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K wumamenrs 9

Yro 1al0T HeJ0BEYECTBY KOCMUYECKHE HCCe10BaHMS?
OTKyZa NPHXOLHT H O YeM CBHAETENLCTBYET HEBHAMMOE H3ny-
YEHHE KOCMHYeCKHX Ten?
Kak poxnaioTcss 3Besibl, Kak HONTO OHH ¢XKHBYT# H BO YTO
B KOHUE KOHUOB NpeBpalaioTes?
Moryr an BIMATH KOCMMYECKHe TeNla Ha 3eMJI0 H Ha XKH3Hb
Ha Helt?
Yto noHHMaeTcs Moj paciuikpeHueM BceneHHOM, W [aBHO JH
OHO Hayanocs?
TMoueMy HOULIO HeGO TEMHOE HECMOTPA HA GECYHC/EHHOE KOJU-
yecTBo 3Be31 Bo Beenenwoi?

Mbi xenaem YHTaTeNl0 ycnexa B 3HAKOMCTBE € OueHb IpeBHed
¥ ONHOBPEMEHHO OYeHb COBPEMEHHOH M OmICTPO pa3suBaiowelics
HAyKOH, Kakol ABIAETCA aCTPOHOMHA.

Asmopst
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3BCINHBIC BCIHYHHED hed
Q0O 0o o o ©  nepemenmuic 3peIM

ABOMHBIC 3BCIAB
01 2 3 4 5 Mueunsit [Tyrs

Llidhpaser 0Bo3maseHs COIBEIIS:

1 — Kopma 7 — BansHenst 13 — Ogen

2 — Bonswoii Mec 8 = BoasHuui 14 = Terac

3 — Fony6e 9 — Teneu 15 — Bogoneit
4 = 3asn 10 = Tlepceii 16 — Pubs

5 — Opron 11 — Tpeyromemux 17 — Kur

6 — Manmii Tec 12 = Augpomena 18 — Dpuaan

Puc. 1.1. Ocense-3umHee Housoe 38eannoe Hebo H Maeunsil Myts. KOxKas vacTs

B COCTAB MMTAHTCKOM 3Be3nHOM cuctembl — [aaaxmuku (puc. 1.3).
K weit mpunaanexut W wawa ConHeyHas cecrema. [lpH nomous
TEeNECKONOB Ha HeGe MOXHO TakKe HaG/l01aTh MHOMECTBO ApY-
rHX 1OZOGHBIX efl 3BEe3IHBLIX CHCTEM, HA3LIBAEMbBIX 2QAAKMUKAMU
HIH 6HE20AGKMUMECKUMU mymaGHHOCMAMU. Bee OHH HaxoaaTes Ha
oueHb GOJLLIHX PACCTOAHHAX OT Hac.

BceeBoaMOXKHbIE KOCMHYECKHMe 00BEKTH, HauHHas ¢ HaHOonee
G/H3KMX M KOHYas CaMbIMM YIANeHHBIMH, KOTOPHIE TOJIBKO MOXHO
Hab/mionath, a Takxe Bclo Oearpasuunyno Bcenennyw kak uenoe
HCCaedyeT Hayka acmpowomus (0T Tped. sacTpows — HebecHoe
CBETHJIO, VO[OS — 3aKOH).

ACTpOHOMHMS H3Yy4aeT IBHIKEHWe, (PH3HUECKYI) NpPHPOLY,
NPOHCXOXIAEHHE W IBOJIIOUHIO HeGecHbIX Tea M 06pasoBaHHBIX
HMH CHCTEM, 4 TaKike CTp ] o Be f Kak
eaoro.
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Ta. 1. pedmem acmponomus 15

TymannocTs
AHapomensi
Marennanosst
Obaaxa &
160 000 et
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Puc. 1.4. Bpems, 32 KOTODOe CBET MOXOAMT 40 3eMAH OT PA3NH4HHIX 06bEKTOB

BOCCTAHOBHTB OTAE/bHEIE 3TAMbl «XKH3HH» 3BE3]l, TANAKTHK H IPYTHX
06BbeKTOB.

Macwtabel HaGnionaemoit yacTH Beenennodl orpomusl. [as na-
MepeHHs GOJbIIMX PacCTOSHHA B ACTPOHOMHH OGBIYHO HCMOAbL3YIOT
CreuHa/bHble, NOCTATOUHO KDYMHbE eINHHHUb ANHHL, HalpHMep
caemosoii 200.

Caemosoin 2odom (08, 2.) HA3LIBAEMCA PACCMOAHUE, KOMOPOe
caem npoxodum 3a odun 20d. B rozy npumepo 3,2 - 107 cexymx.
YMHOKEA Ha 3T0 4Heao ckopocTs cseta (300000 km/c), noayunm,
uro | cs. . 29,5 10" m uan nourn 103 xu.

Or Jlyusl 10 3eman cser uger 1,3 ¢, ot Coanua — okoso 500 ¢
[8% MHH), OT cambix aaftekux naaxet ConHeuHol cucTeMbl — Gonee
4 4acos, oT Gauxaiwed 3pesns [lpokcuma Llestaspa — 4.4 roaa,
0T GAMKaHIWHKX K HAM TaNaKTHK — COTHH THICAY W MH//HOHbI JeT
(puc. 1.4). PaccTosiMe 100 caMBIX JajekHX HabmiodaeMblX ranak-
THK — Gosiee 10 MaIpA CBETOBBIX JI€T.

Ouenb nanekue 0GBbEKTH H3-3a GOJBLIOTO BPEMEHH pacnpocTpa-
HeHHA CBeTa HAOMIONAITCH TAKHMH, KAKHMH OHH OblH B AaJ€KOM
npowom. [Mo3ToMy To, YTO MPOHCXOAHT HA HUX Ceilyac, MOMHO
GyZeT y3HaTh TOJIBKO CTIYCTA oueHb MHoro JeT. H HaoGopor, To, uto
Hab/i0NaeTCA cefiyac, B NeHCTBHTENLHOCTH HME/IO MECTO B NIPOLLJIOM.
Ho ecan senbiwky a CoHle NpoHCXOAAT MWL HA 8 MHHYT paHb-
1e, 4eM HX 0OHApYKHMBAIOT Ha 3eMJe, TO, HAMPUMep, B3DhIBL 3BE31
B NaJeKHX FaJakTHKaX HaGJIonalnTcA ¢ 3ano3LaHHeM OT COTeH ThicAY
[0 MHJHAPIOB JeT.

Mpusenem nprmep. B 1987 r. 8 Bonbwom Mareananosom Obaake
(370 onHa M3 GAKKAHIKX K HAM FafakTHK) HaGawIaNach GCnbIUKG
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€ aCTPOHOMHYECKHMH O0bekTamH. BewecTBo B cTo/n SKCTpemadb-
HBIX COCTOSHHAX HENlb3A NoJyuHTs Ha 3emne. [lostomy ero ueeneno-
BaHHE METONaMH ECTPOHOMMH MO3BOJSET NPOBEPHTH CYLUECTBYHOLIHE
(H3KHEeCKHE TEOPHH H yullie NOHATh PYHOAMEHMAlbKbIE CAOLCMAA
Mamepuy ¥ COCTABAAIOIINX €€ JEMEHTApHbIX YaCTHL H moJeil.

[MoMHMO (H3HKH H MATEMATHKH, C KOTOPLIMH B HACTOALLeE BPeMS
aCTPOHOMHA OPraHMYeCKH CBA3aHa, OHA OKasbiBaeT GOJbWYIO NoO-
MOULb ¥ IPYTHM HayKaM, HANPHMEp TE0/O0THH, reoHsHKke H GHono-
THH, H3y4as Te YC/IOBHSA, B KOTOPHIX BOSHWK/A, PasBHBanach H Npo-
[OMXaeT CyllecTBoBaTh 3emad. [lo acTpOHOMHMYECKHM COOBITHAM,
YNOMAHYTHIM B LPEBHHX JNETOMHCAX H XPOHHKAX, HCTOPHKH MOTYT
YTOUHHTb JaThl BAXHMIX HCTOPHYECKHX COBBITHI.

1.4. Passutie acTpoHOMHHN, ACTPOHOMHS — OfHa H3 ApesHeii-
wrx Hayk. OHa BO3HHKAA B npoliecce NPAKTHYECKOH JeATEeLHOCTH
Moned Ha camol 3ape ukBWAH3awnk. HauGosee Harisaso 3to mpo-
ABHJIOCH B BHIPaGOTKE KajeHNapHoi CHCTeMsl cuera Bpemenn. Owa
cosfasajack Ha ocHobe HaGmofenuit Conuua, JlyHsl u 38e3s, npo-
BOAMBIUMXCA B CMELMANbHO MOCTPOEHHLIX ofcepBaTopusx. Passutue
CeJIbCKOr0 XO3AHCTBA CH/BHO 33BHCHT OT Ce30HHBIX ABJEHHH, KOTO-
phle Halo yMeTb NPeACKa3biBaTb, OCOGEHHO MEPHOAHYECKHe HACTYyN-
NIEHHA X0JI008, A0XKAeH, TeNJOH NOroasl, 3aCyX, Pas/iHBOB PeK H T. 1.
Yike ¢ He3anaMATHLIX BpeMeH GbiJI0 3aMEYeHO, YTO KAHMaTHYeCKHe
ABNeHUs cBs3aHbl ¢ COMHUEM H MOBTOPAKTCA Yepes onpeneseHHbli
NPOMEXYTOK BPEMeHH, KOTOPbIH Mbi HassisaeM codom. Onpenenenue
NPOLOMKHTENHOCTH TO/ld OKa3a/0ch HenpocTod 3anaued. Otmevan
NOJIOMKEHHA HEGECHBLIX CBETHJ, JIOAM OGHapYKHIM, uYTO B pasHoe
BPEMA rofa, HO B OJHO H TO JKe BPEMA CYTOK BOCXOLAT H 3aXOAAT
Ppa3nMuHEE TPYNNL 3Be31 — co3se3dus. Msyuenne 3pesnxoro neGa
TNOMOTa/I0 NPEeACKa3biBaTh BPEMA HACTYMJEHWA BaKHeHMWHX Ce30H-
HBIX ABJEHHH. Tak B APeBHOCTH Hayan pa3pabaThiBaTLCs KaAeHoaps
H GbliH 3a/0XKeHbi NPHHLHAMb H3MEPEHHA GOJBLIMX NPOMEXYTKOB
BPEMEHH.

OrpoMHyio pOJib B HCTOPHH UHBHIH3AWHH, B YaCTHOCTH B Da3BH-
THH MOPeNaBaH#s, ChirPaIH aCTPOHOMHYECKHE METOLbI OPHEHTALHH,
Onpele/ieHHs HaNpaB/eHHH CTPaH CBETa H MOJOXKEHHSA NyTellecTBeH-
HMKOB Ha 3€MHOM liape. YiKe THICAYH /€T Ha3ad MopenjaBaTeu
YMeJIH ODHEHTHPOBATLCA 110 3BE31AM H BOAHTH KOPal/iH, HaXons CBOH
nyTh B OTKPHITOM MOpPE.

Benomrume us kypca eeoepaduu, Kax no 3se3dam MOWKO
onpedeiums HANPABAEHUR CMPAH CBEMA U NOYEMY C UIMEHEHUEM
wiupome. mecma HaBAo0eHUs Menaemca sud 38e3dnoeo neba.
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KaK H MOHATHA 33KOHOB NPHPOAEI, M BCE, YTO MPOHCXOAKIO Ha Hede,
cyuTanoch nposBaeHHeM Beicwmx cua. C caMbiX IPeBHHX BpeMmeH
Gblia OUEBHIAHA HCKIWUYHTEIbHAA POk COJHUA W €r0 NBHMKEHUS
no HeGy aas Bcero xuBoro Ha 3emne. [Mo aHanoruu MoxHO ObLIO
NPEATONOKHTE BAXKHYIO POJb B COOBITHAX 3EMHOH JKH3HH H JPYTHX
APKUX 06BEKTOB, B Nepeyi ouepeas JlyHsl u naaser. Tak Bo3HHKAZ
BEpa B TO, 4TO ABJEHHA, HabmonaeMble Ha Hebe, OTPAXKAIOT H Naxe
NO3BOKIOT NPEABHAETh HE TOJLKO Ce30HHBIE HIMEHEHHS, HO H Ompe-
fefeHHble COOBITHA B MKHIHH JIoAed M UedbX TOCYAAPCTB, HAn0
TOJLKO HAayYHTBCA YHTATh HeGecHble NOCAAHHA.

[MosiBneHHs KOMET, BCMBIKH «HOBLIX» 3Be3l, 3aTMenns Conxua
H JIyHbl, nepemenieHHs naaHeT oTHocuTessHO JlyHbl ¥ 3Be3n, ux
cONMKEHHA APYT € APYroM Ha HeGe M ApyrHe acTPOHOMHYECKHe
ABJNEHHUS COTIOCTABJANHCE ¢ GArONPHATHLIMH H HEOMaronpHATHBIMH
COGBITHAMH B OGLIECTBEHHOH ¥ 4HaCTHOH H3HM Jioged. OHH HH-
TEpPNPETHPOBANHCh KaK O0MECTBEeHHbiE 3HaKH, Npeaynpexiaioilie
0 TeX HJAH HHBIX COObITHAX. OTrOMOCKH 3THX APEBHHX A3bIYECKHX,
AOXPHCTHAHCKHX BepOBaHHH, B KOTOpPbIX obomectBaAHcs CoaHue,
JlyHa ¥ NAaHeTHl, NOWHK ¥ N0 HALIET0 BPEMEHH B BHAE PasNHuHbIX
aCTPONOTHYECKHX eYueHWil», MOAYAC NMPOTHBOPEYAWIHMX ONHO ApPY-
roMy. TH yueHus OA3HDYHTCH Ha YHCTO (OPMAlbHEIX NPABHJAX
H COOTHOLIEHWAX MEXIY BMAMMBIMH MOJOMKEHHAMH niaHet, JIyHbl
# ConHua Ha Hebe ¥ COOBLITHAMH 3eMHOM XH3HHM. BaxHyio pons B Ta-
KHX MPeABHACHHAX HIPAET NICHXOMOTHUECKHH (aKTOD, KaK, BpoUeM,
NPOHHLATENBHOCT H HHTYHUMS NPOPHUATENA, 3 NAHETH H 3Be31bl
Ha CaMOM JeNie 371eCh COBEpLICHHO HH NpPH yeM.

ACTPOJIOTHS KAK Y4eHHe O CBA3H 3eMHbIX COOBITHH C NOJOMKeHHeM
W JBHXeHHeM HeGecHBIX 00BEKTOB Chirpana BaXHYI0 HCTODHYECKYD
poJIb B (hOPMHPOBAHHH AEHCTBHTENBHOH HaYKH O KOCMOCE — acTpo-
HOMHH. CXOMHYK0 Pollb Chirpaia anXHMHA B XHMHH. XoTd acTpoao-
rus U acTposomus B [lpesHue Bexa H Pannem CpenHesexoBbe GbliH
OIHHM LeJbIM B CHAY HeoOXOIMMOCTH MpOBEeNeHHA TOYHBIX Habo-
AeHHI H MPeABLIYHCIEHHH BIAHMHOTO PACMONOKEHHS HEGECHBIX Ted,
3TH /Ba Hanpas/eHHA Yxe Aasro pasowancs. Hu Hayunoro oGoc-
HOB2HHSA, HH OOGLEKTHBHBIX, JOCTYNHLIX NPOBEPKEe HAYYHEIX METONOB
MCCABNOBAHHA &CTPOJOTHA He MmeeT. [M03TOMY, HecMOTPs Ha CcBOe
YKODEHHBILIEECA C 3MOXH CPelHEBEKOBbA HA3BAHHE, HAYKOH OHa He
ABNAETCA.

