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IMABA 1. COEPUYECKAA ACTPOHOMUA

1.1. HebecHas cthepa. Cuctemb! HeGeCHBIX KOOPAUHAT.
Npeo6pa3oBanne KoopanHat

Hebecnoti cpepoii nazpiBaeTes BooOpaxkacMas cepa pou3BONIBHOIO pajiiyca ¢ ieH-
TpOM B BEIOpaHHOH TouKe HaOmoAeHus. Ha nnoBepxHOCTH 3TOM ceprl cBeTHNA pacHo-
JI0%EeHb! TakK, KaK oM BHIHbl Ha HeOC B HEKOTOPBIH MOMEHT BpeMellM U3 IaHHOH Tou-
KM npocTpaHcTBa. UToOBI NPaBMIILIIO 1IPCICTABUTL cebc aCTPOHOMHUYECKOE ABJCHHE,
cAelyer CUMTaTh, YTO pajuyc HeOccHOH cdeprl nHamiloro Gonbllic pajnyca 3emiH
(R.y>> Ry), T.¢. nonaratn, 4To 1ab104aTeNb HAXOAUTCS B LICHTPE 1EGeCHOi chepbi,
npUYEM OJlHa U Ta XC e€ TOYKa (0/11ia M Ta e 3B€3/1a) BH/IHA U3 Pa3lbIX MCCT 3CMHOH
"TIOBEPXHOCTH f10 NlapasicblibIM HanpaBIeiUsiM.

Ion nebecuvim ceodor, unu nebom, NOIMMAIOT BHYTPEHNIOIO TOBCPXHOCTD Hehec-
11o#t cepsl, 1a KOTOPYIO NpoeuUpytores nebectibie Tena. [ns nabaionarens na 3emiie
JuieM 11a Hebe Buano ConuHue, nuorza Jlyua, pesxe — Benepa. B 6e3001aunyio Hous
BHJIHB! 3Be3/1bl, JlyHa, 1IaieTsl, MHOrja KOMeThi M JIpyrue tena. Buaumeix iieoopy-
MENbIM ri1a3oM 38e3] nopsaaka 6000, Bzaumiioe pacnonoxeHue 38¢31 [TOYTH 1E H3Me-
HAETCs M3-3a OOJIBIIOrO paccTofHus 10 nuX. [lonoxeHnue nebecHbIX TCI, KOTOpPLIC OT-
HocaTca K ConHe4HON cUCTEME, M3MCHACTCS OTHOCUTENbIO 3BE€3/] U JIPYT JIPyra. UTo
OTNPENENAcTCA UX 3AMCTHBIM YIIIOBbIM, 4 TAKKC JIMICHIILIM CYTOUILIM M I'0OI0BBIM CMC-
LICHHEM.

HebGecuplit cBOJ BpaLaeTcs Kak euIioc Lesloc ¢ HaXOoMALMMHC 114 HCM CBCTHI1a-
MH OKOJI0 BOoOpaxaeMoii ocH. D10 BpauieHHe cyTouHoe, Ecin Habio/aTth cyToutoe
BpalIEHUEe 3BE3/] B CCBEPHOM NOJIYIIAPHY 3EMJIH, CTOS K CCBCPIIOMY TOJTIOCY JHULIOM,
T0 He6O Oy/1eT BpalaThCs IPOTHB HacoBoil cTpeiiku. Ha BocToke 38€3/1b1 BOCX018IT, HA
3anane 3axoisat. Kaxas 3se31a BOCXOJUT M 3aX0/IUT B OJHIX M TEX XKE TOUKAX ropu-
3oHTa. MakcumanbHas BpICOTa [UIA KAX,/[OH 3Be3/bl B A1IHOM MCCTIOCTH 1HOCTOAIIEA.
HexoTropsie 3Be3/1bl HE 3aX0/IAT, @ ONUCHIBAIOT MOJIHBIC KPYTH (3a CYTKH) a1 IOPH3OL-
TOM, Bpauasce BOKPYr HEMOJBHXKIION ToYKH (ceBepiioro itomoca mMupa). CosHice 1
Jlylia BCXOIAT M 3aX0/1AT B TCUElIHE CyTOK. B oTAH4Me OT 3B€31, 3TO NPOUCXOUT B pas-
HLIX TOUKAX rOpW30HTa B TedcHUe roja. C roMolublo HabmoICHUI MOXIHO 3aMCTHTb,
uto Jlyna, nepeMeniasich 1a Qolie 38e3;1, NEpeABUracTcs ¢ 3anaja iia BOCTOK co CKopo-
CTLIO OKOJIO 13° B CYTKM M coBepuIacT nojiibli kpyr no nedy 3a 27,32 cyr. Comne tak-
C NPOXOJUT ITOT 11YTh, 11O B Te4CHHUE r0/1a, IEPEMELIasch Co CKOPOCTHIO 59’ B CyTKH.

Spxue 38e31b1 O0bEJIMHCHBI B co3Be3aMs. Beero na 11e6e 88 cospeznii. M3 nux 56
MOXCT BUAETH 11a0mojaTeNb, HaXOAAWHMICA B CPCAHUX LHIMPOTAX CEBCPHOTO MO:TYiia-
pus 3emiun. Bee co3peszius uMeloT Haspanus. OHM U3 HUX CBA3aHbl ¢ HA3BallMAMH *KH-
BoTHbLIX (boxbiuas Mensenua, Jies, JIpakoir), apyruc —- ¢ HMEHaMH repoeB I'PCUECKHX
mudos (Kaccuones, Augpomena, [Tepceil) nim Ha3BaHHUAMH MPCAMETOB, OUEPTAHUS KO-
TOpbIX OHH H1anoMunatoT (Ceseptias Kopona, Tpeyronsuuk, Becet). HekoTopsie 3Be3 /b
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B co3BesAX obo31a4aloTest OyKBaMU rpeycckoro angasuTa, a Haubosee sipkuc (0Ko-
10 200) mostywiiim uMenia cobcrternble (Hanpumep, o Bonsmoro ITeca — Cupuye,
« Opnotia -— betenereiise, 3 Iepces — Anrons, o Mano#t Meageauust — - [lonsphas
3B€3/1a, OKOAO KOTOPOIl HAXOAUTCS TOYKa ceBepHoro nomoca mupa). Ityru Commua u
Jlyuist na goHe 38e3/ MOYTH COBMAAAIOT U MPOXOAST MO ABCHAALATH CO3BC3IUAM, KOTO-
pbIC HA3BLIBAIOTCS 301MAKATILHBIMH, IIOCKONBKY OOJIBIIMHCTBO U3 HUX HOCAT HA3BAHHWS
®KHMBOTIBIX (OT I'PEY. «300H» — KHUBOTHOE), ITO co3Be3aus Osna, Tenbua, biusnenos,
Paxka, JIbBa, JleBbl, Becos, Ckopuuona, Ctpennia, Kozepora, Bonoses u Prif.

Ha puc. 1.1 nokazaHpl OCHOBHBIE TOUKH M TUHUM HebecHol cdeprl. Lelitp O nedec-
noli cepsl — Touka Habronenus. [pamas ZOZ', koTopas COBNAAET ¢ HAlPaBICIIMEM
HHTH OTBeca B MecTe Hab1101CHUA, HA3hIBAETCA OTBECHOH MIIH BEPTUKANbHON JHHHUEI.
OTBecnias TUHHUSA NEPECEKacTCs ¢ OBEPXHOCTHIO HeOeCHO cdeprl B IBYX TOUKAX: B 3e-
Hume Z 1aj ro;10Boi Habmonarena U B AMaMeTPasiblio MPOTUROMONONHON TOYKe £’ —
nadupe. bonbinoil kpyr Hebecnol cdeprl (SWNE), NinockocTs KOTOPOYo NepleilvKy-
JAApHAa OTBECHOM JIMHUH, 11a3bIBACTCS MAMEMAMUYECKUM WA UCTUHHBIM 20PU3OHIOM.
MaTtemaruueckuii TOpU30HT — IJIOCKOCTh, KacaTeabHast K MOBEPXHOCTH 3EMJIH B TOUKE

HabJ10,CHMS,

a 6

Puc. 1.1. OCHOBHbIE TOYKY W NUHIMN HEOBecHOH cchephb! 1 CBA3AHHBIE C HUMW CUCTEMBI
HeGeCHLIX KOOPANHAT: 8 — rOpU30HTaNbHAA CUCTeMA KOOPAWHAT; 6 — nepBaA U BTopan
3KBATOPNANbHbIE CUCTEMbI KOOpANHAT

Ciaeayer oTMETHTD, YTO HCTHHHBIM IOPU3OHT OTIIMYaeTes oT Buaumoro. Ha posHoit
3eMHOI MOBCPXHOCTH BUAMMBII FOPU3OHT T1peacTaBnseT coOoi Malblii KpyT, 1ia KOTOPBIH
OIIHpaeTcsl KOHYC, 00pa3zoBaHHblil KACATEIBHBIMU K TMOBEPXHOCTH 3eMITU TyYaMK 3peHHUs
Ha0:mogarens. Ha posHoi MECTHOCTH BUAUMBIN FOPU30HT HIKC HCTUHHOTO (puc. 1.2).

Tak kak H << 2R, t0d =,/2R_H. Ecnu R = 6 371 000 m u H u3mepsaTh B METpax,

a d — B KMJIOMETpax, 10 d =357+/H, a ¢ yaerom pedpakuuu B atmocdepe d =380/H.
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C npyroii croponsl (puc. 1.2), d =R_ -1go =./2R .H. B urorc nomyyaem 3iiauenue o
(yrm. mun): o' =1 93vH, ac ydeToM pedpakiuu ¢’ =1' J77VH.

E 0o D

Puc. 1.2. MoHwKeHne BuANMOro ropudoHta; ON — Habnionatens BbICOTOM H;
C, R, — ueHTp v cpennuii paguyc 3emnu; OA, OB — nyuv 3peHuA Habnionarens;
AB — sunnmblii ropu3oHT; EOD — niocKOCTb UCTUHHOMO rOPU30HTA;
d — paccToAHue 40 BUAKMOrO ropu3oHTa; ¢ — YroN NOHMKEHWA BIAMMOr0 rOpu3oHTa

Mausetit kpyr HebGecHoit chepnl (aMa'), npoxonsiiiuii Uepes ¢BeTH:10 M, 11:10CKOCTB
KOTOPOrO mapaJijienbHa INIOCKOCTH MaTeMaTHYeCKOro I'OpH301iTa, 11a3bIBACTCA a1b.M) -
kanmapamom cBetuia (cM. puc. 1.1). Bonbiuoii nonyxpyr nedeciuoi cdepol ZMZ' na-
3BIBACTCS KPY2OM BbICOMbL, BEPMUKANLIBIM KPY20M WU POCTO CPMUKATIOM CBCTHUNA,

Juametp PP’, BOKpYT KOTOPOTO NPOMCXOAMT BpalueHue HebecHoMH cepsl, Ha3biBa-
ercs ocbio mupa. OHa epecekaeTcs ¢ MOBePXHOCTHIO iebeciol chephl B ABYX TOUKAX:
B ceeepHoM nooce mupa P, co cTOpoHbI KoToporo HebecHas cepa BpalaeTes 1o 4a-
COBOM CTpeJIKE, €ClTH CMOTPETh Ha Cepy U3BLC, U B 102cHOM nomoce Mupa P'. Ock Mupa
HAKJIOHEHA K MJIOCKOCTH MaTeMaTHYECKOro rOpPU301iTa 10 YIJIOM, KOTOpBIH paBeH 1co-
rpadgudeckoil LupoTe ToukH HabawmeHus ¢. Bonbmoi kpyr nebecnoit cdhepst QWQ'E,
M10CKOCTh KOTOPOTO MCPHEHIUKYIAPHA OCH MUPA, Ha3bIBACTCA HEOECHbIM IK6AMOPOM.
Mangiit kpyr HebecHoOl cheprl (PMb'), NI0CKOCTh KOTOPOro NapajiicibHa MIOCKOCTH
Me0ECHOT0 3KBATOPA, HA3BIBACTCH Hebechol WIH CYMOYHOU hapaiielvio cBetniia Af.
Bonpmoit momykpyr HebecHol chepsl PMP' Ha3bIBACTC YACO6bLAL KPY2OM WITH KPYoOM
CKNIOHEHUs CBETHIIA.

Hebecupil 3xBaTOp mepecekaercs ¢ MaTEMaTHYECKUM TOPH3OHTOM B ABYX TOUKAX:
B TOUKe 6ocmoxa E 1 B Touke 3anada W. Kpyry BHICOT, KOTOPBIE IIPOXOASAT Yepe3 TOUKH
BOCTOKA U 3aaja, Ha3bIBAIOTCS nepgbiMuy eepmurxanamy (BOCTOYHBIM U 3anaiHbIM).

bonsimoit kpyr HeGecHol cdheprl PZOSP'Z' Q' N, NockocTh KOTOPOro NMPOXOIUT He-
pe3 OTBECHYIO JIMHHUIO M OCh MUPA, Ha3bIBACTCA 1ebectblm Mepuouanot. I:10ckocTh He-
OECHOro MepUAHAHA MEPECEKAETCS C IUIOCKOCTHIO MAaTeMaTHU4YECKOro rOpU3OHTA MO
npsamoit NOS, Kotopas HasbiBaeTCs noayoennou aunuetl. Hebecubiil Mepuanan nepece-
Kaercs ¢ MaTeMaTH4ECKUM FOPU30HTOM B TOUKe cegepa N U B Touke roea S. Hebecwbiii
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MepH1MaH nepeceKacTes ¢ HeOeCHBIM IKBATOPOM TAKKE B IBYX TOUKAX: B 8epXHEU OY-
Ke sxeamopa (0, xotopast OJIMXE K 38HUTY, U B HUXCHEN mouke 3keamopa (', Kotopas
JHDKE K HAJMPY.

B copuszonmansroii cucmeme nebecrplx Koopounam oCHOBHOM MJIOCKOCTBIO SABNS-
eTCs TUIOCKOCTh MaTeMaThyeckoro ropuzonta NWSE (eMm. puc. 1.1, a).

OxHoi KOOPAHIATON SABJIAETCS WIH 3¢HUMHOE PACCIOAHUE Z UITH 8bICOMA CREMUIA
Haj ropu3oHTOM /. BeiCOTOH 4 cBeTHTa M Ha3bIBaeTCs jlyra BepTHKaIBLHOrO Kpyra mM
OT MaTEMATHUYCCKOI0 FOPU3OHTA J10 CBETUIIA, WITH LEHTPaNbHBIH yron mOM (B II0CKO-
CTH BepTHKaibHOro kpyra). Beicora paccuurtsiBacrtes B npeaenax 0...+90° (k 3eHury)
1 0...—90° (k Haaupy). 3eHUTHOE PACCTOSHHUE Z CBETHIIA M — J1yra BEPTHKAIBHOIO Kpy-
ra ZM or 3enuTa 0 CBETHIA UM LICHTPabHBIA yron ZOM. 3eHUTHOE paccTOsiHHE Olipe-
aensior B nipegenax 0...180° B Hanpapielysax oT 3elUTa K Haaupy, orcioaa z + i = 90°.

Jpyro#i koopaunaroil B 3TOH cUcTEME KOOpAUHAT sBideTca asumym A. A3umy-
ToM A cBeTuiia M 11a3bIBaeTcs Ayra MaTeMaTHYecKOro ropu3oHTa Sm OT TOYKH jora S
[0 BEPTUKATBHOTO KPYyra, IPOXOSILICTO YePe3 CBCTUIIO, WIIH LeHTpalbHbLi yron SOm
(B IUIOCKOCTH MAaTCMaTHUYCCKOrO FOPU30HTA). A3ZUMYThl OTCUMTHIBAIOTCSA B CTOPOHY
CYyTO4HOro BpatueHus HebecHoM cdepsl, T.e. K 3amaqy OT TOYKH lora S, B npeaenax
0...360°.

B nepeoit 3xeamopuanbroit cucmeme Koopournam OCHOBHOH ABISIETCS MIOCKOCTh
HebecHoro akBatopa QW(Q'E (cM. puc. 1.1, 6). OnHa koopauHaTa 31€Ch — CKIOHEehUe
ceeruna §. Cxionenuem & ceetiia M naspiBaercst myra mM yacoporo kpyra PMmP’ ot
HeOecHOro YKBaTOPa J10 CBETHIIA, MITH LIeHTpalbHblH yroa mOM (B NIIOCKOCTH YaCOBOTO
kpyra). OrcunteiBaercs B npenenax 0..+90° k cesepHomy momocy mupa u 0..—90°
K KKHOMY. MIHora CKIIOHCHHE 3aMEHSIOT NONSAPHBIM PACCTOSHUEM p (Takxe ayra PM
WM tleuTpanbliblil yron POM). OrcuursiBaercs B npeaenax 0...180° ot cereproro no-
JHOCa MHPa K 103K110MY, oTcroza p + & = 90°,

Jpyro# koopaHHATON B 3TOH CHCTEME KOOPAMHAT ABIIETCS 4ACOGOL Y20 t CBETHIIA
M — nyra Hebecuoro sksaropa Qm oT BepxHeil Touku @ HebecHoro 3KBaTOpa /10 Ua-
cOBOI'0 Kpyra PMmP', NpoxoAsilero 4epe3 CBeTUII0, WIIH UeHTpanbublil yron Q0m
(B mockocTH 11ebecHoro 3kpaTopa). YacoBbIC YTkl OTCUMTHIBAIOTCS B CTOPOHY CYTOU-
Horo BpauicHus HebecHOMH cdephl, T.€. K 3anany oT Bepxiieil Touku O HeOeCHOro 3KBa-
Topa, B ipesienax 0...360° wm 0...24".

Bo eémopoii skeamopuansnoii cucmeme Koopounam OCHOBHAS INIOCKOCTh U CKIO-
1icHHe O Te e, YTO U B NEePBOi sKBaTopUaibHOM cucteMe. Jlpyroit koopanHaToH, onpe-
JEAIOWEH NONOXKCHUE YacOBOro Kpyra CBETHIIA, SBISACTCS NpAMOe 80CX0JCOCHUE (L.
HpsiMbIM BOCXOIEHHEM oL CBeTHNa M 11a3biBaercs ayra nebecuoro axsaropa Y'm or
TOUYKH BCCCHHCTO paBliogeiicTBus Y’ 10 HaCOBOro Kpyra, POXOAsUIEro Yepe3 CBETUIIO,
UM tetrTpasibieid yroa Y’ Om (B nimockocTi HebecHOro 3kBaTopa). IIpsiMbic BOCX 0% -
JCHHS O OTCYHTBIBAIOTCS B CTOPOIY, NPOTHBOMOIOXIIYIO CYTOUHOMY BpAILCHHIO HC-
6ecHoit cepel, T.¢. K Boctoky ot Y?, B npenenax 0...360° umu 0...24",
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[MockonbKy och MUpa napaiienabHa OCH BPalCHU 3eMITH, BBICOTA NONIOCa MUpa /1,
HaJl TOPU30HTOM BCErja paBHa reorpaduueckod mMUpoTe ¢ MecTa HAOMIONEHHUS, a Ha-
KJIOH HEOECHOro 3KkBaTopa K HCTUHHHOMY FOpPU30HTY onpenensetcs yrinom 90° — .

C nomo1up1o HabMOIeHUH HeTPYAHO YCTAaHOBUTE, yTo CoTliLe B TEUCHHE roja nepe-
MCLUAETCS Cpelld 3Be3/1 ¢ 3aMafa Ha BOCTOK 1o GonbiioMy Kpyry HebecHoll cdepsl, Ko-
TOpBIH HasbIBaeTCs skaunmuxoi. [nockocts axmuntuky &' Y £ (puc. 1.3) Haknodena
K IJIOCKOCTH HebGecHOro aKBaTopa noj yrtoM € = 23°26'. luametp I1IT', nepnennuxy-
JSAPHBIN MIOCKOCTH 3KIUOTUKY, HA3BIBACTCS OCbIO IKIUNMUKY U T1EPECCKAeTcs ¢ Mo-
BEPXHOCTHIO 11ebecHOl chepsl B cegeprom T1 (B ceBepiioM noayinapun) W oxcros 1T
(B FOXXHOM TIOJTYILAPHUH) ROAIOCAX IKAURMUKY. JKIUNTUKA NEepecekaeTcs: ¢ HeOCCHbIM
9KBATOPOM B IByX TOYKaX: B MouKe eecenne2o pasHooencmeusn Y’ U B mouke ocennezo
pasnodencmeusn £,

To4KM IKIMITTHKH, OTCTOSALIME OT TOUEK paBHOJICHCTBUA Ha 90°, Has3bIBalOTCS MOY-
koti nemnezo & (B ceBePIIOM NOJyIIAPHH) U 3uMmue2o &' (B 10KUOM MONYLIAPUH) COTHIC-
cmosnus. boneo# nonykpyr HebecHoil cdepol [IMIT nasbiBaeTes KpyzoM wupomo
cBeTHia M.

Oxauntuku &Y EL 1 Y’ nonoxeHsl B OCHOBY 3KIMNTHYECKOH CUCTEMBbI HEGECHBIX
koopauHat. OiHa KOOpAUIIaTa — IKIUNMuYeckas wupoma 3 ceetuna M, Kotopo# HasbiBa-
CTCA TyTa Kpyra mM OT IKAMNTHKH JO CBETHIIA, WITH UCHTPalbHbIA yron mOM (puc. 1.3).
JknunTUyeckue HpoThl oTcuuThiBatOTCsA 0T 0 10 +90° k [T 1 ot 0 o —90° x IT".

Puc. 1.3. OCHOBHbie TOUKN W AUHUK HeGecHOM cchephbl, CBA3AHHLIE ¢ IKNUNTUYECKOH
cucTemoil HebeCHbIX KoopaynHaT

Jlpyras koopauHara — oxaunmuueckas 0oizoma A, KOTOpas orpejeltseT noloxe-
HHE CaMoro Kpyra mupoThl Ha nebeciioii cdepe. DKIMNTHYECKAs NOJT0Ta A CBETH-
na M — npyra Y’m skauntuku ot Y’ 10 Kpyra WHPOTHl CBETHIA, WM HEHTPAIbHbIH
yroa Y’Om B MIIOCKOCTH 3KITUNTHUKU. DKIMITHYECKAS NOJITOTA OTCHUTHIBACTCS B CTO-
POHY BHIMMOTO roJUuHOro ABMxerns COMHIA 1o SKIHNTUKE, T.€. C 3arnafa Ha BOCTOK,
or 0 no 360°.
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PacemoTpes napannakmuueckui mpeyeonsHux (TpeyrojibHuK Ha HebecHOH cdepe),
o0pa3oBaHHbIi NepeceyeHreM HebeCHOro MepuMaHa, BEpTUKAJIbHOTO KpyTa U 4acoBO-
ro Kpyra CBETH;1a, BEpPILMHAMH KOTOPOrO SBISAIOTCS MOMIOC MUPaA P, 3€HUT Z U CBETH-
70 M, a TaKkKe ¢ MOMOLIBIO OCIIOBHBIX YPABHEHHUH CepHiecKOi TPUTOIIOMETPUH MOXK-
HO 110Jy4UTh (HOPMYNBI MEepecdera rOPU3OHTaNblibIX KOOPAMHAT B OKBATOPHUAJIBLHBIE,
1t Haobopot:

sind =sin¢ -cos z —cos¢ -sin z -cos 4,
cosd -sint =sinz-sin 4, (1.1
€0S0 -COS¢ =COS( +€OS z +5in@ -sin z -cos 4;

cos z =sin¢@ -sind +cos@ -cosd -cost,
sinz-sin A4 =sin¢-cosd, (1.2)
sinz-cosA4 =—cos -sind +sing -cosd -cos £

3a CyTKH CBCTHJIIO JBaX/bl NepecekaeT 11e0ecHbli MepPUAHaH — IOXHYIO NOJIOBUHY
(r=0" 4TO COOTBETCTBYET €ro HAMBLICLIEMY MONOKEHUIO HAJl TOPU3OHTOM) U CEBEp-
Hy10 nos;1oBUNy (f = 12" uro COOTBETCTBYET HHUKHEMY NONOXEHUIO OTHOCUTENILHO FOpH-
30HTa). JTH MOMEHTBI MPOXOXAEHUS 11e0ecloro MCpHAHaHa Ha3bIBAKTCA GepxHell
v nuicnel kyaoaunayuamu, Uenonesys gpopmynel (1.1), (1.2), MoxHO onpenenurs ye-
TOBHS BUIUMOCTH JJTs JATIHOMN LTH, 0Tl MECTHOCTH () OTIPCICIICHHOrO CBCTUIA CO CKIIO-
1ienreM J W 3Besanoro Heba B HenoM. CBeTuio 6yner Hezaxoosiyum B JaHHON MCCTHO-
CTH € IUHPOTOH @, €CITH ero BhICOTA Ay, B HIXKHCH KyabMuHaluu 6onsue 0° (A, > 0°
uiH z,,, < 90°). Hesocxodswumu 6ynyTt nebecHple 0OBEKTHI, AT KOTOPHIX /g < 0°
W Iy 2> 90°. 3nadenus 4 u z MoxxHo nocpeactsoM popmyi (1.1), (1.2) ceasarb cd u
TAaKUM 00pa3oM OMpeeTuTh YCIOBUs 11e3aX0ASUMX U HCBOCXOAALIMX CBCTUIL. Ecnu
S = (90° — @), To cBETUIIO HE 3aX0aUT (f;y, > 0°), a ecu 6 < —(90° — @), TO OHO He Boc-
XOTHT B TEYEHHE CYTOK HaJ/l TOPU30HTOM Ha JaHHOM LIMPOTC ( B CCBEPIIOM MNOYHIAPHH
3emiu (¢ > 0).

Bee ceetrna co cxitonenusiMu O B npenenax —(90° — ¢)...(90° — ¢) BocxonaT U 3ax0-
JAT B JaHHOM MecTHOCTH. TakuM 00pa3oM, aHaIU3 B3aUMOCBS3H MCXY O U ( 17151 BCPX-
HeH W HIDKHEH KyJbMHUHALMI NO3BOISET YCTAHOBUThL BHI 3BC3JHOrO Heba Ha JroOOoMH
reorpatnyeckoii Mpore. Ha puc. 1.4, a npeacrasnes Buj 38e31H0ro Heba Ha HpoO -
Te @, koropas oTsiyaercs or 0 u 90°. 3neck 0003HAUCIBI CYTOYHBIC IIApAJIIENH CBCTHI,
KoTopble He 3axonst (X)), He Bocxoaat (kk), a Taike BOCXOAAT U 3axouit (aa, QQ', bb)
B Jaiilol MECTHOCTH. 3aIUTPHUXOBAHHbIE Y4aCcTKU Ha pHc. 1.4, 6 06o3nayalor obsacTu
1ieGecHo cdeppl ¢ He3axoAAUMHU (CCBEPHOC NMOMYIIApHe) U HEBOCXOAAILIMMH (F0HOE
noiryulapue) cserunaMu. HesamrtprxoBaiHas yacte kpyra obosnagaer o6ilacTh CBe-
THJI, KOTOPBIC BOCXOIAT M 3axonsT. HeTpyano ybeaurtses, 4ro Ha ceBeplioM Noioce
(v =90°) nabmoagareno Oyaet BUAHA TONBLKO CeBepHas NONOBHHA HebecHOH cdepsl,
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a BCe ec cBeTUNa OyayT He3axXOASIUMHU; Ha IKBAaTOpe eMy Oy/eT BHAHA Bea Hebecnas
chepa, a cBeTHIa HA Hell OylyT BOCXO,/IALIC-32X0AALLIMMH.

[ockoneky Cormue, JlyHa ¥ OONBIIMHCTBO UIAHET ABHXKYTCH MO JKIMATHKE (111
BONH3M Hee), KOTOpas HaXOAUTCS NoJ YIJIOM K HeOCCHOMY 3KBATOPY, TO CKIOHEHHC
3THX HebeCHBIX 00BEKTOB H3MEHSACTCS CO BpeMeileM, U3-3a 4ero YCHoBHUs Habmo,1cH1is
taxe uameHsaotes. CrxiodHenye ConHua B TeUEHHE I'0/la M3MEUACTCA B Ipejle.iax
—23°26' < & < +23°26'. DT0 NPUBOAUT K CMEHE Ce30110B (BpCMel Toja) U CYIIeCTBOBA-
HHIO MERN0BbIX NOACOE HA 3eMIIE.

Puc. 1.4. CyTo4yHOE [BYKeHNE CBeTUN HA HeBECHON chepe ANA WKPOTh! !

a — CyTouHble napansneny nesaxofawmx (/f), Hesocxodawmx (kk), a TaKxe BOCXOOALIUX
u 3axopAwmx (aa, QQ', bb) ceeTn B AaHHOR MecTHOCTH; 6 — oBnacty HebecHoll cdbepsl
C He3axoAAWNMY (33LTPUXOBAHHAA YaCTb, CEBEPHOE NONyWapue) U HeBOCXOAALUMY
(3aWTpNX0BAHHAA YACTb, I0XKHOE nonylwapue) CBeTUNaMu

CMeHa BpeMeH rojia CBsi3aHa ¢ mponuYeckum, UM COMHCHIIBIM, FOJOM. DTO MpoMe-
KYTOK BpeMeHH Mex 1y JIByMs [OCHe0BaTeIbHBIMU MOMenTaMK, koria Contue npo-
XOIUT TOUKY Becetero papaoaenctsus Y (Yo, = 36595"48"56" = 365%,2422).

B nepuoj1 Meskty BeCEHHHMM M OCEIIHUM PaBIIOJCHCTBUEM CCBEPIIbIH MOMOC 3¢Mn
naksonen K Comiy. Mexay OHSIMHU OCEHHETO M BECEHHETO PAaBHOJACHCTBUS BCC lia-
060poT. ['paHuLIbl TCITOBBLIX (KIMMATHUYECKHUX) NOACOB Ha 3eMile TIPOBCACHbBI MO ac-
TPOIIOMHYECKUM NpU3HaKaM. B orcapxom nosce ConHue B MCTUHUBIH NOJ1ACHb TPOXO-
JUT 4epe3 3eHUT B MECTHOCTSX, re @ = O B 3TOT leHb. Tak kak §,,, = € = £23°26" ;i
Corna, TO M rpalKibl nosca (mponuku) pacrnoaoXeHsl HAa rcorpagpHUecKux napanie-
X c =0 =¢ +23°26'. B 3eHure ceBepHoro Tporka (¢ = +23°26") Conitie Haxo-
JMTCS B JIelib JICTIIETO CONMHUECTOSHHUSA, B 3CHUTE H0MHOr0 Tponuka (¢ = -23°26') -
B Jlelib 3uMHero comiuccrosuus. Ha semiiom sksatope B nonzesb ComtHue NPoXoIHT ue-
PC3 3EHUT B JIHM PABHIOJICHCTBHSA. X0100HbIe NOSICA OTPAHUYEHBl ROAAPUBIMU KDY UL,
T.¢. reorpayuuecKMHU NapajuIensMu, TOJOKEHHE KOTOPBIX OMPEICIACTC YCIOBIANMII
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Hezaxoaswero u HeBocxohsmero Conina npu d=¢, T.e. ¢ =+(90° — g) = +66°34',
B sTux nosicax CoJHIle BNSETCA HEBOCXOALIMM MM HE3aXOAAILMM G0Jiee OIHHX CYTOK
B ro/ly (Ha roniocax 370 SIBJICHUE JUIUTCS NONITOAA). YMepentbie nosica HaxoasaTCsa MeX1y
iwmpotamu +23°26" < ¢ < +66°34’ (ceseptintit) U —~23°26" > @ > —66°34 (10xkHbI).

Bonpoch! ¥ 3afaHuA ANA CAMONPOBepKM

1. KakoBbl OCHOBHBIC JIMHUY H TOUKH HebecHOl cdephi?
2. Kak pacrnojioxetbl OCHOBHbBIC JIMITUK ¥ TOUKH HebecHoit cheput, ccnn HaGionareib cTouT
JIMLOM K cesepy?
3. [Touemy nyTth 110 3kunTUKE JlyHa npoxo it 3a 27,32 cyT., a Coaxue — 3a roa?
4. C KakuMH siBJICHUAMY Ha HeOecHOU cepe CBA3aHbI 1I0HIATUA «II0JIACHBY U «110JHHOUbL)?
5. [Touemy 1o 311aKy CKJIOHEHHS ¢BETHJIA HEIIb3st ONIPEACIIMTD, 3aX0/ISILLEES OHO WIIM HE3aXO0-
Asutee?
6. [Touemy 3Be3b1 Bceria BOCX0AT ¥ 3aXOAAT B OJTHUX M TCX XK€ TOYKaX ropu3oHTa, a Conu-
e u Jlyna — ger?
7. [Toyemy npsMOE BOCXOXKJICHHE OL OTCHMTBHIBACTCH OT TOYKH BCCEHHCTO PAaBHO/ICHCTBUSA
B CTOPOHY, 1IPOTHBOIIOJIOXHYIO HANPABJICHHIO BpaLllcHUs HebecHoi cdepbi?
8. [Ipn KakHX yCIIOBUSIX W Ijie Ha 3eMsie BbICOTa 3BC3/Ibl HAjl FOPU30NITOM B TCUCHUE CYTOK
He H3MeHserca?
9. CoctaBbTe TaGNHLY B3aUMOCBA3M MEXK/Y 3HAUCH UMY NPAMOrO BOCXOXACHHS, BbipaKei-
HbIMHU B YIJIOBOH U YacoBol Mepe.
10. ITpejyioxure crnocob onpenciaexus koopaunar CosHua B TCUEHHC 10O/1a.

