH ¥ TOT Xe MOMEHT, Booflile TOBOpS, PadIMuHbl ANS pasiMyHbIX
ToueK nopepxxocty 3emnm. Paznuume 310 3aMeTHO Jmiub o Ten ConHeuHolt cHcreMbl
M MPAKTHYECKH He OUIyTUMO Anst 3Beax (Metiniue 0,00004"). M3 MHOXecTBa HallpaBneHui,
NO KOTOPHIM CBETHAO BHAHO H3 pa3HEBIX TOYEK 3eMJTH, OCHOBHEIM CUMTAETCH HallpaB/icHUe
u3 LenTpa 3emum. OHO flaeT 2eoueHmpuMecKoe nONONCEHUEe CBeTHIAa 4 ONpeNeisieT ero
200UEHMPUHECKUE KOOPAMHATBL.

Yron MexXRy HanpasneHusaMyY, 110 KOTOPHIM CBETHN0 M Otino bl BNAHO 13 LEHTpa
3emmn u 43 Kakoit-HUOYAb TOYXM HA €@ MOBEPXHOCTH, HA3LIBAETCR CYMOUYHBLM
napariaKcom ceemund.

HMHuMH cI0BaMM, CYTOYHBIA TIApawLIake ecTb yrox ¢,
nojA KOTOpbIM cO cBeTiia 6b1 OBl BHAeH pamuyc 3eMnu,
npoBEAEHHBIN B TOUKY HabmoneHus (puc. 1.19).

Jns ceeTMia, HaxoAfllerocss B MOMEHT HaGnmiogeHHs
B 3€HMTe, CYTOYHENA Napainakc paseH Hymio. Ecym cmetn-
no M uHabmopaercsl Ha TOPU3OHTE, TO CYTOMHbBIR napaniakc
€ro MpMHUMaeT MaKCHMAIbHOS 3HaueHNe M Ha3bppaeTc 20-

PUSOKMANBHEM NApaAtIaKcomM P.
M3 COOTHOMIEHMS MeXIy CTOpPOHaMH M yrnamm 1pe-  FPHe. 119, Cyrounnit
yronesukos TOM' u TOM (puc. 1.19) umeem NapannaKe
B sinp

R
= - u — =sinp.
A sinz A P
Orcrofa nonysaem ,
sin p' =sin psin 2.
TopusoHTanbHbIH Napannaxc y Bcex ten ConHeuHoll cucteMbl — BeAMYHHA HeGONE-
mas (y Ny B cpentem p = 57, y Connua p = 8,79", y mianer menbiue 1').
TMoaTomy cuHycH yrnios p u p' B nocnendelt GopMyse MOXHO 3aMEHHTL CaMMMR
yriaMM ¥ Hanucath
p =psinz. (1.40)
BeneacTBue CyTOMHOIO NAapajiakca CBETMAO KAXETCS HAM HUXe Hall FOPH3OHTOM,
yem 370 Obwio Obi, ecru Ok Hab/lopeHMe NpPOBORMJIOCH M3 UEHTpa 3eMJM; Ipu
3TOM BIMSHHE NAPALIAKCA Ha BBHICOTY CBETHIA MPOMOPLMOHAILHO CHHYCY 3€HMTHOTO
PACCTORHHSA, 2 MAKCUMAIILHOE er0 3HaYeHHe PaBHO FOPU3OHTABHOMY Mapaiakcy p.
Tak kak 3emast mmeer hopMy chepouna, To Bo usbexaHne pasHornackil B ompe-
JENeHHH TOPM3OHTANBHBIX NApaLIaKCOB HEOGXONHMMO BHIMHCIATL MX 3HAYEHMS IS
onpefencHHOro pagvyca 3emim. 3a TakOH Paanyc NMpHHAT SKBAaTOPHANBLHBIR paauyc
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3emim Ry = 6 378 KM, & TOPH3OHTANLHEIC N3PA/iNaKCh, BHYHCIEHHRE Ul HEro, Hajhi-
BAIOTCH 20PU3DHMAAbHBIMY IKEOMOPUATBHNMU napaisakcamu py. UIMeHHO 3Ty napaniakenl
Ten ConueyHoil cMCTEMB! TIPHBOAATCH BO BCEX CIPABOMHBIX MOCOGHSX.

§ 1.24. BolumcneHue MOMEHTOB BpEMEHM
M a3MMYTOB BOCXOAA M 3aX0Ala CBETUN

YacoBoit yron cBeTiUia onpenensiercsi u3 nepeoit ¢opmynnt (1.37), a uMenno:
cos z —sin g sin §

cos p cos

Ecim kaxas-Hudyab TOYKa HEGECHOTO CBONA BOCXOUMT MM 3aXONUT, TO OHA HAaxo-
[MTCA Ha TOPM3OMTE M, CENOBATENRHO, €€ BUAMMOE 3¢HUTHOE paccTofaHue z' = 90°. Ee
UCTHHHOE 3CHMTHOC PACCTOSHME 2 B STOT MOMEHT BC/leicTsue pedppakiii (oM. § 1.22)
6yner Gonblne BYUANMOTO H3 BEMMYMHY poy = 35'. CyTouHBIN mapaniakc IOHMXAeT CBE-
THO HAX TOPU3OHTOM, (cM. § 1.23), T.e. yBenMuMBAET BUIMMOE 3CHUTHOE PACCTOSHMUE 2’
HA BEJHYMHY FOPM3OHTATBHOIO Hapannakca p. ClenoBaTenbHO, HCTHHHOE 3IEHHUTHOE
PAacCcTOSHME TOUYKH B MOMEHT €€ BOCXOZa WM 3aX0na

'
z=2+pp—p=90"+ py~ p.

Kpome Toro, mnn Conuiia H JIyHbl, MMEIONMX 3aMETHBIE PAa3MEphl, KOOPAHHATH
OTHOCHTCH K HEHTPY MX BHIMMOIO JHMCKA, & BOCXONOM (WM 3aXONOM) JTHX CBETHI
CUMTAETCH MOMEHT MOSIBIEHMA (MM MCUC3HOBEHHUS) HAa TOPM30HTE BEPXHEH TOMKH Kpas
JwmcKa, CrnenoBartesbHO, HCTHHHOE 3CHMTHOE DACCTOSIHME LEHTPA IMCKA 3ITHUX CBETHI
B MOMEHT BOCXOfia MM 3axona Oyner Gonblile 3eHMTHOTO PACCTOSIHHUSA BEpXHEH TOUKH
Kpas nMCKa HA BHAMMBIH yrnoBoll panuyc R gucka. ¥V Connna m JlyHH uX BUOMMBiE
YIZIOBBIE PANUYChl IIPMEIN3UTENLHO ONMHAKOBH M B CpenHeM pabhsi 16,

Taknum 0GpasoM, MpH BHUMCIEHUM YACOBOTO YINa CBETH/A B MOMEHT €r0 BOCKOI
u 3axofna B Gopmyne (1.41) B camom obueM ciydae 2 = 90° + pg — P+ R, u Torma ce
MOXHO 3a[MCaTh B CACAYIOLEM BHIE:

cos(90° + pgg — p+ R) —sin p sin §
. oS {p coS & '

Tio dopmyne (1.42) yacoBmie yIIbi BOCXONA W 38X0NA BEMWCISIOTCS TONLKO Uit JIYHHL
B srom ciywae Rq = 16, pq = 57 u pyp = 35', 1 hopmyna (1.42) npuHuMaeT B

_ cos 89°54' — sin @ sin §

cost (1.41)

OSt,

cos  cos &
Tipy BLMHCIEHHM YACOBBLIX YIJIOB Bocxona M 3axona CONHLA €ro rOpM3CHTATLHBIM
NapaniakcoM MoXHO npenebpeub, u npu Rg = 16' u py = 35 dopmyna (1.42)
NPMHHMAET BUA

cos 90°31" — sin ¢ sin g
€os ¢ cos g )

JLnsl 3BE3 M IIAHET MOXHO fIpEHEBPEYb TAKKE M X BUIHMEIMM PATMYCAMH ¥ BEIYMCIATE
YacoBbi€ YIJIB BOCXOAA M 3ax%0Aa 1o dopmyne

€08 90°35' ~sin p sin &
- c0s ¢ cos & )

cos lg = (1.43)

cos ¢

5) ¥V apesmm BUJMMbiH PAIMYC MPaKTHYECKH PABEH HYMO; HauGoanmmi suaMMuil paquye — y Bedepw, OH
nocTuraer 297,
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HaxkoHen, ecny npeHeGpeun ¥ pedpakinei, To YacoBoi yron BOCXo#a M 3aXo4a
BhIuMCgeTCH no Gopmyne

cost= —tgptgd. (1.44)
Kaxaoe M3 npuBeleHHBIX ypaBHEHMH faeT ABa 3uadeHMsl vyacosoro ymna: ) =t
M iy = —t. TlojoxRyrepHOE 3Ha4YEHUE COOTBETCTBYET 3axOly, OTPHMLIATENBHOE — BOC-

XOmy cBeTWIa. MecTHOe 3BE3RHOEC BpeMs BOCXOa M 3axofa cormacHo dopmyne (1.15)
NONYUAETCH TAKHMM:

Spoex = — b, Spx=ea+L
3areM MOXHO BBYMC/IHTH MOMEHTH BOCXOJA M 3aX0OHA CBETWMIIA M0 MECTHOMY CpeIHEMY
conmHesHoMy Bpemenm (cM. §1.15) H no neKpeTHomy BpemeHu (cM. § 1.16).

Ecmu BeuMcnaercss Bocxof ¥ 3axon Conslla, TO HeT HeOGXOAMMOCTH BEIYHCIATH
3BeaHOE BpeMs SBNCHMI, TAK KaK, YBeNVYMB HacoBkie yrel £ M & wa 12°, Mbl cpasy
NoNyYaeM MOMEHTH 110 MeCTHOMY MCTHHHOMY COnHeuHoMy speMenM; T, = Ig + 12%.
Torna MecTHOE CpeHee BpeMst

Tooex = 12 — to + 1,
Tox = 12" +1o + 1,

Tne 5 — ypaBHenue spemenn (cm. § 1.14), Kotopoe Gepercs, Tak Xe Kak a i 6 Connla,
U3 ACTPOHOMMYECKOTO €XErORHHKA.

A3uMyTHI TOuEK BOCXOfia M 3axoma ceeTHa (6e3 yuerta pedpakiliM, napamiraKca
H YIAOBOIO Pafdyca) NOIYYMM, ec B niepBolt Gopmyane (1.36) monoxuM z = 90°, Toraa
cosz=0,sinz=1H
sin
cos ¢
Mo dopmyne (1.45) nonyyaem asa 3Hauenms asuMyTa: 4, = A m Ay = 360° — A.
Tleppoe 3HaYeHHe ARAAETCH a3MMYTOM TOYKH 3aX0Na, BTOpoe — a3sHMYTOM TOMKM BOCXOHA

CBETHNA.
Tipeacrasum Terepb dopmynst (1.45) u (1.44) B Bige

sin cos £ tgd
— U = e e
sin(90° ~ o) 18(90° - )

Tax xax KOCMHyC He MOXeT OhiTh Gosmie 1, TO U3 3ITMX GHOPMYA chAelyeT, |TO
BOCXOll Y 3aX0/i, CBETHJIA BO3MOXEH TOJIbKO IIPH YCIOBHM

161 < (90° ~ lel)

cosd =-— (1.45)

cos A = — (1.46)

{cm. dopmyny (1.4) §1.7).
§ 1.25. Cymepku. Bensie Houm

Yacts cytok nocne 3axona CONHIIA HASKLIBACTCSH GEXEPHIUMU CYMEPKAMY, A NIEPER €ro
BOCXOHOM — ymipennumu cymepxamu. CyMEpKH — I1loCTeneHHoe ocabienmne THEBHOTO
cBeTa nocnie 3axoaa ConHla UaM YMeHbilleHHe HOYHOH TeMHOTH nepen pocxonoM Conu-
11a — NPONCXOAAT OT PACCEAHYS CBETA CIOAMH BO3AYXd, HaXOIAIMMHCS BhIilie TOPM30HTa
Habmonarens (puc. 1.20). Pasmualor CyMepKH epaioaHcKue U acmporoMutecKue,

BeyepHue rpaxgaHcKHe CyMEPKH NPOROIIKAIOTCA N0 TEX NOP, IMOKa BHICOTA LEHTpa
Iucka ConHua He cTaHet paBHolt hg = —6°. YipeHHHMe rpaxiaHcKue cyMepKu HauuHa-
1otcs mepen Bocxonom CosTHIIA, KOIga HBICOTA ero HeHTpa hg = —6°, M npoaoibkaoTes
A0 MOMeHTa BocxoAa ConHua.

4 3ak. 170
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Actporomuyeckue  cyMepky  (yTpeHHMe
M BEYEpHME) UIATCS NOJNBIIE, TAK KaK 33 MX
HauaNo WIH KOHEN NPUHHMMAETCS TOT MOMEHT,
KOrAa BbicoTa LeHTpa Comuua hg = —18°.
Korna KOHYal0TCs BeYCPHUE FpaXIaHCKUe
CYMEpKH, TO NPHXOAMTCH npuberars K Mekyc-
CTBEHHOMY OCBCILEHMIO; Ha HeGe BUAHBI NUILb
HauBonee fApkye 3Besnsl. B KoHLE BeuepHMX
Prc. 1.20. Cyvepku 2CTPOHOMMYECKMX CYMEDEK HCHE3al0T NO3inHue
cnenbl BeyepHe# 3apy, HaCTYNIZeT HOYb, @ HA He-
6e BUIHE! YXe caabbie 3Be3abl.
INpononxurebHOCTL CyMepek Af 3aBUCUT
©T reorpadmueckoil IMpoTH MecTa U oT cxioHennst ConHila 8, T. €. OT BpeMeHH roza,
H BeigKcasercs no $GopMyne

sin hg — sin g sin &y

AT
cos ¢ cos &g L

cos(t + At) =

rme BeicOTa ueHTpa Conmnua hg = —6° i rpaxmaHckux M hg = —18° mis actpo-
HOMMYECKHX CYMEpeK, a =wacoBoit yron £ Bocxopa WnM 3axofja CofHUA HaxooMTcA
no opmyne (1.43).

