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OCHOBHBIE SJIJEMEHTHI HEBECHOM C®EPBI. CACTEMBI
HEBECHbBIX KOOPAUHAT. YCJIOBUA BUIUMOCTHU CBETHUJI
HA PA3/IMYHBIX HIMPOTAX

Ileab padoThi: U3yYCHUE OCHOBHBIX JICMEHTOB M CYyTOYHOT'O BpAIICHUS He-
oecHoli cheprl Ha ee MoJeH. 3HAKOMCTBO C CHCTEMaMU HEOSCHBIX KOOPUHAT.
V3ydeHne ycIoBUH BUAMMOCTH CBETHII Ha PA3JIUYHBIX MTHUPOTAX.

Oo6opynoBanme: MojielIb HEOECHOM cdephl, UepHBIH TTI00YC.
Bonpocel k 10nyckKy:

1. HeGecHas cepa, ee OCHOBHbBIE JTMHUH U IJIOCKOCTH.

2. CucreMbl HEOECHBIX KOOPAUHAT.

3. YcaoBuUs BUAUMOCTH CBETHII HAa Pa3HbIX MIUPOTAX.

OcHogéHble meopemuuecKue ceeoeHus

Hebecnaa cghepa u ee ocnoenvle rnemenmsl. JIns onpeneneHus: BUIUMOTO
MIOJIO’KEHUSI HEOSCHBIX TN M U3yUEHUS UX ABW)KCHHUS B ACTPOHOMHH BBOJUTCS MOHS-
TUE HebecHOU chepul.

Cdepa mpou3BONBHOTO paguyca ¢ IICHTPOM, MOMEIICHHBIM B MPOU3BOJILHOM
TOYKE MMPOCTPAHCTBA, HA3BIBACTCS HeOeCHOU cqhepoll.

Bpamenne HebecHoil chepbl MOBTOPS- Z
€T BpalleHne HeOEeCHOro CBOIA.

[psimast ZOZ' (puc. 1.), nmpoxoasiias
yepe3 1eHTp O HebecHoU cdepbl M COBIA-
Jaromiasi ¢ HampaBJICHHEM HUTH OTBEca B
MecTe HaOJIOACHMSI, Ha3bIBACTCS 8EPIMUKAIL-
HOU JIUHUEL.

BeprTukanpHas TUHHUS TEpEceKaeT He-
oecuyto cdepy B Toukax Jenuma Z v Haoupa
Z.

bonemiolt  kpyr HeOGecHOM  cdepsl
SWNE, miockocTb KOTOPOTro MEpPIEeHIUKY-
JSpHA K BEPTUKAIBHOU JIMHUM, HA3bIBAETCSA Puc.1
MAMeMamu4ecKuM I UCMUHHBIM 20DU30H-  Ocnognbie s1emenmpl Hebechotl chepb




mom. MaremMaTruuecKkuii TOpu30HT JEIUT HEOECHYIO cpepy Ha JIBE MOJIOBUHBI: BUIU-
MYIO U HE BUJUMYIO ISl HAOIr01aTesl.

Juametp PP’, BOKpyr KOTOpOro MPOMCXOIUT BpallieHne HeOecHOo# chephl, Ha-
3bIBaeTCs ocbio mupa. Och Mupa nepecekaeTcsi ¢ HebecHol cdepoil B ceseprom P u
woicnom P’ nomocax mupa. Bonbmoit kpyr HebecHoi cheps QWQ'E, miockocTs Ko-
TOPOT0 MEPIEeHIUKYJSpHA K OCH MHUpPa, Ha3bIBAETCS Hebechbim 3keamopom. Hebec-
HBIM SKBATOp JEIUT MOBEPXHOCTh HEOECHOU cepbl Ha JBa MONYIIAPU — CeBEPHOE
U 10J4CHOE.

HebecHplii skBaTOp mepecekaercss ¢ MaTeMaTHYECKHMM TOPHU30HTOM B JBYX
TOUKax — mouke gocmoka E v mouxe sanada W.

Bounbiioit kpyr HebecHol chepbr PZQSP’Z'Q’N, miockocTh KOTOPOTO MPOX0-
JUT 4Yepe3 OTBECHYIO JIMHUIO U OCh MHUpa, Ha3bIBaeTcs HebecHuiM Mmepuouarom. He-
OCCHBIN MepHUaraH JCIUT MOBEPXHOCTh HEOECHOM cephbl HA BocmoUyHOe U 3anadHoe
nOJYWapusl.

[T1nockocTh HEOECHOTO MEpUUaHa U TJIOCKOCTh MATEMAaTHUYECKOTO TOPU30HTA
nepecekarorcs o npsamoi auHuu NOS, KoTOpasi Ha3bIBACTCS HOYOEHHOU JUHUE.
HeGecHblit MepuanaH nepecekaeTcsi ¢ MaTeMaTHYeCKUM FOPU30HTOM B JBYX TOYKaX
— mouxe ceeepa N u mouke 102a S.

SIBneHne mepeceueHusl CBETHIIOM HeOECHOro MepuanaHa Ha3bIBACTCS KYIbMU-
Hayuel cBeTUia. Ecli CBETHIIO IEPECEKAET BEPXHIOK YaCTh MEpUANAaHa — HACTYIIAET
BEPXHSS KyJIbMUHALIMS, €CIIU HUKHIOK — HIKHSSA KyJIbMUHALUSA.

Jlyra 6osnblioro kpyra HebecHoit cepbr ZMZ (puc.2), npoxosinas 4epes 3e-
HUT, CBETWJIO M U HaJIUp, Ha3bIBAETCA KPY2OM 8blCOM WIH 8epmuKaiom ceruia M.

Kpyru BeicOT, Mpoxosiuye 4epe3 TOUKM BOCTOKA M 3aIlajia, Ha3bIBAKOTCS nep-
8bIMU BEPMUKATIAMU — BOCMOYHBIM U 3ANAOHBIM.

Manbiii kpyr HebecHoi chepsl (bMb’) (puc.3), MIOCKOCTh KOTOPOTO Mapai-
JeNbHa TUIOCKOCTH HEOECHOTO SKBATOpPAa, HA3BIBACTCS HEOEecHOU Uiy CymouHou na-
pannenvio ceemuna. Bunumble CyTOUYHbIE TBUKEHUSI CBETUJI COBEPILIAOTCS MO CYTOY-
HBIM IapajuielisaM.

Jlyra Goubloro kpyra HedecHoi chepsl PMP’, mpoxoasias yepes MoIrOChl
MUpa U CBETHJIO M, Ha3bIBAETCS YACOBbIM KPY2OM U KPY20M CKAOHEHUsl CBETUIIA.

Cucmemwt nebecuvix xoopounam. Ilo-
JIO)KEHUE CBETHJIa Ha HeOE OJHO3HAYHO OIpe-
JENseTCsl MO0 OTHOUIEHHWIO K OCHOBHBIM ILIOC-
KOCTSIM U CBSI3aHHBIM C HUMU JIMHUSIM U TOY-
KaM HeOecHOU cdepbl U BhIpakaeTcsi KOJUYe-
CTBEHHO JABYMS BEJIMYMHAMHU (LIEHTPaJIbHBIMU
yriaMy Wi JAyramu OOJIbIIUX KPYTroOB), KOTO-
pbIe HA3BIBAIOTCS HeOeCHbIMU KOOPOUHAMAMU.

TI'opuzonmansvnana cucmema. (OCHOB-
HOM IIJIOCKOCTBIO SIBJISIETCS IUIOCKOCTh MaTe-
Marudeckoro ropu3onta NWSE, a orcuer Be-

Puc.? 3
Topusonmanvuas cucmema KoopouHam



JIETCSL OT 3€HUTA M OT OJAHOW M3 TOYEK MATEeMAaTHYeCKOro ropu3oHta. OaHOI KOOp-
JUHATOU SIBISIETCS 3eHUMHOEe paccmosiHue 7, Ui 8blcoma CBETUIa HaJl TOPU30HTOM h
(puc.2).

Bvicomoti h cetuna M HaszbpiBaeTcst Ayra Kpyra BbICOT mM OT Maremaruye-
CKOr0 TOPU30HTA JI0 CBETWJIA, WJIM LIEHTPaJbHBIM yroi mOM Mexay MIOCKOCTBIO
MaTeMaTUYECKOr0 TOPU30HTA U HAMPABJICHUEM Ha CBETUJI0O M. BBICOTBHI OTCUMTHIBA-
torcs B nipegenax ot 0 10 90° k 3enuty u ot 0 70 -90° k HagUpY.

3eHummubim paccmosiHuem CBETUIIA HA3bIBAETCS IyTa BEPTUKAIBHOTO Kpyra ZM
OT 3€HUTA JI0 CBETUJIA.

z+h=90°

[TonoxxeHne caMoro BEpTHKAJIbHOIO Kpyra OMpeAessieTcss APYroil KoopauHa-
TON — azumymom A. A3umymom A cBeTHUIA HA3bIBAE€TCA Jyra MaTEMaTUYECKOIO TO-
PU30HTA Sm OT TOYKH I0ora S 10 BEPTUKAIBLHOTO KPYyra, MPOXO/IAIIEr0 Yepe3 CBETUIIO.
ABUMYTBI OTCUUTBHIBAIOTCS B CTOPOHY CYTOYHOTO BpalleHuss HeOeCHOM cepsl, T.e. K
3amajay OT TOYKH rora, B mpeaenax ot 0 mo 360 °.

DTa cucTteMa KOOpAUHAT UCIIONb3YeTCs JJIsl HETOCPEACTBEHHBIX ONpPEACIICHU BUU-
MBIX MOJIOKEHUN CBETUJ C MOMOIIBIO YTIIOMEPHBIX HHCTPYMEHTOB.

Ilepsaa rxeamopuanvnas cucmema kKoopournam. OCHOBHOU TIIOCKOCTBIO B
ITOM CHCTEME SIBIICTCS TUIOCKOCTh HeOecHOro skBaTopa. Hauano orcuera — Bepx-
Hsis1 Touka HeOecHoro skBaTopa Q. OgHON KoOpaAuHATOM sBNsieTCs ckaoHeHue. CKo-
Henuem O Ha3bIBaeTCs Ayra mM dacoBoro kpyra PMmP” ot HebecHOro sKBaTopa 10
ceetria. OrcunThiBaroTcs ckioHeHus oT 0 1o +90° k ceBepHoMy nomrocy u ot 0 110 -
90° x roxxHOMY. KpoMe CKIIOHEHHS MOYKHO UCIOJIb30BaTh MOJISIPHOE PACCTOSIHUE P —
YTy OT CEBEPHOTO MOJII0Ca MUPA JI0 CBETHIIA.

p+8& =90°. z

[TonoxeHue 4acoBOro Kpyra onpenens-
€TCSl YACOBbIM Y2TIOM L.

Yacoevim yenom ceetniia M Ha3pIBaeTcCs
nyra HeOecHoro skBaropa Qm oT BepxHei
Toukd (Q HeOECHOro SKBaTOpa IO YacOBOTO
kpyra PMmP’, npoxozsiiero depe3 CBETHIIO.
YacoBbl€ yIriibl OTCUYUTHIBAIOTCSL B CTOPOHY CY-
TOYHOTO OOparieHus: HeOecHOM cdeprl, K 3a-
nany ot Q, B npeaenax ot 0 go 360° wim ot 0

110 24 yacoB. ' P
DTa cucTeMa KOOPIAWHAT HMCIOJIb3YETCs Puzc, 3

B INPAKTHYECKOH aCTPOHOMMH [IJIsl OIpejese- Ilepeas sxeamopuanvhas

HUSI TOYHOTO BPEMEHH. cucmema KoopouHam

Bmopaa sxkeamopuanvnaa cucmema xoopounam. OCHOBHOU IIJIOCKOCTBIO
TOH CHCTEMbl KOOpPJAWMHAT SBISAETCS IUIOCKOCTh HEOEecHOro »skBatopa. OmHoM
KOOPJIMHATOM SIBIIICTCS CKJIIOHEHUE O, APYrOi — IpsSIMOE BOCXOXKIICHHUE O.



Ipsambim 6ocxoorcoenuem O cBetuna M 7
Ha3bIBACTCs Jyra HebecHoro skBatopa ’m ot
TOYKH BECEHHEro paBHOjaeHCTBus Y’ 10 ua-
COBOI0 Kpyra, IpOXOJAIIEro 4Yepe3 CBETUJIO.
OTCUMTBIBAIOTCS O B CTOPOHY HPOTUBOIIO-
JOXHYI0 CYTOYHOMY BpalleHUI0 HeOecHOU
chepsl, B ipeaenax ot 0 go 360° wim ot 0 1o
24 yacos.

OTa cucrteMa HUCIOJb3YeTCs I Ompe-
JEJICHUS] HEM3MEHHBIX IPU CYTOYHOM Bpalle-
HUM HeOecHOM ceprl KOOpAUHAT U COCTABIIC-
HUS KaTaJIoroB HEOECHBIX 0OBEKTOB. Z

Buvicoma nonwca mupa nao zopuzon- Puc4

Bmopas sxeamopuanvnasn
mom, evicoma ceemuna ¢ mepuouane. Brico- cucmena xoopounam
Ta MOJ0CAa MUPaA HaJ FTOPU30HTOM BCEI/Ia PaB-

Ha reorpapuueckoi MHUpoTe (Y MecTa HAOIIOACHUS.

Ecnu ckioHeHune cBeTHia MeHbIle reorpaguueckoi MUpoThl, TO OHO KYJIbMU-

HUPYET K 0Ty OT 36HUTa Ha 3€HUTHOM PacCTOSHUU

z=0-09,

Pl

WJIH Ha BBICOTE
h=90°-¢+d.

Ecnu ckimoHeHue cBeTriia paBHO reorpaduueckoil MupoTe, TO OHO KYJIbMUHU-
pyer B3eaute uz=0, a h=+90°.

Ecnu cknonenne cBetuia 60JbIe Teorpa@uaeckoil MMPOTHI, TO OHO KYJIbMHU-
HUPYET K CEBEPY OT 3€HUTA HA Z = O — (), WJIM Ha BBICOTE:

h=90°+ ¢ - 0.

Ycnoeusa ona eocxooa u 3axama céemun. Ecin Mbl BHUMATENHLHO MOHAOIIIO-
JIa€M 32 CYTOYHBIM JIBUKEHHEM CBETHUJI, TO 3aMETHUM, YTO HEKOTOPBIE U3 HUX BOCXO-
JIAAT, TIPOXOJIAT Yepe3 HeOEeCHBIM MepuanaH (KyJIbMUHUPYIOT) U 3aX0o1dT. [pyrue xe
3a TOPU30HT HE OIMYCKAIOTCS, HAIIPUMEP, co3Be3aue bomnbuio Measenuinl Ha cpe-
HUX IIMPOTAX CEBEPHOTO MoJiymapus 3eMiu. J[peBHUE TPEKU JaXe OTPa3wiu 3TO B
JIET€HE, MOCBALIEHHOW co3Be3aut0. boruns ['epa caemana tak, yto Mensenuua Hu-
KOTJIa HE MOXET OKYHYThCS B OK€aH U OCBEXUTHCS. B TO k€ Bpems 4acTh 3BE3]1 F0K-
HOH moJtycdepbl HEOOCBOAa BOOOIIE HUKOTIa HE BOCXOSAT B CEBEPHOM IOJTYIIAPHUH.
MoXHO ompeenTh TOYHBIE YCIOBHUS BOCXO0J1a HEOECHBIX OOBEKTOB IO MPUBEICH-
HBIM HIDKE (popMyiam.

CBeTus0 BOCXOJUT U 3aXOUT HA JAHHOW IIUPOTE, €CIIn

18] <(90°- o).
CaeTuiio OyAeT He3aXO UM WM HEBOCXOISAIINUM, €CIIN

18] > (90° - |ol).



I[J'I}I Ha6J'IIO,Z[aTCJ'I}I Ha 3CMHOM 3KBAaTOpPEC BCC CBCTHJIA BOCXOIAIME U 3aXO0A-

me. Ha montocax HaOmroAaTesld MOTYT cO3€eplaTh TOJBKO MOychepbl, COOTBETCT-
BYIOLIME JAHHOMY IIOJIIOCY.

Jluteparypa:
1. Acmponomuueckuti kanrenoaps. [locmosaunas uacmo. M., 1981.

2. baxynun I1.U., Kononosuu 3.B., Mopos B.U. Kypc obweti acmponomuu. M., 1983.

st mostyyeHust 3a4eTa He00X0AMMO:

1.

CB0OOOHO BIAaETh MOJIETIBIO HEOECHON c(Pephl C IENbIO ONPEAETICHUS HAa HEl BU-
JUMBIX MOJIOKEHUIN CBETHUIL.

YMmeTs n300pa3uTh Ha YepTexke HeOSCHON cepbl TOUKY C U3BECTHBIMU TOPU30H-
TaJbHBIMU M 3KBaTOPUAJILHBIMU KOOPAMHATAMHU.

3HaTh yCIOBUS BUAMMOCTH CBETHJI HA PA3TUYHBIX reorpapuuecKux mupoTax.

Oopaszey 3a0anuii

ITo monenu HeOecHOM cdephl N3YUNUTh €€ OCHOBHBIC JIEMEHTHI U I3MEHEHUE MX
TIOJIOKEHHS OTHOCHTEIHHO HAOIIOIATENIs B MPOIIECCE CYTOYHOTO BPAICHUS He-
OecHoil cdepsl.

Haveptuts Menom Ha yepHOM TI00yce HeOECHBIN 9KBAaTOP, HEOECHBIM MEpHUINaH,
SKJIUIITUKY, TOPU30HT, CEBEPHBIN U I0XKHBIN MOJI0CA MUPA, 36HUT U HAJUDP.

N300pa3uth MeJIOM Ha YEPHOM TJI00YyCe:
a) TOPU3OHTAIBHYIO CUCTEMY HEOSCHBIX KOOPIUHAT;
0) SKBaTOpPHATBHYIO CUCTEMY HEOECHBIX KOOPIUHAT.

N300pa3uTh Ha YepTexe 3eMITI0 U MOJIOKEHUE HEOeCHOM cepbl, €€ OCHOBHBIX
3JIEMEHTOB JIJIsl Hab roaress Ha mupote @ = 30°.

N300pa3uTh Ha YepTeke HeOECHYIO Chepy U MOJO0KECHUS €€ OCHOBHBIX 3JIEMEHTOB
JUTSL IIUPOTHI @ = -15° 1 moka3aTh Ha HEH TOYKHU, UMEIOIIHE CIETYIOUIUE KOOPIH-
HaTHI:

a) ropuzoHTaNbHbIe: A = 135°, h =45°;
0) sKBaTopHaIbHBIC: t = 2" §=-45° u o =12" &= +45°.

OHpC,Z[CJ'II/ITB BBICOTY, 3CHUTHOC PACCTOSAHUC N a3UMYT TOYKHU 3aliajia.

7. BBIUMCIMTBH 3€¢HUTHOE pacCTOSAHUC U BBICOTY B BCpXHCﬁ 1 HUOKHEHN KYyJIbMHHaAlIUN

3Be31 JleneO u Tonuman Ha 3KBaTOpE, CEBEPHOM MOJIIOCE U B MUHCKE.

OrmnpenenuTh CKJIOHEHUE O 3Be3[l, OCTYIMHBIX HaOmoaeHuto B ['omere.



Ilpumepuol evinonnenus HeKOMOPvIX 340AHUIL

1. H306pazums na uepmedice HebecHyl0 chepy U NOJOHCEHUS ee OCHOBHBIX dJleM
mog 01 wupomul @ = -15 °u nokazame Ha Hell MOUKU, uMelowue ciedyioujue
OpouHamwl:

a) eopuzoumanvuvle: A = 1355 h=45¢
6) sxeamopuanvhbie: t = 2" §=-45°u a=9" 5= +75°

€H-
KO-

Wrak, sneMeHTsl HEOECHOW c(hepbl MOKHO YCIOBHO Pa3lEiIUTh HA JIBE TPYIIIBL:
pacmojoXeHne OJHUX — 3aBUCUT OT reorpauueckoi MUpOoThI (¢ MecTa HaOII0ICHUS,
JIpYyrux — He 3aBUCUT. K MmepBbIM OTHOCATCS: MEpHUIMAH, OTBECHAS JIMHUS, 3€HUT Z U
Haaup 7', moayaenHas nuHus NS, MaTeMaTHYeCKHi TOpH30HT (TOYKH ceBepa N u
fora S). OTH 3JeMeHThl n300paxaeM B NEpBYI0 ouepeab (puc a). Ko BTopbiM oTHO-

CUTCS B TIEPBYIO o4epesib och Mupa PP, koTopyro pacrosiaraem moj yrioMm ¢ K

Ma-

TEMaTU4YeCKOMY TOpU30HTY. B HaieMm cinydae yron reorpaduyeckoi mupotsl ¢ < 0,

3HAYUT, OCb MHUpa pacrojiaraeM TakuM o0pa3oM, uyToObl CeBEepHBIN MOJIOC MI/IT
OKa3zaJcs MoJ| MareMaThuyeckuM ropu3ontoMm. J[yra PN nomkna ObITh paBHa

aP
ol.

Jlanee HaHOCUM Ha 4epTex HEOECHBIN SKBATOp, MEPIEHAUKYISPHBIA OCH MUpa; 000-

3HayaeM To4kH nepecedenus: Q, Q’, Boctoka E, 3amaga W (puc. 0).

Tenepp HalileM TOYKH M0 3aJaHHBIM KoopjauHatam. Touka M1 (4 = 1359 h =

Pl

~
Z VA Q
Puc. a. Puc. a.

459, M2 (t=2" §=-459u M3 (a=9", 8= +759. IIpsiMoe BOCXOXKICHHUE O

OT-

CUUTBIBACTCA OT TOYKH BCCCHHCTO PABHOACHCTBUA ‘Y'), KOTOpasa sBJISACTCA TOYKOH

PECCUCHUA OKIMIITUKU H HEOCCHOTO 9KBaATOpa. O,Z[HaKO OKJIMIITUKY MBI

HEC

€M, TMIO3TOMY B KadyecTBe TOYKH B. .7y’ MOKHO B3sTh JIFOOYIO TOUKY 3KBaTopa (Puc.

B).

2. Onpedenums Ha uepmedice HebDecHOU  chepbl  npuMepHbvie NOJIOJACEHUSA
36e3001 Heneb 6  6epxHell u HudicHeu — KYIbMUHAYUAX U  GbIYUCIUMD
3eHUmHOe  paccmoaHue U blcomy 8 OAHHbIX  NOJONCEHUSX  OJis

eeoepaghuueckotl wupomswt 60 °



CHauana He0OXOIUMO clenaTh YepTex HebecHoW cdepbl (U OCHOBHBIX €€ dJie-

MEHTOB) JIJI YKa3aHHOW MMPOTHI. 3BecTHO,

Pwuc. B.

KyJIbMUHALUU Z; — 3T0 yroa ZOD,, Bennuu-
Ha KOTOPOTO paBHA Pa3HOCTH BEIUYHH YT-
a0B ZOQ u QOD,. Yroa QOD, — 310 cKI0O-
Hernue 0, a yros1 ZOQ — mupoTa @.

B HmKHEW KyJIbMUHALIMK 3€HUTHOE pac-
crostHuE 3Be31bl Jlenel z, — 310 yron ZOD,,
BEITUYMHY KOTOPOTO MOXHO HAWTH, €CIH OT
BenmnuuHbl yriaa Z0Z' (180°) oTHATH Benu-
yuHbl yraa Z'OQ’ (KOTopblil ABIsSETCS Bep-
TUKaIbHBIM ¢ ZOQ u paBeH @) U yria
Q’OD,, (xotopsiii pasen 9). T. e., z, = 180° -
¢ - 0 = 75°. Toraa BeicoTa 383161 [leHeO B
HWwkHEN KyinpmuHaiu (yron NODy) hy, =
90° - z, = 15°.

YTO 3B€3/7]a HAXOAUTCS B KyJIbMHUHAIIUH,
a 3HAYUT — HAa HEOECHOM MepHIHaHE,
€CIM B BEPXHEU KyJbMUHALHUH, TO —
HaJl OCbI0 MUpPa, B HJKHEN — IIOJ] OCBIO
MUpa.

TouHOE MOJIOKEHME 3BE3Abl HA Me-
pUIMaHe yKa3bIBaeT e¢ CKIOHEeHue (O =
45°), KOTOpO€ OTCUUTHIBAECTCS OT He-
O0ecHoro skBaTopa ( B BEpXHEH KyJib-
MUHAIMU — OT TOYKH (Q, B HUKHEU
KyJIbMUHAIMKA — OT Q).

B nannom ciyvae (puc. T) 36HUTHOE
paccrosiHue 3Be3nbl JleHeO B BepxHew




JlaGoparopHnasi padora Ne 2

3BE3/IHBIE ATJIACHI, IIOABUKHAS KAPTA 3BE3/IHOI'O
HEBA, ACTPOHOMMNYECKHUE KAJIEHIAAPHU U
CITPABOYHHUKH

Ieab padoThI: 03HAKOMIIEHHE C COJIEPKAHUEM 3BE3HBIX aTJIACOB U UX HC-
M0JIb30BaHUEM IIPU M3YUYEHUHU 3Be3HOr0 Heba. Vcronb30Banne moIBUKHOM KapThl
IpU U3YYSHHUH 3Be3HOT0 HeOa. O3HAKOMIIEHUE C COJIEP KAHUEM U UCTIOJIb30BAaHUEM
ACTPOHOMMYECKHX KAJICHAAPEU U CIIPABOYHUKOB.

OO6opynoBanme: Tiac 3Be3qHOro HeOa A. A. MuxaitiioBa, ACTPOHOMUYECKHIA
KaJIeHAaph (MIOCTOSIHHASA U TIEpEMEHHAas 4acTH), MOABI)KHASI KapTa 3B€3/IHOTO HeOa,
IIKOJIbHBIM aCTPOHOMHUYECKHUN KaJleHAApb. DNEKTPOHHBIE CIPABOYHUKHU U 0a3bl 1aH-
HBIX.

Bonpocsl k 1onycky:

1. ITonstue co3Bes3nus.
2. YCTpOICTBO M HA3HAYEHHE MOIBM)KHOM KapThl 3BE€3THOTO HEOA.
3. ACTpOHOMHUYECKHE KaJICHIapH.

OcHoenvie meopemuueckue ceeoeHUs

36e30nble amaacel CiyxaT IOCOOMEM MPHU U3YyYEHUH 3BE3THOrO HeOa U MPH BbI-
NOJTHEHUH HAay4YHO-UCCIIEA0BATEILCKUX PA00T 1o actpoHomun. Ha kaxxaoi kapre aTia-
ca u300pakeH OIpe/IeTICHHBIA y4aCcTOK 3BE3HOI0 HeOa, CIIPOCKTUPOBAHHBIM HA IJIOC-
KOCTh. ATiac 3Be3HOro Heba A. A. MuxaitioBa coctouT u3 20 KapT U COIEPKUT BCE
3Be3/Ibl 000MX Modymapuii 10 6,5 3Be3aHON BenmnuuHbl. KoopauHaThl 3BE3/] MaHbI IS
snoxu 1950 rona. K arnacy npumaraercst o0l Karajaor 3Be3/1, KOTOPbIN COJIEPKUT HE
TOJIBKO KOOPJMHATHI 3B€3/1, HO TAK)KE MX BUJIUMYIO 3BE€3/IHYIO BEJIMUMHY U TUI CIIEKTpa.

Bunumeblii Greck 3Be37] pa3inyeH W BBHIPAXKAETCS B YCIOBHBIX €IWHUIAX, HA3bI-
BAaeMbIX 3BE3IHBIMH BenmdyrHaMU (m). Hambonee sipkue 3BE37bl CUMTAIOTCS 3BE3AMU
HYJICBOM BUAMMOIM 3Be31HOM BemauHbl (0™). 3Be3bl, 0JeCK KOTOPBIX IPUOIN3UTEIHHO
B 2,5 pasa cinabee Giecka 3Be3q 0", cuMTaroTCs 3B€3aMU [IEPBOM BUIUMOM BEJIUYHHEI
(1™). Ha mpepernie BUAMMOCTH HEBOOPYKEHHBIM TIA30M HAXOSTCS 3BE3/IbI O-1 BUANMOMA
3BE3IHOM BeIMUMHBI (6), KOTOpHIE ciabee 3Be3/ 1-i BUAMMOM 3BE3IHOM BEIMUYMHBL B
100 pas.

Ilonpaska na npeyeccuio. Bcnencrsue BO3MYIIAKOMIETO ACUCTBUS, OKa3bIBAEMO-
ro Ha BpamieHue 3emun JIynoi u ConHileM, OCh BpalieHusi 3eMJId COBEpIIAECT B IMPO-
CTPaHCTBE OYEHb CJIOKHOE JABMkKeHHE. (OHa MEIJIEHHO OIMCHIBAET KOHYC, OCTaBasCh
BCE BpeMsl HAKJIOHEHHOM K TUIOCKOCTH JIBIKEHHUS 3eMJIM IO yriioM okoJsio 66°,5. O1o



JIBHYKEHUE HA3bIBACTCS npeyeccuorHuiM, iepuo ero okojio 26 000 net. OHo onpenes-
€T CpeJiHee HAMPABJICHUE OCU B IPOCTPAHCTBE B Pa3IMYHbIC SMOXH.

BcnenctBue n3MeHeHus MOJI0KEHUSI 36MHOM OCH B ITPOCTPAHCTBE U3-3a SBJICHHUS
MPELIECCUH MEHSIET CBOE TMOJIOKEHHE OCh MUpa U HeOecHbIN 3kBaTop. CeTka SKBaTOpU-
aJIbHBIX KOOPJMHAT, CBA3aHHAsI ¢ HEOECHBIM SKBATOPOM, MEJICHHO MOBOPAYMBACTCS B
MIPOCTPAHCTBE, U3MEHSIOTCS SKBATOPUAIILHBIE KOOP/IMHATHI 3BE3/1.

Uro0bI onpenemTh KOOPJAMHATHI 3BE3]T B MPOU3BOJIBHBIN T'0Jl, HY’)KHO K KOOPIH-
HaTaM 3BE3[bl, JJaHHBIM B Katasore Ha 1950 r., mpubaBUTh W3MEHEHHE KOOPIMHAT
BCJIE/ICTBUE TMPEIECCUH 3a CTOJIBKO JIET, CKOJIbKO mpouwio ¢ 1950 r. 1o JaHHOro roja.
Jlns 510l nenu ciry>kuT Tabnuia npeueccuu 3a 100 set, uMerorascs B 3B€37JHOM Karta-
nore. [Tonpaska no npsmoMy BocxoxaeHuto Ha 100 et Adljgp HAXOAUTCA MO 3HAYEHUIO
Olig50 U 61950; 61950 OIIPCACILIET HYXKHYIO CTPOKY, (1950 Hy7KHBIﬁ CTOH6CH. Hor[paBKa Ha
JAHHBINA TOJ] HAXOJIUTCSI U3 COOTHOIICHMUSI:

A0, = A0 oo n/100,
I7I€ N — KOJIMYECTBO JeT, npoieniee ¢ 1950 roga. [lonpaska no ckinonenuto Ha 100
JIET HAXOJUTCS 110 3HAYEHUIO Olj950. JanbHelIe onepaiyy aHaIOTUYHBI PEIbLTYIINM.

Ioosusicnan 36e30nasa Kapma CIy>XUT IOCOOMEM ISl OOILEH OPUEHTHPOBKU Ha
HeOe. [lonp3ysich €0, MOKHO PELUTh LEITbIA Psifl 3a/1a4 1, B YACTHOCTH, OIIPEEITUTh pac-
MOJIOKEHUE CO3BE3IMH OTHOCHUTENILHO MCTUHHOTO ropu3oHTa. Ha kapre m300pakeHsbl:
CeTKa HEOECHBIX SKBATOPUAIIBHBIX KOOPAWHAT U OCHOBHBIE CO3BE3[US, COCTOAIIME U3
CpaBHUTENBHO SApKUX 3Be3/. KapTa coctaBieHa B mpoeKiuu, B KOTOPOH HeOeCHbIe napai-
JeTM N300paXaroTcs KOHLIEHTPUUECKUMU OKPY>KHOCTSIMU, a KPYT'U CKJIOHEHUS] — JIy4a-
MU, BBIXOZSIIIIMMH U3 CEBEPHOTO MOJIFOCA MUPA, PACHIOIOKEHHOTO B LIEHTPE KapThl. Psiiom
C HUM HaxouTcs 3Be311a oL Manoii Mensenuipl, HazbiBaemas [lossipHoi 3B€31001.

Kpyru ckioHeHus npoeeHs! yepes 15 ° (1") n ouudposaHs! B yacax 1o OHO#
13 HeOECHBIX Tapauiesiell BOIU3M BHYTPEHHEro oOpe3a kKapThl. HebecHbI SKBaToOp U
Tpu HeOecHbIX mapayvien B 30 ° onu@poBaHbl B TOUKAX WX MEPECEUEHUs C HaualbHbIM
Kpyrom ckaoHeHust (00=0") i ¢ guaMeTpaIbHO MPOTHBOMOIOKHBIM My KPYTOM CKJIO-
Hermst (0= 12"). OuudpoBka KPYroB CKIOHCHHS H HEOECHBIX MapaluieNci 03BOISET
rpy0O OIICHMBATH 3HAYEHUS SKBATOPHAILHBIX KOOPJIMHAT HEOSCHBIX CBETHJI. JKCIICH-
TPUUYECKUI OB, TIEPECEKAIOIIHIACS C HEOECHBIM IKBATOPOM B JIBYX THAMETPAILHO IIPO-
TUBOTIOJIOKHBIX TOUYKAX, U300paXaeT HKIUITUKY.

OOnacTb KapThl, 3aKIIOYEHHAss BHYTPU HEOECHOrO 3KBAaTOpa, MPEJCTABISET Ce-
BepHYI0 HeOecHYIo nomycdepy. [lo HapykHOMY 00pe3y KapThl, Ha3bIBAEMOMY JTUMOOM
JlaT, HAHECEHbI KaJICHAApHbIC YMCla U Ha3BaHUsl MecsleB rojaa. HakmanHoi kpyr, npu-
JaraeMblii K KapTe, MO3BOJISIET YCTAHOBUTH BUJ 3BE3HOTO Heba AJist J1I000ro BpeMeHH
CYTOK IPOM3BOJILHOTO AHS Tojaa. i1 aToro BHelHU 00pe3 Kpyra, Ha3bIBaeMbIi 4aco-
BBIM JIMMOOM, pa3ieNieH Ha 24 Jaca, 10 YMCITy 9YacOB B CyTKax.

YacoBoil mum0 onmdpoBaH B cUCTEME CpeJHEro BpeMeHH. B HakmagHOM Kpyre
MUMEETCS BBIPE3, TIOJIOKEHUE KOTOPOTO OMpeNessieTcs: reorpadudeckoi mupoTord MecTa
HabmoaeHus. KoHTyp oBasibHOTO BBIpe3a M300pa’kae€T MCTUHHBIA, WM MaTeMaTHye-
CKUI TOPU30HT, HA KOTOPOM HAHECEHBI HA3BAHUS YETHIPEX €r0 TJIABHBIX TOUEK — TOYEK
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Iora, 3amajia, ceBepa U Boctoka. [IpsiMas, coeanHsAromas TOUK| ceBepa u rora, u3oopa-
xaeT HeOecHbI Mepuauad. [lonokeHue 3eHuTa OIpeneNseTcsi TOUYKOM INepecedeHus
ATOM TIPSIMOM ¢ HEOECHOH Mapasuiesblo, CKJIOHEHHE KOTOPOM PaBHO IIMPOTE MECTa Ha-
OJIFOIEHUS.

[TonBrxkHAasT KapTa 3BE3IHOrO HeOA MO3BOJSET MPUOIMKEHHO pelIaTh psf 3a/1ad
npakTU4IecKor actpoHomur. Hampumep, 9ToObl onpeaenuTs BU 3Be3THOTO HeOa B He-
KOTOPBI1 MOMEHT BPEMEHH 3aJIaHHOTO JIHS T'0Jla, HYXKHO HAJIOKUTh HAKJIAJAHOW KpYyT
KOHIICHTPUYHO Ha 3BE3AHYIO KapTy, YTOOBI MITPUX YACOBOTO JINMOAQ, YKa3bIBAFOIIIHIA
JTAHHBIIT MOMEHT BPEMEHHM, COBITAJ CO IITPUXOM 33JJaHHOH J1aThl, a HEOCCHBIN MEepUIUaH
BCEr/la MPOXOJWJ Yepe3 CEBEpHbIA MOJ0C Mupa. Torma BHYTpU OBAJIBHOTO BBIpE3a
OKaKYTCS T€ 3BE3/Ibl, KOTOPBIE B 33JJaHHBIA MOMEHT BPEMEHU BUAHBI HaJl TOPU3OHTOM.