Mpumepsb! pewexua 3anau

3anaya 1. Hesaxopsuuas 3Be3/1a HaxoguTes Ha BbicoTe 20° B HUKHEH KyJbMUHAIIMK
1 50° — B Bepxued. OnpeaenuTe CKIIOHEHNE DTOH 3BC3/Ib! U LIMPOTY MECTa HAOIIOACHMUS.

Pewenue. 3anada uMeeT aBa peLIEHUs B 3aBUCHMOCTH OT TOrO, Ii€ GYAET BHIOpaHo
I10JI0’KEHNE BEPXHEN KYILMUHALMU: K CCBEPY MK K FOT'Y OT 3€HUTA.

HycTs sepxHss KyJ1bMUHaNMA HabII01anack K CeBepy OT 3eHUTA. Toraa ¢ NoMoLILIo
puc. 1.4, a ..0)KHO COCTaBUTH CUCTEMY YpaBHEHHIL:

§=90°-0¢ +h_ I 5=110°-¢,
Wiy
180°=90°-¢ +h ,, +6 ¢ =0-40°.
5=75°,
Ci1cn0BaTeibLHO,
¢ =35°.

IycTb BepXHsisl KyJIbMHHANUS HAOMOAa1aCh K 10Ty OT 3eHuTa. Toraa cornacHo npu-
BEICHHOMY HH)KE PUCYHKY (6) MOXHO COCTABHUTh CUCTEMY YPaBHEHHIL:

0 =90°~¢ +h , d=110°~¢p,
UM
d=h —(90°-¢) d=¢ —40°.
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d=35°,

CnefoBaTebHO,
¢ =75°,

h
max \
Prnin L\ -~
N S

90° - ¢

3apaya 2. JkBaTOpUAILHBIA CITYTHUK S JOMKeH MPOHTH Haf IWMTOM P ¢ kOOp HHATA-
M A= —105° ¢ =0° Ha reoueHTpPU4eCKOM paccTosHud Ry, = 42 190 kM (cM. pHcy-
HOK, @). B 3T0 Bpemst ciyTHUK OyayT RabitonaTh ha cTaniiu 7' B MyHKTe ¢ KoOpAHHATA-
MH Ao = —6", ¢ = 40°. OnpenennTe ropu3OHTATLHBIC KOOPAWHATBI CITYTHUKA B 3TOT MO-
MEHT BpeMeHH B MyHKTe 7.

Pewenue. JIns nanbHCHIIUX BBHIBOJIOB U paccyIAEHHN HYX)HBL! GopMynsl ceprue-
CKOH TPUTOHOMCTPHHU:

cos(c) = cos(a) - cos(b) + sin(a) - sin(h) - cos(C),
sin(c) - cos(4) = sin(b) - cos(a) ~ cos(b) - sin(a) - cos(C),

sina _sinb _sinc
N - - >
sind sinB sinC

Tie a, b, ¢ — cTOpoHbB! chepuyecKkoro Tpeyroabunka; 4, B, C — cOOTBEeTCTBYIOILIHE UM
MPOTHBOEXKAIIMEC YITIbL.

Ha pucynke (a) BusHO, uto APTP' npsmoyronsubiii, a ZPP'T npsamoit. Ecau ato
yron C (cM. ¢opmyanbt Buite), To cos(PT) = cos(P'T) - cos(PP') = cos@, - cos(A-A,) =
=c0s40° - cos15° = 0,75. CneposatensHo, LPT = £y =42°27.

W3 Teopembl CMHYCOB, yuuThiBad, uto ZPP'T=90°, nosyyaem BLIpaXKEHHE 114 a3H-
MyTa A:

sin(k—ko)zsinx jsinA:sin(k—ko): sinl5°

' =0,39=> A4 =22°]7.
sin A 1 siny sin42°,27
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a

4

S h 1P
6

h T

P
X
R3 O

BbicoTy /it Hax FOPU30HTOM JIETKO ONPENEHUTH C TOMOIIBIO PUCYHKA (6):

g(hy=DRT 0D =OT _ R, cosx =Rs g5y h—a1°31.
SD SD R, siny

3afauu ANA CaMOCTOATENLHOro pelieHun

1. Buipasute npsimoe Bocxoxkenue 3ee3n 2°10”09° B rpanycHoi Mepe.

2. IlonspHoe paccrosHuc 38e3zbt paBHO 20°15'. KakoBo ec 3eHHUTHOE paccTosiHUE
8 Bonorge (¢ = 59°13") B MOMeHT HMX11€H KylbMUHAUN?

3. UeMy paBHO 3BC3IHOC BPEMS, €CIIM 3BC3/IA C MPAMBIM BOCXOxaeHHeM 22"08724°
1MeeT 4acoBoit yron 126°11'28"?

4. 22 mons CoaHue KyJbMARHPYET B BEpXHeH kynbMuHauud. Kakos yacoBoit yron
3BC3/1bI B JAHHBIH MOMEHT, ecu o = 127249

5. 23 centsbps 3Be3aa ¢ o = 45°00" u 8 = 0 umecT yacoBoii yron ¢ = 13"30™. Boiunc-

JHTC COJIHCHIIOEC BpCM4.,
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6. B icxoropom nynkre Connne 18 deppans HaxX0U10CEH B TION/ICHDb ha BeicoTe 20°,
OnpepenuTe LMpOTY MECTHOCTH.

7. 21 mapta ConHue 6b110 B HIDKHEH KyJIbMHHAINY, a 3B€3/4a MMC/1a YacoBoil yro:
t=3"12". Onpenennte o 3BE3MLL.

8. Kakopa makcumanbHas Buicota ConHua naa ropusoutom 10 anpesnst B uyHkre,
KOTOpLI HAXOaUTCA Ha wupote ¢ = 20°7?

9. Onpeaecaute BuicoTy Conuna Hag ropu3oHToM B Muncke B mojaens 20 Mas
(0 =53°55").

10. 23 ceHTsi6ps CosHIE 3aXOAMT, a 3B€3/1a HAXOAWTCS B BCPXHEH KynbMHHALUIN.
OmnpeacnuTe ee a.

11. 23 ceuts6ps ConHie 3aX0/IMT, a 3B€38a UMEET YacOBOH yro 6"30™. Buiyucianre
ee oL

12. 21 mapra Connue umeet yacoBoi yron ¢ = 6"00™. Kakos 4acoBoii yroa 3se3bl
B JaHHLI MOMEHT, eCin ¢¢ o, = 96°23'18'"?

13. 22 nexabps CosHIC HAXOQUIOCH B HIKHEH KyJIbMUIAINM, a 3Be3/1a HMEJIa 11aco-
Boit yron ¢ = 3"12". Buluucaute o 38e31b1.

14. OnpeaenuTe WHPOTY MECTHOCTH, 10 kKoTopoit 10 nexabpa ConHue He Oy/1eT BoC-
XO/IMTh HaJI TOPU30HTOM.

15. 22 wonsa Conune KylbMUHUpPYET B Bepxiei kynbmuuanuu. Haiinure uacoroii
YTOM 3BC3bI B JIAHHBI MOMEHT, €CIIH O, = 22"12m,

16. 23 cenTabps 38e3aa ¢ o = 36°38' 3axoauT TOYHO Ha 3anajie. KakoB 4acoBoi yroil
Coanua?

17. 22 jiexaps Cosniie MMeeT 4acoBoit yrox 1 =—3"00". Onpenenure o 3Be3/1b1, HAXO0-
JSIeHCs B HUKHEH KyJIbBMUHALIMH.

18. Jlo xakoro ckJIOHEHNs BUAHBI 3B€3 LI H0xHoro nonyiapus s Cankr-llerepdypre
(¢ =59°57") u Tamkente (¢ = 41°20")?

19. B Onecce (¢ = 46°29') Ha 3eHUTHOM paccTossHUY 63°5" nabaioganach BepxHss
kynbMHHanus Cupuyca, KakoBo ero cknonerue?

20. Belpasute B rpajlyCHOH MEpE YroJl MEXAY KPyramMu CKIOHEHHS ABYX 3BC31, 113 KO-
TOpBIX OZHA KyNbMHHUpOBana B 318™ a npyras — B 21"31™.

21. 21 mapra COJIHIlE BOCXOIMT, a 3B€3/1a MMEET YacoBoi yroa 2"30”. Onpeaeiite
O 3BE3/1bL.

22. IlpsiMble BOCXOXIEHUS 3Be3l, paBHbie 241°24'17" u 28°41'36", Beipazute B ua-
cax, MUHYTax ¥ CEKyHJax.

23. Yepes 12 4 mocrne IPOXOXACHUS Yepe3 3€HUT 3BE3/la HAXOJMJACh Ha BbICOTC
76°34'. KakoBa minpoTa Mecta HabntoneHus ? Kakue 3Hau€HUs CKJIOHEHHS MOT:1d UMCTh
3Be3ga?

24, B kaKkuX ABYX CilyyasX BLICOTA CBETUN HAJl TOPU3OHTOM B TCUEHHE CYTOK HE H3Me-
HseTcst?

25. KaxkoBbt HANO01bIINI 1 HAUMEHBIIHH YIITBI, KOTOPLIE 00Pa3yIOT DKIMIITHKA U 10~
puzont B Mockse (¢ = 55°45")?
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26. IIpu kakux ycl0BHAX MOJIOC SKIMNTHKH COBMNANAET C 3€HUTOM Habmoaarens?

27. Kako# yron ¢ FOpM30HTOM 00pazyeT BKJIMIITHKA B MOMEHT BOCX0a TOYKH BECEH-
HCT'O PaBHO/ICHCTBUS it LWUPOTH! +55° B MOMCHT 3ax01a 3T0¥ Touku? OupeaenuTe To
K JUlsl LIHPOTLI +66°34,

28. KaxkoBbl aCTPOHOMHYECKUC HINPOTA U JOJAr0Ta CEBCPHOTO MOI0ca Mupa?

29. KakoBbl NpsiMOC BOCXOKACHHE H CKJIOHEHUE CCBCPHOIO MOJOCA IKIHUITHKU?

30. I'ne 6yser haxoanrbes Ha Hebe Cupuyc (o= 6"41") 21 mapra uepes uac nocie 3a-
xonaa Conuna, 23 cenTadps yepes vac nocie Bocxona Connlia (st CPEeHUX HWHPOT ce-
BCPHOTO Noayinapus)?

31. KakoBO 110JIOXKEHHE 3BE3/IbI, UMEIOILCH IIPAMOC BOCXOXKICHHE 7" u cknonenme 40°,
21 mapra uepes uac nocine 3axona CosHua st HabmogaTens, KOTOPLIH HaxOauTes Ha
wupore 40°7

32. Onnm u3 cambix spkux 3Be3n Bera m Kaienna uMeroT mpsiMblc BOCXOXJICHHS
18"34" 11 5"10". B kakoit cropone neba (B 3anajHoil MM BOCTOYHO#) M 1101 KAKHM Yaco-
BbIM YTJIOM OHH HaXO/ATCS B MOMCHT BEPXHCH KYyJILMHHALMH TOYKH BECEHHETO PABHO-
JCHCTBHS1, B MOMGHT €€ HHAKHEH KyJIbMUHALMH?

33. Hcrnonb3ys yc10B1s NpesiiyIneH 3a1a4u, OTBETLTE HA BOIIPOC: KaKOi HuTepBan
3BC3AHOIO BPEMCHH MPOXOAUT OT HHXIICH KyibMHHALWKW Kanemisl 10 Bepxuei Kyib-
MuHamu Beru?

34. Yepes ck0JI5KO BPEMEHH 10C)€ CBOEH BepxHel kynbmuHanuu Coniie Oyaer Ha-
XO/IHThCA Ha BicoTe A =35° 13 mions B Kuesc (¢ =50°27"), ecnu ckIIOHEHHE ITOTO CBE-
THiIa & = +23°12"7

35. Tlpu KakMX ycJIOBHAX a3UMYT 3BE3/IbI HE U3MCHSETCS OT €€ BOCX0Aa J10 KY/IbMUHA-
"

36. Y xakux cerun, nabmopaiomuxcs B MUHCKe, a3suMyT HUKOTa He PaBeH Hyio?

37. Mocksa v cronuna Dduonnn Axauc-Abeba HaxoaaTCs MOYTH HAa OXHOM MEPH-
anane (wrpora MockBbt 1 Aaanc-A6edsl cooTBeTCTBeHHO +56°, +9°), Kakosa pas-
HOCTB BBICOT, Ha KOTOPbiX CHPHYC B MOMEHT BEpXHEH KyJIbMHUHALMK BUIAT Habmona-
TeJH B OTMX ropoaax?

38. Kakoso 3enutHOEe paccrostuc Beru (8 = +38°42') Bo BpeMms BepxHeit KynbLMHUHA-
uun B Mockse (¢ = 55°45")7

39. BocxoauT sin B Apxanrenscke (¢ = 64°35") @omansrayt (o FOxhoit Pribut), y xo-
Toporo & =-30°05"?

40. Onpenenure, rae Ha 3emiie HauYMHAET OBITL BUAMMBIM co3Be3aue FOxnoro Kpe-
CTa, PACIIOJIOKEHHOC B IIpE/Ienax 0MHOro CKIOHEHHUs 0T —55° 1o —-64°? B kakux mectax
OHO BUIHO [OJHOCTBLIO?

41. KakoBo cksioHeie 3BC3bl, Habmogasiuedcs B Apxaurenncke (¢ = 64°35'),
B HHXKHCH KyijlbMUHALIMK Ha Bbicote 10°?

42. K 1ory o1 3cHMTA BicOTa HikHEro kpas Connua B Mepu;mane 6olaa 84°217, cxio-
HEHUC LeHTpa DToro csetuna +18°39'. Onpegenute WUPOTY, YYUTLIBAS, YTO YITIOBOMA
JmameTp ConuHua paBeH 32'.
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43. Hezaxonsinas 3se3na Habntoganach B BEPXHCH KyJIbMHUHALMHN K CEBEPY OT 3€HHTa
Ha 3€HUTHOM paccTosHUN 29°47', a B HuxkHEH — Ha 41°49'. Onpenenute reorpaguye-
CKYIO WIHPOTY MeCTa HabMoaeH S,

44, KakoBbl KOOpAMHATHI KOMETH! (0L M O), €CITH OHA HAXOAWTACh B MEPUIMAHE HA
3'51"" ceBepHee 3Be3abl ¢ o = 19710714° u & = 18°14'9"? Mepuanan KomeTa npouua
paHblie 3Be3as Ha 1717,

45. Kakoa MUHMMaNbHasd ¥ MaKCUMajbHas monypeHHas seicota CoJHLA B BalleM
ropone?

46. Kakas nons obuiero Kojav4ecTBa 3Be3/l HAa JaHHOW IIMPOTE (¢ HUKOIIa HE 3aX0-
auT? 38€371b1 CUUTANTE PABHOMEPHO paclpeie/ICHHBIMH M0 HebecHOH cdepe.

47. Yepes 12 yacoB noce NpoXoKAeHHs Yepe3 3eHUT 3B€3/1a HaXOANJIaCh Ha BLICOTE
76°34'. KakoBa wupoTa Mecta Habnronenus? Kakue 3HaueHys CKIIOHEHUs MOTJ1a HMETD
3Be3za?

48. Oxono 1100 r. go Hallei 3pbl KUTAHCKUE aCTPOHOMBI OMPEHEWIH, YTO B AEHb
JICTHETO COJIHIECTOsHUA BuicoTa CosHLA B NOMAEHB PaBHANIACE 79°7', a B 1€HB 3UMHe-
ro comHuecTosHug — 31°19’ (k tory ot 3enura). KakoBbt 65U1M 1IMPOTA MECTA HAOMIO-
JEHHA ¥ HAKJIOHEHUE SKJIMITTUKH K IKBaTOpY?

1.2. UsmepeHue BpemeHun. CucteMbl c4eTa BpeMEHH

OCHOBHBIMH €TMHHIIAMH W3MEPEHHUS BPEMEHH B aCTPOHOMMUH SIBJISIOTCS 3BE3JHBIE, HC-
TUHHbIE COJIHEYHbIE ¥ CPCIHUE CONHEYHBIE CYTKH B 3aBUCUMOCTH OT TOTO, KaKas TO4Ka
na HebeCHoIl cdepe BHIOpaHa B KAYECTBE OCHOBHOIO OPHEHTHPA AT UX U3MEPEHHUA.

3s8e30uble cymku — MPOMEXKYTOK BPEMEHH MEXY ABYMS MOCIEN0BATENbHLIMH O/~
HOUMEHHBIMU KyJTbMHUHALMAMU TOYKHU BECEHHErO PaBHOJEHCTBUA Y’ Ha OXHOM U TOM
Xe reorpaduueckom mepuanane. Hauano 3Be3HBIX CYTOK — MOMEHT BEPXHEH KysTh-
Munanuu Y. Bpems, npowenuree ot Bepxuel kynmsMuHanuu Y’ 10 11060ro Jpyroro ee
TIONOXKEH U, BbIpaXKEHHOE B J10J1X 3BE3IHBIX CYTOK (B 3BE€3AHBIX Yacax, MUHYTaX U Ce-
KYHZaxX), Ha3bIBACTCS 38e30HbIM gpemeniem s. CnenoBaTenbHo, Ha JAHHOM MEpHIHaHe
B 000 MOMEHT

S=tlyp=0 Tt (1.3)

3mech tn, — 4acoBoi yron Y, BbIpaxkeHHbIH B 4aCOBOH MEpE; O, f — NPAMOE BOCXOXk-
JieHHe W 4acoBOH yron ceetuna M (cm. puc. 1.1, 6).

B MOMEHT BepxHEH KyJIbMHHALMY CBE€TUIIA €ro 4acoBoi yrou ¢ = 0, a 3Be3IHOC Bpe-
Msi COBIAZACT C MPAMbBIM BOCXOXKACIMEM 3TOTO CBeTHIIA § = oL, TakuM oOpasom, 3Be3a-
HOE Bpems B 110001 MOMEHT CYTOK paBHO NPSIMOMY BOCXOXKIECHHIO O CBETHIT, HAXOd-
IIHXCS B 9TOT MOMEHT B BEPXHEH KyNbMHUHALMH.

ITockonmpky B KaXa0M MyHKTE 3€MHOM NOBEPXHOCTH reorpaguueckuii u Hebecwlii
‘MEpHMaHbl COBNIANAIOT (JIEXKAT B OHOI MIOCKOCTH), TO OYEBUIHO, YTO HAMpaBICHUs
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Ha TOUKY BECEHHEr0 paBHOACHCTBHS Y’ ¢ 11060 TOUKH MOBEPXHOCTH 3EMIH SABISIOTCS
napaennHsiMu (puc. 1.5). 3se3nnoc spems OyneT OAXHAKOBLIM Ha O JHOM MEpHIHaHe
H pa3InyHbLIM — Ha pasHbix. Ecnn D — Touka 'pUHBHYCKOro MEpUANAHNA, IIE S = Tyopr
TO Ha reorpau4eckoit goarore A (Touka £) 3Be3gHOE BpeMs s, =5, + A.

BpauwieHue Heba

BpauwieHue 3emnun

Ronioc mupa

Puc. 1.5. Onpenenexmne 38e3NHOTO BPEMEHI HA MepUGMaHe C Feorpaduyeckoi nONroToil A

HUcemunnble conneynble cymky — IMPOMEXKYTOK BPEMEHH MEXIy ABYMs I10CIEI0BA-
TCABHBIMH OJJHOMMEHHBIMH KYJbMHHAIMAMH LEHTPA COJHCYHOTO MHCKa Ha OTHOM !
TOM ¢ reorpauaeckom mepuumanc. Hagano MCTUHHBIX COJIHEYHBIX CYTOK — MOMEHT
mkHel kyasmunanun ConHua (MCTHHHAS NonHOYL). Bpems, koTopoe npoluno ¢ Mo-
MeHTa mwkHel kyasmuHanun CosHua 1o moboro Apyroro ero rnojioKeHus, BLIPAaXCH-
HOE B J0JIAX UCTHHHBIX CYTOK (B MCTHHHBIX COJHCYHBIX 4yacaxX, MMHYTaX, CEKyHAax),
HA3LIBAETCS UCMUNHBIM conneuibim pemenem To. Toraa Tg =t + 12" (o — 4acosoit
yron Conniia).

B moMenT BepxHei KynbMuHaudy CoitHOA (MCTHHHBIN 11011€HL) C1'0 4aCOBOM yron
lo = 0" aucTunHOE conneunoe Bpemsa Tg = 12”; B MOMEHT HMXHEH KyJILMHHAIUH
Ty =24" (15 = 12%).

B cBszu ¢ asixenrem 3emnu o opburte Bokpyr ConHua Kaxaas nocjienyomas
BEPXHAA KyJBMUHAUMS EHTPa COJTHEYHOT O AUCKa OyAeT IPOHCXOAUTH NpUOAN3HTENb-
no na 4” (tounee 3"56°,56) noxxe ouepeHON KyJILMHIIAIIMM TOYKH BECEIHEIO paBHO-
neuctBus. [109TOMy HCTHHHBIE COMHEUHBIC CYTKH Ha ~4™ NPOOMIKUTCIBHES 3BC3JHBIX
CYTOK.

ToCKOBbKY MPOAOIKUTENLHOCTL HCTHHHBIX COJIHCYHBIX CYTOK — BCJIMYMHA HEMO-
CTOsIHHAS, B ACTPOHOMHM BBEACHO MOHATHC MAaTCMATHUYCCKH OMNpEREAsieMOn (PUKTHUB-
HOH) TOUKH ~— CPedNe20 IKGAMOPUATLHOZ0 COIHYA, KOTOPOE PABROMEPHO JBHKETCS 110
HEOECHOMY PKBATOPY CO CPCIHCTO0BOM CKOPOCTLIO UCTUHHOTO COTHIA MO KITUIITUKE.

[[poMexyTOK BpeMEHHM MEXJ1Y ABYMS NOCNEI0BATENbHLIMA OAHOMMEHULIMU KYJIb-
MUHALUAMU CPCIHCTO 3KBATOPHUANLHOrO COJIHIIA HAa OIHOM M TOM e reorpaduveckom
MEPHAHAHE HA3BIBAETCA CPEOHUMU COTHEUNbIMU cymKkamu (cpednumu cymramir). Haua-
;10 CPEAHUX COMHCYHBIX CYTOK — MOMEHT HHXKHEH KYJIbMHHALMH CPCAHCIO YKBATOPH-
ankHOro CONMHLA (CpeaHss MoNHOYb). Bpewms, mpollenniee OT HIKHEH KyJIbMHUHAIUU
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CpeJHCro 5KBaTOPHAIBLHOIO COMHILA 10 OOOT0 APYroro €ro MonoXKCHUs, BhIPaXKEHHOC
B JIOJISIX CPEIHUX COMHEYHBIX CYTOK (B CPEAHMX 4aCaX, MUHYTaX, CCKYH/aX ), Ha3blBaeT-
Sl CPEOHUM CONIHEUHBIM 8PEMEHEM, U cpeOHuM gpemenem T, OHO MOXKET ObITb BbIpa-
el 4epe3 YACOBOH YroJl CPCIHEr0 IKBATOPHAIILHOTO conHua ¢,: T, =t, + 12",

PasnocTh MEXYy CPCAHUM BPCMEHEM U UCTUHHBIM COJIHEYHBLIM BPpEMEHEM B OJIMH H
TOT € MOMCHT Ha3bLIBACTCS YPasleHUeM gpeMenu M:

nN=7T,-Teg=t,—tg=0g— 0, (1.4)
U
T,=Te+m,
T, =ty+ 12" +1. (1.4a)

Kpupas ypasnenus spemenn (puc. 1.6, KpuBas /) sBnsgeTcs CyMMOH JBYX CHHYCO-
U — C TOQMYHBIM (YPaBHEHHE OT DKCIEHTPHUCHTETA) U NONYTOAWYHBIM (ypaBHCHHE OT
HaKJIOHA AKIMITUKHN) NIEPHOAAMH.

MWIT T o [ MIAIMIUIAAICIOIHIAI
1 31 2 1 1 31 130 30 20 28 28 27 27

+16 |

~16 |

Puc. 1.6. ['pachukun ypaBHeHUA BpemeHu (Kpusan 1), ypaBHEHNA OT IKCLEHTpucKHTeTa
(KpuBan 2) 1 0T HaKNoHa SKNUNTUKK (Kpueaa 3)

Hockonbky B Tponudeckom rogy 365,2422 cpefHUX COJIHCUHBLIX CYTOK U 366,2422
3BE3AHBIX CYTOK, T.€. CPEAHUE FIKBATOPHAJIBHLIE CYTKH JUTMHHEE 3BC3IIbIX Ha 3"56°,555
(~4™), TO UHTEPBAJIbI 3BE3AHOIO M CPEAHEr0 BpeMeHH Ha OTHOM U TOM XK¢ reorpaduue-
CKOM MEpH1aHe MOTYT OBITb CBS3aHbI C MOMOILBLIO KO3 HUIUEHTOB

K= 366,2422 =1,002738, K = 3652422 _ 0,997270
365,2422 366,2422
caeayromrm obpaszom:
As=K-AT,, (1.5)
AT, =K'-As.

m

Ecnu S — 3Be3aHOE Bpems B Orkaiilyto NpeqicCTBYIOIYIO CPEAHION MOMHOYb
HA 3TOM ¢ MEPHUAHE, TO CPEHEE BPEMs B HEKOTOpbI MomenT 7, =(s —S§) - K', cooT-
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BETCTBEHHO 3Be31Hoe Bpems s = 5 + T, + K. 3naa S, — 3Be37HO€ Bpema B OnuxKaiinyro
MpeIECTBYIOLIY O CPENHIO NOJHOYE Ha I pyHBHUCKOM MepraHane (Tabn. 1.1), Mox-
HO JIETKO BBLIYHCIUTL S Ha J0OOM IpYroM MEpHIHAHE, €CJM M3BECTHA €ro A0JroTa
K BOCTOKY OT I'pyHBHuA A, BBIPA)KEHHAs B 4acax U B J10JIfX Haca:

h
S=5, -2 .3m56° 555, (1.6)
24"

Tabnuya 1.1
3Be3Hoe Bpemsi S, B 0JIMKAHLIYI0 NPeJUIeCTBYIOIYIO CPEIHIOI0 10JIHOYb
Ha I'puHBHYCKOM MepuaHaHe

JHara A Jata So Jlata So
22 cenTa6ps o' 21 sHBaps 8" 23 mas 16"
22 oxTA6ps 2" 21 ¢espans 10" 22 vrons 18"
22 HOA6pa 4" 23 mapra 12" 23 wrons 20"
22 nexa6ps 6 22 anpens 14" 22 aBrycra 22"

Cpeatiee coaneynoe BpeMs Ha I'PHHBHYCKOM MEPHIHARE HA3LIBACTCS 6CEMUPHBIM
gpemenes T, Ins no00ro nmyHKkTa Ha 3emie C JOATOTOH MECTa A Mmecmioe epems
T, =T,+ A. Ilockonbky 1/ ABYX CKOJb YrOAHO OJM3KO PACIONOXEHHBIX MYHKTOB
€ pa3jIM4HON JONTOTOH MECTHOCTH A, U A, MecTHOE Bpems T, # T,,, Heo6xonuma 6bina
Takas CUCTEMA CYETA BPEMEHH, KOTOPas 1103B0ONKIa Obl COXPAHUTh PEATIBHOE PA3THYHE
MECTHOTO BPCMCHH JI71s [OCTATOYHO YAAJICHHBLIX APYT OT APYIa M0 ZOJroTeC HACENECHHBIX
IIYHKTOB ¥ HC YYHTBIBATH TAKOE pasnuyue st GIM3K0 PacnoIOKEHHBIX MYHKTOB. Takas
cUCTEMa, NosSBUBLIAACSA B 1884 1., HAa3bIBACTCA NOsCHOU, TOCKOIbKY B HEH BBEACHO MO-
ACHOC BpCMsl, KOTOPOE SIBJISETCS MOCTOAHHBIM (HE3aBUCHMO OT AOJITOTHI MECTHOCTH)
B Tpe/iesnax OaHOro rosica, 3eMHas OBEPXHOCTD pa3jesieHa 1o MepUanaHaM Ha 24 nosica
(oT nynesoro, uin I'pUHBHAYCKOTO, 10 23-r0). CpenHue MepUANAHDLI KaXI0T0 N0Ca Ha-
XOIATCs Ha paccTosinun 15° mo gonrore apyr ot gpyra. Takum o6pa3om, NosicHoe Bpe-
Ms T, osica ¢ HOMEpPOM 71 CBA3AHO C BCEMUPHBIM BpEMEHEM COOTHOMEeHHeM T, = T + n.
B3auMocBs3b MeXIy MCCTHBIM BpeMeHeM 7, KaKoro-Jinbo MyHKTa U €ro MOsSCHbIM Bpe-
meHeM T, Belpaxaercs 1ak: I, — I, = n— A (A — ponrora MECTHOCTH, HaxonsAuencs
B fanioM nosice). Pasnocts (T, — T,) He nosxHa npessimath 30™, X0Ts U3-3a TOro, 4To
peanbHBIE TPAHUITE YACOBBIX MOSCOB Yalle BCETO MPOBOAATCA 10 aAMHUHUCTPATUBHBIM
rpanuuam (Kax PaBuio, 10BOTBHO U3BUINCTBIM), OHA MOXKET J0CTHTaTh 17,

s uzMmepenus 6osee IIMTENLHBIX TPOMEXYTKOB BPEMEHH UCIIONB3YETCS mponu-
yeckutl 200 (365,2422 cp. COJH. CYTOK) — MPOMEXYTOK BPEMEHH MEXAY IByMs MOCTe-
JIOBATCIABHLIMH MPOXOXKACHHAMHM LICHTPA COJIHEYHOIO JAMCKA Y€pe3 TOYKY BECEHHEro
PaBHOZIEHCTBUS.
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Tponuueckuil rox MONOXKEH B OCHOBY I'PUTOPHAHCKOIO KajeHAaps, [PHHATOrO
B QOJIBLIMHCTBE CTPaH MUPa (OA00HBIE KaneHAapH Ha3bIBAIOTCS CONHEYHBIMU, B OT-
NMYKe OT TYHHbIX, TIIE 33 OCHOBY B3ATa NPO/IOKUTENLHOCTDL TyHHOTO Mecsna 299,53,
WITH IYHHO-CONHEYHbIX, TTI€ B OCHOBY M0JI0KEHB! U JTYHHBIA MECS1 1 TPOMH4ECKUH roa
oaHoBpeMeHHO). Ilpu cocTaBneHnH M06GOro CONHEYHOT0 KaJICHAaps CJEAYET yUUTLI-
BATh TO, YTO MPOIOJDKHUTCIBHOCTL KAJICHAAPHOTO T'Oa B CPEMHEM 33 HECKOJIBKO JIET
JOMKHA ObITH KAK MOXHO OKXKe K NPOJOIKHATENbHOCTH TPOMTMYECKOTO T0/1a; KaleH-
JapHbIH I'OJ IOJKCH COIEPKATH NET0€ YHUCIIO CPETHUX CONHEYHBIX CYTOK.

B coBpemeHHOM Kanenaape rof COCTOMT U3 365 aHel B TeueHue 3 neT noapsn, Ka-
KJABI YETBEPTDLIH o1 (BUCOKOCHBIN) cOCTOUT U3 366 nHei. K BUCOKOCHBLIM rogam oT-
HOCSATCA T€, MOPSAKOBLIH HOMEP KOTOPLIX AENAMTCS Ha 4. OQHAKO B FPUTOPHAHCKOM
KaJICHAApE BUCOKOCHLIM HE CUMTAETCS NOCNEAHUHI T/ CTOJIETHS, KOTAA HHCJIO COTEH
e genures ua 4 (1700, 1800, 1900, 2100, 2200 r. v T.4.). Takum o6pa3om, NEpHOA co-
BpeMeHHOTro KaneHaaps cocrapiuscT 400 net: u3 Hux 97 BucokocHbIX ¥ 303 mpocThix.
Kaneujapuniit 1o B pUrOPpHAHCKOM KaJICHAApE OTJMYACTICA OT TPOIMYECKOro Ha
0,0003 cyTt., yTo naet owubky B 0xHM cyTKH 32 3300 neT (roTMaHCKUIT KaJeHAapDb, KO-
TOphiH cyiecTBoBan no 10 oktabps 1582 r., nasan omwubky 0,0078 cyT. B rog, 1 cyT.
3a 128 ner).

Bonpocbl 1 3aganuA ANA CaMONpoBepKy

1. [Touemy 3Be31HbIE CyTKH KOPOUE COJTHEUHBIX?

2. YeM BbI3BalIO BBEJICHHE ypaBIEHUS BpeMenu?

3. [Touemy conicUHbIe CYTKH HEPaBHOMEDHDI?