Ecay cunTaTh 33 BOCXod ¥ 3axol ColHila MOSIBICHHE W3-TIOR TOPUIOHTA ¥ MCYE3HO-
BCHME NOL TOPHIOHT €ro BePXHEro Kpasi M YYMTHIBATh BAMAHKE pedpaxiinm, To MOMEHT
BPEMEHH, BBIYHCIEHHBIH Mo (opmyne (1.43) wm Bocxona, nomyyaetcs Gonee PaHHUM,
a ans 3axona — 6osee MO3MHMM, YEM MOMEHTBI, BHMUCIEHHBIE MO dopmyne (1.44),
T.€. B3 yueta Braumoro paanyca Conxua v pedpakumnsy. IloatoMy ua Bcex reorpadue-
CKHX LUMPOTaX BO Bce AHU rofia MPofO/XMTENbHOCTE AHS Gonblle, YeM oHa 6buia bt 6e3
BIMSHUA 3THX NpuyH. U 10, uto 6buio cka3aHo B § 1.10 u § 1.11 © Npono/mkHTEILHOCTH
JIH$! ¥ HOYH B pa3HBIX MecTax 3eMJi B pa3Hbie BpEMEHA TOl1a, CleAyeT yTouHuTb, UMeHHO,
Ha 3KBaTope 3eMJM IeHb Beelld NPOAO/DKHTENIbHEE HOWH, HA NOMocax 3eMjiM — NOJsp-
HBbli IeHb IUTHTCS GOJIBLLIE NMONYTONA, A HA OCTAIbHbIX reorpadMyeCKHX LUMPOTaX PABEHCTBO
MPONOKHTENLHOCTH IHS W HOYM HACTYNaeT paupiue, Hexenn ColHue NpHIeT B TOUKY
BECEHHETO PABHOIEHCTBHA, K NO3Xe TEOPETHYECKOrO fHS OCCHHErO PaBHONCHCTBHSL.

Ha reorpadmyeckoit wmpore ¢ = 60°3¢' B peHb NETHErO CONMHUECTOSHUS
(6o = +23°26') Boicora Comuua he B HUXHEH KyNnbMMHALKY (B MOTHOYB), COTNACHO
dopmyne (1.13) pasua —6°. Crenosarentio, Ha wmpore @ = 60°34' B AeHb NeTHero
COJIHLIECTONHMA KOHELl BEUEPHNX FPaXIaHCKMX CyMEPEK COBNAAET C HAYANOM YTPEHHMX
TPAXRAHCKUX CYMEPEK, T.€. FPaXIaHCKue CyMEpKy IJIATCS BCIO HOYb, YTO HAJNO NOBOI
Ha3BaTh TaKyI0 HOYb 6e10ii. Yucno Genbix HOUEH B rofly M BO3MOXHOCTb MX HACTYTUIEHMSH
SABMCST OT TeorpahMuecKoii LIMPOTH MecTa U oT ckiaonelks ConHua. Jina toro, STobH
IPaXJAHCKUE CYMEPKU HE MpeKPAlANCh BCIO HOYb, HYXHO, YTo0 ciuloHeHKe Contua
YIOBNETBOPANO HEPABEHCTBY

529 —9p—6°, Te 6,284 —¢

ACTpOHOMUYECKHE CyMEPKH TeM Bonee MOTYT IVIMTLCS BCIO HOYb. JLns 3Toro HeobxoanMo,
oG ckiIoHeHHe ConHua 6plio

G2 —p—18, e 52720 —¢.

Orciona craeyet, YTO CIUOLIHbIEC ACTPOHOMUYECKHE CyMePKH MOTYT 6biTh Ha reorpadu-
YECKHX LLUMPOTaX ¢ > 48°34',
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IMocrapaitrech MPUIOMHUTE Kaxue-IW60 3aKOHOMEPHOCTH B PACTIONOXEHHY M3BECTHHIX BAM
CBETHJL

OnuuuTe CBOHMH CIIOBAMM BHAMMEIE JABIAEHHA W3IBECTHHIX BAM CBETHI.

Hakite cBoe onpeneneuue MOHATHA HebBecHON cgephl.

Ilox kaKWM YTJIOM TICPECEKAIOTER IUIOCKOCTH HEBGECHOrO 3SKBaTopa M MAaTeMaTHYECKOro
TrOpH3OHTa?

B kaxoii yacTn Hela KyJIbBMUHUPYIOT CBETIUIA B IOXKHOM NOJYIIApHY 3emiun?

B6au3u KaxoH IUT0CKOCTH JOJUKHE JiexXaTs OCBOBOXACeHHaA CcTpeiKa komnaca? Beerra md 310
BHINONHACTCS M € Kakoit TounocTeo? [Touemy?

B xakoft GhopMy/IHpOBKE ZOMXHEI YYHMTH TEOPEMY O BHICOTE MOMIOCa MMPa HAJ TOPHICHTOM
YYRLHECH I0XHOIO foNymapns 3emwm?

The M KOrna KJMNTHKA COBIAKAET € IUIOCKOCTRIO MATEMATHYECKOrC FOpH30HTa?

ToueMy ¥ Kak wacto (B CpENHEM) TOYKA BECEHMETD PaBHOJCHCTBUA AOKHA TEPEXOAMTD
M3 OEHOTO COIBEIAMA B Apyroe?

JloxaxwTe, YTO €CAM 3KIHUNTHKA NPOXOIMT 9epe3 TOUKY BOCTOKA, TO OHA MPOXOAMT M Yepes
TovKy 3anafa. Korna sro Moxet 6u1Tn?

Haiitu Ha HebecHo# cdepe TEOMETPHYECKOE MECTO TOYCK, CKAOHCHHE KOTOPHIX AONOIHAET
LIMPOTY Mecta HaGmopeHus ao 90°.

The Ha HeBecHol cdepe ApAMOE BOCXONICHUE paBHO KNHNTHIECKOM gonrore?

OUEHHTE KHTEPBANE] BPEMEHH MEXIY PAaBHONSHCTBHAME H COJHUCCTORHMAMH («NIPOROIIKH-
TeALHOCTb Ce30HOoBs). [loyeMy OHU HE omMHaKOBH?

TIpeacrassTe 3HaucHHE MIHHL TPONMYECKOrO roja B BHAC anreOpauMeckoit CyMmbi 11e10r0o
yKCHA ¥ OPABMABHBIX Kpobeft. Ing Yero 310 MOXET npHroqHTscH?

Onus HabmonaTe b BLIXOAKI K3 JOMA KAX/bIH AEHD B ONMH U TOT X YAC 3BE3MHOTO BPEMEHHK
¥ Bugen ConHue Ha ropusonte. [fie oH HaxonMACS W KOTOPEHA Obl1 Hac MO MECTHOMY
3BE3AHOMY BpeMeHH?

Ha ckonbxo camoe Gonbliiee OTAHNYANOCH OBl HCTHHHOE COMHEYHOE BPEMS OT CPEIHETO, ECITN
6bi 3eMHas Och GbUia NepreHIUKYIAPHA IKNHNTHKE?

Kaxue uachl — CpeNHHE, COHEIMBIC WIH 3BE3HBIE — YXOUST Briepes H na cxousko? Koraa
¥X MOKA3IAHHA COBNAuAioT?

Jins Kakux BpeMEH HEBEPHO YTBEPXKICHHE: «PASHOCTh BPEMEH PaBH2 PasHOCTH NOJIToTs?
CxonbKo pa3s, HaunHad ¢ |5 okraGps 1582 1., H3MEHAIOCh PACXOXKICHHE MEXIY TPHIOPHAH-
cKuM H JonuadckuM KaneHnapamu? Korma 3to npowcxomnno?

. Kaxas ceronns B 9 uacoB MECTHOTO BPEMEHH lonMaHcKasd data?

Hekro omnpagwics B KPYTOCBETHOE MMyTELIECTBHE HA BOCTOK €O CKOPOCTHIO MO HONTOTE
15° 8 cyrky. OH NOCYMTAN, YTO NO CBOHWM 4YacaM, MEPEBOAS MX Ma 1 wac Bniepes fipH
NepecedeHy FPAHHUBI KAXIOre H3 24 4acoBHX NOACOB W YYTS ABXAR! OAHY M Ty Xe Dary
P nepecedeHUn TMHKH TIepeMeHsl 1aT, OH Nposen B myTH 23 x 25 = 575 yacos. Jfoma xe
eMY CKA3anM, YTo oH orcyrcTeoBan 576 yacon, Ko u B yeM onmbea?

Belgeaurte opMyny iomany cpepHIeckoro TpeyrosbHIKa,
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Buaumbie v aeiicTtBnTenbHbie
ABVKEHUA nnaHer

§2.1. Buaumbie ABMKEHMNA nnaHeT Ha GoHe 3Be3]

TlnaHeThl MO CBOMM BHIMMEIM [ABHDXKCHMSIM AENATCA HAa NBE TPYNIBL Huichue
(Mepkypwit, Berepa) u eepxnue (Bce octanbumie, kpoMe 3emnn)'.

JBMXeHUS nO CO3BE3IMAM HIDKHMX M BePXHMX IUIaHeT paiiuuHbl. Mepkypui
u BeHepa Bcerna HaxonsTcs Ha HeGe OO B TOM Xe co3Be3anM, rne ¥ CosHue, Mbo
B cocenHeM. IIpM 3TOM OHH MOTYT HaXOOMTLCH M K BOCTOKY, M K 3anany ot Conuua,
HO He Janbiue 18—28° (Mepkypuit) u 45—-48° (Berepa). HauGompiiee yriiosoe yraieHve
TiaHeTel o1 ConMlla K BOCTOKY Ha3LIBAETCA €€ 6OCMOHOIl 310Keayueil, K 3aniagy — 3anad-
Hoii 3norzayueil. TIpy BOCTOMHON 3MIOHTALIMY NNAHETA BUIHA Ha 3ariale B Jyyax BevepHeil
3apy BCKOpe noche 3axona CoNHIA M 3aXOAHT Yepe3 HEKOTOPOoe BpeMs IIOCHe HETO.

3areM, ZBHIAsCE NOISTHEIM JBUXeHMEM (T.€. C BOCTOKa K 3afajy), CHayana Mef-
JIEHHO, & NOTOM GRICTpee, TUIaHeTa HauMHaeT Npubmuxarhes K CosHILY, CKPHIBAETCH B €70
JIy4ax M Iepecract ObiTh BHIMMOI. B 3T0 BpeMs HACTYNAeT HUMHee cOeOurentie TINAHETH
¢ ConuleM; mwiaHeTa npoxomMT Mexny Jemied 1 CoiHbeM. DKIMNTHYECKHE NONTOTH
Connua ¥ mnadersl papHbl. CITyCTs HEKOTOPOE BPEMS MOC/IE HHXHETO COSIHHEHUS
IJIaHETa CTAHOBUTCA CHOBA BUAMMOI, HO TETephb YXe Ha BOCTOKeE, B JIy4ax YTpeHHEH 3apu
He3anoiro nepen socxonoM ConHua. B 310 BpeMs OHA NponosikaeT ABHTaThes NOMATHLIM
ABUXKEHUEM, NOCTOSHHO yAanasick oT ConHila. 3aMejus CKOPOCTh NONATHOIO ABHAKEHUS
H JOCTMIHYB HanOonbnie# 3anamHoll JIOHrallMM, ILU1aHETa OCTAHABJIMBAETCS H MEHAET
HAIPABIEHKE CBOETro ABUXEeHHA Ha NpsMoe. Tenepb OHA HBUXETCS C 3amala Ha BOCTOK,
CcHavana MeIJIeHHO, 3aTeM DricTpee. YaaneHue ee oT CoiHIfa yMCHBUIACTCH, M, HAKOHEN,
OHa CKpHBaeTCs B yTpeHHMX nyvax Conuua. B ato Bpems nnasdera nmpoxoaut 3a ConHuemM,
SKIIHNITHYECKHE JOATOTH ODOUX CBETIIT CHOBA PABHBI — HACTYINAET BEPXHEE COSIHHEHHE
nnaHeTsl ¢ CosHleM, Nocre KOTOpOTO COYCTS HEKOTOPOE BpEMH OHA CHOBa BHIHA
Ha 3anaze B JykaX peuycpHeil 3apu. Ilponosbkad IBUraTbcs npsiMbIM IBHXKEHUEM, OH3
MOCTENEHHO 3aMeVIsieT CBOIO CKOPOCTD.

JocTurHys npeneapHoOro BOCTOMHONC YOANCHMS, TUIAHETa OCTAHABIMBACTCSH, MEHAET
HANPABJIEHHE CBOEro ABWXKEHMS Ha NOIMATHOE, W BCE NOBTOpSCTCA CHayana, TakuM
06pa3’oM, HMXHME NJIAHETH COBEpPUIAIOT KaK Obl «xoyiebaHusi> oko07io CONMHLA, Kak
MASTHUK OKOMO CBOCTO CPEIHErO MOJIOKEHHSL.

BuimMsle [BHXKEHHS BEpXHMX MIaHET NPOMCXONAT wHave. Korna BepxHss niaHeTa
BUIHA nocne 3axofa Conxiia Ha sananHoM HeOGOCKJIOHE, OHA MePEMELIAeTCs CpeaH 3Bean
NpSMBIM ABIXEHHEM, T. €. C 3a11afa Ha BOCTOK, Kak M Coinxue. Ho ckopocTs ee ABIDKEHUS
MeHpLIe, YeM y COTHIE, KOTOPOe IMOCTENEHHO HAroHseT NNaHeTy, M OHA Ha HEKOoTopoe

Y 310 HCTOPHYECKH COXpaHuBiicecn fencHue. COBpeMeHHOC — 6Hympentue W eneusritie (110 OTHOLIEHHIO
K opGure 3emmu).
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BpeMsi nepectacT OBITh BHAMMOIM, TAK KAK BOCXOAMT M 3aXONMT IIOYTH ONHOBPEMEH-
1o ¢ Comiuem. 3arem, Korma ConHile OGTOHMT IUiaHeTy, OHa CTAHOBMTCH BUIMMOH
Ha BOCTOKe, nepen socxonoM Commna. CKOPOCTb €€ NPAMOTO IBMKEHNSA MOCTENEHHO
YMEHBINAETCH, IIAHETA OCTAHARIMBAETCH? M 3aTeM HAYMHAET NEPEMEIIATBCS CPEH 38311
MOMATHBIM JBMKEHHEM, C BOCToKa Ha sanaa (puc. 2.1). Yepes HeKoTOpOE Bpems TUIaHETa
CHOBZ OCTAHABIMBAETCH, MEHSET HanpasieHHe CBOEro NBMXEHMsS HAa NpAMOE, CHOBA ee
¢ 2amana Harousier CONHLE, M OHA ONATH TIEPECTAET OBbITH BUIMMON — M BCE SBMEHMA
MOBTOPSIOTCS B TOM XKe MOpPAIKE.
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Puc. 2.1. BunuMbie gekenus Mapca B suBape—asrycre 1982 r. u Carypna B 1982 1.