Cernia, KOTOpbIE OKaXYTCS HA MPSIMOW, COSAUHSIOLIEN TOYKH CEBepa U IOra,
IIPOXOJAT B JAHHBIA MOMEHT Y€pE3 MEPUAMAH, T.€. KYyJIbMUHHUPYIOT. B BepxHeEU KyJib-
MUHaIMU OyJyT T€ CBETWJIA, KOTOPbIE PACMOararoTcsl Ha ATON NpsSAMOil MEXIy ceBep-
HBIM TOJIFOCOM MHpa U TOYKOM tora. Te cBeTusIa, KOTOpbIE pacrojararoTcsi Ha HeOeCHOM
MEPHUIMAHE MEXKIY CEBEPHBIM ITOJIFOCOM MHUpa M TOUYKOW CEBEpa, HAXOIATCS B JaHHBIN
MOMEHT B HUKHEMN KYJIbMUHALUY.

C nmomouipio NOJBMKHOM KapThl 3BE3IHOTO HE0A MOYKHO TMOJIYYUTh MOJIOKEHHUE
Comnria Ha m000# AeHb Toja. [t ’Toro HeoOX0AUMO COSAMHUTE MPSMOM TTOTIOC MUAPa
CO WITPUXOM, OTMEYAOLIUM 33JaHHYIO JIaTy MecAla. To4yka nepecedeHrs 3TOU NpsiMOn
C OKJIMNTUKON ¥ OyJIeT MeCTOM HaxokJeHus Ha HeOe CoHIIa B TaHHBINA ACHD TO/1A.

Acmponomuueckue Kanenoapu COAepKaT CBEACHUS, HEOOXOIUMBIE I acTpoO-
HOMHUYECKUX HAONIOICHUHN, MX 00paOOTKM M pEIIeHUsT MHOTUX Apyrux 3amad. [lo co-
JIEp’KaHUI0 aCTPOHOMUYECKUE KaJIeHJapu JENsATcs Ha JBe rpymibl. [lepBast comepxxur
KpPaTKOE M3JI0KEHUE TEOPETUYECKUX OCHOB PA3JIMYHBIX Pa3JEOB aCTPOHOMMH, CIIPa-
BOUHBIE TaOJIMIIBI W CBEJIEHUS MOCTOSIHHOTO XapakTtepa. K 3Toil rpymnmne npuHaiexxuT
“AcTpoHOMUYECKHI KaleHaaph (rmocrosiHHas yacth) BAI'O”. CnipaBouHbIE CBEIICHUS
MIOCTOSIHHOTO XapakTepa cojepkarcsa B “‘CrnpaBodHuke Jioduresns actpoHomun” ILT.
KynukoBCKOro, B pa3IMyHbIX KaTajorax U CripaBOYHbIX TaOnuiax. B mocnennee Bpems
HOSIBUJIOCH MHOT'O 3JIEKTPOHHBIX CITPABOYHUKOB, TAOJIUI] U 623 TaHHBIX.

K apyroil rpynmne acTpOHOMHUYECKUX KaJ€HIAPEN OTHOCATCS aCTPOHOMHUYECKHE
©KETOHHUKH, COICPIKAINe CBEACHUS 00 aCTPOHOMUYECKHX SIBICHUSX TEKYIIIETO Troja:
“ACTpOHOMHMYECKUI KaJeHIapb-eKEroAHUK (rmepemenHas 4yacte) BAI'O”, “ActpoHo-
MUYECKUI €KETOHUK , ‘“ABHAIIMOHHBINA aCTPOHOMUYECKHUI exxerogHuk” u ap. Cyiie-
CTBYET MHOI'O aCTPOHOMHYECKHUX Tporpamm st 9BM, mo3BOSIIONIMX HAXOIUThH pas-
JVYHYI0 UHGOPMAITHIO O HEOSCHBIX SBJICHHUSX B HY)KHBIF MOMEHT BPEMEHHU.

Jluteparypa:
1. Acmponomuueckuii kanenoapo. I[locmoanuasn wacms. M., 1981.
2. Acmponomuueckuu KaneHoaps exce200HuK. llepemennasn wacmo. M.
3. baxynun I[1.U., Kononosuu 3.B., Mopo3 B.U. Kypc obweii acmponomuu. M., 1983.
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4. Kynuxosckuii I1.I'. Cnpasounuk ntooumens acmpornomuu. M., 1971.

11 moJryyeHmnsi 3a4eTa He0OX0AUMO:

1.

YMeTh N0Jab30BaThCS 3BC3JHBIM aTJIaCOM.

2. CBOOOIHO BJIaJIETh MOJIBMYKHOM 3BE3/THOM KapTOM MPHU PEIICHUU Pa3IMYHbIX 3a7a4.
3. YMeTh MoJIb30BaThCsl aCTPOHOMUYECKUMHU KaJeHJApsMU U CIIPABOYHUKAMM ISl
HAXOKIECHNUS HEOOXOINMBIX CBEICHUI.

12

Oopasey 3a0anuii

[To xapTam 3BE3IHOTO amiaca ONPEAEIUTh SKBATOPUAIIbHBIE KOOPAWHATBHI U BUIUMYIO
3BE3[IHYIO BEJTMUMHY JIBYyX HanOoJiee IpKUX 3Be3]1 B co3Be3nun Kaccuomnen.

Brinrcars Ha3BaHUA APKUX CO3BE3AMM, IO KOTOPBIM NpoxoauT Miteunsiit [1yTh.

Haiitu Ha 3Be3qHOM KapTe co3Be3aue Maitoro Ilca.

ITo kapTe onpeaeTuTh KOOPIAHHATHI O U O 3Be3/bI [Ipormon (o0 Maitoro Ica).

Haiitu 91y 3Be3/1y B 00I1IeM KaTajiore 3B€3/1, ONPEICIIUTh TOYHBIC KOOPIMHATHI OL U O,
3BE3JHYIO BEJIMYMHY (mMag) | TUII CHEKTpa (Sp).

B3sth u3 0011ero karangora KOOpJauHAThHI 3Be3/bl Jly0Xe 1 onpenenTh ee KOOPAUHATHI
Ha 2004 ron, monb3ysch Tabmuiel npereccuu 3a 100 mer.

Y cTaHOBUTH NOJBWKHYIO 3BE3/IHYIO KapTy HA JEHb U Yac 3aHATUM 111 MUHCKa U yKa-
3aTh, KaKue CO3Be31Usl OyAyT B BEpXHEH U HHKHEN KyJIbMUHALIIH.

B nens 15 utons HallTH MOMEHT BOCXO/a, BEpXHEHN KyJIbMUHALIMU U 3ax0/a 3Be3/1bl Cu-
puyc (o0 bonsioro Ica).

Ormpenenuts IeHb Toxa, B KOTopsii B 20"30™ B BepxHeil KyJIbMHHALHH HAXOIUTCS
3Be31a Ajbae0apaH.

[To Tabnuiiam B “AcCTpOHOMHUYECKOM KaeHAape” (MOCTOSHHOM YacTH) HaWTH Ha3BaHHS
Y BUJIUMYIO 3BE3IHYIO BEIMUMHY 3BE€3/1, MTOJIOKEHHS KOTOPBIX OIMPEIEIISIOTCS SKBATOPU-
TbHBIMHU KOOPIMHATAMU:
l.a=46°381,"5 2.0.=151°4537,5
d=+40°51"38” O =+12°0524"

N3 schemepun Connnia u JIyHbI HAMTH MOMEHTBHI BPEMEHH BOCXO/a M 3aX0ja ITHX CBeE-
THJI B IIYHKTE A = Oh, @ =56°, a3uMyThI TOUYEK UX BOCXOJIa U 3aX0/a, HATH MOMEHTBI
VX BEPXHEW KyJIbMUHALIMA Ha TEKYIHH JICHb.



10. 13 acpemepun JIyHbI BeIMCATh aThl © MOMEHTHI BPDEMEHH YEThIPEX OCHOBHBIX €€ (a3 B
TEKYLIEM MECSLIE.

11.Haiitu mosio’)keHHe 1 MOMEHTBI BpEMEHM BOCXO0J/a U 3axoja IaHetsl FOnurep B naH-
HBIN JIeHb.

Ilpumeput 6vinoinenus neKOmMopPvIX 3a0aHUTL

4. Bzamb u3z 06we2o kamanoza 36e30 amiaca Koopounamsl (& u 0) 36e30bl [[yoxe u onpe-
Oenumn ee koopouramwl Ha 2004 200, ucnonvzya mabauyy npeyeccuu 3a 100 nem.

Wrak, npex e Bcero He0OX0IMMO HaWTH MPUMEPHBIE KOOPAMHATHI JAHHOU 3BE3/1bI TI0
3BE3/IHOM KapTe arjiaca Ui TOTO, YTOObl OMNpeAeHTh, B KAKOW YacTH OOIIEro Karajora
3BE3J] UCKATh 3aJJaHHYIO 3BE3/TY.

Ho cnauvana onpenenum, kKakoMy CO3BE3IMI0 MPUHAIISKHUT 3Be31a Jlyoxe. OTBer Ha-
xoutcsa B Taduie «CoOCTBEHHBIE UMEHA 3BE3/I» aTiaca 3Be3IHoro Hedba A. A. Muxaiiio-
Ba: o UMa. CokpailieHHOE JaTUHCKOe Ha3zBaHue co3pe3aus (Uma), HailieHHOe B IAHHOU
Tabmuie, MOXKHO paciudpoBaTh ¢ MOMOIIBIO cleaytonei Tadmuibl «Ha3Banus co3ses-
muit»: Uma — bomnbiast Menpenuiia. 31ech ke HaX0 UM HOMEpa KapT atiaca, Ha KOTOPhIX
yacTU4HO m3o0paxena bomnpmas Menseauna. Ha 4-it kapte Haxomum o0 Uma. [lo BepxHeit
Y HIDKHEW JYTOBBIM IIIKaJIaM OIpPEAeIsieM MPsSMOE BOCXOXKICHHE (O = 11h), a 1o JIEBOU U
npaBoii — ckioHeHue (O = 62°). B o01ieM kaTasiore 38e3/1 (B 9TOM JKe aTjiace) 1Mo MpsIMOMY
BOCXOJKICHHIO HaxoauM 0. Uma U yTOUHSeM KOOPIUTHATHI (Olioso = 11" 0.7 81950 = 62°1").
JlanHBIC KOOPIMHATHI B OOITIEM KaTajore 3Be3/] COOTBETCTBYIOT paBHOACHCTBHIO 1950 ro-
na. [loaromy, mjst yTouHEeHHUS UX Ha 33JaHHBIA TOJ1 HEOOXOJMMO HANTH Pa3HUILY B Tojax
MeXy 3aaaHHbM U 1950-pmm: At = 2004 — 1950 = 54 200a v BOCTIONB30BATHCS TAOIHUIICH
npetieccun 3a 100 ner (B koHIe atiaca). [laHHas Tabnuiia COCTOUT U3 ABYX YacTeil: “mo
MPSAMOMY BOCXOXKJIEHUIO , TAE€ COACPHKATCS MPUPAIICHUS] KOOPAUHAT AX;g9, U “TIO CKIIOHE-
HUIO”, T7Ie — TpUpAIeHuUs KoopauHaT Ad;gy 3a 100 ner. B Tabamiie “mo npsmMomy BOCXOK-
JCHHIO” TI0 KOOPAHHATAM (Cligso = 11" 0.7"; 81950 = 62°1”) HAXOAMM COOTBETCTBYIOLICE
npupaienue: A = 6.2" (4-ii cronberr, 8-s cTpoka). B Tabmwiie “mo CKIOHEHHIO™ 110 KO-
OpJIMHATE (Y950 HAXOIMM COOTBETCTBYIOILEE MpHparieHue: Adyy= -32" ( 4-s CTpoKa CHHU-
3y). Ho Ham HeoOxommumo mpupaiieHne koopauHat He 3a 100 net, a 3a At = 54 2o00a, T.€.
A5y 1 Adsy, 3HAYESHUSI KOTOPBIX HAXOIUM 10 (hopMyIiam:

A0, = (A0go/ 100) X n 1 A8n= (Asloo/ 100) X n.
Takum obpasom, Aas, = 3.35" u Adsy = -17.3’, a KOOpAMHATHI Ha 3a[aHHBIA TOJ  Ohgpy =
Qoso+ Acsy=11"0.7" + 3.35" = 11" 3.42" ;a Sppu=62°1" = 17.3 =61%3.7.
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JlaGopaTopHnasi padora Ne 3

N3YYEHUE CUCTEM CYHETA BPEMEHHA

Lean padoThl: 3yyeHUE PA3IMYHBIX CUCTEM CUETa BPEMEHHU.
OO0opynoBanme: Mojieilb HEOECHOM chephl, ACTPOHOMUYECKUI KaJIeH1aph
(mocTosiHHASA Y TIEpEMEHHAs YacTH ), MOABUKHAS 3BE3/[HAsl KapTa.
Bonpocekl k 10nycky:
1. IToHsATHE 3BE3THOTO BPEMEHHU.
2. CpeiHeEe M ICTUHHOE COJTHEYHOE BpPEMSI.
3. YpaBHEHUE BPEMEHU.
4. CBsI3b MECTHOTO BPEMEHU C Teorpapuueckoii J0JIroTou.

OcHogHble meopemuuecKue ceeoeHus

W3mepenne BpeMEHH OCHOBAHO Ha HAOJIOJIEHUSX CYTOUYHOTO BpallleHUs He-
OecHOro cBoja U roauyHoro aBuxkeHus CojHIla, T.€. HA BpPAIICHUH 3€MJIU BOKPYT
ocH 1 Ha oOpamieHnu 3emin BOkpyr ColHIa.

Bpamenue 3emian BOKpyr OCH IMPOUCXOAMT MOYTH PABHOMEPHO, C MEPUOJIOM,
paBHBIM MEPUOJY BpalleHusi HebecHoro cBoaa. [losTomy mo yriy moBopoTa 3emiu
OT HEKOTOPOI'0 HAYaJbHOT'O IOJIOXKEHUS MOYKHO CYyJHTh O IPOTEKIIEM BPEMEHU. 3a
HaYyaJbHOE MOJIOKEHHE 3eMJIM MTPUHUMAETCS MOMEHT MPOXO0KICHUSI TIIIOCKOCTH 3€M-
HOTO MepHuraHa MecTa HaOIIoeHusl yepe3 U30paHHyI0 TOUKY Ha HeOe, UiTd, YTO Of-
HO U TO K€, MOMEHT BEPXHEH KyJIbMUHAIIMU 3TOM TOUKHU HAa JAHHOM MEpPHUIUAHE.

[Tpo10KUTENEHOCT, OCHOBHOM €IMHMIIBI BPEMEHHM, HA3bIBAEMOW CYTKaMH,
3aBUCUT OT M30paHHOM TOYKHM HA HeOe. B acTpoHOMMM 3a Takue TOYKM MPUHUMAIOT-
csl:

— TOYKa BECEHHETO PaBHOJICHCTBUS (36€30H0€ 8peMsl),

— ueHTp BuguMoro nucka ComHua (ucmunnoe Connye, ICTUHHOE COJHEYHOE Bpe-
M),

— cpeonee Connye — (HUKTUBHAS TOUYKA, IMOJOKEHUE KOTOPO HAa HEOE MOXKET OBITh
BBIUMCJICHO TEOPETUYECKH JIJIsl TF0OOr0 MOMEHTA BPEMEHHU (CpeiHee COJIHEUHOE Bpe-
M).

J{ns u3MepeHus IJIMHHBIX MPOMEKYTKOB BPEMEHU CIY>KUT TPOMMUYECKUN TOf,
OCHOBaHHbBIN Ha JBMWKEHUU 3emiid BOKpyr CoJHIIa.

Tponuueckuii 200 — MPOMEKYTOK BPEMEHH MEXKIY ABYMS MOCIEA0BATEIIbHbI-
MU TIPOXOXKJIEHUAMHU LIeHTpa UCTUHHOTO COJIHIIA Yepe3 TOYKY BECEHHEro PaBHOCH-
ctBusi. Coaepxut 365,2422 cpeTHUX COTHEUYHBIX CYTOK.
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N3-3a MEMJIEHHOTO JABWKEHUS TOYKHM BECEHHEIO PAaBHOJECHCTBUS HABCTPEUY
ConHIly, BBI3BAHHOTO MPELECCHUEN, OTHOCUTENBHO 3Be37 COJHIE OKa3bIBAETCS B TOU
K€ TOuKe HeOa yepe3 MpoMeKyToK BpeMeHH Ha 20 MuH. 24 ¢. OOJIbIINH, YeM TPOIH-
yeckuil Toj. OH Ha3bIBACTCS 38€30HbLIM 2000M W COJEPKUT 365,2564 cpenHUX COJI-
HEYHBIX CYTOK.

36e30n0e epema. 1IpoMeXyTOK BPEMEHU MEXKIAY JABYMS IMOCIEA0BATEIbHBIMU
OJITHOMMEHHBIMU KYJIbMUHAIIUSIMA TOYKH BECEHHETO PABHOJICHCTBUS HA OJJHOM U TOM
XKe TeorpapuaecKoM MepuInaHe Ha3bIBACTCS 36€30HbIMU CYMKAMU.

3a Hayano 3BE3/IHBIX CYTOK Ha JAHHOM MEPHUAUAHE MPUHUMAIOT MOMEHT
BEpXHEW KyJIbMUHAIIUA TOYKH BECEHHETO PAaBHOECHCTBHUSI.

Bpewmsi, mpotekiiiee OT BepxHe# KylbMUHAIMH Toukd Y 10 1H000T0 JIpyroro
ee MOJIOKEHUS, BBIPAXKEHHOE B JIOJISIX 3BE3JAHBIX CYTOK, HA3bIBACTCS 38€30HbIM 8pe-
menem S .

VYron, Ha KOTOpbIA 3€MJISl MOBEPHETCA OT MOMEHTA BEPXHEW KyJIbMUHALIMU
TOYKU BECEHHET0 PaBHOJEHCTBUS J0 KaKOro-HUOYAb JPYroro MOMEHTa, paBEH 4aco-
BOMY yrity TOUkd Y’ B 3TOT MOMEHT.

S = top.
[IpakTryecku JJis1 YCTAHOBIICHHS Hayalla 3B€3/IHbIX CYTOK WJIM 3BE3IHOTO BPEMEHU B
KaKOM-TO MOMEHT HaJlI0 U3MEPUTh YaCOBOM yrou t Kakoro-nudo ceetuina M, mpsimoe
BOCXO0KJIEHUE KOTOPOT0 U3BECTHO. Toraa 3Be3/1HOE BpeMs:

S=a+t,
raet=_Qm, ot=_Ym,atyp=_QV =S.

36e30H0e 8pems B MOOOM MOMEHT PAaBHO MPSIMOMY BOCXOXKIEHHIO KakKoTo-
a1M00 CBETWJIA TUIIOC €ro 4acoBOHM yroi. B MOMeHT BepxHeW KyJbMHHAIIMM CBETUJIA
ero yacoBou yrosi t =0, Torma S = a.

3Be3mHOE BpeMsl JUIsl HaOIIoJaTeNe, HaXOMIIMXCS HA Pa3HBbIX MEpUIUAHAX,
OyzneT pa3HbIM. Pa3HOCTB 3B€3HOTO BPEMEHHU B JIBYX IYHKTaX 3€MHOW MOBEPXHOCTH
B OJMH U TOT X€ (PU3NYECKU MOMEHT PaBHA PA3HOCTU 2eocpaghuyueckux 00J2om
STUX MYHKTOB.

Sz - Sl = }\/Z - }\«1.

Hcmunnoe conneunoe epemsa. 1IpoMexXyTOK BpEMEHU MEXKIY JBYMs MOCIIE-
JIOBATEJIbHBIMU OJHOMMEHHBIMU KyJbMHUHAIUMAMHU CoJiHIIA (LIEHTPA COJIHEUHOTO JIUC-
Ka) Ha OJTHOM U TOM € TeorpauaecKoM MepuuaHe Ha3bIBACTCS UCIMUHHBIMU COJl-
HEeUHbIMU CYymKamu. 3a Ha4aJl0 UCTUHHBIX COJIHEUHBIX CYTOK Ha JIAHHOM MEpUANaHE
MPUHUMAIOT MOMEHT HIKHEN KynbMuHanuu ConHua (ucmuHHas noiHoub).

Bpewmsi, npotekiee ot HkHEN KyiabMuHauu CojiHIa 10 JTI000r0 APYyroro ero
MOJIOKEHHUS, BBIPAXKEHHOE B JIOJISIX UCTUHHBIX COJIHEUHBIX CYTOK HA3bIBACTCS UCHIUH-
HbIM CONHeunbiM epemenem T .

Hctunnoe comHeunoe BpeMst T¢ Ha TaHHOM MEpHUAMaHE B JTI0OOH MOMEHT:
h
T,=t +12,
rae t, —vacoson yron Connua.
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HcTuHHBIE COTHEYHBIE CYTKM UMEIOT Pa3JIMYHYI0 IPOJOJKUTEIbHOCTD, TaK KaK:
1. CounHile JBUXKETCSA HE MO HEOECHOMY IKBATOPY, @ MO AKIUINTUKE, HAKIIOHEHHOUN K

SKBATOPY MO yriom 23°26".

2. JIBuxenue CoJHIla IO SKIUNTUKE HEPABHOMEPHO.

Cpeonee conneunoe epemsa. UtoObl MOTYYUTh CYTKU MOCTOSIHHOM MPOJOJIKHU-
TEJIBbHOCTH U B TO K€ BPEMS CBsI3aHHbIE C ABMKeHUEeM CoJIHIA, B ACTPOHOMMHM BBEJIE-
HbI MIOHATHS JIBYX (DUKTHUBHBIX TOUYEK — CPEJAHEr0 SKIUNTHYECKOTO M CPEIHEro JK-
BaropuasibHoro CoJHua.

Cpennee skiuntuyeckoe CoiHIle paBHOMEPHO JABMKETCS MO SKIUNTHKE CO CPE/I-
Hel ckopocThio ColHIa.

Cpennee sxBaropuasibHoe CoHIIE paBHOMEPHO JIBUXKETCS IO 3KBATOPY C MOCTO-
SSHHOM CKOPOCTBIO CpeHero skiaunTudeckoro CosiHIa 1 OAHOBPEMEHHO ¢ HUM TIpO-
XOJIUT TOUYKY BECEHHETO PABHO/ICHCTBHUSI.

[IpoMexxyTOK BpEMEHM MEXAY JBYMs IOCIE€IOBAaTEIbHBIMH OJHOMMEHHBIMU
KyJIbMUHALUAMH CPEIHEr0 3KBaTOpraibHOro COJIHIIA HA OJHOM U TOM K€ reorpa-
¢udyeckoM MepHuInaHe Ha3bIBACTCS CPEOHUMU COTHEYHBIMU CYMKAMU.

[TpoIOIKUTENBHOCTh CPEAHUX COJIHEYHBIX CYTOK pPaBHA CpPEIHEMY 3HAUYECHHIO
IPOJOJKATEIbHOCTH HCTHHHBIX COJTHEYHBIX CYTOK 3a FOJ.

3a Ha4yaJI0 CPEAHMX COJHEYHBIX CYTOK Ha JAHHOM MEpUAHAHE NPUHUMAIOT MO-
MEHT HWXHEH KyJIbMHUHAIMU CpellHero skBaTopuanbHoro ConHua (cpedwusas noi-
HOYD).

Bpewmsi, mpotekiiee OT HIKHEW KyJIbMUHALUKA CPEIHETO dKBAaTOpUaibHOTro CoJH-
1a J0 J00r0 IPYroro €ro MoJIokKEeHUs, BRIPAXKEHHOE B JOJSIX CPEAHUX COJHEUHBIX
CYTOK, Ha3bIBaCTCsA CpeOHuUM connednvim epemernem T .

Cpentee conHeuHoe BpeMs Ty Ha JaHHOM MEpHIdaHe B JIF000H MOMEHT:
T =t +12",

rae t_ —dacoBoif yron CosHua.

Pa3HoCTh MEXIy CpEJHHUM M MCTUHHBIM COJIHCYHBIM BPEMEHEM B OJMH U TOT
K€ MOMEHT Ha3bIBACTCS yPAGHEHUEM 8PEMEHU T).

T]:Tm'Tc:tm'tc:(xfc'(xfma

rJe t— 4acoBOi yroi, a O — MPsAMOE BOCXOXICHHUE.

Orcrona cnenyer

Tw=T.+M=t+12"+n.

YpaBHeHUEe BpeMeHHU oOpalaeTcss B HyJb okoJio 15 anpens, 14 utons, 1 cen-
Ta0ps u 24 nexabps, U YeThIpe pa3a B ToJly IPUHUMAET IKCTPEMAJIbHbIC 3HAUCHUSI, U3
HHMX HaubOoJlee 3HaYMTeNIbHBIE 0KO0JIO 11 deBpans (N = +14™) u 2 HosOps (M = -16™).

YpaBHeHUE BpeMEHM MYOJIMKYETCS B aCTPOHOMHMUYECKUX KaJleHJapsx - exke-
rogaukax BAI'O miist kaxioM cpeiHeil moiyHOuUd Ha mepuauane ['punBuya. Eciu B
KaJIeHJape 1aH MOMEHT BEPXHEW KyJIbMUHAIIMU LIEHTpAa UCTUHHOTO COJIHIIA, TO UMes
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B BHUJY, 4YTO 3TOT MOMCHT JiaH I10 CPCAHEMY BpPEMCHHU, U YTO B ,Z[aHHBII‘/’I MOMCHT HUC-
h
TUHHOE COJTHEYHOE BpeMs paBHO 127, MoIyYuM ypaBHEHHUE:
h
nN=Ty,-12".

Bcemupnoe epema. MectHoe cpeaHee COJHEYHOE BPEMsI TPUHBUUCKOTO Me-
pUIUaHa Ha3bIBAETCS 6CEMUPHBIM, UL MUPOBLIM epemenem T,

MecTtHOe cpefiHee COJIHEUHOE BpeMs JIF0OOT0 MyHKTa Ha 3eMile ONpeIesaeTcs:

Ty =T, + A,

rae Xh — JI0JITOTA IAHHOTO ITyHKTA, BhIpaXkeHHasi B yacoBoi mepe (h).

Ilosacnoe épema. MecTHBIX CUCTEM cueTa BPEMEHU OECUHUCICHHOE MHOKECTBO,
KaK YU MEpUJIUAHOB.

B 1884 roay Obuta mpeasiokeHa MOsICHasi CUCTEMA CUYETa CPEAHEr0 BPEMEHHU.
Cuer BpeMeHH BeJIeTCs TOJIbKO Ha 24 OCHOBHBIX reorpauyeckux MepujrMaHax, pac-
MOJIOKEHHBIX JIPYT OT JIpyra o JIOJIr0Te TOYHO uepe3 15°, mpubnu3uTenbHo nocepe-
OuHe KaXJIOrO0 YacOBOTO MOsSiCA. 3a OCHOBHOU MEPUOUAH HYIEB020 NOSCA NPUHM
I'puneuuckuu.

MecTHOE cpeliHee COTHEYHOE BpPeMsi OCHOBHOTO MEpHUAMAaHa KaKOro-aubo va-
COBOTO MOsICA HAa3bIBAETCA NOACHbIM 8pemenem Ty. CBsI3b MOSICHOTO BPEMEHU C MECT-

HBIM U BCEMUPHBIM BBIPAXXKACTCS CIASAYIOITUM 00pa3oM:
T -T =A'—n"
m_ n _hn ’
) T,=T,+n
€ N — YKCIO LEIBIX YaCOB, PABHOE HOMEPY YaCOBOTO MOsica (JOATOTa OCHOBHOIO
MEpHIMaHa YaCOBOTO IO0sICa).
Jlekpemnoe eépemsa. B 1iensx 6ojiee parldoOHaILHOTO paclpeesieHusl dJIeKTPO-
SHEPryuu, UAYIIEH Ha OCBEILICHUE MPEANPUITHNA U KUJIBIX JOMOB, B JIETHEE BpEMS

BBOJAT JieTHee BpeMsa. B CCCP 16.07.1930r. nekpeToM ImpaBUTENbCTBA CTPEIKH Ya-
COB TiepeBeNy Ha 1 yac Brepe]; IPOTUB MOSCHOTO BPEMEHHU.

Jlureparypa:

1. Acmponomuueckuii kanenoaps. Ilocmoannas uacmo. M., 1981

2. baxynun I1.U., Kononosuu 3.B., Mopo3s B.U. Kypc obweii acmpornomuu. M., 1983
4. Kynuxoecxuii I1.I". Cnpasounux nooumens acmpornomuu. M., 1971

st mostyyeHusi 3a4eTa He00X0AMMO:

1. YMeTh cBOOOIHO OPHUEHTUPOBATHCS B PA3HBIX CUCTEMAaX CUETa BPEMEHH.

2. C momo1ipo MOABMKHOM 3BE3IHON KapThl YMETh ONPEACIUTh 3BE3JHOE BpEMs,
3Hasg B 3TOT MOMEHT CpPEJHEE MECTHOE BPEMsl, a TaKK€ YMETh peliaTh U 00paTHYIO
3a7auy.

3. IIpencraBuTh npemnoaaBaTesto oQpOpMIICHHBIE BHIYUCICHUS, TPEOyEeMbIE B 3a/IaHUU.
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Oopa3ey 3a0anuii

1. Ha MOACIIN HeOCCHOM C(bCpBI IMOKa3aTb B3aUMOCBA3b MPAMOI'O BOCXOXIACHHUA U
qaCoBOr'o yriia CBE€TUJa CO 3BC3AHBIM BPCMCHCM.

2. Haiitu 3BC3AHOC BPEMs B MOMCHT 3aX0Jd TOYKHM BECCHHECTO PaBHOJACHCTBHAI.

3. Ompenenutb 3Be3qHOEe BpeMs B ExarepunOypre m Mwuncke, ecnu B buikeke
h
3Be3JJHOE BpeMst paBHO 2'40M25°.

4. Jlns TOro e MOMEHTa BPEMEHM B TE€X K€ IOPOJAaX BBIUYHCIUTH YaCOBBIE YTJIbI
3Be31 AnpaeOapan u Crvka, BbIpa3uB UX B YTIIOBOK MEpE U B €AMHUIIAX BPEMEHHU.

5. Ilo mogBmxkHOW KapTe 3BE3MHOTO HEOAa OMPENSIUTh MPUOIMKCHHOE 3HAYCHHE
3BE3HOTO0 BPEMEHHU B CPEIHIOI0 TOJHOYL M CPEAHMN MOJAeHb 25 despans, 25
Masi, 25 aBrycra u 25 HOs0psl.

6. Ilo moaBMKHOM KapTe 3BE3IHOTO HeOa OMPENeIUTh IS TeX JKe JHEH MPUOIMKeH-
h
HOE 3HAYCHHE CPEHETO BPEMEHU B MOMEHT 18" 3B€3JHOr0 BpEMEHHU.

7. OnpenenuTh, ¢ TOYHOCTHIO 10 | MHHYTBI, MOMEHT BepxHed KynbMuHanuu CoJH-
I[a 1O 3BE3IHOMY, MCTHHHOMY COJHEYHOMY, CPEIHEMY MECTHOMY, MOSCHOMY,
nekpeTHoMy BpeMenu B bepiune 2 HosiOpst. (A = 13°25).

h
8. B MoMeHT KyJabMuHAIMU 3Be316I Purens (o0 = 5°13™) yacel, uayIiue TOYHO IO
h
3BE3JJHOMY TPHHBHYCKOMY BPEMEHH, IOKa3bIBalOT 15'9™; ompenenuTs I0JIroTy
JTAHHOT'O MECTA.

Ilpumeput 6vinonnenus HeKOmMopwvIX 3a0aHuil

1. Onpeoderumsv, ¢ mounocmvro 00 1 MuHymoel, MOMeHm 6epXHel KYIbMUHAYUU
Connya no 36e30HOMY, UCHUHHOM) COITHEYHOMY, CPEOHeMY MECMHOMY, NOACHOM)
spemenu 6 Bepnune 2 nosops. ( A= 13 25).

B nannom cnmyuyae ygoOHee Ha4aTh C UCTUHHOTO COJIHEYHOTO BpeMeHU 7. T. K.
ConHile B BepxHEH KyJIbMHHAIIUU, TO TI0 UCTUHHOMY COJITHCYHOMY BPEMEHH OyneT
noszens, T.e. T, = 12", Cpenmee COMHEYHOE BPEMs OTIMYACTCS OT MCTHHHOTO COJI-
HEYHOI'O Ha IOIIPaBKy «ypaBHEHUE BpeMeHu» (7] = 1, - T,), KOTOpasi COAEPKUTCS B
s¢demepuax CosHIA B ACTPOHOMHYECKOM KaJeHIape-eKeroaHUKe: Ty2) = -16" . Ilo-
stomy T, = T+ n=12" 00" — 16" = 11" 44" Tlosichoe Bpemst T, CBSI3AHO C MECTHBIM
CpPEIHUM COJIHEYHBIM 1, COOTHOWEHUEM: 1, - 1, = A nh, rae  — reorpaduye-
CKas JI0JITOTA MyHKTA, BRIPAXKCHHAS B 4ACOBOI Mepe, a 1’ — HOMEp 4acOBOTO 10sca B
yacax. Otkyna 7,=T,, - A+ 1" . Ho peXJie HeOOXOAMMO TEPEBECTH B YACOBYIO
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mepy A", Bocronb3oBaBiich Tabmmmeit nepesoga (AK, MOCTOSHHAs 4acTh) HITH CO-
otHomenusimu: 1" = 15° 1™ = 157 1™ = 157 Wrak, A* = 0" 53" 40°. A noscuoe
Bpemsi T, = 11"44™ - 0" 53" 40° + 1" = 11" 50" 20°. 3sesanoe Bpems S = a, + 1., e
o, — npsimoe Bocxoxkaenne ComHila, coaepkutcsa B ademepuaax ComHIa B aCTpOHO-
MHYECKOM KaJICHIApe-EKETOAHUKE: O, = 14" 30™. A wgacosoii yros1 ConHia B BEpX-
Heit kynpMuHanuu . = 0" . TTosTomy 3Be3nHoe Bpems S = a, = 14" 30"

. h
2. B momenm eepxmetl Kyivbmunayuu 36e30ul Pucens (o = 5'13") 6 nexomopom 2eo-
epaghuyeckom nyHKme 4acwl, uoyujue moyHo no 36e30HOMY SPUHBUUCKOMY 8peMe-
h
Hu, nokasviearom 15'9". Onpedenrums donecomy 0anH020 nyHKmd.

3Be3HOE BpeMs Ha JIAHHOM MEpHUJIMaHE MOXHO HAaWTH MO KOOPAWHATAM 3BE3[IbI:
S= «a + t. 3Be3na Purens HaxoIUTCA B BEPXHEW KyJIbMHUHALIMM, 3HAYUT €€ 4aCOBOM
yroi t = (. CienoBareiibHO, B JJAHHOM IYHKTE S; = &, = 5"13" A 1o 3BE3IHOMY
I'PUHBHUCKOMY BPEMEHH B 3TOT MOMEHT S, = 159", Ho m3BecTHO, uT0 Sy - S; = Ay -
A;, mostomy A; = Ay - Sp + S; . s I'punrsrua Ay = 0. CinemoBarensHo, A; = 0 -
15"9" + 5"13™ = _ 9'56™, (MuHyC MMOKa3bIBa€T, YTO OTCUET JAOJITOTHI IPOUCXOIUT K
3amajy OT TPUHBHYCKOrO MepuiraHa). Jlonrory MOKHO 3alucaTh U MOJIOKUTEIBHOM,
HO JJISl 3TOTO HY>KHO JI00aBUTH 24", To €CTb, 24" - 9"56™ = 14"4™ u orcuer JIOJITOTHI
MPOUCXOJIUT K 3arajly OT T[PUHBUYCKOIO MEpHUINAHA.
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JlaGopaTopHnasi padora Ne 4

BUJINUMOE I'OJOBOE ABUKEHUE COJTHIA U ET'O
CJIEACTBUA

Heab padoThl: U3ydeHUE 3aKOHOMEPHOCTEH, CBA3aHHBIX C OOpaIleHueM 3eM-
v Bokpyr ConHiia.
O6opynoBanme: Mojie/ib HEOECHOM chepbl, MaJIbIi 3BE3HBIN aTiIac, MOJIBHX-
Has KapTa 3BE3/IHOr0 HeOa, aCTpPOHOMUYECKHUH KaJIeH1aph - €KEr'0/THHK.
Bonpocel k 10nycky:
1. IloHsTHE YKIUNTHKH.
2. HakJIOH SKJIMNTUKU K IKBATOPY U €ro 00BSICHEHHE.
3. Touku paBHOJAECHCTBUM U COJIHIECTOSIHUMA.
4. CBs3b MEXy BUAMMBIM JIBHKeHHEM COJHIIA Ha pa3HbIX MIUPOTaX U
rpaHullaMU TETUIOBBIX MOSICOB Ha 3eMJI€.