4, Kakye cHcTeMbl CYeTa BPEMCHH HCTIONb3YIOTCS B MOBCEIHEBHOM sKM3HN?

5. MuHck M MockBa HaXo/siTCsl B OJIHOM 4acoBOM nosice, [Toyemy UX BpeMsd pasnuvaeTcs Ha
OfuH 4ac?

6. [Tpeanoxure CBOM COTHEUHBIN Kanenlaphb, KOTOPbIit yIOBIETBOPAI Obl OCHOBIIBIM KPHTC-
pyaM MpH CO3JaHNH KaieHaape.

Mpumepsb! pelwexun 3anay

3apava 1. B koTopom yacy (1o 6enopycckoMy BPEMEHH) CEroHs HACTYNUT HCTHII-
HbIH NONIEHB B TOM MCCTE, € Bbl Haxoautecs? Bocnonp3yiTecs rpadMKoM ypaBHe-
HHs BPEMEHH.

Pewenue. [Ins onpeneneHHOCTH MPEAIIONOKUM, YTO CEroaHs 17 sHBaps U Bbl HAX0-
auTech B MuHCKe.

HCTHHHLIN TOAAEHD — MOMENT, KOT/1a HCTUHHOE COTHEYHOE Bpems T = 12" Cpen-
Hee cosneynoe Bpems T, = T + M (1 — ypaBHenue BpeMcHH). Mcenons3ys rpaduk,
Jaromyi ypaBHCHHUE BpeMEHH VI pasHbIXx nat (puc. 1.6), monyuaem, uto 17 sHBaps
n ~+8". CnenosarentHo, T, = 12"08".



20 [N1ABA 1. COEPUMECKAA ACTPOHOMUA

Bcemupnoe Bpems Ty = T, — A, a AonroTa ucHtpa Muncka A = 27°40" =~ 1"51”, no-
yromy T, = 10"17”. Teneps onpeaenuM nosicnoe Bpems. MHHCK HAXOAMTCS BO BTOPOM
yacoBoM nosice, nodtomy T, = T, + n' = 12"17". JleTnee Bpems, kora nobasnsercs eue
| 4, 17 anBaps ue aeHcTByeT, nostoMy nomyuaem Ty, = T, = To+n" = 12"17™,

3apaua 2. Korja no cosiHcunomy BpeMeHH 10 despans 6yner KynbMUHHPOBaTh
3Besaa ApkTyp (o= 14"127)?

Pewuenue. Yunreisas, uto ¢ 21 suBaps g0 10 ¢espais npouwno 20 aHeit, ¢ noMouinio
tad: 1.1 onpenensem 3se3aHoc BpeMs B Onpbxaiiilyio NMpPCALUICCTBYIOLIYIO MOJHOYDL!
§=8"+20-4"=9"20". [TockonbKy HIXHSS KyIbMUHALMA APKTYpa B NAIIMX HAPOTaX
e BH/IHA, TO, OUEBHAHO, B 33/124C HET peUb O BEPXHEH KyNbMHHALINH, /Ui KOTOPO# Ya-
coBoit yron ¢ = 0. CicioBaTenbHO, 3BE3/1HOE BPEMS 3TOT0 cobbIThs 5 = o + £ = 14"]2",

Bocnonn3osasiuuch gopmysnoit T, = (s — S) - K', naxomum T, = (14"12" - 9"20™) x
x 0,997270 = 4"51" 2.

3anauu gnAa caMmoCcTOATENbLHOr0 peweHus

1. Beipaszure pa3sHoCTh NPsiMBIX BOCXOXACHUH 3Be31 132°14'31" u 218°06'58" kak
HHTCPBAST BPCMEHHA.

2. B Mockse (¢ = 55°45") Habmionanach BepXlisisi KyJIbMHHAIWMS 10SBUBIICHCS KO-
metbi (ee o = 12"10"10° 1 & = 42°43"). BoluvcinuTe 3eHUTHOE PACCTOAHHUC KOMEThI B MO-
MEHT KYJIBMHHAILMM 1 3BE3XHOE BpeMs DTOro coOLITHA.

3. 23 cenTabps 3axoauT 3Be31a ¢ o = 138°23' u 8 =0. Onpeenure coNHCUHOE BpeMmsl.

4. Uemy paBHO 3BE3IHOE BPEMs, ECJH 3BE3JIa C NPAMBIM BOCXOX/IeHHeM 2270824
HMeceT HacoBoi yron 126°11'28"?

5. Kakue 3t1aueHns o 1 & IOMKHB! MMETD JIBE 3B€31bI, KOTOpLie B 735" 15" 3Be3H0r0
BpeMcHU KyJIbMHHMpoBany 6el B Mockse (¢ = 55°45") Ha z = 60° ogHa — K 1ory, a apy-
rag —- Kk ceBepy oT 3euuta? Paccuurtaiite TO ke camoe )i 3€HHUTIIONO PacCTOSHMS
-=40°.

6. 3a kakoe BpeMs HakarusaeTcs OWHOKa B | cyT B JOIMaHCKOM M MPHIOPHAHCKOM
KQJICHIAPSX 110 CPABHEHMIO C TPOIUUECKHM (ColieuHbIM) rofom?

7. B xoropoM uacy rno 3Be3JHOMY BPEMEHHM NpPOMCXOIWT HHXKHAA KyJIbMHUHAIMA
3BE3/bl, UMEIOLLET npsMoe BocxoxacHue 1589277

8. Eciiu ceroaus 38e3na Kynsmuuuposana B 20"00”, To Korma 3To cinyuuTes yepes
10 aneit?

9. Paccunraiite nprubau3nTeNnbHO, Kakue 3Be31bl OYAYT HAXOANTLCS B BEpXIIeH KyJlb-
mMuuainu B 10 4 Beuepa 28 uions.

10. Onpeeiiure npruOAN3ATENLHO MECAL M MHUCIT0, KOIJIA 3B€3/1a, NMPAMOE BOCXOKIe-
nite koTopoit pasHo 18", naxomures B Mepuauane B § 4 Beucpa.

11. 3Be3aa 6 Opuona 14 nos6pst BocxoauT B 8 u seucpa. B kakoil netis oHa B3oiaeT
B 5"30"” Beucpa? KakoBo npHONM3HTENLHO €¢ NPAMOE BOCXOXICHHE, €CIIH CKIOHEHHE
PaBHO HY:HO?

5
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12. B Kuese (@ = 50°27') nabmoganacs KynbMHHanMsA NnoABUBLIeHCS komeThl. Mame-
PCHHOE 3eHUTHOE PAacCcTOsIHHE (K FOry OT 3eHHTa) OKa3aJIoCh paBlibiM 3°52', a 110 3Be31-
HBIM YacaM MOMEHT KysMHunarn 15"15"10°. Onpenenute 3HauCHUs oL 1 8.

13.* Ha kakoii makcumajibHOM BLIcOTE 4 HaJ ropusoiitom oyaer Cosnie 1 mapra a1
Munckom (¢ = 53°54' c.u1., A =27°40' B.1.)? Korna 310 npousoiaer ro cpeaHeMy Mect-
HOMY W MOsICHOMY BpeMeHH? YpaBHeHHe BpeMeHHM B 3TOT neHb +12". Kakosa npojon-
KUTENLHOCTD 3TOrO AHA?

14. B mycynnmaiickoM (JIyHHOM) KancHAape B OCHOBY rnofiokeH umw 30 aer: 19 ner —
no 354 mustu 11 ner — no 355 nHeit. Onpencnure TOUHOCTD kaneHAapa. CpeaHHH TyH-
Holit Mecsi 29912744™2° 78,

15. Kakoso nan6osibiiice BO3MOXKHOE KOJHYECTBO BOCKpCCeni B deBpaie, /Ui KOro
¥ MpH Kakux ycsioBusax?

16. B X1 B. B [Tepcuu Obi1 BBECH CONMHEYHLIHA KaneHAaps, B OCHOBY KOTOPOro rnomno-
kel uMKI, cocrasnsiiowmii 33 roga. B tem 25 npocteix v 8 Bucokoclbix aet. Oipeie-
JIHTE CPENIHIOI HPOJAOIIKUTENBHOCTL rofia ¥ OMMOKY, KOTOPYIO 12T 3T0T Ka/ICHAApb.
CpaBHHTEC €ro ¢ OHIMOKOH rPUrOPHAHCKOrO.

17. KakoBo 6b1510 661 COOTHOLIEHHE COJHEYHOIO H 3B€3/THOI'0 BPEMCHH, CClH Obl 3eM-
75 BpaIlanach B HITPaBJIEHHH, MPOTHBOINOJOMHOM ACHCTBUTEIILHOMY HATPABIICHHIO cC
BpaieHHs?

18. Conuuie HAXOAUTCA B BEpXHEH Ky asMuHauuu B 0" Bcemupiioro spemeny. Oupene-
anTe gonrory (YpaBHEHHUEM BPEMCHH NpeHeOpeun).

19. 3emns — chepoun co cxardem 1/300. Onpenenure, Ha CKOJIBKO 32 CYTKH YIIYT
Bllepel MasiTHHKOBBIC Hachl Ha Mouoce 3eMIIH M0 CPaBHEHHIO C TAKHMH XKE 4acaMH iia
skBarope. Kak caenyer u3MeHHTL UTHHY MasTHHKA YaCOB Ha MOTOCe, YTOOb! 4achl HLTH
TaK )K€, kKak Ha okBatope? LleHTpoOekHYIO CHNly HE YUHTBIBATh.

20. M3BeCTHO, 4TO MPOAOIHKUTCILHOCTEL CYTOK yBenMunBaeTcs Ha 2 - 10 2 ¢ 32 1000 7er.
Ha cxonbko yepes 1000 neT nokaszaHus 4acoB, CHHXPOHM3HPOBAHHLIX [0 BPAIEHHIO
3CcMITH ¢ Yy4eTOM ce BCKOBOIO 3aMejuieius, OyyT OTIMYATLCS OT [10Ka3aiHil aTOMHBEX
4acoB, CHHXPOIIM3UPOBAHHBIX C MOCTOSIHHOW HaYaNbHON CKOPOCTBIO BpaleHus 3eMin’?

21. UsBecetno, uro B gespane 1920 r. O6bi1o nsTh BOCKpecHLIX JHEH. Onpeaendre
npesbLAYIIHH U MOCIIEAYIOIMIA TObI, KOMA2 OTMEYANOCh TO XE CaMoe.

22. Korna no nosicHomy BpemcHu B Kasanu (1o spemen 11l nosica) 22 urons (onro-
Ta ropona A = 3"16"29*) npousoiiner kyismuHauus Comilia, eciy B ITOT AeHb ypaBHe-
liie BpemMenu 1 = +1"20%?

23. Bepxusis kyasmuHauus [Tpoumona (o = 7"36™) B nyHkre ¢ gonroroii A = 2"30"
npowsowina B o4s ¢ 30 Ha 31 nekabps B 1715™ no yacam, KOTOpbIE UAYT MO JACKPETHO-
My BPEMCHH jAailiioro nynkra, Kakosa ux nonpaska?

24. 11 despans no nosctiomy spemenn Cosnue B3ouwio B 7'6", a 3amno B 16"24".
Yemy paBHa pasHHIA MEXY MOSCIbIM M CPEIHHM MECTHBIM BPEMEHEM A2HHOI0 MecTa
(11 despasis — mMakcumyM ypasHcHUs Bpemenu 1 = +14™)?
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1.3. NoaBmkHaA KapTa 3Be3nHOro Heba

[Moasuxuas kapta 3se3naHoro Heba (puc. 1.7, cM. BKciKy) npencrasnseT coboi cre-
peorpaguuccKyro MPOCKIIWIO CEBEPIION M YaCTHYHO FOXkHO# Hebecibix nonycdep Ha
1ockocTh HebecHoro axsatopa. Ha kapre nzobpakebl ceTka HCOCCHBIX KOOPAMHAT
(cxnoHeiHe O ¥ NpsAMoc BOCXOKJICHHE OU), @ TAKXKC OCHOBHBIE CO3BE3/IN, MpeacTas-
nenisle nanbonee spkuMuy 38e3namu. CeBEPHLF [TOJIIOC MEpa HAXOAWUTCS B LICHTPC
KapTht, B TOUKE NEPEeccUCHMUs KPYTOB CKiIOHCHUS. KpyrH cknonenuns n3obpaxelisl paay-
aNbHLIMK JTHHUAMH, NPOBEACHHLIMU uepe3 1" npsamoro Bocxoxaenus, 1 oluppoBats!
B yacoBoit Mepe. HebecHbiit aksaTop U Tpu HeGecHbIE napanneny ceseplioi nonycde-
poI ¢ uHTepBanom 30° n3o0paxeHbl KOMLEHITPUYECKHMH OKPYXKHOCTAMH, oL poBa-
HbI B TOYKAaX IIEPECCUCHMs C HAYANLHBIM KpPyroM ckioHenus (o = 0") u ¢ nnamer-
PaJILHO MPOTHUBOMOJOKHBIM cMy KpyroM ciumonenus (o = 12%). Ha kapTe nso6paxeHs:
TaKKC 4acTh 10KHOM cbecHo# nosycdepst co cxIoHeHHEeM 10 —45° 1 HebecHas mapail-
nenn ans 6 = -30°, paauyc kotopsix 6onblue, Yyem paguyc HebecHoro nkBaTopa. Ux pas-
Mep — CIEeACTBHC MCKaXKEHMs 10KHLIX obnacteil cdepnl 1ipH crepeorpaduueckoi
npockunn. U3obpaskeHns co3se3 uii 10:kHOH nonycdepsl Ype3Bbluaiiio pacTsilyTsl 4
CHJILHO OTJIM4AIOTCS OT NPUBLIYHOIO UX BHJa Ha Hebe.

DKCUCHTPUYECKHIT 0Bal, ricpeceKaroriics ¢ HeOECHBIM 3KBAaTOPOM B IBYX JHAMET-
paIbLHO MPOTHBOMONOKILIX TOUKax pasHoaeHCTBHH (Y 1 LX), n306parkaeT DKIUITTHKY.
Ha Hapy>iiom 06pe3e kapTol, HazpiBacMoM IUMO0OM JaT, — KalcHAapHele Yuicaa v Ha-
3BaHMS MECSALICB.

Haxknaonou kpye, koTopslil npunaraetcs K kapre (puc. 1.8, cM. BrieiKy), no3pons-
€T yCTalOBUTL BUJ 3B€3HOrO licha B 060 IeHb roja A 1106010 BpeMCHH CYTOK.
C aoi nenwio BHewHMA 06pe3 kpyra (yacoBoit nuMm6) pasaenen na 24 yaca. L tpuxu Ha
yacoBOM MMOe HauHecelibl yepe3s Kaxasle 10 Mutl. B HaknagHOM Kpyre ecTh OBanbHLIA
BbIpE3, MOJIOKEHHC KOTOPOro ONpefieNsicTes reorpaguyeckoi wuporoi mecta mabiio-
nenus. OH BbIpE3acTCs [10 COOTBETCTBYIOUICMY OBAlly M3 HauepUelllibiX Ha HaKJa(ioM
kpyre. KoHTyp oBanbioro Buipesa H300paxkaeT MareMaTH4eCKHi FTOpU30HT ¢ HaHEeCeH-
HBIMH Ha HCM TOYKaMH (cesep, 10T, 3anaj, BOCTOK).

Jns onpenencHUs BUAA 3Be3110r0 Heba cacyeT COBMECTHTL 4acoBOH JUMO ¢ TUM-
6om aat (Heobxonumoe Bpems T — ¢ HyKHOM aTOH 1) Takum oOpasoM, uToOwl Hebec-
HbHA MepuiMan (JIMHUA CeBep — IOr) MPOXO/MI Yepe3 CEBCPHBIi rnoJioc Mupa. B acnm-
METPUUIIO PACMOJIONCHHOM OBaJIe HAKIAMHOro Kpyra OKayTcst CO3BE3us, KOTOpbIe
BUJIHBI B DTOT MOMCHT HaJl FOPH30HTOM.

C nomoupi0 NOABHKHOMN KapThl 3BC3THOT0 HEGa MOXKHO pelllaTh MHOTHE aCTpOIIOMH-
uccKHe 3afa4d (HanpUMEp, OTIPEAEIATb MOJIOXKEHHE HEOSCHBIX CBETHII B JIOOOE Bpems
CYTOK Y rofia). 3T0 XOpOLlLee NOJACTIOPbE MPH NMCPEXOAE K BU3YyalbHLIM HAOMIONSHIIM,
PacrionoxeHue onpeaeneHIbIX 383/ U CO3BC3/Mi MOXHO YCTaHOBUTh Onaroaaps iiepe-
MEIEHHIO ToUeK Habnioaenus Ha HeOecHO! chepe OTHOCHTENBHO SAPKHX U Hanbonee
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3aMETHBIX CO3BE3/IHH, KOTOPBIC MOT'YT CITY)KHTh OPUCHTHpOM. Tak, B3sB 32 OCHOBY CEMb
SpKUX 3Be31 co3Be3aus boanioit Mensenuiinl (383116l «KOBLIA»), MOXHO ONPEACIUTE
TNOJIOKEHHE IPYIIN TaK 11a3bIBAEMbBIX «3HUMHHX» H «JIETHHX» CO3BE3ANIM. «3UMHHE» XO-
potio BuaHLl Ha 1icbe ¢ Hoabps o ¢espans (cozse3ans Bosauyero, Tensua, OpHona,
bonsoro ITca, Manoro Ica, Bausxeos). Mx nonaoxeHue MOXKHO ONPEUCIHTD, €CJIH OT
Bonbiioit Menseauunl npaBecTy uepes ABe 38e3/nl Kosiua (O, o) npsmyro (Bnpaso, eciu
CMOTPETE Ha IO, HJIM [POTHB HaTPaBICHHsl «PYUIKH KOBILA»), TPOJIOIHKEHHE KOTOPOii ro-
3sonur Hatu Kanenay (o) B cossesanu Bosumuero. [Jsurasch no Gonbmomy Kpyry
B 9TOM HArpaBjIeHMH N0 4YacoBO# cTpenke, Habmioaarens monagaeTt B co3sesaue Tenbia
¢ sipkoii 3se3noii Annaebapai (o), a 3aTem — B cossesaue OpuoHa co 38e31amu Berenb-
reise (o), bennarpuke (y) u Puresns (B). [Ipu aTom aBrxeHnN o OKPYKHOCTH BHU3Y Oy-
Jet cos3sesie boasworo Ica ¢ camoii sipkoit 3se3/0i Ha Hebe — Cupuycom (). 3asep-
Was 3TO ABMXKCHHE 110 KPyry, Mbl Npoizem 1o cossesnuam Manoro [lca (a M.Ilca —
[Ipounon), Bnusuenos (o 1  — Kactop u [Toanyke) ¥ 3aMKHEM OKPY>XKHOCTb B CO3BE3-
oMy Bosnnuero.

Takum xe o6pa3om, nposenst npsmyro yepes 38e3si ¥, 0 b.Menseauups, Ml Npoit-
JeM BOIM3M ceBeplioro rnosioca MUpa M HomnaneM B rpyIny «JieTHUX» co3se3nuil. Oun
XOPOILIO BUHBI C MIOHS MO CeHTAOPDL. «JleTnuMu» sBnstoTces coszse3nus Jlebens (o Jle-
Oenst — Hdeneb), Jlupst (o JIupsl — Bera), Opna (o Opaa — Anbraup).

C nomo1s10 3T0ro cnocoba Mbi MOXKEM HAWTH CO3BE31MA BOIM3H CEBEPHOIO M0s1I0C
mupa (cossesaus Lledes, Kaccnonen, M.Mensenuupt), npoBeas npamyto depes B u
a 3se3abt b.Menseauust. [Tpoaokus KpUBYIO, TPOXOJAIULYIO YePE3 TP 3BE3/IbI «PYU-
KH KOBIlIa» co3Be3aus b.MenBeaunel, MbI NOMafeM Ty 1a, IJic HaXOAATcs co3se3aus Bo-
nonaca (o Bonoriaca — Apkryp) 1 Jessl (o el — Crinka).

Briaronaps u3secTHbIM opHeHTHpaM Ha HOuHOM Hicbe nabniofarens MOXKET JOCTATOU-
HO JIerKo Haiiti nioboe co3sesaue, 383y WK KakoH-To Jpyroi KocMuUuecknil 0ObeKT.

Bonpocsl u 3agaHMA ANA caMmonpoBepku

1. KakoBbl OCHOBHBIE 3JICMEHTBI, H300paKeHHbIE Ha HEMOABHKHOM KPYyre 3B€3/1110H KapThl?

2. Kaky1o poilb BbHIONHSET NOABWKHBIH Kpyr?

3. Kaky1o yacTb 3Be3HOTO 1ieba OTKPhIBAET NOABHXKHBIA Kpyr?

4. Or vero 3aBHCHT BUJ HaOmogaeMoil 4acTH 3pe3AHoro Heba?

5. KaxoBa norpeuocTs B H3MEPEHHAX, KOTOPbIE MPOBOASATCA C MOMOLIBIO MOABKHKIOHN
KapTot?

Mpumepsl pewenna 3agay

3agaya 1. Mcnonb3ys noABHxKHYIO KapTy 3Be3AHOIO Heba, onpenenuTe Bpems, B Te-
ucHpe KoToporo 3se3aa Cnuka (o Aesnl) Oyner BuaHa HaJl TOPU3OHTOM B HOYL € 14 Ha
15 mas (cumrailre, UTO HOUL — BpEMs OT 3axoaa Ao Bocxoja ConHua).
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Pewenue. C noMoLbIO KapThl MONyYaeM, YTO BOCXO 3Be3ant 14.05 B 16"57", a 3a-
x0il — B 2"52™. Bocxon Connua 14.05 B 4"05", a3axon B 19%55™. CnenmosarensHo,
3Be3aa Ciivika 6y 1eT HOUBIO HaJ FOPU30HTOM B MPOMEsKYTOK BpemeHH ¢ 19"55™ no 2"52”,
r.e. AT=26"52" — 19"55" = 6"57".

3apaya 2. Onpesenure ¢ NOMOLIBIO 110/IBMXKHOI KapTht 38e3/iHOro Heba, rae Gymet
Haxoautses Cupryc (o = 6"44™ §=—-16°41") 21 mapta uepes uac nocsie 3axoaa Coniua,
T.C. HailiInTE €ro a3UuMyT W BBICOTY Haj JIMHHUEH ropH30HTa.

Pewenue. Onpepenus nmonoxenne ConHua Ha 3xnunTHie 21 Mapra (eHb BCCeHHEro
PaBHOJICHCTBHS), pacriojaraeM 3Ty TOUKY JKIMITHKH B MOJIOKCHHH, COOTBETCTBYIO-
mem MectHoMy Bpemenu 19" (3BecTHo, uro 21 mapra Contre 3axoaut B 18" MecTHoro
Bpemenu). Halins Ha kapre Cupuyc, onpeaensem ero KoopanHaTel: 4 = 4°, h = 18°.

3agauu gna camocTOATENbHOr0 peweHua

1. B Kuese (¢ = 50°27') B nonjiens Connie Haxoaunoch Ha BelcoTe 32°. B kakoi
AEHb IoJia 9T0 MOTJI0 6bITh?

2. B T6unucu (¢ =41°31') B nonaenn ConHie HAX0AMI0Ch Ha BhicoTe 45°. B kakoii
Aelib TOJ@ 3T0 MOIyo 1IPOU30MTH?

3. B Cankr-Ilerepbypre (¢ = 59°40") 8 nongeus Conuie 6vi10 Ha Buicote 40°. On-
peaenuTe ACHL roja, KOria 3T0 MOIJIO ObITE.

4. Korpa nyuute Beero suzen Mneunwiit Ilyts B Pecny6nnke Benapycs? iupoty
npumMMTe paBHO# 55° c.iw.

5. B kakom co3Be3MH HaX0/AUTCS MOJIOC raNakTHYCCKOH CUCTEMBI KOOP/IMHAT, €CITH
ero koopauHatht o = 12"49" § = +27,4°7

6. B xakoM co3Be3iMy HaXOAMUTCS ceBepHblil mosmoc Mupa CaTypHa, eciii KOOpAHHA-
Thbl DTOro noJitoca o = 38,4°, § = +83,3°7 Onpenenure KOOPAMIIATHE I0MHOIO HOIOCA
Mupa 1t olanersl CarypH.

7. Kak 11yTCLICCTBEHHHK MOXET OMNpeJiesIuTL CTOPOHBI CBETa, ¢Ciu 3Be3aa Purens
(B Opnolia), KOTOPYIO OH BHANT, HAXOAMTCS NPAMO Haj ero rojaosoi (6 =-8°15")? I1pu
IIOMOIIEH MOJIBUIKHOM KapTol 38€3/1H0r0 HebGa onpenesiuTe BpeMst rojia nyTeilecTBus.

8. Byaer i [OnuTep Buaen 25 asrycra B Moment s = 20"40” 3Bc3HOro BpeMeHy,
CCIIM OH HaxoJAuTcs B NpoTHBOCTOSTHUM? OOOCHYHTE OTBET, UCIIONL3YS MOJBHIKHYIO
Kapty 3Be¢3/1110ro Heba, U OnpeaeniTe NPUMEpHLIE TOPU30HTAILHBLIC KOOPAMHATDE 11a-
HCTLL.

9. C nomol11b10 NOABHXHON KapThl 3Be3HOr0 HebGa ornpeeiiTe MoJ0KCIHE 3Be3/1bt
(23MMYT M BLICOTY HaJ TOPH30HTOM), IMCIOLLEH MPAMOC BOCXOXIEHHE o = 7" U CKIoHe-
Hue & = 65° B 1cHb JIETHETO COHIECTOSHUS Yepes yac nocne 3axona Conima.

10. B kakHx cO3Be3MsX HAXOAWTCS B TEUEHHC CYTOK TOYKA 3CHWMTA JUlst [IHPOThHE
54° c.m.?



1.4. daKTopbi, BAMAIOLNE Ha NONOXEHUe CBETHA 25

11. B xakom cosse3nun Oynetr HaxomuTshes JIyHa 15 okTAOpst B MOMEHT BepXxHeil
KyIbMUHALMK B da3se nepsoit yeTsepri? Bocrnons3yiTech kapToit 38e3aH0r0 Heba.

12. MoxHo nn vabmozats 25 anpens Onutep B Momenr s = 14"40” 3pe3anoro spe-
MEHH, €CJIM OH HaXOIMTCs B TOUKE BeceHHero pasnojelcrsua? ObocuyiiTe oTBeT, ue-
nob3ys TMOIBHXKHYIO KapTy 3Be3a1I0ro Heba.

13.* Onpenenvte ¢ NOMOLIBIO MOABHIKHON KapThi 3Be3HOTO 1ic6a koopauttatst Map-
ca 10 Mapra, cci OH HaxoaMiICA B 3aMafHON KBaAparype II0 OTHOLICHHUIO K 3eMJIC.
CuuraiiTe, uTo nockocty opobuT Mapca u 3emiu coBnaniaoT.

14. Hayi miyHKTOM, IMPOTa KOTOPOro ¢ = 53°08’, 25 nos6ps 1916 . 8 11"49” nus s 3c-
HHTE NOSIBUIICS ApKUi 6011, yaBuIdi Ha 3eMITIO B 3TOM MECTE B BU/IE /IBYX MCTCOPHTOB
maccoit 50 1 200 kr. Onpepenure co3Be3aue, 110 HAIPABACINIO OT KOTOPOIO METCOPHTBI
yranu Ha 3eMiHo, a TaKXke 3BE31y, PAAOM C KOTOPOH HaXOAMJICS UX PaJHALLT.

15. Onpenesnre co3sesnue U nprMepHLIE IKBATOPUANLHLIC KOOPAMHATEE 3EMITH (115
Habnogarens, koTopeli HaxoanTcs Ha JlyHe, ccau npy Habnrojleunu ¢ 3emnu 10 anpe-
ns JlyHa Haxouunacsk B rocneineii yersept. CunraiiTe, 4To rocKocTb opOHTHI JlyHb
COBNAJIET C INIOCKOCTBLIO KIHUIMTHKH.

1.4. daKTopb!, BANAIOWNE HA NOJIOXKEHUE CBETU
Ha HebecHol cchepe

CaeroBble NyUH, IPOX0/is Yepes 3eMHYI0 aTMOchepy, MPEIOMIISIOTC. DTO SIBJICHHE Ha-
3BIBACTCS acmpoiomudeckol pegppaxyueti (puc. 1.9). Yroa M,OM, — yrost pedpak-
LK, WK peppakums p. Yron ZOM| — BUAMMOE 3¢HUTHOC PACCTOSHUE CBCTHIA Z', IOt
ZOM, — vcTHIHOE 3eHHTHOC paccTosHue z (z ~z' = p; z=z' + p).

Pedpakuyst ripuriofHMMAaeT CBETHIO Hal FOPHU30HTOM (p > () 1o OTHOLLCIHHIO K €ro
HCTHHHOMY noioxeinio. Ecnu niockocTs najenus coBnanact ¢ ieGecHbIM MepHana-
HOM (CBETHJIO HAXOMMTCS B KYJIbMUHALIMK), TO MPH pedpakuyt BMeCTE C z i /1 u3MCHS-
etcst O, 1o He a. [lns cnyuast, Koraa niaockocTs iyya OM, He coBrmajacT ¢ MepHAnaHalb-
HOM, M3MEHSIETCS TAKXKE W 3HAUCHHE ot. OUEBHUIIHO, YTO PePPAKIIMA HE U3MEHSACT a3HMYT
ceeTHna 4.

Mpu masnenuu P (MM pr. cT.) ¥ Temneparype ¢ (°C) npubnmxeinoe stavetie ped-
pakimy aast 0° < 2 < 70° MoxHO NonyuuTh 10 GopMmysne

p=60"25—. . —-tg(z'), (1.7)

T.c. ipu t = 0°C u P =760 mm pr. cT. p = 60",25 - tg(z').

ITpu z' > 70° popmyssl naroT oMbKy Ap >> 1", koTopast IpH fajibHeHIlCM yBenue-
HUM z' BO3pacTaeT 10 GECKOHCUHOCTH, XOTS B ISHCTBUTCABLIOCTH 3HaYeHuC pedpakLimm
BOm3u ropusotrra ~35'. Onpenenuts p npH z' > 70° MOXKHO C MOMOILIBIO CMIEIMATBHBIX
tabmuy (Tabn. 1.2).
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Puc. 1.9. Bnuaxwne pedpakuun cBeTa B aTMocdepe 3eMnu Ha acTpoHOMUYeckmne
HabnwogexnA (OM n OM, — nCTWHHBIE HAanpaBneHWA Ha ceeTuino; OM, — suauMoe
HanpaeeHNE Ha CBETNNO; p — Yron pedipakuim)

Tabauya 1.2
¥Yro:a pedpakuuu 1Jjis 00JAbUIHX 3eHUTHBIX YIJIOB

z' 70°00" | 70°30" | 71°00" | 71°20" | 71°40" | 72°00" | 72°20" { 72°4¢'
P 2'36",9 | 2’4173 | 2'45",7 | 2'48"8 | 2'52",0 | 2'55",4 | 2'58",8 | 3'02" 4
z' 73°00" | 73°20" | 73°40" | 74°00" | 74°10" | 74°200 | 74°30" | 74°40'
p 3'06",1 | 3'107,0 | 3'137,9 | 3/18",1 | 3'20",5 | 322”4 | 3"24",6 | 3'26",9

7 74°50' | 75°00" | 75°10" | 75°20" | 75°30' | 75°40' | 75°50' | 76°00’
P 32972 | 3'317,5 | 3'34",0 | 3'36",5 | 3'39",0 | 3'41",6 | 3'44",2 | 3'46",9
z' 76°10" | 76°20" | 76°30" | 76°40" | 76°50" | 77°00" | 77°10" | 77°20/
p 34976 | 3'52",5 1 3'55"3 [ 3'58"2 | 4'01",2 | 4'04",3 | 407”5 | 4'10",7
z' 77°30° | 77°40° | 77°50" | 78°00" | 78°10" | 78°20' | 78°30’ | 78°4(0'
p 4'14"0 | 417”3 | 420",8 | 424”4 | 4'28",1 | 4'31",8 | 4'35",7 | 4'39",7
z' 78°500 | 79°00° | 79°10" | 79°20" | 79°30’ | 79°40" | 79°50" | 80°00’

p 4'4379 | 447".8 | 4'52",1 | 4'56",6 | 5'01",1 | 5'05",8 | 5'10",6 | 5'15")5

Koopimiarsl 0IHOro ¥ TOro ke HeGecHoro Tena, ornpeseeHHbIC ¢ 3eMiH, paslibie
B Pa3IM4HLIX TOUKAX €€ HOBCPXIOCTH. Takne KoopAHHaThl Ha3LIBAIOTCS MOROYEHMPU-
yeckumu. Oco6eHHO OYTHMO 3TO pasinyue M CBETHJ, HAaXOMAUIMXCS B Mpeenax
Comnnreuno#t cucremsl (CorHite, JyHa, nnanernst, Mansic Tena), OIaKo OHO HE CTONb CY-
ILICCTBEHHO JIIst 3Be31. 3aBUCMMOCTEL KOOPAMHAT CBETHII OT TOUKH Habmoxenus Ha 3cuM-
JIe CBS3aHa CO CMELICHHEM ITPOEKIIMH CBEeTHIa Ha HeGecHo# cdepe, KOTOpoe Ha3LIBacT-
Csl nApaRIAKCcoM.
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OCHOBHBLIM CUHTACTCsl HalpaBJCHHE Ha CBETHNIO M3 LieHTpa 3emiin. OHO JaeT reo-
LIEHTPHYECKOE [TOJIOAKEHHE CBETHIIA M ONPENENISIeT ero 2e0yeHmpuyeckiie KOOPANHATDL.