OnHaKo HAeA O BOIMOKHOM BAHAHHH KOCMHHYECKHX (DaKTOPOB Ha
(M3HYeCKHe ABJIEHHSA HA 3emJe, B TOM YHCAe HA XHBYK NPHPOLY,
Gbila palHOHaNLHOH, XOTA HayyHOe pasBHTHE OHa CMOTja Toay-
YHTh CPABHHTE/BHO HEaBHO. ACTPOHOMHS NOATBEPIH.A CYIIECTBO-
BaHHe ONOCPeNoBaHHOH H 0YeHb CAOKHOK (DH3HUECKOR CBA3H Mexay
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NYTELWECTBHA He OCTABMJIM COMHEHHIl B [1aPOOOPA3HOCTH HalweH
naaketsi. Jleosapno na Bunum, passusan uaex eMOKpHTA M APYTHX
aHTHYHBIX (HaocohoB, npeacTaBand 3emalo W HeGecHble CBETHAA
KaK Tena ofHoH npuponsl. B dunocodekom yuenun xopnaro Bpy-
HO 3Be3llbl PACCMATPHBA/MHCH KaK afeKHe CO/HUA B GesrpaHudyHOH
Beeaennoit. Crpororo noka3aTenscTsa 3THX B3IIALO0B B Te BpeMe-
Ha elle He Obi0, HO CAMH HIEH OKA3aNHCh YpesBbIuaiiHO miono-
TBOPHBIMH.

C pasBHTHEM TeXHHKM NOSBH/JHCh ACTPOHOMHUYECKHe Yraomep-
Hbl€ HHCTPYMEHTHI, MO3BOAABIINE ¢ GOJBIION TOYHOCTBIO H3MEPATDH
YINOBLIE DACCTOSHMS Mexiy 0ObeKTaMH Ha Hele (apMHAJspHble
cdpephl, KBAAPAKTE M T.M.). C HX NOMOLIbI0 OBIAK YTOMHEHB 3aKO-
Hbl IBHMEHHS MNAHET, YTO BNOCAELCTBHH ChIrpano GOJLLIYI POJb
B YCTAHOBJEHHH OCHOBHBIX 33KOHOB MeXaHHKH.

H3obpetenue teneckona B XVII B. pesko pasasuuyl0 rpaHHusl
Habaofaemoit uacti Beesennoit. [lepes acTpoHoMHeH OTKPHIIHCH
HOBbIe TOPH30HTH. OGHapyXKerHe UEJOro MHPAa HENOCTYIHEIX HEBO-
OPYKEHHOMY T3y HeGECHBIX T/ HMEJ0 HCKJKUYHTEbHOE 3Haue-
nue. B cepeane XVII B. yaasocs onpenennts pacctostns a0 Conu-
1a H pasMepsl MAaHETHBIX OpGHT. CTalH OYEBHIHBIMH THrAHTCKHE
pa3mMepsl OKPY’KalolUlero MHpa MO CPABHEHHIO C 3EMHBLIMM MacuiTa-
Gamu. B XIX B. cTano H3BECTHO, HACKOMIBKO BEJHKO PaccTOAHHe 1a-
e 10 Oauxafiuux 3sesll, a B Hadane XX 8. BuIACHHNACh peanbHas
ClI0MKHaR CTPYKTypa 3sesnHol Bcenenwod u Macwtaul, nocTynHble
HabmioeHHAM.

Pacuinpente TeXHHYECKHX BOIMOXKHOCTeH HabalNeHHH H sKcne-
pHMeHTa, GYpHOR Da3BHTHE (H3MKH, OTKPHITHE 34KOHOB MEXAHHKH,
ra3oBblX 3dKOHOB ¥ 33KOHOB 3JEKTPOMArHETH3MA He TOALKO Mno3-
BOJIHJH OGBLACHHTL B OOIIMX 4epTax HabnwiaemMyw KapTMHY MHpa,
HO W JajH BO3MOMKHOCTb HCCJIEN0BaTh (PM3HYECKYIO NPHPOLY, NpoKc-
XOMIEHHE H IBOMIOUHI0 HeGECHBIX TeJ.

Hrak, B MCTOPHH Pa3BHTHA aCTPOHOMHYECKMX MpeicTaBleHHH
MOXHO BBULEJHTb TPH OCHOBHBIX NepHona.

Mepsbiit — 3To dpesnuil (10TelecKomMuecKHi) neproa, Korda
BCE HAKOMJEHHBIE 3HAHWA OCHOBBIBAMHCH TOBKO Ha HAGMIONEHHAX
HEBOOPYKEHHBIM TJa30M WJH TPH MOMOILM MPOCTHIX YIJOMEPHBIX
HHCTPYMEHTOB. DTOT NepHoa 3aBepluaeTcs reHWabHbiM TpyioMm Hu-
Konas KomepHHKa, KOTOPHIH 3aMEHH. MpeKHHe TEOlLEHTPHHECKHe
NpencTaB/eHHA reJHOUEHTPHYECKOH CHCTeMOH MHpa.

Bropo#t nepuoa — kaaccuveckull — Hauancs B snoxy Boapox-
NeHHS C MepBbIX Teleckonuueckux Hadmonenuit laauneo Tanunen
B camom Hauate XVIIB. u npojosxancs npUMEpHO A0 CepeaHHbl



z )

XIX cratetin. B 310 spen wrawt Hcsses oo crass
Teoperrotcal oEmpaH acTpomoI.

e ik
enextpanisors axamsa (Kipira » Bynsen, 1850) o npusesenes

raybomoro 1) e e DRI Kepa w
Voo D hacaratax < o WA 35 aRpOROINBE:

B 101 oo wevoprecine e e

10 GOy DU JANYULLEH WECHNHESHER ADBAL © LM

o ¥k Sy 0LA. AP, CCLPY, Tock Buschs roetrd

® oo e

epRaTOpu Wik ORORTL 0 HOBAM, RGEMUIGSTON JMARE €0

e wramerai. BO WTOpOR oravmne AX 8. scepnae Ceiin
‘SUMANM PaOOpUNLE KDCHINNECKHE ATCBJSTI £18 PeTHCTpA
o

e e T
v wndgapeciorn). Kocumiecie
» MRAEH B CApecTHOCTAY Beex nzakat. Her 3

Fiecan BuAETRAN 23 MPEdSAM. TAINETMI CACTENN. 3CRTA
VAR B NOAIRARHOR TPOCTRAHETH
1 AT ESEOKNK TEEBAE DB ey
TETIIECIN 0uE. CAWIGE I WOETS X AP NIINETIN
W MOGALNN R4 DALIRTHME TERA COTKGNHDR SHETENNM ¢
st Koshniecie $11S5eTY, osmirs Snnspary ok

. TR nosepTH Tyws. Bt Mapos, 18 STpTines



Ia. 1. Fpeduem acmpokomuu 23

Carypua — Turane, Ha acteponnax poc u HMrokasa, Ha fgpe kome-
Thi Uypiomosa-TepacuMeHKo, HecneaoBanH ¢ OJH3KOMO DACCTOAHMA
1pyrHe Goabiie H Manble Tena ConxeuHoll cHeTeMbl. YenoeuecTso
HAYaJI0 MOHEMHOTY OCBaHBaTh COCENIHHE MMPBI.

1.5. 3uaueHHe aCTPOHOMHH. ACTPOHOMHA — 3TO MPEXIe BCEro
(yHIAMeHTa/IbHAS HAYKa, H3YUaiollas OKPYKAIOUIHA MHD 3a npene-
namu 3eman K camble oBuiHe 3aKoHsl npuponsl. CoBepiIeHCTBOBaHHE
KaJeHAapHOH CHCTEMBI, Ofpejie/ieHHe reorpadHuecKHX KOOPAMHAT
MM TOYHOTD BPEMEHH Y)Ke He BXOLAT B 331aYH ACTPOHOMHH, KaK
370 6O B NMpolbie Beka. Ho 3HaHHA, MOJYYeHHbIE ACTPOHOMHHE-
CKMMH METOLAMH, LWHPOKO HCMIOAB3YIOTCA A MPHKNaNHBIX Lededl.
MocTaTouko HanmOMHHTE DalHo- W TENECBA3b € MOMOWBK KOCMH-
YECKHX PEeTPaHCAATOPOB MM C/leeHHe (MOHHTODHHT) 3a pasiuu-
HBLIMH TMPHPOAHBIMH ABJEHHAMH (nOMapel, TadyHbl, nepemelueHHe
aficGepros H mp.). 3alauH No o6ecneveHHI0 HABHTALMK, CBA3AHHLIE
€ ONpeje/eHHeM MOJOKEHHA HAH NEPEMEUIeHHA HA 3eMHOM lua-
pe, coCTaBJeHHe NOAPOSHBLIX KapT M MJaHOB B HACTOSuIEE BPEMS
TAKXKe PellaTes MpH NOMOILH CTeLHANH3HPOBAHHBIX KOCMH4ECKHX
annaparos, NO3BO/HBUIHX MHOTOKPATHO YBENHYMTh TOMHOCTh H3Me-
penuii. OWHOKH B OMpeleNeHHH NONOKEHHH Ha 3eMle COCTABAIOT
MeTpbl H HaMe caHTHMeTpsl. CHcTeMbl /100anbHOTO ONpenesieHHs
KOOPAHHAT C TOMOWBIO HABHTAUHOHHBLIX CIYTHHKOB HCTIOMB3YIOTCR
BCE [UHpE M LWIHPe — OT YMPABJEHHA NBHKEHHEM CaMO/eTos WiH
Kkopa6iaeii 10 NPOKAANbLIBAHHA MapLIPYTOB aBTOMALIHH N0 TOPOACKHM
yAHUaM.

Kpome Toro, 607bilioe MpHK/AaNHOE 3HAYEHHE MMEIOT HCCeLo-
sanun Conlua W ero BOINEHCTBHA Ha 3eMHble MPOLECCH, @ TaKwKe
H3Y4EHHE OKOJIO3EMHOTO KOCMHMYECKOr0 MPOCTPAHCTBA, COCTOAHME
KOTOPOTO BJHSAET HA MHOTHE reopMIHUECKHE ABJEHHS.

Kax tyHnamenTanbHas Hayka, acTPOHOMHSA H3y4aeT Bech OKPY-
KatoWHA 3eMai0 MHP. 3eMAA He CYLLECTBYET cama no cede, H30NHPO-
BaHHO 0T ocTanbHO# npuponsl. Bonee Toro, oxa (Bmecte ¢ Coanuem
H APYTHMH NAHETaMH) BOSHHK/A G71aroaps CJOKHEIM Npoueccas,
NPOMCXONHBIIWM B KOCMHYECKOM MpOCTpaHcTBe Hawed [anakTukw
MHATHApAb et Hasan. Hawa naaweta, kak u Bee, 4To Ha Hell Haxo-
IHTCA, MPONOJIKAET HCMBITHIBATD BHEIIHHE BO3LEHCTBHA — H Npexae
BCero BaHAHME OnuxKailwedt k Hedt 3pe3gw — Coanua, 0T KOTOpOro
0Ha noaysaet cseT W Tenao. Bmecte ¢ Connuem JlyHa Bhisbizaer
NPHAKBHEIE BONHBI B OKeaHe, aTMoctepe 1 TBepaoil o6onouke 3emaH.
[ToTOKH GLICTPBIX 32eMEHMAPHBLY YACMUY W PEHM2EROBEKUX AyHedl,
nprxoaswix o7 CoJHUA, MOTYT BAHATD HA MarHnTHoe Toje 3em-
7 ¥ BepxHWe caoM aTMocdepsl. B aTMocdepy M Ha moBepxHOCTH
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. TpuBenuTe MsBecTHEIE BaM NPHMePL! CBA3H ACTPOHOMHH € Lpy-

THMH HayKaMH.

Kak Bo3nukna actpoHommus? OxapakTepHsyiTe OCHOBHHIE me-

PHOJIBI €€ Pa3BHUTHS.

10. Ha30BHTe HMEHA H3BECTHBIX BAM ACTPOHOMOB, OCTABMBIIMX AD-
KHH caen B HayKe. K KakHM nepHoLaM OTHOCHTCS MX JesiTelb-
HOCTB?

11. MoxHO MM CKa3aTh, 4TO aCTPOJIOTHS B CBOE BPEMs NpHHeC]d
noJb3y pa3sHTHIO HaykH? Korda u B uem?

12. MpuBenuTe NPHMEpE! NPHKJALHOTO H (YHIAMERTANbHOTO 3Ha-
YeHHSA aCTPOHOMHH.

13. Kak aCTPOHOMHYECKHEe NAHHBIE CBA3AHBI C MHPOBO33PEHHEM?

o

1.7. ¥Ynpaxuenus

. CkonibKO BpeMeHH HAeT 10 Hac cseT ot CHpHyca (paccTosuue
8,510 m)?

2, TMosbaysch AaHHBIMH Tal/. 2 NPHAOKEHHS, BEIPA3HTE PACCTOR-
Hua g0 Jlysel, Coanua v [layToHa B cBeToBbIX ronax. YaoGHO
N 3TOH eaMHMUeH W3MepATh paccTosnuA 10 Ten ConHeuod
crctembl? Kakywo Gosee ynoOHyio eNHHHIY Bbl NPeAtONH-
M Obi?

. TMepeuncaute acTpOHOMHHECKHE OOGBLEKTEI, KOTODEIE MOMHO
HabJIoNaTh HEBOOPYKEHHBIM T1a30M.

w

OcHoBHbI® BbIBOILbI

ACTDOHOMMS HM3yuaeT (H3HYECKYI0 MPHPOLY, NPOHCXOMKIEHHE
W 3BOMIOUMI0 HeGecHBIX Tesl M 00pa3syeMEIX HMH CHCTEM, HX MOJ0-
JKeHHe M JIBHMEHHe B MPOCTPaHCTBe, a TaKkKe CTPOEHHe W IBOJIO-
unio BeesenHoit kak uesoro. BamHeHwas 0coGeHHOCTb ACTPOHO-
MHH — MCMO/Ib30BaHHe HaBMIONEHHH ¢ LeNb0 HCCAEN0BATh NPHPOLY
H 3BOJIOUMI0 KOCMHYECKHX OOBLEKTOB. ACTPOHOMHR ABAAETCA (yH-
LaMEHTaNbHOH HAYKOH, PacKpuiBalOlleil OCHOBHbBIE 33KOHOMEDHOCTH
nprpoasl. OHa TECHO CBA3aHA C LPYTHMH BCTECTBEHHBIMH HayKaMH,
npexie Bcero ¢ QH3MKOH M MaTeMaTHKOH, W, moaoBHO HM, urpaet
OCHOBHYIO PO/lb B Da3BHTHH MPECTaBJeHHA 06 OKPYXKawllem MHpe.