OcHogéHble meopemuuecKue ceeoeHus

3emutst obpamtaercsi BOkpyr CojHIa B MJIOCKOCTH, KOTOPYIO Ha3bIBAIOT ILIOC-
KOCTBIO 36MHOW OpOUTHI, U IO3TOMY BUJIUMOE roj10Bo€ JiBMkeHne CoHIla Mpoucxo-
JUT B ATOM K€ CaMOM IJIOCKOCTH, KOTOpas nepecekaer HeOecHylo cdepy no 00ib-
HIOMY KpYTY, Ha3bIBAEMOMY SKJIMOTUKON. TakumM 00pa3oM, MIIOCKOCTh SKIIUITUKHU U
IJI0CKOCTh 3€MHOUM OpOUTHI UACHTHUYHBI.

B m1060i1 MmoMmenT Bpemenu ConHile BUAHO € 3eMJIM, MPOCLUPYIOUIUMCS B He-
KOTOPYIO TOUKY HeOeCHOM cdephbl. DKIMNTHKA U HEOECHBIA SKBATOP MEPECEKAIOTCS
10/ ONPEAETIEHHBIM YIJIOM € B IBYX AUAMETPAJIbHO MPOTHBOMOJIOKHBIX TOYKAX, Ha-
3bIBAEMBIX TOUKAMU PABHOJECHCTBUWA. DTU TOYKUA HOCIT TAKOE HA3BAHUE MTIOTOMY, UTO,
Korga B HUX Haxoautcss CojHue, IeHb paBEH HOUM. YTOJI € Ha3bIBAE€TCS HAKJIOHEHU-
€M DKJIIUNTUKU K 3KBATOPY. [10 HAKIOHEHUIO MOKHO BBIYMCIUTH YTOJl HAKJIOHA 3EM-
HOM OCH K IIJIOCKOCTU 36MHON OpOUTHI.

VYuuThiBas, 4YTO Ha BCEX reorpapuyeckux MMUPOTaxX (¢ CEBEPHOro MOTyLIapHs
3emun, yoBiIeTBOpstoNMX ycinoButo 90° > @ > €, CouHie Bceraa KyJbMUHUPYET K
IOy OT 3€HUTA, HAKJIOHEHUE DKIIMIITUKN K DKBATOPY MOKHO ONPEAEIUTh, HCIOJIb3Ys
dbopmyiy, cripaBeUIMBYIO JI1 MOMEHTA BEpXHEU KyJIbMUHALINH,

z=¢ -9,
rae z — 3eHuTHoe paccrosuue CoyHI[A, @ — MIMPOTAa MECTa HAOMIOACHUSA, O —
ckioHeHne ConHua. B neHb neTHero coinHuectosHus ckioHeHne ConHua Makcu-
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MaJIbHO M paBHO O = €. B 9TOT MOMEHT €ro 3eHHTHOE paccTosHUE OYJAeT MUHUMAIb-
HBIM, T. €. Zyin = @ - €. Clle10BaTeNbHO, € = Opay = @ — Zmin. B JI€Hb 3MMHETO COJIH-
HeCTOsTHMS 3eHuTHOE paccTosiare CoHia OyaeT MaKCMMAJIbHO, a CKIIOHEHHE MUHHM-
MaJIbHO U PaBHO O = - €.

DkBaTtopuaibHbie KoopanHaTel CoHIA O ¥ O COIEPKATCS B aCTPOHOMHYECKHX
KaJICHIapsX - €KETOIHUKAX.

Bunumoe nBmxenre CoiHIIa JIETKO YSCHUTH Ha MOJEIM HEOECHOM cdepsil.
Hy>xHO moMHHTE, uTo COJIHIIE BCET/1a HAXOAUTCS z
Ha OSKIWITHKE. B JHM BECEHHEr0o M OCEHHETO P Q
PaBHOJICHCTBHI TPOIOJKUTEIBHOCTh PeObIBa-
aust COJIHIIA HAJl TOPU30HTOM U IT0J] TOPH30HTOM

OJMHAKOBa U paBHa 12 yacam. OTcroa mpoucxo- M 90°-¢

JTUT Ha3BaHWE JTUX ToueK. [Ipu HaxoXJaeHUU N >
ConHIla OKOJIO TOYKH JICTHEIO COJIHIIECTOSHHS
BBICOTA €TI0 HaJ TOPU30HTOM B TOJIJICHb OyaeT Q
MaKCUMaJIbHOM B 3TO BPEMS B CEBEPHBIX IITUPOTAX p'
caMbIll JUIMHHBIN JICHb U caMasi KOPOTKasi HOYb. » VA s

uc.

Bo6au3u JHSA 3UMHCTO COJIHLICCTOSHUA BBI-
COTa COJ'IHHa HaJd TOPU30HTOM MHHHMAJIbHA,
JCHb caMbIi KOpOTKI/Iﬁ BTroay, a HO4b CaMasd AJIMHHAA.

Ha unbIX reorpa(bnqecxﬂx MApOTax 3¢MHOT'O Hiapa MPOAOJIZKUTCIbHOCTD JTHA

T'ooosoe osuxcenue Connua

¥ HOuYM pasHas. Ha skBaTope neHb Bcera paBeH HOYHM U 3TO COOTHOIICHHE HE MEHSI-
eTcsi B TeueHue rojaa. Ha momocax ObIBaeT qoirasi oJsipHast HOYb, Koraa ConHile He
MOJTHUMAETCS HaJl TOPU30HTOM B TEUEHHUE MECSIICB, U MOJIAPHBIN JeHb, Koraa CoHIe
HE 3aXOUT.

MowmenThl Bocxoa u 3axona CoJHIla, a TakKe a3UuMYThl TOYEK BOCXOJa M 3a-
X0JIa €r0 3aBUCAT OT reorpaduueckoi mupoThl MecTa HabmoaeHus. [locTaBuB He-
oecHyto cepy Ha pa3HbIe IIUPOTHI, MOKHO MPOCIEIUTH 3aBUCUMOCTh BUIUMOTO T'O-
noBoro aswxkeHust CoHIIA OT MHUPOTHI MECTa.

TouHble 3HaYEHUST MOMEHTOB BOCXO/]1a, 3aX0/a, & TAKXKE a3UMYThI 3TUX TOYEK
BBIYHCIISIFOTCS TI0 COOTBETCTBYIOIIMM (popmMyiiam cepudeckoii actpoHomun. B Actpo-
HOMHYECKOM KaJICHIape - €KETOAHUKE MPUBEICHBI 3HAYCHUS ITUX BEUYMH IS MECTa
¢ reorpaduueckoii jonrotoii A = 0"0™0° i reorpauteckoii mmpotoit ¢ =56°00 .

MOMEHTHI AaHbI IO TPUHBUYCKOMY (BCEMHpPHOMY) BpeMmeHH. [IpubinxeHHbIe
3HAUEHUS TEX K€ BEJIMYUH VISl OTPEICIICHUs TeorpaduIecKoi MUPOTHl MOTYT OBIThH
HaMICHBI 10 MOJABIKHOM KapTe 3BE3JHOT0 Heba W MOMOTAIT YSCHUTH 3aKOHOMEp-
HOCTh U IPUYUHY UX U3MEHEHHsSI Ha IPOTSHKCHUH TO/1a.
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Ha xapTax 3Be3/IHBIX aTJIaCOB OCHOBHBIC TOYKHU AKJIUITUKWA HUYEM HE 0003Ha-
YEHBI, HO JIETKO OTOXK/IECTBIISIIOTCS 10 UX SKBATOPHAIBHBIM KOOPAMHATAM.

B 3aBucumoctu ot nosoxxeHus: CoJiHIIa Ha SKJIUINITUKE YCIOBUS BUAUMOCTH CO-
3BE3/IMI Ha MPOTSKEHUU TOJla HEMIPEPHIBHO U3MEHSIIOTCS, U OJTHO U TO YK€ CO3BE3/1e
B pa3Hble BPEMEHA I'0Jia BUJHO B Pa3IUYHOE BPEMS CYTOK. Y CIIOBHUSI BUIUMOCTHU 30-
JIMaKaJdbHBIX CO3BE3UH JIydllle BCEIO MOTYT OBITh BBISCHEHBI IO IMOJBM)XHOM KapTe
3BE3JIHOTO Heba, mpu4eM HeOoOXOJUMO MOMHHUTh, UTO 3BE3JIbl, PACIOJIOKEHHBIE B
npejenax okoyio 15° k BocToky u 3amnany oT CojHIla, HEIOCTYIHBI HAOIOICHUSM,
TaK KaKk TEMHOE BpeMsl CyTOK HacTymnaeT He cpasy mnocJe 3axona ComHia.

['paHuIIBl TETIOBBIX MOSCOB HAa 3eMJie MPOBEACHBI 10 aCTPOHOMUYECKUM TIPH-
3HaKaMm. B jkapkom 1osice, rpaHUIIbl KOTOPOTO MPOCTUPAIOTCS 10 00€ CTOPOHBI OT K-
BaTOpa OT @ = +23°26" (ceBepHBIit TPOIUK) 10 @ = - 23°26’(r0xHbIi Tponuk), CoJH-
1€ BCerJa BOCXOAIIEe M 3aX0/IA1Iee CBETUIIO U JIBa pa3a B roay (Ha TPOIMUKaX OAUH
pa3) B MOJJIEHb OBIBAET B 3€HUTE B TEX MECTaX, reorpaduueckas mmpora ¢ KOTOPBIX
paBHa €ro CKJIOHEHHUIO O B JAHHBIN JACHB (¢ = J).

Tak kak ckionenue ConHia He ObIBaeT OoJjibiie €= 23°26, TO U TpaHUIIBI
YKapKOro TMosica, Ha3bIBaeMbI€ TPOIMKAMHU, PACTIONIOKEHBI Ha reorpaduyeckux napasi-
JIETISIX C TAKOU K€ IIHUPOTOM.

B yMepeHHBIX mosicax, JIeKalIuX MEXIy TPOMUKAMHU M TMOJSPHBIMU KpPyraMu
(oT @ = £23°26" 10 @ = + 66°34"), ConHIle KOKABIH I€Hb BOCXOJUT U 3aXOJHT, HO
HUKOTJIa He ObIBaeT B 3eHUTE. [lONApHBIX THEW W HOuel 3aech He ObiBaeT. [lonroaa
MPOJIOIKUTEILHOCTD JHS 3/1€Ch OOJIbIIE MPOJOKUTEIBHOCTH HOYM, a MoJiroga —
HaoOopot. Ilonynennas Boicota ConHua Bcerga Menbine 90° (KpoMe TPONMUKOB) U
6osbire 0° (KpoMe MOJSPHBIX KPYTOB).

B xonoaseix mosicax (ot ¢ = £66°37” 10 ¢ = + 90°) CousHile MOXKET OBIThH He-
3aXOJIAIIUM U HEBOCXOJAIIUM CBETHJIOM. [IOJIApHBIN JIeHh U MOJsSpHAs HOYb MOTYT
JJIATHCS OT 24 4acoB 0 MOJIYroja.

Jluteparypa:
1. Acmpornomuueckuti kanrenoaps. [locmosaunas uacmo. M., 1981.
2. baxynun I[1.U., Kononosuu 3.B., Mopos B.U. Kypc ooweti acmponomuu. M., 1983.

Jis1 mostyyeHnusi 3a4eTa He00X0AMMO:
1. YMeTh npogeMoHCTpUpOBaTh Ha HeOecHOM chepe Buanmoe aBuxeHue ColiHIa Ha
Pa3IMYHBIX HIUPOTAX.
2. Ilonp3ysich MOABUKHOM KapTOM, YMETh ONpeAeanTh MecToHaxoxaeHue ColHia B
pa3Hoe BpeMs roja.
3. [IpeacraBuTh npenoaBaresnto 0(hopMIIEHHbIE HEOOXOIUMbIE YEPTEKHU U PACUETHI.
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Oopa3ey 3a0anuii

1. Onpenenuth HAKJIOHEHUE SKJIUNTUKUA MO HU3MEPEHHOMY 3E€HUTHOMY PACCTOSHUIO
CouHIla B BEpXHEH KyJIbMHUHALIMU B THH COJIHIECTOSHUH 22 utons — 19°237; 22 ne-
Kabpss — 66°17’.

2. Ilo xapTam 3B€3IHOTO aTjiaca HaTH OCHOBHBIE TOUKH SKJIMUITUKU U OMPEAEIUTh UX
JKBaTOpUalbHbIe KOOpPAUHATHL. OnpeneiauTh Ha3BaHUS U TPAHUIBI 30MAKATBHBIX
CO3BE3/IMii, Ha KOTOPbIE MPOCLUUPYIOTCS 3TH TOUKH.

3. Ilonp3ysAch MOABHKHOW 3BE3JHOWM KAPTOW, YKa3aTh TOYKY JKIMUIITUKH, B KOTOPOU
ConHue HaxXOAUTCS B TEKYILIHUN JICHb.

4. Tlonb3ysice HeOecHOM cepolt, onpenenuTh NOayIeHHYI0 BbICOTY COJIHIIA U a3UMYThI
TOYEK BOCXOJa U 3aX0/ia €0 B IHU PAaBHOJACHCTBHI U CONHIIECTOSAHMI Jisi ButeOcka.

5. Haiitu a3uMyThl Touek Bocxoda u 3axoja ConHua B A€Hb 3aHATHN Uisi MUHCKA 10
bopmye:

cos A = — sind , rae & — ckioHenue CoJTHIa, a () — IUPOTa MECTa HAOIIOCHUSL.

COS ¢
6. OmpenenuTs HaKIOHEHHE SKIUNTUKH 0K0yI0 3000 neT Ha3a, eciu Mo HaOII0ICHUSIM
B Ty 210Xy B HEKOTOPOM MECTe MoiyJeHHas Bbicora CONHIIA B ICHb JIETHETO COJIH-
LIECTOSIHHSL paBHsUIACh + 63°48’, a B JieHb 3UMHEr0 coJHIecTostHuA — + 16°00” K fory
OT 3CHHTA.

7. OmnpenenuTs, HA KAKUX MIUPOTax 3eMHOro mapa CoHile ObIBaeT TOYHO B 3€HUTE.

Ilpumeput 6vinonnenus HeKOmMopwvIx 3a0anuil

1. Hatimu asumymol mouek 6ocxooa u 3axooa Connya 6 0ensb 3auamuii 0aa Muncka no

Gdopmyne: sin s
COSA =~ cosg’ e0e 0 — cknonenue ConHya, a ¢ — wupoma mecma
OeHusl.

Hab10-

B a¢dpemepunax ConHia HaX0aAuM Ha yKasaHHYro aaty ckionenue Connia. Hampu-
mep, 1 okTs0pst & = -3°4". IlIupora Muncka 53°54”. Tloacrasisst B popMyIry, IIOIydaeM:
cos A = -(sin (-34°) / cos (54°51°)) = 0.09. Haxogum A = arccos (0.09) = 1848 =
184 48 3nak “4” OTHOCUTCA K TOUKE 3aX0/4, a 3HaK “-“ — K TOUKe BOocxoaa. Takum 00-
Pas’oM, Agpexooa = -84 A8 MK Ayoexooa = 360°- 8448 = 275°127 a Aspvpoa = 84 48
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JladboparopHasi padora Ne 5

3AKOHBI KEIIVIEPA U KOHOUT'YPAIIUU IIJTAHET

Leab padoThl: M3yyeHUE 3aKOHOMEPHOCTEH B IBUXKEHHUH TUIAHET U BbIUUCIIE-
HUE UX KOHPUTrypanui ¢ noMmousio Mojenu CoJIHEeYHON CUCTEMBI.

Oo6opynoBanme: mojenb COJIHEYHOM CHCTEMbI, ACTPOHOMHYECKUH KaJeHAaph
(mocTosIHHAS YacTh), ACTPOHOMMYECKUI KaJeHAapb-€XKErOIHUK.

Bonpocskl k 1onycky:
1. ®opmynupoBka 3akoHOB Kemiepa.
2. DKIUNTUYECKAsl CUCTEMA KOOPJIUHAT.
3. Kondurypaiuu niaHer.

OcHogéHble meopemuuecKue ceeoeHus

JIsmxenue miaHeT Bokpyr CosiHIIa ommchiBaeTcs 3akoHamu Kerepa, KOTopbie
obutn chopmynupoBansl Morannom Kemiepom Tak:
1. Bce naanemwl 08UdNCYMCsL NO DJIUNCAM, 8 OOHOM U3 (POKYCO8 KOMOopbvix (0Owem
ona ecex naanem) naxooumces Connye.

2. Paouyc-eexmop nianemul 8 pagHvle NPOMENCYMKU BPeMeHU ONUCHLBAeNn PaABHO8e-
JIUKUe naowaou.

3. Keaopamwi cuoepuueckux nepuodos obpawenuti nianem gokpye Coanya nponop-
YUOHANbHBL KYOamM OONbUIUX NOJLYOCel UX INTURNULECKUX OPOUM.

T a’
T  a
rne T,, T, — cunepuueckue nepuosl OOpalieHuil IIaHET, a,, d, — OOJbLIKE IO-
JYyOCH UX OpOHT.
Ecnu Gonpiive nmoiyocu opOUT BhIpa)kaTh B €IMHULIAX CPEJAHETO PACCTOSHMUS
ot 3emun 1o CounHia (B a.e.), a mepuojIsl oOpaleHuid B rojaax, To ;s 3emmm a= 1, T
= 1, u nepuoa obpaieHus a000it mianersl BOkpyr CoHIla paBeH:
T= \/a3-
bnarogaps paboram M. HeroTona momyuensl o6oOuieHnbie 3akonbl Kemepa, KoTo-
pbI€ B HACTOSIIEE BPEMSI UMEIOT BU/I;
1. Iloo oeiicmsuem cunvl npumsdiceHusi 0OHO HebecHoe meao 08UNCemcs 8 noje ms-
2omeHnusi 0pyeo2o HebecHo20 mena no 0OHOMY U3 KOHUYEeCKUX CeyeHUuli — Kpyey,
UNCY, napabone uiu cunepooie.

2
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Ota GopMyJIUpPOBKA MOJXOJUT AJI ONMUCAHUS JBUKEHUS BCEX HEOECHBIX TEJl: CIyT-
HUKOB, KOMET, IBOWHBIX 3BE3]1 U JP.
2. IInowaos, onucannas paouycom 8eKmopom 3a eOUHUYY 8peMeHU eCmb GeIUYUHA
NOCMOAHHAS.
r’ ﬁ = const ,
dt
rae 0 — MoJISIpHBIA yroJl (MCTUHHAS aHOMAJIHS).
3.
T:(M+m) _a’
T:(M:+m:) a.’

rae M u m — macchl HEHTPAJbHOIO TeJla U CIIYTHHUKA, UHAEKCHI 1 U 2 OTHOCATCS K
pa3IUYHBIM [1apaM “TeJO-CIyTHHK .

B nannoii paGoTe nmpenmnonaraercs mpoBepka TpeTbero 3akona Kerepa B mep-
BOM TIPHUOJMKEHUU, TIPA STOM MOXHO CUYHUTATh OPOUTHI IJIAHET KPYTOBBIMH H JICXKa-
MU B OJTHOU ITIOCKOCTH.

IIpy cBOEM HNBHXKEHUH
no opOuTam IUIaHEThl MOTYT
3aHUMATh PA3JIUYHBIE T10JIO-
eHUsl oTHocuTenbHO ConHIa
U 3eMiid. DTU MOJIOKEHUS Ha-
3BIBAKOTCS KOH(UTypalUu.
Kongurypauuu paznuuarorcs
JUIS. HIDKHUX W IS BEPXHUX
mwiaHer. HuwxHUMU SBISIOTCA
TJTAHETHI, HAXOJAIUecs Ou-
xe K ConHily, yeM 3emis,
BEPXHUMH - T€, KOTOPBIE  gymo.d
JTaJIbIIIE. headpamype

JIns HWKHHUX IUJIQHET
BBIJICTISIIOT KOH(UTypaLUU:

2

Loelunsnug

Opduma sepzred
LAGHETE

Jamadwas
Keagpamypa

POmusocmesnue
HM)KHEC M BCPXHEC COCAUHC- =
aue ¢ CouHieM, HanOoJIbIIas Puc.6
3anajaHas U BOCTOYHAs JJIOH- Kongueypayuu nianem

rauuu. CroBO 3J0HTALUs 03-
HavaeT yaaneHue. CMBICH ABYX JIOHTALUN 3aKII0YaeTcs B TOM, YTO €CJIH MBI OyaeM
HaO0I01aTh HIDKHUE IJIAHETHl ¢ 3eMJIM, TO OHU OyAyT HaXOAUTHCS Ha CaMOM OOJIb-
oM yrioBoM pacctosauu oT Connia. Korga miianera HaxoguTcst B COEIMHEHUH, TO
OHa ¢ 3eMiH He HaOJroAaeTcs, TaKk Kak MakCUMaJbHO cOnmmxaercs ¢ CoJHIEM U Te-
psIeTCs B €T0 Jy4ax.

Kondurypauuu 11t BepXHUX IUIAHET HECKOJIBKO HHbIE. BepxHue maHeTb
UMEIOT COECIMHEHNE, IPOTUBOCTOSHHE (OIIO3MIINIO), 3aMaJHYI0 U BOCTOYHYIO KBaJ-
patypy. CMBICI 3THX KOHQUTYpaIHii MOKHO IMOHITH aHAJIOTUYHO, KaK U JIJIsl HUKHHUX
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a”eT. CoenuHeHne o3Havaet coeguHenue ¢ ConHieM npu HaOMI0IEHUH TIJIAHETHI C
3emui. 3HAYUT, BO BpEMs HaXO0XKICHHS TUTAHETHI B ATOW KOH(PUTYpallM1, OHA HAOJIO-
JAThCS HE MOXET, TaK KaK TepsAETCS B COJHEYHBIX JiyyaX. B mpoTuBOoCTOSIHMM, Ha-
00opoT, Tianera OyJeT BUAHA Jydllle BCEro, Tak Kak npotuBoctout ConHIly, a 3Ha-
quT HaOJIOaeTCs HA 0OpaTHOM CTOPO-

He Heba. B 310 Bpems mutanera Ommke 7 & FuE 2 v

BCEro MOJIXOAMUT K 3emJie U BUHA M0Y-
TU BCIO HOYb. HuXHsS TutaHeTa Haxo-
IuTCsl ONMKe BCEro K 3emiie B MOMEHT
HIDKHETO COEIMHEHUS U JalIblIe BCEro
B MOMEHT BepxHero. BepxHss mianera
npUOIMKAETCS B MOMEHT IPOTHUBO-
CTOSIHUSL U YJAJsieTcsi B MOMEHT CO-
eAMHEHMUSI.

[IpsiMble ¥ MONATHBIE ABUKEHUS
IUIaHET OOBSACHSIOTCS Pa3IMYUEM Op-
OUTAJIbHBIX JUHEHHBIX CKOPOCTEH Ijia-
HEThl W 3eMJIM, a TaKXKe Pa3IMYHbIMU
paanycamMu OpOWT TUIAHET, U MOTYT
ObITh TIOHSATHI U3 pUCYHKA. B HiKHEH
4acTH U300pa’keHa TPACKTOPUS JBUXKE-
HUS IUIAHETHI HAa HeOe, IMOKa3bIBAIO-
masi, KaKk MJaHeTa JAefaeT MEeTIo, a B
BEpPXHEH YacTU BUIHO, YTO 3Ta METIIO
KayIiascsi, oO0yCJIOBIIEHHAsI T€M, 4YTO
3emulsl MJIAHETY JIOTOHSIET U TMEPEroHs-
€T, WM e HA00OpOT, MIaHeTa JOTOHS-
€T U MEPETOHSIET 3EMITIO.

B BwxeHMM mJaHET BOKPYT
ConHlla BBILACNAIOT CUHOAMYECKUH U
CUJIEPUUECKUI TIepUObl 0OpaIlCHUS. N
Cunoouueckuii nepuoo oopawenus (S) Puc.7
ILUIAHETHl — IIPOMEXKYTOK BPEMEHHU Me- IIpamoe u nonsmuoe Ogudicerue niaHemuol
Ky e€ IByMs MOCIIeI0BATEIbHBIMU OJJHOUMEHHBIMHU KOH(PUTYpaITUIMHU.
Cuoepuueckuti unu 36€30ubli nepuod oopauwjernus (T) — MPOMEKYTOK BPEMEHH, B
TEYEHHE KOTOPOTO IUIaHETa COBEPIIACT OJUH MOJHBIA 000poT BOoKpyr CosHia Mo
cBOEH opoOuTe.

Cunepuueckuit nepuoa odpaiieHns 3emMiin Ha3bIBaeTcst 3BE3AHBIM rojioM (T3).

VYrioBoe mnepemMelieHue mno opoure 3a cyrku y miadHetel = 360/T, a y 3emun =
360/T3. Pa3HOCTh CYTOYHBIX YIJIOBBIX MEPEMEIICHUMN MJIAHEThl U 3€MJIM €CTh BUIU-
MO€ CMEILIEHHE UIAHETHI 3a CYTKH, T.€. 360/S.

[Tony4yaem aJii HUKHUX TUIAHET

7 2m
2 "
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1
Tx

G| —
N |-

JI1s1 BEpXHUX IJIaHET:
I 1

1
S Tx T

OTO ypasHeHusi CUHOOUYECKO20 OBUNCEHUSL.

HemnocpencrBenHo 13 HaOMIOAEHUN MOTYT OBITH OMPEACIICHBI TOJIBKO CHHO -
YECKHUE TIEPUOIbI OOPAIICHUH TUTAHET S U CUACPUUYECKHUIA TIEPHO] 0OpaIeHus: 3eMIu.
Cunepudeckue xe NepHoabl OOpaIIeHn TIAHET BBIYHCISIOTCS MO0 YPAaBHCHUIO CH-
HOJAUYECKOTO JIBUKEHUS.

[Tpo1OIKUTENBEHOCTh CHIEPUYECKOTO TEpUoJa 3eMJIM, WM 3BE3THOTO Trojaa
paBHa 365,256 cpeHUX COJIHEUHBIX CYTOK.

B3anMHoOe pacrnosiockeHHe IJIaHeT JIETKO YCTaHABIMBAETCS MO WX TeJIMOIEH-
TPUYECKUM SKIUINTAYECKUM KOOpAMHATAM, 3HAYEHUS KOTOPHIX Ha Pa3IMYHbIE JTHU
rojia MyoJIMKYIOTCS B aCTPOHOMUYECKUX KaJICHIAPAX-EKETOIHUKAX, B TaOIHIIE MO/
Ha3BaHueM ‘I €IMOIEHTPUYECKHUE AOJITOTHI TIJIaHET .

[lenTpoM 3TOM cucTemMbl KOOpAWHAT siBisieTcsl HeHTp ConHIa, a OCHOBHBIM
KPYroM — 3KITUITHKA, oJitockl kotopoi I1 u I1” oTcrost ot Hee Ha 90°.

Bonbiivie kpyru, mpoBeICHHbIE YEPe3 MOIOCHI SKIMITUKU, HA3bIBAIOTCS KPY-
raMu SKJIUNTHYECKUX LIUPOT, U MO HUM OTCUUTBHIBAETCS OT SKIUITUKHU TEIUOICH-
TpUYECKasi UpoTa b, KOTOpasi CUUTAETCS MOJOKUTEIbHON B CEBEPHOM SKIMUITHYE-
CKOM MOJYIIAPUU U OTPULIATEIBHOM — B IOKHOM JKJIUNTHYECKOM MOJIyIIapUU He-
oecHoit cdephl.

['enuoneHTprueckas 10arota | OTCYMTHIBACTCS MO IKIUNTHUKE OT TOYKHU Be-
CEHHEr0 PAaBHOJACHCTBUSI MPOTHUB YACOBOM CTPEJIKM JO OCHOBAHUSI Kpyra IIMPOTHI
CBETWJIAa U UMEET 3HaueHus B npeaenax ot 0 go 360°. N3-3a Manoro HaKJIOHEHUs Op-
OUT OONBIINX TJIAHET K MIIOCKOCTH SKJIUITUKU T TUIAHETHI BCEra HaXOAsATCsl BOJIH-
3U SKJIMINTHUKU, U B MEPBOM IpPHUOIHAKeE-

HUU MOKHO CUMUTATh MX TE€IUOLEHTPH- hnera, t2

yeckyto mupoty b = 0. Torma nonoxe-
HUE TIUTaHeThl oOTHocuTenabHO ColHIa
omnpeesseTcss JIMIb OJHON €€ Telno-
LEHTPUYECKOUN JOJITOTOM.

[Io rennoueHTpUYEeCKOM IOJIroTe
IUTAHET JIETKO BBIYUCIUTHL IHU (JIATh)
HACTYIUICHHUSI Pa3IMYHBIX KOH(UTypa-
nui. I[lycTe B HEKOTOPBIM JI€Hb roja t; Y
TEJIUOIIEHTPUYECKAsT JIOJTroTa BEPXHEH
IUTAHETHI CTh 1.

['enuoneHTprueckas J0JITOTa Puc.8
3emmun — lg;, n — cpenHss cyrouHas [ enuoyenmpuueckue 00n20mol NiaHen

I t

IInanera, t,
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YIJIOBasi CKOPOCTh IUIAHETHI, Ny — CPEIHSS CYyTOYHAasl YIJIOBasi CKOPOCTb 3eMIJIH.
Bepxuss nnanera asukercs BOkpyr ConHia mejieHnee 3emiu (n < ng), 3emis J10-
TOHSIET TUIAHETY, U B KAKOM-TO JIeHb rojia t, IPU TeJIMOIEHTPUUYECKON JI0ITOTe Tija-
HeThl 1, 1 3emun 1y, HacTynaeT nckomasi KOH(UTypalus MIaHeThI.

HpI/I 3TOM 12 = 11 + n(t2 - tl) = 11 + nAt. 102 = 101 + no(tz - tl) = 101 + noAt.

Otkyna, 0603Ha4mB 1, - 1; =Al, 1, - 1y; = Alg, ng - n = An, mosryanm

o Alo-AL 1

An An
Tormat, =t + At.

AHQJIOTUYHO BBIYUCIISIOTCS JTHU HACTYIUICHUS! KOH(UTYpAIMi HIKHUX TUIAHET
C YY€TOM TOT0, UTO HUXKHSSI TUTAHETa JABMKETCS ObICTpee 3eMITH.

Harnsgno mpoaeMoHCTpUpOBaTh W MPOBEPUTH pacdyeT MOMEHTa KOH(pUrypa-
M IIaHEeT MOXKHO ¢ moMoIIsio Mojaenau COJIHEYHOM CUCTEMBI. MOJIeNb MO3BOJISET
TaKke OCYIIEeCTBUTh MPOBEPKY 3-r0 3aKkoHa Kemepa.

[ImaneThl Ha MOJIENIM PACIIONIararOTCsl Ha PACCTOSIHUSX, MPOIOPIIMOHATIBHBIX JICHCT-
BUTEIBHBIM. OTHOCUTEIIBHBIC Pa3MepPhI TUIAHET TAKKE COOTBETCTBYIOT JICHCTBUTEIILHBIM.

Ha moBepxHOCTH KpBIIKU TPpUOOpA KPETISITCS IBE IIKAJTHI:

— BpEMEHHas, C YKa3aHUEM MECALIEB I'0/ia, C IEHOM JeJICHUs S5 THEH.
— TeJIMOLEHTPUYECKas JIOJITOT, C IIEHOH AeneHus 5°.

Pabora npubopa ocHOBaHa Ha BOCIPOU3BEICHUM T€IIMOIEHTPUYECKUX JIBHKE-
HUW TUIAHET, YTO MO3BOJISIET MIPOBOAUTH AEMOHCTPAIIMU JIBM)KECHUH IJIAHET C CoXpa-
HEHHEM MX OTHOCUTEIIbHBIX CHHOAUYECKUX U CUJICPUUECKUX TIEPUOJIOB OOpAIICHUSI.

Bxuttouas v BeIKITFOUAsl JBUTATENb, MOKHO ONIPEACIIUTh B3aUMHOE PACIIOJIOXKe-
HUE IUIAaHET W WX KOH(HUTypamuu B MOCIEAYIOIMMEe MOMEHTHL [lpu 3TOM criemyer
CpPaBHUTH JIAaHHBIE, TTOJIy9aeMbIe HA MOJICIIH, C TAHHBIMUA B aCTPOHOMUYECKOM KaJIeH-
Jlape - €XKETOHUKE.

Paccmotpum, Hammpumep, paboTy ¢ mpuOOpPOM TIpH TPOBEPKE ypaBHEHUSI CUHO-
JTUYECKOTO ABMXKEHUS i1 Mapca:

1 1 1
S T T ym s=LT¢
T—-Tk

Jlns aTOTO, ycTaHOBUB Mapc B IPOTUBOCTOSTHUU C 3eMilei, HarpuMep Ha 1 sH-
Baps, BKJIIOYAIOT JABUTATEb W BBIKIIOYAIOT €r0 B TOT MOMEHT, Korjga Mapc caenaer
OJIMH 000pOT, T.€. 3aliMeT MpeKHEe MoJIoKEeHHe. 3a oauH 000poT Mapca 3emuts cie-
naet 1 o6opot + 321 cyTku u octaHOBHUTCS Ha gate 17 HosAOps, T.e. 365 + 321 = 686
cytok. CrenoBaTenbHO, cujaepuueckui nepuoj Mapca paBeH 686 3eMHBIX CYTOK,
niu 1,88 roxa.

Jlanee BKITIOYAIOT JBUTATENh M CIEIAT, KOrjaa Mapc BHOBb OyAeT B POTHUBO-
CTOSTHUH; B 3TOT MOMEHT JIBUTATEIb BBIKIIOYAIOT. ITO JOHKHO mpou3onT 19 des-
paist, 3emiisl K 3TOMY BpeMeHHU noBepHercs Ha (2 x 365 + 50) = 780 cyTok, 4To co-
OTBETCTBYET CHHOJAMUECKOMY nepuoay Mapca.
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[loncraBuB naHHble B (pOpMylly M3 YpaBHEHMS] CHHOJIMYECKOIO JIBHOXKCHMS,

yOex1aeMcs B €€ CIPaBeyIMBOCTH. DTy K€ MPOBEPKY MOKHO OCYIIECTBUTH C TTOMO-
HIbI0 CEKYHJOMEpPa, OTMeuasl MPeABAPUTENIbHO BpeMsi 0lHOro oboporta 3emuu, Map-
ca, a 3areM cuHoaudeckui nepuo. [Ipu 3ToM 3a eauHUIYY BpEMEHHU cienyeT Oparthb
BpeMsi 000poTa 3eMIIH.

AHanornuHo nposepsierca 3-i 3akoH Kemnepa. PaccTtostHust 10 miaHer usme-

PAOTCS IMHENWKOM, 32 €IMHULY IPUHUMAETCsT paccTosiHue ot 3emun 10 ConHia.

B W N =

K 3a4ery HeoOxoammo:

. 3Hatb hopmynupoBKU 3aKoHOB Kerepa.

. YMeTh paznuvarh KOH(UTypaIiy IIaHeT.

. YMETh HaXOIUTh YCIOBUS BUAUMOCTH IIJIAHET B PA3JIUYHBIX KOH(UTYpaLHIX.
. 3HaTh YPaBHEHHE CUHOJUYECKOTO ABUKCHUS.

Oopa3zey 3a0anuii

Cuutasi OpOUTHI TUTAHET KPYTrOBBIMH, OMPEAEIUTh TeIUOLEHTPUUECKYIO JOJITOTY
3eMiIH U MJIaHET MO0 UX KOH(UTYpaLUsIM:

21 mapta — Mepkypuil B HIDKHEM coelMHEHUH, BeHepa B HanOoubIei 3anaaHomn
AJIOHranuu, Mapc B BOCTOUHOM KBazaparype, FOnurep B cOeIMHEHUY;

22 utoHsi — Mepkypuii B BepXHEeM coeMHEeHUH, Benepa B HaubobIIel BOCTOU-
HOU anoHranuu, Mapc B mpotuBocTosiHuu, FOnuTep B 3anmagHoi KBaaparype.

(Cnenarb cxeMaTU4eCKHE PUCYHKH, YUYUThIBAs MacmTao.)

C ITIOMOIIBIO HOI[BH)KHOﬁ KapTbl 3BE3IHOTO HeOa OIpCACIINTL CO3BC3IUsA, B KOTO-
PBIX HAXOAATCA BbIINICYKA3aHHBIC INIAHCTHI HA JAHHBIC J1AThI.

Hcnonb3yst mosienbs COMTHEYHON CUCTEMBI, YCTAHOBUTH 33JJaHHYIO IIAHETY B yKa-
3aHHYI0 KOH(UTypalMIO U ONPENEIUTh €€ TeIMOLIEHTPUYECKYIO 10AroTy Ha 1993
roJi (reJIMOUEHTPUYECKYIO JOJITOTY 3EMIIM B3STh U3 ACTPOHOMUYECKOIO KajleH/1a-
ps-€XeroHuka): a) 28 sstupapsi Mepkypuii B BEpXHEM COCIMHEHUM;

0) 7 suBapst Mapc B IPOTUBOCTOSHUH.

[To n3BecTHOM JaTe yKa3aHHOW HUKE KOHPUTYpaIMU BEIYUCIUTD JATy OYEpeIHON
TaKoOM ke KOH(UTrypaluu riaHeTsl: a) 27 nekadpst Mapc B coequHeHnn;

0) 23 okTs0ps FOnuTep B MpOTUBOCTOSIHUM.