B cepennHe LyTH CBOETo ONATHOTO ABMXECHUA [UIAHETa HAXOMWTCH B CO3BE3IMH,
MPOTHUECIONIOXHOM TOMY, B KOTOPOM B 910 BpeMs Haxonurtest Conntie. PaaHocTs sximnTi-
4decKuX nonroT nnaneth ¥ ConHia pasHa 180°. Takoe RONOXKEHHE IUIAHETH HAa3LIBACTCS
npomusocmosrhuem ¢ ConnueM. B cepeivHe [yTM NpsAMOro ABMXEHHS TINAHETHI, KOFIA
CoJHue 1B IMIaHeTa HAXONATCH B OMHOM M TOM Xe CO3BE3INN, WX IKIHMATHYECKHE NONTOTh
paBHEL DTO NonoXeHue Haswpaetcs coedutenuem nnaners ¢ ConHueM.

Pacrionoxenue nnasersl or ConHua Ha 90° K BOCTOKY Ha3bIBAETCH BOCHIOYHOL
xeadpamypoii, a na 90° x 3anany — 3anadnoil keadpamypoil.

Cpenxue 3HAYEHUS JyT MONATHHIX JBUXEHMH y IuiaHeT TakoBel Mepkypuit —
okono 12°, Benepa — okono 16°, Mapc — 15°, WOnurep — 10°, Carypy — 7°,
Vpan — 4°, Hentyn — 3°, Tnyton — 2°.

TonoxeHus mnianer ornocurenbHo ConHI, ONMCAHHEIC BRINE, HA3BIBAIOTCH HX
KOH¢puzypayusmu.

§2.2. Cuctema mupa MNronemen

OGbACHeHBe BULMMEIX ABMXeHWH niaHeT M APyruX HeOeCHBIX TeN OCNOXHAETCH
TEM, YTO BCE ITHM HBHXeHus HaGmonaloTes HaMH ¢ 3eMim, M, Kasajock OHl, HHYTO U3

3 10T MOMEHT BPEMEHM HE3KBACTCA CIMORKIE.
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HaOmoeHN# He yKasbiBaeT IIPSMO M ONPEAcNiEHHO Ha TO, IBMKCTCA M caMa 3eMIIt MM
OHa HenoapikHa. TTo3TOMY Y APEBHHMX ACTPOHOMOB OLIIM NIBE TOYKHM 3PEHMS HA ITOT BO-
npoc. CornacHo ofHoOM 13 HHX, OCHOBAHHOI Ha HETIOCPENCTECHHBIX BlieYaTeHHsX, JeMis
HEroB¥XHA ¥ HAXOAMTCS B LieHTpe Mupa (Bcenensoii). CornacHo BTOpO#, OCHOBaHHOM
TOFN@ JMLL Ha YHCTO YMO3PHUTENBHEIX 3aKMIOYeHHAX, 3eMJsi BpalllaeTcss BOKPYT CBOEi
ocu ¥ asuxkercs Bokpyr ConHua Kak ueHrpa Mupa. Ho zonyuienwe merkeHus 3emim
CHHILKOM TPOTHBOPEYHIO OBBIYHEIM BIICYATACHUAM M PEIMIHO3HEIM B3rnsaaM. [ToatoMy
BTOpasg TOYKA 3peHUs He MOIMA NONYYHTh NOApOOHOIO MaTeMaTHYeCKOTO pasBHTHS,
H Ha JIOATOC BpeMsl B aCTPOHOMHEM YTBEPAHIOCH MHEHHe O HEMTOMBIDKHOCTH 3¢MITH.

IpencraBneHns peBHMX ACTPOHOMOB O CTpoeHMM BceneHHOH U310XeHB B CO-
umieruu Kinapuus Tltonemes: (ox. 87-165 . H.3.) «Merane cunTakcuc» («Bemnkoe
NoCTpoeHMe»). Apabekuii nepepon counteHust [TroneMess M3BeCTeH MO HCKAKEHHBIM
Ha3BaHHEM <«AJILMarecr».

B ocHoBe cucTembl Mupa TltoneMes neXat yeThipe TaBHBIX JonylleHus: 1) 3emms
mapooGpasHa i Haxonutes B geHTpe Beenenuoit; 2) 3emiis HemonsinkHa; 3) Boe HebecHbIE
Tea ABHXKYTCS BOKPYT 3emMin; 4) NBHXeHHs HeGeCHRIX Te/T NPOHCXONAT N0 OKPYXHOCTAM
C NOCTOSHHOR CKOPOCTHIO, T. €. PABHOMEPHO.

CucreMa Mupa TlToneMen Ha3sbIBACTCH 20HCHMPUMECKON W MOXET OBITH MPEACTa-
B/ICHA B CIEAYIOLEM YHPOLEHHOM BHAE: TaHeThl ABHXKYTCA PaBHOMEPHO MO KpyraM —
INUYUKAGM, LEHTPHl KOTOPLIX B CBOIO OYEpeAb IBMXYTCA NO ADYTMM KpyraM — dege-
permam, B oOIIEM LIGHTPe KOTOPBIX HAXOAMTCH HenomBuxkHas 3emasi. ConHue u JlyHa
JBHXXYTCH BOKpYT 3emin o pedepenram (6e3 anuumxios). dedepentn ConHua u Jy-
HEI, neQepPEeHTH 1 3MMIMKIL TUIAHET JEXaT BHYTPH cephl, Ha NOBEPXHOCTH KOTOPOH
PACIONIOKEHB! «HETIOOBIXHEIE»> 3BE3/bl.

CyTOuYHOE ABHMXXEHHE BCEX CBETHI OOBACHSINOCH Bpalle-

A Huem Bceil BceseHHOI Kak OOHOTO LENIOr0 BOKPYT HENO-

i npenxHoi 3emum. IIpaMbie H nNoOMsTHbIE ABMXEHUS TUIAHET

a OOBSICHAMCE cnenyiolmM obpasoM. Ecamn niatiera Haxomutes

' '% B Touke A cBOEro snmumkia {puc. 2.2), T0 yrnoBasg CKOPOCTb

& ee IBMkeHMs, HaGmodaeMast ¢ HeroABHXHON 3emin T', cKia-

3 jpiBaeTcH M3 ABMXEHWS UEHTPA 3MMLMKIA F 1o gedepeHty

M JBHXEHHS TUIaHETHI MO MHMUHKIY. B 31OM HOAOXEHHH

nnadera OYOET Ka’jaTbCs HABHXKYILUEHCA NPSMBIM [BHXKEHM-

eM M ¢ Haubonsmeil ckopocteio. Korna nnanera Haxonures

B TouKe B, TO €e nBLXEHHE MO MMLMKIY NPOUCXOINT B CTO-

POHY, TIPOTHROIGAOXHYIO NBHXEHWIO HEHTPpa 3MULIMKIA, U e

YINIOBas CKOpOCTHh, HaGatomaemas ¢ 3emuld, OyieT HauMEHb-

Puc. 2.2. Jedepenr weit. Ecnau npu 3TOM CKOpOCThH NitaHeThl MO 3MHUMKAY Oyaer

H SOHUUKI MEHBIlIE CKOPOCTH LEHTpa SIMHLMKIA, TO IIAHETA B 9TOM

HanpaeleHun GyHeT KazaThed ABMXKYLIEHCS TakoKe NpsMBIM

IBIDKEHHEM, HO 3aMelieHHo. Fciu Xe ee CKOpOCTh MO SIMHLHKAY 6yaeT 6onnile cKopo-
CTH LieHTpa INMIMKIA, TO OHa OylleT Ka3aThCs NABMKYIUEHCS NOMATHLIM ABMKEHHEM.

s xkaxnoii mnaners: Ilronemeil monoGpal OTHOCMTEABHEIE DAa3Mepbl paAHycOB
SAMIIMKIIA H AeepeHTa M CKOPOCTH JBHXEHMS NAAHETHI I10 THLMKILY ¥ LEHTpa IMHUMKIIa
1o pedepeHTy TaK, 4To NpH HaGMIoneHMH M3 Touky T’ NMONYYAIOCh NBMXEHUE, HanOomee
6nu3Koe K HabnlonaeMoMy. OTO OKAa3a/ioch BO3MOXHBIM IPH BLITIOAHEHMH HEXOTOPbIX
ycnosuit, xoropeie IlTomemeit npuHsn Ge3 [0KasaTenbCTBA B KavecTse IIOCTY/ATOB.
OHM  paBHOCHJLHE CHENYIOUINM YTBEPXKAEHMSM: 1) LEHTPH 3MHUMKIOB Mepkyphs
u Benepel nexar Ha npamoli, coenumsome#t 3emmo u Connie; 2) ¥ BCEX OCTAIBHBIX
IJIaHeT PajHyCH SMMIHKIOB, NPOBEICHHBIE B TOUKY MNOJNOXCHMS ILIAHEThl, NapajeNbHbl
3TOMY HANPABACHKIO; 3) CyMMa YINOBBIX CKOpOCTeH oOpameHHA HeHTPOB SMUIMKIOB
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no fedepeHTaM M oOpailicHMs TiNaHeT 10 3MHUMKIAM PaBHBI CKOPOCTH YIJIOBOIO
nepemenienus ConHna. 9ro Baxuoe c¢BoicTBO cucTeMnl Ilronemes 3KBMBaNeHTHO
cootHoternio (2.2}, Kotopoe 6yner nonyueHo B §2.5.

CKa3aHHOe O3HauaeT, YTO cHcTeMa MMpa fltoneMen yuMThIBana OCHOBHBIE OCOGCH-
HOCTH NeHCTBUTENBHBIX NBMXEHNH UiaHeT, a HanpasieHne Ha ConHie B Helt hakTHYeCKH
OKa3bIBANOCH NMPEUMYILIECTBEHHEIM.

Cucrema Mupa [lroneMess oObAcCHsANA2 BHAWMBE IBHXKEHHS TUIAHET M MO3BONANA
NPEABLIMMCIATL MX TONOXEHUS C TOYHOCTBLIO, YAOBAETBOpsABIe HabGMIOREHMAM HeBO-
OPYXeHHBIM T71a30M.

PaszHornacus ke Teopun ¢ HaOmiofeHMsiMM, KOTOpble OOHApPYXMBAIMCh IO Mepe
TNOBHIEHWA TOMHOCTH HalmomeHM#t, YCTpaHSIMCh IIYTEM YCIAOXHEHHS cuCTeMnl. Tak,
HarpHMep, HEKOTOphle HEMpaBHUALHOCTH B BHAWMBIX IBHXCHMAX TUIAHET, OTKPHITHE
nosAHeNuMMH HabmoneHAMH, OOBACHAANCE TEM, YTO BOKPYT 1IEHTPa NIEPBOTO 3MHLMKIA
of0panaercs He NaHera, a HeHTp BTOPOro 3IMUMKIIA, MO OKPYKHOCTH KOTOPOFO HBMXETCH
yxe muadera. Korna u Takoe IOCTpOEHME UIA KaKOM~HOO IIaHETH! OKasLIBANOCH
HENOCTATONHEIM, TO BBONMJIM TPETHH, yeTBepThif M T. . SMHMLMKIB, IOKa HONOXEHHE
IUIAHETH Ha OKPYXHOCTH TOCTeRHEr0o M3 HHUX He Aapano Gojiee wim MeHee NpHeMIIeMoro
CcOTNacus ¢ HabMOAEHUAMH.

K #ayany XVI B. reoueHtpryeckas cucrema [lToleMes HaCTONMBKO YCAOXHHIACH,
Y710 He MOINIA YX€ YNOBAETBOPATh NPaKTHYECKHM TpeBOBaHMAM U, B MEPBYIO OYEpenb,
MoperiapaHnio. Hyxinl 6b1 Gonee npocTble MeTonbl BEIMMCACHMS NIOJIOXEHUS MiaHeT,
M TaKHe METoBI GbITY cO3/aHbl TeHHATBHEIM ITOJISCKMM yueHsM Hukonaem KonepHukoM,
3aJIOKHMBIUHM OCHOBLI HOBOM acTpOHOMMM, 0e3 KOTOpeIX HE Morjia 6bl BO3HMKHYTL
M Pa3BHBATLCH COBpPeMEHHAA aCTPOHOMMA.

§2.3. Cucrema mupa KonepHuka

Bemuxuit nonbekuit acrponom Hukonatt Konepaux (1473-1543), TiiatenbHo uayaus
Tpyn HltoneMesi, mpmillen K BBIBOAY O HECOCTOSTCIBHOCTH OCHOB TEOLEHTPHYECKOH
cucTeMsl MHpa. Tpya Bcelt ero xusam — KHura «06 obpatieHnn HeGecHEIX cdepr —
Gu1 onyOnukoBadH B 1543 r., Hesanoiro Oo cMepTH yueHoro. B 3ToM coumHeHMH
Konepuuk MareMaThyecky paspaGoran MAEI0 O ABHXECHHSAX 36MIH H TONOXHI Haqamio
HOBO# actpoHoMMM. Co3naHHass HM CHCTEMa MHPa HA3BIBACTCH 2erUOHEHMPUHECKol.
B ee OcHOBe nexany clefyloulMe yreepxaeHus: 1) B ueHTpe Mupa Haxomurcs ComHue
(no-rpeveckn — remmoc), a He 3emus; 2) wapoobpaswas 3emns BpPalAcTCs BOKpYr
CBOCH OCHM M 3T0 BpailieHne OOBACHAET KaxXyllieecs CYTOYHOE OBMXEHHE BCCX CBETHI,
3) 3emns, Kaxk M BCe Apyrue NnaHeTsl, obpauiaercss BOKPYT CONHLA IO OKPYXHOCTM,
M 310 ofpaLieHue 00BACHsET BUAUMOoe Apkenne CoaHIa cpefin 38eall; 4) Bce NRMXeHHs
MIPEICTABASIOTCH B BHAe KOMBMHALMYM PABHOMEDHBIX KPYTOBEIX ABHXXCHHIH; 5) Kaxyninecs
npsiMbie W TMOMSTHE ABMXEHUS IUIAHET NpHHANIEXAT He UM, HO 3emune”.