Yron mexay nanpasneHusmu (puc. 1.10), nox xoropeiMu Buaio csetiiio M' us3
IICHTPA 3eMJIH U C KaKo#-HHOY AL TOUKH HA €€ MOBEPXHOCTH, HA3BIBACTCS CYMOYIIbLM
RApaAaKcoM cgemuaa p'. ITo yrod, rnojl KOTOPBIM CO cBETHNA Ob11 ObI BUJICH paanyc
3emi B MecTe Habaoaenust. Jas ceetuna B 3enure p’ = 0, Ecin cBeTuno na ropusonre,
TO 3HaUeHUE p' OyneT MakcuMalbibIM, 3TO FOPU30HTANLHBIN napannakc p. M3 tpe-
yronbitukos TOM' v TOM nonyuum:

R sinp R .
— = M — =sinp.
A sinz' A
CrenoBatenbHo, sin p' =sin p-sin z’,
.

Puc. 1.10. CytouHbli napannakc p’ ceeTna M' n ropn3oHTanbHbIA napannakc p ceetuna M
(R — panuyc 3emnu; A — paccTOAHWE OT LieHTpa 3emnu flo cBeTUna)

Tak kak ropH3oHTaAbLHBIA Napaiake — BenuiIrHa nebonbuas (ans Jlynol B cpea-
ueMm p = 57', nna Conuna p = 8”,79, g nnaner p < 1), to p’'= p-sin z'.

FopuzouTanblinlit napannake, BLIUHCACHIBIA 115 3KBaTopa (3KBaTOPHANbIILIH pajiu-
yc 3emin R, = 6378 kM), Ha3bIBACTCS 20PU3OHMANLHBIM IKEAMOPUATbHBLY NAPANIAK-

comp,,.
Paccrosiug no ten ConHeunol CUCTEMBI MOXHO OMNPEAENINTDb C ITOMOILBIO HX

ropu3oHTanbHeix napannakcos. Ecnu TO = Ry — sxBaTopuaneliblii pagnyc 3emiu,

RO
TO A=~ — paccTosiHge oT neHTpa 3emnu g0 ceetina M. Tak kak napamiakcol
sin p,
OYeHb Manbl st Bcex Teu, kpome JIyHel, To (p,, yri. ¢)
"
A= 206265" - R,

n
Po

(1.8)
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W3mepeHue pacCTOAHUH B aCTPOHOMHH Ha OCHOBC 3KBAaTOPHANILHOI'O paanyca 3eMm-
7 R, K rOpu30HTILHOIO 3KBATOPHAILHOrO NApaNIakea Cronb3yeTes Ul B lipe-
aenax ConHevHoM cucTeMbt. s onpefienenys pacCcTOSIHHM 0 3Be3J B OCHOBY HOJI0-
KEH cpeannii panuyc opOUTsl 3eMiH, paBHblii 1 a.€. (aCTpoHOMMYECKAs eAMHHLIA).

Yroi, 1101 KOTOPbIM CO 3B€3/bl ObL 6Bl BUJCH CPENHUIT pafnyC 3eMHOH OpOUTL @
[IpH YCIIOBHH, YTO HANpPaBJICHHUE Ha 3BE3/y NEPNEHINKYIAPHO PaAMyCy, Ha3biBAETCH
200Uy IbLY napaiiakcom 36e30ur T (puc. 1.11).

Puc. 1.11. ToanuHelil napannakc 3ee3asl M (C — ConHue; T— 3emnA)

a
Paccrosiue ot 38e3i6t M 0 ConHua A MOXHO BbIpa3uTh Tak: A = ——. [Tockonbky

7 < 1", TO A71st 3BE3A (T — B CCKYHAAX JyrH) sin
A=206265 a (19)

T["
Tlpu m = 1" paccrosmvie A = 1 nk = 206265 a.e. (napcek — mapaniakc B CEKYHIY).

Ecsiu paccrosiHMe Bolpaxarh B napceekax, To ¢opmyay (1.9) MoxHO 3anuicars B BUJE

A=,
T["

B tabn. 1.3 NPHUBEACHLI COOTBETCTBHA PA3JIMYHBIX CAUHHI] PACCTOsIHMA, HCII0J/Ib3YyEe-
MbIX B @aCTPOHOMHMH.

Tabruya 1.3
CooTBeTcTBHE MeEKIY ¢AHHHUAMR pacCTOAHUS, HCIIOJAB3YEMBIMHY B aCTPOHOMHH
EaAuHULbI 1 km la.e. 1 cB. rox 1 nk
I KM 1 6,6846 - 107 1,057 - 10" 3,2408 - 10™
la.e. 1,49598 - 10° 1 1,5813.10° 4,8481 - 10°°
| cB. rox 9,4605 - 10" 63240 ] 0,3066
1 nx 3,0857 - 10" 206265 3,2616 1
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Habmonaress Bmecre ¢ 3emuneit nBixercs no opbute Bokpyr ConHua, i103TOMy Ha-
npaeJeHye 1a 6JM3Ky10 383y OyACT H3MCHSTLCS, a 38e3Aa OyACT OMUCHIBATDL 3IUIHIIC
Ha HebecHoit chepe B TeueHHE roja. ITOT ILTUNC, KOTOPLIA HA3bIBACTCS 11apaIIaKTH-
YECKHM, TCM OOJbLIE CKAT 0T OKPYXKIOCTH 10 OTpe3Ka WK AyTrH, uem Giike 3Besla
K aknunTHKe. Pasmep ero 6yaeT TeM Menblue, YeMm Janbilc 38e3a oT 3em:au. bosbuine
HONMYOCH RAPArIAKMUYECKUX AAUNCOG PABHBI MOJMYHBIM NMapalIakcam 3Be3.1.

BTopbIM pe3ynbTaToOM MBHXKCHHS 3EMIH ABIsSETCA abeppaytisi. ITO ABICHHE 3aKI10-
YaeTcst B TOM, YTO JIBHXKYILHHCA HabmoaaTesnb BUAUT CBETHIIO HE B TOM HalIPABJICH HH,
B KOTOPOM OH BH/1eJ1 OBl €ro B TOT )K€ MOMCHT, CCJTH ObI HAXOAHICS B COCTOSIHHH MOKOSI.
Abeppanust — 3TO yron ¢ Mexay HabmoacMbiM (BUAMMBIM) H HCTHHEBIM HaHpaBie-
HUSIMH Ha CBETHUJIO.

[TpeacraBum, uTo ¢ 3emiu, ABHXKYLIEHCS CO CKOPOCTLIO v 10 opbuTe Bokpyr ColHIa,
HAOMIONAIOT B TCJICCKOI 3@ 3BE3/I0M € 3xnunTHUecKoil wuportoit 3. Ecnu 661 ckopocTs
ceera Oblna 31aUMTENBLHO Bollle v (MM GecKOolleuHa), TO ABMXKCHMEM 3eMIH MOXKHO
Ouio npeHebpeds (Bpems MPOXOXKACHUs CBETOM TyOyca Teseckona or 0ObeKTHBA /10
OKYJIsIp@ MOXKHO ObL10 Ob1 CUHTATE PABHLIM HYJI0), M 3Be3/1a Obk1a Obl BUaHA B TOM McC-
Te Heba, rie oHa HaxoAMTCs Ha caMoMm Jene. M3-3a KOHCUHOCTH CKOPOCTH CBETA, YTO0b
YBUJETL 3BE3/1y, TEJICCKOI CJIEAYCT MOBEPUYTh 11a yros abeppaliHOHHOIO CMEILCHHS !

sinc =2 sin0. (1.10)
c

Tak kak yron ¢ Man, 1o ¢ =206265" Y sino.
c

3aeck 0 — yrioBoe paccTOSHHUC BUAMMOrO HaNpaBICHHS 112 3B€3y OT TOUKH Heda,
B KOTODYIO HarlpasieHa ckopocTs Habmoaatens (anexc npuxenust Habmoparens); v
CKOPOCTb 3eMJIH; ¢ — CKOPOCTb CBETA.

[Toseptiem Teneckon 112 yrof G OT UCTHHHOIO HarpaBneHus Ha 3se3ay. [Toka ayu
CBETA NPOXOJINT PACCTOSHHUC OT 0OBEKTHBA TENECKONa J10 Cro OKyspa, HabsloaaTe: b
BMECTe € 3emiieii cMeraeTcsi B HarnpaB/ieHHH ariekca Ha HEKOTOPOC PAacCTOSHHC TaK.
yToOHl I11a3 ero (GoTONPUEMHOr0 yCTPOHCTBA) «BCTPETHIIC» C IyHOM CBETA, HCXO,15-
LIHM OT 3B€3/ibl.

Habnioparens yyacTsyeT B CyTOUHOM BpaieHuy 3eMIH U B FOJM'IIOM CC ABHIKe-

Huu (v = 29,78 kM/c) Bokpyr Coniua, no3ToMy pasnuuaroT Cymouiyio U cOOUUHYIO
abeppayuu. B pesynsrate ropuuHoro aswxetus o = 20”,496 - sin0 = 20”,50 - sin®
(ky=20",496 = 20,50 — mnocrosiuHas abeppaurH), a BUAUMDIC MOJOXCHHA 3BC31

OHHCBIBAIOT abeppayuontsie 2auncel ¢ nonyocsma 20,50 u 20”,50 - sin3, rne p -
IKMNTHYCCKAS [LIHPOTA 3BE3 LI

JInHeltHast CKOpOCTb TOYEK MOBEPXHOCTH 3eMiM, OOYCIIOBJICHHAS CC BPALICIHCM,
3HAUMTENLIIO MEHBLIE CKOPOCTH JBHMXKEHHS 3eMid 1o opOHTe ([l TOUCK Ha IKBATO-
pe — 464 m/c) 1 npenebperxuMo Mana no CpaBlICHHIO CO CKOPOCTBLIO cBeTa. B cBsizn
C 3TUM CYTOYHYIO abeppaiio 00LIYHO HC YUYHTLIBAIOT MPH OMPEAEICHUH KOOPIMHAT
HebeCHbIX 0OBEKTOB.
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M3MepeHns yTnoBhIX pa3MepoB HeOCCHBIX OOBCKTOB U UX CYTOUHBIX MapajllakcoB
(c yueToM nonpasok Ha pepakunio U abeppalio) NO3BOJSIOT ONPEACHSTD THHCHHDBIE
pasmepst U Gopmy Ten (puc. 1.12) (kak npasuio, B npeaenax COMHEUHON CUCTEMBI),
a TaKkxe paccTosiHuA 10 HUX. [Ipu 3TOM 3a OCHOBY NPUHUMAIOT 3KBATOPHUAJILHBIH pasnyc
3emun R

r=R, £, (1.11)

TA€ P ¥ ¥ — YI0BOH M NMHEHHBIA (HanpuMep, paguyc) pasMepsl TeJa; p, — ero 3KBaTto-
PHANBHBIN FOPU3OHTAJILHBIA NapaaKc.

Puc. 1.12. Onpenenenue pasmepoB 1 opMb! Ten ConHeUHOR CUCTEMbI: p U Py — YINOBOI
pafuyc 1 ropu3oHTanbHbIi 3KBaTOpUanbHLIA Napannakc ceetuna M paguycom r

Ecnm 6bt 3emns Obiia coepoii 1 0b6anana cBoicTBaMH abCOMIOTHO TBCPOrO TCIa,
TO OHa Bpaljasach Obl Kak €QHHOC 1IEN0e C NOCTOSHNHBIM MEPUOJOM U MOCTOSIHHBIM Ha-
MpaBJiCHUCM OCH BpauieHHs B npocrtparictse. Onako 3emiist 6nn3ka k cdeponny, u ee
MPUTSHKEHUE KAKAM-TTHO0 TENOM L MOXHO Pa3NIOKUTb Ha TPH CHIIOBBIC COCTABISAIOILKE!

F,F,,F, (puc. 1.13).

L

m

Puc. 1.13. NputaxeHne cceponna BHelHUM Tenom L

[Tockonbky IF , |> |F ) | , TO CUJIa IPUTSDKEHHSA TENOM L CTPEMUTCS MOBEPHYTHL OCh BPa-

uenus coeponna PP Tak, 4ToOBI INIOCKOCTh 9KBATOpa COBNana ¢ HanpasicHueM 7L.
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B atom cnyuae ock PP 6yneT nepeMellaThCa B HaNpaBICHUH, NCPNCHAMKYISPHOM
UIOCKOCTH, B KOTOPOH Haxonatcs Cuibl [, F,. Ha 3KkBaTOpHanbHbIC BLICTYNB 3eMild

IEHCTBYIOT CHUNBI IPUTSXEHHUS co cToponbl JlyHsl n Connua, v ocb 3eMIIM coBeplacT
CIOXHBIE IBUXKEHUS B IPOCTPAHCTRE,

Ocb 3emin OMUCBIBAET KOHYC BOKPYT OCH SKJIUNTUKH, OCTaBasCh 0] yrioM 66°34
K €€ INIOCKOCTH. DTO NBUXKEHHNE HA3BIBACTCSA Npeyeccuonibim, ero nepuoa — 26 000 ner.
Iomocer MHpa 3a 3TOT e NEePHOJ TOXKE OMUCBIBAIOT OKOJIO MOJII0CA IKIUITHKHU KPYTH
yIII0BBIM panuycom 23°26°. Dta npeucccus, BbizbiBaeMast aeictsuem Jlyunl u Cons-
113, Ha3bIBACTCS IYHHO-CONHEYHOU.

Kpome ToT0, OCh 3eMin CoBepLIaeT MeNkHe KosleOaHHs OKOJO CBOCTO CPEHEro no:1o-
KeHMs. [IpOMCXONHUT Tak Ha3bIBaeMast Hymayus 3eMHOI OCH. JTO CBS3aHO C HEMPCPbIB-
HBIM NICPHOAMYECKUM H3MCHEHUEM F , H F (puc. 1.13) mo BeJMYHMHE M HAMPABJICIHIO.
OcHoBHOC HYTalIMOHHOE KONebaHHe COBEPLIAETCA 3a NMEPHOLL, paBHbIi 18,6 rona, T.c. pa-
BeH nepuoy oOpaieHHs TYHHBIX Y3710B. Benencraue 3T0TO nOM0Ck MUpa OMMCHIBAIOT
Ha HeOeCHOH cdepe 3/HNCht, GONbLINE OCH KOTOPBIX paBHb 18”42, a Mansie — 137,72,

[IputsbkeHne nnaneT ABAseTCs HE3HAYNTEIbHBIM, YTOOBI BIUATD HA MON0KCHHUE OCH
BpalleHUs: 3eMJM B MPOCTPAHCTBE, HO OHO U3MCHSICT MOJIOXKEIUC MIOCKOCTH 3eMHOM
OpOHTEI, T.€. MIOCKOCTH SKIMITHKHA. DTO TaK Ha3blBaECMas nianemaphas Tpeueccus,
KOTOpasi CMELAeT TOUKY BECEHHETO PaBHOACHCTBUS K BOCTOKyY Ha 07,114 B roa.

B pesynbTate nynHo-conHeynotl u naanemapHoii npeyeccuti H3MEHSIOTCS MOJIOKCHHUS
KaKk HeGeCHOTO DKBATOPa, TaK M JKIMNTHKH. TOYKM mepecedyeHus 1ebecHoro sKBaropa
C SKIMIITUKOMN (TOUKH paBHOAEHCTBHIT) MENTIEHHO NCPEMELAIOTC OTHOCHUTEIIBHO 3BE3.1

K 3amajy. B pesynbraTe KOOpAHHAaThI (O, §) CBETHII C TEYCHHUCM BPEMCHH U3MCHSIOTCH.

360 =50",26
0

CkopocTb nepeMelCHUS TOUKH BCCEHHErO PAaBHOACHCTBHUA 3a rofa [ =

(oOmas ronoBas npeueccHs B skMUNTHKE). OO1was rogosas npeieccus Ha 3KBaTope
m=50",26 - cos(e) = 46",11. Tak kak Y’ u ConHue ABUKYTCA HABCTPCUY APYT APYTY 110
sknunTHKe, To CosnHue NPUXOAUT B 3TY TOUKY paHblie, YeM ecnu Obt Y’ Obina Henoa-
BHXKHA (NIPCLICCCHIO HA3bIBAIOT CLUE NPEABAPCHUEM PaBHOACHCTBUI (N1aT. praecessio —
npeasapenue), I1o atoit npuuuHe TponmMueckuil roa npuMepHoO Ha 20 MuH Kopoue re-
prona obpareHus 3emian Bokpyr ConHia, 11a3biBaeMOro 38e30nbim 2000m (365,2564 cp.
COJIH. CYT.).

Ecnu, nabntonas 3Be3abl, UCKIIOYHTL BJIMSHHUE MPCELECCHU, HyTauuH, abeppalinu
H napajisakca, TO MOXHO BBLIENHTb COOCTBEHHOE ABMIKCHHE 3Be31. Cobemeaeniibim 06u-
Jicenuem 36e30bl |4 Ha3bIBAETCS €€ BUANMOE YITIOBOE NepeMeLicHHe mo nebecHoi chepe
33 IOJl, BbI3BAHHOE €¢ JIBH)KCHUCM B MPOCTPAHCTBE OTHOCHTENbHO Connua. bonpuun-
CTBO 3Be31 UMEIOT coOCcTBEHHBIE ABIKeHuA ~0",001 u ~0”,01. Camoe Goablioe 31aye-
Hue p = 10",27 y «nersmeid» 38e3nsl bapHapna.

CobcteeHHOe aBrxkenuce 3se3npt pw (puc. 1.14), obpasyiouiee ¢ HanpaBieHUEM K Ce-
BEPHOMY MOJIOCY MHpa YTOJ (p (OTCUHTHIBAETCS NPOTHUB YACOBOW CTPENKH ), MPOUCXO,THT
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no ayre GONbIIOrO Kpyra M MOXET OBITh Pa3oXKelo Ha 1Ba KOMIOHEHTa: [, — IO NPsAMo-
My BOCXOXKACHHMIO (B 4aCOBOI Mepe), U — M0 CKIOHEHHMIO (B YTJIOBOH MEpe):

=il +(15-1, -cosd)?,
Hs =K COSQ, (1.12)
15-u, -cosd=p-sin@.

HebecHbin
3KBaTOP

Puc. 1.14. KoMnoHeHTb cOGCTBEHHOTO ABUMKEHNA 3Be30h!

3Had U3MEPCHHOE COOCTBCHHOE IBHXXCHHUE 3BE3/1bl, MOXKHO PACCUUTATH €C TAHICHITU-
aJbHYIO0 CKOPOCTB V, (CKOPOCT, NCPNCHANKYISAPHYIO JIydy 3pEHHS):

”

v, =4,745 kurc, (1.13)
T

a4 TaKXC MOJHYIO CKOPOCTb 3BE€3bI B IPOCTPAHCTBE:

v=afv] +v], (1.14)

A€ v, — JIyueBasi CKOpPOCTb (CKOPOCTb BJIONb Jlyya 3peHHs), KOTOPYO MOXIIO omnpee-
AUTb U3 paccMoTpeHnst addekta Jonnepa (em. ri. 3).

Bonpockbl U 3afaHuA AnA camonpoBepKu

I. Ecnu pedpaxuust npunoaHUMacT CBETHAO HAZA FOPH30HTOM, TO KaK M3MEHACT HeOecHble
KOOP/AHHATBI CBETH/ CYTOUHLIHA napannaxc?

2. Kax 3aBHCAT OT pacCTOSHKA CYyTOUHLH 1 FOAWYHBIH Mapanaakcht?

3. Bo cxonbko pa3 roguuHas abeppavius 607bIIE CYyTOUHON?

4. TToueMy 1IpOMCXOAAT MpeyeccHs U HyTauus 3eMHOH oCH?
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5. Kax npeueccus 3eMHOH 0CH CBsi3aHA C MIPOAOIIKHTENBLHOCTHIO TPOILMYECKOTO M 3BE3AHOI0
roaos?

6. TloueMy 3Be3aHbI rof NJIHHHEE TPOIHYECKOro?

7. loucMy npeLecCHOHHbBIE BACHUS BBI3LIBAIOT H3MCHEHHS JKBATOPHANLHBIX KOOpAHHAT?

8. B xakoMm cayuae Henb3s 06HapyKHUTb cOOCTBEHHOC ABMXEHIE Jaxe 1l Gin3koro Hebec-
HOro oobekTa?

Mpumepsbl peeHna 3apay

3agaua 1. Co3nesaue OpHOHA UMEET SKBATOPUHAIILHBIC KOOPAMHATBI OKOJIO O = 6,
8= 0°, a co3sesaue HOxuoit Koponsl — o = 18" 8 ~-40°. KakoBbl YCIOBUS BHIHMO-
CTH 3THX co3Be3auil B MuHcke ceituac? Kakumu onun Oynyr uepes 13 000 net?

Pewenue. BoisicHuM ycnoBUsi BUIMMOCTH 3THX co3Be3aMi B Muticke (¢ = 54°) B Ha-
crosimee Bpems. [l OproHa o = 6", 4T0 03HAYaeT BEPXHIOIO KYJIbMHUHALMIO B 1OJTHOYb
3umoi. BeicoTa co3Be3aus B BEpXHEH KylIbMUHAIIMK Takast e, kak ¥ CosHLa B KOHIE
mapTa, T.c. 36°. Lst KOxknoi Koponbi o ~ 18", uTo 031a4aeT BEpXHIOO Ky/IbMHHALHKIO
B ITOJIHOYL JIETOM, @ BBICOTA B BepXHeH KyasMUHaiuu npumepiio —4°. Takum obpasom,
co3ee3ane OproHa xOpouIo BUAHO 31uMO#, a Oxuas KopoHa He BuaHa coBCeM.

3a 13 000 seT (noOBHHA NEPHOAA NPEIICCCHH) MINIOCKOCTb IKBATOPA, COCTABIAIO-
mas yron € = 23,5° ¢ nJI0CKOCTHIO 3KNUNTHKH, NoBepHeTcs Ha 180° Bokpyr ocu ak-
aunthky. BenenctBue npeneccuu skBaTopuanbHble KoopauHatsl OpHoHA uepes
13 000 ner 6ynyt o’ = o + 12" = 18", &' = § — 2e = —47°, a koopsmHaTh! FOsxn0it Kopo-
Hbl cTaHyT O = o + 12" = 6" &' = § + 2e = +7°.

Yepes 13 000 net cozezare Opuona OyAeT B BepXHeit KyIbMHUHALKMHI B OJHI0Yb J1e-
TOM, 2 BbICOTA €r0 NNPH 3TOM OyaeT paBHATbCA —11°, Tak 4TO 3HAMEHUTBIH nosic OpuoHa
H IPYTUE KPacoThi 3TOr0 CO3BE3AMs CTaHYT HEAOCTYNHB MHHuUaHaM. 3ato HOxHas Ko-
pOHa, KOTOPYIO HEsb3s YBUACTL CeHuac, Oyaer xopowo BuaAHa B MuHCKe 3UMOH, KyJlb-
MHHUPYSA Ha BbICOTE 43°.

3agavya 2. B oGcepBaTopuu 1oa mupoTtod 55°45'20" usMepeHHOE 3€HUTHOC pac-
CTOSHHE 3BC3/1bl B BEpXHEH KynbMuHaumuu 47°59'48". UeMy paBHO CKIIOHEIHC 3BC3bI
€ Y4CTOM cpeilici pedpakiun?

Pewenue. VcTniinoe 3cHUTHOE pacCTOSTHHE 3BE3/[bI € Yi4cTOM pedpakuun z =z'+ p.
Cuyras atMoCdepHbIe ycI0BHs HOPMaIBHBIMU M YYUTBIBAs!, 4TO z < 70°, nonpasky na
pedpaximio MOKHO 3anucath: p = 60”25 - tg(z')=66",91 = 1'7". [lia chopmyauposaii-
HBIX B 3371a4¢ yCNoBHit z = 48°00'55". Tak kak 38¢3/1a HAXOAUTCH B BEpXHEH KyJIbMUHa-
11K, onpeiensaeM ce CKIOHeHHE: § = @ — z = 55°45'20" — 48°00'55" = 7°44'25".
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3apaun gnAa camoCTOATENbHOrO petexua

I. M3MepeHiias ¢ Jcaokona noiayHounas BbicOTa HHMxHero kpas ConHua Oblia
14°11'5”. Cxknoncuue Conupa B 3T0T acHb +21°19'34”, a yrnosoil paguyc 15'47",
Onpenenute ¢ yueToM pedpakivy LIKPOTY, Ha KOTOPOH HaxXOAUI0Chk CYHO.

2. HaGiniogast Ha MepUIMaHHOM KPyre HeaBHO OTKPBITYIO MANyHO MiaHeTy, acTpo-
HOM OIIPCACIHA, YTO BEPXHAS ¢ KyJbMUHAIMA npousollna Ha Beicote 37°19'55"
B 5"18"14" no 3Be3aHbIM YacaM, UMEIOIMM nonpasky —3"19%. [Ipy 3THX yca0BHAX Mo~
npaBka ua pedpakuuio Osina 1'3". Kakossl koopaunatet o M O mnanetst? Hlupora 06-
cepsatopuu 43°191".

3. Bansier s pedpakuns Ha 00¢ 3KBaTOPHATBHBIC KOOPAHHATHI CBETHI WIIH TOJIBKO
lia O/IHY M BCCrAa JIM 9TO NPOUCXoaAnT?

4. BausieT nu pedpakuud na 0d¢ SKIUNTUHCCKHE KOOPAUHATHI CBETHI HITH TOJIBKO
Ha 0/IHY W BCEr/a Jii 3TO ObiBacT?

5. * Ha ckonbko aelicTBUE pedpakuy yuIMHICT NPOAOIKUTEIBHOCTD AHS Ha JKBA-
Tope 3emin?

6. * Moxuo nu oxsoBpemMenno Buacth Haa ropusontoM ConHne u nonuyto Jlyny?
Orser obocHyHTC.

7. Ysenuuusacer wiv yMeHbluaer pedpaxius suaumbie auamerpsl Connna u Jlyun
OKOJ10 ropusonTa?

8. [To n3mepennsiM ropusonTanbubiil napannakc Connua pasen 8”,7940. Onpenenn-
te paccrosiivie oT 3emiin 1o ColiHuAa M OLICHHUTE NOrPELIHOCTL pe3ynbTaTa (paguyc 3eM-
1M NpHHATH paBHbIM 6371,03 Kkm).

9. 3Be3/1a coBepuIacT B IUIOCKOCTH SKIHNTHKHM BHAMMBIC KojeOaHUsl B npenenax
yrna 86 = 41". Onpeaenurte CKOPOCTb 3EMIIH IO OpOHTE.

10. * ¥ Anbtanpa (o. Opna) ronnunslii napannaxc ©=0",198, a cro cobcraenoe asu-
xeune pu=0",658, nyuesas ckopocTb v, =—26 km/c, Gneck m = 0”,89. Korna u na xakoe
auMeHslilee paccrosiine Anpranp conmnsurcs ¢ Connuem? Kakoii 6yact rorna cro Bu-
AuMas 3Be31ias BeInuuna?

11. B kakom Hanpasnenuy (Cacsa ranpaso Wi Cpasa 11aIcB0) NCPeMELLacTCs 3-3a
NPCLICCCHH TOYKa BECCHHETO PABHOJACHCTBUSA?

12. * Koopaunatbl Cupuyca TakoBbL: o = 6'41™, § = —16°35’. Ero coGCTBCHHOE 1BH-
KEHHE No NpaMoMy BocxoxaeHuo p, = —0°,0374, a no cknonenuio -~ pg = —1",209
B rOZ1, JIyYcBas CKopocTs v, = —7,5 km/c, mapamnake ©t = 0”,38. Onpeaennrte nonHyio
NPOCTPAHCTBCHHYIO CKOpPOCTh Cupuyca oTHocHTensHo ConHua u yroi, o0pa3zyeMbiii
BCKTOPOM CKOPOCTH C JIy4OM 3PCHHSI.

1.5. 3ana4m NpaKTU4YECKOi aCTPOHOMMUK

Haunbonee npocTbie 1 1OCTYNHBIC CIOCOOBI H3MEPCHUS MMOJIOKEHHUS CBETHJI CBS3AHDE
C MCII0Ib30BAHHEM TOPU3OHTANBHON CHCTEMBI KoOpauHaT. [{ns u3Mepcenust yrios
B OTO{l CHCTEME MOJIB3YIOTCS NEPEIIOCHBIM ONTHUCCKHUM NMPUOOPOM —- YHHUBEPCATIbHBIM
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ucTpymentoM (Y W) (unu dosiee npocteiM — teoponutom). [To Beprukansoii wkane
YCTaHOBJECHHOrO CTPOro ropu3onTanbio YH MOXII0 OnpeieuTh BbICOTY A (MIIH 3C-
HUTHOE PACCTOAHMC z) cBeTUna. Ero asumyt 4 onpejcnsercs 110 rOpH30OHTAILHOIN
wkaje. TounocTb Hax 0K /1e1Us a3UMYTa 3aBUCHT OT TOUHOCTH OIIPEC/IEJICHUS 110JIOXKCE-
Hus HeOECHOro MCPUAHAHA B MECTC U3MCpElUs M €I'0 OTMCTKHM Ha 11Kaje npubopa.

Cknonenue d 1 IpIMOC BOCXOXK/ICHHE O 3BC3M ONPECASIOTCA B ACTPOHOMUUCCKIX
obcepsatopusix. Crnoco6 orpeenciius DKBATOPHAILHBIX KOOP/IHIIAT CBCTIHN 11a3bIBACT-
¢t abcomommbi, €CIIU OH 1IC 3aBUCHT OT PaHCe OMPCCICIbIX ¢, & U HC OHUPAETCs HA
M3BECTHBIE KOOPAUHATHI APYTHX 3BC3.

AOGCONMIOTHBIM CHOCOOOM TIPOIIC BCEIO ONPCUEIISIOTCS CKIOHCHUS HE3aXO0/IAUIHX
cBeTu. M3mepus 2y v 2’|, (3CHUTHBIC PACCTOSHMS CBETHIIA B BCPXHEH W HIDKHCH KYJlb-
MUHALMAX) U yuuThiBas pedpakiuio, Haxo/nM z,; u z,,. Jance u3 cootnomermntit s
BEPXHEH M HUXKIICH KYJILMUHANUA

zy=He—-8)un z;=180°- ¢ -6

onpeaensieM .

8 :90°~—ZL2ti, e @ > §;

) :90°——zﬁ—~;i, eciu 8 > ¢. (1.15)

Teozpaghuueckyro wiupony @ MOXKIO OUPCUCIHTH, HATIPUMEp, C IOMOULLIO HabmO-
JeHHIA B MOMENT KyIbMUHALMK caeTunl. Tak kak B KyabMunatinu £ = 0° i 180°, 1o ec-
JI1 CBETHIIO KyJIbMHHHUPYET B BEPXHCH KYIBMHHAIHH K I01'Y OT 3¢HUTa - - 0 = 0 + Z) K ce-
BEPY OT 38HUTA — @ = d — z; B HIXKICH KynbMunauum - ¢ = 180° - 8 — =z,

M3mepenne npsiMoro BOCXOMIEHHs O CBSI3aHO € OMNpPC/ICICHHCM TOYHOI'O BpPCME-
HU — condeuyHoro T U 3B¢3/{HOrO S.

3ana4a onpenesnetivs TOYHOTO BPEMCIIH CBOJIMTCSL K OHPCACIICHITIO MOIIPABKH Y4acoB
WIH XpOoHOMETpa. [lonpaskoii uacos 1 Ha3bIBaeTCA Pa3HOCTh MCXKIY TOUHBLIM BPEMCHEM
T’ nokazauusamu yacos 7' B HeKoTOpbIA MOMenT: =T — T'vnu I'= T + u. [lpu 3ToM,
ecnu u > 0, roBOpAT, UTO 4achl OTCTANH, ccnu ¥ = 0 ~—— yacwl TOUHBL, ¢cl ¥ < 0 — vace!
YUUIH BHEpen.

M3-3a necoBepiieCTBa YacOB U B PE3YNBTATC BIIMSHUA BHEUIHCH CPe/Ibl 1 # CORSt.
U3MeHenne nonpasky 4acoB 33 ONPEAC/CHHbIH TPOMEXKYTOK BPEMCHH 11a3bIBACTCS XO-
dom yacog .

U, — U .
wzjf—:‘—. (1.16)
Tr,-T,
Takum obpazom, ® > 0, ecnu u yBEIHYMBACTCS (Hachl OTCTAIOT), # ® < 0, eCiau u
‘YMEHBUIACTCSA (YAChI CIIELAT).
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Ha ocnoBanun Gopmyinsr (1.16) MOXHO onpenennTs NoiipaBky s 11000To 3Haue-
g Tmexny IV u Ty, 1.e. u=u,+ o (T-T)).