5. Boruncnute cuHoMUeckuii nepuos oopameHus acrepousa Odpennu. a = 3.13 a.e.

Cuntast OpOUTHI MJIAHET KPYTrOBBIMHU, ONPEIEIUTh JIMHEHHYIO CKOPOCTh JIBHIKE-
HUS 10 opbuTe muaHer Mepkypuit, 3emis u FOnurep.

OnpenenuTh 3BE3NHBIA Tepuon oOpamieHus Mapca, 3Hasl, 9TO €r0  CHHO-
TUYECKUi nepuo paseH 779.94 cytoxk.
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8. I[lo Tounoit ¢opmynupoBke TpeTbero 3akoHa Kermsepa omnpeneauTs maccy
Onutepa, 3Hasg, uro paccrosiHue 1-ro cnytHuka oT IOnurtepa paBHO
422000 kM, BpeMs ero oOparmieHuss Bokpyr HOmurtepa 1.77 cyTok, paccrosi-
Hue ot JIynsl 10 3emiu paBHo 384000 kM, Bpems oOpatieHus: JIyHbl BOKpYT 3eM-
u 27.32 CyTOK.

Ilpumepot evinonnenus HeKOmMoOpwvIX 3a0aHuUll

1. Cuumas opbumul niarem Kpy208biMu, ONPeOeUms 2eIUOYEHMPUUECKYIO 00JI20MY
3emnu u nranem no ux kongueypayuam: 21 mapma — Benepa 6 naubonvuetl 8oc-
mounou 2noueayuu, Mapc 6 3anaouot keadpamype.

a) C nomowpio macumabno2o yepmedsica U mpaHcnopmupa.
6) C nomowbio 8biuuUCIeHULL.

a) MacmTaOHbIl YepTex — 3TO U300pakeHne OpOUT MIIaHET B BUJE KOHIICHTPHU-
YECKUX OKPY>KHOCTEH, pajiiyChl KOTOPBIX COOTHOCSITCS KaK OOJbIINE TOJyOCH OpOu-
JAHHBIX TUTaHeT. B gaHHOM ciyudae:
ag:az:ay=0.72:1:152 (puc.a). %

HomyctuMm, 3emiist HaXOAUTCS B A
touke 7, Ttorma Benepa — B Touke V
(B HauOOJIBIICH BOCTOYHOM DJIOHTA-
uun), a Mapc — B Touke M (B 3anan-
HOIl kBazpatype). Ilo ycnosuto (21
MapTa) HallpaBJICHHWE Ha TOYKY Be-
CEHHEro paBHOJCHCTBUA OYIET Mpo-
xonuth 4yepe3 ConHue. A oTcuer
TEIUOLIEHTPUYECKON JIOJTOThl OCY-
HIECTBJISIETCS. OT HANpaBlIEHUs Ha
TOYKY BECEHHETO PaBHOJCHCTBUS IO
4acoOBOM CTpEJIKE. Hcnonb3ys
TPAHCHOPTUP, HAXOAUM JJIsl 3eMJIU
I3 = 180° nns Beunepwl l6 = 136°,
st Mapcea v = 229°,

0) A Terepb ONMpeneuM TeJINO-
HEHTPUYECKYIO JIOJITOTY 3eMIId U Puc. a.

JAHHBIX TUTAHET C MOMOIIbIO BbIYHC-

nenuit. [To wepTexy BuaHO, uTO A1 3emuu [3 = 180 °.

st Benepsi 6 = 180°- &, a cos(@) = ag/ as, tie ag— 60abIIast TOIYOCh OPOH-
Tbl BeHepsl, a a3 - Oosbiias nosryoch opoutel 3emiun. Torga le = 180 ° - arccos(ag/
az). Utak, le = 136 °3.

Jlnst Mapcea v = 180° + B, a cos(f) = az/ ay. Torna lm = 180°+ arccos(az/
ay). Utax, v = 228 °86.
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JlaGopaTopHnasi padora Ne 6

MN3YYEHUE HEBOJIBIIUX OIITUYECKUX TEJIECKOIIOB

Leab padoThl: U3yyeHUE XapAKTEPUCTUK HEOOIBIINX TEIECKOMOB.
OO0opynoBanme: TesnecKomn-pedpakTop MKOJILHOTO TUIA, TEIECKOIbI-
peduexTopsl "Munap" u "Anbkop".
Bonpocsl k 1onycky:
1. Ha3znauenue Teneckorna.
2. Bubl onTHYECKUX TEIECKOIOB.
3. XapaKTepuCTUKH TEJIECKOIOB.

OcHogHble meopemuuecKue ceeoeHus

OnTuyeckre TEIECKONbl SBISIOTCS OCHOBHBIMU aCTPOHOMUYECKUMH HHCTPY-
MeHTamH. OHU TIpeIHa3HAaYEeHBI AJI TOTO, YTOOBL:
1.Co0pathb Kak MOXKHO OOJIBIIIE CBETA OT JAJIIEKOTO MpeIMeTa.
2.Co3natp BOAIM3U OT HaOmoaaress n300pakeHrne JaneKkoro MpeaMeTa U MO3BOJIUTh
TaKUM 00pa3oM pazIU4MUTh MOJAPOOHOCTH, HEOCTYITHBIE HEBOOPYKEHHOMY TJIa3y.

Cyl1ecTBYIOT BEChbMa CJIOXHBIE CUCTEMbI ONTUYECKHX TEJIECKONOB, OOBEAU-
HEHHBIC B TPU PYIIIbL:

— JIMH30BbIE TEJIECKOMBI-PEPAKTOPHI;

— 3€pKaJIbHbIEC TEIECKONbI-PeDICKTOPHI;

— 3€pKaJIbHO-JINH30BBIE.

B pedpakropax cBeT coOupaercsi 00bEeKTUBOM, COCTOSIIIIMM U3 JIMH3. B peduexTopax
00BEKTUBOM CIIY>KHT BOTHYTOE 3€pKajio, KOTOPOE HA3bIBAETCS TJIABHBIM 3€PKAJIOM.

B 3epKanbHO-JIMH30BBIX TEJIECKOINAX OJTHOBPEMEHHO MPUMEHSIOTCS JIMH3A U 3€pKaJIO.

[Tpu Bu3yanbHOM HAOIIOACHUH B (POKAIBHOM MIOCKOCTH OOBEKTHBA yCTaHABIMBACT-
Csl OKYJISIp — KOPOTKO(OKYCHAs CUCTEMA JIMH3.

Bwmecto okynsipa MOKHO yCTaHOBUTH YYBCTBUTEIbHBIA MPUEMHHUK HU3IIydeHUs: (o-
TOIUTACTUHKY, POV u T.1.

@okycnoe paccmosanue F. 1lycty nun3a (puc.9) ecth 00BEKTUB, HA KOTOPHIN
najaroT Jiydd OT 3Be3nbl. llpsmasi, mpoBefeHHas yepe3 LEHTPbl KPUBU3HBI 00EUX
IOBEPXHOCTEH 00BEKTHBA, Oy/IET ero IJIaBHOM ONTHYECKOW OChi0; B Touke F’ pac-
TMIOJIOKEH TIIaBHBIN (OKYC.

Ha pucynke 9 nokasassl Jy4u, UAyIIue OT APYTOM 3BE3]Ibl, HAXOASAIICHCS B CTO-
pPOHE OT TJIaBHOM ocu. M300paskeHHe 3TOU 3BE3/IbI OKAKETCS B CTOPOHE OT TJIaBHOM
ocu B Touke F’, mexareii B (okanbHOM TUIOCKOCTH. M3 YepTexka sSCHO, YTO €CIH
CMOTPETh U3 LIEHTPa OOBEKTHUBA, TO YIJIOBBIE PACCTOSIHUS MEXIAYy HEOECHbIMU Teja-
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MU (MJIM MEXIy IBYMS TOYKaMU OJIHOTO Tejla) U UX M300PAKEHUSMHU DPABHBI, T.K.
/FCF'= £ZSCS’.

)
[]3
Ik
F | K
= A
-~ J1
dokyc o

~

fﬂ} Pednexrop

S’ DOKYyCHOE PacCTOSHUE

, g ' Puc.
{b]' Pedpaxtop ue. 9

KycHoe paccrosinue F.

O0603HauuB 3TU yriabl OYKBOI O, MBI
MO>KEM HalKcaTh ypaBHEHUE:
FF'=FC tg a.

Beuny manmoctu yrima o tg o = o. To-
rna FF'=F'C'a,, rae o BepaxkaeTcss B
paguanax. U3 aTtoro ypaBHeHus cie-
yeT, 9YTO OJHOMY U TOMY K€ YIJIO-
BOMY pacCTOsSIHMIO Ha Hebe Oyner
COOTBETCTBOBATh TEM OOJbINEE H30-
opaxxenne FF’, yem Oojblimee pac-
crosiaue F'C, 1.e. pokycHOE paccTosi-
HUE 00BEKTHUBA.

dokycHoe pacctosiane F oObekTrBa
MO>XHO HaWTH, BOCIOJIb30BABIINCH
dhopmysiol ToHKOM JMH3BI. [lomecTuB
npeaMeT (Hampumep, JamIy Hakaiu-
BaHUsA) Ha paccrosiHuu 5-10 M oT
00BEKTHBa, HAXOIAT HU300paKeHue
(HampuMep, CUpaiyd Ha TOHKOM JIMC-
Te OyMaru, pacroJiO)KeHHOM B MECTE
HAaXOXJEeHUS OKynsipa). [lanee, nzme-
pPUB pPACCTOSIHUSL OT OOBEKTHUBA MO
npeameTa (d) b u paccTtostHuEe OT 00B-
ektuBa 10 wu3oOpaxkenws (f), mon-
CTaBJISAIOT B (OpMYIly ¥ HaxoasT ¢o-

Jluamemp 6éxoonoz2o omeepcmusa D. [Tnametrp BxogHOTO 0TBepcTUsi D 00beK-
TUBA, T.€. €ro pabouell YacTH, HE 3aKPHITOM OMPABOM, OMPEIEISIET KOJIUYECTBO CBE-
Ta, KOTOPOE MPOIOPIHOHAIBEHO D7,

Ilponuuarwowan cuna meneckona. Bunumas 3se3Hasi BeJMUMHA Hauboliee
cnaboi 3Be3/bl, JOCTYMHON TENIECKOIy, ONMPEAesaeT ero MPOHUIIAINIYI0 cuily. Y
3payka rjia3a 4deyoBeKa Mpu HaOMI0JACHUH HOYHOTO Heba nuamerp d = 6 MM, | Jst
4eJI0BEKa CO CPEIHUM 3PEHUEM JOCTYITHBI HAOIIOAEHHUIO 3BE3/1bI 10 6,5 BHIMMOI
3Be3aHOl BenmunHbl. OOBEKTHB HHaMeTpoM D MM cobupaet ceeta B (D/d)” pa3
OO0JBIIIe, ¥ TTOATOMY B HET'O BHJIHBI 3BE€3/IbI BO CTOJIEKO ke pa3 Oosiee ciabeie. Bu-
TuMast 3B€3/THAs BEIMYMHA TaKUX 3Be37 onpeaensercs Gopmyioi [lorcona:

m,=m+ 5 (IgD - Igd), orkyna
m, =15 IgD + 2,1.
JluameTp BbIpakeH B MM. B Ta0miuiie npuBOASTCS MPUOJIMKEHHbIE 3HAUYCHUS TIPOHU-
HAIOIEH CUJIbI TEJIECKONa C Pa3INYHBIMU BXOJHBIMU OTBEPCTUSMH.
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JuameTtp BxoaHoro orsepctust M. | 50 |70 | 100 | 140 | 200 | 250 | 500 | 1000

TTpoHHLAIOWIAs CHJIa TENECKONA 5% [103 161 [119 [126 [13.4 [139 [169

Omnocumensnoe omeepcmue A. BaxHeillieil BEIUYMHOW, XapaKTepU3YIO-
e 0OBEKTHUB, SBISETCS OTHOIICHHE IHaMEeTpa BXOAHOIO OTBEPCTHS OOBEKTHBA K
ero (OKyCHOMY PpacCTOSIHHIO, KOTOPOE HAa3bIBAETCA OTHOCUTEIIbHBIM OTBEPCTHEM.

A=D/F.

KonuuectBo cBeTa, coOpaHHOE 0OBEKTUBOM OT 3BE3/bl (TOYEYHOI'O MUCTOYHU-
Ka), 6yIeT 3aBHCETh TOIBKO OT BXOAHOro oTBepeThs ( ~ D). MHade 06CTOHT AeIO0 ¢
00beKTaMH, UMEIOIMMHU 3aMETHBIE YIJIOBBIE pa3Mephl, HANpUMEpP C MiaHeTamu. B
3TOM CJIy4yae BUAMMAs APKOCTb U300pakeHus OyJeT yMEHbIIAThCS, B TO BPEMs Kak
pu HAGJIIONCHHH TOYEUHBIX OOBEKTOB yBennumBaercs ~ D°. B camom jere, mpu
YBEIMYEHUH (POKYCHOTO paccTosiHus F mponopiuuoHanbHO YBEJIMYMBAIOTCS U JIHU-
HEHHbIE pa3Mepbl U300paKEeHUsI TAKOTO cBeTuia. [lpu 3TOM KOIMYecTBO CBETa, CO-
OupaemMoe 0OBEKTHBOM IpU HEM3MEeHHOM D, ocrtaercs npexuuM. OIHO U TO K€ KO-
JMYECTBO CBETA pacmpelersieTcs, CieloBaTelIbHO, Ha OOJIbILIYIO IUIONaab M300pa-
KEHHsI, KoTopoe pacreT ~ F°. TakuM o6pa3omM, npu yBemmueHnn F (uim, uto TO *e:
IpU YMEHBIIEHUN A) BJIBOE, IJIOLIAb N300pakeHHs yBelInyuBaeTcsi BueTBepo. Ko-
JMYECTBO CBETAa Ha €MHHUILY IUIOMIAIU, KOTOPOE ONPEENSIET SIPKOCTh HU300paKeHus,
YMEHBILIAETCS B TOM K€ OTHOIIEHUHU. [loaToMy M300pakeHne OyJIeT TyCKHETh MpH
YMEHBIIEHUU OTHOCHUTEJIIBHOTO OTBEPCTHSI.

COBEpIICHHO TaKOE€ K€ JIEWCTBUE OKAXET U OKYJSIPHOE YBEJIMYEHUE, MMOHU-

JKarolee PKOCTh U300paKEHUsl B TOM K€ OTHOUIEHUH, YTO U YMEHBIIIEHUE OTHOCH-
TEJIBHOTO OTBEpCTUS A OOBEKTHBA.
[ToaToMy 1151 HAOMIO/IEHUS CAMBIX MPOTSXKEHHBIX OOBEKTOB (TYMAaHHOCTEW, KOMET)
NPEANOYTUTENBHO claboe yBeJIMUYEeHUe, HO, KOHEYHO, HE HUKE HAUMEHBIIEro IO-
7e3H0ro. OHO MOXKET ObITh 3HAYUTEIHHO MOBBIIEHO MPU HAOIIOEHUN APKUX IJIAHET
U B 0co0eHHOCTH JIyHBI.

Yeenuuenue meneckona. Ecniu 0603Ha4nTh (POKYCHOE paccTosiHue 0OBbEKTHUBA
yepe3 F u ¢oxycHoe paccTostHre OKymsipa uepes f, To yBenmmuenne M onpenenuTcs
bopmynoii:

M = F/1.

YBenuueHue, 1aBaeMo€e TEIECKONOM, MOYHO OLIEHHUTb, ISl HA TPEAMET OJ-
HUM TJ1a30M 4€pe3 TEJIECKOII, a IPYTHUM — HEIOCPEIACTBEHHO.

Torna yBennueHue TejiecKona:

M=B/b,
rae B — pasmep uzo0Opaxenus, b — pasmep npeamera.

MOXHO HalTH YBEIMYEHHE TEIIECKOIIA, UCIOJIb3ysl METPOBYIO JIMHEWKY C Je-
UMETPOBBIMH JIeJCHUSIMH. JIJI 3TOro HEOOXOAMMO JIMHEWKY MOMECTUTh OT Teje-
cKkomna Ha paccrosiHue nopsiaka 10 M U HOIyYUTh YeTKOe M300pakeHne 4acTu Mpe-
MeTa (JiuHerku). [N OMHOBPEMEHHO OJHUM IJ1a30M Ha M300pakeHHue, IPyruMm —
Ha TpEJAMET, BbIOpaTh HA HM300paKEHUM HECKOJIbKO JeieHHH (n) W OnpeaesuTh,
CKOJIBKUM JIEJIEHUAM (N) Ha ITPEAMETE OHU COOTBETCTBYIOT. B 3TOM ciyuae:
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M=n/n".
Haubonbiiee nonyckaemoe yBeIMUEHUE MPU CIIOKOMHOM COCTOSIHUM aTMoc(depsl He
npesbiaet 2D, rae D — auameTp BXOAHOTO OTBEPCTUSL.

Jluamemp evixooHnozo 3pauxa. HabmomaeMblii IpeAMET BUJICH B TEJIECKOI OT-
YETJIMBO JIMIIb B TOM CIIy4ae, €ClIM OKYJISIp YCTAaHOBJIEH Ha CTPOrO ONPENEIEHHOM
paccTosiHuU OT PoKyca OOBEKTHBA. JTO TAKOE MOJOKEHHE, P KOTOPOM (OKaTbHAS
IJIOCKOCTh OKYJIsIpa COBMEIlleHa ¢ (OKaIbHOM MIOCKOCThIO 00bekTUBa. I[lpuBese-
HUE OKYJIsipa B TaKOE IMOJI0KEHUE HA3bIBAETCSl HABOJIKOM Ha (pokyc i (HoKycHupoB-
koi. Kora teneckon HaBeseH Ha POKYC, TO Jy4YH OT KaXJOW TOUKHU MPEAMETA BbIXO-
JAT U3 OKyJsipa napajyiedbHbIMU (JJIs1 HOPMaIbHOTO Tu1a3a). CBETOBBIE JIy4Yd OT H30-
OpaxkeHui 3Be311, 00pa30BaHHbIC B (POKATBHOM MIOCKOCTH 0OBEKTUBA, ITPEBPAIIALOT-
Cs OKYJISIPOM B IapajulesIbHbIC MTYyYKH.

[Tnomanka rje mepeceKaroTcs CBETOBBIC Myd-
KH 3B€37], HA3bIBACTCS BbIXOOHLIM 3PAUKOM.
Hasens Teneckorn Ha ¢cBeTiIOE HEOO, MBI JIETKO
MOKEM YBHJICTh BBIXOJHOMW 3padoK, ITOIHECS
K OKYJISIpY 9KpaH U3 Kycouka Oenoi Oymaru.
[Tpubnkas u ynansisi 3TOT 3KpaH, Mbl Haid-
7€M TaKoe IOJIOKCHHE, IPU KOTOPOM CBET-
JIBIA KPY)KOYCK UMEET HAMMCHBIIINE Pa3Mephl
U B TO )K€ BpeMs HanOoyiee OTYeTIuB. Jlerko
MOHATH, YTO BBIXOJAHOW 3pavyoK €CTh HE YTO
MHOE, KaK U300paKCHUE BXOJHOTO OTBEPCTHS
o0ObeKTHBa, 00pa3oBaHHOE OKYJsipoM. M3 pu-
cynka 10 BugHO, 4TO

2 = E =M = D .

d_f M
[TocnenHee OTHOIICHHUE ITO3BOJISIET OIPEJIE-
JUTH YBEIIMYEHHUE, TaBaEMOE TEJICCKOIIOM, €C-
JU HE HW3BECTHHI HU (POKYCHOE PACCTOSHHUC
00BbeKTHBA, HU (POKYCHOE PACCTOSIHUE OKYJIsIpa.

B BBIXOJTHOM 3pauke KOHIIGHTPUPYETCS BECh CBET, COOMPAEMBbIii 0OBEKTHBOM.
[ToaTOoMy, 3acOHSS YacTh BBIXOJAHOTO 3padka, Mbl KaK ObI 3aCJIOHSEM 4YacTh OOBEK-
tuBa. OTCIOJIa BRITEKACT OJHO M3 BAXHEHUIINX TPABWI BbIXOOHOU 3PAYOK He O0Jl-
JIceH Oblmb OonbuUle 3pauKa 2naza Habawoamess, uHade Yacms ceemd, COOPAHHA
00beKmueoM, Oyoem nomepsua.

W3 ompenencHus] BBIXOAHOTO 3padka CIIEAYeT, YTO BEIIMIMHA €TI0 TeM MCHb-
e ¥ OH TeM OJIMXKE K OKYJIApY, 4YeM Kopode (OKYyCHOE pacCTOSHUE OKyJspa (dem
"cunbHee" OKyIsIp), 1 HA00OPOT.
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OnpenenuM yBeIWYeHHUE, KOTOPOE J1aeT OKYJSAp, OOpa3yrIIui BBIXOJIHOU
3payvyoK, paBHBIM 3padky TrJja3a (HauMEHbIIEe MOJe3HOE WM PaBHO3PAYKOBOE yBe-
JIMYCHHUE M):

m = D/9,
rie O — JAuamMeTp 3padka rjia3a Win
— D — F .
m—g—7,
_f9
=

[Ipu paccmoTpenun wu3zo0paxkeHuss B (okyce OOBEKTUBA HEBOOPYKEHHBIM
riia3oM, 0e3 OKyJsipa, C PACCTOSIHUS SICHOTO 3PEHHSI Mbl CMOXXEM HCIIOJIb30BaTh OT-
BepCcTUE OOBEKTHUBA JIMIIL B TOM CIy4yae, €CJId €ro OTHOCUTEIHLHOE OTBEpCTUE A He
npeBbimaet 1:40, T.k. a3 Oy/eT HaXOIUTCA HAa PacCTOSHUU 25 cM mo3aau ¢Goxyca
oO0bekTuBa. B camom jene, npuHsB 6 = 6 MM, UMeeM:

1_f_ 256,

A & 6
T.K. JUAMETP 3pauka rjaza MEeHseTcs OT 6-8 MM (IpH MOJHOM TEMHOTE) A0 2 MM (IIpH
SPKOM JTHEBHOM OCBEIICHUH), TO HAUMEHBIIEE MOJIE3HOE YBEIMUCHHE OyIeT pa3iny-
HO IIPHU Pa3HbIX YCIOBUSIX U MPU HAOIIOJEHUU MPEIMETOB pa3inyHoil spkoctu. [lo-
JI0KUM, 4TO HabI0aeTCsl cliadblii 00bEKT (TYMaHHOCTh) B TEMHYIO HOUYB B TEJIECKOI
¢ D = 100 mm. TIpuaumas 6 = 6 MM, umeem: m = 100/6 = 16.7.

[Tpu HaGnrogeHuu qHeM, Hampumep, BeHepsl ¢ TeM ke 0O0bEeKTUBOM yBeluye-
HHE M IMOBBICHIIOCH OBI IO KpaiiHei Mepe BTpoe, T.e. 10 50, T.K. & =2 MM.

@DOKYyCHOE PACCTOSIHUE HY>KHBIX B 3THX CIIy4asiX OKYJSIPOB JIETKO HAWTHU IO

dbopmynam:

0 _F
A m

Ecnu y namero teneckomna 1/A = 15 (00bI4YHOE OTHOILIIEHUE Y PEPPAKTOPOB),
TO (POKYCHOE pacCTOSHUE ClIa0eiIero mojae3Horo oKysspa OyJeT B ciydae HOUHOTO
HaOJII0/ICHUsT TYMaHHOCTH paBHO 156 = 90 MM, a i AHEBHBIX HaOJr01eHU Bene-
pbl 152 =30 mm.

Benuuuna nona 3penua. Yron, noj KOTopbiM nuadparma okyJjsipa BUJHA Ha-
OJI01aTeNI0, HA3bIBACTCS Vel08blM NOJeM 3peHusi OKYIspa, B OTJIIMYME OT YIJIOBOTO
NOJISL 3pEHUS TEIEeCKONa, MPE/ICTABISIONIET0 YIIOBOW MOMEPEYHUK BUJIMMOIO B Te-
JIeCKoIl Kpy>kKka Ha HeOe. Ecnu Obl B okyssipe He ObuTo quadparMpl, TO MOJIE 3pPEHUS
OTPAaHUYIIIOCH OBbI OMPABOW €Tr0 MEPEIHEH JIMH3BI, T.K. ONpaBa HaXOAUTCS HE B ¢o-
KaJIbHON TIJIOCKOCTH OOBEKTHBA, TO JIYYM OT OOBEKTOB, HAXOASIIMXCS TOCTATOYHO
JIAJIEKO OT OMTUYECKOM OCH, YACTUYHO 3aCJIOHSIUCH OBl €10 U, CIEe0BATENbHO, MPE-
METhI, HAXOJSIIMECS Y Kpas MOJs 3pEHUS TEJECKOIa, BBITIIAICTN Obl TyCKJIEE, YeM
IeHTpaJIbHBIC. Takoe YacTUYHOE MPErpaKIeHNUE CBETA, BHI3BIBAIOINICE CHUKEHUE SIP-
KOCTH Ha Kparo IOJIsl 3pCHHUsI, HA3bIBACTCS BUHBETHpOBaHWEM. Bo m3bexkaHue 3Toro

nuadparma oKyJispa, HasbiBaeMas AuadparmMoi moss, HOMENaeTcst Tak, 4ToObl OHa
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coBrnajia ¢ (OKaJbHOM IUIOCKOCThIO OOBEKTHBA. Bee, YTO mMmomajgaeT B OTBEPCTHE
nuadparmbel, OyJeT NochbUIaTh BECh CBOM CBET B IJ1a3 HaOIO1aTEN.

Benuuuna nons 3penus meneckona pasHa euduHe noJisi 3peHust OKyaapa, 0eleHHol
Ha ysenuyeHue.

[Ipu 0ObIuHOM OKYJIsIpe ¢ TosieM 3penust B 40° mpu yBenuwuenuu B 40 pas
JEHCTBUTENbHOE TI0JIe 3peHus Tesneckomna Oyner paBHo 1°. Temeckon ¢ QOKyCHBIM
paccrosinueM B 1600 MM, cHaOKEHHBIN TaKUM OKYJISIPOM C (DOKYCHBIM PacCTOSTHUEM
B 20 MM, Oyzaer oOnaaarh mosem 3perus B 30", ToT e okymsp, npumMeHeHHbIH K 30-
TOUMOBOMY TyJaKoBckoMy pedpaktopy (F = 14,06 m), nact yBenuuenue B 703
pasa, u ero mnoJie 3perus oyuer 40°/703 ~ 3.4” (5 monepeunrkoB FOmuTepa).

Paspewmarowan cnocoonocmev meneckona. N3-3a siiaeHuss audpakiuu Ha
Kpasix 0ObEKTHBA 3BE3/1bl BUAHBI B TEJIECKOI B BUAE TU(MPAKIUOHHBIX TUCKOB, OK-
PY’KEHHBIX HECKOJIBKUMU KOJbLAMHU YOBIBAIOIIEH HHTEHCUBHOCTH. Y TJIOBOW JUAMETP
TG PAKIIMOHHOTO IUCKA:

® =MD,
rae A — JUTMHAa CBETOBOM BOJIHBI M D — quiaMeTp 0ObeKTHBA.

Ecnu nnametrp 0ObEKTHBA BBIPAXKEH B MM, JIJIMHA BOJIHBI B HM a pa3pellaroas
CIIOCOOHOCTH — B CEKYHJIaX JAYTH, TO MOCIEAHsS (opMysia MPUMET BU:

®=025A/D.

JIBa TOUEYHBIX OOBEKTA C BUAMMBIM YTJIIOBBIM paccTOsHUEM O HaxoasTcs Ha
npenesie  pasielbHON BUAMMOCTH, YTO OIPEAENAET TEOPETUUYECKYIO pa3pellaro-
HIyI0 CIIOCOOHOCTH TeliecKomna. ATMOC(epHOe APOKaHWE CHUKACT Pa3pelIarollyio
CIIOCOOHOCTH TeNECKOoMa J10:

® =122A/D.

Pazpemaromiasi cnocoOHOCTb OnpenesnsieT BO3MOXK-
HOCTb Pa3iM4YUTh BA CMEXHBIX 0ObekTa Ha Hebe. Te-
JIECKOI C OOJbIlIed pa3pemaroinie CrnocoOHOCThIO MO-
3BOJISIET JIydllle YBUAETH JIBa OJM3KO PaCHOJIOKEHHBIX
JIpYT K Opyry oOBbeKTa, HapUMep KOMIOHEHTHI IBOMHON
3BE3/bI.

Jlydmie TakXke MOXHO YBHJETh JAETald JHOO0ro
OJIMHOYHOTO O0BEKTA.

Pucynoxk 11 wimoctpupyer, Kak BUJ ABYX OJIU3IEKAIINX

2
ic) 06’I>CKTOB MOT 6BI HU3MCHATHCA C YBCJ'II/I‘ICHI/ICM pa3pe—

Puc. 11 [IAFOIIEN CIIOCOOHOCTH TEJIECKOIIA.
Korga yrnmosasi pa3peniaroiiasi CnocOOHOCTh Majia, OOBEKThI BBITJISAIAT KaK OJMHOY-
HOE pa3MbIToe MATHO. C yBeIMYEHUEM pa3peliaroiieil CriocoOOHOCTH JBa UCTOYHUKA
CBETa CTaHYyT PA3TMYMMBIMHU KaK OTACIbHBIC OOBEKTHI.

w
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Jluteparypa:
1.Acmponomuueckuii kanenoapw. Ilocmosanuas wacms. M., 1981.
2. Cukopyxk JI.JI. Teneckonwl ons modoumeneu acmpornomuu. M., 1982.
3. llecesuu B.I1. Ymo u xax nabarooamo na nebde. M., 1979.

K 3auery HeoOxoamumo:

1. 3HaTh XapaKTEpUCTUKN OOBEKTUBA U TEJIECKOIA.

2. YMeTh OOBSICHUTD UX Ha3HAUCHUE.

3. YMeTh HaxoAuTh yBeIMUYEHUE, (OKYCHOE PACCTOSIHHE, BBIXOJHOW 3padoK M pa3-
peLIaloILyI0 CIIOCOOHOCTh TEIECKOIa.

4. YMeTh JaTh CpaBHUTEIbHBIA aHAJIW3 BO3MOYKHOCTEH TEJIECKOIOB: pedpakTopa
HIKOJILHOTO, peduiekTopoB "Mumap" u "Anbkop".

Oopaszey 3a0anuii

1. Onpenenuts quamMeTp 0OBEKTHBA JAHHOTO TEIECKOIIa.

2. Onpeaenuth (POKYCHOE PaCCTOSHUE TEJIECKONa.

3. Onpeaenutb OTHOCUTENIBHOE OTBEPCTHE TEIECKONa.

4. OnpenenuTs BO3MOKHBIE YBEIMUYECHHS TEJIECKOIA C MPEAJIOKEHHBIMU OKYJISIpaMHu.
5. Onpenenutb NPOHUIAIOILYIO CHUITY TEJIECKOMa.

6. OnpenenuTh 1MaMeTp BBIXOJHOIO 3padka TEeJIECKOIA ¢ MPEAIOKEHHBIM OKYJISIPOM.

7. OnpenenuTh pa3peniaronyr0 CHoCOOHOCTh TEIECKOIA JJIsl ITUHBI BOJIHBI, K KOTO-

poii 6ostee uyBcTBHTENEH a3 A = 0,555 MM o gopmyire:
140
0="—""(").
b ")
8. OmpenenuTh MmoJIe 3peHUsI TeJIECKOIa Mo GopMyiie:
W=,
M

I7Ie W — II0JI€ 3pEHUs OKYJIsApa, M — yBelM4eHHUe TEIECKOIA.

37



JlaGopaTopHnasi padora Ne 7

OIIPEJIEJIEHUE IMOJOXEHUMW U YCJIOBUM BUJIUMOCTH
HHJIAHET

Heab padoThl: U3YyYUTH MOJIOKEHHE MJIAHET HA HeOe B 3aJJaHHbBIN epuo
BPEMEHU, ONPEJEIUTh YCIOBUS BUTUMOCTH U HAOIO/ICHUI 3a/IaHHOM TUTAHETHI.

Oo6opynoBanue: IBM - coBmecTumsIii koMmmbtoTep Tuia XT/AT 286 u Boliiie,
¢ monutopoMm He xyxe EGA 256 K, DOS Bepcuu He Huke 3.0, makeT mporpamMmm
ASTRONOM, 3Be3aHas kapTa 30/IMaKAJIbHBIX CO3BE3/IU, TOABMKHASL KapTa 3BE3/1-
HOTO HeOa.

Bonpocekl k 10nycky:
1. YcnoBust BUIMMOCTH TIAHET.
2. [logBuxkHast KapTa 3Be3JHOTO Heba.

OcHogHble meopemuuecKue ceeoeHus

Mpe1 HaOmogaem ABwkeHue miuaHeT COJIHEYHOW CHCTEMBI C ABMXKYIIEHCS BO-
kpyr ConHua 3eMiIM U 3TO MPUBOJIUT K Py OCOOEHHOCTEN B UX BUIUMBIX IepeMe-
HmIeHUAX Ha HeOe. Tpaekropun ABMXKEHHUS IUIAHET MPOECLUPYIOTCS HA HENOJBHUKHBIE
3Be3bl. [InmaneTsl, kak 1 ConHie, IBUKYTCS TOJBKO 10 30MaKaIbHBIM CO3BE3MM,
IIOCTOSTHHO IepeceKast SKJIUITUKY, HO HUKOTJJa CUJIBHO HE YJAJSIFOTCS OT HEe.

Xopo1ue ycioBus sl HAOJIOAEHUN UMEIOT TOJIbKO T€ IUIaHEThl, KOTOPbIE Ha-
XOJATCSl Ha 3HAUYUTENBHOM ynajieHuu oT CoJHIa, NPU MPOEKIUU UX IOJIOKEHUN Ha
SKJIUMTHKY.

Mepkypuii 1 Benepa, umeromue ¢cBou OpOUTbI BHYTpH OpOUTHI 3€MIIU, HUKO-
raa He oTxoasT aaneko or Comnnua. Mepkypuii MoxkeT ynanutecs Ha 280, Benepa —
na 480, ITosTomy ycrnoBus ais HabmoaeHns MepKypusl peiko ObIBAIOT GIarONpHSIT-
HeIMU. OH noYTH Bce BpeMs Tepsiercs B mydyax CosiHua. BeHepa BujHa Beerna nepen
BocxonoM CojHIla WK cpa3y Hocie ero 3axojaa. Paznuuaror nepuoasl yTpeHHEH U
BeuepHel BuauUMocTH Beneprl. HexkoTopbsle npeBHUE HApObl, KOTOPbIE C1a00 3HAIU
aCTPOHOMHUIO, CUMTAJIM, YTO 3TO JBa Pa3HbIX CBETUJA U Ha3bIBaIu BeHepy YTpeHHen
u BeuepHeli 3Be3/1011, B 3aBUCUMOCTH OT TOT'0, KOI'/1a OHA Ha0JI101aj1ach.

BHeunue nuaHeTsl, T.€. UMEIoUIMe OpOUTHI 32 OpOUTON 3eMiIH, yIAJSIOTCSA OT
CounHla, B IPOEKLMK HA SKJIMIITUKY, B JIIOObIX npenenax. OqHako ObIBAIOT BPEMEHA,
korja CoJiHIIe IPOXOAMT MO TEM K€ 30[MaKaIbHBIM 3HAKaM, TJ€ B JaHHBI MOMEHT
HaXOAMTCS Ta WIM UHad IJaHeTa. B 3ToT nepuoj yciaoBus 1isl HaOJII0AEHUS TIaHEThI
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HeOJIaronpusiTHbIC, MIOTOMY YTO OHA ObIBAE€T Ha BUJIMMOM YacTH HeOa JTHEM U TepsieT-
¢4 B sipkux Jrydax CoJiHIa.

[InaneTsl 00Ja7al0T pa3HON CKOPOCTHIO JBHKEeHUsI. Cambie ObICTpble — Mep-
Kypuil, Benepa, Mapc. Ilnanersl, Haxoasumecs naneko ot CoJiHIa, IBUKYTCI MEJ-
nenHo. K num otHocsrca: IOnutep, CarypH, Ypan, Hentyn, [lnyton. Tak, Mepky-
pUil UMEET CUAEPUYECKUM mepuoj; odpamienus 87,97 CyToK, 3HAYUT OJIUH 30]1Ha-
KaJIbHBIA 3HaK OH MPOXOJUT MPUMEPHO 3a Hexenwo. FOomurep ke, ¢ CUIEepuIeCKuM
nepuoaom 11,86 net, Oyaet 1BUraThCs O OJTHOMY 3HAKY OKOJIO T'ojia.