Kpome toro, Konepuuk cumtan, 4To JlyHa ABuXeTCA BOKDPYT 3eMIM M, KaK CNYTHHK,
BMecTe ¢ 3emineit — Bokpyr ConHua.

Hcxons w3 HaGmioaarenbHuiX SaHHBIX, Konepuuk, kKak H Tlronemeit, npuien
K 3aKJI0YEHHIO, YTO BCE IUIAHETHi, B TOM uyucie M 3emns, nwmxyrcs soXpyr Consua
TPMMEpHO B OAHOH U Toil Xe muockoceTH. ToabKo Npu 3TOM yCIOBUM BHAMMEIE ¢ 3emiu
MYTH TaHeT Ha HeGe MOFYT pacnofararscd BOAU3K SKIAHIITHKM.

Tak kak Mepkyphit 1 Betiepa B CBOMX BMIWMEIX ABMKEHHSX HE OTXOAAT AANEKO
ot Connia (cM. §2.1), To ¥X nYTH B NPOCTPAHCTBE, WIH opbumel, pacnonoxens! K ConHuy

Y Bro nonoxense npuseneHo B dopmynnpoexe camoro H. Konepuuka («Manutt Kommentapuiis, akcuo-
Ma 7).
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Gimxe, yem opbura Jemsd. Ilpu 3Tom Bedepa waxoantcs pansie or ConHpa, 4YeM
MepkypHit, rax Kax ee BUAWMBIE OTKIOHEHHs oT ConHua Gombine. OCTaNbHBE TUIAHETHI
obpamarorcs Bokpyr ConHia Ha Gonee IaiekoM pacCTosiHuy, yeM 3emnsa. Bimixe Beex
K 3emne pacnionoxex Mape, Tak Kak oH GhiCTpee ApYrHX rUIaHeT ABMXKETCS CPCIH 3BE3A.
3atem caenyer Gonee «meieHHbi» KOnKTep M cosceM «memneHHbi> CaTypH.
Konepuux Briepebie B aCTPCHOMMY JaT NpPapiibHbNE TUIAH crpoeHus ConHeunoin
CHCTEMBI, OTPEHIEHE OTHOCHTENbHEIE paccTosHus ruianer ov Convua (B eqrHuLax pac-
crosus 3emiiv o1 COHEE) M BLIMUCIMB NEPHONB X OGpalLeHMA BOKPYT Hero. O6pacHe-
HUSL BUIMMBIX BBUACHMIA nianeT KonepHUKOM NPOCTEL M eCTECTBEHHH, H B CBOCH OCHOBE
HE MNPOTHBOPEYaT HAYYHOMY OOLACHEHMIO 3THX ABJCHHIT COBPEMEHHOM acTpOHOMHMEI.
Cyrounoe gpuxenue beex HebBecHbIX cpeTHN KonepHuK NpaBiibHO CYHTAN ABJICHUEM
KOKyLUMMCs] ¥ OOBSICHSN €ro BpallieHHeM 3¢MIIM BoKpYr cBoek ocH. ToxnyHoe IBHXeHUE
Connua no skmuntvke Konepauk rakke cquuTan JHLE BUAMMBIM JBHXCHUEM, BHI3BAH-
HbIM JIcHCTBUTENBHEIM ABKOKEHHeM 3eMnut B IpocrpaHeTse BOKPYT Connua. Tak Kak 3Be3-
Jbl HAXOOATCA OT 3eMJM Iopa3ao fanbue, yeM CoiHLEe, TO TP TBMXEHUH 3€MIN BOKDYT
HET0 OHO KaXeTCH HaM MEPEMELLAIOILHMCS CPedl HEMONBYKHBIX 3B€3] BCErA B OAHOM
M TOM Xe€ HaripapicHuM. HakoHel, clioXiHple BUAMMBIE TIpSMbIE M NONATHLIE ABMKEHUS
wiaHer oObACHAHCE KOREPHHUKOM Kak pe3ynabralT COYCTAHHA IBYX NCHCTBMTERBHEIX
IBUXEHHIT — OBMXCHUS IVIAHETH] M IBHXKeHud 3eMiin 1o ux opburtam Bokpyr Conxua.

§2.4. ObnscHeHMe BMAMMbIX ABVKEHUH NAaHeT

Ilpu cBoeM HBUXEHHH MO OpGWTAM ILIAHETHI MOTYT
3aHMMATh Pa3HUYHbIE TIONOXKEHUS OTHOCHTensHO ConmHua
# 3esu. Tlycrs B HEKOTOpbIH MOMEHT (pwc. 2.3) 3emaa T
3aHMMACT HA CBOECH OpEMTE HEKOTOPOE MOJIOKEHHE OTHOCH-
TenbHe ConHua C. Hinxuas unM sepxHas nfaHeTa MOXeT
HaxOOMTHCH B 3TOT MOMEHT B J10DO#H TOouKe cpoer OpGUTHL.

Ecny svokusg manera Vo HaxoOWTCR B OOHOH M3 ye-
THIpEX YKa3aHHbIX Ha ueprexe Touek Vi, Vi, V3 win vy, 10
oHa BuAHa ¢ 3eMaH B HuwxxeM (V) unu B sepxrem (V3)
coenunenun ¢ ConmHueM, B danamnoi (V) wm B BocTod-
Ho# (V,) snonraumn. Ecnn BepxHas nnaneta M HaxomuTcs
B TOuKax My, Mp, M; w M, cBoeil opoUTH, TO OHA BUIHA
¢ 3emmm B npotinoctosiun (M), B coenunenmu (M),
B 3anaaHoil (M;) win Boctounoir (M,) Kuanparype.

Huxnss nnadera Haxogurca Omke Bcero K 3eM-
JIE B MOMEHT HHXHEIO COCAMHEHHMA M HANBIE BCCro —
B MOMEHT BEPXHETO COCAMHEHHS. BepxHss mnaHeTa NpUGIMKAcTCS K 3eMie Ha Hau-
MEHBLIEE PACCTOAHHE B MOMEHT NPOTHBOCTOSHKS M YIANSETCH OT HEE Ha MAXCUMATBHOE
paccrosHHe B MOMEHT coeunueunx4). Tax 0OBACHSIOTCS KOHQDUIYPALIUY TIIAHET.

CyTb OOBACHEHHST NPAMBIX M NONATBHIX ABIXKEHHMH TIAHET 3aKI0MaeTcd B COIO-
CTaB/ieHHH OpOUTANILHEIX JIMHERHBIX CKOPOCTeH TUIaHET U 3eMiM.

Korma pepxusis mwianera (puc.2.4) naxonurcs okono coefmsenns {Ms), To ee
CKOPOCTh HAITpaBiCHA B CTOPOHY, MPOTHBONONOXHYI ckopoctu 3emmu (T3). C 3em-
N nnaHera OyneT Ka3aThCA ABMXKYHIEHCA NPAMBIM JBHUXCHHEM, T.€. B CTOPOHY €€

Pue. 2.3. Koudurypaums
nAaHeT

4 H3-32 anaunTHIHOCTY OPOHT W HX HENAPAIACABHOCTH FUIOCKOCTH IKTHITTHKN SKCTPEMAILHBIE PACCTOAHHH
TPHXOBRTCA HE TOYHO HAa YKa3aHHAIC MOMEHTHL,



§2.5. Cunopuueckue U cupepieckre nepuoisl oGpamennn mnaser ¢ 61

Puc. 2.4, Tpsimoe ¥ NONATHOE ABHXKCHHE Puc. 2.5. ITpsimMoe ¥ NOMATHOE IBUXEHUE
BepxHell 1wiaHeTHl HHXHel naaHeTh

NefCTBUTENBHOTO IBUXKeHus, cnpapa Haneso. [lpy 3ToM cKopocTh €e Gyner Kasarbes
yBenvueHHoi. Korja BepXHsis TUIaHEeTa HAXOBUTCS OKONO TpoTUBocTosaHuA (M, ), 1o ee
CKOPOCTh M CKOPOCTH 3eMJIM manpasficHbl B ofHY cropoHy. Ho muneiivas ckopocts
3emnu Gonwille JTMHEWHON CKOPOCTH BEPXHEH NNaHeThi, W MO3TOMY ¢ 3eMaM IUIaHera
Dy/IET KazaTeCH ABMXKYILeHcS B OOpaTHYIO CTOPOHY, T.€. NONATHBIM IBIKCHHEM, CJIEBA
Hanpaso.

Tono6upie ke paccyXieHHs: OGBICHIIOT, NMOYeMy HHXHME Tuiadersl (Mepkypuii
1 Berepa) oko0/10 HDXHEro coOenHHEHHS (V,) IIBIDKYTCH Cpelld 3Be3J TIONMATHBIM IBHXeE-
HUEM, 2 OKONC Bepxuero coepuHerus (V) — npambiM asukenuem {puc. 2.5).

§ 2.5. Cunogmuyeckue u cuaepuyeckue
nepuoab obpallerus nnaser

Cunoduueckum nepuodom obpawenus (S) naaHeTsl Ha3HIBAETCH 1IPOMEXYTOK BPEMEHH
MEXULY €€ NBYMS [OCAEA0BATEIbHbIMY OMHOMMEHHBIMH KOHOUTYPaLMSIMH.

Cudepuneckum, Wnu 36e30neim, nepuodom ofpawerus (T) rnaders! HajbiBaeTcs
TIPOMEXYTOK BDEMEHHM, B T€Y€HHE KOTOPOTO [UIAHETA COBEpLIAET OOMH MOnAHb oGopoT
poxpyr ConHua no cpoeit opbure.

Cunepryeckuii nepuon obpawtenns 3emu HadbiBaetcs see3dnem 20dom (T ). Mexay
ITUMH TPEMH MEPHONAMHM MOXHO YCTAHOBHTH MPOCTYID MATEMATHYECKYK) 3aBHCHMOCTD
H3 CIERYWILMX PaccyXacHMil. YrnoBoe nepeMeuieHue no opbuTe 32 CyTKH Yy ANaHETH
papHo 360°/T, a y 3emnu 360° /Ty, PasHOCTL CyTOUHERIX YIVIOBHIX NEPEMEILIEHHI MIaHETh
M 3eman (uam 3eMAM ¥ IUIaHeTH) €CTb BHAMMOE CMELICHHE IUTAHETH 33 CYTKH, T. €.
360°/S. Orciona Jg HIKHUX IUIAHET

1 1 i

=7 T (2.1)
IUIE BEPXHUX IUTAHCT

i 1 1

§° 7% T @2)

DTH paBEeHCTBA HA3HIBAIOTCS YPAGHEHUAMU CUROOUNECKO20 OBUNCEHUA.
HenocpeacteerHo n3 Habmonennit MoryT ObITh OTIpefe/ieHbl TONBKO CHHONMYECKUE
mepuoabl O0pallleHus TUIaHeT S M CHAepuMuecKMit Nepuon obpauicHus 3eMmiaM, T.e.
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3BeanHmil rof Tg. CuiepHyecKye Xe nepuoiAbl obpaiueHus MiaHer T BRMUCISIOTCS
110 COOTBETCTBYIOLIEMY YPAaBHEHHIO CHHOONYECKOIO ABHXEHHS.
TponomXuTe ILHOCTH 3BE3AHOTO ToAa papHa 365,2564 cpeAHMX COMHEUMBIX CYTOK.
ITpoAcIXHTEMHLHOCTE CHHOAWYECKHX H CHIEPHYECKHX NEpHONOB 0bpalueHus IaHeT
oM. B [Ipunoxenusx.

§2.6. PeBoniouuoHHOCTL yyeHua KonepHuxka

3uayenye yueHHss KonmepHKKa Wi pasBHTHA HayK# 6€3MEPHO BEAIHKO: OHO NPOK3-
BENO HACTOSUIYIO PEBOJIOHMUIO HE TONBKO B aCTPOHOMHH, HO B BO BCEM WENOBEMECKOM
MUPOBO33PeHHHU.

JleiicTBHTENLHO, CO B3rNALOM Ha cTpoeure COHEYHOH CHCTEMB! HEPA3PLIBHO CBSI-
3aH BONPOC o NONOXeHHy 3eMiH, a ¢ Hell U y€JIOBeKa, Bo BeenenHoi. CrenoparensHo,
ACTPOHOMMSL BXOAMT KaK CyLIeCTBCHHBIIH 3/ieMECHT B MUPOITOHMMAaHUeE, OOHMMuIoLee KaK
dunocodekue, Tak ¥ peauriosHble ponpoce. Jo Konephuka, B TeueHue noyrH 15 Be-
KOB, 3emi cuMTANaCh COMHCTBEHUBIM HENOJSHXHEIM TeJloM BceneHHOM, neHTpaianHON
M BaXHelueH 9acTs0 MUPO3NaHHA.

CornacHo Xe yueHHI0 KonepHuka, 3emia — pAgoBas riiaHeTa, ABHXyUlascsl BOKPYT
Conslla BMecTe ¢ Opyrmuy, eil noaoGHeIMHE, Tenamu. fochnoacTpoBaBlee NpeacyaBiacHue
O PAVIMYMH ¢3EMHOro» H «HeGECHOIO» OKa3anoCh HECOCTONTENLHEIM.

VYyenue KonepHuka 3acTaBWio IepecMOTPETh M [PYrHe OTPachH €CTECTBO3HAHMS,
B YACTHOCTH (PH3UKY, ¥ OCBOBOINTH HAyKy OT YCTaPEBHIMX M CXOJACTHYeCKHMX TpalHiini,
TOpMO3HBIIMX ee pasantie. [locie Konepruka paisitie HayKy O NPUPOSE MUPOIAAHNS
OO r'HraHTcKumMu maravMu. Ho HOBoe HayyHOE MHPOBO33pECHME 33BOEBHIBAIO CBOM
1ipasa B OXecToueHHO#H Goppbe co cTapbiM MHPOBO33peHHEM, APHIMH NPHBEPXEHLAMM
KOTOporo Owuid peftMrHo3Hble (PaHARTHKM H PeakLMOHHble yyeHble. Bhavane BCe oHM
OTHECHHMCh TEpTHUMO K yueHHi0 KonepHyKa, cYMTas ero cucTeMy MMpa Aullb HpOCToif
reoMeTpUYeckoil cxemoli, Gonee ynoBHoOI, yeM cucrema [lronemesn, Bns anvHCIEHHS
nonoxeHuii ceetun Ha Hebe. Ho yxe x navany XVII B. penurnosHbie Kpyry XOpouio
NMOHSUIH BCIO ONACHOCTb [JiS HUX yuyeHHsa KollepHHKAa M npelpHHSUIM NpOTHB Hero
oxecToueHHoe ronenme. Tak, B 1600 r. B Pume O6nit BcewaponHo coxxen JIXopnano
BpyHo, nepsriil nocnesoBatenh ¥ MIAMeHHBIA NPOTIATaHAKCT HOBONO YYEHMH, NPHIUE-
UM K BBIBOJY O MHOXCCTBEHHOCTH obuTaemuix Mypos. B 1633 r. Tanuieo Tamuneii 6nua
MpUBJEYEH K CYAY HHKBH3MLMM U BRIHYXIeH Obl1 NPHU3HATh CBOM COYMHEHHS «CPECHIO»
M OTPEYLCH OT HMX, TAK KAK B CBOMX KHHMIaXx OH OTCTauBal CIIPaBEIUIMBOCTL CHCTCMBI
Konepuuka.