C nomouusto HabnoneHUH OOBIYHO OMpPEREAOT MECTHOC 3BE3IHOEC BPEMA §, a 3a-
TEM — MECTHOE CPEJHEE CONHeuHoe Bpems T,, KOTOPOE MOXHO BBIPa3UTh B JI00OMH
ApYTroi CHCTEME CYETa BPEMEHH:

s=T"+u=o+t nmm u=o+t-7T 1.1

rae oL — NpsIMOE BOCXOXKJEHHE HEKOTOPOro CBETHINA,

Ecnu oTmeuaroT mokasaHHe 4acoB B MOMEHT BepxHeH KynbMuHauu# (¢=0), To
u=ca—T', a B MOMEHT HWKHell KynbMuHaMu (¢ = 180°) u=a - T'+ 12,

Ha n3mepeHun u 0CHOBaH METON onpeneneHus ceozpaguyeckou dorzomur . Ecan
T,, — MecTHOE BpeMs KaKoro-mbo MepHaMana ¢ BOCTOYHOMH 10arotoi A ot I'punBHya,
a T, — BcemupHoe Bpems, 0 A= T, — Ty; T, =T+ u; T, = T' + u,. CncaosarenbHo,
A = u — u,. ' pHHBHUCKOE BpeMs ONpeeNstOT IO CHIHAIaM TOYHOrO BPEMEHH IO Pajuo,
a T, — ¢ moMoLLbr0 HabMIOgeHH.

AOGCONMOTHBIH METO OIpEeIENeHHUS O IPUMEHHM TOJIBKO K SIPKHUM 3Be3/1aM (X Ha3bl-
BAIOT YaCOBBIMH), KOTOPBIE BUJIHBI AXKE THEM Oslaroapsi ONTHUECKHM HHCTPYMENTaM.
Ilo TIaTenbHO OTpEryNMpOBaHHBIM 3BE3AHBIM YacaM CHUMAIOT NOKa3aHHUs 3THX 4acoB
81585, ..y §) B MOMEHT BEpXHeH Ky bMHUHALMHK 3THX 3Be311. B MOMeHT BepxHell KynbMH-
Hanuu CoNHIIA TaKKe OTMEYalOT MOKa3aHHs 3BE3IHbIX YACOB Sg M U3MEPSIOT €ro 3€HUT-
HOE PAaCCTOSIHUE Zg. [10 n3mMepeHHOMY 25 CONMHIA 3aTEM BBIMHCISIOT €I'0 CKIOHEHHE Jg

Y IpsIMOE BOCXOXIEHHE Clg 1O hopMyie

sina g = 8% (1.18)
tge

rae € = 23°26' — yroa Mexay HeOGCCHbIM DKBATOPOM M SKITUNTHKOM.

OTH U3MEpPeHHs TTIOBTOPAOTCA MHOTOKPATHO, YTOOBI IOCTUIHYTb BBICOKOH TOYHO-
cru. Habnronenust ConHua, 0ueBHIHO, HYXKHBI TOJIBKO 17151 PUKCALMH Ha HeOECHO Che-
P€ TOUKH BECEHHETO PaBHONEHCTBUSA. 3aTeM N0 GoOpMyIe s = Og = Sg + 1 ONPCACTIOT
NOIpaBKy 4aCcOB B MOMEHTHI HaOmtoaeHus ColHua, a no Beipaxenuto (1.16) — xox va-
cos . [Tonpasky yacoB B MOMeHT HabmoneHus 3e3n, cornacto gopmyne (1.16), pas-
HBL U, =u+ o (s;—Sg), rae i= 1,2, ..., n Tak kak o, = 8 + u;, HOTyUnM

o, =8 tut o —s) (1.19)

I[IpsiMbie BOCXOXICHHUS M CKIIOHEHHS OCTANIbHBIX 3BE3/1 U ApYrux HebecHbIX Tel pac-
CUHUTBIBAIOT, KaK MPAaBHUIO, OMHOCUMENbHBIMU UIH duhghbepernyuanoioimu METOIAMH,
OTTaJIKMBasACh OT YK€ U3BECTHBIX 3HAYEHHH 0L U O 3BE3/1, KOTOPBIC ONPEACHCHBE C IIOMO-
ILBEO A0CONMIOTHLIX METOROB.

3Has TOYHBIC 3HAYEHHUA CKJIOHEHHUS O CBETHAA U LIKPOTH MECTHOCTH (P, MOKHO pac-
CYUTATh XapaKTEPUCTHKH, CBSI3AaHHBIE C BOCXOI0M H 3aX0JI0M HebecHOro o0beKTa.



1.5. 3aftaun npaKTHYeckoil acTpOHOMUMN 37

BuipaxkeHust 0151 BLIUUCIICHHS MOMCHTOB BPEMCHH U a3UMYTOB 80CX00d W 3ax00a
ceemu MOXKHO nosiyunTh 110 dopmynam (1.1). [ns yacoBoro yraa ¢ nonyyaem

€os z —sin -sind
Cost= @ .

CoS® -cosd

[Tpu BOCXONE M 3aX01e BUANMOE 3EHUTHOE paccTosuue z' = 90°. M3-3a pedpakunu
HCTHHHOC 3CHHTHOE paccTosfnue z =z’ + 35', a u3-3a CYyTOYHOIO rOPU3OHTAJIBHOIO Na-
panmnakca z =z' — p. Utak, z = z' + pyy — p = 90° + pyy — p.

Jns Connua u JIyHBI KOOPANHATHL OTHOCSTCS K LIEHTPY UX BUAMMOro QMCKa, a BOC-
XOROM (3aX0ZOM) MX CUYHMTAECTC MOMCHT NOABICHHSA (MCYE3HOBEHHA) HA FOPHU3OHTE
BEpXHEH TOUKY Kpasi nucka. CreoBaTebHO, HCTHHHOE 3CHUTHOE PacCTOSIHUE LIEHTPa
JHUCKA CBETHUJI B 9TOT MOMEHT OyneT 0osbllc 3¢HUTHOTO PacCTOSIHUS BEPXHEH TOUKH
Kpas IMCKa Ha BEJIMYMHY BUAMMOIO yryioBoro paanyca R aucka (ans Connua u Jlyusl
R ~ 16'). B 00nieM ciyuac npy BHIYMCIICHHY YACOBOTO YTJia CBETHIIA B MOMEHT BOCXO/a
u 3axoza Hano 6path z = 90° + py, —p + R:

OSt=cos(90 +pPg — P +R)—sing -sm6'

(1.20)
cosQ -cosd

ITo oroii dhopmyne ¢ Beruucasercs Tonbko wist JIynel: Re = 16', pe = 57" u py, = 35’
nz= 89°54'. Ilpu onpeneneunn ¢ anga ConHLA €ro ropu3OHTANIbHBIM NapaiIaKcoM
MOXHO MpeHedpeub (po~ 0), Torna Rg = 16, pgy = 35', 2=90°51". Jlns ocTaNbHBIX CBE-
THII MO>XKHO npeHeOpeys u pazMepamy, Toraa z = 90°35". Ecnu npeneOpeus 1 pedpakuu-
i, To cos(?) = —tg(o) - tg(d).

Kaxaoe ypaBHEHHE J1acT ABa 3HAUEHHS 4aCOBOr'O yriia: ¢, = f (3aX0n) U ¢, = —f (Bocxon),
MECTHOE 3BC3JIHOC BpeEMst s, = O — 1, 5, = o + £. OTCrona MOXXHO Mosny4uTh T, BOCXOaa U
3aX0/1a CBETHIL.

st Conuua HE HYXXHO BBIYUCAATE 5. Cpasy Nony4aeM HCTHHIIOC COTHEUHOE BPEMst
(T = to + 12") u cpennce conneunoe Bpems (T, = 12" —tg +m, T, = 12" + 15 + 1).

A3MMYTBI TOYEK BOCXO0/1a ¥ 3aX0/1a BEIUHcIsieM Takoke no dopMynam (1.1) (6e3 yueta
Pogs P> R), €cnn z = 90°:

cos A =—3n0 (1.21)
cosQ

[Monyuaem nBa 3Hauenus: 4, = 4 (3axon) u 4, = 360° — 4 (Bocxon).

C Bocxonom u 3axonom ConHua, NpONOIKHTEIBHOCTBIO [IHS U HOUH CBS3aHO MOHS-
THe cymepku (NOCTENCHHOE OCnadsjeue AHCBHOTO CBETA MM YMEHBIICHHE HOUHOH
TEMHOTHI). DTO SIBJICHHUE CBS3aHO ¢ paccesHueM cBeta ConHua, HaxoAsMerocs noj ro-
PH30HTOM, aTMochepoii 3eMiTn. PasnnuaoT 2pasicoanckue u acmpoHomuyeckue CyMep-
Kku. [IpoonKHTeNBHOCTD IPaXIaHCKUX CYMEPEK ONpPEACsiCTCS HHTEPBATIOM BpeMe-
Hu 0T 3ax01a ConHua (MCUC3HOBEHHE BEPXHETO Kpasi COJIHEYHOTO MCKa) 10 MOMEHTa,
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KOI71a UEHTP COJHCUHOTO IUCKA HE OKAKCTCS Ha BLICOTE A g =—6° (BEUepHHUE), MK OT MO-
VIEHTA BPEMELIH, KOraa A = —6°, J10 HOsIBJI€HHS BEPXHEro Kpast CONHEYHOro JUCKa Hall
“{CTHIIHBIM FOPH30HTOM (YTPCHHHUC).

ACTpOHOMHYCCKHE CYMEPKHU JUISITCs OJIbLIC, TAK KaK AJISl ONPCACAeH s UX POROI-
MWHTEILIOCTH 11C06X0IMMO 34HKCHPOBATE MOMCHT BPEMENIH, COOTBETCTBYIOILUI BBI-
COTE LEHTPA COJIHEUHOr0 Jucka hg = ~18°. Ha reorpadmsuacckoit wupore ¢ = 60°34'
B /ICIb JICTHETO conmunecTosiiius (Og = 23°26") Beicora ConHua B HYOKHEH KyJIbMHHALMH
hy =-6". B 9TOM cllyyae KOHEl| BCYCPHUX M HAYAJIO yTPCHHHUX TPAKAAHCKUX CYMEpeK
COBIIAIAIOT, T.C. CYMEPKH JUISTCS BCIO HOYb. Takue HOYM Ha3bIBAIOT Genbimu. Jns apy-
X TeorpadnuecKUX LHPOT M K&ICHAAPHBIX jlHeH B roay 6cibie HOUM HACTYNakoT MPH

Jg = 84°~¢.
[TpoacinKHTCIBHOCTL Af CYMEPCK ONIpE/ICIIAETes 110 GopmyJic
sin hg —sing -sind
cos(t + At) =1 lte 7MY SO0 (1.22)
cos@ -cosdg

3;1¢¢h £ - — yacoBoii yroa Bocxoza (3axoa) Connua; hg — Bbicota ConHLa noa ropu-
ROHTOM (I'PAKIAHCKHC CYMEPKH — /1o = —6°, aCTPOHOMMYECKUE CyMepKi — Mg = —18°).

“.onpocbl U 3afaHna ANA caMonpoBepKu

1. TToteMy H3MEpeHHS KOOPAMHAT 1OPU30IITaibHON cHcTeMbl 60JICE MPOCTHIE, YEM H3MEpe-
11,15 DKBATOPHAJIbHBIX KOOPAHHAT?

2. Mpenoxnre ctiocodnt onpe/Ieietiis HoNoXKEHNs 1edectioro MepyanaHa B JaHHOH ToYke
ACCTHOCT

3. Kak naiity CKIOHCHUE 3aX0 51X CBCTHA?

4. Kak BLIYUCHNTL AOATOTY JIUs B OHPEICICHHbIH KaICH1apHbIi AeHb roga?
3aBHCHT AN AONIOTA AU OF JJONTOTh MecTioctu?
Kak pedpakuts Bt 1a mpoJoibKUTe/ILHOCTL CBETIOH YacTH CyTOK?
. Kaxkue cyMepkH jUtMHHES —— 1pa1aHCK1E Wil acTPOHOMHYCcKHe?
. [Touemy 3uaucHue NPAMOro BOCXOMKACHUSA O CBCTHIIA H3MEIseTcsl co BpeMenem? A ang
Crna?

LN

fioumepsbl peweHUA 3afay

3anaya 1. B Touke ceBepHOTO 10ylIapHs, HIMPOTY KOTOPOH HYKHO ONpPEACIUTH,
JePTHKAIBLHO YCTAHOBICH CTCPiKeHD tiunoit /= 2,5 M. Uepes 3740™ 3pe3moro BpeMenn
1ociie BepxHel kysibmuHalimu Connna o1 oTOpackIBaeT Ha FOPU3OHTANBHYIO MIOCKOCTh
weub Juimioit /' = 3,831 M. Kakosa reorpaduueckas umpoTa 3Toro Mecra, eCim CKJIoHe-
nie Comiia B Acns nabmogenus 8 = +15°20°7

Peuwtenye. VI3 ycnoBuil 3azaun MOXHO OIPEUENHTb KOCHHYC 3eHHUTIOro yria ConHia

! "
B MOMCHT HaOMIONEHMS: COS Z = ————xr ~ (,5465. [lanee, BoCI1071630BaBIINCH (HOpMyIoH

NP+
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A7 ApAIUTaKTHYECKOro TpeyronbHuKa u3 (1.2) cos z =sing -sind +cos@ -cosd -cost u
yuuTBIBas, 9O ¢ = 3"40” = 55° 11 § = +15°20’, nony4acM TPUrOHOMETPHYECKOE YPaBHe-
HHE OTHOCHTEJIBHO WHPOTHI !

0,5465 = 0,2644-sinp + 0,5532-cos.
B TpHroHOMETpHH H3BECTHBI (GOPMYJIBI 1St PELIeHHs TOTOOHBIX ypaBHECHUI:
a=b-sing +c-cos@ =r-sin(¢ +o) uin
[a =b-sing +c-cos@ =r-sin(180°-¢ —w).

3nech r =+ b’ +c?; tgw=%.

ITockonbKy M3 MpUBEACHHBIX ypaBlCHHUIT nonyuaeMm r = 0,6131, a o = 64°,4552,
TO B UTOT'E

sin(@ +®)=0,8914 unu - ¢ ~-1° 41 unn
sin(180°—p —®)=0,8914, | =52°,5.

IlepBBiit BApHAHT OTBETA HE MOAXOAUT, TAK KAK PEUb B 331a4¢ WJICT O CEBEPHOM I10-
JTYIMapuy 3eMiH, TO3TOMY OTBET Takoi: ¢ = 52°30',

3anava 2. BeruucnuTe npoRomkKMTEIbHOCTL CAMOrO JUIMHHOTO U CaMOro KOpOTKOTO
must B Cankr-TlerepOypre (¢ = 59°57'), Mockse (¢ = 55°45"), dyimaunbe (¢ = 38°35").
Kakas 3aBHCHUMOCTb CBS3BIBACT NPOAODKUTEIBHOCT TAKUX JHEH B JaHHOM MecTe (63
ydera pedpaxumn)?

Pewenue. ITockonbKy NpoRONKUTENIBHOCTD AHSA — BpPEMs OT Bocxoa 1o 3axoaa Conx-
113, ONpeIeNMM BHAYAJIC YACOBLIC YI/bE STHX COOBITHI 110 opmyiie cos(f) = —tg(o) - tg(d)
(6e3 yucta pedpakiun). B kauectse 3iaueunil cknoneHus ConHIa NOACTABUM BEIHUH-
HBI §; = +23°26' u 8, = -23°26’, Tak KaK OUEBUHO, YTO caMblit NHHHBIH (1) K cambiii
KOpPOTKHH (2) neub OyNET COOTBETCTBCHHO B JHM JIETHETO M 3UMHErO COJIHLUECTOAHUS,
xoraa CofHIe NOAHMMAETCS Hal TOPU3OHTOM Hanbosice BHICOKO M OITycKaeTesl Hanbo-
nee HU3k0. KocuHyc — dyHKIUA YCTHAS, U Y Hac TTosiydaceTest nsa oreeta: |1 u ~|t|. [ep-
BBl OTBET (TMOJI0KUTENBHBIN) COOTBETCTBYET 3aX07ly, a BTOPOi (OTpHULATE/IbHbIH) ——
Bocxony. CregosatenbHO, NPONOKHUTENBHOCTD AHs Oyaet At =2 - |i.

IToncTaBUB CKIOHEHNE U IIUPOTY YKA3aHHBIX MCCT, MOAYYHM:

s Canxr-TletepOypra ¢, = 138°,57, At, = 18"28"6; 1, = 41°,43, At, = 5"31" 4;
st MocKBbI t,=129°,57, At, = 17"16™,6; t, = 50°,43, At, = 6"43" 4;
s TymanGe t,=110°,25, Ar, = 14"42"; 1, = 69°,75, At, = 918",

Bo-nepseix, U3 NONy4eHHbIX 3HAYCHUNA BUIHO, YTO CYMMa IIPOJIOTKUTEIIBHOCTH Cca-
MOTI'0 IJIMHHOTO M CaMOro KOPOTKOI'O JHs B rOAy paBHa 24", Bo-BTOpHBIX, ucM Oonblie
IIMPOTA MECTA, TEM JAJIMHHCE CaMblil JJTMHHBIN QeHb, KOPOUE cCaMblii KOPOTKHIA U 00Mb-
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e MX paszHuua. Takas 3aKOHOMEPHOCTH NMPOSBIASCICS BIUIOTH A0 MOJISPHOIO Kpyra
(¢ = 66°34"): 371ech caMblif TMHHBII geHb 24", a cambiit kopoTkuit — 0" (nposepbTe).
[Mpu 60X mwuporax (66°34' < @ < 90°) npooIKHTEIBHOCTb CAMOr0 JUIMHIONO JAHS
cocTapiseT OoJiee CYTOK, a Ha noimoce (¢ = 90°) caMblif JUIMHHBIH JeHb JUIHTCS POBHO
nosroga (6e3 yuera pedpakuuu). Ha camom pene, ecnu yuyects pedpakLuio, caMbli
JUTMHHBIA J€Hb Ha NOMoce OYyleT YyTh JIOJbLIe YeM noaroja (cM. 3ajayy 5 u3 § 1.4),
NPOJACKUTCIBHOCTE IHS — HEMHOr0 GOJBLIC MPHMBEICHHBIX 3HAYEHHH, a POIOIAKHU-
TEJBHOCTD JIHS ¥ HOYH BECHOM peaslbHO CTaHyT OJHIIaKOBBIMM UyTh paHbliIc, ueM Comnn-
1ie NPHJCT B TOYKY BECEHHEro paBHOAEHCTBHS, OCEHBIO — 4yTh 1103x¢, yeM Connue
OK2XCTCS B TOYKE OCEHHET0 PaBHOIECHCTBHA.

3anauu ANA caMmoCTOATENbLHOrO peleHua

1. ACTpOHOM HaGTIONIAN IPOXOXKAEHHE CBETHIIA Yepes Mepuauan B 7'35" 15" o 36e3 -
HbIM YacaM M ONpEUesIHII ero 3eHHMTHOe paccrosnue (44°15"). IMonparka yacos +0"33",
Onpezienute KOOPMHATBHE CBETHIIA, €CIIH 1IMpOTa obcepBaropuu ¢ = 56°20".

2. B myHKTe ¢ LIMPOTOi @ = 55°20" 03K IAI0T BEPXHIOIO KyJIbMHIALIUIO O bosbLioi
Megsemunpt (o = 1015"34°, § = 62°8"). s 3T0ro GbLT YCTAHOBIICH TCOIOTHUT B ILIOC-
KOCTH Mepuinana. Onpejiesnute yroJi, Ha KOTOpbIi Tpy6a Jomxkiia ObITh OTKJIOHEHA OT
3€HHTA; BpCMs KyJIbMHHALIMH MO 3B€3IHBIM YacaM, NOIIpaBKa KOTOPbIX u = -2"3",

3. * B nexoropoM ropoie Conute 3auuo 22 mapta Ha 1”36 rosxe, Yem iakauyne.
Onpenennte WKPOTY 3TOrO ropoza, eciv sing =sin23,5° = 0,40.

4. Ha xakux reorpaduueckux HpOTax MoxHO Habmonats JIyHy B 3cHuTC?

5. Ckoubko pa3 B roay JIyHa HaXOMHTCS B 3€HHTC Ha 3KBaTOpe?

6. Mapcoxo JBHXETCs BJOJIb IKBATOpa M MepeMELAcTCs M3 NYHKTa ¢ JOJrOTOH
210° 3.4, 1o Mecta ¢ Honrotoit 233° 3.1. Kakoe pacctosHMe ou npoilieT? DKBatopuab-
HBIl paznyc Mapca npuHATE paBHBEIM 3397 kM.

7. JlazepHsiit uMnynsc otpasuics ot JIyHsl 1 Bo3Bpatuiics dcpes 2,4354567 c. Ompe-
JIeNIMTE PaCCTOSIHHE OT 3eMITH 110 JIyHBI B 3TOT MOMEHT H OLEHHTC NOTPELIHOCTD Pe3yib-
tata. CKOPOCTh CBeTa NPHHATEL paBHOH 299 792 458 m/c.

8. Onpenienute WUHPOTY MECTHOCTH, €CJIM HMXHHUI Kpait nonynoyHoro Coniila Ha-
6monancs 10 urons Ha Bricote h' =4°11' (dg = 32'32").

9. * Tenerpadusbiii cronb Boicotoit / = 10 M ocsemacrcs ConHueM B nosieHs
14 uI0HA B MECTHOCTH C IIUPOTOi ¢ = 48°25'. OnpelennTe JUIMHY NOIyTCHH OT cT016a
Ha FOPU30HTAJILHOH NOBEPXHOCTH. BHIMMEIi yrioBoii nuamerp Conmna dg = 32'.

10. Kaxos a3umyTt CosnHlla B MOMEHT €ro BOCXOjla Ha 3eMHOM 3kBarope 21 Mapra,
22 wuions, 23 ceHTa0p, 22 nexadpa?

11. I'zie JutnHHee nenb 27 aBrycra ¥ 27 anpens — B I'puneuye unn B Mpkyreke, ecnu
HX WIMpOTa OJUHAKOBAd, a O JoAT0Te MPKYTCK BOCTOUYHEE MPUMEPHO Ha 7"

12. * Beiunciute (€ y4eToM pedpakilii) NPOJOKHTEIbHOCTL aCTPOHOMHYECKHX CyMe-
pek B Cankr-IlerepGypre (¢ = 59°56,6) 25 mapra, xoraa ckionense Comina 6g =2°1"9.
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13. KakoBa BbicOTa MoOJI0Ca MHpa B TOM MccTe 3eMiH, rie Bbicota leHTpa Conuua
B noNIEHB 22 vioHs paBHa 69°38'? Kakoii Oyzer BricoTa CONHIIA B TOM %e MecTe B [0~
Aenb 22 nexabps?

14. Korza B ['puusuye 10°17714°, B ickotopom nynkre 12°43™21°. Kakosa gonrora
37T0ro nyHkra?

15. Korna B XapbkoBe NozieHb, yachl B Kazanu nokassiBatot 12°46”. Kaxosa nonro-
ta Kasauu ot I'puusrua? (Jlonrora Xapekosa ot punsuya 225™).

16. B HekoTOpOM MecTe B MOMEHT Ky/IbMHHAIMH ApkTypa (o0 Bosnomnaca), y kotoporo
o = 14"12", 3cammbic yackl, npuBeseHnbie u3 [TykoBa 1 nocTasienHsle o [Ty koBcko-
My MepHIHaHy, nokasbiBaiy 625", Kakosa 101rota MecTa Habmonenus ot [Tyskosa?

17. Tlonepeyustit pasmep ropona / = 40 kM. Ha CKONBKO HCTHHHBIH MONIEHD Ha BOC-
TOYHOH OKpaHile ropoja HaCTyHacT paHblie, YEM Ha 3amajHOM, €ClM ero MHpOoTa
0 =155%5"7

18. B koTopom uacy cerojins 3aiinet Contue?



IMABA 2. HEBECHAA MEXAHUKA

2.1. Bugumbie 1 geAcTBUTENbHbIE ABMXEHUA NNaHeT

ConHeyHas cucTeMa 1pejcTaBiseT Co00H COBOKYNHOCTb HEOECHBIX T, ABHKYLUHXCS
Bokpyr ConHua, 11st 60BIIMHCTBA U3 KOTOPBIX OHO SIBJAETCS LIEHTPAIBHBIM [IPHTATY-
Batowum reaoM. B CONHCUHYIO CHCTEMY BXOZAT JEBATD [1aHET CO CIYTHHKaMH, OKOJIO
2500 Manpix miaHeT (ACTepOMI0B), HECKONBKO NCCATKOB THICAY KOMET, METEOPHTHEIE
Tena ¥ NOTOKH NbuTH. Hanbonbiiias 4acTh MasbIX [UIAHET ABHXKETCS 110 CBOUM OpOHTaM
B MPOMEXKYTKe Mexay opouramu Mapca 1 IOnurepa (B Tak Ha3biBaEMOM MOsICE acTe-
poHIOB). 3a MOCIEAHNE HECKOJIBKO JIET ObIJIO OTKPHITO 3HAYHTCIBHOE KOJMYCCTBO Ma-
JIbIX MJ1AHET, KOTOPbIE HAXOAATCS ropaszo Aanblue oT CoslHua: HanpUMep, 3a opOuTamu
HentyHa (TpaHcHeNnTyHOBEIE, Tak Ha3biBaeMbli nosic Kotnepa) u IlnyToHa (TpaHcmy-
TOHOBbIE). [10 OTHOLIEHH!IO K MOSACY ACTEPOHIOB BCE MaJIble H OOJIbIIKE MJIAHETh! AETIAT-
cs Ha JIBe rpynnbl — guympennue (Mepkypuit, Benepa, 3emis, Mapc u acteponibl, Ha-
xofmuecs BHYTpM opOUTh Mapca), KOTOpBIC JBUXYTCS BHYTPH N05Ca, M GHellHUe
(FOnurep, CarypH, YpaH, Hentyn, ILi1yTOH cO «CBOMMH» aCTEpOHIaMH), OPOMTHI KOTO-
PHIX HaXOMATCS 3a NpejeaMH 3Toro rnosca.

Onnako Gojiee BaXKHBIM ABJSETCA pa3/ie/ieHUC [UIaHET 1{a JBe IPYNNbl 10 OTHOLIE-
HHUIO K OpOHTe 3eMiIH, HOCKOJBbKY aCTPOHOMHYECKHE H3MEPEHUS U HAabIIOAEHHS TTOKa
B OCIHOBHOM MPOM3BOAATCS C MOBEPXHOCTH Haulei r1aHeTsl. Mepkypuii u Berepa ot-
HOCATCS K TPYNIIe HUJCHUX naanem, ux opOuTel 6mixe k ComHuy, yeM opOuta 3eMI.
Ocranbubie naaretsl (Mapc, YOnutep, Catypn, Ypan, Hentyn u [1nyTon), KOTOphIe Ha-
xopsarcsa pansuie oT ConHua, yem 3eMilst, OTHOCSTCS K GepXHUM.

Ycnosus HabroeHHs HEGECHBIX TeJl ¢ MOBEPXHOCTH 3eMiIH (MIPEXIE BCEro MiaHeT
u JIyHBI) 3aBHCAT OT MX MOJIOKCHHA 110 oTHOWEHHIO K 3emile ¥ ConHuy. Pasinunbie
B3aUMHBble pacriosoxeHus mianet (1 JIynor) orwocutensHo 3emid (T) u Connua (C) Ha-
3BIBAIOT KOH@uU2ypayuamu. XapakTepHble JUIS HHXHHUX TUIAHeT KOHQUrypauuu npeg-
CTaBJIEHBI Ha pUC. 2.1, a JUIs BEpXHHUX — Ha pHC. 2.2.

[Tonoxxenne HeGCCHBIX TeN Ha OpOHTE 3amaeTcss UX [EOLCHTPUYECKHMH (A) M renuo-
neHTpuueckuMu (00603HavaroTes / AJis miaHeT ¥ L — [uis 3eMJI) J0JIFOTamMH, KOTOPHE
OTCUMTBIBAIOTCA OT HANPABJICHHUS HA TOYKY BeceHHero paBHosicHeTsus Y (puc. 2.3;2.4).
B 310M ci1ydac oCHOBHBIE KOH(HIYPALlH MOXHO JIEFKO ONHCATh COOTHOLIGHHAMH Me-
Y STUMH KoopuHaTamu. Tak, [uIs pa3HbIX kol(urypauui HHOKHHX IUTAHCT Pa3HOCTh
(I-L)paBna: ¥, = 270°+ 6, V, = 0°, V; = 90°- 0, V, > 180° (0 — yron naubosbiuero
BHIMMOTO OTK/IIOHEeHHA MiaHetsl oT ConHua: jia BeHepst 0 = 45 — 48°, 1ns Mepkypus
0 = 18-28°). [lng BepXHHX MIaneT pasHocTs (/ — L) paBHa: M, — 180°, M, — 0°.

Cunoauueckuit nepron S onpeneaser NpoMexyTOK BpEMelH MEXIY IBYMs mocie-
JIOBaTEJILHBIMH OJIMHAKOBBIMH KOHGHUIYpauusaMu. s HHKHMX MJIAHET OH BBIYHUCIIAET-
csa no hopmyie
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1
T,

~ |-

1
S

A1 BEPXHUX ITUIAHCT —— MO ypaBHCHUIO

Puc. 2.1. Kondurypaunu HIWKHUX nnaet: V, — BOCTOYHAR 3N0Hraung; vV, — 3anaftan
3NOHrauma; V, — HkHee coeauHenne; vV, — BepxHee coeinteHme

./
M,
MonatHoe pBUXEHME
BEPXHUX NNaHeT

Puc. 2.2. KoHdpurypauuu BepxHux nnaxeT: M, — BocTouHan kBappatypa; M, — 3anafHan
kBanpatypa; M, — coenvHenne; M, — npoTnBOCTORHNE
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Puc. 2.3. Onpenenenne renoLeHTpUYeckUX 1onroT 3emnu (L) u HWKHUX nnaHert (/):
A — reoleHTpuyeckan (3KIunTuyeckan) qonrora

Puc. 2.4. Onperienexve renuoLieHTpUYECcKUX AONTOT 3eMnu (L) vt BepxHUX nnaxet (/):
A — reoueHTpyyYecKan (3KNUNTuYeckan) AonroTa

XapakTepHbIM NPUMEPOM KOHGHIYpPaLHii SIBISETCS POTHBOCTOSHUC, KOTra BEpX-
nue nnanetst (Mapc, FOnurep 1 T.1.) 1 3eMiis HaxousTcs Ha oHO# npsaMoit ¢ ConHieM
C OIHOH CTOPOHH! OT Hero. [Ipy HaxoxneHuu 3cMIH B 3TOT MOMEHT B ad)eJinH, a [JIaHe-
Tl (HanpuMep, Mapca) — B MepUresIdi pacCTosIHHE MeXIy HHMH OyJIeT MHHUMANb-
HbIM. Tak, 11 Mapca no oTHOLIEHHIO K 3eMJle MPOTHBOCTOSHHS, IPH KOTOPBIX pac-
CTOSHHE MEXIY JITHMH IUIaHETaMH He npesbiiaet 0,4 a.e., HA3BIBAIOTCS GeNUKUMU.
[TocnenHee U3 BeIHKHX NPOTHBOCTOSHMIT OTMEYAIOCh B KOHIC aBrycta 2003 r.

Bce niaHeTsi IBHXKYTCS 110 OpOHTaM B npsmom HanpasieHUH BOkpyr ConHua (¢ 3a-
Haja Ha BOCTOK, WIH IPOTHUB 4acOBO# CTPEJIKH, eCJIH CMOTpeTh Ha COTHEUHYIO CHCTEMY
CO CTOPOHBI CEBEPHOT0 MOJIOCA SKIMITHKH). OJIHAaKO gu0uMOe IBHIKCHHE MJIAHET SBJIs-
cTcs nerieo0pasHbIM, MOCKOJBKY JUIS HAbIIOMaTeNs OHO ONpeneNseTCs HaN0XEeHHEM
JBHXXEHHH 3eMnd M miIaHeThl. Ecnu HiXKHHE NiaHEeThl IBHXXYTCS 1O CBOMM OpOHTaM
ObicTpee 3eMiH, TO BepxHHe — MenenHee. BOMU3KM NpOTHBOCTOSHUS J1 3¢MHOIO
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Ha0moares, KOTOPbIH JBHXKETCS ObICTpee, BepXHsis MaHeTa OYNET Ka3aThCs JBUXKY-
Hie#ica B HarpaBJIeHUH, NPOTHBOMOJIOKHOM IIPAMOMY, T.€. C BOCTOKA Ha 3araj, KaK ro-
BOPAT, NOMATHO (cM. puc. 2.2). HukHue niaHeTsl, NpoXo/id N0 OTHOIIEHHIO K 3eMile ITe-
pen ConHiieM, HaM ToXxe OyIyT BHJIHBI KaK COBEPLIAIOUINE MONATHOE ABHXECHHE.
JuHy ayrd HONATHOrO JBHXKEHUS TUIAHETHI U1 KPYroBoi opOHTH pacCYMTHIBACM
no gopmyie
y = (360°-20 ) - 2nr, 2.3)

rje n— CpeHee CyTOYHOE JBHKEHHUE [UIAHETHE; 2T — MPOJI0JXKHTEIBHOCTD MONATHOTO
ABHKEHHS B cyTKax; 0, — 3j10Hrauus (yroJ BUAUMOLO ¢ 3eMIJIH OTKIOHEHHUS MIAHETHE
or ConHua) NJIaHCThl, KOTOPas OMpeJeseTcs 0 yPaBHEHHUIO

a-sing,

tg0, = , 0, <180°, 24

a-cosg,+ 1
£ae a — pagvyc OpOHTH! B aCTPOHOMHYECKHX €IMHHIIAX.
Yroin ¢, MOXHO ONPEAEIHTh HO BHIPAKEHHIO

na® +n}

cos @, = (2.5)

b
a(n+n,)
TA€ i, ¥ 1 — CpeJHee CyTOYHOE JIBHXXEHHE 3EMIIH U MJIaHEThI COOTBETCTBEHHO.
Cpesinee cyTo4YHOE JBHKEHHE IJIaHET ONpPEAENAIOT M0 COOTHOUIEHHUI0 n =360°/T.
Ero npuMepHBIe 3HaYCHHSA 711 HEKOTOPBIX IVIaHET MpHBEeHH! B Tadi. 2.1.