[ImaHeThl ABMXKYTCS MPSIMO, B HANpaBJIE€HUM ABM>KEHUsT COJIHIIA MO0 SKIIUMIITUKE,
MIOTOM 3aMEIJISIIOT CBOM XOJI, OCTAHABJIMBAIOTCA U JBUXKYTCS B IPOTHUBOIIOJIOXKHOM
HanpaBieHUHU. Yepe3 Kakoe-TO BpeMsl HaIllpaBJICHUE IBUKECHUSI CHOBA MEHSIETCA. JTH
JIBUKEHHSI HA3bIBAIOTCSI MPSIMBIMM M MONATHBIMHU. JIpE€BHME aCTPOHOMBI HA3bIBAIU
MIJIAHETHI U3-3a UX CJIOYKHOTO JIBMXKCHUS "OJIyKIAIOMIMMHU CBETUIIAMH .

[TpsiMble ¥ NONATHBIE IBUKEHHS IUIAHET OOBSACHSIOTCSA pa3ivMuueM OpOUTallb-

Ter e Pak ¥ ' HBIX JIMHEHWHBIX CKOPOCTEM IUIAHETHI U
e ;. 3emun. [Ipu 3TOM TIaHETHI UMEIOT TIET-
': "' Jeo0pa3Hble TpaekTopuu. Pasmep mneriu

it “h v+ | 3aBHCHT OT OTHOLIEHHS PAIMyCOB OPOMT
. Ilym> Mapca . . | mnanerst u 3emun. Y IOmurepa yrioBoit
.t - B . ]
d,,/"’f/ s f”;,.-’ pasmep netau okoiio 11°, a 'y IlnyTtona —
= BCero 3°.

[Ipy HEKOTOPBIX MOJIOKEHUSAX 3EMIIU U
IJIAHEThI, KOTOPHIE MOYKHO 3apAHEE BbI-
YUCJIUTh, TUCK IUIAHETHI MPOEKTUPYETCS
Ha spkui auck ConHua. Ilpoucxogut
« | ABIEHHE TMPOXOXKAECHUS IUIAHETHI IO
nucky ConHua. Y Mepkypusi Takue mpo-
XOXKJICHUSI OBIBAIOT 4acTO, B CpeaHEM OAHO 3a 15 yer. Y BeHepbl MpOX0XKIEHUS MO
nucky ComHua cinydarorcst pexxe. bamxaiiiee npousoiiger B 2004 roay. CBeneHus o
MPOXO0XKACHUSX JTAIOTCS B ACTPOHOMUYECKUX KaJICHIAPSX.
da3za 1IaHeThl U3MEPSETCS OTHOIIEHUEM TLIOIIA N
OCBEIIICHHOM YacTH BHJMMOIO JHWCKAa KO BCEH ero
IJIOMIAM. YTOJI MEXAY HAIPABICHUEM C TLJIAHETHI
Ha CoJHile 1 3eMITI0 Ha3bIBaeTCs (Pa30BBIM YTJIOM.

K ComHiy

%
[Tpu dazoBom yrie Yy = 180° mianera HaXOIUTCS
Mexay ConHiemM u 3emiiei, ¢daza paBHa HYJIO,
IUIAHETa HE OCBEIIEHA COBCEM.
K 3emiie
Puc.12

Daso8blil Yo nianemuvl



[Tpu dazoBom yrie Y = 0° 3emust u CosHile HAXOIATCS MO OAHY CTOPOHY OT IJIaHe-

ThI

, (baza paBHa 1, BUIMMBIN TUCK TIJIAHETHI OCBEIIEH MOJHOCTHIO.

Ces13b Mex 1y pazoi u (pa3oBbIM YIIIOM:

@zcoszi.

Jlns HyokHUX 11aHeT (a3oBbid yroa usMmensiercs ot 0 go 180°. Jlng Mapca —

He Ooutee 48°,3, mist FOmuTepa — 11°, 1ig octanbHbIx MeHbIe 11°. [l BepxHUX
maHet dasza 6m3ka K 1.

B CPCAHCM IIIAHCTA CTAHOBUTCH BHI[HMOﬁ IIpHu yJaJICHHUU OT COJ'IHHa Ha yroJl HE

MeHee 10° B BeceHHee U OCEHHEe BpeMs W Ha yroia 15° — B 3uMHee U JieTHee BpeMs
rona. [loatoMy B mepBoM MpUOIMKEHUHU, CAUTAsT OPOUTHI TIAHET KPYTrOBBIMHU, MOXK-
HO pacCcuuTaTh YIJIOBOE yaaieHue rmaHeThl oT CouHila, T.e. OyAeT miaHeta HaOJro-
JaeMa B JaHHBIM MOMEHT WJIM HET.

~

Jluteparypa:

. Baxynun I[1.U., Kononosuu 3.B., Mopo3 B.U. Kypc obweu acmpornomuu. M., 1983.

2. Yunn @.JI. Cemvs Connya. M., 1984.
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. Lleceeuu B.I1. Ymo u kax nabrooams na neoe. M., 1979.

Ooépa3ey 3a0anuii

C nomourpto nporpammuoro nakera ASTRONOM onpenennts 3KBaTOpUaIbLHbIC
koopauHatel Mepkypust (15-20 onopHbix Touek) ¢ 1 okTsi0ps o 1 nexadbps 1999
roja u FOnurepa ¢ 1 aBrycra 1999 roga no 1 nexadpst 2000 roaa.

Hanectu 1o IMOJIYYCHHBIM KOOPpAMHATAM OIIOPHBIC TOYKH HA 3BC3JIHYIO KapTy 30-
JUaKaJIbHBIX COSB@BI{I/Iﬁ " IIOCTPOUTDH TPACKTOPHUIO BUJIUMOT'O JIBUKCHUS IJIIAHCTDI,
OTMCYas JaThl HAXOXACHUS IIJIAHCThI B IAHHBIX TOYKAaX.

[TpoBecTn aHanu3 NOJy4eHHOW TpaeKTOpuu. OTMETUTH: JaThl MPSAMOIrO U MOIAT-
HOT'O JBMKEHMS; CO3BE3US U SIPKUE 3BE3/1bl, CPEIN KOTOPBIX JIEKUT ITYTh ILJIAHE-
ThI, 14Tl MAKCUMAJIBHOTO YIJI0BOro yaaneHus ot ConHua.

OnpenenuTh, B KAKUX KOHPUTYpAIUIX HAXOJUTCS TUIAHETA B YKa3aHHBIN TIEPUO/I.

C nmomoupl0 MacITAOHOrO YepTeka, CUUTass OpPOUTHI IIJIAHET KPYTOBBIMH, OIpE-
NeNNTh, HaOmonaeMbl 11 20 1ekaldpsi IUIaHEThI, €CJIM OHU paHee ObLIN B CIIEYIO-
mUX KoHQurypauus:  a) 15 urons BeHepa B HI)KHEM COEIMHEHUH;

6) 10 mas FOnuTep B MPOTUBOCTOSIHUU.



6. C moMoIIbI0 MOJBMKHONU KapThl 3BE3IHOTO HeOa OMpPEIC/IUTh, B KAKOE BpeMs Cy-

TOK M B KaKOM HaIIpaBJICHHUU Ha6J'IIOI[aCMa BeHepa B HauOOJIBIICH BOCTOYHOM
OJIOHI'alTuH.

. Hcnone3ys nporpammubiii maker ASTRONOMY LAB, onpenenuThs naTthl Hau-
JAy4iield BUAMMOCTH BBILICYKa3aHHBIX MJIaHeT ¢ 1 ceHtalps mo 31 gexabps Teky-
niero rojxa. Hailtu iiist TaHHBIX AaT MOMEHTBI BOCXO0/a M 3aX0/1a IUIAHET, YIJIOBOE
ynanenue oT CoJIHLIA, PaCCTOSIHUE OT 3€EMJIA U BUJIUMYIO 3BE3/IHYIO BEJIMUUHY.

Ilpumeput evinonnenus HeKOmMopwvIX 3a0anuil

C nomowvio macuumabHo20 yuepmedxca, cHumas opoumvl nianem Kpy208blMu, on-
peodenums, HaOM0O0aemvl au 1 cenmaopsa nianemvl, eciu OHU panee ObLIU 8 Cile-
oyrowux kougueypayusax: a) 1 oexabps Benepa 6 éepxnem coeOunenuu,

0) 1 oexabps Mapc 6 3anadnoii keadpamype.

Onpenenuts, OyayT v HabMogaeMbl 1 CEHTAOPS IJIaHEThI, MOYKHO TIPU TOMOIITH

MacimTabHOro yeprexa M TpaHcrnoptupa. Yeprex B macmTabe o00o3HayaeT uzolpa-

KE€HUE OpOUT IUJIAHET B BUJE KOHILIEHTPUYECKUX OKPYKHOCTEH, paguychl KOTOPBIX

COOTHOCSTCS KaK OOJIBIIHE IMoJIyoCcHn Op6HT JAaHHBIX IIJIAHET (pI/IC.Cl).

Honyctum, 1 gexabps 3emiis Haxoauiach B Touke T, Torna Benepa — B Touke

Vi, a Mapc — B touke M;. Cnycts 9 mecsiieB
(tounee 274 cytok) 3emisi MPOHAET MO CBOEH
opoute (I = n X At, Tiae n — cpeduss y2noeas cKo-
pocmb  opbumanvHo2o osudicenus, At — epems
osuorcenus.) 0°.9856 x 274 = 270° u okakeTcs B
touke T,, Benepa mpoiiger 1°.6021 X 274 = 439°
(touka V,), a Mapc — 0°.524 X 274 = 143°.5
(touka M,). Tenepb, uzmepuB yroa ZLV,T,S
(AAy) u yron ZM,T,S (AAy), MOKHO B TIEPBOM
MPUOJIMKEHUH TOBOPHTH O BUJIMMOCTH ITHX TLIa-
HET Ha JIAaHHYIO JIaTy.

Utak, Aly = 34°, a Aly = 65°, T.e. B JaHHOM
ciydae o0e TIaHeThl HaOTI0aeMBbl.

M2

\| ConHue
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JlabopaTopHasi padora Ne 8

CHEKTPbBI U CBETUMOCTD 3BE3/]

Leab padoThl: n3yueHue Kiaccu@UKauu 3B€3HbIX CIIEKTPOB, TUArPAMMBI
I'epummpynra-Peccena, onpeneneHne CBETUMOCTEN 3BE3/I.

Oob6opynoBanne u nocodusi: IBM - coBmectumsiii komnerotep tuna X T/AT
286 u BhIIE, ¢ MOHUTOPOM HE Xyxke EGA 256 K, DOS Bepcun He Huxe 3.0, maker
nporpaMmM ASTRONOM, acTpoHOMHUYECKHH KalieHAAph (ITIOCTOSAHHAS YacTh), IIeje-
BBI€ CIIEKTPOTrPaMMBbI 3BE3I.

Bonpocel k 1onycky:
1. l'apBapckas knaccuukaius 3Be3JHbIX CIIEKTPOB.
2. InarpamMma ['epummnpynra-Peccena.

OcHogéHble meopemuuecKue ceeoeHus

Cnexkmpanovnaa Knaccugpukayus. 3Be31HbIE CIIEKTPHI MO3BOJISIIOT U3y4YaTh
duznyecKkue XapakTepUCTUKH 3BE3/] U CYAUTH O MPOIIECcCax, MPOUCXOIAIINX B UX He-
Ipax.

3Be3/1bl UMEIOT HENPEPBIBHBIE CIIEKTPHI, HA KOTOPBIE HAKJIAJbIBAIOTCS TEMHBIE
U IPKHUE CHEKTPaJIbHbIC TUHUU. Pa3nuus CIeKTpOB 3B€3/1 3aKIIFOYAIOTCS B KOJINYECT-
B€ U MHTEHCUBHOCTU HAOJIOMAaeMbIX CIIEKTPAIbHBIX JIMHUH, a TaKXkKe B pacrpezaene-
HUU DHEPTUU B HENIPEPBHIBHOM CIIEKTPE.

Yactp nmyuelt, IpoXoAsaIux yepe3 atMocdepy 3Be3/bl, MOTIONIAeTCs, MPUIEM
3TO TMOTJIOIIEHUE MOKET ObITh HEMPEPBIBHBIM, KOT/Ia OCIA0JIseTCsl HEKOTOPHI Oosee
WM MEHEE MPOTSHKEHHBINM YyYaCTOK CIEKTpa, U U30MpaTesibHbIM, KOT[a MOTJIOMAI0TCS
Y3KHE YYACTKH CHEKTPA.

CrexTpbl OOJILIIMHCTBA 3BE3]l YAAJIOCh PACHIONOXUTh B BUJE MOCIIEI0BATEb-
HOCTH, BJOJIb KOTOPOM JIMHUM OJIHUX XUMHUYECKUX BJIEMEHTOB MOCTENEHHO oclade-
BAaIOT, a IPYTUX — ycuiauBaroTcs. CXoIHbIE MEXIY CO00M CIEKTPhl OOBEAUHSIOTCA B
CIIEKTpaJIbHBIE KJIACChl. TOHKHE pa3nuyusi MEXKAY HUMH IO3BOJIAIOT BBIIECIUTH MOJI-
KJIACCBL.

3Be3/1bl, NPUHAJIEKAIINE PA3IMYHBIM CHEKTPAJIbHBIM KJaccaM, OTJIMYAKTCA
CBOMMHU TEMIIEpaTypaMHu.

Orta knaccudukanus Obla BrepBble MpUMeHeHa Ha [apBapickoil o6cepBaro-
pun B Hayane XX Beka. [lo3nuee ["apBapackas knaccudukanus I0NOTHAIACH, BUIO-
U3MEHSIACh U CETOJHS — 3TO CJIOXHAs CXEMa C MHOXXECTBOM MHIEKCOB U IMOApPA3Le-
joB. B pesynbrare paboTel rapBapackux actpoHomoB mosiBuiics ‘‘Kartanor I'enpu
Hpanepa”, coaepkaiiuii CeKTpalibHbIe XapakTepucTuku 225 320 3Be3/1 CEBEpHOTO U
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I0’)KHOT'O TIOJIyIIapus Heba M BKIIIOYAIOIIUN MPAKTUYECKU BCE 3BE31bI 10 9 3B. BejM-
YUHBI.

B TapBapackoii kinaccupukaluu CreKTpajdbHbIe TUIBI 0003HAYEHbl OyKBAMHU
JaTUHCKOTO ajdaBuTa

WN C R-N
Q- P- W- O- B- A- F- G- K- M.
WC S

—— Kaacc O. bonbmas HWHTEHCUBHOCTH
; SR W yIbTpaduOIETOBON 007aCTH CBUIETEIb-

_ .|| crtByer o BeicOKO#T TemmepaType. Caer
: STHX 3B€3Jl KaKeTcst To1yOoBaTeiM. Hau-

0ojice MHTCHCHUBHBLI JIMHUM HOHU30BaH-

i,

T-Corrr

[ g HOT'O T'€JIUS U, MHOTOKPAaTHO MOHU30BaH-
TJIEpO,
poA HBIX, yIJIEpOJa, KPEMHHS, a30Ta, KUCIO-
[ Jﬂ | ” "l ) pona. Ecte cmabbie mMHUM HEUTPATLHOTO
ereso— i KA i renus ¥ Bojopojna. Temmeparypa ¢oTo-
- cdepst - 30 000 K.
[ ﬂUlMﬂ”m 1 Kaacce B. Haubounbiiry1o HHTEHCUBHOCTb
. Kucnopon JIC30, . . -
Harprii Marmuif” B UMEIOT JIMHUU HEUTPAIBLHOTO renusd. Xo-
I ‘ | “wumlil G pOILIO BUAHBI JIMHUK Bopopoaa. LBer ro-

———KHCI0pOT nyOoBaro-06ensiil. Temnepartypa - 20 000
“ I ! npn. 3 K. Tunununas 3Be3na — Cnuka.

Knace A. Jlunum BOJgOpOAa AOCTUTAIOT
HauOOJbIIEH HMHTEHCUBHOCTHU. XOPOIIO
o BUJIHbI JIMHUM MOHU30BAHHOTO KaJIbLIMS.

L

—

Oxucs TuTana “veruma =8} [{Ber Genprit. Temmeparypa — 10 000 K.

Puc. 13 Tunuunsle 38e3161 — Bera, Cupuyc.
CrnexTpsbl
Kaace F. Jlunun Bonopona ocnabeBaroT. Y CUIMBAKOTCS JIMHUM MOHU30BAHHBIX Me-
TaJUIoOB (Kajblus, *Kenesza, Tutana). L[Bet kenroBateiii. Temneparypa — 7 000 K.
Tunuunas 38e31a — [IpounoH.
Knace G. OueHb UHTEHCUBHBI JIMHUA MOHU30BAHHOTO KaybIvs. [[BeT xentoiil. Tem-
nepatypa — 6 000 K. Tunuunas 38e31a — CoutHIIE.
Kaace K. ®@uosneroBblii koHell ociabiieH, YTO CBUAETENIbCTBYET O CUIBHOM yYMEHb-
meHun temieparypol. L[Bet kpacHoBathiii. Temneparypa — 4 000 K. Tunuunsie
3Be3/1bl — APKTYp, AJlibiecOapaH.
Kaace M. Jlunun metamioB ocnabeBatoT. CHeKTp NepecedeH MoJiocaMu MOrJiouie-
HUS MOJIEKYJI OKMCH TUTaHa U IPYTUX MOJEKYISPHBIX COCIUHEHUN. [[BET KpacHBI.
Temnepatypa — 3 000 K. Tunuunast 3Be3qa — betenbreiize (anpha Opuona).
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Kpome 0CHOBHBIX KJ1accoB e€cTh OTBETBJIEHUS OT kiaccoB G u K, nmpexacrasistoniue
co0o0l 3Be3/lbl C aHOMAJIbHBIM XMMHYECKUM COCTaBOM, OTJIMYAIOUIUMCSA OT XUMHUYE-
CKOI'0 COCTaBa OOJIBIIMHCTBA JPYTUX 3BE3/I.

Kaace C. Coaepxxut yriepoanbie 3Be3/bl. B criekTpax BbIJ€iI€HbI JUHUU MOTIOLIE-
HUS aTOMOB U T10JIOC MOTJIOMIEHHS MOJIEKYJI YIJIepoaa.

Kaacce S. [{upkonuesbie 3Be3/1b1. BMeCTO MoJI0C OKMCH THTaHA IPUCYTCTBYIOT TOJIO-
Chl OKHCHU LIUPKOHMUSI.

B knaccax R u N 3aMeTHBI pa3IMuHbIe MOJIEKYIAPHBIE COCAMHEHNS.

BykBoit Q 0003Ha4al0TCs CIIEKTPaIbHbIE KIACChl HOBBIX 3BE3/.

BykBoii P 0603HauatoTcsi CrieKTpajibHbIE KJIACChl CIIEKTPOB IUIAHETAPHBIX TY-
MaHHOCTEM.

bykBoit W ob6o3HavaroTcsi ciekTpbl 3Be31 Tuna Bonbda-Paite — oueHb rops-
YKe 3B€3/1bl, B CIIEKTPAX KOTOPHIX MHOTO YMUCCUOHHBIX JIMHHUM.

B cnexrpax 38e31 WN BUAHBI ClIEKTpalibHbIE JIMHUU a30Ta.

B cnektpax 38e31 WC BUIIHBI ClIEKTpalibHBIE JIMHUU yriepoa. TemiepaTypsl
dbotocdep saTux 3Be31 oueHb Bhicoku: oT 60 000 mo 100 000 K.

BHyTpu ka)xmoro ciekTpaibHOro Kjiacca MOXKHO YCTaHOBUTH IJIABHYIO MOCIIE-
JIOBATEJNbHOCTh MOAKIACCOB, MEPEXOAIUX M3 OJHOro B Apyroil. Kaxnpri kiacc
(xpome O) nenmutcsa Ha 10 mogkimaccoB, o6o3HadaeMbIx mudpamu ot 0 10 9, KoTOpHIC
CTaBSITCS MOCJE OYKBBI.

Cnexrtpanbhbiii kiace O nenutes Ha nojknaccel ot O4 no 09,5.

[Tocne Takux 0003HAYEHUI CTaBATCS pa3HbIE 3HAYKU, €CIM CHEKTp oOjamaer
ocobeHHOCTsIMU. Eciau mpuCyTCTBYIOT 3MHMCCHOHHBIE JIMHUHW, CTaBUTCA OyKBa e.
3BE3IbI-CBEPXTUTAHTHI YaCTO OTIWYAIOTCSA TUIYOOKUMHU y3KHUMH JIMHUSAMH. DTO OTME-
yaetcsa OykBoit ¢ (cF0). JlaBneHnue raza B Toil 00JacTy 3BE3HOM 000JIOUKH, Te 00-
pa3yroTcsl CIIEKTpajbHbIE JUHUM, BIUAET Ha UX WUpHUHY. [Ipu mManol mioTHOCTH U
MaJjiOM JIaBJICHUM CHEKTpaJbHbIC JTUHUU TOHKHUE U PE3KO OUYEpUYEHHbIE. DTa 0COOEH-
HOCTh YKa3bIBa€T Ha BHICOKYIO CBETUMOCTb.

MHTEeHCUBHOCTD U30PAHHBIX JTUHUIN TOIJIONIEHUS MO3BOJISIET CYJIUTh O CBETH-
MOCTH 3B€3/Ibl, SIBISIETCA OHA TMFAHTOM WJIM KapiMKoM. B mepBoM ciyuae nepen
CIIEKTPAJIBHBIM KJIACCOM CTABUTCS MHJIEKC g (TUTaHT), BO BTOpoM — d (KapJiuK).
Jlpyrue ocOOEHHOCTH, HETUIIUYHBIC JJI JAHHOTO Kjacca 0003HayaroTcs OYKBOU P
(pecular) — nekyisspHbIe cIEKTPBI (ASp).

OceBoe BpalieHue 3BE3] MPUBOAUT K PACUIMPEHHIO W Pa3MbIBAHHMIO CIIEK-
TpabHBIX TUHUHN. [l09TOMY BBEIEHBI MHACKCH N — AU y3HBIC JIMHUHA, U S — PE3-
KH€ JTUHUW, OHH MHIITYTCS PSJIOM C OOBIYHBIM CHMBOJIOM CIIEKTPAIBHOTO KJIacca.

CpaBHHBas CIEKTPOTPaMMYy 3BE3/Ibl CO CTaHIAPTHBIMH 3BE€3HBIMU CIIEKTPAMH,
MO>KHO YCTaHOBHUTH MOJIKJIACC 3BE3/IbI U MPUOIMKEHHO OLICHUTH €€ TEMIIepaTypy.

Paznuuus B geTansx CneKTpoB OJHOTO M TOTO K€ MOJAKJIacca Mo3BOJIAIOT Olle-
HUTb CBETUMOCTH 3Be3ll. Ceemumocmbio HA3bIBAETCA MOTOK DHEPIUM, U3ITydaeMbIii
3BE3/101 MO0 BCEM HANPABIICHUSM.

lg(Ly/L.) = 0,4 (Mc - M3),
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rae Mc u M3 — aOcotoTHbIE 3Be3IHbIe BeJInurHbl COJIHIIA U JH000M 3BE3/bl COOT-
BETCTBEHHO, a L¢ u L3 — ux ceetuMoctu. OObIyHO cBeTUMOCTh COJTHIIa MPUHUMAET-
Cs PAaBHOM €IWMHMIEC W CBETHUMOCTH 3BE€3]l BBIPAXKAIOTCA B €IWMHUIAX CBETUMOCTH
Comnuua. Tornma:
Igl., = 0,4 (Mc - M3).
AOGCOTIOTHYIO 3BE€3HYIO BEIMUHUHY 3BE3/IbI MOXKHO HAWTH 1O (hopMyTIe.
M=m+5-1gr.

A eclii OHa W3BECTHA, MOKHO HAaTH pacCTOSIHUE J0 3BE3/bL.

m—M
5

Paznocte Mexay (ororpaduueckoil U BU3yalbHON 3BE3IHBIMH BEIUYHMHAMMU

Ha3bIBaeTcs nokazamenem ysema C.
C= m(bOT - Mgy = Mq)OT - MBI/IS'
TeMmmneparypa MOXKeET ObITh HaiiieHa 110 hopmyJie:
7200°
CC+0",64°

[Tomumo I"apBapckoil kiaccupukanuu Obl1a pa3paboTaHa emie CreKTpaibHas

KJaccudukaiys 3Be3/1 o cBeTuMocTsIM. OHa Ha3bIBaeTCS I7IepI<CKa;1 KJ1accuguKkaus

Igr= +1

i “xnaccudukanus MKK” mo umenu pazpaborunkoB — Moprana, Kunana u
KomnemaHa.
B »aT0il kmaccudukaiuu OCTaBJICHBI CIICK-
TpasibHble Kiacchl ['apBapickoil kiaccuguka- :
I[IMK, HO BBEJECHO IOHATHE O KJacce CBETMMO- oo™ %Bsnxfffaﬂm
9 B
CTH, KOTOPBII ONpeAesieTcsl 10 BUAY U OTHO- e -~
S € ; e 100 g
CHUTEIbHOH HMHTEHCHBHOCTH HEKOTOPBIX M3- T oL Sias e -
o - =." .. ['maBHas
OpaHHBIX 11 ATOW IETU CHEKTPATbHBIX JIH- 3 tait = >ocen0BaTSbROCTS
Hui. Kiacc cBeTMHMOCTM — 3TO XapakTeph- o Pl N e s 10 R
. . L S |
CTHKa a0COJIFOTHOM 3BE3IHOM BEJIUYNHEI. c = HFOHHH‘? s -_H L
T i '
[a — spKue cBEpXrUraHTel (CBETUMOCTb OKOJIO E e :_i;"l“ ke
E'rﬁr:.Fl '-Er -~ ThE
L i 2
10 000). 0,01 CIIBIC KapJInK Kpacusic™ .
[ab — npomexXyTOUYHBIE CBEPXTUTAHTHI. © . xapmadr REe
s . &
Ib — cnalbie cBepXruraHtbl (CBETUMOCTH 5 sl T E T e Banas st
- F"rmirm Canauri
000). I
HER i 0000 )
II — sipKHie THTaHTHI. emndpatypa por6depst
[T — cnabbie (HOpMaTbHBIE) TUTAHTHI. B oA ¢ @l m
IV — Cy6FI/IFaHTBI. CriexkTpaipHas KIacCHpUKAIIL
V — rnaBHas MOCJIEO0BaTeIbHOCTh (4O CIICK- Puc.14
TPaJIbHOTO Ki1acca F — rurantel, mocie — KapJivki Tuazpamna

VI — cybrapiuku. Tepywnpynea-Paccena
VIla u VIIb — Genble KapJIuKH.
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Juazpamma I'epymnpynza-Paccena. B 1905 rony Oiinap ['epuimmnpyHr u B
1910 rony I'enpu Paccen ycTaHOBWIM CYyIIECTBOBAHHUE 3aBUCUMOCTU MEXKAY BUIOM
CIIEKTPa U CBETUMOCTBIO 3BE3/1.

DTa 3aBUCMMOCTh WIUTIOCTpUpYETCsS rpaduKoM, MO OJHOM OCH KOTOpPOro OT-
KJIQJ(bIBACTCS CIIEKTPAIbHBIN KJIacc, MO APYroil — abCOII0THAS 3B€3/1HAsI BEJIMUMHA.
Ota auarpaMMa Has3bIBAE€TCS OUASPAMMOU CHEKMP-CEeMUMOCMb UIU OUAZpaMMOU
I'epywnpynea-Paccena.

[TonmoskeHne Kakaoi 3BE3/bl HA JUArpaMMme Ompefensercs ee (U3NUecKoi
IIPUPOJION M cTaauen sBosonuu. 11o3ToMy Ha nuarpamme 3armeyarsiaeHa BCs UCTOPHUS
paccMaTpUBaEMOM CUCTEMBI 3BE3/I.

Jlnarpamma Mo3BOJISIET BBIACIUTH Pa3IMUHbIC TPYIIBI 3BE3]], 00bETUHECHHbBIC
o01muMU (HU3NYECKUMU CBOMCTBAMM, U YCTAHOBUTH 3aBUCUMOCTh MEXIY HEKOTOPHI-
MU UX PU3NYECKUMH XapakTepucTukaMu. C MOMOIIBIO AUarpaMMbl MOXKHO HCCIIEI0-
BAaThb XUMUYECKHI COCTAB U HBOJIOLMIO 3BE3/I.

BepxHsis yacTh aAuarpaMMbl COOTBETCTBYET 3Be37aM OOJBIION CBETUMOCTH,
KOTOpbIE TIPU JAaHHOM 3HAYEHHH TEMIEPATypbl OTIMYAIOTCS OOJBIIMMHU pa3Mepamu.
3/1eCh pacnoJIararoTCsl TUTaHThl U CBEPXTUTAHTBHI.

HwxHss yacTh [uarpaMMsbl 3aHATa 3BE€3aMU Majol CBETUMOCTH. 311€Ch HAXO-
JATCSI KapIUKH.

B neBoii yactu pacnosnaraioTcs ropsuue 3Be3/pl 0071€e paHHUX CHEKTPaAIbHBIX
KJIACCOB, a B MPaBoil — 0o0Jiee XOJIO0IHbIE 3BE3/Ibl, COOTBETCTBYIOIIHE 00Jiee MO3THUM
CIEKTPaJIbHBIM KJlaccam.

JlnaroHane uaymias cieBa BHU3 HaIlpaBO, HA3bIBAETCS IVIABHOW IOCIEI0BA-
TEJIbHOCTBIO. B10Jb HEE pacronoKeHbl 3B€3/1bl, HAUMHASL OT CaMbIX FOPSIYHUX 10 Hau-
0oJiee XOJIOIHBIX.

Jluteparypa:
1. Acmponomuueckuti karenoaps. [locmosaunas uacmo. M. 1981.
2. baxynun I[1L.U., Kononosuu 3.B., Mopoz B.HU. Kypc ooweti acmponomuu. M., 1983.
3. Lecesuu B.Il. Ymo u xax nabmooams na neode. M., 1979.

1 moJry4yeHust 3a4eTa He0OX0AUMO:
1. 3HaTh OCHOBHBIE CIIEKTPAJIbHBIE KIACChI 3BE3.
2. YmMetb paboTtaTh ¢ Auarpammoii ['epummnpynra - Paccena.
3. BpInOJIHUTH 3a/1aHHUS.

Ooépa3zey 3a0anuii

1. KnaccuduuupoBats choTorpadupoBaHHbIE IIETIEBBIM CIEKTporpadomM mpeaio-
YKEHHBIE CIIEKTPbI 3BE3].
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2. BbpluuciauTh paccTosinue, abCONIOTHYI0 BHU3YaJIbHYIO M (poTorpaduueckyro Beu-
YUHY MPEIJIOKEHHBIX 3B€3]] 110 (hopMyJiaM, MPUBEACHHBIM B OIMCAHUH.

3. Haiitu 3HaueHust aOCOTIOTHOW 3BE3/IHOM BEJIMYUHBI U CBETUMOCTH TPEIJIOKEH-
HBIX 3BE€3]] C TOMOIIBI0 TTporpamMMHoro nakera ASTRONOM.

4. M3yuyuTh NOJIOKEHUE ATUX 3BE3]l Ha Auarpamme I 'epummnpyHra-Paccena, onpene-
JINTh, K KAKUM KJIaccaM CBETHUMOCTH OHHM OTHOCSITCS.

5. Ilepeiitn k auarpamMme “cCrekTp-macca’, HaWTH 3HAYEHUE MACChl, pajguyca U
IUIOTHOCTH.

6. Ilonp3ysich HIKENPUBEAEHHON TAOIMIIEH, MOCTPOUTH IpadrK 3aBUCUMOCTH MEXK-
Iy TOKa3aTesieM IBeTa M TeMIIepaTypoi 3Be3J, yKa3aB Ha TOM jXe rpaduke oc-
HOBHBIE CIIEKTPaJIbHbIC KIACCHI.

HIkana 3¢ (peKTUBHBIX TEMIEPaTyp 3Be3]

Cnexr | Ilokazarens OddexTuBHas Temneparypa
p 1[BETA

05 - 0,45 35 000°
BO - 0,31 21 000°
B5 - 0,117 13 500°
AQ 0,00 10 000°
AS + 0,16 8 100°
FO + 0,30 7 200°
F5 + 0,45 6 500°
GO + 0,57 6 000°
G5 + 0,70 5 400°
KO0 + 0,84 4 700°
K5 + 1,11 4 000°
MO + 1,39 3 300°
M5 +1, 61 600°

7. Tlo monxyyeHHOHN B MpEIbIAYIIEM 3aJlaHui 3aBUCUMOCTU ONPENEIUTh MOKa3aTeNb
[[BETa U BBIYUCIUTH a0COJIOTHYIO BUAMMYIO U (hoTorpaduueckyro 3Be3AHYIO0 Be-
JUYUHY TPEAJIOKEHHON 3BE3/IbI.
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JlaGopaTopHnasi padora Ne 9

KPATHBIE 3BE3/1bl

Lean padoTel: onpeneneHue 06jiecka, CBETUMOCTH U PACCTOSIHUSI MEXKTY 3BE3-
JJaMHU B IBOMHOMN CHUCTEME.

OobopynoBanue u MOCOOMsI: ACTPOHOMUYECKUI KaJeHAAPh (ITOCTOSIHHAS
4acTh), KAJIbKYJIATOP.

Bonpocel k 10nycky:
1. Tunel KpaTHBIX 3BE3AHBIX CUCTEM.
2. XapaKTepUCTUKU 3aTMEHHO-TIEPEMEHHBIX U CIIEKTPAIbHO-IBOMHBIX 3BE3/IHBIX CUC-
TEM.

OcHogHble meopemuuecKue ceeoeHus

/leoiinvie u Kkpammuvie 36e30vl. HaOmoneHus NOKa3bIBaIOT, YTO HEKOTOPHIE
3Be3/1bl O0BEAMHEHBI B (PU3MUECKU CBsI3aHHBIE MEX Ay co00i mapbl. OHM Ha3bIBAIOTCS
@u3zuueckumy TBOWHBIMU 3BE3aMH.

CylecTBYIOT TakXke CiydailHble OOBEIMHEHMsI 3BE3J], KOTJIa Ka)eTcs, 4TO
3Be37IbI 00pa3yroT mapy BceaeAcTBUE d(deKTa MPOeKIuu IBYX (U3UYECKH HE CBS-
3aHHBIX 00BEKTOB. Takue napbl HA3bIBAIOTCS ONMUYECKUMU.

JIBOifHBIE 3BE3/IbI BCTPEUAIOTCS OUYEHBb 4acTo. VX M3ydeHHe Ba)KHO JJISl BBISIC-
HEHUS TIPUPOJIBI 3BE3]] U JIsl KOCMOTOHHUYECKUX MTPOOJIEM MPOUCXOKICHHUS U IBOJIO-
IIUU 3BE3/I.

Oba KOMITOHEHTa Mapbl CHJIBHO MPUTATHBAIOTCS APYT K APYTYy, HO CUJIa MPH-
TSOKCHHS YPaBHOBEIIMBACTCS IIEHTPOOCIKHON CHIION BpaleHus. ITO IPUBOIUT K Op-
OuTaTbHOMY ABM)KCHHUIO BOKPYT 00IIero IeHTpa Macc. CKOpPOCTh 3TOTO ABMXKECHUS U
dbopma opOUTHI HECYT HH(POPMAIIHIO O Maccax HEOECHBIX TEl.

JIBoiiHbIE CHCTEMBI O4Y€Hb MHOTr000pa3Hbl. CyHIECTBYIOT Mapbl HACTOJIBKO
Onu3KKHe ApPYr K JAPYTry, YTO MX MOBEPXHOCTU TMOYTHU compukacaroTcs. llpummBHoe
B3aMMOJICICTBHE MPUBOAUT K TOMY, YTO KOMIIOHEHTBI PUOOpETAIOT (HhOpMY 3ILIHUI-
COMJIOB M C UX MOBEPXHOCTEW BEIIECTBO MEPETEKAET C OJTHOTO KOMIIOHEHTa Ha JpY-
roil WM Jake MOCTENEHHO BhIOpachiBaeTCs 3a mpenessl cucteMbl. [lepuonbr oOpa-
IICHHUS TAKUX CHCTEM COCTAaBIISIOT HECKOJIBKO YacOB.

JIBOMCTBEHHOCTh TECHOM CHCTEMBI OOHAPY)KMBACTCS C TIOMOIIBIO CIIEKTPOTpa-
da, a TakkKe MyTeM H3Y4YCHHs B3aMMHBIX 3aTMCHHM, BBI3BIBAIOIINX TEPEMEHHOCTD
Onecka. DTH 3Be3/bl HENb3S YBUJIECTh pa3/ielbHO. Taknue CUCTEMbI Ha3bIBAOTCS CHEK-
MPAILHO-080UHBIMU UIU POMOMEMPUYECKUMU OBOUHBIMU, B 3ABUCUMOCTH OT TOTO, C
MIOMOIIIBIO CTIeKTporpada wim (GoToMeTpa yCTaHABIUBACTCS TBOUCTBEHHOCTb.
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Korga nBa koMmnoHeHTa pa3jeneHbl CUIbHEE, Ha PACCTOSIHUE B HECKOJIBKO CO-
TEH PaJuyCcoB, X MOXHO Pa3JIMYUTh B TEJIECKON. Takue mapbl Ha3bIBAIOT 6U3YAIbHO-
O0BOUHBIMU.