Ho Huxakie npecneloBaHKA HE MOTAM OCTAHOBHTDL HadaBLIerocst GypHoOro paspurns
HaykKM, M B TO BpeMs, KOrga WHKBH3HMUMS npecienoBana KonepHMxaHues, Horanu
Kennep (1571-1630) paspun ydenue KonepHuKa, OTKpLIB 3aKOHB! NBHKCHMI IUIAHET,
a crycTs 54 rona nocxe npotecca famuiest HoloroH (1643—1727) onybaukosan oTKpBIThIE
UM 33aKOH BCEMMPHOIrO THIOTEHHS M TeM CAMbIM 3AJIOXKHJI OCHOBY TCODHH RBHXCHHS
1naHet Bokpyr ConHua.

§2.7. 3axonnl Kennepa

Kennep 661 cropoHHMKOM ydeHusi KonepHuKa u nocTaBun nepen coboli 3agaty
YCOBEpILEHCTROBATE Ero CHCTeMY 1o HabmoneHMAM Mapca, KOTophbie HA NPOTSOKEHHH
IBANUEATH JleT NPOM3BOmMA narckuil actpoHom Tuxo Bpare (1546-1601) u B TeucHue
HECKONbKUX net — caM Kemnep.
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Buauane Kennep pasnensan tpamuumonHoe yGexneHMe, 4To HebecHble TEna MOTYT
JIBHIaThCs TOMBKO 110 OKPYXKHOCTHM, H NOTPATHA MHOIO BPEMEHH Ha To, Yrobbl nonodpats
st Mapca kpyroByio op6uTy.

Tlocne MHOroNneTHHX H OYEHb TPYAOEMKMX BBIYHCIEHMH, 0TKa3aBIDiCh OT OBILIETO
3a0MyXaeHHs © KPYroobpasHOCTH IBWXeHMi, Kennep OTKpbUI TPM 32KOHA IUI2HETHBIX
IIBMXeHMH, KOTOpHie B HacTosLee BpeMs (POpMYNHPYIOTCs CeRyIoluuM obpasom:

1. Bce nnarets ABVXYTCS N0 3ANKICAM, B OOHOM M3 GOKYcOB KOTOPLIX (OOLEM
L1 Boex nnaHet) Haxogutes Conrue.

2. Papuyc-BexTop NRaHeTsl B PaBHEE NPOMEXYTKM BDEMEHN ONNCLIBIeT PaBHO-
BesuKre IToani.

3. Ksagpare cupepudeckux neprofos obpaluenvil nnaqet soKpyr ConHua npo-
MOPUMOHANBHE! KyDam GOMBLIVX MONYOCEH MX INANTWIECKIX opouT.

Kax wu3BeCTHO, Yy 3J/UIMIICA CYMMa pac-
CTOSIHMiA OT Kakoli-aubo ero TOYKY 1o IByX
HeTIONBUXHBIX Touek F n Fy, nexalliux Ha ero
ocH AlT v Ha3niBaeMBIX goxycamu, €CTb BEIH-
YMHA TIOCTOSHHAsA, paBHas Oonbiuodt ocu AfT
(puc. 2.6). Paccrosrue ITO (iwin OA), roe O —
LEHTP 3JIMIICA, HAIBIBAETCH 0oAbioil noay-
ocolo a, a oroineHne OF/OH = e — axe-
yenmpucumemoxn taunca. ITocneauuit xapakre-
PH3YET OTKJIOHEHHE IUIMICA OT OKPYXKHOCTH,
y KoTopoii e = (.

OpGUTEHI IIAHET MAIO OTIIMYAIOTCHA OT OK-
DPYXHOCTEH, T. €. MX 3KCIIEHTPHCHUTETH HEBEJIH-
kH. HaumeHBIMIA 3KCLEHTPUCHTET MMeeT op-
6ura Bemepnt (e = 0,007), HanGonbumit — Puic. 2.6. Diumnmieckan opbuta
opbura Thnyrona (e = 0,249). IkcueHTPUCHTET
3eMHoli opbuTel ¢ = (,017.

CeornacHo nepsomy aakoHy Kemepa, Consne Haxonurcs B onsoMm u3 (POKYCOB
SUMNTHYECKOR opbutkl maHeTH. Ilycte Ha puc, 2.6 3to Gylder ¢okyc F,. Torma
HaubGonee Gmm3kag Kk CoxHuy TouKa opOmrtel I7 HajbiBaeTcs HepuzeiueM, a Haubonee
yoanenHasa or ConHua touka A — ageruen. bonbmwas ock opOute Al HasbBaercs
sunueir ancud, a Bexktop Fi P, coepunsuomuti Contue M ruasery P ua ee opbure, —
paduycom-6exniopom NAGHEmbL.

Paccroanse nnanetsl ot ColHua B nepureAuy

g=a(l—e), 2.3)

[/
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N AT e A, 1//’
Ty e 4

P
77
F, ZFd

B adenun
Q=a(l+e). (24)
3a cpemHee paccTosHMe NaaueThl OT COMHHUA NpWHHMaeTcd Gonbiuas mnoiyoch
opbuts a = (¢ + Q)/2.

CornacHo BropoMy 3akoHy Kermepa, rpiomaae Fiy PPy, onucaHHas palHycOM-
BEKTOpOM IUIaHETHI 33 BpeMst Al BO/IM3M Nepurenusi, pasHa ruomany Fy P3Py, onucanHoit
MM 33 TO Xke Bpems Al pGnm3u adenns (puc. 2.6). Tak kak ayra PP, Gonbite nyth P3Py,
TO, CjIeAOBaTeNIbHO, [UlaHeTa BOMU3M NepUTeHs UMeeT CKOpocTh Bonbliyo, YeM BOIM3u
atenns. MHeiMu crioBamu, ee aBHxeHHe BoKpyr ComHLa HepaBHOMEDHO.
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TMopcraenas (2.3) u (2.4) B popmyny (2.41), xoropyio seiBeem B § 2.14, Haiinem
CKOPOCTh [IBHXEHHA AHETbl B NEPHICIHH

l14e
1-e€

1-e
vQ —”c\i Tre (2.6)

Toe v = /PgU; — CpPeNHAd WM KPYropas CKOPOCTb IJlaHeTH MpH 7 = a. Kpyropas
CKOpOCTh 3eMsiH pasHa 29,78 kM/c = 30 xM/c.
Tperuii cpoit 3akon Keruiep 3apucan rak:

(25)

Yy =

n B acenuu

17 o /
e = 2.7
7 e 2.7

rme T) u T, — cupepuueckHe nepMoNsl obpamlieHWii nnader, a; U a; — Gonsmue
TNOJIYOCH HMX OpOHT.

Ecnu Gonblre monyocH opOWT IUIaHET BHIPAXATL B EAMHUUAX CPEIHEro paccTosHus
3emu or ConHua (B acTPOHOMMYECKHX eTHHWLIAX), 4 NMepHOAL obpalleHHil IiaHeT —
B rozax, 1o s 3emmn ¢ = 1 1 T = 1, ¥ nepron obpamenns Bokpyr Connua mobol

TINAHETH!
T=14d. (2.8)

Tpernit 3akoH Kennepa ycraHaBaMBaeT 3aBHCHMOCTb MeXIy PacCTOSHHAME IIaHeT
ot Conuua u nepuonamMH Hx obpalieHuR.

§2.8. 3nemenToi OpOMT NNaker.
OcnoBHble 3apa4m HeBecHo# MeXxaHuKn

JIBrXeHue TIaHeTh! 6yACT BYOJIHE ONPEAENICHO, ECIIH H3BECTHRI IIOCKOCTh, B KOTO-
poli nexut ec opbuTa, pasMepsl K GopMa 9TOH OPOUTHI, €€ OPHEHTHPOBKA B TJIOCKOCTH U,
HakoOHell, MOMEHT BpeMeHH, B KOTOpLIi NiaHeTa HAXOOWTCA B olipelie/ieHHOM To4Ke opOu-
Thi. Benuuungl, onpenessiome opGUTh NAaHEThE, HAILIBAIOTCH 3MeMemamu ee opbumut.

3a OCHOBHYIO FIIOCKOCTh, OTHOCHMTEILHO KOTOpPOH ONpeensieTcs NofoXeHHe opby-
ThI, OGBIYHO NPHHHUMAETCS NAOCKOCTh 3KMIITHKH.

JlBe TOuKM, B KOTOpHIX OpOMTA TIIaHETh NEPCCEKACTCS C MIGCKOCTHIO 3KJIMITHKH,
Ha3bIBAKOTCA yRaami — 60CX00RMUM W Hucxeoawum. Bocxonsiuui y3en — TOT, B KOTOpoM
IUIaHeTa NepeceKaeT IKUIITHKY, YIABIACK OT ee 10XHOro nofoca.

DaannTHYecKylo opOUTY NIEHETH ONPEIENsAioT CACAYIOUHME IECTbh 3NEeMEHTOB
(puc.2.7):

1. Haoxnonenue i nnockocTH opbHTh K MAOCKOCTY SKAHITHKH. HaxiioHeHne Moxer
MMeTh JHobele 3Havenus Mexay 0 i 180°. Ecm 0° € i < 90°, To rinaHera ABuXercs
Bokpyr Conrua (C) B ToM Xe HanpablieHWH, yro ¥ 3emns (MpAMoe OBIKEHME); €CiM
90° < i < 180°, To mnnaHeTa HABHXeTCA B FIPOTMBONONOXHOM HanpasieHuH (obparHoe
OBHXEHHe).

2. Tesuoyenmpuveckas doseoma 60cxo0aweeo yaia §), T.€. YTOI, OTCYNTHIBAeMBIH
13 ueHTpa ConHua oT HanpasieHUs HA TOMKY BECEHHETO PABHOAEHCTBHSA 00 HATIPABACHHS
Ha BOCXOAsLIMI y3en §7. Joarora BOCXOUsLUero y3ia MOXeT UMeTh Jiobple sHayenus or
o 360°.
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Puc. 2.7. Drementst opbuTh Puc. 2.8. UcTunHana, cpenuas
M 3KCLEHTPHYECKAA aHOMATHH

Honrota BOCXOBALIETO y3nia §] ¥ HaKJIOHEHHE { ONpEACINIOT NOIOXEHKE ILIOCKOCTH
opbHUTHl B IPOCTPAHCTBE M HANPABIEHHUE ABHXCHHMS TUIZHETHL,

3. Yarosoe paccmosHue repuzesus om @0cxXoOaUee0 Yard W, T.€. YION MeXay
HanpanRjenmsiMu M3 uentpa ConHIa Ha BOCXOLMMME y3en §) W Ha nepurenudt IT.
OH OTCUMTBIBACTCA B IUIOCKOCTH OpOWTH IVIAHCTHL B HANPaBIEHHH €e¢ ABHXCHMA
W MOXeT MMeTk moOble 3HaveHHs or O go 360°. YmioBoe pacCTOfHME HEpUIenHs w
onpefiensieT NojoXeHue OpOHTH B ee niockoctH. MHorma smecro w liaertcs doseoma
nepuzenus % = §) +w, 7.e. CyMMa ABYX YINOB, JeXalli¥X B Pa3HbIX FIOCKOCTHX.

4. Boavuioa noayocs a 3UTAITTHYECKOM opbHTLI, KOTOpas npH 33aHHOH Macce, KakK
mbl yHEUM B § 2.13, dopmyna (2.35), oaHosHauHo ofpedeiiseT CHAEPHYSCKU nepuor
obpatuenns T nnanersl. YacTo oMHOBPEMEHHO C Heli 1aeTCs B Ka4eCTBe 3NEMEHTa cpeduee
dsuscenve n = 360°/T = 2x /T, T.e. cpeduas yzioeas ckopocmb TLIaHETHl, HATIPUMeED,
3a CYTKH.

5. Jkcuenmpucumem opbumv € = Va? — b%fa, Tne a u b — noayocu a;HNTHYECKOH
OpOHTHL.

Bonpitiad Noayocs a ¥ SKCLIEHTPUCHTET € ONpelensdioT pasmephl u GhopMy OpoHuTHI.

6. Momenm npoxoncoenus wepez nepuzesuti tq VW NONOXeHHe NJIAHETH Ha OpOHTE
B Kako#-HuGyzb Oflpese/eHHbIi MoMeHT Bpemenn & (doreoma e anoxy t).

3Has MOMEHT MNPOXOXJACHHA uepe3 MNepurcimii fy M Apyrve 3NCMEHTH! OPOUTHI,
MOXHO ONpPeneMTh NOJOXeHHe TIAHETH! B MAOCKOCTH ee opBuThHl Mg Joboro MoMeHTa
ppemenu £. Tlonoxenne ianers Ha opOuTe oNpeAenseTcs ABYMA BEAMMMHAMH: PaAHYC-
BEKTOPOM T W ucmunnoil anomanveti ¥. VcTHAHOMN aHOManuei NiaHeThl Ha3kIBAETCA YIom
LITICP (puc.2.8) mexny HanpasienuweM us Connna C Ha nepuremwii 1 u paimyc-
BEKTOPOM IaHeTe! P. Paiuyc-peKTop 7 M HCTMHHAA aHOMaIMA ¥ BHIYKCAAIOTCA
no hopMynaM, CnenyiomrM 13 3akoHoB Keruiepa,

r = a(l — e cos E), (2.9)

¢ 7 [lte . E
£27V1-¢%7
rae yosl 9/2 u E/2 npunamnexar ofHol YEeTBePTH NOIHOTO Yia 27; yroa LF = LITON
¥ HA3bIBaCTCR IKCUCHMPUYECKOIl aHomasueil.
BkcuenTpuyeckas anomamnd E sulucasercsa us ypasHenns Kennepa

M=E-esnE, (211)

(2.10)
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rae M — yron, Ha3biBaeMEIi cpedneii aromasueli. CpenHsas aHoOManus NPEACTaBasgeT
coboif Oyry OKpYXHOCTH, KOTOpYIO OnMcasa OBl ruiaHera 3a Bpems f — fp, €caH 6nl
OHa [BHMrajach PaBHOMEPHO NO OKPYXHOCTH panMyca & cO cpelHeil yraopoll ckopo-
CTHIO 1, 7. €.