ACTPOHOMMS BO3HHK/A B TYGOKOH APEBHOCTH B CBA3H C MpaK-
THYECKMMHM TIOTpeSHOCTAMM Jioned. YUToObl HayyHTbCS OPHEHTHPO-
BATBCH HA MECTHOCTH, aneAEJ'IRTh CBOE MECTOMNOJOMEHHe Ha 3em-
e WM Ha MOpe, & TaKXKe H3MepATb BpeMs, TPeGOBAa/HMCh 3HAHHA
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Faasa 2
BHIMMBIE IBUXKEHHH HEBECHBIX TEJ

§ 2. CyTouHoe BHMEHHE 3Be3]

2.1. Cospeanus W 3Be3jAHble KapThi. YenoBek ¢ HOpMalb-
HBIM 3peHHeM B RCHYH0 HOYb MOXeT BHIETb ONHOBPEMEHHO Ha Hebe
2-3 thic. 3se3n. B omanume ot Coanua, Jlynsl M niawer, ux or-
HOCHTENbHOE PAcTioJOKeHHe He MeHAeTcs co BpemexeM. [losTomy
KapTHHa, o0pasyeman 38e31amMu Ha HeOe, OCTAETCA B TeUEHHE MHOTHX
BEKOB MPAKTHYECKH HeHaMeHHOH. [TonomeHye 3Be3L MOXHO 3apHCO-
BaTh WJIH 3aHECTH Ha KapTy.

Eute B ApeBHOCTH HaOAOAATENH CTA/H BELENATh Ha HeGe ApKHe
3Be3sl H OOBEAMHATL WX B JETKO 3aMOMHHAIOUIHECH GHIYphl —
€03Be3/IHs, aBas UM Ha3BaHMs, KaK MPaBUJO, CBA3aHHblE ¢ MU(paMH
W JlereH1aMy.

Jlpestne rpekr B Onpefe/eHHLIX MPYNNax 38€34 BHAEAH H300pa-
KeHHs Muduueckux repoes: [lepces (pue.2.1), oxotnuka OpHoke,
cpamaiowierocs ¢ pasbApexHbiM Teasuom, uaps Lledes, uapuusi
Kaccuonen u ux nouepn Annpomens, kotopylo [lepcedt cnac ot
MHuHYecKoro yynosHa — Kurta.

Jlonroe Bpems YHCJO CO3BE3AHH M HX rpaHHUb Ha HeGe ocra-
BaJHCh NpoH3BOAbHBIMK. B 1922 r. Mexaysapoanum acTpoHomuye-
CKHM COI030M GblI0 NPHHATO COTMAlIEHHE 115 YA0OCTBA OPHEHTALMH
Ha 3BE3[HOM He(e YCJOBHO paslesHTh ero Ha 88 yuacTkos (cospes-
IMH) €O CTPOro OMPefeNeHHBIMH M 3aKPeneHHLIMH TPaHHUAMH
BaxHO NoAuepKHYTh, YTO CO3BE3AMA — 3T0 He acTPOHOMHHECKHe
00beKTH W/IH HX TPYNNHPOBKH, @ YCAOBHO BblleJeHHbe 061acTH
3B€34HOTO Heba

Haubonee ApKHe 3Be3llbl KaXKAOT0 CO3BE3AHA YCJOBHAMCH 060-
3HayaTb OyKBaMW rpedeckoro andasuta: a (aasga), 3 (Gema),
% (eamma), & (deabma) W T. 1. — B NOPAAKe YOBIBAHWA HX KaMy-
l,l,lE)‘:!CH RPKUCTH, KOTOpaﬂ HZMQPQQTCﬂ B CrelHaNbHBIX €1HHHUAX —
38e3dnnx seauiunax (noapobxo o6 3Tom Oymer ckasavo B §21).
Uem cnaGee cBeT OT 3Be3bl, TeM OOJblue ee 3BE3[HaR BENHYMHA.






2. Cymou; usenue 36e3d 2

Isesanpie BEHTHHEL
O 0 0 0 o o« O ABOHAIE 3BEILLL
0 1 2 3 4 5 O nepemenHME IBELL

Ilnpanss 0G0IATEHE co3pe3THA

I ~ Tonuse Tlest 10 — Manuiii Nlew 19 — Tlerac
Bonvmas Megpeuua 11 — Jles 20 - Pubu
3= Manias Mexsesua 12 — Tuapa 21 - K
13 - Pax 22 - Osen
14 — M Tee 23 - Teneu
15 - Bamsmenst 24 - Jpuman
Kaccuones 16 — Bosmmnii 25 - Opuo
§ = HKnpad 17 = Tlepeeit 26 - 3amu
9 - Pucs 18 — Anzpomena 27 — Bomswoi Mec
Puc. 30HA M ApKHe 3beallbl CEBEPHOTO MOAYILADHA 3BEILHOTO Hela

10 KapTHHY CYTOYHOTO ABHMEHHA HeOeCHHIX Tea MOMKHO
4Tb cefe, CYMTast, YTO BCE OHH HAXOAAT HeGocsone
eM hopmy ciepsl, KOTOpas BPALLAETCA KAk Lejoe BOKPY
Jta BoolparkaeMas OChb Ha3LIBAETCA OCHIO Mupd

HOYBIO 3Be3lbl B CEBEPHOH 4aCTH Hela, MOKHO

A Ha

npeacra
HMEK
HEKOTOPOH
Hata
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2. Budumuie 0BUNERUR HEDECKHX Me

3EMETHTb, YTO OHK OMHCHIBAIOT KOHUEHTPHYECKHE KPYTH C LUEH-
TPOM B HeKoTOpoH Touke, G/H3KOR K 3Be3fe o Manoit Measenuus
(/Toaspnas). 3ta TOYKA HA3LIBAETCA CEEEPHLIM MOAKCOM MUPA.
B IOxHoM nojywapdu MOMAHO HaWTH OHaMeTPaJbHO TPOTHBOMO-
NOKHYIO el TOUKY — oKHbid noawoc mupa. Ocb MHpa, BOKPYT

1 o6a nosoca MHpa

npueeneHa dotorpadus 3sesgHoro Hefa BOAWIM
N0J10Ca MHPA, NONYYEHHAR HEMOLBHMHOH KaMepoli, 3aTBOP KOTOPOH
OBl OTKPBT Ha HECKOAbKO yacos. Bumumeie myTH 3Be3l M3o6pasu-
JHCE AYTaMH OKPYMKHOCTEH OIHHAKOBOH YIIOBOH MPOTAMEHHOCTH

Puc.23. Crean oo DOTOTPADHPOBARHEE  HEMOABHAHON
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TMockoabKy KaXyluieecss BpalleHHe HeGECHOrO CBONA BOKPYT OCH
MM'Pﬂ — CeACTBHE NeHCTBHTENLHOrO Bpﬂl.l.lei{iﬂ{ 38“.‘!“ BOKpPYyT cBoe#
OCH, 0Ch MHDA OPHEHTHDOBAHA NMAPAJNENbHO OCH BDALUIEHHSA 3eMIH.

BuinMoe IBHXeHHE CBETHJ, MPOHCXONALUEE H3-33 BPALIEHHS
3eMIH BOKDYT OCH, HA3bIBAETCH CYMONHbIM OBUMEHUEM, @ TIEPHONL
BpalUeHHs 3eMH BOKDYT OCH — CYymKaMmu

Mamepuaaw §§ 2.3-3.7, nocsawensvie nebecrol cgepe u cu-
cmeme nebecrstx Koopduxam, eaxckbi 043 nposedenus wabaode-
MUl U 3HAKOMCMBA CO 38e30HbIMU KAPMAMu, HO mozym Gbimb
ONYWERDL N0 YEMOMPERUID npenodasametsn.

2.3. Hebecnan cdepa. Hebechbie 06LeKTH OYeHb JaneKkH OT
Hac. [To3TOMY KameTcs, 4TO BCE OHH ylaieHbl OIHHAKOBO H Kak Obl
pacrnofioxeHbl Ha HekoTopod cdepe, okpyxawued Hadnwonarens.
B acTpoHomun nna onpeneneHHs B3aHMHOTO PAcriofOKEHHS Pa3iHy-
HBIX 06BEKTOB HIMEPAKT Ykl MEXY COOTBETCTBYIOUIHMH Hanpas-
JNeHuAME (yeaosvie pacemoanun). ns ynoGeTsa MsMepeHHi, a Tak-
e 7R PeleHHs NPaKTHYeCKHX 3alay B aCTPOHOMHH HCMOAbL3YITCA
cneuua AbHblE cq:epmecwe CHCTeMB! KOOPAHHAT Ha HefecHoi cihepe

thepoii npunATO Tb BOODpakaemyrw cde-
Py NMPOH3BOJBHOTO paiHyca, Ha KOTOPYIO MPOEUMPYIOTCH 00b-
eKThl, BHAHMbIE HA HeDe, BHE 3aBHCHMOCTH OT pacc'ronunii Ao
uux. Ipu atom npeanoaaraercs, uto HabawaaTens HaAXOAHTCR
B UEHTPe 3TOH chepbl.

Hebecuan cepa — 310 MaTeMaTHueCKoe NMOCTPOEHHE, XOTH Tep-
MHH COXDaHHJCA € IPEBHHX BPEMEeH, KOrla CHMTAA0Ch, YTO 3eMmas
NeACTBHTEBHO OKpYJKeHa peaibHON cgepolt ¢ ¢YKpenneHHbMH?» Ha
Heit 3pesnamu. [Nprmepon sanau, pelwaembix NMpH NOMOWH HeGecHoi
chepbl, MOKET CAYAHTD ONpeefeHHe YCIOBHA BHIHMOCTH TeX MK
HHBIX 0GBEKTOB, H3yuYeHHe HX ABHMEHHHA U T. A.

2.4, Baxwueiiwme TOukM M JauHMM Ha HebecHoi cdepe.
Ha puc. 2.4 usobpaxena nedecuan cepa: Py — cesepubul noaroc
supa, Pg — ioskcnbii noawoc mupa, Py Ps — och MHpa, napaniens-
Has 0K BpawenHs 3eman. Pacnonarasce B CeBepHoM noaylapui
H rasgs u3 uentpa O HeBecHoH cdepnl Ha cesep, Mbl BHAHM, 4TO

3Be3nbl 06p ¢ BOKPYT PHOTO TOJIOCA MHPa MNPOTHE
YACOBOH CTPEJIKH.
Jluuua PyPs (ock MHpa) — olHa W3 ABYX TMaBHBIX JIHHMHA,

cBA3aHHEIX ¢ HeGecHol cdepolt. [pyrol ABaseTCA OMBECHAR AUHUR,
COOTBETCTBYIOLLAA HANPABJEHHAM BBEPX H BHHS.

OrteecHolt anEHEll Ha3BIBAETCA JHHKA, COBNajalmWas ¢ Ha-
fpaBieHHeM CUibl TaKecTH B MecTe Habawonenus. Ona Gauska
K HATIPABJEHHIO HA UEHTP 3eMHOrO Wapa.
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fnosKCy MHpa; To4Ka BocToKa — Ha 90° cnpasa, a sanala — caesa
OT TOUYKH cesepa

Maremarnyeckuit ropH3oHT 1eauT HeSecHywo cdepy Ha ABe no-
JIOBHHLL — SUOUMY W HesuduMywo, a8 HeOeCHbIA SKBAaTOP — Ha ce-
BEPHYIO W HOMCHYIO.

2.5. Bonpocel

1. Ha3oBuTe oCHOBHEIE TOYKH H JIHHWH Ha HebecHOR cdepe.

2. B KaKOM HanpasiesHH HaG/lOAaTellb BUIMT CYTOYHOE NEpeMe-
LUeHHe CBETH/, eCAH OH HaXOLHTCA B CeBePHOM MOMYLapHH
3eman u obpawex auuom k tory? Ecau k cesepy? (Otsetbre
Ha TOT XKe BONPOC AJf CJy4as, KOrla HadaloaaTe b HAXOAUTCA
B OKHOM NONyIapHH 3eMJH.)

3. B Kakux uyacTaAX HeGa BOCXOAAT W 3aXOAAT HeGecHble CBETH-
Az ans Habmiopatens, Haxosuerocs B KOxHoM noaywaphu
3eman?

2.6. YnpaxkneHus

. JlokaxkHTe, 4TO Yroi Meay M/AOCKOCTBIO FOPH3OHT H OCLIO
MHpa paBeH YLy Mex1y MJOCKOCTbI0 3KBATOpa H OTBECHOH
NHHHER (a 3TOT yroJ, B CBOK Ouepedb, paseH reorpaduueckof
wkpoTe Habaionarens).

2. Haueptute HeGecHyw cdepy H MpOBeIHTE Ha HeH CyTOYHble
MyTH: @) AN8 38631, KOTOPblE MOXKHO HaGiionaTb B 3eHHTE;
6) 477 3Be3l, KOTOpbIe B TeYeHHe CYTOK JIHWb pa3 KacawTcs
FOPH30HTa.

. B KaxkoM HanpaB/eHHH [O/JXKeH CMOTPeTb Habaiojarenb, 4TO-
Gbl yBuaeTh 3Besns BOAH3M [lonwca mupa: a) B CebepHom
# 6) B IOxHoM nonywapyax; B) B TPONHKAX H I) 32 NONAPHEIMKH
Kpyramu?

w

§ 3. Cucrema nefecnbix KOOpIMHAT

3.1. Hebecuble KoopauHatel. OnpenenuTh NoJ0MeHHe TOUKH
Ha NOBEPXHOCTH 3eMJH HaM NOMOTalT reorpadHyYeckHe KOOPAHHA-
Te — wupoma W doseoma. TouHo TaK e Ha HeGecHoi cdepe, s
TOFO 4TOOB H3Y4aTh BHAHMOE DACMONOMEHHE M ABHKEHWE CBETHJ,
BBOAATCA HeBecHbie KOopOunamst.

Kak u Ha reorpaguyeckom rnofyce, nojoxeHHe TOUKH Ha Hebec-
HO# cpepe OIHO3HAYHO onpenenseTcs ABymMA yraamu. [lostomy koop-
AHHAT JOJKHO ObiThb ABe. JLAs HX ONpefeNieHHs HeOOXOLHMO BBECTH
OCHOBHYIO MJI0CKOCTb, B KOTOPOH OTCHHTHIBAIOTCA COOTBETCTBYIOLIHE
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COOTBETCTBYIOT MoHol oKkpyxHocTH (360°). Ognu rpaaye npu sToM
paBex ueTbipem MHHYTam (1° = 4 MHH).

BenencTeHe CYTOYHOTO JBHIKEHMS BCE 3BE3Nb BMECTE C TOYKOH
BECEHHEr0 PAaBHOIEHCTBHA < MepemellaloTcs no Hefy napanienbHo
SKBATOPY C ONMHAKOBOH YTOBOH CKOpocTbi0 15 rpaaycos B wac.
[osToMy HX KOOpAHHAThl (@ W ) MOXHO NMPHHATb HEH3MEHHBIMH,
YTO MO3BOJIAET CO31aBaTh 3BE3JHBIE KApThi M HAHOCHTh Ha HHMX
KOODAHHATHBIE CETKH.