PaccrosiHust MeXly KOMIIOHEHTaAMHU 3THX Map MOTYT OBITh CTOJIb BEIUKH, YTO
IPUTSHKEHUE IPYTUX 3BE37] CIOCOOHO Pa3pylIUTh JBOMHYIO CUCTEMY.

KoMmoHeHThI MOTYT OBITh OJTMHAKOBBIMH Ml COBCEM pa3HbIMU. IHOT1a 01HA U3
3BE3]1 HACTOJBKO MaJla, YTO HE BUJHA U BBLAAET CBOE IPUCYTCTBUE, BbI3bIBASI aHOMA-
JUU B JIBMOKCHUM TJIABHOW 3Be3/bl. TakHe CUCTEMBI Ha3bIBAIOTCS acmpomempuye-
CKUMU OBOUHBIMUL.

YacTo BCTpeyaroTcs KpaTHbIE 3BE3/IHBIE CUCTEMBI, COCTOSILINE U3 HECKOIBKUX
3Be3n. [Ipu sTOM Takuwe mapbl MOTYT OBITH OJHOBPEMEHHO BHU3YaJbHO-IBOWHBIMU,
CIEKTPaJIbHO-IBOMHBIMU U UMETh HEBUAUMBIE ciiyTHUKHU. Hampumep, 3Be31a Anbda
Llenraspa.

3ammenno-nepemennsie 36e30ol. Kpusvie 6n1ecka, onpedenenue opoum Kom-
nonenm u puzuueckux xapaxmepucmuk. 3aTMEHHBIMU NIEPEMEHHBIMU HA3bIBAIOTCS
TaKhe Hepa3pelIuMble B TEJIECKOIbl TECHbIE Mapbl 3B€3/, BUIUMAsl 3B. BEJIMYHUHA KO-
TOPBIX MEHSIETCS BCIIECJCTBUE MEPUOJAMUYECKH HACTYMAIOMIMX JJIsl 3eMHOr0 HaOJI0/1a-
TeJsl 3aTMEHUN OJHOrO0 KOMIIOHEHTa CHUCTEMBbI IpyruM. B 3ToM ciydae 3Be3na c
OoJbILIel CBETUMOCTHIO HA3bIBAETCS TJIABHOM, a ¢ MEHbILIEH — CIIyTHUKOM. THUIUY-
Hble npuMepbl — Asrous (3 Tepces) u B JIupsi.

BcenenctBue perynsipHO MPOUCXOASIIAX 3aTMEHUM TJIABHOW 3BE3[IbI CITYTHU-
KOM, a TaK)K€ CIyTHHMKA TJIaBHOM 3B€3/10M, CyMMapHas BUJIMMas 3B. BETUYMHA MEHS-

Puc.15
I'paduk n3menenus Gecka 3aTMEHHO-IBOMHOM 3BE3/1bI

€TCS IEPUOJUYECKH.

['paduk, nzo0pakaromuii U3MEHEHHE MOTOKA U3JTyUYEHHUs 3B€3/Ibl CO BPEMEHEM
Ha3bIBaeTCs KpUBOW Osiecka. MOMEHT BpeMeHH, B KOTOPBIN 3Be37a UMEET HaUuMEHb-
IIYI0 BUAMMYIO 3BE3JHYIO BEIMUYMHY, HA3bIBACTCS AMOXOW MaKCMMyMa, a HauOOJb-
LIy — JIO0XOU MUHUMYMA.
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Pa3HOCTPh 3B€3AHBIX BEJIMUMH B MUHUMYME U MAaKCUMyME Ha3bIBA€TCA aMILIM-
TYyAOM, a MPOMEKYTOK BPEMEHHU MEXIY ABYMS IOCIENIOBATEIbHBIMU MaKCUMyMaMU
WJIM MUHUMYMaMU — MEPUOJIOM NIEPEMEHHOCTH.

[To xapakTepy KpuBOH Ojiecka 3aTMEHHOM MEpPEeMEHHON 3BE3/Ibl MOXKHO HAWTH
AJIEMEHTBI OPOUTHI OAHOM 3BE37bl OTHOCUTENIBHO APYTrOd, OTHOCUTEIbHBIE Pa3Mephl
KOMITOHEHTOB, TpeJICTaBIeHNE 00 UX popMme.

Ha xpuBoii 6iiecka BUIHBI ABa MUHUMyMa — TJIyOOKHH, COOTBETCTBYIOLIUI
3aTMEHMIO TJIaBHOM 3BE3/IbI, U CJIA0BIM, BOSHUKAIOIINN, KOT'/Ia IJIaBHAs 3B€3a 3aTMe-
BAET CIYTHHK.

Ha ocHOBaHMM netampHOTO M3y4YEHUS] KPUBBIX OJIeCKa MOYKHO MOJTYYUTH Clie-
JOYIOIINE JAHHBIE O KOMIIOHEHTaX 3aTMEHHBIX IEPEMEHHBIX 3BE3/1:

1. Xapakrtep 3aTMEHHUI ONPEAEISIETCS HAKJIOHEHUEM U pa3Mepamu 3Be3a. Korna nuck
OJIHOM 3BE€3/Ibl MOJHOCTBIO MEPEKPHIBACTCS JUCKOM JIPYroi, COOTBETCTBYIOIIUE 00-
JacTH KPUBOHM OJiecKka MMEIOT IUIOCKHE YYAaCTKH, YTO TOBOPHUT O MOCTOSIHCTBE W3-
YEHUsI CUCTEMBI B TCUEHHE HEKOTOPOTO BpeMEHU. Eciii 3aTMEHUSI YaCTHbIE — MUHU-
MYMBI OCTpBHIE.

Ecnu 3Be3apl NMpUMEPHO PaBHBI MO pa3MepaM, MUHUMYMbl U MaKCUMyMbl KpPHUBOM
NPUMEPHO OJWHAKOBBI, €CIIM OJHA 3BE3/1a 3HAYMUTEIbHO MEHBUIE, TO MaKCUMyM
CUJIBHO MTPEBOCXOJAUT MUHUMYM.

2. Ha ocHOBaHMM MPOIOTIKUTEILHOCTA MUHUMYMOB HaXOJIAT PailyChl KOMIOHEHTOB
BBIPKEHHBIE B JOJIIX OOJIBIION MOJYOCH OPOWTHI, TaK KaK MPOIOKUTEILHOCTD 3a-
TMEHUS IPONOPLIMOHATIbHA TUAMETPaM 3BE3/.

3. Ecnu 3aTMeHue MoJHOE, TO MO OTHONICHUIO TUIYOMH MUHUMYMOB MOXXHO HAWTH
OTHOIIIEHUE CBETUMOCTEH, a TIPU U3BECTHBIX PaJNycax — OTHOIICHHE 3(()EKTUBHBIX
TEMIIEPATYP 3BE3I.

4. IlnaBHOE U3MEHEHUE KPUBOU OJiecKa TOBOPUT 00 3JUIUINCOUIAIBHOCTH, BHI3BAHHOM
IPWIMBHBIM BO3/IECTBUEM OUEHb OJM3KUX KOMIIOHEHTOB ABOMHBIX 3BE3]I.

B HacTosiiee Bpems nzBecTHO 0K0Jio 4000 3aTMEHHBIX 3BE3/] Pa3IMYHBIX TH-
1oB. MUHUMaNbHBIN U3BECTHBIM MEPUOJ] — OKOJIO Yaca, MaKCUMaJbHBIN Oosee 57
JIET.

Cnexmpanvro-08otinvie 36e30bl. B clieKTpax HEKOTOPBIX 3B€3] HAOIIOJAIOTCS
MEPUOANYECKOE PA3/IBOCHUE WM KOJIeOaHUE MOJOKEHHS CIEKTPAIbHbIX JUHUM. Ec-
JIY 3TH 3BE3/bl ABJISIOTCS 3aTMEHHBIMU MEPEMEHHBIMU, TO KOJICOAHUS JIMHUI MPOUC-
XOJIAT C TEM K€ TMEePUOOM, YTO U u3MeHeHue Onecka. [Ipu 3ToM B MOMEHTHI coe/Tu-
HEHUH, Korma o0e 3BEe3bl ABIKYTCS MEPICHIUKYISIPHO Y4y 3PEHHs, OTKIOHCHHE
CHEKTPAJIbHBIX JIMHUN OT CpeAHero nonoxenus paBHo 0. Ecau HaOmogaemblii CIEKTp
MPUHAIICKUT TOJIBKO OJHOU 3BE3]1, TO BMECTO Pa3IBOCHUS JIMHUN HAOIIOJACTCS UX
CMEIIEHUE TO B KPACHYIO, TO B CUHIOIO 00JIACTh CIEKTpa. 3aBUCUMOCTb OT BPEMEHHU
Jy4€BOM CKOPOCTH, ONPEAEIEHHOMN M0 CMENICHUSM JIMHUM, Ha3bIBACTCS KPUBOU J1)ye-
8blX CKOpocmell.

B HacTosiiiee Bpems uzBecTHO 0K0Ji0 2500 3Be3/, TBOMCTBEHHAs MTPUPOIA KO-
TOPBIX YCTAHOBJIEHA TOJbKO Ha OCHOBAHUM CHEKTpalIbHbIX HaOmoaeHui. s 750 u3
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HUX TOJIy4eHbl KPUBBIE JTYYEBBIX CKOPOCTEH, MO3BOJISIONIME HAWTU MEPUObI 00pa-
IeHUs U GopMy OPOUTHI.
Tak kak 3Heprus, nojy4yacmMas HaMmu OT KPpaTHOM 3BE3/Ibl paBHA CYMME dHEPTUi
OT KaX0il U3 KOMIIOHEHT, TO OJieck E KpaTHOIi 3Be3/1bl paBEeH cyMMe OJiecKa ee KOM-
ITOHEHTOB:
E=E, +E,+ ..,
¥ TI03TOMY €€ BHIuMas m M abcomroTHas M 3Be3gHBIC BETWYMHBI BCETJAa MEHBIIE
3BE3IHOM BEIMYMHBLI M; 1 M; 11000T0 KOMIIOHEHTA.
Briunciienre cyMMapHOW 3BE3HOI BEJIIMUUHBI JIETYE BCETO MPOU3BECTH, MOJIb3YSICh
COOTBETCTBYIOIIMMH TaOIUIIAMHU.
Ecnmu BuaumMyro 3Be3IHYIO0 BEIMUYMHY 00Jiee SIPKOTO KOMIIOHEHTa 0003HAYHTh 4epe3
m;, a 6oJee ciaboro — yepes3 my, TO My > My, U MO Pa3HOCTU
Am=m, - m;
B Ta0JIMIIaX OTHICKUBACTCS MOMpaBka Am’, MO3BOJISAIONIAS OMPEACTUTD
m=m; - Am’.
DTOT TaOJMYHBIA METOJA MOXKET OBbITh IMOCJIEI0BATEILHO MPUMEHEH K KOMIIO-
HEHTaM 3BE3/IbI JIF000H KPATHOCTH.
Cornacno ¢opmyie [lorcona otHomenue 0iecka aByx 3Be31 E; u E; cBs3ano ¢

X 3BC3IHBIMHU BCJIMYHUHAMU 1| U 1My.
£ =2,5120mm
E-

Taxum 06p2130M, 3Hasd BUAUMBIC 3BC3HBLIC BCINYMHBI KOMIIOHCHT KpaTHOﬁ
3BC34bI, MOXXHO BBIYHUCIINTH OTHOIICHUC 6HeCKa OTUX 3BC31.

DHeprus, NpoXoAsilas B €IMHHUIYY BPEMEHH uYepe3 3aMKHYTYIO IOBEPXHOCTD,
OKpPYXKarIyro ,Z[aHHLIﬁ HCTOYHHUK H3JTYUYCHHS, HA3BIBACTCSA €TO CBECTUMOCTEIO. Cne-
JOBATCJIIBHO, oJieck 3BE3AbI IIPOIMOPIHHUOHAIICH €€ CBETUMOCTHU U O6paTHO IMpoIropuuo-
HaJICH KBaapary paccrosuus 10 Hee. O003HaYMM CBETUMOCThL OYKBOIi L, paccrosiHue

710 3BE3/IbI — OYKBOH T, a KoadpuimeHT nponopuroHaibHocTH — k. Torma

L
E = k —2 .
r
Jlns nByX 3B€31 UMEEM
L L>
Ei= k—2 N E»= k—2 .
ri r2
Jlelns mepBoe paBEHCTBO HA BTOPOE, MOJYUHM:
Er Li. r2?
E» L»r®’

Ecnu nBe 3Be311bI COCTABISIIOT (PU3NUYECKH TBOWHYIO 3BE3/y, TO PACCTOSHUE JI0
ATUX 3BE3[ MPAKTUYECKU OJMHAKOBO: I'1 = I,. TOraa noiay4nm:
Eir L
E» B L
OTtHomenue Ojiecka JBYX 3B€3/] CUCTEMbl PABHO OTHOILICHUIO UX CBETUMOCTEH.
JIuHeliHOE paccTOsSIHUE MEXIYy KOMIOHEHTaMHM (PU3MYECKH JBOMHOM 3BE37bI MOXKET
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OBITh BBIYMCIIEHO TOJBKO B TOM CIIy4yae, €CJIM M3BECTHBI TOAMYHBIN Napajulakc T U
HAKJIOHEHHE 1 OpOUTHI KOMIIOHEHTa — CIYTHHUKAa K KapTUHHOW IJIOCKOCTH, T.€. K
IUIOCKOCTH, MIEPICHIUKYJIAPHON K JTy4y 3peHusi HaOmogaTens. OTa MIOCKOCTh Kaca-
TelbHA K HeOeCcHOU cdepe B TOM ee TOUke, B KOTOPOM HaxoauTcs 3Be3na. Ecnu i He
U3BECTHO, TO MOKHO YCTAHOBHTH JIMIIb IPOEKIUIO MEXKAY 3BE31aMU HAa KAPTUHHYIO
IIJIOCKOCTb.

[IycTh KOMIIOHEHTBI IBOWHOM 3BE€3/bI BUJIHBI IO YIJIOM P, apaJuIaKC JBOM-
HOM 3BE3/Ibl PaBeH T, pacCTOSHUE MEXIYy KOMIIOHEHTaMM d, IMpOEeKIHs 3TOro pac-
CTOSIHUSI Ha KapTHHHYIO IUI0CKOCTh — d,,, paccrosiHue oT 3emiin 10 CoaHUA paBHO
OJIHOM aCTpOHOMMUECKOHN equHuIe ay. OO03HaYMB PacCTOSHUE 3BE3]Ibl OT 3€MJIU Ye-
pe3 I, IOJy4YnM:

d,=rsinp”’; ay=rsin T
TaK Kak p”’ 1 T OYEHb MaJIbl, TO
sin p" _ p"
sinz" 7z

CnenoBarenbHo, d, / ag = p”/ . Ho ay=1 a.e. Tornad, =p”/ n*.
B takowm ciydae d, BEIYMCHSETCA B aCTPOHOMHYECKUX €UHHUIIAX.

Oopaszey 3a0anuii

1. Tlo kpuBO¥i M3MEHEHUS OJIecKa 3aTMEHHON TIEPEMEHHOM 3BE3/1bI ONPEICITUTh:
a) XapaKTepUCTHKU 3BE3]l Mapbl: pa3MeEPbl OTHOCUTEIIBHO APYT JPyra U OTHOCHU-
TEJIHbHO WX OPOHWTHI, COCTABISACT JM OJIECK CITyTHUKA 3aMETHYIO JOJI0 Orecka
TJIaBHOM 3BE3/IHI,
0) opmy, xapakTep 3aTMeHUs (ITOJTHOE, YACTHOE WM KOJIBIIEOOpa3HOE);
B) TIEpHO]T OOpaIeHUs 3BE3];
T') IPOIODKUTEIIEHOCTh 3aTMEHHSI.

A M

Td

v

1 2 3 4

2. BbIYUCIUTH OPOEKIHMIO Ha KAPTUHHYIO IUIOCKOCTh JTUHEUHOTO PACCTOSIHUSI MEXK]TY
KOMITOHEHTaMH, OTHOLIEHUE UX CBETUMOCTEU U CYMMAapHYIO BUIUMYIO 3BE3JHYIO
BEJIMUMHY (IPUHSB, 4TO eciau my = 0, To Ey = 1), ABONHBIX 3BE3/1;

a) p Ckoprmona 0) v JleBbI

3. OmnpenenuTh Mo TaOIUIIE OOIIYI0 BUIUMYIO 3BE€3IHYIO BEIMUYNHY JTIBOWHBIX 3BE3I:

a) Y eBbl 0) v lensduna
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4. OnpenenuTh OOIIYIO CBETUMOCTh, MPUHSIB cBeTUMOCTh CoiiHila = 1, JBOWHOMU
3Be3/1bl B CroprroHa.

5. OnpenenuTs BUAUMYIO 3BE3HYIO BEIUYMHY KaXKJIOr0 KOMIIOHEHTa TPEXKpaTHOMN
3B€3/bI 10 €€ 00IIel BUANMON 3BE3IHON BEJIMUYMHE M M COOTHOIIEHUIO Ojtecka E
MEXK1y KOMIIOHCHTAMM:

m = 3"74
NepBbI KOMIIOHEHT sip4e TPEThero B 3.5 pasa;
BTOpPOM KOMITOHEHT sipue TpeTbero B 1.9 paza.

Tpumepu! vinonrenus HEKOMOPLIX 3A0AHUIL

1. Boruucmums npoexyuio Ha KapmuHHyH WIOCKOCHTb JIUHELIHO20 PACCMOSIHUS MEXCOY KOMNOHEHMA-

MU U CYMMAPHYIO BUOUMYIO 36€30HVI0 GeutuHy (npurss, umo eciu my = 0, mo Ey = 1), oeotiroti
36e3001: LCkopnuona.

[ Ipoexiiro Ha KapTHHHYIO TVIOCKOCTh JIMHEHHOIO PAcCTOSHYS d, MEKITy KOMIIOHEHTAMU JBO-
HOU 3BE3/TbI MOYKHO BBIMHCITHTh, 3Has! YITIOBOS PACCTOSHIE MEKITY KOMITOHEHTAMH 0”1 TOIIMYHBIH Ta-
pamiake 7”310k 3Be37IblL. YIJIOBOE PacCTOsHKE 0 B3SITh M3 TaOMHIBI «J[BOMHBIC M KPATHBIC 3BE3/1b1»
aCTPOHOMUYECKOTO Kavteriapst (Harip. [1IkonsHoro) p= 147 a rony4HbIiN Mapaiake 7 MOXKHO Haii-
TH, 3HaSI PACCTOSIHUE (113 TOM YKe TAOJHITHI) JI0 JAHHOM JTBOMHOM 3BE311BI B TIapcekax 1(1ic). B tabnmrie r
MOXKET OBITh JIAHO B CBETOBBIX TO/IAX, KaK B JIAHHOM ciTy4ae: 1 = 650 c. iem. IlepeBenem B apeeku,
3Hast, 910 Inc = 3.26 ceiem. Tomyanm: r= 650/ 3.26 = 1994 nc. Torna ronuuHbIN Hapaiake 7~ =
Ine), . e. =1/ 1994 = 0”005 . A nipoeKimst HA KaPTUHHYEO TUIOCKOCTh JIMHSHHOTO PACCTOSHISE B
acTpoHoMuueckiX envanlax d,= p7 7. T.e.d,= 14/0.005 = 2791 a.e.

CymMMapHyHO BUMYIO 3BE3IIHYIO BIMUMHY 71 MOKHO HaiiTy, Hcrionb3yst (popmyity [lorcona
(mpyHsiB, uto ecrm my) = 0, To By = 1), 3armicannyro st jorapridma oTHOITICH ST Oriecka JAHHOM JTBOV-
HOM K GriecKy 3Be311pI ¢ iapametpamul my =0 u Ey = 1, Te. Ig(E/ Ey) = 04(my- m) = IgE = -04m. O1-
Ky/Ia CyMMapHast BIIFIMast 3Be3HAsT BeyanHa m = -2.512 [gE (*), tiae E— CyMMapHBbIi OJiecK TBOMHOM
3Be3ibl. Kak m3Bectro E = E; + E, Trie E;— 310 OrecK TiepBOro KOMIIOHEHTa, a F,— 310 OrecK BTOporo
KOMTIOHeHTa. brieck OT/IeNbHBIX KOMITOHEHTOB MOYKHO HaittH 110 (hopmysiam [ lorcona, 3anvcanapiM
TU1s1 OTHOITICHMST OJIecka JIAHHOTO KOMITIOHEHTA K O1iecKy 3Be371bI ¢ rapametpamu my=0u Ey=1,1e. E/
Ey= 2.512m0-m0) E/ Ey= 2512 "’2), e ml 1 m2 — BUIMMBIE 3BE3IHBIC BEJIMUHHBI KOMIIOHEHTOB
JIBOMHOM 3BE3/1bL, AAHHbIC B Tabmue. Yautsmas my=0u By = 1, nomyuaem E; = 2.512""u E,=2.512
"2, st marneit 3e3npt ml = 2".6 mm2 = 4"9. Hostomy E; = 251277 = 009 E,= 2.512% = 001.
Hanee E = E; + E,=0.1.Toncrasiss B (*), monydgaemm = -2.512 lg(0.1) = 2".512.
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2. Onpeodemumy, npursis ceenumocmv Comya L. = 1, obupro ceemumocniv O80UHOU 36€30bl
PBCkopnuora. CymmapHas 8UouMAast 36€30HAsL eUHUHA IMOL 36e3061 m=2".512.

3BecTHO, 9TO OMecK 3BE3IIbI TPOMOPIMOHATICH €€ CBETUMOCTH M O0paTHO TIPOTOPIIVIOHATICH

KBAJIpary paccTosiHus 1o Hee: E=k L/ 7. T 3Ke MOYKHO 3aITCaTb U w1 Comna: E. =k L./ rCZ. Pazne-

2
L=rcE
Ecr,

JIMM TIEPBOE BBIPLKEHHME HAa BTOPOE 1 BHIPA3MM CBETUMOCTB 3BE3/IBL:
Ornornienue E/ E,. o opmyrie [ lorcona:

2
L="_25120mm)
r

CyueroM L. = I, ionyyaem:
E

= = 51pmem),
Ec

Bumivas 3e3nsast Bermaraa Conrria m, = -26", paccrosiave o Conmia 7, = 1 a.e., BUmyMast
3pe3nHast BeymarHa [3 Croprvona m = 2,512, a paccrostaue 1o Hee 1 = 650 c6. iem. BelpasuB r B ae.,
nionyaum r = 41126475 a.e.. Toncrarisist B hopmyity, nomyuaem: L = 41126475 x2.51277%% = 6651.

3. Onpedemumb 8UOUMYIO 36€30HVIO BETUHLUHY KANHCOO20 KOMNOHEHMA MPEXKPANHOLL 36€30bl HO ee
o0OWetl BUOUMOIL 36€30HOUL BeUHUHE M U COOMHOWEeHUO Oitecka E Medicoy KoMnoHeHmamu: m =

374

NEPBbILL KOMNOHEHIMN SPYe Mpemve20 8 3.5 pasa;
6MOPOLL KOMNOHEHM sip4e mpembe2o 6 1.9 pasa.

CHavauia 3anmireM OTHOITICHHS OJiecka MEKTy KOMIIOHEHTAMH, JaHHbIE B yeropun: E;/ E; = 3.5,
E,/E; = 1.9. Orciona E; = 3.5E; E,= 1.9 E;. Bumimyro 3Be3[IHYIO BEJTMUMHY KOKIIOTO KOMIIOHEHTA
TPEXKPATHOM 3BE3MIpI 110 €€ OOILIEH BUIMMOM 3BE3HOM BE/IMUMHE /711 MOYKHO OIMPEIEIUTH, HCTIONB3YSI
(opmysty Ilorcona, 3arvicanHyro [yist Jorapuma OTHOLICHUS OJiecka TAHHOIO KOMITOHEHTA K CyM-
MapHOMy (0O11ieMy) GriecKy 3Be31bL: Harpumep, Ig(E/ E;) = 04(m;- m). Otcronamsz=m+ 2.5 Ig(E/ E3)
(*). CymmapHbIi (0Ommit) Orieck 38e3mbl: E = E; + E, + E;. IloncrasuB E; = 3.5E; u E,= 1.9E;, iomny-
M E = 3.5E; + 1.9F; + E;= 64F;. CnenoarenbHo, E/ E;= 6.4. Toncrarus B (*), u B utore Oyziem
nuvetb nz=3".74 + 2.5 lg(64) = 5".75.

Bumimyro 3Be31HyH0 BETMUKHY TIEPBOTO KOMITOHEHTA HaiizieM, uctions3ys (opmyoy: Ig(E; / E3)
= 04(ms—my). Otcrona my = mz— 2.5 Ig(E,; / E;). Tloncrasu E;/ E; = 3.5 v ms nonyaum my = 5. 75—
251g(35)=4"38.

Bumymyro 38e311HYFO BEITUHMHY BTOPOTO KOMITOHEHTA HakTieM, UCTons3yst opmyiy Ig(E,/ E3) =
0.4(7113— mg). OICIOI[a nyp=nms— 25 lg(EZ/E3) IloncraBum EZ/E3 =19mu n NOJIy4YUM n; = 5"75-25
Ig(1.9)=5".05.
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JlabGopaTopHast padora Ne 10

COBCTBEHHBIE JIBUKEHUSI U TPOCTPAHCTBEHHBIE
CKOPOCTH 3BE3/1. ONPEJEJEHUE U3MEHEHMS
B3AMMHOTI'O PACIIOJIOKEHMSI 3BE3] (BUJIMMBbBIX ®UTYP
CO3BE3/IUi1) U3-3A COBCTBEHHOTI'O JIBU)KEHUS 3BE3/]

Heab padoThl: U3y4YUTh XapaKTEP U YCIOBHUS COOCTBEHHOTO JIBUKEHUS 3BE3I.
OrnpenenuTs Kak U3MEHSTCS (DUTYyphl CO3BE3/IMM Yepe3 JIUTEIIbHBIC IPOMEKYTKH
BPEMEHU.

OobopynoBaHme: KaTajaor 3BE3]1 spye 4m,5 B cucTteme V, (HaxosIuiics B
KOMIBIOTEPHOM 0a3e TaHHBIX WM B ACTPOHOMUYECKOM KaJleHaape (OCTOSTHHOM
yactn)), [I9BM, 3Be3qHas kapTa, cojepkaiias HeOOXOAUMBIH 7151 pabOThI y4acTOK
HeOa.

Bomnpocsl k 1onycky:

1. CoOcTBeHHBIC ABUKEHUS 3BE3/l, X MPUYMHA H XapaKTEPUCTHKA.

2. Co3Be3niust U UX MOCTPOECHUE.

3. Kapra 3Be3gHoro HeOa, 3BE3/IHBIE KaTaJOTH, YKBAaTOPUAIbHAS CHCTEMa KOOPIUHAT,
W3MEHEHUE KOOPJHMHAT 3BE3].

Jluteparypa:
1. Acmponomuueckuii kanenoapo. Illocmoanuasn wacms. M., 1981.
2. baxynun I[1.U., Kononosuu 3.B., Mopo3 B.U. Kypc obweii acmponomuu. M., 1983.
3. E¢ppemos IO.H. B enybounst Beenennoti. M., 1984.
4. Ilecesuu B.I1. Ymo u xax nabmooams na neode. M., 1979.

OcHogHble meopemuuecKue ceeoeHus

CpaBHEHHE HKBATOPUAIBHBIX KOOPJIHMHAT OJHUX U TEX K€ 3BE3[, ONPEICIICH-
HBIX Yepe3 3HAYUTEIbHbIC MPOMEKYTKH BPEMEHH, TIOKA3all0, 4TO 0L U O MEHSOTCS C
TEYEHUEM BPEMEHM. 3HAYNTEIIbHAS YaCTh dTUX U3MEHEHUN BBI3BIBACTCS IIPELIECCUEN,
HyTaluen, adbeppaiueil 1 roJuYHbIM HapaiyiakcoM. ECu UCKITIOUNTD BAMSHUE STUX
IPUYHMH, TO U3MEHEHHsS] YMEHBIIAIOTCS, HO HE MCUE3al0T NOJIHOCThIO. OcTaBiieecs
CMeIeHUE 3Be3/Ibl Ha HeOECHOU cepe 3a ToJ1 Ha3hIBACTCSI COOCTBEHHBIM JIBIYKCHHUEM
3Be3/1bl L. OHO BBIpa)KaeTcsl B CEKyHAaX AYTH B TO.

Jlia onpeseneHus ATUX JBUKEHUN CPABHUBAIOTCS (DOTOIIIACTUHKYU, OTCHSTHIE
yepe3 OoJiblIME NMPOMEKYTKH BpeMeHH, cocraBistoue 20 u 6onee ner. Ilogenus
IIOJIy4EHHOE CMEILECHNE Ha YUCIIO MPOLICAUINX JIET, UCCIEIOBATENN TI0Jy4arOT JIBU-
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JKEHHUE 3BE3/bl B T0Jl. TOYHOCTb OMNpEeCHUsT 3aBUCUT OT BEJIMYUHBI MTPOMEKYTKA
BPEMEHH, MPOIIEIIEIO MEX1y ABYMSI CHUMKaMHU.

CoOcTBeHHBIC JBIKCHHS PA3JIMUHBl Y Pa3HBIX 3BE3]] [0 BEJIMYMHE U HAIpaB-
JeHn10. TOJIBKO HECKOIBKO JIECATKOB 3B€3]] UMEIOT COOCTBCHHBIE JIBMIKCHHS OOJIBbIIIE
1” B roa. Camoe 00JIbIIIO€ U3BECTHOE COOCTBEHHOE JBIDKCHHE Y “NIETSIICH 3BE3]IbI
Bapuapaa i = 10”,27. OcHOBHOE YHCJIO 3BE3]] UMEET COOCTBEHHOE JIBIDKCHHE, PaB-
HOE COTBIM M TBHICSIYHBIM JIOJSIM CEKYHBI IyTH B TOJ. JIyuiine coBpeMEHHBIE OIpe-
nenenns nocturarot 0",001 B rox.

3a OoJibllIMe MPOMEXKYTKH BPEMEHH, PaBHBIE JECATKAM ThICAY JIET, PUCYHKHU
CO3BE3INI CUIBHO MEHSIOTCS.

CoOcTBeHHOE JBMKEHUE 3BE3/IbI MPOUCXOAUT IO JYyre OOJIBIIOTO Kpyra ¢ IMo-
CTOSIHHOM CKOpOCThIO. [IpsiMoe NBMKEHHE U3MEHSIETCS Ha BEIMYHUHY [l,, Ha3bIBae-
MYI0 COOCTBEHHBIM JIBIDKCHHEM I10 MPSIMOMY BOCXOXKJICHHIO, & CKJIOHCHHE — Ha Be-
JUYHHY L5, HA3bIBAEMYIO COOCTBEHHBIM JIBIYKCHHEM TI0 CKIIOHEHUIO.

CoOcTBeHHOE IBUKEHUE 3BE3/bI BBIUMCIIACTCS IO (hopMyJie:

= u§+u§ .

Ecnu u3BecTHO COOCTBEHHOE JBMKEHUE 3BE3/IbI 33 TOJ U PACCTOSHUE JI0 HEe T
B TIAPCEKaX, TO HETPYTHO BHIYUCIHUTH MPOCKITUIO TPOCTPAHCTBEHHON CKOPOCTH 3BE3-
Il HA KQPTUHHYIO TJIOCKOCTh. JTa MPOEKIHS HA3bIBACTCSI TAHTCHITMAIBHOU CKOPO-
CTBIO V, ¥ BRIYUCIISIETCS IO (hopmyJie:
V=474 w/ © = W’r/206265” nc/rox = 4,74 L r xm/c,
TJIe I — PacCTOSHUE JI0 3BE3/Ibl, BRIPAKEHHOE B IMapCeKax.

Puc. 16. MNpocTpaHcTBEHHAs CKOPOCTb 3BE3AbI.

Uto0Obl HANTH MPOCTPAHCTBEHHYIO CKOPOCTh V 3BE37bl, HEOOXOAUMO 3HATh €€
JYy4EBYIO CKOPOCTh V,, KOTOpasi ONpPEAEIISIeTCs MO JOIIEPOBCKOMY CMEIICHHUIO JTMHUMI
B CHIEKTpe U V{, KOTOpasi Onpenessiercs no roiuyHomMy napamiakcy u (L. Ilockonbky
Vi 1V, B3aMMHO NEpIEeHIUKYISPHBI, IPOCTPAHCTBEHHAs] CKOPOCTh 3BE3/bl PaBHA:
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V=NV + V).

Jliia onpenenenus V 00s13aTENIbHO YKa3bIBA€TCS Yroi 0, OTBICKUBAEMBIil 11O €ro
GYHKIUSM:

sin 0 = V/V,
cos O =V/V.

VYron 0 nexut B npeaenax ot 0 go 180°.

HamnpaBnenue coOCTBEHHOTO ABUKEHUSI BBOJUTCS MMO3UIIMOHHBIM YTIIOM Y, OT-
CUMTHIBAEMBIM MPOTUB YAaCOBOM CTPEJIKU OT CEBEPHOI'O HAIPABIEHUS Kpyra CKIOHE-
HUS 3Be3/1bl. B 3aBUCMMOCTH OT U3MEHEHHUS 3KBATOPUAIIbHBIX KOOPAMHAT 3BE3/Ibl, M1O-
3UIIMOHHBINA yroy Y MOKeT HUMeTh 3HadeHust oT 0 g0 360° u BeiuucseTCS 1O Pop-
MyJiaMm:

sin Y = Uo/ML,

cos Y = s/, v
C yderoM 3HakoB oOeux (yHKuui. IIpo- Hernnnoe mewkenué "\ 22 kmys
CTPaHCTBEHHAs CKOPOCTH 3BE3/bI Ha IPOTS- BHPOCTPaHCTfEZV Cucrema
JKEHHH MHOTHX CTONETHil ocTaeTcsl mpaktn-  §  ~J0Kkm/s O LeHrazpa
YECKU HEU3MEHHOW IO BEJIMYMHE U HAIpaB- ’ 20 kmis

nenunro. Iloatomy, 3Has V u r 3Be31bl B Ha-
CTOAIIYIO 3M0XY, MOXHO BBIYMCIUTH AIIOXY
HanoOoubIero commkenus 3Be3abpl ¢ CotH- Puc.17
1IEM U ONPEAECTUTD ISl HEC PACCTOSHUE Ipyip, JBIKEHUE CHCTEMBI
napajuiakc, COOCTBEHHOE [IBM)KCHHUE, KOM- 0. LlenTaBpa
MOHEHTHl TPOCTPAHCTBEHHON CKOPOCTH H
BUJAMMYIO 3B€3/IHYIO BEIWUMHY. PaccTosHue 10 3Be3/bl B apcekax paBHo r = 1/7, 1
napcek = 3,26 cB. roja.

3HaHue COOCTBEHHBIX JABMIKCHHMM W JIy4EBBIX CKOPOCTEH 3Be3 MO3BOJISIET CY-
JIATh O JBWKEHUSX 3BE3]l OTHOCUTENHHO COJIHIIA, KOTOPOE TOXKE JIBUIKETCS B MpPO-
CTpPAHCTBE.

Touka Ha HeOecHOU cdepe, K KOTOpPOM HampasiieH BeKTop ckopocTu CoJiHIIa,
HAa3bIBACTCS COJIHEUHBIM AllEKCOM, a MPOTUBOIIOJI0KHASI TOUKA — aHTUATIEKCOM.

Anekc CoJlHEeYHON CHUCTEMbI HAXOAUTCA B CO3BE3MU | epKyreca, UMEeT KOop-
JIAHATHL: O = 2700, & = +30°. B sTom HanpajaeHnu COJHIE ABUKETCSA CO CKOPOCTHIO
oko0J10 20 KM/C, OTHOCUTEILHO 3Be3[, Haxomsamuxcsa ot Hero He naiee 100 oc. B Te-
yenue rojaa Connie npoxoaut 630 000 000 km, wim 4,2 a.e.

-

Conneunas
cHcTeMa

Jis1 mostyyeHus 3a4eTa He00X0AMMO:
1. 3HaTh TEOPETUUECKUI MaTepual 1o TeMe J1abopaTopHOil pabOTHI.
2. BpInoaHuTh 3a1aHUS.
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I[J'I?I BBIITOJIHCHUA 3aaHUs H€06XOI[I/IMO CAcIaTb CXEMaTUUYCCKUI PUCYHOK.
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Oopa3ey 3a0anuii

C ucnons3oBanuem "Karayiora 3Be31 sipue 4M.5 B cucreme V', Haxomsmerocs B
KOMIBIOTEPHON 0a3e JaHHBIX WK B ACTPOHOMHYECKOM KaieHnape (1) Haltu ro-
JIOBBIE UBMEHEHUSI KOOPJIMHAT Ly, LY YKa3aHHOMW IPYIIbI 3BE3I.

HaiiTu 3HaueHre KOOpAUHAT 3BE3]1 Yepe3 YKa3aHHbIN IPOMEKYTOK BPEMEHHU.