M=n(t—t)= ZT-’E(z —t). 212)

BhuncieHHe NOsoXeHUs IUIAHETHL Ha OpOHTe MU HEKOTOPOrO MOMEHTA BPEMCHH £
MPOBOAMTCA B CleAyonlell nocienoBaTeNnbHOCTH:

1) no dopmyne (2.12), B xoropoi ussectHnl T u £ — g, ONPenENsIoT CPEAHIOIO
aHoMamio M,

2) no dopmyne (2.11), npu msBecTHHIX € w M, memodom nocseGoeamentiivix
npubauxcenuil HaXONAT SKCUEHTPHYECKYI0 aHoMaio B;

3) no ¢opmynam (2.9) u (2.10) BBMHCATIOT PANMYC-BEKTOp T M MCTHHHYIO
aHoManuo 9.

Onpepenys NOACXKEHHe NAAHETH Ha OpGHMTE Mid 3aJ@HHBLIX MOMEHTOB BDEMEHM,
MOXHO BHYHCINTE VI 3THX Xe MOMEHTOB ee NPOCTPAHCTBEHHbIE NeIMOUCHTPHYECKHE
KOOpAMHATHL. 3Has Xe SneMeHTH OPGHTH 3eMAM W BHIYMUCAMB IS Tex Xe MOMEHTOB
nonoxeHWe 3eMIH Ha ee OpbHTE, MOXHO ONpEAENANTb NEOLECHTPUYECKHE KOODAHMHATHI
IJIaHEeThl ¥ HAlTH e¢ paccTosiHKe OT LeHTpa 3eMiIu.

Onpenienexrye BUAMMBIX KOOPIMHAT TUIAHET MO 3/IEMEHTaM WX OpOMT HasblpaeTcs
soucnenuem sgemepud, T.e. nonoXeHui mnaHer Ha obGble HIGPaHHBIE MOMEHTHI
BpeMeny (MHOLOA HAa MHOTO JieT Brepen).

O6parHas 3aaava, T.€. onpelesieHHe 3ICMEHTOB OpOMT NO KOOPAHHATAM, NOJyYeH-
HbiM M3 HabmoneHuli, HasplBaeTcs onpedeienuem opbum. DTa 3ajaya TOPasgo TpyAHee
BLiUHCTIeHHs 3teMepra. Kermep pelrsn ee nid Tex FnaHeT, KOTOpeie Habnionalorcs yxe
JaBHO, MeTonbt Xe onpefiefeHus opOUT 1o HeCKONBKHM (HE MeHee Tpex) HabmoeHuaM,
Y70 0cOOEeHHO BAXHO NPH OTKPLITHM HOBBIX ILIAHET M KOMeT, GbUiM paspaboTaHbl AL
B Havane XIX B.

Briunicnenne adeMepua 1 onpeneneHrHe OpOMT — OCHOBHBIC 3aA249H TCOPETHYECKON

ACTPOHOMMH.

§2.9. OcHOBHbIE 3aKOHbI MEXaHMKH

M. Kemnep, T Twmueit u X. [oltrenc (1629—1695) 3a10XHAM OCHOBH ONBITHOTO
0BOCHOBAHMSI MEXaHWKHM, BO MHOTOM ONHpasch Ha aCTPOHOMMYECKMe HAGMIONCHHS.
H. HeioTon 0GO6IIMA WX BEIBOAE M €O34a/l CTPOMHYIC TEOpMIO, KoTopas craia ¢yHma-
MEHTOM Kjaccuweckoll usuru. DTa Teopusi ccHoBaHa Ha chopMy/inpoBanHblX HetoronoM
TpeX W3BECTHRIX 3aKOHAX MeXaHHMKH, K KOTOphIM HeoOXOoAMMO A0OaBMTL 4eTBEPTHIH —
3aKOH BCEMHDHOTO THTOTEHMSA, 0CO60 BAXHEH 1S aCTPOHOMHU.

Bce 3ty yeThipe 3akona He SIBIMIOTCA aOCOMOTHRIMM: OHM — OfpedesieHHOE
npubnxXeHne K AeHCTBUTEIBLHOCTH, NPaBAa, NO3BOJUBLLIEE NPCABBYKUCIATL NONOXEHUA
M JBWKEeHUS HeGECHBIX TeNn ¢ TOYHOCTHIO, 0 KOTOPOH HE MOLNHM JiaXe MeuTaTs npeliie-
creesnukn HpioToHa, OrpaHngeHHOCTh 3aKoHOB HLIOTOHA CBA3aHa ¢ NBYMA BAXHEIMM
©6CTOATENLCTBAMM.

Bo-nepBuix, OHM CNpaBeAANBLI TONBKO I/ MATCPHAILHBIX TO4YeK, T.e. Tel,
PasMepbl KOTOPHIX MCYe3alonle Majibl MO CPaBHEHMIO C DacCTOAHMEM MEXIY HHMH.
B 6onsImIMHCTBE CYY2€B 3TO YCHOBHE BHINIONHAETCH, 38 MCKJIOYEHHEM OTHOCHTEHHO
GIIM3KO PACTIOACKEHHBIX TeN (HanpyMep, cuctema 3emsi—Jlyna).

Bropoe orpaHMueHHe MMEeT NPHHLMIHAILHBIN XapakTep: 3akoHb HblotoHa Gasu-
pYIOTCH Ha NPEACTABACHUSIX 06 abcostomuom eexaudoeom npocmpancmee ¥ He3aBUCHINEM
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OT Hero abcomomnom epemenu. 0O O3HaAYAET, YTO OHY COPABEAIHBLEI TONBKO B HHEPLH-
QILHBIX CHCTEMaX KOODAWHAT, T. €. ABMXYIUMXCA PaBHOMEPHO U 6e3 BpallieHns.

CucreMa KOOpAHHAT — MareMaTnueckas aberpaxuma. Ee cnexyer otamuars or cu-
cmembl omcsema — PEATILHOTO Gu3KyecKkoro Teia (WM CHCTEMBI Te), C KOTOPLIM JaHuas
cHCTEMa KOODHMHAT CBsisniBaercsi, B ¢msmyeckoli nabopatopuu cucreMy KOOPOMHAT
HMHOTAA JOCTaTOMHO CBA3aTh ¢ 3emiach. B acTpoHOmHmM Tpebyercd Goabiuas TOYHOCTB
M CHCTeMbl KOODIHHAT NOCHCIOBATCILHO CBA3LIBAIOT ¢ AAHHBIM MecTOM Ha 3emne
(monouenmpuveckan, WM cucmema omcuema naGarodamess), © UEHTpaMH 3eMIM WM
Comnua (2e0- u zesuoyenmpuveckas). Ontaxo Gonee 6aK3KOM K MHEPUMANLHOM ABAsETCH
Gapuyenmpuveckan, B KOTopoil HaYaNno OTCHETa COBMELIACTCA C LIGHTPOM MACC BCEX Tell
ConHeuroll cucreMH. B Hacrosllilee BpeMs 3T4 CHCTEMA OTCYETA OMpeelieHa ¢ Takoi
BHICOKOM TOMHOCTHIO, YTO CTAHOBATCH 3aMeTHMMHE 9(dekThi Gosiee TOYHOM, yeM Teo-
pusi HeioToHa, obiuelt Teopun orHocktensnoctd (OTO) A. Diinuiteiina (1879-1955).
B Teopum JifHiureiiHa Me OeracTcs ANMpMOPHBIX MpenronoXeHuil o6 abconrorHocTH
M HE3aBHCMMOCTH MpoCTpaHcTBa M Bpemenu. IlosToMy moclie yueta pensSTUBMCTCKHX
MOTPaBoK, HAMPHMEDP, BPEMA B CHCTeMe OTCYeTa HabniogaTels oTnNyYaeTcs OT BPEMEHH
B GapHLIEHTPHYECKOM CHCTEME OTCYeTa.

TlepeiineM Teneph K paccMOTPeHMIO 32KOHOB HBIOTOHa, XOTODbiE B OTIMMHE
OT IIKOJIBHBIX YIeOGHUKOB, MLl ChOpMYAMpYeM TaK, KaK 3TO CREAaN MX aBTOp.

Ilepsuit 3akoH.

Bcsikoe Teno COXPAHSET CBOE COCTOAHKE MOKOS MM PaBHOMEPHOTO NPSMO/MHENH-
HOro ABXelna, Noka n NnocKoNLKy NPWIOXKEHNE CHALI He 38CTaBaT ero MaMeHNUTH
3710 COCTORHNE.

BT10 3aKOM HMHEpLMK, BepBele obocHoBaHHBIN eme Tanuneem B «bBecemax o mpyx
cucreMax Mupar. ECIIH m — Macca Tesa, a v — CKOPOCTh er'o BBVDKeHM B HHEPLIHAILHON
CHCTEMe OTCHETa, T0 B MaTeMaTHdeckoil ¢dopMe 3aKOH HHEPIIMM HMECT BUL

mv = const. (2.13)

Ecnu v = (, TO TENO HAXOMMTCH B MOKOE; €CIM v = const # (), TO TeNo ABMKETCH
pasroMepHO ¥ npsmonvuefino. [ponaseneruie MY HAILIBACTCH uMmMbeom (Konuuecmeom
Deurcesus) Tena. MaMeneHue uMnynsca Tena MOXCST TIPOH3ONTH TOABKO B pE3y/ILTaTeE ero
83auMOAEHCTBUS C APYTUMM TeAaMu, T. €. NoA AcHCTBHEM CHIBIL

Bropoit 3akoH.

VismeHeHue KOMMHECTBa ABAXEHNA RPONOPUMOHANLHO NPWTOXEHHON ABMXYLER
Cuie ¥ NPOMCXOBMT RO HANPABABHWIO TOA NPAMOA, N0 KOTOPOA 3Ta cmna
nescTayer.

MareMaTHyecKH 370 3aNMCHBAECTCA TAK:
d
E my = F,
WK, €C/IM Macca Tejla He MEHAETCA,
mw = F, (2.19)

1. €. MPOW3BEICHHE Macchl Tella M Ha €TI0 YCKOPSHHE w paBHo AckcTBylomieit cuiie F,
YpasHeHne (2.14) HA3BIBAETCS OCHOSHLM 3GKOHOM OUHAMUKY MAMEPUGAHOT MOUKY.
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Tperu#t 3akon.

Jlelicteye BCEraa BLISHIBAET PABHOE U NPOTUBOMOIOXHOE NPOTUBOREHCTEUE, WHB-
M¥ GNOBaMM, BO3AEHCTEHS ABYX Ten SPYr HA APYra BCErAa pasHb! i HarpasieHs!
B NPOTUBONOSOKHBIE CTOPOHBI.

Fcnu kakoe-HMOYIOL TENO € MAcCOi my B3auMOAeHCTBYET ¢ APYTHM TENOM C Mac-
cOH 13, TO MEPBOE TEN0 U3MEHACST KONHYECTBO ABHXEHNSA BTOPOTO Te/ia Mavy, HO H CAMO
nperepheBaeT OT HETO Takoe X€ M3MCHEHHE CHOEro KOJMYECTBA ABMXKEHMA (v,
HO TOJLKO 06paTHO HanpaBieHHOE, T. €.

G tmw) = -5 (mio)
B, = ~F,|. (215)

§2.10. 3aKOH BCEMMPHOIO TIIOTEHUS

Hzes o ToM, 4TO MexJLy IODBIMH TERaMM CYLIECTBYeET BiauMoaelicTere (JaibHopek-
CTBHE) BLICKA3BLIBANIACh OYEHb JaBHO. AHTHYHBIE yYeHble YTBEPXAAAK, YTO YacTH LeIoro
CTPEMATCA K BOCCOEAMHEHHIO. AHaKcarop nojarai, yro eciu 651 JlyHa He ABHraiach, OHa
ynaja 66 Ha 3eminlo, Kak 1afaeT XaMeHb, BEITYHIEHHBI 13 Npaiiu. PopMynHpys 3aKOHE
IBWXEHHS maaHer, Keruiep BeicKasan NMpeuionoXeHHe O CyLIECTBOBAHHE CHITHL, 06paTHo
NPONOPUHOHANBHON PacCcTOAHMIO, 8 THXECTh PDACCMATPHBAI KaK CTpeMJIEHME BCEX Tel
apyr Kk opyry. 3acayra HeloroHa B oM, 4TO OH O60CHOBAN ¥ CHOPMYNMPOBAN 33KOH TH~
TOTEHH#, 3aMHUCall €TC B MaTeMaTnieckoil hopMe M HeNMocpeACTBEHHBIMH BHIYHCIEHHAMH
MOKa3all ero CnpaBeUTMBOCTL Iag pasHbix Ten Cosneyno#t cucremel. McxonHeM B pac-
cyxnesnax Hreiorona Obio TO, YTO BCEM TelaM Ha MOBEPXHOCTH 3eMIM cHa mx(ecm
coobuiaeT npH ux cBOGOAHOM NajleHNM YCKOPEHHUe g, paBHoe npubnausurensHo 981 cM /et

Jonycrnm, 4T0 CHjla TsKeCTH M3MEHAeTCS 06paTHO NPONOPLMOHANLHO KBAApaTy
paccTofHuA Tena oT 1eHTpa Jemau. Toroa, ranpumep, JlyHa, Haxonaulascs OT LeHTpa
3eMiIN Ha PACCTOAHMM NPHOAM3HTENBHO B 60 3eMHBIX PaIHYCOB, IOJDKHZ MCITBITHIBATHL
yekopetive g B 607 pa3 MeHblie, UeM YCKOPEHHE Ha FIOBEPXHOCTH 3eMIH, T. €.

, & 981
g =€.§ 3600 cM /c “027CM/C

M3 MexaHMKM H3BECTHO, YTO IIA TOYKH, PaBHOMEDHO ABMXYWIEHCA no Kpyry,
HEHTPOCTPEMHTENIEHOE YOKOPEHHe W = T, TOE & — YINOBas CKOPOCTb TOYKH, 8 T —
pajnryc Kpyra.