OnuHcasHas cucTeMa KOOPAMHAT HA3bIBAETCS IKEAMOPUALLHOL.
[LIHPOKO HCMOAb3YIOTCA M APYTHe CHCTEMbl KOODAWHAT, HanpHMep
20pU3OHMAABHAA, B KOTOPOH OCHOBHOM ABJAETCHA TJOCKOCTh Ma-
TEMaTHYeCKOrO TOPH3OHTA. YTOJ MEKLy HanpabJeHWeM Ha CBeTH-
70 M MJOCKOCTBIO TOPH3OHTA Ha3biBaeTes guicomoi ceemuaa (h).
OH OTCYMTHIBaETCA BAOML BOMILLIOTD KPYra (Kpyra BhICOTHI) OT FOpH-
30HTA K 3EHHTY CO 3HAKOM «+» H K HaluPy CO 3HAaKOM «—s». Bropoil
FOPH3OHTANBHOH KOODIHHATON SBAAETCH G3UMYM, OTCUMTbIBAEMBIH
B rpajycax no FOPH3OHTY OT TOYKM H0ra [0 TOYKH ero MepeceveHHs
€ KPYroM BbICOTHl [aHHOTO CBETHA3. 3aMeTHM, 4TO B reoJOrHH
¥ Te0lle3HH a3HMYT OTCYMTHLIBAETCA OOLIMHO OT TOYKH CeBepa.

3.2. 3aBMCHMOCTB CYTOYHOIO [IBHIKEHHA CBETHJ OT MOJOMKe-
uus Habawonatens na 3emae. CyTounne MyTH CBETHA Ha Hebec-
HOll cdepe npeactasifT coO0H OKPYKHOCTH, TIOCKOCTH KOTOPBIX
napannenbis HebecHoMy 3kBaropy. Kaxnas W3 3THX OKpyRHOCTe#
B ABYX TO4Kax nepecekaet HeGecHblfl Mepuanan (prc. 3.2, a).

flBeHHe MepeceyeHHs CBETHJIOM HeGecHOro MepHIWaHa HasbiBa-
etcs Kytsmunayued, Bavmalinan K 3eHHTY — BEPXHAR KyibMu-
Hayua, a Gonee ynaneHas — HuxHAA. B Bepxued KyabMuHAUHH
CBETHJIO MMEeT HaHBOJbIIYI) BRICOTY, 8 B HHIKHEH — HAHMEHbLIYIO
Mowment sepxuefi kKynbmuHauHH uenTpa CoaHlla HA3LIBAETCH HCTHH-
HBEIM ROAYOHEM, & HUKHER — HCTHHHOH NOAHOYbIO

Buicota CBETHAZ B KyAbMHHAUHH 3aBHCHT OT reorpafmueckoi
wHpoTh MecTa HaGawonexus. JleficTauTensHo, ecaH Habawnarens
HAXOLHTCA Ha OJHOM M3 reorpadHuecKHx momocos 3eMau, TO A1
HEro 0Cb MHpa coBMagaeT ¢ oTBecHOM AHHHeH. BoicoTa ceseproro no-
710Ca MHpa Hajl TOPH3OHTOM B 3TOM cayyae hpy = £90° (3Hak «—»
1A HaGawonartes Ha KKHOM noaioce). HaGawonareso Ha noawmce
KaXeTcs, 4To HeSO BpalUlaeTCs BOKPYT BEPTHKANLHOH OCH, a Cy-
TOYHblE MYTH CBETHJ MapaifebHbl MAaTEMaTHYECKOMY TODH3OHTY,
C KOTOPBIM cOBnanaeT HeSecHwuid skBatop (puc. 3.2, 6). Tlostomy ana
Hab/oNaTe/ s, HAXONALLETOCA HA NOMOCe 3eMJH, BBICOTH 3B€3] Hal
TOPH3OHTOM B TEUEHHe CYTOK He MEHRIOTCS.




x .
—
B T - RN
e

B =
e 32 Cyrouiek M RS 4 = b R WAL § b Copt
e B s — iy e £ 5, V. N ofomnaaut 1t ortocs,
ity Ry S i T )

TMpesnamesim. 1o wokmozaress nepesenaeen o7 Cenepror
ATOEE RIS RMRDIO-THGY TTPABMCHD NEMAEHISS BioTs
6 wero saner yuemsiaties, Koraa satlvazare

ropuaonna (pes. 32, s). Toras sucora mwoca hpy = 0 Tluakes



3. Cucmema nefecHbix Koopdunam 37

MHpA OKaXXYTCA MPH 3TOM B COOTBETCTBYIOULHX HM Toukax cesepa N
M ora S, a NIOCKOCTH HeGEeCHOro 3KBAaTOPa H CYTOUHBIX MyTedt
CBETHJ CTaHYT MEpreHIHKYJAAPHEIMA MJOCKOCTH MAaTEMaTHYeCKOro
ropusonta. BeaencTeHe 3TOro Ha 3eMHOM SKBaTOpe MOTYT Habiio-
narbest Bee cpeTHaa Ceseproro W KOmuoro noaywapmit Heba.

Wrak, HaGaonarenn, Haxonsukecs Ha noawce 3eMad W Ha ee
3KBATOPE, BMAST NBHIKEHHE CBETH] COBEPLIEHHO NO-PasHOMY: Ha
NoMIOCax BCETa Haj TOPH3OHTOM HaXOAATCA BCe 3Be3ldbl COOTBET-
CTBYIOLLEr0 MONYWApHA HeGa, OHH RBJSIOTCA He3aXodAwuMmy; Ha
3KBaTOpe B KaAbIH MOMEHT BPEMEHM Hal FOPH3OHTOM HaXodATCH
N0JI0BKHHB OG0KX MOJyWapki He(a, Bce CBETHAA B Te4YeHHe CYTOK
BOCXOLAT M 33XOLST.

Korna waGnionatens nepexonuT B KOkHoe noaymapue 3eman,
CceBepHBIi NOMI0C MHpa YXOLHT non ropusont. Han ropusontom oka-
3LIBAETCS HOJKHBIA MOMIOC MHPA, KOTOPEI TeM GAMIKe K 3EHHTY, ueM
Hafaoateqs OaHxke Kk Kwuomy noiocy 3eman. Béausu ioxuoro
nojioca MHpa HeT APKOH 3Be3lbl, HO Ha PaccTofHHH oxono 10° or
Hero Haxoiutes coasesaue IOxHoro Kpecta, KoTopoe gerko Haii-
TH Ha HeGe N0 4eThipeM 3Be3naM, o0pasyloULHM (QHTYDY, NOX0KYI0
Ha KpecT.

3.3. Beicota moaoca MHPA HajJ TopH3OHTOM. OnNHcasHbIe Bbi-
We CBOHCTBA CYTOYHMLIX ABHMKEHWH CBETHA ABJAIOTCA CJENCTBHEM
BaXKHOH TeOpeMbl, COMACHO KOTOPOH BbICOMA CEBEPHO20 NOAKCA
MUPQ PABHA 2802paguuecKoll wupome mecma HabAodenus:

hpn = .

Joxasem sto. Mo onpemesenuio, reorpaduueckan wupoTa —
370 Yroa MeKAy MJOCKOCTBIO SKBATOPA ¥ PAAHYCOM 3eMJH, npose-
IEeHHEM B NaHHYK TOuKy (Yrod ¢ Ha puc. 3.3), a BhicoTa noJioca
MHpa hpy — 3T0 yroa Mexay ocbio Mupa W auHued NO, nexautei
B MJIOCKOCTH FOPH3O0HTA.

Oct mupa OPy u ock Bpawenns 3eman O'P napanensHel,
N03TOMY 0TBECHAA NMKAA 'z NepecexkaeT MX NOA OLHHM H TeM XKe
yraom: ¥ron PyOz = yray PO'O. ChenosatenbHo, paBHbl ¥ 10M0J-
HUTeAbHble Yrabl: yroa 00'Q = yrny NOPy, T.e. ¢ = hpn.

3.4. Tunopas 3anaya. Hafitu makcHMManbHYIO BBICOTY Haj
TOPH3OHTOM 3BE3]bl, KOTOPAaR KYIbMHHHPYET B HMKHOH ua-
cTH Heba.

Toncrenue. MakcuManbHyio BHCOTY 3Besla M HMeeT B MOMEHT
BepXHeH KyJbMMHAUWH, T.€. MPH NpeceyeHHH MepHIMaHa K 10Ty
OT 3eHNWTa, eCaH Halaonarens Haxofutcs B CesepHOM noaywapHh
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nonywaphs. Jlns BCeX ocTanbHLIX MecT Ha 3emae, rie reorpadue-
CKast WIHPOTA YAOBJETROPALT YCI0BHIO

0 < |g| < 90°,

HMEIOTCS TPH KATEropHH CBeTHA: 1) Hesaxodaujue, Y KOTOPbIX Bbi-
coTa B HWKHeA KynsMHHauun h > 0 (OHH Beeraa HaxonATcs Bhiwe
ropu3aonTa); 2) socxodawue u saxodawyue; 3) Hesocxodauwue, HH-
KOrlla He Habaionaembie B 1aHHOM MecTe (BHICOTA B BepXHEH Kyab-
muHaunn h < 0). K Kakoii kaTeropHu OTHOCHTCS AAHHOE CBETUJO,
3ABMCHT JHWb OT €ro CKAOHEHHS ¥ WHPOTH MeCTa HabaioneHus.

3.6. Bonpocsi

. Kak u3MeHseTcs NpH CyTOUHOM ABHKEHHH CBETH.]a ero: a) Bbl-
coTa, 6) npsiMoe BOCXOKAEHHE, B) CKAOHEHHe?

. MeHs0TCA % B TEYEHHe CYTOK BHICOTA, MPAMOE BOCXOMKIEHHE
H CKJOHeHHe OCHOBHBIX Touek HebecHoit cepnl: Z, Z', Py, Ps,
N, S, E, W? Ecii MeHROTCA, TO Kak?

. Ha cKosbKo OTAHYAIOTCA BLICOTH! CBETHA B BeDXHell W HHXKHeH
KyTBMHHAUHAX ANA HabalofaTens, HAaXOAAWErocs Ha paccTos-
uuH 10° oT nonoca 3eman?

. Haxonsics Ha nomoce 3emaw, Bsl HabnwolaeTe CyTOUHBIH MyTh
HEH3BeCTHOro cBeTWaa. Kak onpelenuTb, HA KakoM HMeHHO
MoJoCe Bbl HAXOAHTECH?

. CnpaBenausa 7 TeopeMa 0 BhLICOTE CEBEPHOro MoJIOCA MMpa
Hajl ropH3oHToM As KOxuoro noaywapus 3eman?

Kakan aHallorMuHas Teopema MOXeT ObiTh C(OPMYIHpOBaHA
OTHOCHTE/IBHO BBICOTHI Hall FOPH3OHTOM IXKHOTO NI0H0CA MUpa?

o -

w

'S

@

o

3.7. ¥npamueHus

1. [las naGawoaatens B CepepHOM MOJYLLAPHH ¥ 3BE3[l, CKIOHEHHe

KOTOpBIX GOJIblUE WHPOTH MecTa, 0fe KYIbMHHALKUH — H Bepx-

HAA H HHXKHAA — MPOHCXOAAT K ceBepy oT 3enuta. Jlokaxute,

4TO LA TAKHX 3BE3JL BBICOTA CBETHAA B BEPXHeH KyIbMHHALHH

h=90°+p-4.

CnpaseuBO JH 3T0 COOTHOLIEHHe 18 Habmonatens B HOx-

HOM NOJTYLIAPHH?

Buisennte qopMyabl, onpenessioline BLICOTY CBETHA B HHXHEH

KyasmiHauns. OnMHakoBEl AH OHM AR HaGmonatenedt B Ce-

BepHOM H HOxHOM moayiapusx?

3. Hadlaure MHTepBal CKAOHeHMH 3Be3l, KOTOpbIe Ha Balled wWH-
pOTe: @) HAKOTA He 3aX0AAT, 6) HHKOT2 He BOCXOLAT, B) MOTYT
BOCXOAHTL H 3aXOIHTb.

2%
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Jiysn Connua
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Puc. 4.1. Cwera ayunuix das: | — Hosodysue; 3 — nepsas uetsepts; § —
NOAHOAYHHE; 7 — NOCAEAHAR YeTBepTh. BHH3y — nocaeloBaTeqbHas cMexa da3
Jlyns ans nabawaatens B CeBepHoM NoayiapHu

ceem Jlynsl. OH oGbsicHsieTcs TeM, uTo JIyHy ocBewlaeT 3emas,
KOTOpas B 5T0 Bpems obpauteda K Jlyne auessolt cmoefi cropouoi,
T.e. ocsellenHoi Conkuen.

B Tewenue nepBoil HezenH nocse HOBONYHHA, AeHb 33 IHeM Bce
Zanbiue nepememlasick Ha BocTok oT Coanua, Jlywa npoxoaut mo
HeGy CpelH 3Be3n NyTh, NPHMEPHO PABHBIA YETBEDPTH MOJHOTO KpYTa,
# ee yraosoe ynanewue ot Conuua gocruraer 90° Torna sanagHas
€€ NoJIOBHHA BHAHa OCBEUIEHHOH, @ BOCTOYHAA — TeMHo#. Ita dasa
Ha3biBaeTcs nepsol yemaepmoio (cM. puc. 4.1).

Ewe uepes menemo JlyHa oOkasuiBaeTcAd B NPOTHBOMOMOMHON
Connuy yacTv Heba M JAyulle BCEro BHIAHA B cepelHHe HO4H. B 310
spems Bech AHCK JlyHbi ocBeuied Coasuem. 37a hasa HasbiBaeTcs
noanoaynues. Mocne nosHonysus nossasetca yweps ¢ 3anamnok
cropoHsl JIyHsl, OHa HausHaeT NpHOAKKATheR K nosoxennio Conxua
Ha HeGe, U OCBEIIEHHAA €€ YacTb NIOCTENeHHD YMEHbLUAeTCs.