Tabnuya 2.1
Cpennee cyTouHOe ABHKEHHE IUIAHET
Mnanera | Mepkypuit Benepa 3emns Mapc IOnutep CatypH
n 245'5 9¢',1 59,1 3r'4 hY 2

OObscHeHHe BUIMMBIX ABHXKCHHI TUIAHET M APYTrHX HEOECHBIX Tesl OCIOXHACTCA
TEM, YTO OHH HabMI01al0TCA ¢ 3eMIIH, O XapaKTepe ABHXEHHS KOTOPOit HHYTO He yKa-
3bIBaCT B HAOIIOZICHHAX HEOECHBIX U 36MHBIX SIBJICHHH.

OcHOBBI COBpeMeHHOH acTpoHOMHMH GbUTH 3ayoxkeHbl Hukonaem KomepHukom
B XVI B. B co31aHHOM UM reMONIEHTPHYECKON KapTHHE MHpa:

a) B ueHtpe mupa Haxogutcs CosHie, a He 3eMis;

0) wapooOpa3Hag 3emiid BpamacTcs BOKPYr CBOEH OCH, 3TO BpauieHuE OOBACHAET
KaXywieecs CyTOYHOE JIBHXKEHUE BCEX CBETHIL,

B) 3eMJIsl, KaK U Bce IU1aHeThl, oOpauiaercs BOKpyr CosHIa, 310 00BACHIET BUIUMOE
newkenue ConHia Ha (oHe 3Be3;

I) BCE BUAMMBIE [ABMXEHHS NIPeICTaB/ICHb! B BHJIE KOMOUHAIIUI paBHOMEPHBIX ABH-
KEHHI MO KPYT'OBBIM OpPOHTAM;



46 [T1ABA 2. HEBECHAA MEXAHUKA

M) KOKYLUIMECS MPAMbIE M 11IOMSATHBIC JBHXKCHUS IUIAHCT «HPUHALICKAT» HC UM,
a 3emuie, T.¢. TakuM 00pa3oM MX BHJIMT JIBHXYIIMHCS BMCCTE ¢ 3eMileii Habitoaarens.

Kernsiep, o0obmus pesyabrarsl HabmoacHMI gaTckoro actpoHoma Tuxo bpare,
a TakKe pAjL CBOMX 1adJIIoICtini 32 JIBUXKCHUAMH I1aHET (B 4aCTHOCTH, Mapca), npu-
1UesT K BBIBO/1Y O ICKPYI'OBOM ;IBHIKCHMH MJaHCT U c(hOpMYIMpOBaN TPH OCHOBHBIX 3a-
KOHa ABIXKCi rianeT Bokpyr Co:nina:

a) BCC 1JIAHCTHI ABKHIKYTCS M0 3UTHICAM, B 0OIHOM M3 (POKYCOB KOTOPHIX (0011eM 1ist
Bcex IIaner) naxoaures Cosie;

6) paanyCc-BCKTOP MAAHETDHI 32 PaBIbie IIPOMEXYTKH BPEMEIN OIIUChIBAeT PABHOBE-
STMKHE 1LIOILALH;

B) KBA/IPaThi CHAEPHUECKHX (3BE3,(HBIX) 1IepHoioB obparienus 1iaiiet Bokpyr Conn-
112 POIOPIMONAILHBI KyGam GoubLIHX 1101y0ceit ux smmmntuacckux opbur (T° ~ a).

Ha ocHoBe Tpex OCROBHBIX 3aKOHOB JIBHKCIMA Tel HBIOTOH 110Ka3al, YTO «CHIIB,
B PC3YSILTATC BO3;ICHCTBMSI KOTOPBIX FARHBIC [LIAHETHI MOCTOSHHO OTKJIOHSIOTCS OT Mpsi-
MO;IMHCHHOIO JIBMKENS W YAEPKHBAIOTCS HAa CBOMX opOuTax, HaiipasiieHsl K CONHuY #
0OpaTHo NPOIOPIMOLIAIbIIbI KBA/IPATaM PACCTOAMMN OT €10 1eHTpar. JJokasas, 4To cuia,
KOTOpas YCPXKMUBACT MJTAHCThi, TOXK/ICCTBEIIIIA CUIIE TKECTH, JICUCTBYIONIEH Ha MOBEPX-
HoCTH 3emsin, HBIOTOH onpe/iesiii, 4To B OCHOBE MHTCPIIPETALIMH BCEX MCXaHHYCCKUX
JBWKCHUI 11COCCHBIX TCH JICKUT 3AKOH 8CEMUPHO20 mszomeiis, MaTeMaTHYecKd ero

MOXHO Bbipasnthb TaK:
mom, .

F=G ————;—— (2.6)
7
jleCh £ - IPABHTAIMONIIAS CHIIA B3AUMOICHCTBHS JIBYX TOUEYHBIX TCH; M| H My —
MX MAacChl; ¥ ——~ pacCTOAHRMC MCKAY HUMU; G — rpaBUTalMONIIasA MOCTOAHHAS, PaBias
6,6726-10 " (H - m*)/xr?.

HUcnionb3ys 3akon BCCMUPIIONO TAroTCHuUs, 3akonsl Keniepa MoxHO copMynupo-
BaTh C;IC/YIONIHM 00Pa30M,

1. Ipy HeBO3MYLICHHOM jIBHXCHUH (B 3a1a4cC ABYX Tei) opOHTa ABHXKYIeHCS MaTe-
pHaNBHON TOYKH (I1aleThl) ABJISACTCA KPHBOH BTOPOTO MOPAAKaE, B OJHOM H3 (POKYCOB
KOTOPOH 1axoAuTes ueHTp cuiel npuTskeHus (Comnne). Takum obpa3om, opbura Ma-
TEPHANBHOM TOUKH NPH HEBO3MYLLCHIIOM JABHIKCIHUHM --- 3TO O/THO U3 KOHHYECKHX Ceue-
HHI: OKPYKHOCTb, DJIAHIC (JU1s r1ancT), 11apadona uiv runepbona.

2. llpn HEBO3MYHLICHHOM JIBUXKEHHH (B 3a1a4c JBYX TCJ) PajldyCc-BEKTOP MJaleThl
3a paBIIbIC MPOMCXKYTKH BPCMCIIH OIUCHIBACT PABHOBCIMKUE [UI0113/11. MaTemMaTuye-
CKHM 9TOT 3aKOIl MOXKHO 3al1HCaTh TaK:

P49 const, (2.7)
dt

3n€ch r - pagMyC-BCKTOP IL1alCT B sit000H ToUKe OpOUTHI; 0 — ero HCTHHHAs aHo-
Manus, T.€. yroJ MKy HanpasienusMu u3 uentpa Comnua Ha rulaHety o Ha repure-
auil ec opOHTLI.
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3. Tlpy HEBO3MYLLEHHOM JUIMITHYECKOM JIBHXEHHH MaTEpHaNbHOW TOUKH BOKPYT
LEHTPaIbHOrO TCJ1a CNPaBeIMBO PABEHCTBO
2 2
—(m +my)=
a

=const, (2.8)

rie T — nepuon obpartuenus Tejaa Maccoit 71, BOKpYT TeJla Maccoif m, 110 3;UTHATHUC-
CKOii (1M KpyroBoii) opOute; a — ec 00blas noayoch.

Ecnu MBI paccMaTpuBaeM JIBC CHCTEMBI, KAKAas U3 KOTOPbIX COCTOUT M3 MaTepHalb-
HOH TOYKH (rulaHeThl HJTH CIYTHHKa), JIBHIKYILCHCA BOKPYI CBOETO 1ICHTPAJIBHOIO TCMa
(Conttua MM niaxeThl), TO TpeTHit 3akoH Kensiepa MOxHO cOpMyaHpoBaTh Tak: npo-
M3BEZCHUA KBAJIPATOB IEPHONOB 0OpaleHus Ha CyMMY Mace LICHTPAJIbHON H jIBHXKY-
HIEICA TOYCK OTHOCATCS Kak KyObl OONBIIMX MONyOCeH MX OpOHUT, T.€.

le M, +m _al3

, (2.9)
I My +m  a

rae Ty n T, — nepuoabl oOparieH!s Mace m, M i, BOKPYT LENTPATLHLIX TC ¢ MaccaMit
M, n M, coOTBCTCTBCHHO; @, H a, — OOJbIlIKE NOTYOCH OPOHT.

K ocHOBHBIM XapaKTEpHCTHKAM 3JIIHITHYCCKOH OpOUTHI m1aneTsl (puc. 2.5) oTio-
caTes:

1) AO = a — Gonpiuas nonyocs;

De= —O—}i'— ~— JKCLIEHTPHCHTCT;
oIl

3) nepurennii [T — Gumxaiias k Connuy C touka opouThs nianetsl Py a g =11 =
=g (1 — e) — paccrosHue B nepurenny;

4) apenuit A — naubonec yjanenHas or Connila C touka opOuTh mitanets P,
aQ=fA=a (1l +e)— paccrostue B apesuy;

5) 11, f>» O — boKyChI U LCHTP JUTHINCa OPOUTSBI MIaHCeTH P;

6) ¥ — paluyc-BEKTOp MJIaHCTHI P.

Puc. 2.5. XapakTepucTikn anamnTUYecKoii op6uTs!

W3 Broporo 3akoHa Kemnepa, B 4aCTHOCTH, CIIEAYET, YTO B NCPUIETHH OpOHTHI CKO-
POCTh ABHIMKEHHS TIIAHETHI V, OnpesenscTes no popmyne

v, =v, /iﬁﬁwc, (2.10)
—e
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a CKOpOCTh VQ B aCI)CJ'IHH — [0 YpaBHCHHUIO

l—e
Vg = Ve[ —— <V,

- 2.1
I+e

/i€ Vv, — KPYrosas CKOPOCTb [UIAHETBI [PH 7 = a.
Kpyrosas ckOpoCTh MlaHeThl PACCUHTHIBAETCS 10 COOTHOIICHMIO, TOJTYYCHHOMY
U3 ypaBHCHHUA (2.6):

y = [ZMe (2.12)

rae Mg — Macca nentpaibHoro tena (Connua).
Kpyrosas ckopoctb 3cMin pasiia 29,78 km/c. [TockobKy CKOPOCTb JABHXEHHS [10
napabose OnpeacaseTCs MO COOTHOLEHHIO v, = V2 V., TO COOTBETCTBYIOas (Hopmya

TaKOBa.
S G o)
r

B 5TOM ciiyyae cKOpOCTb ABHIXKEHUS M0 JUTHICY ONPEJIENSCTCH Kak v, < v, a 110 I'i-
nepbosie — v, > v,
Op6uTa 6yaet npuHHMaTh GOpMY BJUIHIICA, OKPYXKHOCTH, napadosibl HIIH runepoo-

J1bi B 3aBUCHMOCTH OT HayanbHOW CKOPOCTH v, (pHc. 2.6).

b

Vp> vy

Puc. 2.6. XapakTep [BWKeHUA Tena /m 8 none TAroTeHNA LEHTpanbHoR maccht M (Touka C)
B 3aBUCUMOCTU OT HAYaNbHOR CKOPOCTH: V, — 3NNUNTUYECKAA CKOPOCTh; V, — Kpyrosas
CKOPOCT; ¥, — Nnapaboniyeckan ckopocTb; v, — runepfonuyeckan ckopocTh

Ecnn 0 <v, <v_ rncv,—— cKOPOCTb KPYrOBOIO ABHXKEHHs Macchl m (2.12), To ABu-
’KeHue Oy1eT MPOHCXOIUTH 10 MUIMIICY, @ Er0 Ha4aJo COOTBETCTBYET MaKCHMAIIbIO-
My paccrosuuio 10 C (Touka adesus unu anores). Jlis vy =v_ op6buta m cOOTBETCTBY-
eT KPYroBO# paanycom r = a. lag v, <vy<+2v,=v, JBHXCHHE NPOHCXOJHUT 1O
3AAMATHYECKOH OpOMTE, a ero Hauajo COOTBETCTBYET MEPUreHIo Wiy nepureio. Ipyn
vy =2 v, =v, (2.13) touka Gyner asurarbes no napabose u a = . Ilpu v, >+2- v,
OpOHTa TOUKH /1 ABIACTCA runepOoJIoN.
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3aKOH BCEMHPHOIO TArOTEHMs CHOPMYIUPOBAH st MaTCPHATILIIbIX TodeK. OaKo
MOXHO [10Ka3aTb, YTO 3TOT 3aKOH MPUMEHUM M JU1i OOJBLIMHCTBA HCOECHBIX T, 110-
CKOJIBKY OHU MMEIOT MOUTH MPABHILHYIO IAPOBYIO HOpMY cO cePHUECKH CHMMCTPHY-
HOH pacipeseNetiHOM MIOTHOCTBLIO, @ PACCTOSHUE MEXIY HUMH 3HAUMTENBIO GoJibIie
HX Pa3MCpOB.

Jnst onpeneneHns xapakTepa QBHAKCHHS TCa MAacCoif M OTHOCHTENBHO Macchl M nyx-
HO 3aNHCaTh ypaBHEIHC AHHAMHKH MaTepHaTbHON| TOYKH F=m-w=m-Fc YUCTOM HbIO-
TOHOBCKOTO TArOTCHHUA. B paMKax 3amauu IByX T 310 ypaBHEHHC OyICT UMCTh BH,1

m.y—{):]n.;}:m —GM—’;—“GWI—’:}- (214)
r r

WK
¥ =—G(M +m)—r}—
r

Pemns ypaBuenue (2.14) ¢ yueToM 3akOHa COXpAlICHUS 3HEPTUH 1IPH ABHKCHHU
TeNa MacCoOH m BOKPYI LEHTPaJBHOro Teia Macco M mo opOute ¢ OonbLIoi mony-
OCBIO @, noay4yuM GOopMyJly JUIsi CKOPOCTH OTHOCHTENIBHOTO /IBHXKEHHUS v 1A PacCTos -
HHH 7 (OHa HA3BIBAETCH UHMESPATOM IHEPSULL):

vi=G(M +m)(z——1—j (2.14a)
r a

Ha puc, 2.7 moka3aHb! OCHOBHBIE 3ICMEHTBI ITHATHYECKHX opOuT Ten ConneuHoil
cUCTEMBI. JIBE TOUKH riepecedeHust OpOMThI ¢ INIOCKOCTBIO IKITHITTHKU Ha3bIBAIOTCH y371a-
mu. M3 nux gocxoosyum y3nom HazbiBaeTcs TOT, KOTOPbIH [P JABHKCHUH 1O OPOUTE fie-
pecekaet Teno, npubaHKAasiCh K CEBEPHOMY MONOCY IKIMNTHKH. J{0NroTa BOCXOAAIICTO
y3na &} M nakiIoHEeHHe | ONPEAENSIOT NOJOKEHHE MIOCKOCTH OpPOUTBI B MPOCTPANCTBE,
() OTIPEJIEIIACT MOJIOKEHHUE OPOUTHI B €€ [VIOCKOCTH, a OOJIbLIAS NONMYOCh @ H 3KCUEHTPII-
CHTET e OnpeJiesIIoT pasMephl U (opMy OpOUTHL. 3Hast MOMEHT BPCMECHH MPOXOXK/ICHHS
4epe3 NEPUTeInii £y 1 APYTHe 7EMEHTHI OPOUTBI, MOXKHO ONPENCINTS MOJIOKEHHE 1L1alie-
TH Ha OpOUTE A1 N11060ro Apyroro MoMelita BpeMeny £. [1pu 3TOM HyXHO 3HaTh JIBC BC-
IMYMHBI, XapaKTCPH3yIOLIHE MONOKEHNC MIaHETHE Ha OpOUTE, — pajnyc-BEKTOP r M 1C-
THHHYI0 alioMaiuio 0 (puc. 2.8).

Panuyc-BekTop r ¥ UCTHHHAs aHOMalIHs O BLIYHCTAIOTCS 110 GopMynam

r=a(l—ecos kY (2.15)

0 fl+e E
tg — = - tg—, 2.16)
é>2 l—-e é>2 (

ric £ = ZITON na3biBaeTcs 3KCUCHTPHUYECKOH aHOMAHEN, KOTopasi BLIUUCSIETCS 110
ypasHenuio Kennepa:

M=FE-e-sink. (2.17)
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nockocTb
SKIUMTUKN

Y Nunus
yanos

Puc. 2.7. 3nemeHTb! op6uThl Tena CONHeYHOM CUCTEMBI. i — Yron HaKNoHa NnockocTy
0pOUTbI K MINOCKOCTH IKANMTUKIA;  — YrIOBOE PacCTOAHME Nepurenina 0T BOCXoaAWero
y3na; & — rennoueHTpUYeckan Qonrota Bocxoaawero yana; A — adenwii; N — nepurenuii

N
i

Puc. 2.8. Papuyc-BeKTOp r, UCTUHHAA O W 3KcUeHTPUYecKan £ aHomanum opbuTh

3neck M — cpenHsis aHOMaus, [peacTaBisiomas cobon nyry OKpy>KHOCTH (B rpa-
JlyCHOM MJIH paaManbHOi Mcpe), KOTOpYHo onucana Obl I1aHeTa 3a Bpems (¢ — 1), ecnk
Obl OHA PaBHOMEPHO JBUTAJIACH [I0 OKPY>KHOCTH PaAMyCcOM @ CO CpeNHe yrioBol cKo-
pOCTBIO 1, T.€.

M=n(t—t0)=2?n(t—t0). (2.18)

Taxum 06pazom, onpeaenus cpeHIO aHOMAIKIO M U YHCIICHHBIMH MCTOJIaMH pac-
CUMTAB IKCLECHTPUYECKYIO aHOMANIUIO £, MOXXHO B J1I000H MOMeNT BpEMCHH HalTH pa-
JIUYC-BCKTOP # MU MCTHHHYIO aHOMAaIHIO 6 MaHeThl, T.C. ONMPEACTUTb €€ MOJIOXKEHHe
B MPOCTPAHCTBE, €CNH H3BECTHBI AIEMEHTHI ¢e OpOUTHI.

Maccy HebecHOro Tena MOXKHO ONPEJCHHTH 0 3aKOHY BCEMHPHOTO TSATOTCHHSA
HeloToHa. [Inis 3TOro CyiecTBYEeT HECKOIBLKO CIIOCOGOB:
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a) B pe3ybTaTe U3MEPEHHUI CHITbE TSHKECTH Ha [TOBCPXHOCTH Tena (TpaBuMeTpude-
ckuit cnocob):

m= , (2.19)

Tlie m — Macca Tena, Ha MOBEPXHOCTH KOTOPOI'0 IIPOM3BOASTCS U3MepCHHUS; R — palyc
TeJa; g — YCKOPCHUE CHUJTbI TSHKECTH (COCTABIAIONIEH CHITBI TSXKCCTH —— CHITBI TIPUTSKE-
HHUA) HA TIOBEPXHOCTH, OflpeaenseMoc, HanpuMep, no GopMysac [uis nepuoaa xoaeda-
HUa T MateMaTH4eCKOIr0 MasgsTHUKA AJIMHOM /;

T =2n i; (2.20)

g

6) no Tpetbemy (yTouHennomy) 3axonry Kerzepa (2.9);

B) Ha OCHOBC aHAJIH3a BO3MYIICHHI1, KOTOPBIC IPOU3BO/IMT HCOECHOE TENO MPH JBH-
KEHHH IpYTHX HEOECHBIX TCII.

B npupone HeBO3MOXKIIO yKa3aTh jiBa B3aUMO/ICHCTBYIOLIMX TEJIA, ABHKCHUE KOTO-
PBIX OMHUCHIBAIOCH Obl CTPOrO B paMKax 3ajiauu ABYyX TeJl. [Tpu TouioM ananuse mpu-
XOAUTCA yUUTBIBATb BO3MYILLAIONLCE ACHCTBHE ApYI'MX Tel. Ecnu npu olelke orMeuen
Masbiif BKJIA[ BO3MYIIEHHS B XapaKTep ABMXKCHHS, UM MOXHO lipcHeOpeds. Onnako
€CJIH BIUSHHE TPETHUX TCJ IPUXOAUTCS YHUTBIBATh, 3T0 MPUBOAUT K CYLIECTBEHHOMY
OTKJIOHEHHIO B OMTHCAHWH ABMXKCHHUS ABYX TEjI OT TOrO, 4TO Aal0T 3axkonbl Kernepa.
Iomo6Hble oTKIIOHEHMS OT 3ak0HOB Kerepa o0bIu1I0 HA3LIBAIOTCS 603MYUCHUSMU.

[lycts nMeeTcst cucTeMa TPEX Tell, KOTOpast COCTOMT M3 LIEHTPAJIbHOrO Tena (NPUTs-
ruBaioniero) maccoil M (nanpumep, Comnniic), Tena Maccoit m,, ABUXYILErOCs OTHOCH-
TENBHO 3TOro Tena (MaHeTa P)) Ha pacCTOSIHUM /|, U BO3MYILAIOLLEro Tcsia Macco m,
(mnauera P,) Ha paccTosuu r, (puc. 2.9). PaccMOTPUM JIBUKCHHC MIAHETHE P OTHOCH-
teapHo Conaua. Hanomimm, 4to cucrema orcyera, ca3almas ¢ CosnueM, Oyner He-
HHEPUHATBHON, TOCKOJIBKY OHO CaMO JIBUIKCTCS C YCKOPCHHMCM 1101 BO3ACHCTBHEM ABYX
APYTHX Tedl.

.,
ConHue noayyaer yckopenuce w, =G —— or 1anersl P, 1 ycxopeume w, =G —=
{ > ! 2

H

, M
ot manetsl P,. CooTBCTCTBEHHO MtaneTa Py nony4aer yckopenue w, =G — ot Cou-
2
i

m, .
ua u yckopenue w =G —- oT mnanctsl P, Torja B cucreMc orcuera, CBA3aHHOMH

P
, (M +m,)
¢ Comauem, muancra P, GyAeT ABUraThCs C yCKOPEHUAMU: W =w, + W, =G ———,
f"—

m, m,

w'=G——2-; w'=-w, =G — Eciin neproe ycxopeHue o0yci1oBIMBacT ABHXKeHUE P,
r r
2
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1o 3axonam Kennepa, To 1Ba nocieqHHX MO3BONSIOT ONPEAeIUTh BO3MYLIAIONIEe YCKO-
peCHME ¢ BO3MYILAIOIIYIO CHITY.

Bosmylaromas cuiia U Bbi3bIBaEMOE €10 BO3MYLLAKOLIEC YCKOPEHHC OIPEeNeNAoTCa
pasHOCTbIO AcHCTBHS Bo3MyLIatoiero tena P, Ha Py u C. Takum o6pa3om, Bo3Mymaio-
uiec ycxopeuue (puc. 2.9)

W =W+ = — .

BO3IM

Py

Puc. 2.9. Onpenenexve Bo3Myllaoweii cunbl v BO3IMYLLAIOLWEro YCKopeHuAa

Kak BHAHO U3 PHCYHKa, 3TO YCKOpPEHHE U3MEHSICTCS 110 BeJTHYHHE U HAMPABJICHHIO,
Ecnu|w,,,, |[<<| W], To meficTBHEM BO3MymatoLIero Tena P, MOXKHO MpeHebpeys.

ITpuMepoM 0JHOTO U3 MPOSBICHHI BO3MYILAIOUICH CHITBL ABJISIOTCSA TIPUIIHBEI K OT-
JMBbI Ha MoBepXHOCTH 3eMiu. [1ockonbKy pasMepsl 3eMIM KOHEUHBI, TO, HE3ABHCHMO
OT ee QOPMbI, CHJIBI IYHHOTO (M COTHEYHOTO) MPUTSHKEHUSA Ha PasHble TOYKH 3EMIIH He-
OAMHAKOBbL. B pe3ynbTaTe MOABIAETCA BOIMYIIAIOIAs CHJIa, KOTOpast 3aBUCHT OT pac-
CTOSIHMIH M HaIlpaBleHUH OT TOUEK MOBEPXHOCTH JO MPUTATHBAIOLIETO TENa.

Bonpocel 1 3afaHna ana camonpoBepKu

1. ITpy KaKuX KOHOUTrypaLUAX HIKHHUX W BEPXHHX [IAHET YCAOBUA MX HaOar0eH s Haubo-
Jiee GnaronpusTHE?
2. IMpu xakux KOHOUIYPALMAX HHIKHHX W BEPXHHX MIaHET X HaOniolaoT BeyepoM nocie
3axoaa Connpa?
3. [Noyemy cHHOAMYECKHE NEPHObI COCEAHUX € 3emiieil IUIaHeT HanboabLIHe?
4. Kakoe ycnosue onpenensieT papeHCTBO CHHOAWYECKOI0 H 3BE3JHOT0 NePHOI0B MIaHEThI?
5. Hapucyifte cxeMy oBpallleHusa BepXHeil NIaHeTbl OTHOCUTENBHO 3eMIN M NIOKaXHTe BO3-
HUKHOBEHHE NETIe00Pa3HOro ABMKEHHA.
6. CpaBHuTE QOpPMYJIMPOBKY 3aKOHOB ABHXKEHHA ILIAHET, AaHHY0 Kennepowm, ¢ ux cospemen-
Ho# (hopmynupoBkoit. Uem oHM paznuuarorcs?
7. Kakue anemeHTbl opOUTHL ONpeaelsioT €e OpHeHTalHIO B IPOCTPAHCTBe?
8. Kakue 3nemeHTbI OpOUTBI ONpelelIaoT ee pa3Mepbl U CTeNeHb JUTHNITHYHOCTH?
9. Kakos ¢u3nyecknii CMbICT HHTETpaa SHEPTUN?
10. Yro Takoe BO3MyLLaIO1IAs CHIA U BOIMYLIAOLIEE YyCKOPEHHE?
11, ChopmynnpyiiTe npuinHy BOSHUKHOBEHHS NPUIMBOB U OTIMBOB Ha MIOBEPXHOCTH 3eMilH,



2.1. Buaumibie # BEACTBHTENLHBIE ABWNKEHHA INaHeT 53

Mpumeps! pewexna 3agay

3apa4a 1. Onpenenute neHs OMmKaliiero cieayouero npoTuBocTosHus Komure-
pa, ecnut 1 sHBaps renuoLeHTpryeckas nonrota Fomurepa 306°55', a 3emnu — 99°55'.

Pewenue. 3Hast, 4TO B IPOTHBOCTOSIHUH PAa3HOCTH EJMOLCHTPHYECKUX A0JIrOT PaB-
Ha (°, MO>XKHO BBIBECTH YpaBHEHHE, KOTOPOE CBSIKET JOJITOTHI ATHX ITAHET Hepe3 x AHEH
B npotuBocTOAnuu: (/ + nyy - x) — (L + ny- x) =0°, rae [, L — texyume nonrotst FOmuTe-
pau 3emnu Ha 1 sHBaps; ny, U Ny — CPeAHHE CYTOUHBIE ABHXKEHUs IOnuTepa u 3emnn
(cM. BBILIE cpelHee CYTOUHOE ABHXkKeHHe miaHeT). Ha ocHoBaHuu 3T10r0 onpeaenscm
KOJIMYECTBO MpOHIEAUINX HEH:

I-L _306°55-99°55
ny—ne  59,1-5%

=2296 cyr.

X =

OrcuuTaB 3TO KOJNUYECTBO AHEMH 0T | suBaps (nosaraem, 4To roj He BUCOKOCHBII),
nonyuuM 19 aprycra.

3ana4a 2. Onpenenure GONBIIYIO MONYOCH @, Bpems oOpaticHust 7, 3KCLEHTPHCH-
TET e U TIEPUTeNUHiHOe PacCTOSHUE ¢ BOOOPaKaeMOH KOMETBE, KOTOpast Ha PaCCTOAHUH
1 a.e. or ConHita MMena CKOPOCTB, 0 HAMPABJIEHHUIO COBMAAAIOLLYIO C KPYTOBOii, HO 10
BenmuyuHe B 10 pa3 MeHbIIyIO,

Pewenue. CKopocTs KOMETBI MEHBILIE, YeM Kpyrosast. 113 3Toro cneayer, 4To oHa 1BH-
XKETCA T10 AVIHITHYECKOH opOuTe, Haxoasmelics B JaHHOM Kpyre, a [OCKOJIBKY Ha pac-
CTOSTHUM 7= ] a.€. ee CKOPOCTDb COBMAAAET [0 HAMPABJICHHUIO C KPYTOBOH, TO B AaiHblil MO-
MEHT OHa HaxoauTcs B adenuu, T.e. O = r. @opmyay (2.14) ans kKOMeTsb! MOYKHO 3aTHCATh

Tak: v2 =GM 4 (z—-l—

), rae Mg — macca Coanua. Kpyrosyto ckopocTs Ha paccTos-
r a

HHH 7 MOKHO OTIPEIETHTS 110 AHAJIOTHYHOMY COOTHOMIEHHIO: v =GM o / r. Tlo ycnoBuio
2 1 |

v=0,1-v,orciopa— ~—=0,01-— a=r /1,99 a=0,5025 a.e. Bpems obpame1ns onpe-
r o a r

JIeNMM Ha OCHOBAHHM TpeThero 3axoua Kemnepa: 7= a”” = 0,3562 roaa. Iockomnsky ade-

nuitHoe pacctositne Q = r =a (1 + e), T0 e = 0,99. CncnoBatensHo, nepurenMiHoe pac-

crosiHue g = a (1 — e) = 0,005025 a.e.

3apauu AnA CamoCTOATENbHOIO pewmexua

1. 'emuouentpuueckas jgonarora HOnutepa 1 urons Obuta [ = 291°, a 3emuu —
L =279°. Korna HacTymuT 3ananHas ksagpatypa?

2. Habmoparens 3aMeTHII, YTO HEKOTOpAs [UIaHETa HAXOAMTCS B MPOTHBOCTOS-
HUM Kaxble 665,25 cyT. KakoBo ee paccTosuue oT CoHLa B aCTPOHOMHUUYECKHUX CAH-
HHIax?
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3. Carypu naxoaurces B nporusocrositiny ¢ 3emleil 10 mas. Korzna npousofiger co-
eAMHCHHE DTHX raneT?

4. 18 mions re:toticnTprueckas aonrora Mepkypus [y, = 0°, a pa3nocts 101rot 3eM-
au 1 Mepkypust Ly — I, = 60°. Korjia Mepkypuii OyacT nydure Bcero BUaeH Beyepom?

5. Tennoucurpuycckas noirora 3emim Ly = 90°, a pasnocts goarot 3eminu u Bene-
pbi Al = 180°, Uepes cxoipKo JiHCH HACTYNUT 3aiajHas 3JoHranus?

6. Onpescaure jetb Onmxaiimeit k 1 ssnsaps nanbosibulell BOCTOUHON 3J0Haluu
Beneps! 1 Haii;iire Buanmoc nonoxcuue Benepst Ha Hebe B 3TOT MOMEHT (refMOLIEH-
Tprueckas qoJrora ta 1 ansaps: Benepwt — /= 260°40", 3emau - L = 99°55").

7. Kakosa Gbi;1a Obi 00.1bLIAs 110J1yOCH OPOUTHI HIIAHCTHI, €CTH Obl €€ CHHOAMYECKUIA
nepuo;l coctapasn 1 roa?

8. Hipkniee cocamneniie 3emin 1 Mepkypust ormeucHo | oxrabps. byaet nu 3anan-
Has anouranHs B 31oM ke rody? Korsa sro npousoiiger?

9. Acrepouy Becra cosepiiact noanoe obpamenue sokpyr Costiua 3a 3,63 roga.
Bo ckoabko pa3 pasibiue, yem 3emMilst, OH OTCTOMT B cpe/ieM ot ConHua?

10. Pasiocts FeIHOLCHTPHUCCKUX J010T 3emin v HOnurepa B HACTOS LKA MOMEHT
pasia Al = 60°, Yepes ckonbko JHCH HACTYIIMT BOCTOUHAs KBagparypa?