Hpuuumast opbuty JIyHH 3a OKPYXHOCTL ¢ NPUOAMXEHHBIM DaIMycoM ¢ =
60- 6400 KM, a nepHon obpaitieHKs JIYHEI BOKPYT 3eM/iH paBHRIM NPHMEPHO 27,3 cpeaHuX
cyroK (cHlepuueckuii MecsL), NONYYHM LIEHTPOCTPEMHTENILHOE YCKOPEHHE OpGHTAILHOTO
merxeHus Slyub!

2% ? 5 2 2
w= (;LT—-—*) -60- 6400 - 10” em/c” = 0,27 em/c”.

Toayyennpie omMHaKoBele uMcaa At ¢ M w O3HAYaloT, YTO CHLy, KOTOpas
ynepxusaer JlyHy Ha ee opbuTte (Ciiy npuTsSXKeHms1), MOXKHO PacCMAaTPUBATh KaK CHITY
3EMHOM TAXeCTH, OCTabNeHHYIO NMPONOPHHOHATIEHO OTHOLIEHHIO KBAPATOB PacCTOSHHIA

OT 1eHTpa 3emin a0 JlyHul ¥ 10 nosepxHocTH 3eman. ITOBTOpUB Te Xe pacCyXaeuHs st
Connna ¥ nnader, HuI0TOH caeaan BHBOL O TOM, YTO CHJAA TSDKECTH TOXIECTBEHHA CHie
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B3aHMHOTO TATOTEHWsI, OeiCTRYIONICH MexXay BCceMM teaMu BeenenHoi, u chopMymipo-
BaJl CNEAYIOIYIO TEOPEMY: CHITE, KOTOPBIMH [MaBHEIE TUTAHETH MOCTOSHHO OTKJIOHAIOTCH
OT NPAMOJMHEMHOro ABMKEHHA M yHOCpXMBAKOTCA Ha CBOMX OpGMTaX, HaNpaBieHbl
k ConHiy ¥ o6paTHO NPONOPLIMOHATBLHBI KBAIPaTaM PaccTOSHMS OT €10 HEeHTPa.

Ha ocHoBakMM TOro, 4ro CHA, YHEpXWBAIOWIAA TUAHETH Ha MX OpGHTax, TOXAE-
CTBEHHA CMJie TSDKeCTH, ACHCTBYollel Ha mopepxHoctH 3emim, Huloton obobumn 3ty
TeOpEMY M Bbipaswi ee B jopMe 3aKOHa BCEMMPHOLO THIOTEHMS.

Kaxapie ABE 4acTulbl Marepu NPUTIrusaloT B3BVMHO ADYT ADYra, Wik TroTeioT
APyr K OPYY, C CWNOii, NpsMO NPONOPUMOMENEHONM FNPON3BEAEHMO UX Mace
¥ 06paTHO NPONOPLIMOHANLHON KBAAPATY PaCcCTORHMA MEXAY HUMHK.

MaremaTHueCK! 3aKOH BeeMHPHoOro tarotenns HbloToHa 3amichiBaeTcst TaK:

m;m;
F=C 17162

e (2.16)
TIe M; M My — Macchl YaCTHLl, ¥ — PACCTOAHME MeXay HHMH, G — Ko3dduumeHT npo-
NOPUHUOHAILHOCTH, PaBHRIN CHE, C KOTOPOM NPHTAIMBAIOTCA APYT K ApPYTY ABE 4YacTULb
¢ ¢AMHMYHLIMM MacCaMM M HaXOOALIMECH Ha eNHHHYHOM pPAacCTOSHHM ADYT OT ApYra.

KosdpduumieHT G Ha3bIBaCTCH ROCIMOAHNOI MA20MEHUR WIM 2PAEUMALLONHO nocmo-
AHKOII W, COFNACHO HOBEHINIHM M3MEPEHUAM, yuCIeHHO paBeH B cucteme CH

G=66726-10"""-H - M- xr 2 =667-107"" o’ - x5! . ¢,
w B cucteme CI'C
G =6,6726+0,0005-10 cm-r' - c 72

TlooToMY ABE 4aCTWLIbI ¢ MaccamMM 1o | T KaXias, HAXOWALIMECS HA PacCTOAHHUM
1 ¢ ofHa OT Apyroit, NPUTATHBAIOTCA APYT K APYTY ¢ cuwoit B 1/(15 - 10°) omm.

B acrponomuu paccroanug Mexiay ConHLIeM M IUI2HETaMH 98CTO BBIPAXAIOTCHA
B ACTPOHOMMYECKHMX c¢AMHMuax (a.e.), MaccH HeGecHbix Ten — B Maccax ConHua,
a BpeMs -- B CpelHmMx coiHeuHmX Cyrkax (§1.15). B oroif cucreme emmHML, npen-
noxernol K. layccom, nocrosHHas Tarorenua G = k° = 0,00029591, a emiumHa
k = 0,01720209895 ~ 1/58 HazsIBaeTCA 2aycco80i NOCMOANNHOH,

Bo sropom 3akone HulO0TOHA Macca BLICTYI2ET KaK OTHOLIEHHE CHITbI K YCKOPEHHIO,
BHISHIBAEMOMY 3Tolt choh (unepyuonnas macca). COTnacHo 3aKOHY BCEMMPDHOIO THATOTE-
HMA, Macca NOPoXIaeT MMoJie TATOTEHMs], Onpene/sieMoe rpaBUTAIHOHHON oCTOAHHOMH G,
DT0 NPHBOAUT K NOHATHIO 2pasumanionnoii maccel, PapeHCTBO MHEPLMOHHON M rpa-
BHMTALIHOHHON MacCc HHOTKYAA He CNENYeT, XOTH 3KCHEPUMEHTANBHO OHO YCTAHOBAEHO
€ OTHOCHTENBHOH MorpewHocTb0 Mekbwe 1072, TIpeanosoxXenne 0 TOXIECTBEHHOCTH
06eHX Mace Ha3bIBACTCH HPUHLUNOM IKEUBLICHIMKOCIIU W TIEXUT B OCHOBE 0biujelt meopuu
omuocumessnocmu (OTO).

PaccMOTpHM Teneph HEKOTODHE cieacTBust U3 3akoHoB Hulotona mns rpaBuTapm-
OHHO B3aWMOZAEHCTBYIOLIMX ABYX Macc m, ¥ m;.

1. Jse MarepuanbHeple YaCTHUE NPHTATMBAIOT APYT APYTA C OOMHAKOBBIMM NO Be-
NWyMHEe W TPOTHBONONOXHO HANPaBieHHLIMM CWiaMH F, HO MNOAYYaloT NpH 3TOM
pastible YCKOPeHMs, 06PaTHO NPOMOpPHHOHATLHBIE UX MaccaM. JleiiCTBUTENBHO, OT CIWIbE
TaroTeHus F Macca m; noaydaer yckopenue wy = Gmy/r°, HanpaBiCHHOE K T,
a Macca m, — ycKopesMe w; = G'm, /r?, nanpaBienHoe K m;. OTciona

wy m)
wy m
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Hanpumep, yckoperue 3eMin oT nputaxeHus ee JlyHoit Metbule yekoperus Jlynst
OT NpHUTXeHUs ee 3eMieii Bo CTONBKO Xe pa3, BO CKOJBKO pa3 macca JIyHH Mewbile
Macchl 3eMin.

2. OTHOCHTESBHOE YCKOPCHHE ABYX MAaTePHAIBHEIX TOYEK W,y PAaBHO pPA3HOCTH
YCKOpeHHKH w| — W, M TaK KaK W} ¥ w; HANpaBieHbl B POTHBONOAOXKHEIE CTOPOHDI, TO

m) +m
W =G— 53—,
T. €. Wo; NPOTIOPLUMOHANLHO CYMME MACC YacTHLL.

CrelOBaTeAbHO, YCKOPEHHME MNpPH OTHOCHMTEALHOM IBMXEHHHM HMEET TaKylo Xe
BENMYMHY, XaK M B Cliy4ae, ecm 6ul Macca obewux yacTn (my -+ m;) 6bNa cocpenoTouena
B onHoOM u3 Hux. [o3ToMy NMpH pellicHHM 3a1a4M O ABMXKEMMM ABYX NPHTAIHBAIOLIMXCA
MaTEPHATbHBIX TOUEK MH MOXEM CYMTaTh, YTO CHN2 CO3IAETCH OAHHM HENOABMXMEIM
LIEHTPOM C Maccoit m = my +m;, ¥ HCCACA0BATH ABHXKEHHE TOABKO OfHOH MatepHaTbHOM
TOYKH noj AelcTBreM 3TOM CHNEL.

3. lpe MaTepyaibHEIC TOYKM € MaccaM¥ m; M My, HAXOLAIIHECHs Ha PaBHBHIX
PACCTOSHHMAX OT TPEeThelt MarcpHaJbHON TOUKH C Maccoil m, MPUTATHBAIOTCH NocaeaHEH
€ PasHLIMH CHIaMM ™ mm

1 2
F|=G 1‘2 H F2=GT,
HO B CHITY NPHHLIMNA 3KBHBAJICHTHOCTH TIOJIYYaIOT OAHHAKOBbIC NO aGCOMOTHOM BelMYNHE
YCKOpEHus

m
Jwi| = |lwa] = G—.

)

TocKoNBKY 3aKOH BCEMUPHOTO TAroTeHus HBI0TOHA CIpaBeAine A8 MaTCpHaIbHLIX

TOYEK, TO VIS peaibHBIX Tel, CTPOTO T'OBOPH, OH HE BHINOMHAETCA. PealbHLIe TeNa MOXHO

ARIb NPUEAUBUTENBHO CUMTATH MATEPHANILHBIMH TOYKAMH FIPH YCJIOBMH, YTO PACCTOSHMA
MeXAYy HMMH 3HaYMTENBHO NPERBINAIOT HX pa3sMephl,

IMousaTe o norenuuane. Mg toro yrobol npobHYI0 Maccy m, HaXOASHIYIOCH
HA pacCTOAHHM 7; OT ToueyHo#t Macchl M M NpPHTATHBAIOWIYIOCS €10 MO 3aKOHY
BCEMHUPHOTO TATOTEHMs, NEPEHECTH Ha pacCTOfiHHE T2 > ), HeoOXOAMMO 3aTpaTHThb

pacery GM
dA= —;2—(7‘2 - f|),

TI€ T — HEKOTOpoe CpefHee 3HaYeHue, NpuyeM 7) < r < 1. Jing GAMIXuX ToYeX MOXHO
NPHHATL B KAYECTBE 7 CPEAHEE FEOMETPHUECKOE T = /T 72, Toraa nonydnmM
GM GM
4 = — — —,
L] m
Gyukuus U = —~GM /v nasuBaercs nomenyuaiom Maccek M B TOUKE r ¥ paBHa
NOTeHLHANBHON 3HeprUH €IMHHYHOM MAcCh, MPHHECEHHOH M3 GECKOHEYHOCTH B 3TY
TouKy. Ilpu r — oo noreHuman U — 0, Yrobul NpobHy0 MACCY YHECTH B GCCKOHEYHOCTD,
HeoBxoauMo 3atpatuTs paboty. CrenoBarenbHo, BO BCeX KOHEYHBIX TOUKaX MPOCTPAHCTBA
sHeprus U oTpuuarensHa.

HNoteHunankwHad 9HeprHsa mapoobpasHoro Tena. Ecim M3 GeCcKOHEYHOCTH
Ha NOBEPXHOCTDL 11apoolpa3sHoro Teia ¢ Maccoit M W panuycom R ymaner Macca dm, To
none TAroTeHus copepuMT paboty dA = GM /(Rdm), u Ha TaKy1o BeIN4iHY YMEHBIIHTCA
NOTeHUMaNbHaA 3Heprda Tena M 4+ dm. Ecnu 310 bDenars BeAkuit pas paBHOMEPHO
M NOCTeNeHHO Mapaul¥BaTh OT HYAS BClo Maccy M, 1o noayuutcs Tero cepHyecKoit
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CTPYKTYDHI, B KOTOPOM IUIOTHOCTB 32BUCHT TOJIBKO OT PAcCTOSHMA A0 UEHTpa. BrmonHsaa
ONEPALMI0 MHTETPUPOBAHKR, MOXKHO HAHTH MOAHYIO TOTERUMANBHYIO DHEPIuio TAKoro
Tena. OHa OKaspBaeTCs M0 NOPAAKY BEJHYHHB PABHOM

GM?
Bpor = R (2.17)

Tounoe 3HAUCHNE e€ 3aBUCUT OT pacTipesieieHyst Mace no miybuse. s omsoponsoro
wiapa, Kanpumep, Fue, = (—3/5)(GM?/R).

Jina obocHOBaHMsA 3aKoHA BCEMMPHOro TArorerns HplOTOH cpapHuBan ycKopeHye
nBuxeHus Jlyusl BOKpyr 3JemuM ¢ yckopenneM ceobopmoro namemms g. Onmako,
JONroe BpeMs eMy He VAABaioCh YCTAHOBMTH, KaK 3eMJist MpMTHruBaeT TejOo Ha CBOEH
FIOBEPXHOCTH., D710 OOGCTOATEABCTBG, HO-BHEMMOMY, CMALHO 3a4epXajio RyOAMKaUHio
33KOHA BCEMHMPHOrO TATOTEHMS, MO KpaliHelt Mepe no TexX nop, fI0Ka OH HE JOKa3an
cleayIoliee YTBepXaecHHe.

Yactuya, HaxO[AWasca BHE COEepryeckoil noBepxHoCTy, NPUTRIMBAETCH K LeHTRY

cepel ¢ CwIoH, 0OPATHO NPONOPLMOHANLHON KBABPATY €€ PACCTOSHMA OT UeHTpa

cepss.

H3 3roit Teopembl, OYEBMOHO, CileAyer, YTo Tena, obmanaomme chepuiecku-
CHMMETPHYHBIM DpACIIpE/ie/ICHHEM MACC, NpUTATHBAIOTCH KAaK MaTepHATbHbIE TOUKH,
PACTIOJIOXKEHHBIE B UX LIEHTpaXx.

B cyny npMHIMNMATBEHON BaXHOCTH 310H TEOpeMH MB!I MpPMBEIEM €€ fOKala-
TeNBCTBO, YOPOCTHB €ro, ORHAKO, PACCMOTPEHMEM HeE CIJI, a FOTCHIHAIbHON 3Hepruu
NpOGHOM MacChl, HaxoBAUIeHcs BHE NPUTATHBAOILETO ee cheputieckoro ¢ios.