Korna ocselerHO OKaXeTCA CHOBA MO/IOBHHA BHAHMOrO [AHCKE
JlyHs! (Teneps yiKe BOCTOUHAR), HACTYNaeT NOCAEONAR wemsepmb.
3artem, npubanxascs k CoaHuy ¢ 3anaga, JlyHa CTaHOBHTCA BHIHA
TOMBKO MOA YTPO nepen Bocxogom ConKua B BHAE Y3eHLKOrO cepna,
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Puc. 4.2, lewxenne 3eman sokpyr CoHUa H 0OBACHEHHE €r0 BHAHMOrO FOAHYHOrD
ABHKEHHA CPEAH 38e31

Hebecnuit
IKBATOP

DKIHOTHEA

Puc. 4.3. BRAHNTHKE W HeGecHwf sKBaTOp

Moansiit kpyr skauntikd (360°) ConHue npoxonwt 3a rox, T.e.
sa 365} oned. MMostomy sa onwH cyTkn CoaHue nepeMewiaercs
OTHOCHTE/NbHO 3BE3[ MO 3KJAHNTHKE 4yTb Meble ueM Ha 1% 3o
NpHMEPHO ABa BMIMMBIX yraoBbiX axametpa Coaxua. B xaxaom
30IHaKaLHOM C03Be3lHH CONHILe HAXOAMTCA B CPeIHEM M0 OAHOMY
MecslLy, XOTS BPeMs NMPOXOMNEHHS Pa3HbIX CO3BE3HI PA3NMYHO.
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W Topuiowt
Puc. 4.4. Buanmuid nyts Connua we HeGe

Takum 0GpasoM, ¢ ITHMH M3MEHEHHSMH BHAHMOTO [ABHXKEHHS
Co/lHLg CBAA3aHbl CE30HHbIE H3MEHEHHS Ha 3emfe, T.e. HAaCTYMJeHHs
BECHBI, JeTa, OCEHH H 3HMbLL JeToM Tenjee notomy, uto CoaHue
[0Mblle 0CTEeTCA HAJ FOPHIOHTOM M Bbille MOAHHMAETCH Hal HHM.
Mpu stom, korna B CeBepHOM NOJYIWIADHH HACTYNaeT JeTO HJH
oceHb, B KOKHOM — 3uMa HIM BecHa.

3a noAspHLIMH KpyramH Ha 3emae, rae |p| > 66,5° sbicoTs
CBETHI B TeYeHWe CYTOK W3MmeHsioTcsi mMano. Conmue 1o noayroaa
MOXET OCTABATHCA HE3AXOAALHM M CTOJBKO e — HEeBOCXOASLIHM
CBETHIOM. JT0 OOLACHAET ABNEHHA NOAAPHOZO GHA W NOAAPHOL
wouu. Hanpotus, B Tponuueckux obaactax (|| < 23,5°). Coaxue
ABakAbl B FONY KYJAbMHHHpYeT BO.H3H 3€HHTa — OIMH DPas MNpH
yllaJeHHH 0T HeGecHOro 3KBaTopa, KOrla ero CKJOHEHHe PacTer, BTo-
poit pas — NpH 06PaTHOM LBHXXEHHH K SKBAaTODY, KOTLA CK/OHEHHe
CoNHIa yMeHBlIaeTCs.

Jletom B HOxHom nonywapnu 3emar ConHue BOCXOLHT Ha ce-
BEPO-BOCTOKE, KYJIbMHHHDYET B CeBePHOH CTOpOHe Hefa H 3aXOHMT
Ha cesepo-3anaje. B 370 spems 8 CeBepHOM NOJYIIAPHH 3MMa.

4.4. Tunosas 3anaya. Onpenenenne BbicoTbl CoaHIA B Kyib-
MHHAHAX.

Yeacsue. OnpenenuTh BLICOTY BepXHeH W HHMHeA KyIbMHHALKA
Connua 8 mapra B C.-lletepbypre. Cxaonesue Conxua aas 3toro
1H#A COCTaBAseT 0y = —5°

Pewienue. Cizuana Haxonum wupoty C.-TletepSypra (no kapre):

=60

Tockoabky g < ., BEPXHSA KyJbMHHALWA NMPOHCXONHT K lOry OT
3eHMTa, a HHXHSA — K cesepy orT Haaupa. [lostomy dopmyasi
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12 wionn? Koopanuatel roposos OnpenenuTe no KapTe, @ CKao-
senue Conrua no dopmyne u3 n. 4.3.

2. Korna 8 Kanpe Conuue Guisaet B 3eHuTe?

3% Koraa HacTynaeT W 3aKaHWHBAaeTCA MOAAPHLIA IeHb Ha cesep-
HoW oKOHeuHocTH HoBoit 3emau?
3sesdouxoi adeco u Oaiee ommedexbl 3a0Q4U NOBbIUEHHOL
mpydnocmu.

4. Moxer au Jlywa B Hawed cTpaHe HaGMiOLaTbhCs B 3eHHTE?

Ha kakux reorpadiueckHx WHPOTAX 3TO BO3MOMHO?

§ 5. ConHeyHble M JYHHbIE 3aTMEHHSA

5.1. Ycnosus Hactynaenus 3atmenuil. Ecam 6w niockocts
opOHTH JIyHbI COBNajana ¢ NJOCKOCTHIO IKJIHNTHKH, TO KaxJoe Ho-
BoayHHe JlyHa B TOUHOCTH OKa3piBasach Obi Mexay 3emieil 0 Coar-
uem H Habnionanoch Gbl COAMEMHOE 3AMMEHUE, 3 KaXIoe MOJHOTY-
HHe OHa caMa BXO[H.Ja Obl B TeHb 3eMAM H HAcTynano Obi AyHHOE
samumenue (puc. 5.1). B neficTBHTENBHOCTH 3TH ABJEHHS CAYHAKOTCA
3HAYMTE/IbHO Peike, TaK Kak OpOHTa JIyHbl Hak/OHEHa K MOCKOCTH
3KAHNTHKH NIOA YTJI0M 0KOJI0 5° 1 nepeceKaeTes ¢ Hel TOABKO B ABYX
TOUKAX, Ha3biBAGMbIX yatamu opbumst Jlywoi.

Pic. 5.1. CxeMbl BOIHHKHOBEHHA CONHEYHBLIX H AYHHBIX 3aTMeHHH. TeMibie y4acT-
KH — 3T0 0672CTH TeHH 3eMaH H JIYHI, ceptie — 06A2CTH NONYTENH, B KOTOPBIX
HaB0NA0TCA YACTHBIE 3ATMEHHS

Jlns HACTYMUIEHHA CONHEYHOrO 3aTMEHHA HeoOXOAMMO, 4TOOL
Conntte H JlyHa HaXONH/IHCh B OLHOM H TOM e HANpaBieHHH,
a NS NYHHOTO 3aTMEHHS — B AHAMETPaJbHO MPOTHBOMONOMHLIX
HanpaBJeHHAX. ITo MOKeT MPOM30HTH ToAbKO Torda, Korla Coakle,
NEPEMELLAACh M0 IKAHNTHKE, OKaXKeTCA BOJH3H OLHOTO H3 Y3/10B Op-
6uThl Jlynel. Ecan Connue u Jlyna o1HOBpeMeHHO HaXonATCA BOJH3H
KAKOro-HOO0 3 Y3108 opOUTH JIyHbl (B HOBOMYHHME), TO HacTynaer
COJIHEYHOR 38TMEHHe, 2 ecH 06a Tena GAH3KH K NPOTHBONOMOKHLIM
y3nam (B moaHoayHue!), TO MPOHCXOMHT NYHHOE 3aTMEHHE.
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npe/ioMAANOILHE H paccensalomne ceT. OHH-TO BO BpeMsA JIYHHOTO
3aTMeHHs H ocBeltaT JlyHy, KoTopas no3ToMy Habmlonaetcs ¢ 3eM-
A OKpalleHHOH, KaK NpaBuiio, B GyPOBaTO-3e/eHbie H KPAaCHOBaThe
TOHa (BCMIOMHHTE LIBET 3apH).

Moaxoe 3aTmenue JIyHs MOXET ANMTECA NMOYTH ABA Haca, a BMe-
cTe ¢ YaCTHBIMH (asaMH — BaBsoe Gofblue.

Tak xak BO BPeMs JIYHHOTO 3aTMEHHMS nosepxHocTh JIyHb nei-
CTBHTE/IbHO HAXONHTCA B TEHH, 3TO ABJEHHe BHIHO U3 M06OH TOUKH
3eMaH, rle TONbKO MOXKET B 370 Bpems Habmonartbes Jlywa.

B oTHuHE OT NYHHBIX, COANEUHBIE 3AMMENUR BHIHBI TOJBKO
B Tex 0O1acTAX 3eMaH, TAe OHA NePeCceKaeTcH ¢ KOHYCOM JYH-
HOM TeHU (NOAHOE COAMEUHOe 3amaerie) WM NONYTeHH (vacmuoe
coaneqnoe sammenue). [103TOMY, XOTA COMHEUYHbIE 33TMEHHA Cay-
YAIOTCA Yalle, YeM JYHHBIE, B KaXA0M 1aHHOM MecTe 3eMaH OHH
HabMoaal0Tea pexe.

Bunumeie yraoesie nuamerpel Coaua W JlyHbl oueHb GAH3KH
W coctasasioT okono 0,5° OnHake H3-3a SAMHNTHYHOCTH OPOHT
3emau v JlyHbl OHH cherka MeHAwOTcA. B uTore BHaMmbifi auamerp
JlyHbl 4acTO 0Ka3blBaeTCA MeHblue BHAMMOro auamerpa Coaxua.
Torna BepuwiHa KOHYCA JYHHOH TEHH He NOCTHraeT MOBEPXHOCTH
3eMJH M BMECTO NIOJHOTO COJHEYHOTO 32TMEHHS HaGMINaeTcA KOab-
yeolipasHoe sammenue.

Tlpu MoAHOM COMHEYHOM 3aTMEHWM KOHYC JYHHOH TeHH mepe-
CeKaeT 3eMHYH NOBEPXHOCTh, O6Pa3ys SJJHNC pa3Mepom He Golee
270 km. H3-3a Bpautenus 3eman u nBHxeHHs JlyHsl no opbHTe ¢ 3a-
najga Ha BOCTOK JYHHas TeHb Npoferaer myTh AAHHOH B HECKOJBKO
TBICAY KHJOMETPOB MO TNOBEPXHOCTH 3eMAH. DTOT MyTh Has3biBaeT-
CA NOAOCOI NOAHOZO COAKE4HO2O 3ammexus. B uenTtpe nosocsl
MPOAOKHTENLHOCTD NOJHOMO 3aTMEHHA — HaHOO0Abluas, 1OCTHraeT
B peiKHX cyyanx 8 MuH. BHe nonocsl nonwo# dassl Ha oGWHPHOH
TEPPHTOPHH 3eMAH MPOTAXKEHHOCTHIO B THCAYH KHJIOMeTPOB Habilio-
naetcs wacmuoe sammenue Coanya.

Jns HayyHBIX HCCNENOBAHHA 0COBEHHO LEHHB HabalodeHHs noa-
HBIX CO/THEYHBIX 3aTMEHHH, NO3BO/AIOUIHE H3YYHTh BHelIHHe paspe-
#enHble caou aTMoctepsr Conuua. IMonnoe conHeuHoe 3aTMenHe —
O4YeHb KPACHBOE ABNEHHE, eCAH ero yaaeTcA HabnionaTs B ACHYW
norony. Brauane nossasercs ensa sameTHbiH yiulepd Ha 3anazHoM
kpawo Coanua. C ero yseaHueHHeM IHEBHOH CBET MOCTENEHHO oC/a-
Gepaer. HaunHatoTes yacTHele dassl 3aTvenns. Ot ConHua octaetcs
y3KkHit ApKuit cepn. HansurawTea cymepky. TeHu CTAHOBATCA pesue
Haxoneu Jlysa ueankom saxkpuiBaet ConHue, HaCTYMaeT TeMHOTa,
¥ Ha HeGe, HECMOTPA Ha [HEBHOE BPEMS, BHICTYMaT HauGoaee
ApkHe 38e3nbl. Bokpyr uepHoro ancka JIyHsl BHE3anHo BO3HHKaeT
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Puc. 5.3. Tloaocst conteunsix saTmerui ¢ 2008 no 2040 r.

PO30BOE KOJbIO COMHEYHOH XPOMOCHEDE! H Yepes CUHTaHHbIE CeKYH-
Abl ¢BCTIbIXHBAET» CePeCPHCTO-HEeMUYKHOE JY4UCTOR CHAHHE COA-
Heunol Koporbi. JTO caMble BHewHHe 4acTH atmoctepn Coanua.
CnyeTs HECKOJBKO MHHYT BHOBb NOABJSIOTCA ApKHe ayyn CoaHua
Moanas ¢asa 3aTMeHus KOHYaeTCs, KOPOHA HcuesaeT. Buictpo ceer-
JIEET, H 4acTHble (hassl 3aTMEHHs NMOBTOPSIOTCH, HO YKe B 0OpaTHOM
nopsake.

Jlas HaGniOLEHHHA CO/HEYHBIX 3aTMEHHH OPraHH3ylTCA CnelH-
anbHble KcneanuuH. Bpems, mMecTo M yenosus HabmioneHHs 3aTMe-
HHF PacCUHTHIBAKTCA Ha MHOro Jet srnepex (puc. 5.3). Bauxafiwee
nonHoe 3aTmenHe CoaHua, KoTopoe Gyler HaGaonathes B MocKse,
npousoiiet 5 2126 r.
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5.3. Bonpocsl
1. B KaKkoM HanpasJeHHH no 3eMJe TEPEMELIaeTCH KOHYC NYHHOM
TeHH BO BPEMs COJIHEYHOro 3aTMEHHs?

2. OfHOBpEMEHHO M HAYWHAETCA M 3AKAHUMBAETCA JYHHOE 3aT-
MeHHe AnA Habawoaarenedl B pasHbix Mectax Ha 3emune? (To xe
1717 CONHEYHOTO 3aTMEHHA.)

. C kakoro kpasi (BocTOuHOro HWAM 3anagHoro) JlyHa HauuHaeT
3atmeBaTh CofHle BO BpeMs 3aTMenus? [loscHHTE oTBeT.

. C KaKoro Kpasi HaunHaeTcs 3aTMenne JlyHbr?

. TMouemy cosHeuHble 3aTMEHHA B TI060M MyHKTe 3eMaH Habio-
HAIOTCA PeXxe, YeM JyHHbe?

w

LS

§ 6. Bpems u kaneHzapb

6.1. Hamep p [Mosc: MHU3HB JioAeH TecHo
CBA3AHA CO CMEHOH AHA W HouM. EcTecTBeHHO, 4TO CYTKM cTaju
nepsoi npocToif W yNOGHOH elMHHLEH AN H3MEPEHHA BPEMEHH.
B npesHocTH nonoxenue ConHua Ha Hebe CAyXHI0 Haubonee Ha-
AeXHOW Mepoil npowenuled 0AH CBETOBOro AHA. Ee OLEHHBATH
Ha a3, a Gonee TOYHO — NO M3MEHEHHID HanpaBleHWs TeHH,
0TOpacHIBaeMOl, HaNpHMEp, BEPTHKANBHLIM CTEPIKHEM (2HOMONOM),
CAYKHBIIMM YKasaTesleM coaneussix 4acos. Ho ToyHoCTs nonoGHbIX
M3MepeHHH 0CTaBanach OYeHb HH3KOMH.