Hanectn Ha 3Be37HYI0 KapTy HOBbIE KOOPJIMHATHI JAHHOM T'PYMIBI 3BE€3] U YyKa-
3aTh CTPEJIKaMU HANPABICHUS JBUKEHUS.

CpaBHuUTh QuUrypy co3pe3ausi, KoTopas HaOJoJaeTcs cedyac ¢ Oyayied yepes
3a/IaHHOE KOJIMYECTBO JIET.

. Bpraucnute pacCTodHunC, IMapalliakc, COOCTBEHHOEC ABUKCHUC, BUAVMYIO 3BE31-

HYIO BEJIMYHHY, JIYYEBYIO U TAHTCHITUATHHYIO CKOPOCTH B ATIOXY HAUOOJBITIETO
commkenus ¢ CoJHIIEM, a TaKXKe BPEeMs, 4epe3 KOTOPOE HACTYIUT 310Xa HaM-
OompIiero commkenus (ynaneHus) 3Be3 sl [{eneo.

Ilpumeput evinonnenus HeKOmMopwvIX 3a0aHull

Buiuucaums paccmosinue, 6uoumylo 36e30Hy10 8eIUYUHY, JIYYUEBYIO0 U MAH-
2eHYUATILHYIO CKOPOCMU 8 N0X) Haubonvue2o conuxcenus ¢ ConrHyem 36e3-

Obl Jleneo.
3Be3na oy 3 m T W \&
Nlene6 [20h 41m | 45°11.7°| 1.26 [0”.005 |0”7.004 |-3km/s

3Be3na

- V1 4};2

rz




Ntak, 4T00BI BRIYUCIUTH PACCTOSHUE B AIOXY HAUOOJBIIETO COMMKEHUS 1)
= r; sin( @) , HEOOXOAMMO 3HATh Yroa &, KOTOPBI MOXKHO HAWTH Tak: tg( @)=
Vi / V.. B cBow ouepens V,; = 4.74 u; / 7. CnenoBaTenbHO, 1, = 1
sin(arctg((4.74 1,/ ;) / 'V, )). A Takxe
r; =1/ 7 . Utak:

4.74
r, = L * sin(arctg (M) ,
7[1 Vrl
ry, = sin(arctg(wj =156.8(nc).
0.005 0.005*3

Tak KaK MPOCTPAHCTBEHHAsI CKOPOCTh V OCTAeTCs MOCTOSIHHOM, TO B TOUKE
2 myudeBas ckopocTb V,, = 0 (mpoekuus V Ha Jiyd 1, ), @ TAHT€HUUAJIbHas

V,, =V = V2 +V2 = /(4.74%0.004/0.005)* + (-3)> = 4.835(km/s) .

Buanmyto 3Be31HYI0 BEIUYUHY M, B TOYKE 2 MOXHO BBIYHCIUTH ABYMS
crioco0amu.
1. Ucnionw3ys dhopmymy [lorcona:

lg(%} =0.4(m, —m,).

2

Mpi1 3HaeM, uTo Oieck 3Be3/bl £ 00paTHO MpONOpPLUOHATIEH KBaJapaTy pac-
2

2 E r
crosHus  go  Hee:  E~I/r'.  Iloatomy: E—l =—.  Crnenosarens-

> h

h h

r;=1/m; = 1/0.005 = 200 (nc). Torma my:

2
m, =126+2.51g 156'82 =0"73.
200

2 2
HO: lg(%j =0.4(m, —m,). OTKyna m, =m, + 2.51g(%j .

2. Bumumyto 3Be3IHYIO BEJIMYHMHY /71, B TOYKE 2 MOKHO BBIYHCIIHTH Yepe3
aOCOIIOTHYIO 3BE3HYIO BETUUUHY M.
M =m +5-5lgr, =m, +5-5l1gr,.

Otkyna m, =m, —51gi.
r

Breruucass, noinyyaem: m, =1.26 - Slg(%j =0".73.
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CnpaBounas TabnuIa

Hassaune |OOo3HaucHue o S m v T Vi
3Be3 bl h m o KM/C
Anbgeball |o Tenbua 4 3448 16 27.62 +0.86 07,205 |{07,051 ([+54
paH(
Anbtanpl! |o Opna 19 49.56 8 48.07 +0.76 10,659 0,205 -25
AHTapec!] o Cxoprmo- |16 27.87  [-26 22.68 +1.08 (0,032 |0,014 -3
Ha
ApkTypl] o Bonomaca |14 14.52 19 18.72 -0.05 [2,287 0,087 -5
AxepHap!l |o Dpupmama |1 36.78 [-57 28.82 +0.47 10,083 (0,034 +19
berensreiize | o Opuona 5 5332 7 24.22 +0.42 10,032 (0,011 +21
Berall o JIupsr 18 36.09 38 45.57 +0.03 10,348 (0,121 -14
[eHeb( ] o Jlebens 20 40.58 45 11.42 +1.26 10,004 |0,005 -3
KaHonycl] o Kuns 6 2340 |-52 40.90 -0.73 10,022 (0,018 +20
Kanennall |o Bosamuero |5 14.84 45 58.45 +0.08 10,439 (0,071 +30
Kactop! o bauzuenos |7  33.00 31 56.65 +1.2 0,201 0,070 +2
Monnykcl! B Biusuenos |7 43.79 28 5.27 +1.15 0,623 |0,098 +3
MpoumoH! | o Masoro 7 37.99 5 17.40 +0.37 1,242 (0,291 -3
Ilca
Peryn(] o JIeBa 10 07.04 12 05.40 +1.36 0,244 10,042 +3
Purens!] B Opuona 5 1333 |-8 13.77 +0.08 0,005 0,006 +24
Cupuycl] o Bompmoro |6 44,04 |-16 40,85 -1.5 1,315 10,377 -8
Ilca
Cnukal o JleBnl 13 23.87 |-11 01.88 +0.96 0,051 |0,017 +1
®omanbrayTilow FOxuoM 22 56.27 |-29 4532 |+1.16 [0,367 |0,145 +6

PEI0BI
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JlabopaTopuasi padora Nell

W3YUEHUE JETAJIEA TOBEPXHOCTH U ONPEJEJEHUE
HEKOTOPBIX XAPAKTEPUCTHUK BOJIBIIIUX IIVIAHET

Heab padoThl: u3yyeHue JeTaneil MOBEPXHOCTH M HEKOTOPBIX (U3HUYECKUX
XapaKTEPUCTUK OOJBIINX IJIAHET.

IMocobusi: pororpaduu Beneps:, Mapca, FOnutepa, Carypna, rianerorpadu-
yeckass KOOpAMHATHAsl CeTKa, ACTPOHOMHYECKUW KaleHIaphb (MOCTOSIHHAs YacTh),
TPAHCIIOPTHUP M JIMHEWKA, nepcoHanbHass OBM, nporpammel "Sky Map" u "Astrono-
my Lab".

OcHogHble meopemuiuecKue ceeoeHus

Bokpyr CouHila ABUXKETCSI MHOKECTBO TEJ PA3JIMYHBIX MO CBOMM XapaKTepu-
ctukaM. Cpeau HUX €CTh IUJIAHEThl, UX CIYTHUKH, aCTEPOUJIbI, KOMEThI, YACTHUIIbI
MEKIUIAaHETHOTO MBLIEBOT0 BEILIECTBA U JIP.

[Tnanera — 310 HEbecHOE TeNO, ABMXKYyIIeecs BOKpyr CoHIla B €r0 TpaBUTA-
IIMOHHOM I10JI€ U CBETALIEECS OTPAKEHHBIM COJIHEUHBIM cBeToM. B ConHeuHol cuc-
Teme n3BecTHO 9 mianer. [loutu Bce oHM, 3a uckimoueHue Mepkypus u IliyTona,
UMEIOT TUIOTHYIO Ta3oByl0 000J04Ky — atMocdepy. Takke moutu Bce IUIAHETHI,
Kpome Mepkypusi u Benepsl, umeror cnytHuku. [lo pusndyeckum xapakTepucTukam,
XUMHUYECKOMY COCTABY M CTPOEHUIO IUIAHETHI JEJSATCS Ha JBE TPYIIIbI: MJIAHEThI 3€M-
Horo tuna (Mepkypuii, Benepa, 3eminsa, Mapc) u mnanersi-rurantsl (FOnutep, Ca-
TypH, Ypas, Henryn). IlnyToH cTouT Heckoyibko o6ocobnenHo. 1 mapra 1999 rona,
pemieHneM MexayHapoaHoro ActponoMuueckoro Coro3a, OH MOJYyYHII CTATyC ILIa-
HETBI-aCTEPOUIA.

ConocraBieHne (U3NYECKUX XapaKTepu-
CTUK IUIAHET TOKAa3bIBACT, YTO IJIAHETHI 00EHX
IPYIN CUJIBHO OTJIMYAIOTCS APYr OT Jpyra.
[1naHeThI-TUTaHThl 3HAYUTENBHO OOJbIIE IO
pasmepaM U 10 Macce, MEHbIIIE 1O INIOTHOCTH U
obicTpee Bpamiatotcs. [Ipumepro 98% cymmap-
HOM Macchl 1aHeT COJMHEYHON CUCTEMBI IpPHU-
XOJIUTCS Ha JOJIIO TUIAHET-TUTAHTOB.

[InaHeTbl aKTUBHO M3Yy4YaOTCA C APEBHUX
BpeMeH. CeroJiHs il 3TOTO UCIIOIb3YIOTCS KaK
Ha3eMHbIE METO/Ibl, TAK U KOCMUYECKHE (3aITyCK
MEXKIUIAHETHBIX KOCMHUUYECKMX CTaHIIMHN).

[Tnanera KOnurep
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B nanHoil pabote mpeasiaraeTcsi 03HAKOMUTHCA ¢ HEKOTOPBIMU MPOCTHIMH Me€-
TOJAMH OTPEJICTICHUSI XapaKTEPUCTUK TUIAaHET U ¢ (hoTOMaTepraIaMu, MOTy4YeHHBIMU
MEXITAHETHBIMU KOCMUUYECKUMU CTaHIUSIMU.

Jlunerinpid nuaMmeTp D mmaHEThl BBIYUCIISIETCS 110 €€ T€OLEHTPUYECKOMY pac-
CTOSIHUIO P (MJIU 10 TOPU30HTAIBHOMY SKBAaTOpUAIIbHOMY Napaiiakcy P) u Bugumo-
My YIJIOBOMY aAuameTpy d, KOTOPBIA U3MEpsIeTCs IN00 MUKPOMETPOM TIPH BU3Yalh-
HBIX HAOIIOJICHUSIX, JIMOO MIKAJIOW U3MEPUTEIIBHOTO TTpruOopa 1o hororpaguieckoMy
N300paKEHUIO IUIAHETHI MPH HM3BECTHOM Maciutade ¢ororpaduu . B mociemHem
ciy4ae , O4eBHU/IHO,

d=p - D, (1)
rae D', usmepeHHblil B MM quametp GoTtorpaguueckoro u3oopakeHus miaHetsl. To-
r/1a TUHEWHBIN IUaMeTp TIaHEThI MOXKHO BBIYUCIHUTH MO hopmyne D=p - d, rae p —
paccTosTHUE OT IIJIAHETHI 10 3eMJIH.

JlnameTp ImiaHeThl, KaKk MpaBuiIo, BhIpakaeTcs B nuaMmerpax 3emiu. [lpu pasz-
JMYHOM 3KBaTopuaibHoM D, u nonspHom D, nuamerpax miaHeTsl ee ¢popma xapak-
TEPU3YETCS CKATUEM

8=(D3'Dn)/D3 (2)
¥ TOTJ]a O0BEM TUTAHETHI
V=1/6-n-D, D, 3)
3Has Maccy M 11aHeThl, MOKHO BBIUYKCIUTH CPEAHIOIO MIIOTHOCTD IUIAHETHI. 3HAs Ke
IIOTHOCTB 3eMIH (P = 5,52 T/cM’), MOKHO BBIYHCIIUTD TUIOTHOCTD TLTAHETH B ILIOT-
HOCTSIX 36MJIM WJIM HAaWTH aOCOIOTHOE 3HaYEHUE TIIIOTHOCTH.

[Tonoxxenue neraneit Ha TUCKaX TUIAHET OMPEAeIAeTCS TUIAHETOTPaPUIeCKUMU
KOOpJIMHATaMU, KOTOpPbIE U3MEPSIOTCS CHEIUAIbHBIMU CETKaMH U, MOJA00HO reorpa-
dbuyeckuM KOOpAMHATaM, OTCUUTHIBAIOTCA OT AKBATOpa IUIaHEeThl (IiaHeTorpaduye-
CKas IUpOTa [3) U OT OJHOTO W3 €€ MEPHUAMAHOB, MPUHUMACMOIO 3a HadaJlbHBIN
(ranetorpaduyeckas noiarora A). B ceBepHOM monymiapuu IUIaHEThl 3 TOIOXKH-
TENbHA, @ B FO)KHOM — OTpHIarenbHa. [Inanerorpaduueckas goirora A Bceraa oT-
CUUTBIBAETCS B OJJTHOM HaIpaBJICHUH, C 3amajia K BOCTOKy, ot 0° no 360°. Beciencraue
obparenus mwianeTsl BOKpYr CoHIIA U €€ BpaIleHHs] BOKPYT OCH, UMEIOIIUN MOCTO-
SHHBIM (HO pa3JIMYHBIN y pa3HbIX IJIAHET) HAKJIOH, BUAMMOE MOJIOKEHUE dKBATOpa U
HAaYaJIbHOIO0 MEPHJIMAHA Ha JAUCKE MJIAHEThl BCE BPEMSI MEHSIETCSI U MOXKET ObITh Hail-
JICHO Ha KaX[bId JIeHb roja B Tabiunax “dusnyeckre KOOpAUHATHI , MyOIHKYEeMBbIX
B aCTPOHOMUYECKUX KaJEHIAPAX-CKETOJHUKAX.

N3mepuB Ha AByX (oTorpadusx MIaHEThl YTod (P, HA KOTOPHIN IJIaHETa TO-
BEpHYJach 3a MpoMexKyTok BpemeHUu (T,-T;), MOKHO BBIYUCIUTH MEPUOJ] BpAIICHHUS
IJIaHETHI BOKPYT OCH, TaK Kak

P=(360°/0¢) - (T,-T)), 4)

a 3Has P, onpenenuts yrioByro M U JIUHEHHYIO V CKOPOCTU Pa3IUYHBIX TOUEK Ha €€
noBepxHocTu. O4eBUIHO,

o =360°/P, (5)
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V=0"T, (6)
IJ€ T — pPaanyC BpalleHUs TOYKU ITOBEPXHOCTH ILIAHETHI , KOTOPBIA ONPEAEISIETCS
10 UIaHeTorpaduyeckoil mupote 3 3ToN TOYKH, IKBATOPHATIBHOMY R, U mossipHOMY
R, paarycam ItaHeTsl

(7)

HJIN 110 €€ CXKATHIO

R.

(8)

r= .
Jig’ B+(1-¢)’
Ecau cxxatue mimaHeTsl Mano, TO MOKHO Tonarath € = 0, R, = R, = R u Torna:

r=R - cos f. 9)

Ctporo roBopsi, Ipyu TOUHOM OIPEAEIICHUH Nepro/ia BpaileHus P ninaHeTsl He-
00X0/IMMO yUYUTBHIBATh CMEUIEHUE 3eMJIM IO CBOEH OpOUTE 3a MIPOMEKYTOK BPEMEHU
T, - Ty, HO A OBICTPO BpalAIOLIUXCS TJIAHET 3TUM CMEIIeHUEM 3eMIIM MOKHO TIpe-
HeOpeyb.

[ToTok m3nyudenust ot CoJiHLIA NPUHATO XAPAKTEPU30BATh COJIHEYHOU NOCHMO-
annou Q, no0 KOMOPOU NOHUMAIOM NOJHOE KOJIUYECB0 CONHEYHOU IHEPeUU, NPOXOo-
Osuyeti 3a 1 cekynoy uepes nepneHOUKyIAapHyIo K ayuam niowaoky 6 1 cm’, pacnono-
JHCEHHYI0 Ha cpeOnem paccmosinuu naanemst om Coanya.

[Io coBpemMeHHBIM H3MEpEeHUSM 3HaueHre Q aJisi 3eMJIM U3BECTHO C TOYHOCTBIO 10
1% (ma BeicOTE 65 KM):
Q =0,1388 JIx/(cM” " ¢).
Jlureparypa:
1. laraes M.M., B.I'. Jlemun u ap. Actponomusi, M., 1983.
2. bakynus I1.1., Kononosuu 3.B. u ap. Kypc o6uieit actponomun, M., 1983.

Ooépa3zey 3a0anuii

1. ITo doTorpadusm mnanersl FOnuTep B 30Xy NPOTUBOCTOSIHUSL, ONIPENEIUTD YIJIO-
BOI M JMHEWHBIN IUaMeTp IUIAHEThl U BBIYUCIUTH €€ 0O0BEM M CPENHION ILIOT-
HOCTb.

2. Onpenenuts cxxatue 1uiaHetsl FOnuTep, cpaBHUBAs CO CKaTUEM 3€MJIM U O0ObsC-
HUTh NPUYUHY PA3JIAYUs B CKATUU.

3. BeIuMCANTh JIMHEWHBIN AMAMETP U LIUPHHY CPEAHEro Kosbla CaTypHa.

4. Ha nByx ¢otorpadusx Omurepa, CHATBIX B OAMH Beuep ¢ HEOOJBIINM HHTEPBA-
JIOM BpE€MEHH, OTOKAECCTBUTh OJHY JAETalb B YMEPEHHOU 30HE U MO €€ MOJI0KEHUIO
BBIUKCIIUTD MIEPHO]] BPALLEHUS, YTJIOBYIO U JMHEHHYIO CKOPOCTh 3THUX 30H.

5. Usyunts mpennoxennsie gororpapun Mapca, Benepsl, FOnurepa, u CarypHa u
IIPOBECTU CPABHUTENIBbHBIN aHAIN3 (PU3NUECKUX CBOMCTB M YCIOBUN Ha IOBEPXHO-
CTH 3THUX IJIAHET.

6. BerunciuTe coaHeuHyro noctosiHHyo Juist FOnurepa.
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JlaGopaTopnasi padora Nel2

W3YUYEHUE COJTHEYHOH AKTUBHOCTHU Y OBIIEI'O
N3JIYYHEHUSA COJTHIA

Heab padoThi: uzydenue ¢puznueckoit mpupoasl CoHIa.
Ilocoousi: portorpadbun ConHila, majeTka COJHEUHBIX MATEH, (Pororpaduu
COJTHEYHBIX MPOTYyOEpaHIICB.

OcHogéHble meopemuuecKue c8e0eHUA

ConHedHasi aKTUBHOCTD XapaKTEPU3YETCS Pa3IMYHBIMHU (haKTOpaMu, U OJHUM
U3 HUX SBISIETCS MSITHOOOpa3oBaTeNbHAS NeATeabHOCTh COJHIIA, KOTOpask U3ydaeTcs
CTaTUCTHYECKUMH MeTojaMH. CTaTUCTUKA CONMHEYHBIX MSTEH CBOAUTCS K MOJICUETY
yycnaa g TPy MATEH W YKClia BCeX MATEH f, BKJIKOYasi BXOSIIME B IPYMHIbI U OJIU-
HOYHBIE TSATHA, TPUYEM, KaX10€ MSATHO B 00IEH MOJYTEHU U KaXK/1as rapa npuHuMa-
€TCsl B 3TOM Cllyyae 3a OT/EJIbHOE IMATHO, a KaXJ10€ OTAENbHOE MATHO WJIM Tapa 3a
caMocTosITeNbHYI0 Tpynmy. [1o pe3yiapTaTaM MOJCYETOB BBIUMCISETCS OTHOCUTENb-
HOe uucio nsaTed W, Ha3pIBaeTcst unciiom Bomboda:
Wo=10-g+f. (1)
Tak, eciy Ha COJTHIE UMEETCS JIBE TPYIIIbI MSITEH, OHA U3 KOTOPBIX COJAEPKUT
YeTbIpe MSATHA, a Apyras — IIEeCTh MIATEH U, KpOME TOTO, UMEETCSI CEMb OT/AEJIbHBIX
ISTEH U map, To yuciho rpynn g =2 + 7 =9, yucno nsated f =4 + 6 + 7 = 17 u uncino
Boaspa Wy=10-9 + 17 = 107.

CratucTuyeckomy
W3YUYEHUIO TMOJIBEpra-
€TCs TaK)Ke ILIONIAJIb
MATEH, KOTOpas olle-
HUBAeTCd B MHIUIH-
OHHBIX (10'6) JIOJISIX
IUIOIIAN COJTHEYHO-
ro JWCKa IO IIKaje
cnernuaJbHOM IIajeT-
ku auamerpom 100
MM, HaKJIaJIbIBaeMOU
Ha dboTorpaduro
Counnra, puYeM
ILIONIAIBIO IISITHA
CUMTAETCSl IUIOIIAMb,
OTpaHMYCHHAS €T0 MOJYTEHBIO, a TOJYTEeHbIO TPYIIBI — CyMMa IUIONIaACH IsITEH,

CoytHeuHble IITHA
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BXOJSIIUX B Hee. Tak kak (popma MsTeH, pacnoaoKEeHHbIX Ha nepudepuu COTHEUHO-
ro JIMCKa, UCKAXKaeTcs, TO MX IUIONIa/lb OLICHMBAETCS IIKAJION, COOTBETCTBYIOIICH
HanOOJIbLIEMY BUAUMOMY UX TUAMETPY.

3Has yrioBoit D’ u muHeHHbBIN D, anamertpsr CosHIa, MOXKHO 110 auamerpy D
ero ¢ororpaduu (B MM) yCTAaHOBUTH YIJIOBOW W W JIMHEWHBIN L MacimTadbl (oTo-
rpaduu:

D=AA/Al; W=D"/D; u=D,/D, (2)
110 KOTOPBIM BBIUMCIIUTE YIJI0BbIe |” v uHElHbIE | pa3Mephl COTHEYHBIX MATCH U X
rpym. ITnomans 5THX 06pa3oBaHMil B KM OACYUTHIBACTCS MO LIKAJIE MAICTKH, PH
M3BECTHOM IJIOIIAIA COJIHEYHOTO JMCKA B TEX YK€ SUHUIIAX U3MEPEHUSI.

ConHedHasi aKTUBHOCTh XapaKTEPU3YETCsl TaKKe MHTEHCUBHOCTBIO MPOTyOe-
paHIIEB, BHICOTA BEIOPOCOB KOTOPBIX MOXKET OBITh M3MepeHa Ha (ororpadusx u 3a-
TeM Bbl4McIeHa B paauycax Conxua R | wim B kriiomerpax. CKOpOCTh BBIOPOIICHHO-
ro BEIIECTBA BCE BPEMs U3MEHSETCA MO/ ACHCTBUEM MAarHUTHOro noJisg CoJIHLA U €ro
MATEH, COJIHEUHOTO MOJISI TATOTEHUS U JABJICHUS COJHEYHOI'O 3JIEKTPOMArHUTHOTO
U3TYy4YEHUS, U TOATOMY OIpEAENIEHUE CKOPOCTH NMPOTYOEpaHIEB MPEICTaBISIET JI0-
BOJIBHO CJIOXHYIO 3a1ady. OgHako 3Ty 3a7ady MOYKHO PEIIUTh C HEKOTOPBIM IPH-
onxenueM. [lycTh B mocnenoBarenbHble MOMEHTB BpeMenu T; u T, BbicoTa mpo-
TyOepaHnua Obuia hy u hy, a ckopocTh ero BemiecTBa Ha BHICOTE V; U V. Toraa Ha yya-
CTKe IyTH h; - h; cpenHsas ckopocTh BellecTBa MpotyodepaHiia:

Vep = (hy-hy)/(T,-T;)=Ah-At. 3)

Bricoty h; u h, npotyGepanna usmepstor no gpororpadguu, Ha KOTOPO ykaza-
Hbl U MOMEHTHI (poTorpadpupoBanus. CKOpocTh NPOTyOEpaHiia BHIPAXKaAETCs B KM / C.

O6mee uznyyenue CosiHIa Jerko nojcuutarh 1no CoNHEYHON MOCTOSHHOMN
C =1,388 - 10° Jx-c'-M™. Cdepa, pammycom ap = | a.e. moaydaer B Te4eHHH | ¢ BCIO
n3ydaemyio COJHIIEM 3a TOT e HHTepBal BpeMeHH suepruio E =4 - 1 - ay’- C.

OTkyaa HETPYHO BBIYUCIUTH MOIIHOCTh COJIHEYHOTO U3ITy4YeHHUsI (KOJIMYECTBO
sHepruu, uzinydaemoit CosnHueMm 3a 1¢) u rogosoe uzinyuenue CoyHIa, a 3aTEM OIpe-
JENUTh €KECEeKYHAHOE U rojioBoe ymeHblieHne Am macchl CosHIla, TOCKOJIbKY H3-
Jy4daemasl SHEepIHusi:

E=c* Am,
7€ ¢ — CKOpPOCTh CBETA.

['maBHBIM HCTOYHMKOM u3JIydaemMoil COJIHLIEM 3HEpPrUM SIBISIOTCS SACpHbIC
IIPOLIECCHI MTPEBPAILICHHS BOJAOPO/Ia B Tenui, npoucxoasiue B Heapax Conxua. Ecin
U3BECTHO, CKOJIBKO SHEPIHH € BBIJIEISAETCSA MPU NPEBPALLECHUNA KaXXI0I0 rpaMmma Bo-
JI0pojia B refidid (€), TO, MOCKOJIBKY B HACTOSIIIYIO 310Xy NpUuMepHO 70% COJIHEUHOM
Macchl COCTABJISIET BOJOPOJ, MOXKHO IMOJACUYUTATH HMPOJOJDKUTEIBHOCTh BPEMEHH, HA
npoTskeHnH Kotoporo CouHile OyJeT U3iy4aTh SHEPTUI0 HHTEHCUBHO, KaK H3Ty4aeT
B HACTOSIIIIEE BPEMS [IPU YCIOBUU MOCTOSTHCTBA HHTEHCUBHOCTH U3ITy4YCHUSL.

Pamnyc Comnnaua — 696 000 000 m.
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Macca Comana — (1,9904 £ 0,002) - 10°° kr.
Vrnosoii tuamerp Couaiia — 32”.
e=7,14-10" Ix.

Oopaszey 3a0anuii

. HOHI:By;ICB HN3BCCTHBIMU IJIMHAMHW BOJIH CIICKTPAJIbHBIX JIMHUHN BOAOpOZA, IHIOCTPO-

UTh JUcTiepcuoHHbie KpuBblie | = f (A) u kpuBbie u3MeHeHus qucrnepcuu D = F (L)
1Sl 00erX CHEKTPOrpaMm Bojioposa (O u g), yKa3aB MPUHSAThIC 0003HAYCHHS dTHX
auHuA. OOBSICHUTD OTIUYHME KPUBBIX JPYT OT JIpyTa.

. Ilo CIICKTpaM BOJOpoJa, I'SJINid U HATPUA OTOKIACCTBUTDL JIMHUU B CIICKTPC COJIH]_Ia

H 110 Ta6JII/II_[aM CIICKTPAJIbHBIX JIMHUHA OIPCACIINTD UX NJIMHY BOJIHBI.

. o nucnepcroHHOW KPUBOU OMPEeNIUTh MPUOIMKEHHOE 3HAYCHHUE JJIMHBI BOJHbI

criektpanbHbiX JuHu A, B, E, B, H u K conHeuHoro cmnekrpa u mo tadiauiam
CIIEKTPAJIbHBIX JIMHUN YCTAHOBUTh UX MPUHAJICHKHOCTh K XUMHUYECKUM DJIEMEH-
TaM ¥ YTOUHEHHOE 3HAYE€HUE JJIMHBI BOJIHBI.
Beraucnuth yrioBoit u inHeHbIN MaciiTadbl hoTorpaduu ComHia.
Onpenenuts uncio Bonbda, a Takxke yriioBod M JUHEHWHBIA JHAMETPhI CaMOT0O
OOJIBIIIOTO ISITHA, CPABHUB €0 Pa3Mephl C AUaMETPOM 3eMIIH.
N3mepuTh BBICOTY POTyOEpaHiia, BIpa3uTh €€ B paauycax CoJiHIIa U B KUJIOMET-
pax. Beraucianth CKOpoCTh BemecTBa, eciu Gororpadun creaaHbl B MOMEHTHI:

a) (d) 4 urons, 14 00muH.

0) (1) 4 urons, 14 30MuH.
[Io 3HAYEHUIO COJIHEYHOW IMOCTOSHHOM BBIYMCIUTH MOIIHOCTH COJHEYHOTO H3IIY-
YEHUsI, SHEPTUIO0 COJIHEUHOTO MU3JIYyUYEHHUs 3a roJl U yMeHblleHue Macchl ComHia 3a
CEKyHAY U 34 TrOJI.

. Beruucauth NpOAO0IZKUTCIbHOCTD COBpCMCHHOﬁ HHTCHCUBHOCTH COJIHCYHOI'O H3-

JIY4CHUS B 6y,Z[y1_]_ICM, ITpAU YCJIOBHHU IIOCTOAHCTBA HU3JIYUCHHA 10 MOMCHTA 3aTyXa-
HUA COJIHIIA.



JlaGoparopnasi padora N13

MN3YUYEHUE KAPTHI U PEJIBE®A JIYHbBI U BOJIBHINX
CITYTHHUKOB IIVTAHET

Heab padorei: u3yuuth Tonorpaduio JIyHbl 1 HEKOTOPBIX OOJIBIIMX CITyTHH-
KOB IUIAHET U ONPEIEIUTh pa3Mepbl 0OBEKTOB Ha MMOBEPXHOCTH.

IMocodusi: pororpaduueckas kapra BUAUMOTO noJyiiapus JIyHsl, ¢oTorpa-
¢dbust 00paTHOM CTOPOHBI JIyHBI, CIUCKU JYHHBIX 00BEKTOB, (oTorpadus MOTHOM
Jlynbl, poTorpaduu HEKOTOPHIX CITYTHUKOB OOJBIIMX IJIAHET, KOOPJAMHATHAS CET-
Ka, ACTPOHOMHUYECKHI KajdeHAaph (IOCTOSHHAS YacTh), HepcoHanbHass DBM.

Jlemanu nosepxuocmu cnymuurxos FOnumepa
I'anumen Kamnucto

OcHogHble meopemuiuecKue ceeoeHus

JlyHHas OBEPXHOCTH MOKPHITA TOPaMU, IUPKAMU U KpaTepaMu, IPOTKECHHbI-
MU TOPHBIMU XpeOTaMH, UMEeT OOIIMPHBIC BHAJWHBI, U3pe3aHa TIyOOKUMHU TpPEIu-
Hamu. Camas oOmupHasi BraguHa Ha3biBaeTcs OkeaHoMm bypb, a octambHble — MO-

Kpamep Konepnuk na Jlyne

psmu. Ha JsyHHON mnOBEpXHOCTH
3apeructpupoBanHo okoJio 200 000
neranend. [JlaBHeWIIME TOpPHBIE
XpeOThl UMEIOT 3€MHbIE Ha3BaHUSI.
Pa3zmepbl MpKOB M KpaTepoB pas-
auyHbl: OoT 240 KM 70 METpOB.
Kpynssle mupku U KpaTepsl Ha-
3BaHbl MMEHAMH Yy4YeHbIX. M3yue-
HUE JIYHHOW MOBEPXHOCTH OCYLIE-
cTBisiercss 1o (Qortorpadusm u
KapTaMm, COCTABJIEHHBIM Ha UX OC-
HOBE, K KOTOPBIM IIPHJIAraroTcs
KIbKA C HAYEPUYEHHBIMU M 3aHY-
MEpPOBAaHHBIMU KOHTYPaMHU JTYHHBIX
00pa30oBaHU M CIUCKH MX Ha3Ba-
HUM T10]1 TEMHU )KE HOMEPAMMU.
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Kax npasuio, ¢otorpaduu u KapThl BOCIIPOU3BOAAT TEJIECKONMUYECKOE (TIepe-
BepHYyTOE) N300paxkeHue JIyHbl, HAa KOTOPOM €€ CEBEPHbIN MOJIFOC HAXOAUTCS BHU3Y.

Onpenenenre JUHEHHBIX pa3MEpPOB JIYHHbIX 0Opa30BaHUN MO YETKUM (POTO-
rpadusM He NpeCTaBIseT 3aTPyIHEHHM.

O603HauuM JIMHEHHBIN AuameTp JIyHbl, BeIpaXX€HHBIA B KM, yepe3 D*, ee yr-
JI0BOM nuameTp — uepe3 D’ u nuHEWHbIH guameTp ee dororpaduyueckoro n3oodpa-
»keHust B MM — 4depe3 D. Torna macmradbl oTorpadguiyeckoro CHUMKa OyayT :

JIMHEHHBINA MacITad u= D * (1)
. . D
yTJI0BOM MaciiTad =5 (2)

Bunumerii yrioBor auamerp JIyHbl W3MEHSIETCS B 3aBUCUMOCTH OT €€ Iapaj-
JaKca, HO TIPU IPUOJIMKEHOM PEIICHUH 3a/1a4 €ro MOXHO NpuHATh D'=32".
N3mepuB B MM pa3mepsl d TyHHOTO 00beKTa Ha (GoTorpaduu ¢ M3BECTHBIMU
Maciitabamu, nmosydum yriiosbie d” u muHelHbIe d,; ero pa3Mepsl
d'=u'd, (3)
d, =pd. (4)
BceneacrBue mapoobpasnoctu JlyHbl B OOBEKTOB JIYHHOW MOBEPXHOCTH,
PacCoJIOKEHHBIX BHE LIEHTPAJIbLHOM 001aCcTH JIYHHOTO AMCKA, 3aMETHO UCKaXXEH U 3TO
HCKKEHHE JOCTUIaeT MaKCUMAaJIbHOM BEJIMYMHBI y €ro Kpaes. MckaxkeHuio nmojsep-
KEHBbI pa3Mepbl OOBEKTOB MO BCEM HAINpPABIEHUSAM, 33 UCKIIOYEHHEM HaIlpaBJeHUS,
NEPHEHANKYJIAPHOTO K PaJANyCy JTUCKA, BIOJb KOTOPOTO MCKAKEHHUE SIBIISIETCA Hau-
oonbiM. I[loatomy dopmynel (3) u (4) TpUMEHUMBI TOJBKO ISl HEUCKAKEHHBIX
pa3MepoB, a JJis pa3MepoB B HAIIPaBJICHUH JIYHHOTO pajinyca NPUMEHUMBbI (POPMYJIbI:

d=p9 (5)
cos @
d
d,=pn , (6)
cos @

r7ie () — YIJI0BOE PACCTOSIHUE LIEHTpa 00BbEKTa OT LEHTpa JYHHOTO AWCKA, Ompese-
JIIEMOE C TOYHOCTBIO 10 1° 110 DKBATOPY KOOPAMHATHOM ceTKH AuameTpoM D, = =100
MM, KOTOpas HakJaJbpiBaeTcsi Ha ¢oTtorpaduio JIyHbl Takoro ke Juamerpa Tak, uyTo-
OBl PKBATOP CETKHU MPOILLET Yepe3 0OBEKT U LICHTP JaHHOTO JHUCKA.

Ecnu nuamertp ceTku HE COOTBETCTBYET auameTpy dotorpaduu JIyHbI, TO COSQ
MOKET ObITh HalifieH 1o HauOoblieMy d,, 1 HauMeHblemMy d, AMaMeTpaM UPKOB U
KpaTepoB, PaCIHOJIOKEHHBIX B OOJACTH M3MEPEHUM, T.K. JIEUCTBUTENIbHAS KpyTJias
dbopma 31X 00pa30BaHUN HCKAXKAETCS MEPCIEKTUBOM B OTHOLICHUHU

n

=CcosQ.

m

[To u3BecTHBIM MaciTadam WL u W GoTtorpaduu MoaHOM JIyHBI HETPYIHO OII-
penenuth Maciitadsl Wy U W~ ¢pororpadun ydacTka JyHHON MOBEPXHOCTH, JUIS YEro

68



HEOOXOMMO OTOKIECTBUTh OJJUHAKOBBIE OOBEKTHI U U3MEPUTH B MM pa3Mmepsl d u d;
uX U300pakeHui Ha 00eux doTorpadusx.

Torna B macmrabe onnou pororpaduu

d=p'd u d, =pd,
a B MaciuTtabe apyroit ¢pororpaduun
d'=p'd, u d;=nd,
OTKyJa
PRI TR
1 dl 1 dl :

Hcrnosb3yst MoJy4eHHbIe MAcIITa0bl [ U L', MOXHO ONPEACIUTh YIIIOBBIC U
JMHEWHBIE pa3Mephl TYHHBIX OOBEKTOB C IOCTATOYHON TOYHOCTBIO.

N3mepenre JiuHbI | TEHU rop Mmo3BOJSET BhIUMCIUTH X BbicoTy H (puc.l),
eciu u3BectHa BbicoTa ConHua h* Hajg ropu30HTOM JYHHOW MECTHOCTH B MOMEHTBI
¢dororpadupoBanus, T. K.