11. [Ipunumas, 410 OpOMTHE HIAHCT — KPYrH, HAXONAWIHCCS B OQHON ILIOCKOCTH,
a paauyc opbuThl npeanosaracMoi miiancTsl paset 40 a.c., OnpenenuTe ee CyToOYHOE
cMenrenme ia nebecnoit cdepe B IIpOTHBOCTOSHHH.

12. * Haitjiute nepuresuiinoe, adesvitoe paccTosHuUs W 3BC3AHbIH nepuo obpaiie-
Hus Mauoil 1anetst benopyccus, ecnu ce 6osblias HOJIYOCh U 3KCUCHTPUCHTET OpOH-
Thbl cOOTBETCTBCHHO paBubt 2,405 a.c. 1 0,181. Yepes kaxkoli NpoMexyTOK BpeMEHH M0-
BTOPSIOTCS IPOTHBOCTOSKS DTOH ILiateTol? KakoBa cpeusis opbuTaibHass CKOPOCTh
acreponsia? KakoBo cpeitiee yrioBoc [epeMeiLieHUe acTeporaa B CYTKH B MPOTHBO-
crosim?

13. 1o cHUMKAM ¢ KOCMHYCCKOro atflapata «l ajinieo» oxono acrepouja Mua 6611 06-
Hapyxcen cryTuik Jlakrun pasmepom 1,6 - 1,2 km, obpatuaromiizg poxpyr Vel na pac-
crosinni 100 kv, KakoB niepuot oopauietins Jlaxrusia Bokpyr Vsl ccinu cauraTs acTepo-
NI 1IAPOOGPA3HBIM TEIOM JIHAMETPOM 38 KM 1 cpe/IHeii II0THOCTBIO 2,5 - 107 kr/m>?

14. KakoBa Macca 1anersl [lnyTot, ecnu ee cuyTiMk XapoH ofpaiaercs Ha pac-
crosiHun 19,5 Teic. KM ¢ nepuojioM 6,39 cyrok Bokpyr mnancTbl?

15. 19 aBrycra 1996 r. Benepa ra0:nozaiiach B 3aHaHOH JMOHranuu. YTioBoe yla-
aeme o1 CosHua B ToT MoMeHT Ob110 47°. B kakoe Bpemsi CyTOK caMble OarofpusT-
HBIC YCOBHS J1i1s ce nabato;ienns? Oupeieanre koop/iMHaTs! BeHepsr ¥ To, B KaKOM CO-
3BE3AMH OHa Haxo,utnack. Korja nacrynir cieyioias 3anaanas onodrauust Benepsr?
Paccuuraiite paccrosinie ot Beneps! 210 3eMitd B TOT JieHs, Kakoli 6yner nyuesast CKo-
pocTs Benepbl oTHOCHTEIbHO 3CMIIM B TOT MOMCHT?

16. * Onpeseniute BpeMst MHHUMAILHOT'O cMelleHns HeOecHOro Tena Ha HebecHoi che-
pe, ABHIXKYLICFOCs M0 KPYroBoii opOHTe ¢ 1 = 4 a.c., KOTOpoe MOXI10 OOHApYKUTh € I10-
BEPXHOCTH 3eM:HH € MOMOHLIO 3pUTENLHON TPYOB! (SiameTp ee obbekTHBa D = 60 MM,
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paspemaroias CrnocoOHOCTb YeNIOBCUECKOro riaza df ~ 1, nuameTp 3pauka d = 6 MM):
B IPOTHBOCTOSHUH; B COEIMHEHHH.

17. * Kometa peuxketcs Bokpyr CoHia co ckopocThio 567,2 km/c. Ee paanyc-BexkTop
paseH 0,005543 a.c. Onpenenute 3KCUEHTPUCUTET OPOUTHI KOMETEI.

18. * Oxosno 3Be3apt Maccoit M 10 KpyroBoi opOUTE ABHIKETCS 3Be31a-CNyTHHK Mac-
colt m (m << M). B HeKOTOPBIH MOMEHT BpeMEHH LEHTPATbHAS 3BE3/1a BCIBIXHBAET KaK
CBEpXHOBas M BhIOpackiBaeT maccy gM (g < 1). Cuuras, 4TO 3Ta Macca BbIXOIHT 3a Op-
OMTY CITyTHHKA MCHOBEHHO, HE 3a/1eBast €ro, OMUILMTE BO3MOXKHBIE TPAEKTOPHH TOCIe-
JYIOWEro JBHXEHUA CITyTHUKA B 3aBUCHMOCTH OT 3HAYEHHUA g.

19. Onpenenure 3BE3aHBIH 11epuoa o6pammeHus Mapca, 3Has, YTO Cro CHHOJIMYECKHH
nepuon paseH 780 cyT.

20. IporuBoctosinue KOnuTepa npousouwto 15 mons. Koraa 3to npousoiizer B cie-
ITyoomui pas?

21. Haunyuiuas BedepHsast BUAUMOCTh Benepsl oTMeueHa 5 ¢espans. Koraa B cre-
Ayromuii paz Benepa Oy et nydlic Bcero BUAHA B TEX JKe YCIOBHUSX, €CIH 3BC3/IHbIH 1c-
pHox ee obpatenus 225 cyt?

22. Onpenenute cpeaHee CyToUYHoe ABHKeHHe MepKypust o opOuTe, CCii cro CHHO-
Iuueckuil mepuox paBed 115,88 cyT.

23. Yemy paBen yros HanGosbLICH 310HTAUH 3eMITH ¢ TOYKH 3PEHUsSt MapcHan?

24, OnpenenuTe AeHs GUIKaiLIEro creayoiero MpoTHBOCTOsHUS YOnuTepa, 3Has,
4TO ero renuoneHTpuyeckas gonrora | susaps 306°55', a 3emnu — 99°55,

25. * T'enuouenTtpuueckas nonrora Onurepa 1 utons Gouta 291°, a 3emnn — 279°.
Onpenenure Bugumoe nonoxeHue fOnurepa 1 centsdps. MoxxHo nu 6stno nabnoaats
31y TaHety BeuepoM B Cankt-Tletepbypre (¢ = 59°57')?

26. Onpenenute paccrosHue KOnutepa ot ConHiua B aCTPOHOMHYECKUX CAHMHULAX,
€c/I poTuBocTOAHUE t0nuTepa npousomwo 10 utons. Ycpes 11 ner 315 nHeit (3Be3i-
HBl nepron obpamenus IOmutepa) reoueHTpuyeckas pasHocTs nonror CosHLA M
IOnurepa coctapnsina, mo HabmoaeHUsM, Al = 120° (npu petieHHH M0 BO3MOXKHOCTH He
HCRonb3yiiTe TpeTuil 3axoH Kennepa).

27. 3a xaKoii nepuo BpeMeHH obpamanach 661 Boxpyr ConHua M1aHeTa, eciiv 6bl ona
Haxonuiacek Ha pacctosHuu 100 a.e. oT Hero?

28. Cpennee paccrosiuue Benepst ot Connua 0,72 a.e. Onpegenure HaMGOMBIIYHO BBI-
COTY /1, Ha KOTOPOH B MECTHOCTH C IIHPOTOH (P MOXKHO BUAETb BCHEPY B MOMEHT 3axoj1a
ConHua, 1 ykaxkute BpeMs roja i 31oro ssieHus. Opoury BeHepsl cuuTarth Kpyro-
BOH, uMeroteii Haknonenue 0°,

29. [punnmas, uto crytHuku Mapca ®o6oc u eiiMoc 06pauiaroTes Mo KPyroBbiM
opbuTam ¢ iepuoaamu 739" 13%,85 u 30"17754° 86, onpenennte HanGobILEE YIIOBOC
ynanenue ®oboca oT Mapca Bo BpeMst IIPOTHBOCTOSIHMS, €CJTH B 3TOT MOMEHT HaubOJ1b-
wee yrinosoe yaanenue Jeimoca or Mapca cocrasnser 1'23",1.

30. Onpenennte cunepudeckuil nepuoa obpameHns MepKypus, €cliM U3BECTHO, YTO
HaubOoJIbIIAs ero IOHTanks uamensercsa ot 17°,8 no 27°,8.
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31. Kakos cuHoaugeckuil nepuon obpaineHust BeHepsl, €clin H3BCCTHO, YTO HAHOOIb-
1145 ¢ 3I0HFALUSA paBHa 46°,47

32. * KakoB NpOMCKYTOK BpeMeHH (BBIPAXKEHHAIH B MapCHAHCKHUX COJTHEYHbBIX CYT-
Kax) MEX1y /IByMsl MOCIIC/I0BaTeNbHBIMU BepXHUMH KynbMuHaiusMu ®oboca, Habio0-
JdacMbiMH Ha Mapcece? Tlepuon obpainennss Mapca Bokpyr ocu otnocuTensHo ConHua
pasen 24"37" cpenHero conmedHOro BpeMeHwu, 3Be3AHbIA nepuox obpaienus ©obo-
ca — 7"39” cpeHero CoMHEYHOro BPEMEHH.

33. * Ha ck0:16K0 3B€3AHbIE CYTKH Ha HOnuTepe xopoye CONHEYHBIX, €CITH Iepuo 06-
paineHis YToil miaHeTsl BOXpYr ocH 9"50™30°, a mpoaomKHTENbHOCTS 0GPALLSHHS OKO-
;10 ConHna — 4332,6 cpeaHuX CONHEYHbEX CYTOK?

34. 20 aBrycra Betiepa Haxomuiach B BEPXHCM COEJMHCHHM. Byler nu B aToM roay
HalAy'UWas yrpennss BuAMMocts BeHepsl ¢ 3emnu?

35. Ilnarera Henryn 6etna otkpeita 23 centsops 1846 r. Cpennwnii paauyc ero opbu-
Tl 30,07 a.c. Onpesenure gatel: 1) neporo obpamenus Hentysa Bokpyr CosHna
C MOMCHTa OTKPbITHS; 2) TAKOTr0 K€ B3aUMHOr0 nonokeaus Henryna u 3emiu, Kax u
B MOMCHT OTKPbITHA. ITpOa0KHTENLHOCTD 3BC3aHOTO Toaa Ty, = 365¢,25.

36. Ha ckostbko rpagycoB (npumepHo) cmectuiics HinyToH no csoeii opbure ¢ MoMeti-
T CI'0 OTKPbITHA?

37. Moxno 11 yTBCpXaaTh, 4To unorga Hentyw sBasteTcs nocneaHeil no cuery ot
Cosmda 1wianeroit CoJuieqHON cucTeMbl?

38. Ilepuon obpamcHus Henryna soxpyr Connua cocrasisiet 165 neT. byacr nu Bu-
aen anek y CoslHua, ceiiv cMOTpeTh Ha Hero ¢ HenTyHa HeBOOPYKeHHbBIM [ia30M, HITH
oHo OyeT ToueunbIM 00bekTOM?

39. M300pasuTe B 11pOEKLIUM HA NIIOCKOCTD 3KIUIITHKH 0pGUTY HebecHOro Tena, cCu
a=15ac.,¢=0,i=90° & =45°. J{jist CpaBHCHUS HA TOM XK€ YEPTEKE U B TOM XKE Mac-
mtabe H3obpazure opdburty 3emiu.

40. KaxoBo yriiopoc paccrosiine 3emiun o ConHua B HAMGOMBIICH dJI01TALIMK IPH
nad:uocumu ¢ lOmrepa?

41. Ha kakoM nanbonbuicM yrinosom paccrosuun oT ConHua Guisact Buaent Konutep
¢ o Cen?

42. Cusiepuucckuil nepuon oceBoro BpameHus ConHua (Ha sxearope) — 25 CyT.
Uemy paBen CHHOAMYECKHH MEpHOA Cro BpallieHHs MpH HabmoacHHM ¢ Mepxypus,
3esun, Ilayrona?

43. * Onpce/iennTe XapakTepHoe BpeMst poxoxaeHus Benepst no qucky Conuna. Kax
Ol1a 1ICPEMEIILAETCA 110 JIUCKY, €CIH €€ HaOMI0aTh U3 CPEAHUX LIHPOT CEBEPHOTO MOJTY-
1apis, - CrpaBa HAICBO MM CIICBa Hanpaso?

44, * /lnamerp Ilnyrona pasen 2356 kM, paccrosuue ot ConHua (10 KOHLIa BTOpOro
reicsaenctis) ~30 a.e. OnpeaenuTe WHPHHY MON0CH! HA TOBEPXHOCTH 3EMJIH, U3 KOTO-
poii moxno nab;noaate, kak [lmyron nokpoer 38e3ay. Cxonbko 370 GyAET JTUThHCH?

45. [lpeicraBbre, YTO Bbl IPOU3BOAMTE PAAMONOKALKIO aCTEPOUIA, ABHKYILEr0oCs M0
Kpyrosoii opoure pajinycom 5/3 a.e. Bo ckosbko pa3 6oiee MOLIHbIH UMITYJIBC Bbl 10JDKHBI
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TOCNATh B COEAMHEHHH, YEM B TPOTUBOCTOSHHUH, YTOOBI 3apCTHCTPUPOBATEL OTPAXKCHIIbIiT
CHIHAJT OIMHAKOBOH CuIbl? Ha CKOJIBKO 3BE3AHBIX BEMYHH 3TOT aCTCPOM SIPUC B IIPOTH-
BOCTOSHHH, 4CM B COSUHEHHH?

46. Uto ctano 6sl ¢ ConHeuHoil cucteMoi, ecnu Obf Macca ConHlla MTHOBCHHO
yMeHbluniIach Basoc?

47. Kak usmenunaco Ob1 0pOouTa 3eMin, ecid Ob1 Macca CONTHUA BHC3AMHO YBE THYII-
nack B 2 paza?

48. CxopoCTb ABMXKCHHSI KOMETHI B [IEPUreIMK B 3 pasa Bbluic, ueM B adeanu. Uemy
PaBEH 3KCLIEHTPHCUTCT €€ OpONTEL?

49. Kak 3aBHCHT MTHHEHHAst CKOPOCTb IBHIKCHHSI TUIAHETHI [0 KPYroBoii OpoHTE OT pa-
nuyca opouTst #?

50. Haiinute Gonbllyio Monyoch reMocTalMoOHapHol opOUTSI, T.C. TaKOi Kpyrosoii
OpOHTSI, KOTOPAst JICKHT B MITOCKOCTH 3kBaTopa CoMHLUA U UMECT Nepuo; L oOpaticHis,
PaBHbiii cuaCpHYCCKOMY TIepHOAy oceBoro spaienns Comuua (T, = 259,

51. * B ConHeuHoii cucTeMe 11e1aBHO ObIT OTKPBIT HOBBIH KJ1acC 00BCKTOB — /1BOIi-
Heic acTepouasl. Onpeaenute Haubonbice paccTostHue ot 100-kUnoOMeTpoOBOIO acTe-
pOMJIa 10 Cro CNyTHHKA — acTePOH/a MEHbLICTO pa3Mepa (JUIs PaCUHCTOB IIHOTHOCTE ac-
TepouioB p = 2 r/em’, pacctosuue ot Hux 10 Comrua # =3 a.e.).

52. * Onpencnure napamerpsi (pazmep, MONOXKCHUE LEHTPA) CCpbi [TPUTHKCHIIS
3emin otHOCHTELHO Conua. JefcTBUTENBHO u cepa MIPUTIKCHNS aBiasceTes cde-
poit? Ilpu kakoii Macce 3emnu cdepa npuTsKeHus ObiIa Obl MIOCKOCTHIO?

53. KakoBbt penensl U3MeHeHHs ypaBHeHHst BpeMcHU Ha Mapce (Gosblie il MCHb-
e, yem Ha 3emiie)? OTBer obocHyiite. Hakinon ocu Mapca K 1010cKoCTH ero opOiThl
65°, akcucntpucuret opoutst 0,093,

54. Dxcuenrpucurer op6uThl Mepkypus pasen 0,2, 6onbuias nostyocs — 0,4 a.c. Ka-
k0Bl HauboJblIee M HAaMMEHbILEE PACCTOAHUS [UIAHEThI OT 3eMiti (B KH:rOMeTpax)?
Opbuty 3emau cyuTaTh KpyroBoii.

55. SIpkuii 3Be31000pa3ublil 06LEKT ObLT BUACH | ampens okoa0 7 4 Beyepa kak pas
8 TOUKe BOCTOKA. briia 310 3Be3aa wiu miuaneta? Oreet o6ocHyifiTC.

56. Kak usmeHuTCS neproa oOpalcHus IUTaHeThl, CCM e¢ GOJbIIas Nojayoch yBe:Iil-
YUTCSt HA MATYIO BelnuYHHY Aa?

57. Beiyncnute Maccy Mapcea mo cpaBHEHHIO ¢ Maccoi 3eMiM 110 ABHXKCHHIO CI'0
ciiyrauka Goboca, At KOToporo ag, =9300 kM, Ty, = 09,32, CoOTBeTCTRYIOLIHE BEIYH-
ub1 11 JlyHb! npunsTs paBHbsiMA 384 000 kM u 274,3.

58. Maccsl 3emnn u Jlyus! oTHOCsTCs Kak 81:1. PaccTosiHue Mex /1y HX 1eHTpaMH pas-
no 382 420 kM. ['ac HaxopuTes Mx OOWMIA LEHTP TaxecTn?

59. * BriBeaute hopmyity, KOTOpast BeIpaXaeT BpeMs 11aAcHus ¢ Joboro nebecuoro
TeJla HA CBOE LIEHTPAIbHOE CBETHIIO C PACCTOSHUS 4.

60. KaxoBo 6b110 651 BpeMst nagcHust 3emin Ha ConHue, ceid Obi OHa nepecraia 0d-
pawmarscs BOKpYr Hero?

61. B Teucuue xaxoro spemenu Ilnyton, naaas Ha Conxue, noctur 661 er'o nosepxuocti?
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62. CpaBHHTE OTHOIICHHE KOJTMYECTBA TEIUIOTHL, IPUXOJAIIETOCH Ha €AHHULLY ITOBEPX-
noctH B MockBse (¢ = 55°45") B JHH 1€THEr0 ¥ 3UMHEr0 COJTHIIECTOSHHA H BO BPEMS MPO-
XOJIcHHA 3eMnu uepes nepurennil (~3 sHBaps) U adenuit (~4 uwons). DKCUCHTPUCUTET
3emiioli opouTsl e = 0,017. Bo CKOMBKO pa3 BIHSHUC HAKJIOHA COJTHEYHBIX JIyUcH Goslblle
BIMAHHUS U3Melelus paccTosiaus oT ConHia B 3ToM ropoae?

63. KakoBo npsiMoe BOCXOXACHUE TOUKH Ha HeOecHOH cdepe, 0 HAMPABIEHHUIO K KO-
TOpoii aABukeTcs o opbute 3emirs 22 uroHs?

64. Hexoropoe Teno, Haxoasck oT ConHua Ha pacctosHuu = 0,7184 a.e., npnxkeTcs
ornocuTesHO Collia ¢o ckopocThio v = 33,2 km/c. Orpenennre BUA KOHHYECKOTO ce-
YCHMS, OMCHIBAEMOro TeloM. UTo 370 3a Teno?

65. * Tlnavera A aswxetcs Mo uMnTHYeckoi opbute Bokpyr Connua. B MoMeHT,
KOrja OHa HaxoJuJach Ha paccTosHuH 7, 0T CoNHLA, ee CKOPOCTh PABHSIIACH V), & YrOJ
MEX/y pafuyC-BCKTOPOM 7, U BEKTOPOM CKOPOCTH V,, cocTaBisl o. OnpeaenuTe Hau-
6osblliee ¥ HaUMEHbBILee PACCTOSHHS, Ha KOTOPbIE 3Ta MlaHeTa yansercs oT ConHua
TIPY CBOEM JIBHXKEIHH.

66. Jloxaxkute, 4TO MONHAS MEXaHUYECKas SHEPrus [UTAHEThI MACCOH m, NBHXKYLIeHCs
Bokpyr CoJiHIa MO ANIUICY, 3aBUCHT TOJBKO OT €ro Gonsliol nomnyocu a. Haliaute
(hopMyny 3aBUCHMOCTH 3TOH 3HCPTHH OT 4.

2.2. [1BxeHne 3emnu u JlyHbl

B nepsoM mpuOAMIKEHHH A% PELUEHHS MHOTHX 3aa4 OpOUTHI IaHeT ¥ JIyHbt MOKHO
CUHTATH KPYTOBBIMH, a X [UIOCKOCTH — JIEXKAIMUMH B [UIOCKOCTH 3KIUNTHKY. Ha ca-
MOM jenc, HalpHUMep, IIOCKOCTh OpOUTH! JIyHBI HaKIIOHEHA K 3KJIUITUKE MO YIIIOM
B cpenHeM 5°09’, a 6onpluas monyocs ce pasHa 384 400 kM. B nepuree pacctostHue oT
3emiu a0 Jlynst 363 400 kmM, a B artoree — 405 400 xm. Tepuon o6pamenus JlyHsr Bo-
Kpyr 3eMitu (cudepuneckuii, WK 368e30HbiH, Mecsay) cocTapise 27,32 cyT.

[Tepuon BpaweHus JIyHsl BOKpYr cBOEH OCH COBIAaeT C CHASPHYECKHM MECSILIEM,
TI03TOMY € 3eMJTH BCEraa BUHA TOJIBKO OJIHA MTOJIOBUHA ee oBepxHocTH. Onnako Oina-
rofaaps HEKOTOPHIM OCOBGEHHOCTSM JIBUXKECHUS U N0I0KeHHs JIyHBl B IPOCTPAaHCTBE HA
caMoM jiejIe MOYKHO BHAETh HECcKONbKO Bonblie yeM 50 % ee noBepXHOCTH.

Ocs Bpauienus Jlyns! HaknoHeHa nmon yriom 83°19' k mockocTd MyHHOH 0pOHTHI,
NI03TOMY JIYHHbIH 3KBATOp COCTAaBIALT C MJIOCKOCTHI0 OpOuUTHI yron 6°41', a ¢ nnocko-
CTBIO 3KJIUNTHKU — okxoyo 1°30'. bnarogaps 3ToMy HaxkJIOHY ¢ 3eMiH 00YEPETHO
BHEH TO KOKHBIH, TO ceBepHbii nomioc Jlyusl. Co3naercs Bnedatienue, 6yaro Jlyuna
«rokayHBacTes» Ha 6°41' (mocturaer 6°50') BONb MEPUAHAHOB, T.€. TPOUCXOAUT TaK
HaselBacMas aubpayus no wiupome. V3-3a HepaBHOMEpHOCTH ABHXeHHA JIyHBI 11O 371-
JHNTHYECKOH opOuTe BOKPYT 3€MIJIH H OTHOCHTENBHOH PaBHOMEPHOCTH Bpall€Hus BO-
Kpyr cBoeil ocu JlyHa «rmoxaynBaeTcs» BAOIb apajuleneH, T.e. IPOUCXOAUT Aubpayus
no doazome B npeaenax 7°54'. Kpome tToro, 13 pasHeiX TOYEK MOBEPXHOCTH 3€MIH OX1-
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HOBPCMEHHO BHJHbI Pa3Hble YUACTKH 110BCPXHOCTH JIYHBE, 4TO JACT CYyMOYHYIO, UIH
napaniakmuieckyio, adpayuo oxoslo 1°. Bee oTH siBsienns BMecTe Ha3bIBAIOTCS ON-
muueckoi aubpayueri. bnarojaps um ¢ 3eMian moxio Habsnoaats okono 60 % no-
BEPXHOCTH JIyHBI.

B 3aBucumocTu ot pacronoxenus Costnigga, 3eMJIH M JIyHbE JIpyr OTHOCHTCABHO ApY-
ra juis 3emisH Oy1eT ocBelena OnpeIesicHHas 4acTh JJYHHOTO JIMCKa, KOTOpast XapaxTe-
pusyet gasy Jlynor. Yucnenno dasza Jlyus @ pasia OTHOHHCHMIO OCBCUICHHOH YacTH
AYHHOTO guicka b K BeiauuuHe auamerpa d, 1.c. ® = b/d (puc. 2.10). Tocaeposaress-
HOCTb cMenbl a3 JIynnl ot nosonyuus (D = 0) a0 nonanonynus (P = 1) u naobopor
npexcTaBicHa Ha puc. 2.11.

00 (C
200e

ConHue

Puc. 2.11. ITocnenoBatensiocts H3MencHus has JIyHb! B 3a8BUCUMOCTH 0T (haspl O
u (azoBoro yria y: / — nosoaynue (P =0, y = 180°); 3 — nepsas yersepts (P =0,5,
Yy =90°); 5 — nonnonyuue (@ = 1, y = 0°); 7 — noc:e s yersepts (O = 0,5, y = 90°)

[epuon cmenst a3 JIyHLI — D10 cunoOOUUeCkut, VI AyHibill, Mecsily, KOTOPBIHA co-
craBiset 29,53 cyr.

ConHeuHble W TyHHbIE 3aTMCHHsI BO3MOXHBI, ccitn Jlyna naxojurces BOH3H OpaMoi
CounHue — 3eMs, T.€. OKONO Y3/10B JTyHHOH 0p6iThl. COTHEUHOC 3aTMECHNC MOKET ObITh



60 TMABA 2. HEBEGHAA MEXAHUKA

nULb B HOBONyHHeE (puc. 2.12), a n1yHHOE 3aTMEeHHe — JIHIIb B nonHonyHue (puc. 2.13).
OTH yC10BHs TOBTOPSIOTCSA 2 pasa B rofl, IPHMEPHO Yepe3 KaKble 6 3BE3AHbIX MECSLICB.

Puc. 2.12. ConHeyHoe 3aTMeHNe

®dasa conneynoro 3atMeHus Og onpenenieTcs no BHIPAKEHUIO
+p¢ =1
Oy = Po *Pc 7T (2.21)
2pe

rae pe = 16,3’ v pg = 15,5 — yrnossie Buaumble paanycbl ConHua u JIyHsr; T — pac-
CTOSIHHE MEXAY LIEHTPaMH COJIHEYHOr0 H JIYHHOrO AWCKOB (IpHUENLHOE PacCTOAHUE),
®da3za nyHHoro 3atMenus O paccynTsiBaeTcs o Gopmye

D, =P P TT (2.22)
2p,

rjie p, = 41' u p¢ = 15,5' — yrnoBsie pagrychb 3eMHOMN Tedu H JIyHsl; T — paccTosHue
MEXIY LEHTPaMH JHCKOB 3¢MHOH TeH H JIyHbI (IpHLENbHOE PacCTOSHHE).

Puc. 2.13. llyHHoe 3aTMeHMe

YactoTa M MepHOAMYHOCTb COJNIHEYHBIX M JIYHHBIX 3aTMEHHH onpenensiorcs He-
CKOJIbKHMH BpEMEHHBIMH [1apaMeTPaMH, XapaKTepH3YIOIUMH ABHXXeHHe JIyHBI Mo op-
6ute Bokpyr 3emiu u 3emiy Bokpyr CosHua:

a) NPaKOHHYECKUM ronoM Y, paBHbiM 346%,62 (nepuon Bosepautenus CoiHua
K TOMY KC CaMOMY Y3Iy JIYHHOH OpOHTHI);

6) cunoaMueckuM MecaueM S, paBHbiM 29,53 (TepHOI MOBTOPEHHs OIMHAKOBBIX
¢a3 JlyHsr);
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B) IPaKOHUYECKHM MecsueM, S, paBHBIM 27921 (nepuon BosBpamenus JIyHs!
K TOMY € CaMOMy y3iay cBoeil opOHTHI).

PacueThb! NOKa3bIBAIOT, YTO B KAXNOH 30HE y3/10B 0043aTeNbHO NPOM3OHIET OOHO
(nomHoe 1M yacTHOE) COTHEYHOE 3aTMEHHE U He Gosiee OQHOro JYHHOro (MOXCT H He
OBITE). MEHMMANEHOE KOTMYECTBO 3aTMEHHH B roay — [Ba (npuueM ofa CoNHeyHble),
a HaubospLIee — ceMb (IATh COHEYHbBIX U IBA JIYHHBIX WM 4€ThIPE CONHEYHbIX U TPH
ayHHbIx). [IpaBaa, npy yCiOBHH, YTO B 3TOM CJly4yae ICPBOE 3aTMEHHE IOJIKHO IPHUXO-
JUTHCA HA Hayano siHBaps. Yaine Bcero 3a roa ObIBaeT 1Ba CONHEYHBIX 3aTMEHHS U O]
HO-JIBA JIyHHBIX. PealibHO JIyHHBIE 3aTMEHUs HAONIOJAK0TCS Yanie, TaK KaKk OHW BHIHBE
€O BCeil HOWHOH TeppHUTOPUM 3eMIIH OJHOBPEMEHHO 10 BCEMHPHOMY BpEMEHH, a coll-
HE4HBbIC — JIMHIb B 00JIACTH NTYHHOH TeHH (MakCHMAaNbHbIA quaMeTp — 270 km).

Hukon 3aTmenwii noeropsiercs yepes 18 ner 11,3 aus. 3ToT npoMexxyTok BpeMeHH Ha-
3bIBACTCA capocom. OH onpenensieTcs CoBNaaeHueM ONPEASIeHHOro Yrciia JpaKkoHHdC-
ckux sier Yy, (19), cunonnueckux Mecsues S (223) v IpakOHUUYECKUX MecCsUEB S, (242).
Ha niporsxennu capoca OviBaeT 70 3aTMeHHH, U3 KOoTOphiX 41 conneuroe (okono 10 non-
HBIX) U 29 TyHHBIX,

Bonpocb! ¥ 3anaHuA ANA camonpoBepKM

1. TTouemy ¢ nosepxuHocTH 3emin MOXHO HaOMOAATh MWL YacTh (= 59 %) NOBEPXHOCTH
Jlyrw1? Tlouemy Gonbiure yeMm 50 %?

2. Cuuras opbuty Jlyusl kpyrosoi paguycom R = 384 400 xm, onpeacaure CPEAHION CKO-
POCTb ECTECTBEHHOT0 CIIYTHHKA 3eMJTH.

3. Hapucyiite cxemy BO3HUKHOBEHHA KOAbYeOOpa3HO20 COMTHEYHOTO 3aTMCHHS.

4. Bo3MoxHO M koNbUE00Pa3HOE 1yHHOE 3aTMEHHE?

5. Uto Takoe norymenegoe nyHHOE 3aTMeHHE?

6. MOxHO J11 B HOBOIIYHHE BUAETH 110BepXHOCTh Jlynni?

7. KaxoBo Oyaer npuuenbhoe paccrosHue T, eenu Connue v Jlyna conprkacaroTcs BHEIHN-
MH YacTAMH JUCKOB?

Mpumeps! pewenua 3agay

3amaya 1. Onpeznenvte MakcUMaTIbHYIO a3y COTHEYHOro 3aTMEHHA U €€ IPOAOIIKH-
TeNBHOCTh, €CJIH NIPULETbHOE paccTosHue T = 0, BUauMsbIe yrioBeie AMaMeTpbl ConHIa
u JIyner 3220 u 29'50" cootBercTBeHHo. CunTaiiTe, 4TO CpenHss YrioBas CKOpPOCcTh
Jlynrt 0,53 rpan/y, a Connua — 2,463 yrir.MuH/4.

Pewenue. MakcumanbHyo a3y CONHEYHOr0 3aTMEHUsI MOXKHO ONPCAENUTD 110 dop-
Mysie (2.21), xorna auck JIYHBI DOJTHOCTBHEO HAXOAUTCA B npeaenax aucka CosHia:

(OJ8 _PoFPc 1 1+ P =l(1+29,50 )=0,961,
o 2 po) 20 3220
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a ee MPOJOJDKUTENBHOCTD BRIUMCIIHM MO CIEAYIONIEMY YPaBHEHHIO (PHCYHOK MOSACHAET
3TOT pacuer): .

AT_A_d=d d‘: 150"

=5,113 MuH =5 muH 6,8 c.
Av  ve-ve 297337

MpoROMKNTENLHOCTE MaKCUManbHOR aakl CONHEYHOT0 3aTMEHNA

3agava 2. Onpenenure BUAMMYIO 3BE3JHYIO BeMHYHHY 3eMnH Ans HabmopaTtens
Ha JIyHe B MOMEHT «IOJIHO3EMBs1», €CITH KOIPQHIHEHT paccessHUs COTHEYHOTO CBETa
armocdepoil Hamtel mnaHeTsl pg = 0,3, ansbeno JIyHst pc = 0,06. Bunumas 3e3Has
BennunHa Jlyusl mg = —12",5, cpenuuii pannyc 3emnu Rg = 6371 km, Jlyns —
R¢=1738 km.