[TpoMeXyTOK BpEMEHH MeXAy NOCJef0BaTeNbHBIMH MOMEHTaMH
BEPXHHX (MM HUNHHMX) KYIbMHHAUWA LEHTpa BUAMMOrO JHCKa
CoflHLa NONYYHA HasBaHHe COAHewHbLx cymoK. OHH OTIHYAKTCA OT
nepHoaa OCEBOTO BPAWIEHHA 3eMJH — 38e30HbLX CYMOK, KOTOphIe
paBHEl MPOMEKYTKY BPEMEHH MEXAY TOCIEN0BATEILHLIMH BEDXHHUMH
(HAH HHACHHMH) KYJbMHHAUHAMH A0060# 3pesnsl. CrenosaTesbHo,
3BE3/IHBIE CYTKH — 3TO TIEPHOX OCEBOTO BPAlIEHHA 3eMH B MHepUH-
anbHOM cHCTeMe 0TCHeTa (MM, KAk FOBOPSAT, OTHOCHTENBHO [a/eKHX
3B€31, MOCKOMBKY MX ABHKeHHeM B LAHHOM CJy4ae MOXKHO npe-
Hebpeub), @ CONHEYHbIE CYTKH — 3TO MEPHON BHAMMOrO NBHIKEHHS
Conxua no weby. Ecan bl 3emas He obpawanack Bokpyr Coaxua,
COMHEUHble H 3BE3Hble CYTKH coenaganu Gpl. Hs-sa roanuxoro
obpauerns 3eman (1.e. W3-3a ronuunoro asuxkenns Coaxta mo k-
JIMMTHKE) COMHEYHbIE CYTKH MOYTH Ha 4 MHHYThI AJMHHee 3BE3IHBIX
cyToK (cm. §4.2).

AcTpoHoMHueckHe HabMONEHHA NoKasaay, yto AsHxenHe Conn-
112 M0 KJUNTHKE NPOMCXOIMT HepaBHOMepHo. [IpHYHHA 3TOTO ABJe-
HHS B TOM, YTO H3-33 /HNTHYHOCTH 3eMHOH OPOGHTHI YII0Bas CKO-
pocThb obpaiuerun 3eman Bokpyr ColHLA B TeueHHe rola MeHseTcs
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B Npelenax HeCKONLKHX MPOLEHTOB., DTO NPHBOLMT K MeNJeHHOMY
H3MEHEHHIO MPOJOIKHTEIBHOCTH COMHEYHBIX CYTOK B TeYeHHe rola.
CaesosartenbHo, yackl, «Hayuwwes no CoaHLy (HAH, KaKk roBOpAT,
NOKa3biBaIOLLHE UCMUKHOE COAHEYHOE BPEMA), NOMAHB TO CMIELIHTD,
TO OTCTaBaTh, YTO HeyAoGHO. [103TOMY 3a eAHHMLY H3MepeHHs Bpe-
MeHH Gbla NPHHATA CPEAHAS TPOAOIKHTENBHOCTE COMHEUHBIX CYTOK
3a rof. Bpems, usmepsiemoe B TAKHX ¢CPEAHHX» CYTKax, B OTJH4HE
OT UCMUHKOZ0, HA3LIBAETCH CPEOHLM COANEUHBIM BPEMEHEM.

CpenHee COMHEYHOE BpeMs COMIACOBEHO €O CPEAHHM 3a rod
BUOHMBIM ABHxenneM Connua. OnHako B Kaibll DaHHLH 1eHb
12 yacos Mo CpemHeMy COJTHEYHOMY BPEMEHH MOXET He COBMailaTh
€ MOMEHTOM BepXHell KyJIbMHHAIHH LUEHTPA BHAMMOr0 COJHEYHOrO
aucka. PasaHuKe 310 He npesriwaer £16 MunyT.

OueBHIIHO, YTO MOKa3aHHA YacoB, HAYUIHX MO CONHEYHOMY Bpe-
MeHH, Beerna GyAyT PAsHLIMH HA PA3NHUHBLIX reorpaHuecKHX 1oJ-
rotax. JIHwe 419 Habnionatened, HAXONALIHXCA Ha ODHOM H TOM Xe
reorpaduueckoM MepHaHaHe, kKyneMuHauus ConHua, Kak H Joboro
APYTOro CBeTHAA, MPOHCXOAHT ONHOBPEMEHHO.

IMycTh 10/r0Ta NaHHOTO MepHAHAHA BhipaxeHa B yacax (ot 0
o 24 yacos). Koraa ConHue KyJIbMHHHPYET Ha 3TOM MepHAHaHe,
TO K BOCTOKY OT HEro KyJIbMHHAUMS YHe Npoua, a K 3analy, Ha
MepHIMaHe ¢ 10AroTOH Ag < Aj, NMPOM3OHALET 4epes MPOMEXKYTOK
BPEMEHH A} — Az: 3@ 3TOT MPOMEKYTOK 3eMJA MOBEPHETCS TaK, YTO
MEPHAHAH Ag 3afiMeT MecTo mMepHAHaHa A;. Ecau, monyetum, Ha moc-
KOBCKOM MepHIMaHe 54 yTpa, TO Ha MePHIHaHe, PACTIONOMEHHOM
Ha 90° (na 6 4) K BocTOKY, yxe 114, a Ha 180° — 17 4. Orciona
CJEAVET, YTO PA3HOCTB KAK COMHEMHbIX, TAK H 3BE3NHBIX BPeMeH
paBHA PA3HOCTH [0ATOT, BhIPAKEHHbIX B 4ACOBONH Mepe.

Jns npaKkTHYECKo# KH3KH 0YEHb HeYNO00HO, eCH BpeMs 3aMeTHO
OTIH4AETCA B NpefenaX O[HOTO 3KOHOMKYeCKOro pafiosa, ofnactd
HAM Daxe KpynHoro ropona. JIna ycTpaweHus sToro HeynofeTsa
NO CMEUHaNbHOMY MEXAYHAPOIHOMY COTMAUIEHHI0 BECh 3eMHOM wWwap
VCAOBHO pasfeqeH Ha 24 yacoBbiX MOfca CO cpeaHei wupHHO# B 1 4
no noarote (15°). Beciony B npefenax Kamuoro 4acosoro mnosca
BPEMA CYMTAeTCH OQMHAKOBBIM H COBMANAIOUIHM CO CPEAHHM COJ-
HeUHbIM BPEMEHeM LeHTDPa/bHOTO MepHiuaKa fanHoro nosca. Takof
cueT BpemeHH HaskiBaeTcs noscHuim. TIpH nepeceyeHHn rpaHHubl
ABYX COCEIHHX TOACOB C 3aMafa Ha BOCTOK Hackl Hal0 nepe-
CTABHTh HAa OAWH Yac Briepel, a ¢ BOCTOKA Ha 3anal — Ha
OMH uyac Hasal. MHHYTH ¥ CEKYHIE BO BCEX TOACAX OCTANTCH
OJHHaKOBBIMH.

Yacoso#f nosc, A8 KOTOPOTO LEHTPANbHBIM SBJSETCH [DHH-
BHYCKHH MeDHIHaH, cyMTaeTcs Hyiesbim. MockBa, nMmes oaroty
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24 30 mux (37,5°), pacnosoKeHa BO BTOPOM HACOBOM MOfce, BOIH3K
rpaHHUb ¢ TPeTbHM. Ha npakTiKe rpakuubl 4acOBBIX NOACOB NPOBO-
LAT He CTPOTO MO MEPHAHAHAM, 2 C YYeTOM TPaHKI aAMHHHCTPAaTHB-
HbIX paioHOB.

Moyt BCe CTPAHBI XKMBYT NO NOACHOMY BpeMeHH. B HekoTOpbIX
rocynapersax (Hanpumep, B Poccni) Mcnoab3yeTcsl Tak HasbiBaeMoe
dexpemnoe gpema, KOTOPOE PABHO TIOACHOMY BPEMEHH, YBEIHUEHHO-
My Ha | yac. Kpome Toro, eToM B HexoTopsix cTparax (8 Poccuu
no 20151.) yackl nepeBoAATCA elle Ha ONHH uac Bmepen (remuee
gpema). 3To JenaeTcs AAs TOTO, 4TOOB CMECTHTb HAYal0 W Koell
paGouero AHA Ha Gonee paHHee BPEMS CYTOK M CSKOHOMMTb TeM
CaMbiM 3JIEKTPOSHEPTHIO, KOTOPaA TPATHTCA HA BEUEpHee OCBellleHHe.

Ecau ans gaHHoro mepHiaHaHa (Mi¥ 4acoBOro nosca) HactTynaert
NMOMHOUb, TO K BOCTOKY OT HETO OHA MPHLLJA PaHblUe, T.e. TaM yike
HACTYNHJA [aTa HOBOTO JHS, B TO BPEMA Kak K 3amaly COXpaHs-
ercA nata IHs npeasigyiiero. [Mostomy Ha 3emae OIHOBPEMEHHO
cyllecTByeT LBa KajeHIapHbIX IHA. [laTa MeHsleTcs TaKxe npH
nepeceyeHH YCIOBHO BEIOPAHHOMH JMHHH CMEHB! AT, KOTOpas MpH-
GaAH3MTeNBHO COBNafaeT ¢ MepHaHaHom 180° A0ArOTEl H MPOXOAMT
yepes Bepurros npoaus.

[IpofoNKHTENLHOCTD CPEAHHX CONHEUHBIX CYTOK, MOJOKEHHasn
B OCHOBY H3MePeHHs BPEMeHH (B TOM YHENe W NOACHOro), onpenens-
€TCA ¥ KOHTPOAMDYETCH acTPOHOMMYecKMMH HabnwodeHusmy. Twa-
TeJbHbIH 2HaAH3 MOMEHTOB TPOXOMAEHHS 3BE3L Yepes MepHIHaH
M03BOJH/ 06HAPYKHTE HeGOMBILIYI0 HEDABHOMEDPHOCTb CKOPOCTH BPa-
LeHHA 3eM/H, @ C/el0BaTeNbHO, H HEMOCTOAHCTBO cpeaxedl mpo-
NONAKHTENLHOCTH cyToK. [1o3TOMY AR OueHb TOYHBLIX H3MepeHHH
MPOMEXKYTKOB BPEMEHH NOHAA0OMIHCh YaChi, XO4 KOTOPBIX He CBA3aH
¢ BpawexHeM 3emau. Takue yachl ObiM CO3aHHI HA OCHOBE W3-
BECTHBIX CBOHCTB ManyueHns aToMos. OHM HA3LIBAIOTCH AMOMHBIMU
wacamu, a BPeMs, OCHOBAHHOE HA WX MOKA3aHHAX, — QMOMHbLM
spemenem. B xauecTse OCHOBHOH eNMHULBI BpeMeHH — cexyndbl —
BHIODaH WHTEPBal BPEMEHW, 33 KOTOPOE 3JeKTPOMAarHWTHas BOJ-
Ha, M3Jyuaemas aTOMAMH OJHOTO M3 W30TOMOB LE3HR, cosepluaer
onpelefesHoe yucao KoneGanuit. IR H3MePEHHA TAKOrO BpeMeHH
CO30aHE! CMIEUHANBHBIE aTOMHbIe Yackl. CHTHAMB TOYHOrO aTOMHOTO
BPEMEHH TPAHCJMDYIOTCA PaHOCTAHUHAMH BCEX CTPaH 4epes ceTh
HCKYCCTBEHHBIX CMyTHHKOB 3eMaH. [To aToMHOMY BpeMeHH npope-
PRIOTCA BCE HaChl.

Takum 00pa3oM, camoe TOMHOE BpeMsi OMpeleNseTcs He &ct-
poHomuueckuM nyTem. Ho ero Bcerma cornacymT ¢ ¢aCTPOHOMH-
YECKHM» CPEJHHM COJHEYHBIM BPEMEHEM, CBA3aHHBIM C BpalleHH-
em 3emau. CrielHanbhble cAyXObl BPeMeHH CIEAT 32 pasiuuueM
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Mexay CpEﬂHHM coa H aTOMHBIM Kurﬂa OHO HPH-
Gauxaercs Kk | ¢ (o6biyHo 3To OwiBaer pas B HECKO/IbKO JIET), no
cnelHanbHOMY pellerHio MexayHapoaHoro 610po BpeMeHH MoKasa-
HHA aTOMHBIX YaCOB MEHAIOT Ha uenyio cekyHay. Tem camsiM atom-
HOE BPeMs «[OLCTPAHBAETCA» NOL BPEMs, ONpEleseMoe BpalieHuem
3emau.

6.2. Kanennape. B pesynsTarte AAHTENBHBIX M BLICOKOTOUHBIX
M3MEPEHHH YCTAHOBJEHO, 4TO MPONOJNKHTENBHOCTh rofia (T.e. Bpe-
mA, 328 kotopoe ConHlle coBeplIaeT NONHBIA 060POT No SKIHNTHKE)
coctasaneT 365 aueit 54 48 mun 46 ¢, uan 365,2422 cpennux coa-
HEYHbIX CyTOK. [IpOGHOE YHCAO CYTOK B TOAy NPHUBOAHT K GObLIHM
neynoficteaM. Kanewaapublii roa, no KOTOPOMY XHBYT H paboTaioT
MOAH, 06S3aTENbHO MONKEH CONEPHaTh UENoe YHCAO CYTOK, M MpH
3TOM €ro MPOAOIKHTENLHOCTh J0JKHA ObiTh KaK MOXKHO OJHKe
K leficTBUTeNbHOM NPONOJIKHTENLHOCTH rofa. JTo LOCTHraeTcA ye-
peloBaHHeM KaMeHAapHEIX JeT ¢ Pa3HLIM YHCAOM AHed.

Bbino paspaboTaHo HECKONBKO CHCTEM KajeHiapedi, B KOTOPbIX
Ol BCETNA CONEPKMT lesoe YHCIO CyTOk. Mul XXusem no epueo-
PUAHCKOMY Kaaerdapio (HOSbd CMuav), BBEASHHOMY B CTPaHax
Egponsl 8 koHue XVIs.

B rpuropuanckoM Kanenaape CpeiHff NMPOLOJIKHTENBHOCTb Ka-
NEHNAPHOTO TOfa OYeHb GNM3Ka K NeHCTBHTENBHON NMPOLOJKHTENb-
HOCTH rola # cocTasaser 365,2425 cpefHHX COMHEYHBIX CYTOK.
3710 4HMCAO MOKHO MPENCTaBHTbL B TakoM Bupe: 365,2425 = 365 +
+ { - fm Yrofibl 06ecnednTs TaKyio CPELHIOND MPOLOIKHTEIBHOCTh
rofia, B KaXIOM Troly, HOMEP KOTOPOrO He NeJMTCs Ha 4, MPHHH-
maetca 365 nwelt (npocmod eod), a B ocTanbHEX — 366 aHed
(sucoxacuma 200). Cpeanss NMpONOJKHMTENBHOCTE TOAZ NMPH 3TOM
passa 365] cyTOK, Kak B K/HAHCKOM KaseHiape (CTaphlii CTHIB).
Yrobul yMéHhLLiHTI: ee Ha 735 CYTOK, TpH pasa Kaxawie 400 et
BHCOKOCHBIE TO/Ibl IeJIAI0T NPOCTLIMH. TAKHMH FOLaMH LOrOBOPHIIHCH
CUHTaTh Te, HOMEPa KOTOPBIX OKaHuHBaoTed Ha 00 u He fenaTtcs Ge3
octatka wa 400. Hanpumep, 1700, 1800, 1900-# roaws cumrawTes
npoctbiMu, a 1600, 2000, 2400-# — sucokocHbiMH. TakuMm o6pasoM,
3a 400 ner HaGupaetca 303 rona no 365 axeit u 97 net no 366 aued,
T.e. B CPeaHeM

(365 x 303 + 366 x 97)/400 = 365,2425.