H=1ltgh*

[TpubnmxeHHoe 3HaUeHUEe h™* MOXKHO ONpPENeNUTh MO JUHEHHOMY PACCTOSHUIO
dy ropsl oT TepMuHaTopa. COJIHEUHBIE JIyYd MOYKHO CUUTATh MapalIelIbHBIMU, U I10-
3TOMY BbIcOTa COJIHIIA, BEIPAKEHHAs B Ipajaycax,

*h=6=57°,3(;—ﬂ*, (7)

rae 6 — yroia npu HeHtpe JIyHbl Mexly BEPIIMHOW rOpbl U TEPMUHATOpPOM; R* —
panuyc JlyHsl, a d;; BBIUUCISIOTCS B 3aBUCUMOCTH OT MOJIOKEHUS TOPbI 10 (hopmynam
(4) u (6). Yron ¢ MOXeT OBITh HETIOCPEICTBEHHO HAWJICH MO KOOPIUHATHON CETKE,
HaJI0)keHHOU Ha doTorpaduto JIyHbl, uiu BeruucieH o Gopmyne (7) ¢ yuetom dop-
MyJibl (6). st 0ObEeKTOB IEHTPalbHOM O0JACTH JIYHHOTO JMCKA, PACIOJIOKEHHBIX
BOJIM3M TEepMUHATOpA, BbluuciaeHue h* ympoimaercs, T.K. MOXKHO MpeHeOpeub HCKa-
KEHUSMH JIMHEMHBIX pa3sMepoB. B 3ToM citydae nuHeiHOe paccTosiHue dj ropbel OT
TEPMUHATOPA MOYXHO BBIPA3UTh Yepe3 paccTosiHUE r OT JIyHbI 10 3eMIIM U BUJUMOE C
3emin yrioBoe paccrosinue d” ropbl OT TEPMHHATOPA, U U3MepsieMoe Ha (ororpadu-
AX JTYHHOU MOBEPXHOCTH:
d, = rd'pa}:{HaH = rod—’
57°,3-60
rae d’ BeipaxkeHo B MuHyTax ayru. [loncrasisist 3Hauenue dy B hopmyny (7) u yuu-

THIBag, 4TO * % ~220, OyieM UMETh:

*h=0=37d,
riae h* u G BeIpakeHsl B rpanycax, a d” — B MuHyTax jayru. Jlpyroit MeTos onpesere-
HUS JIYHHBIX TOp npuHaiexxuT ['anmnero. OH OCHOBaH Ha TOM, YTO BEpPUIMHA TOPbI
ocenjaercsi COJIHIIEM PaHbIIIE €€ MOAHOKUS U BBIMJISIAUT CBETION TOUKOW HA TEMHOM
(dboHe HEOCBEILEHHOTO Noyapus (puc. 2) Ha HEKOTOPOM PACCTOSIHUU S OT TepMHUHA-
topa. U3mepuB S u 3nas paauyc JIynsr R*, moxxno no teopeme Iludaropa nanucars:
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*(H+R)*=R* +8?,
1 npere6peras H® B cpaBHeH#u ¢ 2R*  BBIYHCIIHTD BBICOTY TOPBI
=S
D

[Tonmo>keHre TOYEK Ha JIYHHOW TOBEPXHOCTH OMpEACIseTCsl celeHorpadude-
CKUMHU KoopauHaTamu (0T rped. cioBa Cenena — JlyHa), aHaIOTUIHBIMU TeoTpadu-
YECKUM KOOPIUHATAM.

CeneHorpaduueckas IIUPOTA 3 OTCYMTHIBACTCS OT JIYHHOTO SKBATOPA U CUMTA-
€TCS MOJIOKUTEIBHON B CEBEPHOM NOJIyLIapuu JIyHBI M OTpULIATEIBHON — B I0KHOM
ee nomymapuu. CeneHorpaduueckas T0JIT0Ta OTCUUTHIBACTCS IO IKBATOPY OT Ha-
YaJIbHOTO MEPHUANAHA U CUUTACTCS MOJOKUTEILHON B CTOPOHY BUIUMOTO 3aMaHOTO
MOJIYIIApUS. U OTPHUIATEIBHOW — B CTOPOHY BHUIUMOTO BOCTOYHOTO Kpas. Orcyer
BEJICTCsI IO KOOPJAMHATHOM CeTKe, HaKJaabiBaeMoii Ha ¢otorpaduto JIyHbI.

Ecnu 1Ba 00beKkTa MMEIOT KOOPAUHATHI A, B1; A2, B2, TO yIriIoBOE paccTosiHue
MEXIy HIMH OTIPEETISIETCS 10 TEOpEME KOCHHYCOB

cos I'=sin B;sin B, +cos B,cos B, cos(A,_ —1,),
a JINHEWHOE PACCTOSTHUE MEXKTy HUMHU
_ 2R,

L=
360

2

rae R* — nuuHeiHsbIi paguyc JIyHbI.

Oopa3ey 3a0anuii

1. BBIYUCIUTH YIJIOBOM M JTMHEWHBIM MaciITaObl 00JbII0N (poTorpaduueckoil KapThl
BUJIUMOTO TTOTymapus JIyHbl U ONPENENIUTh YIIIOBBIE U JUHEWHBIE Pa3MEPBI MOPS,
IPOTSKEHHOCTh TOPHOTO XpeOTa U IMaMeTPhl IBYX KpaTepoB.

2. YCTaHOBHUTHh Ha3BaHUSI U OMNPEACIUTH CEICHOTpaPUUecKue KOOPAMHATHI OOBEK-

TOB, 3HAYALMUXCS IT0J HOMEPAMMU:

BrraucianTs yriioBoe u IMHEHHOE PACCTOSIHUE MEXKTY TEMH K€ 00BEKTaMHU.

OTOXAECTBUTH KpaTephl, 3HAYAIIUECS 110 HOMEPAMHU:

. BeraucnauTh BBICOTY ABYX JIYHHBIX TOp, 0003Ha4YeHHBIX Ha (GoTorpaduu JTyHHOU

MTOBEPXHOCTHU YHCIIOM M OYKBOIA:

6. Uzyuuth dororpaduu cnyraukos lOnurepa: Mo, EBponbl, ['anumena u Kammu-
c10. CpaBHUTh UX BHEITHUI BUJ] U OTIPEAEIUTH OCOOEHHOCTH JIeTaIeil MOBEPXHOCTH.

7. CpaBauth dotorpaduu cnytHukoB HOnutepa ¢ dororpadusmu Jlyasl. Onpene-
JIUTh CXOJICTBO U PA3IUYHE.

G
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JlaGopaTopnas padora Nel4

MN3YYEHUE ABUKXEHUSA CITYTHUKOB IOIIUTEPA U
CATYPHA

Hean paGoThl: n3yyeHue ABMxkeHus: cnyTHUKOB FOnutepa u CarypHa u pac-
MOJIOKEHUSI UX OTHOCUTENIbHO LIEHTPAJIbHOM T1aHeThl. M3ydueHue ABMKeHUs KOJIell
CarypHha.

OobopynoBanme: nepconanbHas IBM, komnbroTepHbie porpammbl «CLEA
— Exercise of Jupiter Moons» u "Satellites of Saturn".

Bonpocsl k 10mycky:
1. OcHOBHBIE XapaKTepUCTUKH clyTHUKOB FOnuTepa u CatypHa U KoJiell
CarypHha.
2. XapaKTepUCTUKH JIBMXKEHHS CIIYTHUKOB BOKPYT IIEHTPAJIbHOM TUIAHETHI.

OcHogHble meopemuuecKue ceeoeHus

/eusicenue cnymuukoe naanem. J[BrKeHUE CIIyTHUKOB BOKpYTI IUJIAaHET Ha-
IOMMHAET JBWXKEHME IIaHeT BOKpyr CoiHia. B OCHOBHOM /BM)KE€HHE CIyTHHUKOB
JAHHOM IUIAHETHI YIPABJISETCS CUIION MPUTSKEHUs IIJIAHETHI 110 3aKOHY HbroTOHA, U
MO3TOMY CITyTHUKHU JIBHXKYTCSI BOKPYT IUIaHET, Kak M IUIaHeThl BOKpyr CoiHIla, 1o
AIUTUITHYECKUM OpOuTaM. DKCLEHTPUCUTETHI 3TUX OPOUT, 32 PEIKUM UCKIIOUYCHHEM,
HeBenuKH. Ecnu miaHeTa MIMEET CUCTEMY CITyTHUKOB, (Hanpumep, IOnurep, Catyph),
TO ATH CIYTHUKU JBHXKYTCS B IUIOCKOCTAX, OJIM3KUX JAPYT K APYTY; 38 PEIKUM HC-
KIIIOYCHHEM CITyTHHKH JBIKYTCSI B OJJHOM HAIPaBJICHUU.

OOwee Ha3BaHue ONMKallllell K IEHTPY IUIAHEThl TOYKHW OpPOUTHI — MEpH-
LIEHTpP, a HauboJjee yAaneHHOW — anoueHTp. OCHOBHOM IJIOCKOCTBIO IBUYKEHUS SIB-
JSIETCSI TIIOCKOCTh 9KBATOPA IIaHEThl. bosbiine 1mojiyocu OpOUT CIIyTHUKOB IJIAHET
BBIPaXalOT OOBIYHO B JIOJISIX paJnyca IIAHETHI.

B3aumHble OTKJIIOHEHHSI CIIYTHUKOB OT AJUIMNTHYECKOIO JIBMIKEHUS IPOMCXO-
JAT 3a CYeT B3auMHOro nputsbkeHus CoJlHLa, UTparollero B JAHHOM Cllydae poJib
BO3MYyILAOLIEro Tena. Jljis HEKOTOpPBhIX CIYTHHUKOB, KOTOPBIE HAXOIATCS CpaBHU-
TEJNbHO OJIN3KO K CBOMM IIJIAHETAM, IPUUMHOM 3aMETHBIX BO3MYIICHUH SIBISETCS TO
00CTOSITENILCTBO, YTO IUIAHETHI BCIEACTBHE OTKJIOHEHHUS OT cepuueckoil (popmbl
NPUTATUBAIOT HE TOUYHO 1O 3aKkoHY HpetoToHa. B cinyyae CaTypHa Ha JBUKEHHE CITYT-
HUKOB OKAa3bIBACT BJIMSIHHE MPUTSIKEHHUE KOJBIA, OKPYXKAIOIIETO 3Ty IJIAHETY U CO-
CTOSILIET0 U3 MHOKECTBA MEJIKMX MaTEepHUaIbHBIX TEJl.
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Hanbonee uaTepecHs! 171 HAOMIOIEHUN YeThIpe Apkux cimyTHuka FOmurepa (I
— Ho, I — EBpomna, III — I'aaumen, IV — Kannucrto), otkpseitsie ene ['anuneo Ia-
auneeM B 1610 roay. Mx MoxxHO ObL10 OB HAOJIIOAATh MPOCTHIM TJ1A30M, €CJIU ObI HE
Mellajl SPKUi CBET IJIAaHEThl. DTH CIIYTHUKH JIBUXKYTCS TIOYTH MO KPYTOBBIM OpOUTaM
Y TIOYTH B TUIOCKOCTH dKBaTopa mianetsl. Habmronas ¢ 3emiu, Mbl BUIIUM 3TH OpOU-
ThI C peOpa, TaK YTO CIYTHUKU PACIIONAral0TCs OYTH Ha OJTHOW JIMHUM, SIBIISIOIIECIHCS
MPOJIOJKEHUEM SKBaTOpHaibHOUM monockl FOnutepa. CiiyTHUKM TO TpsYyTCs 3a Ia-
HETOU (MOKPBITHE), TO MPOXOAAT MEPEI €€ AUCKOM, TO IMOMAAAl0T B TEHb IUIAHETHI
(3aTMeHHe).

Tpu ciytauka Mo, EBpona, ['anuMe IBHKYTCs IOYTH B ITOJTHOM PE30HAHCE, C
nepuoaamu obpamenust 1.77, 3.55, 7.16 3eMHBIX CYTOK, HaXOJSIIMMUCS B COOTHO-
menuu 1:2:4. B HeGecHON MeXaHHUKE TaKOe PaCIOIOKEHUE CUMTACTCS YCTONYMBBIM.
Bce atu ciytHuku obpaiiensl k FOnurepy oJlHON U TOH e CTOPOHOM.

Bosnbiioit untepec npeacrabisitoT U cnyTHUkU CatypHa, ocooeHHo TutaH u
Sner.

CatypH UMeeT CJIOXKHYIO CHCTEMY KOJICI], XOpOIIO HAaOJI0IaeMyl0 yXKe B He-
oosbiioi Teneckorn. Komnbiia CatypHa ysuzen eme ['amuiiei, HO, U3-3a IJIOXOTO Ka-
YeCTBa CBOMX MHCTPYMEHTOB, HE CMOT Pa3riIsiJIeTh UX ACTAIBHO W PEUIUJ, YTO 3TO
KaKue-To 00pa3oBaHUsl, HANOI00ME MMIAPOB.

Hao6ro-
nenus X. ['roii-
reHca 1noJj-
TBEpAWIIA, YTO
CarypH wumeer
kosubua. IIpu-
MEHEHHE Ooiee

COBEPILICHHOU
TEXHUKH  TIO-
3gosmiio  JIK.
Kaccuan  or-
KPBITh I1EeIb

MEXIY KOJbLAMHU, KOTOpas € T€X MOP HOCHUT €ro UMs.

®dororpadun kocMudeckoro ammapara ‘“‘Bosypkep-17 mokaszanu, 4TO KOJbLIA
COCTOSIT M3 MHOKECTBA KOHIICHTPHUYECKHX Y3KHX KOJIEl, 00Ilas KapTHHA KOTOPBIX
HAIIOMUHAET 3BYKOBBIE JJOPOKKM HA TPAMILJIACTUHKE.

Konpua Carypna JiexaT TOYHO B DKBATOPUAIBHOW IJIOCKOCTH IU1aHeThl. [lpu
HAOII0IeHUH ¢ 3eMJIM, OHM OBIBAIOT BUIHBI MOJ pa3HbIM yriaom. 21 mas, 11 aBrycra
1995 rona u 11 despans 1996 roga xonbila NOBOpaYUBAIUCH K 3eMiie peOpom U Obl-
JIM BUJIHBI B BUJIE Y3KOU MOJIOCKH.

Buytpenne konpio C umeet pazmepsl 17 000 kM, cpennee camoe sipkoe B —
28000 km u BHemHee A — 17000 kM. Konbia A u B paznenenst menbto Kaccunm.
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Bosnbiiie KoJsiblla COCTOAT M3 MHOKECTBA MAJICHBKMX KOJIEUEK, KOTOpBIE, B
CBOIO O4Yepe/lb, pacmajalroTcs Ha OT/ACJIbHBIC YaCTHUIIbI, NMPUYEM KaxKJaas 4YacTulla
JBIOKETCS BOKpYr CaTypHa 1o cBOoel COOCTBEHHOM OpOUTE B COOTBETCTBUU C 3aKO-
HOM TAroTeHus HeroToHa. JlaHHBIEC CIIEKTPaIbHOTO aHAJM3a MOKA3bIBAIOT, YTO Yac-
THUIIBI KOJIbIIA MOKPBITHI JIbJIOM U HHeeM. [loaToMy 00J1a1at0T BRICOKON OTpaXKaTellb-
HOM CITOCOOHOCTBIO.

Camble KpyMmHBIE YaCTUIIBI KOJIEL] UMEIOT pa3mepsl oT 1 10 15 meTpoB.

Yactuipl He MOTYT OOBEITMHUTHCS B KPYIHBIC TElla, TaK KaK MPUIUBHOE BO3-
nericteue CatypHa pa3pymimio Ob1 ux. Ckopee BCero, 4To KOJbIla COCTOSIT U3 pa3py-
HIEHHOTO paHee cimyTHHKa CaTypHa ¢ IMaMeTPOM HECKOIbKO COTEH KUJIOMETPOB.

CrpoeHue Kojel COJAEpkKUT MHOro 3arajiok. Hampumep, HEKOTOpbIE Yy3KHUE
KOJIbIIa MMEIOT 3aMETHBIM JKCLIEHTPUCHUTET, HaOMI0JaeTCs Jaxe ‘‘TieperuieTeHHOoe
KOJIbIIO, B KOTOPOM TEPEIICTAIOTCS TPU OTJASIBHBIX KOJbIA UM TOTOKA YaCTHII.

Habnromarorest Takke paavaibHble TEMHbIC JIydH B TUVIABHBIX KoJjibliax. OHU
CO3JIAI0TCSI CKOPEE BCEr0 MAarHUTHBIM TOJIEM.

Jluteparypa:
1. Acmponomuuecxuii kanenoapo. Illocmosanuas wacms. M., 1981
baxynun I[1L.U., Kononosuu 3.B., Mopo3 B.U. Kypc obweti acmpornomuu. M., 1983
3. Bponwmasn B.A. [Inanemuol u ux nadnwooenue. M. 1979.

N

Jais1 mostydeHusi 3a4ueTa He00X0AMMO:
1. TIpaBuJIbHO BBINIOJIHUTH 3a1aHUS K paboTe U MPEIOCTaBUTh OTUET.
2. 3HaTh Ha3BaHUs caMbIX SpKUX cnyTHUKOB FOmurtepa m CaTypHa U OCHOBHBIE 3a-
KOHOMEPHOCTHU JBUKEHUS CITyTHUKOB IJIAHET.
3. 3HaTh OCHOBHBIE XapaKTEepUCTUKU Kojel CaTypHa.

Ooépa3ey 3a0anuii

1. C momompio kommnbioTepHoit «CLEA — Exercise of Jupiter Moons» u3y4uTh
JBUKEHUE YETBhIPEX TAMJIEEBbIX CIIyTHUKOB Omwurepa 3a yKa3aHHBIA NEPHOJ
BPEMEHU.

2. HapucoBats rpaduk 1BU>KEHUSI CIYTHUKOB OTHOCUTENbHO FOnuTepa.

3. Omnpenenuts BpeMsl HACTYIIEHUS 3aTMEHUNA M MOKPBITHMA 32 YKa3aHHBIN MEPUOJ
BPEMEHU.

4. O3HaKOMHTBCS C JIBH)KEHHEM CIYTHHUKOB CaTypHa € MOMOILBIO KOMIBIOTEPHOM
nporpammsbl "Satellites of Saturn" 3a ykazaHHbII IEpUO]T BPEMEHHU.

5. U3yuuts asuxkenue kosen CarypHa 3a 3TOT € NEepUOj BPEMEHH U OLIEHUTh CTe-
NIEHb UX PACKPBITHS.
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JlaGopaTopuasi padora Ne 15

ABUKXEHUE JYHBI. COTHEYHBIE U JIYHHBIE 3ATMEHUA

Heab padoThl: u3ydyeHue ABWKeHUs JIyHbI, CMEHBI TYHHBIX (pa3, ycJIoBUM Ha-
CTYIUJICHUSI COJTHEUHBIX U JIYHHBIX 3aTMECHUH.
OobopyaoBanme: nepconanbHasi 9BM, KOMIIBIOTEPHBIE TPOTPAMMBI
"RedShift3", "Stella 2000", AcTpoHOMUYECKUI KaJleHAaph (ITOCTOSIHHAS YacTh).
Bonpocsl Kk 10mycky:
1. OcHOBHBIEC XapaKTEPUCTUKH JIYHHON OpOUTHI, 0OCOOCHHOCTH JBUKEHUS JIyHBI.
2. OCHOBHBIE MTOHATHUS O 3aTMEHUSX. Y CJIOBUS HACTYIUJICHUS JIYHHBIX M COJTHEYHBIX
3aTMCHU.

OcHogéHble meopemuuecKue ceeoeHus

Jlyna B mpocTpaHCTBe oOpaliaercsi BOKpYr 3eMJii B MPSIMOM HarpaBiIeHUH (C 3a-
majia Ha BOCTOK) MO 3JUTMITHYECKON OopOUTE, B OMHOM M3 (HOKYCOB KOTOPOTO HAXO-
nutcst 3emisi. boinbias moimyock ayHHO#M opoutsl paBHa 384000 kM. DT0 paccTosiHUE
COOTBETCTBYET yriioBomy auametpy Jlyusl B 31°.1. Brimkaiiiias k 3emiie Touka opou-
Thl JIyHBI Ha3bIBaeTCs nepueetl, a HauboJiee yaleHHas — anozell.

Jlyna nepememiaercsa Ha ¢poHe 3B€37 10 O0IBIIOMY KPYTy — JIYHHOMY IyTH (TIpO-
eKLIUsI JTYHHON OopOUTHI Ha HEOeCHYI0 cdepy), KOTOPBIA, KaK U SKIIUINTHUKA, TPOXOJUT
M0 30/IMAKaJIbHBIM CO3BE3/IMSAM, HO HE COBNAJAET C HEH, a MEepPECcEeKaeTcs C HEW MOoJ
yriioM i=5 9.

Touku mepecedyeHusi, KOTOPbIE OTCTOSAT APYT OT JApyra Ha yIrJIOBOM PAacCTOSIHUU
180°, HA3LIBAIOTCS JYHHBIMU V3AAMU, BOCXO0SUWUM J) U HUCX00auwuM. B BOCXO1s-
niem ysie JlyHa nepecekaeT SKIMITUKY, [IOJHUMAETCA HaJ HEW B CEBEPHOM Halpas-
JICHUU U yAAIseTCs OT Hee Ha i=5°9’, 3aTeM npuOimKaeTcs K HEl, ImepeceKkacT ec B
MIPOTUBOIOJIO)KHOM HHUCXOJSIIEM Y3JI€ U OTXOJIUT B FO)KHOM HAIlPaBJICHUH HA TO XKeE
YTJIOBOE PACCTOSIHUE.

[lepuon oOpamenust JlyHbl BOKpyr 3eMJM OTHOCUTEIBHO 3BE3]l Ha3bIBAETCA
36€30HbIM, WIH cudepudeckum mecsayem. OH paBeH 27.32 CyTOK.

[lepron Bpaienust JIyHbl BOKPYT OCH paBEH CUAEPUUYECKOMY MECSAIY. A Tak Kak
HarpasieHue BpanieHust JIyHbl cOBIagaeT ¢ HampaBlieHHEM OOpallleHusi, TO, JBUTa-
sich BOKpYT 3emutn, JIyHa Bcerma oOpaiiieHa K Heil 0JJHOM CTOpoHOU. Takoe JBUKEHUE
Ha3bIBACTCA CUHXPOHHBIM.

[IpoMexyTOK BpEMEHM MEXAY JBYMS IOCJIEI0BATEIbHBIMU MPOXO0XKICHUSIMU
JIyHOli 4epe3 OJIMH U TOT K€ y3€J Ha3bIBACTCS OPAKOHUUECKUM MECAYEM.
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[lo mprurHE BO3MYILAIOMIETO BO3ACHCTBUS, B OCHOBHOM COJIHEYHOTO, JIYHHAsI Op-
OuTa BCe BpeMs MMOBOPAYMBAETCS, U JYHHbIE Y3JIbl HEMPEPHIBHO MEPEMELIAIOTCS 110
SKJIUIITUKE C BOCTOKA Ha 3amaj HaBcTpeuy ABMkeHuio Jlyner Ha 1°.5 3a cupepuue-
CKUI MecsI, COBEpILas MOJHBIM 000POT MO SKIUNTHKE 3a 18 et u 7 Mecs1es.

JIBr>KeHHME y3J10B CYIIECTBEHHO OTPAKAETCS HA YCIOBHUAX BUAUMOCTHU JIyHBI, Tak
KaK 3aMETHO U3MEHSIET Npeeibl CKIIOHEHUs JIyHBI.

3a cytku JlyHa cmemaercs cpeau 3Be3]l MO JIYHHOMY IyTH C 3amnaja Ha BOCTOK
noutu Ha 13°. [ToaToMy Kaxkiblil ociieayronuii Bocxo/ JIyHbl HacTymaeT B CpeiHEM
Ha 52 MUHYTHI [103K€ (TOYHOE BpPEMS 3aIla3/IbIBAHMSI 3aBUCUT OT CKJIOHEHHS JIyHBI).

Jlyna, nBuraice B IIpo-
CTPAHCTBE BOKPYT 3€MJIM, 3a- Op6uTa JlyHbl
HAMAeT II0 OTHOLICHUIO K
3emne u ConHily, €€ OcCBe-
LIAIOLIEMY, Pa3JIMYHbIE I10JI0-
YKEHHUSI, KOTOpPBIE COIIPOBOXK-
JAIOTCS MEHSAIOLIMMCS BUIOM
Jlynwl — aynuou azoii — OT
TOHKOTO cepna A0 IOJHOIO
JUCKA W CHOBA K TOHKOMY
cepy. Puc. 1.

Jlynnoii ¢pazoti Ha3bHIBAIOT
BUJIMMYIO B COJIJHEYHOM OCBEILICHUH YacCTh JYHHOTO JMCKA U ONPEAEIISIIOT OTHOLICHU-
€M HauOOJBITICH MUPUHBI b ATOU YaCTH K JUAMETPY d.

JTyHHBIV NYTB

Sknuntuka

i=509'

o=2.
d
Puc.2
BrinenstoTr 4 ocHoBHBIE (a3bl JIyHBI:
1. Hosonynue . (®=0),

2. nepsas wemeepmo C ) (®=0.5),
3. noanonyHue Q (d=1),

4. nocneousis uemeepms O (®=0.5).
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[TpomexxyTOK BpeMEHU MEXAY ABYMS MOCIEI0BATEIbHBIMU OJJTHOUMEHHBIMU (pazaMu
Jlynbl Ha3bIBaeTCs cuHoouyeckum mecayem. OH paBeH B cpeHeM 29.53 cyTok.

3ammenusa. B ceoeM nBmwxeHun smecte ¢ 3emiielt Bokpyr Coisnua JlyHna nepuo-
JUYECKM YaCTHUYHO WMJIM TOJHOCTBIO 3acioHsieT CoJiHIe, — MPOUCXOMAST COJIHEUHBIE
3aTMEHUS — UJIM caMa TOMaaeT B TeHb 3eMJIM, — IPOUCXOST JTyHHbIEC 3aTMEHHUS.

3aTMEeHUsT MOTYT MPOUCXOUTH TOJBKO BOJM3M JTYHHBIX Y3JIOB MJIM HETIOCPEACT-
BEHHO B HUX. Kpome Toro, s conneunoco 3atmenusi JlyHa AoJiKHA HaXOOUTHCS B
HOBOIYHUU, & JUTS IVHHO20 — B (a3e NOTHOLYHUSL.

Ocgemaemas Conanem Jlyna orOpachkiBaeT B MPOCTPAHCTBO CXOSITUICS KOHYC
TEHU U PACXOASIIMKCSI KOHYC MOJyTeHU. V3 MeCT 3eMHOM MOBEPXHOCTH, OKa3aBILIEH-
Cs B JIyHHOM T€HU, BUJHO TMOJHOE COJTHEYHOE 3aTMEHHUE, a B TYHHOU MOJYTEHH — Ya-
CTHOE.

PaccMoTpuM Ha pucCyHKE 30HY HACTYIUJICHUS! COJTHEUHBIX 3aTMEHUNA Ha KIJIUITH-
ke. [IpencraBum cebe IKIUII-
TUKY W TMepeceKaronuiics ¢
HE B BoOcxopdlieMm ysie &)
ayHHbIA TiyTh (puc.4.). Ilpu
HOBOJIYHUSIX, KOTOpBIE TIIPO-
UCXOAT BAAMH OT JyHHBIX
y310B (1, 6), coiHeuHble 3a-
TMEHUSI HEBO3MOXHBI: JlyHa Puc. 3.
npoxoaut Ha HeOe (1) HmKe
(roxxnee) wm (6) Boime (ceBepree) Coinia. UToOBI MPOM30ILIIO YACTHOE 3aTMECHHE
HEOOXOMMO BHEIIHEE KACAHWE COJTHEYHOTO W JIYyHHOTO AWCKOB (2, 5). DTO MOXKET
MPOU30MTH TIPU HOBOJIYHUSX, HACTYNAIOIIMX HE Aayiee /8 ° 0T JyHHOrO y3ia, a npu [
< 16° mnpoucxonsr
00s3aTeNbHO. 6 S 4 3 5

[TonHBIE ¥ KOJB-
1eo0pa3HbIe (11eH-
TpaJibHbIE) COJIHEYHbBIC
3aTMEHUSI TIPOUCXOJIAT
He paimee [11°5 ot
JYHHBIX Y3JIOB, U YeM Puc. 4.

Onmmxe K Y3y, TeM

0oJbllIe ero MPOAOKUTEIBLHOCTh. BOMM3M OgHOrO y31a 0053aTENbHO MPOUCXOAUT
OJIHO 3aTMEHHE TOT0 WJIM MHOTO BHUJA; PEAKO BO3MOXKHO JIBa YacTHbIX. J[ByX IIeH-
TpaJIbHBIX 3aTMEHUIN BOJU3HM OJIHOTO Y3Jia ObITh HE MOXKET, TaK KaK CHHOJMYECKHI
Mecsll 00blle TPOAOIKUTENBHOCTU MepUoa HEHTPAIBHBIX 3aTMEHHI, 32 BpeMsl KO-
TOPOTr0 MOKET MPOU30NTHU TOJIBKO OJHO HOBOJIYHHE.

JlyHHoe 3aTmeHue — siBieHHE NPOXOXkACHUS JIyHBI CKBO3b 3E€MHYIO MeEHb,
UMEIOITYI0 hOPMY CX00sAwe20csi KoHyca U OKPYKEHHYIO pacxo0sauumcst KOHYCOM
nonymeru (puc.S).

ConHue

JlyHa B Ho-
BOMYHUN
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Cpenuss anuHa 3eMHOM TeHHu 1380 ThIC. KM, T.€. Bcerja OOJIbIIIE TeOleHTpUYe-
ckoro pacctrossaust Jlynel. M3 pucyHka BUIHO: 4TOOBI TPOU3OIILIO JIYHHOE 3aTMEHHE,
Jlyna pomxHa mpoTUBOCTOSTH COJHITY, T.€. YTOOBI OHA ObLIA B MOJTHOJYHUH. YTJIO-
BOM paguyc 3eMHO# TeHH u3MeHsercs ot 38" 1o 47°, a JlyHa OTXOQUT OT SKIUITHKH
Ha yIJIOBOE paccTosiHue 110 i = 5°9” (puc.6), Mo3TOMy HE IPHU BCEX MOJIHOJIYHUSX (a,
b, g, h) MoxxeT ObITh 3aTMEHHUE, a TOJIBLKO BOIM3HU Y3708 (¢, d, f) mim B HEX ().

d b NyHa B
NONHONYHUN

TeHb
3emnm

Puc. 6.

VY4acTok 3KIMINTUKHA, HA KOTOPOM NPOMUCXOMSAT JIyHHBIE 3aTMEHMs, Ha3blBaecTCA
30HOM JIyHHBIX 3aTMeHMI. OH npoctupaercs Ha /1 =12 ° ot nyHHbIX y370B. [loaHbIe
3aTMEHHUs HACTyNaloT He jaaiee, yeM 4 95 - 5 95 ot y370B.

E>xeroiHo HacTynaroT ABE 3MOXU 3aTMEHUH, pa3/IeJIeHHbIE IPUMEPHO MOy OU-
eM. [IpomMexXyTOK BpeMEHU MEXIy 3aTMEHUSIMHU B ITPOTUBOIIONOKHBIX y3J1aX COCTAB-

nsiet 177-178 cymox.
[TpomexxyTok BpeMmenu, dyepe3 KoTopbiii CoHIIE BO3BPAIIACTCS K OJHOMY U TOMY

K€ Yy3I1y, Ha3bIBACTCS OPAKOHUYECKUM 2000M.
Capoc — 3TO TPOJOKUTENBHOCTh IUKJIA 3aTMEHUNA — MPOMEXKYTOK BPEMEHU

(HBJ’I?IGTCH HanMMCHBIIINM O6I]_II/IM KpaTHbIM APAKOHHUYCCKOI'o roja, ApaKOHUYICCKOI'O

MEcAa n CHHOJHUYCCKOI'O MCCHH&), qcpe3 KOTOpBIﬁ IOBTOPACTCA

MMOoCJICA0BATCIbHOCTE COJTHCYHBIX U JIYHHBIX 3aTMCHUU.

77



1.

Oopa3ey 3a0anuii

Onpedenums a3zy Jlynwl, eciu yenosoe yoaneunue Jlynot om Coanya 60 °
Onpeodenums a3zy Jlynwi, eciu ghazosulii «o3pacm» Jlynwi 10 onell.

Boruucnume cpeonue snauenus paccmosanuti Connya u Jlynol om 1yHHO20 Y314,
nPpU KOMOPBIX NPOUCXO0OSIM YACMHbIE U NOJIHbLE COTIHEUHble 3AMMEHU.

Boruucnums cpeonue 3nauenus paccmosinuti Connya u JIyHol om AyHHLIX V37108,
npU KOMOPbIX NPOUCXOOSIM JIYHHbLE 3AMMEHUS.

I1o pezynomamam nynkmog 3 u 4 gvluucaumo OIUMENbHOCIb eXHce200HbIX NEePUO-

008, 6 meyeHue KOMOPbIX MO2YM NPOUCXOOUMb COJIHEYHbLE U JIVHHbIE 3AMMEHUsl, U
chopmynuposams 6618600 0 BOIMONCHOM KOIUYECHIBE KAAHCOO20 MUNA 3AMMEHUSL 8
npeoenax 00H020 nepuooq.

Boluuciumes 0amol 08yx conHeuHvix 3ammenut, A8IAI0UWUXCA NOBMOPEHUEM NOl-
HOo20 conneurnozo 3ammenus 11 aszycma 1999 cooa.

C nomowwio npoepammsl "RedShift 3" onpedenums momenmuol Hauana u KOHYA
JyHHo2o 3ammenus 10 ausaps 2001 20o0a 6 Muncke.

Ilpumepuol evinonnenus HeKOMOPvIX 340AHUILL

Onpeodenumn azy Jlynvl, ecniu yenosoe yoaneunue Jlynot om Coanya 60 °
Paccmorpum pucysok. Ilycrs E — nentp 3eminu, L — nentp Jlynsl, Y — yrou me-

)1y HanpasiaeHussMd Ha ComnHue u Ha JIyny (yrioBoe yaanenue Jlynsl ot CoJiHia),
AB — nynssiii TepmunaTop, CD = d — guameTp JTyHHOTO AMCKa, NEPIECHANKYJIIIPHBIMI
Jy4y 3peHUsI 3eMHOT'O HaOII0JaTesl.
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IIpu HEKOTOPOM 3HaYEeHUU Y ¢ 3eMJIM BUAHA OCBeleHHas yacTe BLD nyHHOrO nucka,
MMEIOILAasl BUJ cepra, KOHLBI poroB kotoporo L1 u L2 nmpoeunpyrorcst Ha yepTexe B
Touky L; mpoekuus Touku B — touka B’. Torna mmpuna qucka — b = B’D. Tak kak
CD L EL u AB nepneHaukyisipHO K HanpaBiieHuto Ha CousHie, To £ BLD =ywu
X=rcosy,
rae r = LB =LD — ecTb pagnyc ayHHOTO qucka. Torga
b=r—x=r(l-cosy)
U JIyHHas (a3a
2: r(1—cosy) _ I—cosy :sin2z
d 2r 2 2
@ =sin’ 60" =0.75.

D=

2. Onpeoenums ¢haszy Jlynel, eciu gpazoswiti «6ospacm» Jlynwol 10 Onueti.

[TpubmmkenHoe 3HadeHue ¢asbl JIyHbI MOXET OBITh HAWACHO MO KOJIHYECTBY
JHEH, MPOIIEIIINX CO JHS HOBOJYHHS ((ha30BbI «BO3pacT»). YIJIOBOE yJaleHHE
JIyner ot CosHila

t
=360°" —
/4 g’

rae S — cunoamueckuit mecsi. Torma myrHas dasa:

t 10
@ =sin” ¥ =sin?(360° —) = sin*(360° ——) = 0.72
4 ( S) ( 29.54) '
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OCHOBHBIE 3JIEMEHTbI HEFECHOH C®EPBIL. CHCTEMbI HEFECHBIX KOOPJIHHAT.

YCIOBHA BUTUMOCTH CBETHJI HA PA3JIHYHBIX IITUPOTAX
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Oo0pa3sen 3agaHuii

IIpuMepsI BHINOJTHEHHST HEKOTOPBIX 3aaHU I
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VYyeOHOoe n3nanue

Anekcanop Anvoepmosuy Illumoanes,
Baaoumup Cemenoeuu I'onuap

JIadopaToOpHBIA MPAKTHKYM 110 ACTPOHOMHUH

IToanucano B meyaThb dopmart bymara nucuas.
Od¢ceTnas neyarsb. Yci.med.J1. VYy.-u3a.7.
Tupax 100 k3. 3aka3 Hena

benopycckuii rocy1apcTBeHHbIN NeIarorH4eCKuil yHUBEpCUTET
HNmenn Makcuma TaHka
JIunensus

Poranpunt BI'ITY um. M.Tanka. 220050, MuHck, yJia. CoBerckas, 18