Teopema Hpworona. PaccMmorpum cdepy ¢ pamnycom R, no koTopoit paBHOMepHO
pacripeneiicH OeCKOHEYHO TOHKKH Cnoli BelieCTBAa TaK, YTO Ha KAXIYI0 EOHHWYIHYIO
naomaas cepbl IPUXONUTCH eaMrMuHas Macca (puc. 2.9). Iycte K — Touka BHe cdephi
unH Ha Hel (r > R). Noxaxem yro notenuman U B Touke K pasen U = 47GR?/r, T.¢.
Takoh Xe, KaK ¥ or ToueyHol macchl M = 47rG'R2/r, PACMONOXEHHOH B LIeHIpe cephbl.

Ko
i
ap JYFe\ T, <
Kl M :P'! K
o ?z{ \‘ 4’(0
y
el r A

Puc. 2.9. K pacuery norennmana, co3raBaeMoro cepoth

PaccMorpum motenuman dl7, cospamsaemslii Ha paccrosHuM r > R or uewntpa
WAPOBBIM MOACOM, BRIPE3AEMBIM 13 ChepH MOBEPXHOCTAMH ABYX KOHYCOB C YIJIaMH TpH
BEPIIMHAX (9] M (P2, YTOI MEXZAY KOTOpBIMU cocTaBasieT dip (puc. 2.9). WiaMerermio yrna ¢
OT i1 BO P2 Ha dip COOTBETCTBYeT yBeMyuYeHHE PAcCTOSHUA OT SNEMEHTOB MIapOBOrO
cnos Jo ToUKK r Ha dl =1, — 1.

Tlnolsaap TIOBEPXHOCTH WIAPOBONO cnos (B HAlieM cliyyae YHCIEHHO paBHAA ero
Macce), O4eBHIHO, paBHa AIMHe myru Rdip, YMHOXenHOH Ha 27 H Ha pamuyc
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xkomsua Rsing, moe ¢ < ¢ < w2, B cuiy cuMMeTpuH oTHocuTenbio oon KKJ,
B TOUKE T WIAPOBOH CJoit Co3maeT roTeHIHMan

G-27R*sin ¢ dyp
. .

Oudpdepenumpyn nonydesHoe u3 TpeyronbHuka MK K no Teopeme KOCHMHYCOB
BhIpaxeRUe

v =~

P=r"+ R 2rR cos ©,

HaiineM
Rsingdp d
1 T
TaK Ao G-27R
av = ————dl.
r

Taxum ofpa3oM, NOTEHLUKAT B TouKe 7 nponopumonaneH dl. Ot Beeit chepsl no-
TEHIIMAN NONYYUTCA B pe3yNbTaTe CYMMUPOBaHHMs Beex dl, uto Aaet 2R npyn uaMeHeHuw 1
or Touxu Ky, no Kj. CneaosaresHo,

4w GR?

’

U=
T
YTO COBHNANAET C FNOTEHIIMAIOM OT TOH Xe MacCH, CKOHLIEHTPHPOBAHHOU B TOuke M.
OvyeBHaHO, YTO ORHOPONHBIA IIAP MOXHO PasbWTh HA MHOXECTBO CIIOEB, CyMMapHbIl
MOTEHLINA! KOTOPBIX TaKkxe ByIeT YAORIETBOPSTh MOKa3aHHOM TeopeMe.

§2.11. U3mMeHeHne cwibl TRKECTH HA NOBEPXHOCTH 3eMnK

Cuna TsKeCTH Ha FOBCPXHOCTH 3€MIM €CTh PABHONCHCTBYIOUIAA OBYX CWII CHUIH
NPHTAXEHUS, HANpaBJIEHHOH K LEHTPY Mace 3emiiM, M LeHTpobexHOH cuabl, Hanpa-
BACHHOM NepReHIMKYJIIPHO K OCH BpaiieHms 3emym. Tak Kak 3eMiisd CrunocHyTa BAOND
OCH BpALEHMA, TO CWIA NPUTAXCHUA Y HAOMOCOB Gofblle, 4YeM B APYIUX MecCTax,
M YMEHDbIIAETCS K IKBaTOpY.

KpoMme toro, neHtpobexHas cuia neHcTeyeT NpOTUR CMIIBI nputskeHWs. TlosTo-
MY CWIA TSDKECTH Ha TOBEPXHOCTH 3€MJIM YMEHBLUACTCH MpH NEpeXoae or MOJIIcos
K 3KBaTODY.

Pasxyna B yckopeHU# cBOGOMHOTO MAACHWS Ha NOMOCe M Ha IKBATOpE COCTABIAET
g5 — 80 = (983,2 — 978,0) CM/02 = 5,2 cM/c?. Oxono 2/3 310# pasHOCTH BO3HUKAET
38 cHeT UEHTPOOCKHOTO VCKODEHMS Ha 3€MHOM 3KBatope H oKoao 1/3 — 3a cuer
CILUIIOCHYTOCTH 3eMITH.

Cpentee 3HaYeHME YCKODEHMS CBOOONHOrO majeHWs Ha MOBEpXHOCTH 3eMiH npm-
HEMaeTCH paBHbM g = 981 cm/c?.

PesynwTathl M3MepeHHH YCKOpPEHMA CBOGOZHOIC NANEHMS B Pa3IiM4HBIX TOYKAX
3EMHOM MOBEPXHOCTH MOKA3AIH OTKIOHEHHS (803MyIeniin) CHIB THHRECTH TI0 CPABHEHHIO
C €€ HOPMA/bHBIM XOOM, COOTBETCTBYIOIIMM 3UIMACOMAY. DTH OTKITOHEHWs Ha3blBaloTCA
GHOMAAUAMU CUAB mascecmi Vi OOBACHAKOTCH TeM, YTO CTPOCHYE 3EMHOH KOPBl M MaHTHHM
HEOAHOPOIHO KaK B OTHOILEHHM BUAVMMBIX HAapyXHBIX Macc (TOPHBIX MAGCCHEOB M T.IL.),
TaK M B OTHOLIERMM IMNTOTHOCTEH NOpHBIX MOPOJ, COCTABIAIOUIMX 3EMHYIO KOPY.

Psn MeNIKMX HEOOHOPOAHOCTEH B CTPOECHHH BepPXHUX CHOCB 3EMHOM KOphl BbIIBIBAIOT
MECTHBIE AHOMANWM CHIbl TSOKECTH, OXBaTblpaopie Hebonbinme paitoHbl. MecTHbe
aHOMAJIMM CBUIETENIBCTRBYIOT O HAIMNUU 30IeXel neKonaeMbix, o6naxainx 160 oyeHs
60.Ib1LO0M TLTOTHOCTEIO (HaNpHMEp, PYIbl METAIOB), 1160 0YeHb MATEHBKOH MNOTHOCTBIO
{HanpuMep, 3anexn HeQTU, KAMEHHOM COM).
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§2.12. Mpupona TAroTeHUs U ero ponb B aCTPOHOMMM

Jo co3nanus TeOopMM CTPOEHMS atoMa ObIIM M3BECTHH /IBAa THIIA B3aMMonehcTBmii
MEXIY MaKpPOCKOMMYECKHMH TeAaMH: 2pasumAaKlonHoe, ONMNCHIBAEMOE 33KOHOM BCEMHp-
Horo Tarorenus (2.16), w arexmpomaznumioe, BHIPAXAEMOE YpaBHCHHAMEK Makceeiia.
B oboux cayyasix CHIbi, CBSI3AaHHBIE C 3TMMH B3aMMOAEHCTBHSAMHM, YOBIBAIOT OGpaTHO
NPOROPLIMCHALHO KBAIpary pacCTOfHMA M NPAMO NPONOPUMOHANLHO oIpeleNeHHBIM
XapaKTEPHCTUKAM TEJI: Macce B CIyyae TArOTEHUS W 3apsiiy B leKTpocTatike. B npupone
HMEIOTCS TONBKO [1BA THIA 3apsiioB, IPOTHBONOAOXHOE AEHCTBHE KOTOPBIX B OOLIMHBIX TE-
JIax, KaK NMpaBuJIo, KoMIeRcHpyeT apyT Apyra. [losTomy ang apikeHus HeGeCHBIX T THNA
3BE3], NJAHET, FAAAKTHK ¥ T. 2. PEHIAIOWIHMH ARISIIOTCS TPaBHTALHOHRbIE CHIIEL, H 3aKOH
BCEMHPHOTO TSITOTEHHMs OKa3HBAcTCH ONHMM U3 HauGollee BAXHLIX 33KOHOB HPHDOALI,
HCIONb3YEMBIX B 8CTPOHOMMH. B CONETAHUM € ApYTHMM 3aKOHEMH MEXaHRKH OH NO3BO-
nseT oObICHUTD [BHXKCHME TLIaHET ¥ MCKYCCTBEHHBIX Ten B ConHedHol CUCTeME, 3Be3n
B 3BE3NHBIX CKOTIERMAX M B [anakTvKe, W3yUuTh AMHAMMKY APYTHX 3BE3SHBIX CHCTEM.
TsrotenneM onpeneserca dopma GonbIIKHCTEE HEGECKbIX TEA W, B YaCTHOCTH, GIIM30CTD
K chepWYHOCTH 3BE3] M TUIAHET. 3aKOH BCEMUPHOTIO TATOTEHUS B COYETAHMM ¢ 3aKOHAMU
KHHETHYECKOM TEOpUH ra3oB IIO3BOMSAET BRISIBUTH BAXHEHIIME 3aKOHOMEPHOCTH BHYTPECH-
HEro CTPOCHHSA 3BE3A M WX 3BOMIOUMM. IpaBMTAaIMOHHBIE CHJIE BO MHOTOM OMNpPEAENAOT
CBO#CTBA aTMocep 3Be3q H [AaHET U XapaKTep NpOoMCXONsAUIMX B HUX SBIEHUM.

3aKoH BCEMHMPHOIO TArOTCHMA B Kyaccwueckod dopmymposke HelotoHa cnpapea-
JIUB TOABKO I OTHOCHTENBHO CJIAGLIX TPAaBUTALMOHHEIX NONCH, CO3AaBACMBIX OBBIYHBIMHE
TenaM ¢ He CImMKoM GONbIIMMM 3HAYEHVAMM TLIOTHOCTH. [T CHIILHBIX rpaBHTALMOH-
HbLIX Hoaei, a TaKxKe T NBUXEHHH ¢ 04eHb GOMBIIMMH CKOPOCTAMM (COMIMEPHMBIMH
€O CKOPOCTHIO CBeTa) Gonee TOYHOe ONMMCAHHE NBIKCHMS AT ObMLIas Teopus OTHO-
cutensioc (OTO), koTopas sABIAETCA TeOpHel TATOTEHWS, YNHTHIBAIOIIEH BIMAHME
pacnipefieNeHMs Mace Ha CBOMCTBA MPOCTPAaHCTBA M BPEMEHM.

C noMmouwplo obimelf Teopuy OTHOCHTEIBLHOCTH YHAeTCH OOBACHUTE HEKOTOphIe
TOHKHE 33KOHOMEpHOCTH AByikeHMs Onmuxaitweit k ConHuy mnaHetH — MepKypHs.
OTO cymiecTeesHa s TIOHMMaHHA NPHPOAbI CBEPXIUIOTHBIX TN (HERTPOHHME 3BE3[Ib!
 YepHble Abipt). Ha Heit ocHOBaHa BCST COBPEMEHHAS KOCMOJIOTHA, T. €. TEOPHS CTPOCHHS
1 3pomounn Beenerroli B uenaom.

BaxxHOCTb TAFOTEHMSA NIPH PACCMOTPEHUM ABHXCHUA TeJI Ke 03HAYAET, YTO B KOCMHU-
YeCKMX YCIOBMSIX HE UTpAIOT POJM ApYTHe THnbl B3aumoneicreuil. Hampumep, anexrpo-
MArHUTHHIC B3aHMOACHCTBIS OKa3bIBAIOTCS BEChMa CYHIECTBEHHBIMY B TEX Cly4anx, Korna
TIPMXOAMTCS MMETh A0 € JBHXEHUEM MOHH30BAHHOIO I33a (fUTa3Mbt) B MATHUTHOM [OJE.

DNeKTPOMArHUTHBIC B3aKMONEHCTBMS TaKKe BAXHEL B GOIBIINHCTBE MAKPOCKOMHYe-
cKux {aTOMHBIX) IIPOLIECCOB, B Pe3y/IbTaTe KOTOPHIX BO3HMKAET HAGIIONAEMOE M3IyYeHHE
HeBeCHBIX Ten.

B macirrabe OTAEAbHBIX aTOMOB, T.€. B MMKPOMWpE, TIDaBHTALMOHHOE B3al-
MOI[EliCTBHE COXpAHAETCA, HO 3MEKTPOMATHMTHOE B3aMMoueicTBHE, CKaXeM, MPOTOHa
¥ EKTPORA HEM3MEPUMO CHIbHEES TPABHTAUMOHHOIO, KOTOPbIM MOXHO MPOCTO FAPEHE-
Gpeub. B aTOMHOM siape, [A¢ YAaCTHULB CONMXAIOTCA 3HaYUTEIbHO CUALHEE, YeM B 8TOME,
NPOABASIIOTCA €1He ABA HOBbIX THHA B3aUMOINCHCTBHSA, XapaKTep KOTOPBIX MEHEE H3BECTEH,
yem nepBbix uByX. [lo-BuauMomy, MX nelicTBue yGhIBAaeT ¢ PACCTOSHWEM 3HAYMTEIbHO
6bicTpee, yem B 3akonax HutoroHa M Kynona. Onxo w3 5TMX B3aMMone#icTBHit B Macima-
6ax sAnpa aTOMa OKA3KIBAETCA CAMBIM CUNBHBIM K3 BCEX M3BECTHBIX. DTO B3auMOnEHCTBIE
MPUHATO HA3LIBATL Ccuabhbid. OHO obecniedyBaeT SIAEPHBIC peakuuy CHHTE3a B 3BE3MIaX.
Jipyroe B3auMoneiCTBHE FO HEKOTOPBbIM XapaKTepUCTHKAaM OKa3biBAECTCH CHJIbHEEe Tpa-
BHTALMORHOTO, HO cinabee sjektpnyeckoro. Ero HasbiBawoT caabwm B3aMMONeHCTBHEM;