3710 NpeBhIlAET HCTHHHYI0 MPOJOJIKHTENBHOCTs [0da Ha
0,0003 cyTok, uTo naet pacxoxnesne 8 | cyTku nuws 3a 3300 ner.
Ho 14 despans 1918 r. Poccus xuaa No (0AUGHCKOMY Ka-
spendapra (cmapeil cmuas), KOTOPHIH OTJHYAACH OT HOBOTO TeM,
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YTO KaKAbIH YeTBEPTHIH TOA CYHMTANCH BHCOKOCHBIM (63 Hckio-
YeHHH), TaK YTO CPEAHAR MPOAO/IKHTEBHOCTh KAaJeH1ApHOTO rola
coctasasna Touno 3653 cyTok. B HacTosuwee Bpems ionHaHcKui
Ka/JeHaapsk OTCTaeT 0T rpuropHadckoro Ha 13 awxedt. o HoBomy  no
crapomy cthaio 2000 r. 6L BHCOKOCHEIA, TaK 4TO 3TO pasiHuHe
coxpaHHTes BMAoTh o 28 cdespans 2100 roga, mocne Hero oHo
nocTHrHet 14 nwed.

lOnnanckuM Kanennapem (CTapeIM CTHJEM) NPOAC/KAET MOAb30-
BaThea Pycckas npasocsasHas uepkoss, [Tostomy 8 Poceku Hapaay,
HanpuMep, ¢ HOBOTOAHKM npasnuukoM 31 nexabpa/l susaps mHorue
oT™Meual0T H «cTapbiii Hosuift rofs 13/14 siusaps.

6.3. Tunopas 3agzaua. Ilepexox or nar craporo K natam
HOBOTO CTHAS.

Yeaosue. A.C. [ymkun ponunca 8 Mockse 26 mas 1799 r. Koraa
cleflyeT 0TMeYaTh J€Hb €70 POKAEHHS N0 HOBOMY CTHJIO?

Pewenue. B XVIII 8. 8 Mockse neficTBOBaA CTAPIH CTHb, B KO-
TOPOM, B OTJHYHE OT HOBOTO CTHJSA, CYHTANHCh BHCOKOCHBIMH TONBI
1800-# 1 1900-#. Caegoeatensho, B 1799 r. 06a CTHAS PA3IHHATHCH
He Ha 13 nuedt, Kak cefluac, a Ha 1l aMeil, U no HOBOMY CTHAK
ucKoMast 1aTa — 6 MioHs.

6.4. Bonpocst

L. Yro Taxkoe 3Be3NHbIE H COJNHEUHbBIE CYTKH?

2. Ha cKoAbKO OTJIHYAIOTCA COMHEUHBIE CYTKH OT 3BE3AHBIX?

3. Yro Takoe cpefHHe CONHEUHMIE CYTKH?

4. PaBHa M pa3HOCTDb MOACHBIX BPEMEH Pa3HOCTH 10aroT?

5. Ha cKosbKo 4acos MaKCHMANLHO pasiuuaeTcs BPeMs, Mo KOTo-
POMY KHBYT B Haulel cTpaHe?

6. Ha uyem ocHOBaHa coBpeMEHHAR WKaN2 TOUHOTO BPEMEHH?

6.5. Ynpamuenus

. Cunutan asuxkenne CoNHUA MO IKAMNTHKE PABHOMEPHEIM, 0Ka-
MHTE, YTO CONHEUHBIE CYTKH MPHMEPHO Ha 4 MHH NpeBHIWLAI0T
TIePHOI OCEBOro BpalleHHs 3eMiH. A Ha CKOMBKO, eclu ¢ TO4-
HOCTBIO 0 CEKYHIBI?

2%, Ha cKOMBKO CeKyHA pasnuyaeTcR HCTHHHOE COJIHEYHOE BpeMs

Ha BOCTOYHOH W 3amafiHoi OKpanHax MOCKBEL, €CAU NPOTANEH-

HOCTB ropoaa no joarote oxkono 30 km?

Yxasanue. Ulupora Mockssl 56°. Ha skeatope 1° moarotsl

TpHMepHO cooTBeTcTByeT 110 kM.
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3AKOHbI JIBUKEHHWS HEBECHBIX TEJ

§ 7. JdBumeHHe naaHet

7.1. BuguMble NBHIKEHHA MAaHET. Yike B ryG0oKoil 1peBHOCTH
JIOAH 3aMeTHaH, uTo, nomumo ConHua  Jlyssl, eie nate 06bekToB
Ha Hefe MOCTORHHO H3MEHAIOT CBOE MOJOKEHHe OTHOCHTENLHO 3Be3/.
Hx Haseanm naawemamu, 4To O3HayaeT OayxaaiuMe (3Be3ln).
Pum/isiHe dajH HM WMeHa cBoHx Goros: Mepkypuii, Benepa, Mape,
IOnutep u CatypH. B ApesHeM MHpe K NiaHeTaM OTHOCHIH Takike
Connue u Jlyny. Teneckon no3soJHA OTKPHITH M APYTHE MIAHETHI,
He BHIHMbie HEBOODYMEHHBIM r/1asoM.

Tlomimo 061L1er0 CYTOMHOTO ABHIKEHHS, MAHETh Ha (OHE 3Be3]
ONUCHLIBAIT CAOKHEIE TETAe0GpasHbie NyTH (pHc. 7.1), MeaneHHO ne-
peMelllanch TO C 3aMala Ha BOCTOK (npamoe JBuXeHue), TO C Bo-
CTOKa Ha 3anaa (nonamuoe deuxenue). B pesynstate AnMTeNbHLIX
HaGMONeHHi ellle B JOTENeCKOMHYECKYI0 3MOXY YAaJloch BHIABHTDH
HEKOTOpbIE 32KOHOMEPHOCTH STHX ABHXeHHH. Hanpumep, oxasanocs,
4T0 Mepkypuil HHKoraa we ynansercs ot Coanua 6onee yem Ha 28°,
a 118 BeHepbl 3ToT npeneabHblil yroa pabed 48° OcTaibHble MaaHe-
TBl MOTYT HAXOIMTBCA HA JoGbIX YIMI0BBIX paccTosHHAX oT ConHua,
Aaxe ﬂHaMETPaJIhHD ﬂpOTHBOﬂOJTO)KHD COJIHLIY. B 310 BpeMA nnave-
Thbl, H3MEHHB HampaBleHne ABMKEHHA, MepeMellaloTes CPeH 3Be3l
BCET1a MONATHO. [LNA K&XIOH NIaHeThl LTHHA AYTH NMONATHOMO LBH-
JKEHHA HMeeT onpenenexHoe 3uauenue. Jaa Mapca ona coctasaser
okoao 14° ans KOnutepa — 10° 1 Jum Carypra — 7°

Hposepeme no puc. 7.1 np suiue dyeu
nonamuozo deuxcernus Mapca.

YKe B IPEBHOCTH HEKOTOpble YHeHble MOJ03PEBANH, HTO CJAONK-
HOCTb BHIMMBIX [BHXEHHH N/IaHET CBA3AHA CO CJOXKEHHeM IBHMe-
Huit naawer u 3emau sokpyr Cosnua. Takux B3rfO0B, HanpHMep,
NPUEPIKHBAICS I peBHErpeyeckuil acTpooM ApHcrapx CaMocckHi,
wusWwHi B Hauane 1l 8. 10 H.5. Onkako B Ty 3NOXy ellle He XBa-
Tano NaHHLIX LA NOKA3aTeabcTBa noobueix uaed. Iostomy Gonee
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Cpepa HeMOABHAKHBIX 3Be3
Puc. 7.2. Cuctema lMronemen

Hns Gonee TOUHOrO COTNACOBAHHA TakKOH CXeMbl ¢ HaGMIOIEHHAMH
MPHXO/H/IOCE BBOAMTh AOMOJIHHTENbHbIE OKPYXHOCTH (106aBOYHble
sNuuHKAL). B uenoM noayyanack oueHb CJOKHAs Cxema, nogod-
HEA KOJECHKAM YaCOBOrD MeXaHH3Ma, ofluee BpalleHHe KOTOPhIX
noadHpanock Tak, 4TOOBl Kak MOMHO TO4YHee OGLACHHTL BHAMMOE
ABHKeHHe niaHet (pue. 7.2). Baaronaps mateMaTHyecKoH CTpoOrocTH
¥ TLLATELHOCTH Y4eTa JaHHEIX MHOTOBEKOBLIX HabaioneHui cucTeMa
[Mrosiemes No3BoAIANA AOCTATOYHO XOPOWO MPEACKA3LIBATE BHAHMbIE
MOMI0KEHHA NIaHeT Ha MHorue roisl snepen. Bosee Toro, mpu ee
paspaGoTke Obla¥ HalleHbl TAKHE 32BHCHMOCTH M COOTHOLUEHHS,
KOTODLIE COOTBETCTBYIOT NeHCTBHTE/NLHEIM CBOHCTBAM MaHETHOH CH-
CTeMbl, BMOCAENCTBHH CO3JaHHOH 3HAMEHHTBHIM MOJbCKHM YHEHbIM
Hukonaen Konepunkom. Pasymeercs, TOUHOCTb 3THX NpeicKasaHuil
Obifia HEBEJHKA, OHAKO OHA COOTBETCTBOBANA BO3MOXKHOCTAM M3Me-
DeHHH, MPOBOAMMBLX HEBOOPYKEHHBIM [71230M NPH NOMOLLH MpocTefi-
IIHX YTAOMEPHBIX HHCTPYMEHTOB.

leoueHTpHYeCKas CHCTEMA MHPA TOCMOLCTBOBANA B HAYKe BILIOTH
1o snoxH Bospoxaewus, T.e. 1o konua XV ctonerus. Ee xusydects
BO MHOTOM CBA3aHa C TeM, 4TO CaMa Hies ABHXeHWA 3eMau B npo-
CTpaHCTBE OKasanach O4eHb TPYAHOH AN BOCMPHATHS H BHITIAZEN2
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Benywue ymbl snoxd Bosposaenns cpasy xe OUEHMAH orpoM-
HYKO podb Mieit KonepHHKa W ero MpeillecTBEHHWKOB, CTaB Tro-
PAYMMH CTOPOHHHKAMH HOBOH cHcTeMbl MMpa. OHH 3aM0MMIH OC-
HOBbl COBDEMEHHOTO HAyYHOr0 MHDOBO33peHHs. XOpOWO H3BECTHO
HM# HTaabsHCKoro uaocoda [xopnase Bpyno. Ecan KonepHuk
HH3BeA 3eMJI0 10 YPOBHA PAOBOH NaaweTs, To BpyHo BmicTynan
€0 CMeJibIM YTBEpXAeHHeM, uto CoJHle — pAnoBas 3sesna. Beenen-
Hast He OTPaHH4YeHa «C(epOH HeMoABHIKHLIX 3Be3l», 3 Ge3rpaHHuHa.
PassuBas yuexue KonepHuka, BpyHo ¢ OrpoMHbBIM SHTy3HAasMOM
H yOeKIEHHOCTBIO FOBOPH 0 GeckoHeuyHocTH BeenenHoit w Gecumc-
NIEHHOCTH MHPOB B IJyGHHAX KOCMOCS, OTKPHITO BBICTYNAM NPOTHB
[OTMATOB XPHCTHAHCKOH uepksu. KaTonuueckoi WHKBH3HUMEH OH
Gbi 06suHeH B epecH H B 1600 r. coxxen Ha koctpe 8 Pume nocae
JOJTHX H Oe3yCMelHbIX NONLITOK 3aCTaBHTL €ro MOKafAThCA B CBOHX
+3a0J1 YK ACHHAXS .

s Gl A :
ALmopaano Bpyso Taauaeo Faauael
(1548-1600) (1564-1642)

[TocnenoBate/bHbiM KOMEPHHKaHLUeM OBl TaKie BeAMKHH HTa-
AbsHCKHE yuenbid Tannneo Fanuaedt, koTopsii BNepbsie HCMONBL30BAT
nonsopryio TPyGY (Teneckon) AA ACTPOHOMHYECKHX HAGMieHHH.
C ee MOMOWBI OH, B YaCTHOCTH, OGHAPYXKH deThipe CIYTHH-
ka OnuTepa, 06pailaoWHXes BOKPYr NJaHeTh, Habaiolan MATHa
na Connue, oTKpsia assl Bewepr, ananornynble JyHHIM (asam,
y3Han o cyuwecrsosasud rop Ha Jlywe. Bee 3to cmirpanse 6Goas-
WYIO Po/ib B NOCJEAYIOWEM NPHHATHH H LWHPOKOM PAcNpoCTpaHeHHH
upeit Konepuuka. [anuneil nepesiM 0CO3HAMN POJb HHEPUHH — dyH-
AAMEeHTAaNBHOrO CBOHCTBA ABHAKYLIMXCA Ted — M CHOPMYNHPOBas
BaXHeHIWHHA (H3HYECKHH NPHHUMM, YTBEPXKAAOWMH, 4TO Teso, Ha
KOTOpOE He NeACTBYIOT HHKAKHE CHIB, JOJIKHO MPONOJIKETL ABHMKe-
HHe, He 3aMeINAACH, T.€. IBHTaTheA paBHoMepHo. OTKPHTHe 32KoHa
HHEpLHH MOJOKHAO KOHel OWHGOYHBIM APHCTOTE/IEBCKHM OCHOBAM
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8. Baaumnoe pacnoiomenue nianem 63

[ps nomows 370 (GOpMyabl N0 HaG/0AAeMOMY 3HaueHHio S
CHHOLHYECKOro nepHona oGpalleHHa NAaHeTs 2 Npu HaG/MONeHHH ee
¢ nnaHeTsl | Jerko BLIMHCAHTL CHAEPHYECKHH NepHon obpauleHHs
nnaversl 2 Boxpyr Coaxua. Ecnu nnanera nabawonaercs ¢ 3em-
au, TO, npHHUMaR, 4T T) = T3, = 1 rofgy, noayuuM crenyloulyio
(OPMYJTY 171 CHHOHYECKOTO MepHOia ee 0OpalleHHs, BbPaKeHHOro

B roaax:
1/8 =1- 1/Ty|.

Toayyennan (opMyna HasblBaeTCA ypPaBHEHHEM CHHOLMYECKOro
JBHMKEHHA,

Ipumevanue. 3ameuaTenuho, 4To 3To ypasHenwe 3suan [ltozemed
H NPHHAJA €ro KaK OfHH H3 NOCTYJaTOB, HA KOTOPLX 3HXKIETCH ero CHCTeMa.
On yTBep:Kaas, 4T0 STOT NOCTYAAT c/enyeT 3 Habmonenud. JlioGonbiTho,
4TO OH @BKTM‘INKK NOAYYHA CHACPHYECKHE NEPHOAL oﬁpau.lem(ﬁ naaet,
3HafA CHHOQHYECKHE HX MepHOLbI. OJIHBKO ero chcTema He npeanoaarana
BO3MOMHOCTH ABHXKEHHA NAAHET BOKPYT Comma H BeaHuHHe S OH npHaa-
BaA HHOA CMBiCA.

8.3. Tunopas 3anaua. COOTHOWEHHE MeXILY CHIEPHYECKHM
W CHHOIHYECKHM NepHOiaMH 00pamenHii.

Yeaoeue. Onpeneants neproa obpatiienust JIyHbl BOKDYT e
OTHOCHTE/IbHO 3Be31 (CHIEPHYECKHH Mecsll), eca¥ NEpHOL CMeHbl
(a3 (cHHOAMYeCcKHi Mecsill) paseH 29,5 cyTok.

Pewenue. Cunonuyeckuii mecau (P) Goabwe 3gesgroro (S) us-
3a auxenus 3eman sokpyr Coaxua, npoucxonsiero ¢ nepronom T
B TY e CTOPoHY, 4To H JlyHbl Bokpyr 3emau. [lostoMy cooTHOweHue
MEILY NEePHOLAMH HMEeT BHIL

1/S=1/T=1/P, ww 1/S=|1/P+1/T)|

TMoscTasans B noayuexHyio dopmyay snasenns T = 3654 cyt.
u P =295 cyr., Haxogum, uto § = 27,3 aus.

8.4. Pacctosanns o naamer. Haiing npasunskoe obbacue-
HHE BHAMMBIX [ABHXeHHH naaxer, KonepHMK Brepsbie B HCTOPHH
4CTPOHOMHH CMOT YCTAHOBHTb BepHble COOTHOIIEHHA MeX1y pac-
cToAHMAMY NaaHeT oT Connua. 70 OHIO BaXKHBIM AOCTHHKEHHEM,
TPHHUHNHANLHO HEBO3MOXHBIM B cucTeMe [lrosemes. OcHoBHYi0
HIEI0 ONpele/ieHHs OTHOCHTENBHBIX PACCTOSHHH 10 MJaHeT npoule
BCETO YACHHTL Ha NpMMepe BHYTPeHHel niaHeThl, Hanpumep Be-
Hepel. B cpeasem HauGoJbiiee yriosoe yaaleHHe 3TOA nAaHeThl
or Connua (C) (puc.8.3) cocraeaser 46°; cnenosarensHo, mon
TakWM yraoM BHoeH ¢ 3emau (3) paawyc opGuThl Benepw, Ko-
raa ayy spends 3B kacaetcs opGuTel. Tak Kak TpeyroasHuk BC3
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9. 3axoms dsumenus naarem 7

Hcnonbsys NpHHLAN HHepuWH [anunes W sakons Kennepa, cie-
LYWOUWHA GonbIWOA wWar B Ppa3BUTHH acTPOHOMHHM H (QH3HKH caenan
HetoToH, BBels B HAYKY NPEACTABICHHE 0 2PASUMAKUOHHOM 83GLU-
Mmodedcmeuu mea.

9.2, 3akon BcemupHoro TArotenus. [IpencTasnexue o Tom,
4TO MeMIY TelaMH AeHCTBYIOT CHJLI MPHTANEHHA, a NNaHeThl JBH-
#yTes BOKPYr Co/HIa, H3-33 TOTO YTO OHO HX MIPHTATHBAET, BOSHHK-
70 3anoaro a0 Heiotona. Kenaep, nanpumep, cuutan, uto sec Ten —
3TO CHAA MX MPHTSKEHHS 3emlel, aHAaNOTHYHAR CHJE MAarHHTHOTO
npuTAxeHHs. OLHAKO OH MOJAral, YTO CHAZ NDHTSKEHHS Mexay
Tenamn yGuBaeT 06paTHO MPOMOPUHOHANBHO NMEPBOH CTENEHH pac-
CTORHHA MeX1y HMMM. 3acayra HbioToHa B TOM, 4TO OH cymed
KO/THYECTBEHHO ONpPele/HTh CHIY B3aHMOLEHACTBHA MEXIY TeNaMH,
noKasam, 4To oHa yObBaeT oGPaTHO NPONOPUMOHANBHO KBalpaTty
PaccTOSAHHA, H N0Ka3al YHHBEPCANBHOCTE 3aKOHA TATOTEHHA B MpH-
polle, NOCKOJBKY OH MO3BOJMJ €CTECTBEHHO OOBLACHUTL HaGaionae-
Mble 0COGEHHOCTH NBHKeHUA JIYHbI H NaaHeT.

3aKOH BCEMHDHOrO TATOTEHHS Obll COPMYJIHPOBAH W N0KasaH
Ha OCHOBE ACTPOHOMHYECKHX HabJioneHHH.

Cuauana HoioTon pacemotpen asikenne JlyHsl # Nokasa’, uto
UEHTPOCTPEMHTE/NbHOE YCKODEHHE, C KOTOPLIM OHA ABHXKETCH N0 Op-
GuTe, MeHblE YCKOpPeHHA CBOGOAHOrO ManeHus Tesl Ha MOBEpPXHOCTH
3emu npHmepHo B 3630 pas. 370 YHCIO OKA3aM0Ch BAH3KHM K KBA-
paTy paccTOSHHA OT 3eMaH 40 JIyHb, BHIPaMeHHOMY B painycax
3eman: 60,32 = 3636. Otciona HeioToH caenan BelRof, 4TO cHAa,
ylepuBaowas JIyHy NpH ee ILBHXEHHH BOKPYr 3eM/d, HMeeT Ty
e TMPHPOLY, YTO M CHA2 TAKECTH (TpaBMTauMA), W 4TO AeHcTBHe
3TOH CHAB yOblBaeT Kak KBAaLpaT PAacCTORHHA. 3aTeM, NOJb3YSCh
3akoHamu Kennepa, HbioToH foka3an, 4to ans WX OOBACHEHHA
AOCTAaTOYHO MPEANoOKHTb, HYTO Ta 3Ke 3aBUCHMOCTh MMeeT MecTo
H NPH ABHXeHHU TnaneT Bokpyr CoaHua.

Ecnu My w My — Maccui Ted, a r — paccTOfiHHE M@XIY HX
LEHTPAMH, TO 3aKOH BCEMHPHOrO TAMOTEHHS 3aMHCHIBAETCA B BHIE

F = GM My/r*,

rae G =6,67107' H. s
CcMoAHHOU.

Baxuo# sacayrodl HeioToHa ABAseTcs 10Ka3aTebCTBO TOTO, HTO

3 3aKOHA BCEMUPHOTO TArOTEHHA CJeLYIOT Bee TPH 3akoHa Kennepa.

CrenyeT HMeTb B BHAY, 4TO 3Ta (JOPMY/Ia ABJAETCA TOUHOH ML

ANA HACTHL, MMEMOILHX HCYEe3alolle MaJble PasMepsl Mo CPABHEHHIO

C paccTosHHEM Mex Ly HHMH. OIHAKO OHa CTPOro CnpaBeaHBa H Aas

Kr

H Ha3biBaeTCs epasumaguuuuoﬂ no-
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19. Puauneckue csolcmsa Soasuiux niakem 121

H Ty e cTopoHy. CloKeHHe 3THX ABHXKEHHI NPHBOAHT K TOMY, YTO
COJHeYHbe CYTKH Ha MepKypHH, Kak 1 Ha 3emae (cM. n.6.1), oka-
3LBAIOTCA LAHHHEE, YeM MepHOll BpallleHus BOKDYT OCH (3Be3NHble
cyTkH). YTo6b HaWTH MPOAOMMKHTENBLHOCTb COMHEUHBIX cyTok T,
HAlo BBIYHCAWTE YIMIOBYIO cKopocTs (27/T:) BpalleHHs naaHeTs
oTHOCHTeabHO CoMHLLE, KOTOPas PaBHA PA3HOCTH YIMIOBHIX CKOPOCTeH
ocesoro (27/Ts) u opbutanbkoro (27 /T,) NBUNKEHHS NJAAHETHI:

2

Ios
2z

Orciona T, =T, - Ty /(T = T5) = 176 s3emusiM cyTkam. Mepky-
pHil OKa3LIBAETCA YHMKAJbHOH NIAHETON: COJHEHHble CYTKW Ha HeM
npofoMKalTCA ABa ero rona!

Op6uta MepkypHs A0BONBHO BHTAHYTA, TAK UTO €r0 DACCTOAHKE
ot Connua mensierca ot 46 10 70 Man k.

Bo CKOABKO pa3 MeHAEMCE MOUJHOCME COAHEYHO20 USAYHEHUS,
nadarouezo wa Mepxypull, 8 meuentue Meprypuanckozo 2oda?

Habnionenus nokasanu, uto MepKypuit npakTHYeCKH AHweH aT-
Mocdpepbl. 32 NIeHb €ro MOBEPXHOCTh HArPEBAETCA 40 MAKCHMAJbHOM
Temnepatypsi ~ 700 K, a 3a noaryio Hous onyckaetes zo 100 K
370 peKOpAHLIH Mepenaj cyTOUHLIX TemnepaTyp ans Ten ConHeuHo#
CHCTEMBI.

Puc. 19.1. Mepkypuit
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Puc. 24.1. Tecwas 1BOMHAR cHCTEMA: NePeTeKaWHe BEIECTBA Ha KOMNAaKTHYI
sseany # QOpMHpOBaHHe rOpavero aucka (sckiua B. Munywosa)

¢ 3aKoHoM BuHa (cM. § 14) OCHOBHAA 4aCTb SHEPrHH, H3Ny4aeMOH ra-
30M C TaKOH TeMnepaTypoi, NMPHXOAHTCA Ha PEHTTEHOBCKY 0 06.aCTh
cnekTpa. Tak BO3HHKEIOT HaG/i04aeMble PEHTIeHOBCKHE WCTOUHHKH,
CBA3aHHbIE C ABOHHBIMH 3BE3IHLIMH CHCTeMaMH. MollHOCTb HX H3-
JYYEHHSA MOMET B COTHH Pa3 MPEBOCXOAHTb MOLLHOCTb ONTHYECKOTO
uanyuenus Connua. Ecan HelTpoHHas 3Be3na BMeCTe C ra3oBBIM
JHCKOM B CBOEM UPGMTE.‘EBHON ABHXKEHHH «3aX0AHT» 3@ NHCK ONTHYe-
CKOW 3B€30Hl, DEHTTEHUBCKHi HCTOYHMK HA Hede «racHeT» H «BKJIO-
4aeTCsi» BHOBb NPH BbIXOJe 3Be3/bl H3-32 [HCKA. DHEPrHs PeHTTeHOB-
CKOrO W3JY4YeHHA — 3TO NpeobpasoBaHHas KHHeTH4ECKasn SHEprus
rasa 0ObIYHOH 3Be3El, NaNaI0Ero B CHIBHOM PABHTALMOHHOM noje
ee KOMNAKTHOTO CMyTHHKa

Ouetib CHAbHOE MarHWTHOE TONE HEHTPOHHOH 3Be3albl ympas-
JRET JBHAKEHHEeM MOTOKOB rOpsided N/a3Mbl M MOMET HANpas/isTh
MX BIOMb JHHHA MarHWTHOH HMHIYKUHH K MarHHTHBIM MOJIOCEM
3se3isl, JleHCTBHTEBHO, BO MHOTHX cay4asx Habawonaemas KapTHHa
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32 lasaxmuky

INo csoeft npUpoge 3TH CHCTeMBl aHanorHydsl [anakTuke, nosto-
MX CTa/H Has3biBaTb 2aaaxmuxamu (¢ MaieHbKOH OyKBbi)

LIHHCTBO TalakTHK — OYeHb ciabuie oOvekTsl. Beero Tpu
rana M 3aMETHBl HEBOODYMeHHbM riasoMm. 310 Boaswoe
(prc.32.1) u Manoe Mareanaunoss O6Gaaka (8 IOxkHom
VilapHu HeGa) ¥ TYMAHHOCTE AHAPOMe . b, Haxoaswa-
AcA GoJee yem BaecaTepo ganswe. B veGonbwoi Teseckon ¢ ofbek-
THBOM AuameTpoM 10-15cM Ha TeMHOM Be3nyHHOM Hebe MOMKHO
YBHAETH HECKOJNIbKO JECATKOB TaNakTHK, Il':)K‘{L’M BONBIIKHCTBO M3
GyayT ensa 3amerHbl. KpynHble Tesneckonsl, cHaGieHHLE Yys-
CTBHTE/IbHBIMH NMPHEMHHUKAMH H3JYYEHHS, CAENAJNH NOCTYNHbIMH Ha-
G/1I01EHHAM MHOTHE COTHH MH/JIHOHOB OTIAE/IbHBIX M4JAKTHK, BIJIOTH
10 cambiX caadeix 28-30-i BrHLMMOH 3Be3nHoH sennuHun. Ho na-
He Ha JyuwHx dotorpadsx GONbLIMHCTBO W3 HHX BBIMAAHT Kak
MaJeHbKHe na BO MHOTHX CaydasX C TPYAOM OTIHUHMblE
oT uaobpaxennt 3pesn. Takumu HT KTHKaMH OyK HO
A B I000M Ha eHUH. JIHWb
teyroro [TyTH M BOIH3H HETO NMPAKTHYECKH HE BHIHO
AaJeKHX T KTHK H3-33 MOTNOUIEHHA CBETa B MEX3Be
cTpaHcTBe THKH. [IpOCTPaHCTBO Ke Mexay
KamH, B OTIHYHE OT MeX3Be3[HOH Cpellsl, 0Ka3ajoch COBEPLIEHHO
npospaybiM. HMeHHO noaToMy HaGaioneHHAM NOCTYIHO Tak MHOTO

Ha doue M

Puc. 32.1. Boaswoee Mareananoso OBazko
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Puc. 32.3. Cnupansians ranaktuka 8 cosseanuu loxuwx Mcos (Teneckon «Xa66as,
NASA)

cHeTeMbl. Ho 3TOTO He NpOMCXOLHT, MOTOMY 4YTO 3Be3Lbl BHYTPH
ranakTHKH HEMPEpPLIBHO ABHMKYTCA CO CKOPOCTAMH B AECATKH HJH
COTHH KHJIOMETDOB B CEKYH[Y B 3aBHCHMMOCTH OT MaccChl rajlakTHKH.

HabntonaeMble ranakTHKH pasnKyaloTCs NO COCTABY H CTPYKTYpE.
BonblinHeTBO CNHPaNbHEIX ralakTHK NMOXOXKe Ha Hawy [anaKkTuKy.
3Be3fibl B HUX TaKxe o6pPa3yioT MACCHBHBIA AHCK M ChEPHUBCKYIO
COCTABAAWIWLYI0, KOHLEHTPHPYIILYIOCA K LeHTPY. DTH ABe 38e3n-
HHIE COCTABAAIOWHE 0COOEHHO XOPOWIO BHAHKI, KOTAa Mul Habnonaem
[HCK TaNaKTHKH ¢ «pedpas. [IPHMEPOM MOXKET CIYKHTb FalakTHKa
Combpepo, Haxoaswanca B cosse3nny Jless (cM. hoTo Ha BKIelKe)

Cnupanbhiie BETBH — 3TO CTPYKTYPHble 1eTalH BO Bpallaw-
LHXCA IMCKAX ranakTHK. OHK BHIENRIOTCA Ha (oHe IHcKa o6biuHO
H3-32 TOTO, 4TO B HUX MHOTO MOJIOABIX, HEAABHO BOIHMKIIMX APKHX
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