Pewenue. Ecnu cuntath, yto 3emns u JlyHa HaXxoAATCs NMPUMEPHO Ha OJMHAKOBOM
pacctosHuu 0T CoJHIA, TO OCBEIIEHHOCTE IOBEPXHOCTE! 3THX TUIAHET ofUHaKoBa — K.
IToroxu n3nyyeHus, KOTOPEIE OTPaXAIOT U pacceuBaroT JIyHa ¥ 3eMJIs B IPOCTPAHCTRO,
BRIPA3MM 4epe3 IUIOUIaAH MX OCBELIEHHBIX MOBEPXHOCTEH S¢, Sg M ankbeno pe, Pe!
O =ESp " Py =E;Sepe. Cnenoparensto, OCBEMICHHOCTE 3€MIH CBETOM OT

Jyuet Eg ~ E—“—S—;‘R‘—, OCBeuIeHHOCTh JIyHBI cBeTOM OT 3emnn E, ~ M.
r r
Hcnone3ys dopmyny IMorcona, nonyunm:
E Sep
lg__(_ = 1g__§_91 =O’4(m( — m@ ),
Eq ScPe

rae mg — 3Be3nHas BenudnHa JIyHsl, BuANMas ¢ 3eMIu; mg — 3BE3HAsA BeIHYHHA 3eM-
4, BuauMas ¢ JlyHel.
Ortciona, NOACTaBUB 3HAYCHHS, TONTYYHM

2
Mg =My —2,5-1g—R?ﬁz—l7m,l.

Peo

3anayn gnA CamMOCTOATENbHOIO PeLieHHA

1. Buaxa nu JIyHa B HIOHECKOE TOJIHOMYHHE Ha ceBepHoM nonmtoce? Oteet obocHYifiTe.
2. TToyemy nerom JlyHa B OMHONYHUE BCEraa TYCKIIasd, JKENTast ¥ HAXOMUTCS HEBBICOKO
HaJl TOPH30HTOM (B HAUIWX LIMPOTAX ), a 3UMOM, Ha000POT, APKAst U KIOAHUMAETCSD) BHICOKO?
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3. KakoBa Han0onslias ¥ HaUMEHbIIast BEICOTA BepxHell KynbMutauuu JlyHs! B Ba-
mwem ropoae?

4. Moxuo nu B Benapycu yeuaers Jlyny B 3enute?

5. Jlyna BuzHa B nocaemiicii 4etBepTh. YUeMy B CpelHEM PaBHBI JTyueBbIC CKOPOCTH
3BE3/1, HAXOASLINXCS HCTOAAIEKY OT Hee?

6. 7 pespans JIyna 6bia B nocneaieii uetsepT. UeMy paBHSIOCH €€ MPAMOE BOCXO-
Knexne?

7. 22 nrons Ha auicke CosHIA ¢ NPaBoii CTOPOHEI BUAEH yiepO. ITO hayalio Wil KO-
HEW, 3aTMeHUs?

8. KakoBa nanGosibiiasi IPOAOIKHUTENBHOCTh CONHEYHOrO 3aTMmenusa? Hakionom
JIYHHOI1 OpOUTBI IpeHEOpeYs.

9. Ha kakoii MakcHMaJILHOH BBICOTE MOXET HaXOAHThes JIyHa B MOMHONYHHE J11s
umpoTet Muncka (¢ = 53°54')? Korna nactynut Takoi MmoMenT? B kakom co3se3anm
Oynet Jlyna?

10. KakoBa MHHHMMalbHas CKOPOCTD Naf€HUs MeTeopuTa Ha JIyny?

11, *KakoBo nomkio 61Tk paccTosaue 10 JlyHsl, utoOb! Ha ee opbute B Coseutioi
cHcTeMe naxoaunanch Touku neperufa’? Cuurath, 4to JIyHa ABHKETCS CTPOro B IJIOCKO-
CTH SKIUNITHKY, a ce opOrTa OTHOCHTENBHO 3CMIIH KpYroBas.

12. Papnyc Jlynnt paBen 1740 kM, macca ce coctasisteT 1/81 mMacest 3emun. Onpeie-
miTe: 8) MIMHY /' cekylaHOro MasTHHKa Ha NOBEpXHOCTH JIyHbI, 6) PO IOMKHTC:Ib-
HocTb kosebanus 77, koTopylo uMmen Obl Ha JIyHe 3eMHOH CeKyIIHbII MasTHHK. Y cKope-
HAE CHJIBI TSOKECTH 112 TIOBEPXHOCTH 3eMiu g = 9,81 m/c’; panuyc 3emin Ry = 6371 k.

13. lpeacrassbTe, uTO 3BE3MHBIN Mecsl coctasiseT 60 cyt. Kakos GbL1 661 TOrIA Npo-
MEXYTOK BPEMCHH MCXKAY IABYMS 10CJIE10BATCIBHBIMH OJMHAKOBBIMH KYIbMHHAIUSIMH
Jyusr?

14. Kakosa 6b112 6b1 IPOLOIKHTENBHOCT CHHOAUYECCKOrO Mecsiia, eciiu 6bl 38e31-
HBIji Mecsir coctaBnsia 60 cyt?

15. Kakos 0s11 Ob1 cuHOIHucCKUil nepros obpatenus JIyHbl, ecnu 6b1 on1a odparia-
Jlach BOXpYr 3€MJIM C BOCTOKA Ha 3allajl C TOH ¢ CKOPOCTBIO, 4TO U ceHdac?

16. [Touemy JlyHa, jBHrasch 1o HeGecHOH cdepe, HENPEMCHHO 3aKpoeT o0y
3Be37ly, IMCIOIY10 aCTPOHOMHYECKYIO IHPOTY P =+ 6°38'? Haknou nytHoii opOuts
NPHHATH paBHEIM i = 5°20' (11au60bInee BO3MOXHOE 311a4€1iHe 3TOH NepcMCeHHOI Be-
JIU4KHBI).

17. KakoBa nauMenpluasi LIMPOTa, HAa KOTOPOH ¢ 3eMid MOXKHO BuaeTh Jlyuy (Ge3s
yueTa pedpakiuii ¥ napajulakca) HaJ rOpH30HTOM B Teuenye 48 yacos 1oapsaa’?

18. U3secTHO, 4TO Gonbluas NONYOCH JIYHHOH OPOHTHI MOCTENENNO YBEIHYHBAETCS.
Korna ona Bospacter na 3 % (5%, 10 %), OyAyT 11 IPOUCXOAUTH Ha 3emJe MomHbIe
COJIHEYHbIE 3aTMCHHUA?

19. Kak yacto JIyHa 3akpbiBaeT 3B3/1bl, BAAUMBIE HCBOOPYXKEHHDBIM I71a30M?

20. B xakoe BpeMsi rojia cepl «MOJIONOro Mecsiia» (epBas 4eTBEPTh) OCOGEHHO BbI-
COKO CTOUT Ha nede?
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21. 21 susaps 2000 r. npou3onuIo JyHHOE 3aTMEHHE. B KakoM co3Be3nnu Haxonu-
jach Jlyna B 310 BpeMs? OnpenenuTe ¢ 3KBaTOPHAIIbHBIE KOOPAHHATHI.

22. Jlyna s3omna 20 cents6ps B 23"52” no MecTHOMY BpemenH. Korna u B kakoe Bpe-
Msi oHa B3oiinet cnenylouuii pa3? B kaxoit pase Jlyna Haxonurcs? OtBeTsl 060CHYHTE.

23. BuaumMyie ¢ noBepxHocTy 3eminu aucku Jlyust u ConHia BCeacTBUE MUTUNITHYHO-
ctit opOut 3emin ¥ JTyHb! n3MensioTes no senuunne: i Jynst — 29'20” < de < 33327,
qust Cosmua — 31°317 < dg < 32'36". Bo ckonbko pa3 ocnabepaet ceet Connua npy
CAMOM APKOM KOJbIe00pa3sHOM 3aTMeHUH? CYlTaTh NOBEPXHOCTh CONHIIA OAUHAKOBO
SAPKOI.

2.3. [IBMKEHNEe UCKYCCTBEHHBIX TN

3akon BCCMHPHOTO TArOTEIIHS TO3BOJIsIET O0BACHNTD ABHXKEHHE [UIAHET H HCKYCCTBEH-
1ibIX TCJ — HCKYCCTBEHHBIX cnyTHHKOB 3emud (MC3), kocMHuYeCKHX MEXIaHeTHBIX
annapatos (KA). [Ipn onucanuy aBmxeHns HCKyCCTBEHHBIX Tell YaCTO NPUXOANTCH pe-
[LaTh 337134y ABHXKCIIUA MaTepHalbHON TOUKH MacCOl m non AeCTBHEM CHIIBI IPHUTS-
KEHUS HCHTPAJILHIO TeNa Maccoit M (3a/1aua AByX Ten). XapakTep ABHXKEHHs Teja m 0T-
HOCHTCNBHO M OyleT 3aBHCETh OT HaYaJbHOH CKOPOCTH v, Pemienye 3anauy AByx Tei
HO3BOJISICT NONYYHTh 3HAYEHHC CKOPOCTH V Ha JHOOOM pPacCTOSHUH # (B TOM YHCIIE B MO-
MEHT 3arycKa annapara) B BUAC HHTErpaja 3Hepru, Bbipaxaemoro Gopmynoii (2.14).

N C3 seiBoasTCs Ha 0pOUTY ¢ NOMOLIBIO pakeT-HOcHTeNeH. [locneanss cTynens co-
o0LaeT o1pe/iesicHHYI0 CKOPOCTh CIIYTHHKY Ha HEKOTOPOii BricoTe. Teno, 3anyuicHHoe
rOpH30HTAIBHO Ha BHICOTE A OT noBepxHOCTH 3eMiH ((Rg + 1) — paccTosiiye OT HeH-
tpa 3emnH), ctaHet MC3 npu nocTaTtouHoil ans 3TOro ckopoCTH. EciH vye, = v,
[cm. ypasuenue (2.12)], UC3 craner asuratees no kpyry. [lpu v, <vye, <v, [em. (2.13)]
HMC3 6yieT nuraTees 110 UIHNCY, NpHYeM TOUKOH CTapTa COYTHHKA CTaHeT INepHrci
(puc. 2.14). Ucnons3ys Gopmyny (2.14), MOXHO paccuuTath ckopocth MC3 mis aBu-
’KeHuUs 110 opOUTaM ¢ pa3NHYHBIM 3KCIICHTPUCHTETOM e.

A

Puc. 2.14. [lsnxenve NC3 no anaunTnyeckoil opbute
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[pu 3anycke anmapara ¢ BHICOTHI /1 €ro Kpyrosasi CKOpoCcTh

gR: | Gm

- _ (2.23)
R, +h \R, +h

3nech g = 9,81 M/c’ — yckopenue cBo6oaHOro nancHus; Rg, = 6378 kM — paauyc
3emnu; m = 5,98-10% kr — macca 3emin.

PaccuntaB ckOpOCTB ABYOKEHHS BOOOPaXKAEMOro CIYTHHKA [10 OKPYXKHOCTH Y CaMOii
noBepxHocTH 3eMnH (A = 0), mosryduM nepayio Kocmuieckyio ckopocms v, = 7,91 km/c.

PaccTosiHve nepyres ¥ anores OT HENTPa IVIAHETHI

q:a(l—e):R+h”, (224)
Q=a(l+e)=R+h,,

rae R — papnyc nnaHeTsr; a, e — Oonbllas NONYOCh H SKCHEHTPUCHTET opbuTel UC3,;
hy, h, — BbICOTa mepures ¥ anores opouThl UC3 OT HOBEPXHOCTH IUIAHETHI.
Tlepron obparnenust TeN BRIYUCHSETCS IO TpeTheMy 3akony Kenepa:

T=_ 2 g 2 pn (2.25)

Tpaektopus nemkenns KA cocTOUT U3 aKTHBHOrO H NAaCCHBHOIO yyacTkoB, Ha ak-
THBHOM y4acCTKe, koraa apurateny KA BiIQUCHbE, XapakTep ABHIKEHUS ONpeneiIseTcs
npuTsoKeHueM 3emid. [laccuBHbIM yyacTOk HaulHaeTCs NOCe OTKIIOYEHHs IBUraTe-
neil. Ecnu ckopocTs KA 1a HavabHOM CTaauy ABYKCHHA v 2> V,, TO KA Oynet nBurats-
¢4 110 napabore (unu runepbone) 10 TexX nop, NoKa He BRIAAET U3 cdepbl AcHCTBHS 3eM-
M ¥/nik He Bolzet B cdepy nefcTBus gpyroro Tena.

TIpu paccMOTpeHHH BONpOca O ABKEHHH HCKYCCTBEHHOrQ annapara OT OfIHOTO He-
BecHOro Tena Kk APYroMy cienyeT yuuThiBaTh panuyc cepbl qeficTHs p TeNa Maccoii m
OTHOCHTENBHO APYroro Tela Maccoii m':

TJe ¥ — PacCTOSHUC MEXIY m U m'.
Yrobst KA Bhilnen U3 cdepsl 4eHCTBHs TENa M, ¢ KOTOPOTO €ro 3alycKaioT, H 0nall
B chepy neficTBHA BTOPOro Tesna m’, He06X0IMMO NPUIATE CMY HaqaJlbHYI0 CKOPOCTS!

2Gm

. 2.27
R+h ( )

Ve 2V, =vc«/§=

Y nosepxuocty 3emmu (h = 0) napabonuyeckas CKOPOCTb V,,, KOTOpas B 3TOM Clly-
4ae Ha3bIBACTCS 8MOPOU KOCMUUECKol ckopocmyio, paBHa 11,2 km/c.

1 Aav IR0
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Uro6s1 KA Beinien u3 chepsl AeHCTBHs TeNa, ¢ TOBEPXHOCTH KOTOPOTro Ol 3anyLieH,
eMy HeoOX0AHMO COOOLUIUTE HEKOTOPYIO HAYaIbHYHO CKOPOCTh Vy:

R LR (2.28)

3neck v, — napabonuyeckas CKOpocTb KA OTHOCHTENBHO TeJa, C IOBEPXHOCTH KO-
TOPOro OH 3aNYCKAETCs; v, — NONOJHUTENbHAs CKOPOCTh KA, KOTOPYIO OH JOJXKEH
HMeTh, BOiias B cepy npHTsDkeHHs CONHIR, OTHOCHTETBHO TeNa, ¢ TOBEPXHOCTH KOTO-
poro 3anyckaercs (3Ta JONOJIHUTENbHAsE CKOPOCTh ONMPEAEISETCs KAaK BEKTOpHas pas-
HOCTh MEXIY elHOIEHTPHYECKOH ckopoCcThio KA ¥ relHOLeHTPUYECKO CKOPOCThIO
TUTAHCT).

Ecnu MBI paccMaTpuBaeM BO3MOXXHOCTH BhIXOfa Tena M3 cdepn aciictBua ConHia
(BbIXOA 3a npenens! CoNHeYHOH CHCTEMBI) IIPH CTapTe C 3eMJIH, JIONOJIHUTENbHAsA CKO-
POCTB OTpeIeIAeTCs KaK pa3sHOCTh napabonHdeckoi ckopoctd KA orHocurensno Conn-
ua Ha paccrosHuy 3eman ot CoNHua v, = 42,1 KM/C ¥ reHoneHTPHUYECKON CKOPOCTH
3emmi v = 29,8 km/C (npu cTapTe B HanpaBleHUH ABXEHHA 3eMid Bokpyr Connua):

Vin =Vpe — Ve = 12,3 kM/C (2.29)

aon
HJTH KaK UX CyMMa (IIPH CTapTe IPOTHB HanpaBlieHns ABHXKEHUs 3emimu BokpyT Connua):

Vin =V,0 +Ve =T71,9 kM/c. (2.30)

Takum 06pasom, mpHHuMas Bo BHHMaHKE, 4TO v, = 11,2 km/c, n3 popmyist (2.28)
nony4daeM, 4TO HayalbHasd CKOPOCTb, HEOOXOAMMas I BBIXOZa 3a npenensl ColHeu-
HO#i CHICTEMBI IPH CTapTe ¢ 3eMiH, AODKHA OBITh:

16,6 < v, < 72,8 kM/c. (2.31)

MHHUMaIBHO BO3MOXHasi IPH 3TOM CKOPOCTb V5, = 16,6 KM/C Ha3bIBacTCA mpembei
KOCMUHECKOU CKOPOCMbIO.

Bonpocb! 4 3ajaHua ANA caMonpoBepKu

1. Kax 00bACHNTD ABMKEHHE OONIBIUMHCTBA INTAHET N0 OpOUTaM, OiIM3KUM K KPyToBbIM?

2. Tlokaxute, 4TO CKOPOCTh 3eMIi Ha OpOuTe 29,8 KM/C COOTBETCTBYET KPYrOBOMY JBHKe-
HHIO TeJjla Ha paccTosHKK | a.e. otHocuTenbHO Conna.

3. Mepeuncnute ycnosus, HeoOxomumbie s 3anycka MC3 n KA.

4. Onpenenute paauyc p coepsl AeiicTBra JIyHbl OTHOCHTENBLHO 3eMH.

5. UTo Takoe gomoNHUTENbLHAA ckopocTh KA U xakoB ee pusznuecknii cMmblcia?

6. Uro noapa3yMeBaroT 1101 EPBOiL, BTOPOH M TPETbCH KOCMUYECKOH CKOPOCThIO?

7. MoxHo nu 3anyctutbh UC3 co ckopocThbio, KOTOpas MEHBILC 11EPBOI KOCMHYECKOI?

8. I'ne bonbue ckopocts MC3 — B anoree uim nepuree?

9. Onpepennre oTHOLIEHHE CKOpOCTEH 3eMny Ha opbuTe B adenun v nepurennu. HeoGxonu-
MBbI€ /1151 PACUETA NAPAMETPBI TIPHBEJAEHD] B CIIPABOYHHUKE.
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Mpumepb! peweHus 3agay

3agava 1. Haitnute 3akon M3MCHEHHS Macchl PakeThbt B 33aBUCHMOCTH OT BpEMCHH,
€CITY PAKETa ABHXKCTCA B OTCYTCTBHE BHCIIHUX CHIJI C IIOCTOSIHHBIM YCKOPEIINEM (), CKO-
POCTb HCTEUEHHs I'a3a OTHOCHTCIIBHO PakeThl MOCTOSHHA U paBlia i, a cc Macca B Ha-
YaabHbIH MOMCHT M.

Pewienue. 3anvineM npupameHye NMIyJibca CHCTCMb! PakeTa — ra3 B HHEpUHalb-
HOH cHCTEME OTCYCTa, CBII3AHHOM C PaKkeTOoil B HEKOTOPBIIf MOMEHT BpEMEHH 1, 32 BpE-
Ms At (ana ¢, + At): Ap = mo- At + Am - u (3ameTHM, uto Am < 0). [TockonbKy B OTCYTCT-
BUE BHEWHUX cul Ap = 0, nony4ynm

Am oAt __TAm_ ot e
—_—=— = | —=——=m=m,-e *.
m u m u

nty

3anaua 2. J[Ba cnyTHHKa 3eMJITH ABHXKYTCS B OIHOH TUIOCKOCTH MO KPYTrOBbIM OpOH-
TaM. Panuyc opOHThI onsoro criyTHuka ry = 7000 kM, apyroro — r, = 7070 km. Onpene-
JITE CHHOAMUCCKHIT MEPHO.L NBIIKEHHS 3TUX CIIYTHUKOB OTHOCHTENBIO APYT ApYyTa.

Pewenue. PaccMoTpuM B2 BO3MOXKHBIX cy4asi: CIIYTHHKH ABHXYTCA: 1) B O/1HOM
Hanpasieilvy; 2) B pa3HbIX HaOpPaBJICHUSX.

1. TIpu ABMKEHHH B OHOM HanpasieHHH GopMyna ajist HX CHHOIHYCCKOrO Iieproaa

11 11 1

rne T, =Tw T,=T+ AT — nepuons oOpauieH!s COyTHHKOB BOKPYT 3eMIIH.
1 2 P Yy

OTtcioma S = T(l +lj
AT

2. Tlpy IBHXKCHUM CIYyTHHMKOB B IPOTHBOMOJIOXKHBIX 11ANPaBICHUAX GopMyna ans
CHUIO/IMYCCKOro NepHoaa

e
T T+AT

I 1 1
=
S T T,

AT
I+ —

Orciona S = T———T—.

2+A—T

3uauenus T v AT onpenciscM Ha OCHOBaHUM TpeTbero 3akona Keruiepa, yuuthbisas,
4TO Mg, >> M, U BBIPA3sUM UX Yepe3 r=r HAr=r,—r;:

r? G . T 22

ci?

T°My 4n®  (GMg)*
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IponuddeperninpoBas nocnefice BLIpaKECHUE, HMCCM

12
AT="  pp aT=3T A

C(GMg)? T 2

[loacraus 3Hayenus T 1 AT 8 HOpMyIbl JU1 CHHOAHYECKOT O IEPHO/IA, B UTOI'C 110-
nyunm: 1) S =4957;2) S = 49"

3afgauu gnA camocTOATENbHOrO peweHua

1. 3a kakoc BpeMs MOXNO AOJETETh OT 3eMin 10 Mapca B kocMHucckoM kKopadie,
JABHXKYLICMCs 10 opOHTe, IEPUTe/IHIHOC PACCTOSHUE KOTOPOH PaBHO PACCTOSIHHIO 3eM-
s oT Comnua (1 a.e.), adbenuitnoe paccrosiife pasHo paccrosimio Mapca or Connna
(1,5ae.)?

2. * CnyTHHK OBHXKETCS 10 Kpyrosoii opoute ¢ » = 7000 kM. B tekoropstit MoMeHT
BpEMEHH Cro CKOpOCTh BO3pocia 1a Av = 200 M/c. Onpenenute MakCHManbHOC yuale-
HHC CIIYTHHKA OT NOBEPXHOCTH 3eMIH (Rgy = 6371 km; My =5,973-1 0™ kr; G =6,6742 x
x 107" mY/(kr-c?)).

3. KakoB npenesbHblii pasMep 11apoodpa3Horo acTepou ia co cpeiiei mioTHoCTbIO
p =3 T/cM’, ¢ KOTOPOTO MOXHO, e Pa3berasich, IPHITHYTh B OTKPBITBIT KOCMOC?

4. Cuyrnuk «Mosush» B nepuree ynaneH oT uexntpa 3emsu na 7000 km, B anorce —
na 46 000 kM. Beiuncimite repnos 00palicHHs CyTHAKA BOKPY!' 3EMJIK U DKCIICHTPH-
CHTCT Cro OpOUTLI.

5. ITpu Tpenuu o BO3ayX CKOPOCTb CIYTHHKA, JICTSLICIO B Pa3peXkCHHbIX Cil0AX aT-
Mocdepsl, 1€ cHuKaeTcs, a MosbitacTes. JOKkaxHuTe, YTO TaK OHO M JIOSIKHO OBITb,
a YHEPrHs, KOTOPYIO CNYTHHK pacxOjyeT lia Ipeoaoeliie CONPOTUBAICHIS BO3j1yXa,
paBua MpHPaLEHHIO ero KHIICTHYCCKOH JHEPrUH,

6. Kak O6yayt u3MensaThes TMHeHas H yriioBasl CKOpOCTH CYTHHKA, JABIKYLICI'0CS
B yc:10BHAX cnaboro Tpenna? CuuTaTh OpOUTY CYTHHKA KPYroBoil.

7. 3se3/1001€T Heee lyeT HEHTpOHITY O 3Be3ay Maccoit M = 2M . Ha kakom paccros-
HUH OT 1iee¢ MPHIMBIIBIC CHIILI 11€ CO3/1aI0T ONIACHOCTH IS 3/10pOBbs KocMollasTa? beso-
NacHOIH CYUTATh NEPErpysKy e donee 2g.

8. OmpesienuTe, KOr/1a 10 MECTHOMY BpeMeHH 21 MapTa v 1101 KaKHM YITIOM K I'OpH-
30HTY HEOOXOAMMO Ha IHHPOTE (¢ = 55° 3aMmyCTHTD 3BE30JICT C MHUITMMANbIILIMK 3aTpa-
TaMH DHCPruu.

9. Kocmuuecknii kopab:ip cTapTyeT ¢ 60pTa HCKYCCTBEHHOI'O CITyTHHKa 3¢MJIH, jIBH-
KYLICTOCS BOKPYI™ MIIAHEThI 110 HUIMITHYECKOH opOuTe. B Kakoil Touke Tpackropuu
CIYTHHKa Leicco0Opa3Hee OCYICCTBUTD 3aITyCK KOCMHYECKOro Kopadiis, ccili u3BecT-
HO, YTO BTOpas KOCMHUYECKash CKOpPOCTb B anoree (hQ = 330 kM) pasua 10,918 km/c,
a B nepuree (1, = 180 km) — 11,040 km/c.
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10. Onpenenute Maccy M CpefHIO0 MIOTHOCTh MJIAHCTEI, CCTH U3BCCTHO, YTO CKO-
poCThb CITyTHHKa Ha KPyroBoii opOHTe BOKPYT InaleTsl v = 9 kM/c, Bpems oOpauicHiis
T'=2 4, a pacctosHue oT noBepxHocTH /1 = 100 km.

11. * ITo kpyroBoii opOHTE Ha 11€6ONBILOM PACCTOSAIIMH APYT OT APyra B OZIHOM la-
TIpaBJIeHUH IBUKYTCS NBa cOyTHHKA 4 U B (cM. pucyHok ).C nepBoro cnyTHHKa 11a BTO-
poii HYXHO nepe0pocHTh KOHTeHHep. B kakoM cnyyae kotrteiHep 6y/ict ObicTpee Joc-
TaBJIEH HA BTOPOH CITYTHHK, €CJIH OPOCHTE €ro Mo ABHXKCHHIO HIH NPOTHB JABHKCHUSA
nepsoro cnyTHUKa? OTBeT 060cHy#Te. CKOPOCTH KOHTEHICPA OTHOCHTCIBHO CHYTIIH-
KA ¥ 3Ha4YUTEJIBHO MEHBLIE CKOPOCTH COYTHHKA V.,

[suxeHne cnyTHUKOB 1O Kpyrosoii opbute

12. CnyTHHK nposicTaeT Haa MOBEPXHOCTHIO 3cmian na Buicore 200 kM. Kakos nan-
MEHBLINI pa3Mep aeTane Ha 3eMile, KoTopbie MOXIIO ¢ 1iero choTorpadiposarts? Pas-
MEpP AMCKa ApOXKaHHUs 3BE3AbI H3-3a BIUsAHHA 3eMHoH atMocdepst cocTap:sieT |-27,
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3.1. AcTpodhn3auka nnaHer 1 3pesf

3.1.1. 3emna — nnaxera ConxeyHoil cucTembl

B nmepsom npubmmwkenud 3emns sipasgercs wapoobpa3Hod. [Ipunnun onpenencHus ee
pa3mMepoB Obu1 npeatoxeH ete B 11 B. 10 H.3. ApeBHerpedeckuM ¢punocodom U reorpa-
¢om DparochenoM Anekcanapuiickum (276-194 rr. no H. 3.).

Ha puc. 3.1 BuHO, 4TO AMMHA €AMHUYHOH XyrH (xyra B 1°)

/ ! nR

?

Ap° @,—¢, 180°

I°=

rae R, — pannyc KpHBM3HbI 3€MHOTO 1IApa; () — LIHPOTA MECTHOCTH.

Q2

Jksarop

Puc. 3.1. amepeHue paguyca 3eMHOr0 Wwapa

Orcrona paanyc KpUBU3HBI 9TOH AyTH
_180° -1
(o, —¢,)

®

Ecnu paguyce! kpuBU3HbI R pasHbiX y4aCTKOB 3¢MHOIO MEPHAMAHA OMHAKOBHL,
TO OH ABJIAETCA MOJYOKPYKHOCTBIO U 3eMiis uMeeT GpopMy 1apa. B npoTHBHOM city-

qae 3eMJIq He ABAeTCA MapooOpa3HOH.
HenocpencTBeHHO M3MEPUTh 3HAUUTENbHbIE TMHEHHBIE PACCTOSHUS BROJb reorpa-

¢uyeckoro MepuaaHa HEBO3MOXKHO H3-3a €CTECTBEHHBIX nperpaj. s 3Toro ucnonb-



3.1. AcTpothuauka nnaker u 3gesfl 1

3yeTcs METOA TPHAHTYJIALMH (OT JIaT. «TPEYTONIbHHKY® ). BroJb nyru MepuanaHna, uny
KOTOPOH HYKHO OTIpeaesIuTh, 10 00eUM CTOPOHAM YCTAHABJIMBAIOT CIIELMANbHBIE BbILLI-
K1 (ceodesuyeckue cuznanwl), KOTOPbIE ABJSIOTCS BEPILHHAMH CCTH TPEYTrOJbHUKOB.
3Ta cucTeMa Ha3blBaeTCA TPUAHTYIALMOHHOI ceThio. OmHY U3 CTOPOH TPEyTONbHHKA,
CBA3aHHYIO C KOHIICBBIM NMYHKTOM, NPHHUMAIOT 3a 6a31C, ATHHY KOTOPOro THIATE/IBHO
H3MEpSIOT. 3aTeM € TOMOLIBIO YITIOBBIX H3MCPEHHH ONPEAEIsiOT YIJibl BCEX TPCYTO:lb-
HHUKOB H 1O popmynam 118 chepHuecKUX TPEyroIbHUKOB PACCUUTBIBAIOT BCE CTOPOHBD
TPEYTOJIbHUKOB, @ TAKXKE [UTHHY HX NPOCKLHMI Ha MEpUAHaH, T.e. [JUIMHY AyTH MCpPUANA-
Ha (puc. 3.2).

0}
Puc. 3.2. Cxema TpvaHrynauvm ana ayrv mepuauana 0,0,

Basuc n3amepsioT ¢ moMoluisko CBETO- M paarosiokauud. Jnnna 6azuca B 3TOM ciyuae
moxer nocturatsh 40 kM. Ee uamepsior ¢ Tountoctsio £ 2 MM Ha kax/ibic 10 kM. B cospe-
MEHHOH TPHAHTY/ISLHOHHOH CETH HCTIOB3YIOTCA JOBOJIBHO CIIOXKHAS HAa3eMHast paauo-
JIOKAUMOHHAA anmnapaTypa ¥ JalHble HCKYCCTBEHHBIX CITYTHHKOB 3CMIIH.

Wamepenus nokasany, uto /° ¥ pannyc KPHBU3HbI €IMHUUHON AYTH R M3MEHSIOTCA
OT 3KBaTOpa K reorpaguueckomy mnomntocy. Ilpu @ = 0 nonyuaem /°= 110,576 km;
@=45°-1°=111,143 xm; ¢ = 90° — [° = 111,696 km. Popma 3emnn OnusKka K 7Iun-
coully BpailieHus (cghepoudy).

B 1979 r. Ha XVII cbe3ne MexayHapoAHOro reoJie3uueckoro u reopusnyeckoro
coro3a B KanOeppe ObLIH MPHHATHE CIEAYIOLINC INeMeHThl cHEeporaa: IKBaTOPHASTb-
Hasg nonyock @ = R, = 6378,136 kM; monapnas nonyock b = R, = 6356,751 kwm;
AR = 21,385 km; cxatue cdeponna € _AR =———1———.

R, 298,257

B reose3uu u rpaBUMETpHH NPH NPOBEACHUH TOUHBIX H3MEPEHHUH MPUHSATO CUUTATD,
yto hopma 3emin oTiHuYacTca OT cdeporaa u OaM3Ka K MOBEPXHOCTH CIIOKOHNOroO
OKeaHa, KoTopas NnpoJioikaeTcs noJ Mmarepukamu. Takasa dpurypa (2eoud) onuceisaercs
TIOBEPXHOCTBIO PABHOBECHA (YpOBEHHOHW NMOBEPXHOCTHIO), B KaXAOH TOUKE KOTOpOii
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HOpPMaJIb COBIMAAAET C OTBECHOH JIMHUEH (Ha MaTepukax 3To OblBaeT HC BCeraa M3-3a
pa3niyHONH NJI0THOCTH NOPoa).

B acTpoHOMHH YacTO UCNONL3YIOT TAKHE 3HAUCHUA TNapaMeTpoB 3eMiu: R, = 6378 km;
R,=6357 xm; [°=111,2 km; £ = 1/298. 3emHoit 3xkBaTOp NOAOOEH OKPYXKHOCTH JTHHOM
40 075 kM, a Mepuauanb — sjudncam amuHoi 40 008 kM.

Ilepuoa spamenus 3emmu T = 23”56”04 = 86164° (cpemiiero BpeMeHH), N0ITOMy
JIMHCHHAs CKOPOCTh BpailieHMs TOUCK 3€MHOI0 3KBATOpa

v, :21tR0 =2-3,14]59-6378136 ~ 465w/,
T 86164

HA 1IPOM3BO,IbHOM reorpaduyeckoit wupoTe @: v = v, - cos@ =465 - cosp M/c.
Yr1:10Basi CKOPOCTb (@ BCEX TOUEK 3¢MIIOH MOBEPXHOCTH OMHAKOBA:

360° -360"
H=—-—
86164

Yckopenne cHibl TAHKCCTH 3eMIM HE OMMHAKOBO BAOJIb MEPHIMAHA M 3aBHCHT OT
IHIPOTBI MECTHOCTH. Ha NMPOH3BONBHON IIHPOTE ( YCKOPEHHE CHIILI TSHKCCTH 112 YPOBHE
OKeana MOXKHO BbIPasHTb GOpMYIIOH g, =g, + (g9 — &) sin’g (g, = 978,0 cm/c® — ycko-
PCHHC HA 3KBATOPE; Zoy = 983,3 cm/c* — na nomoce). OTKIOHEHHE Ag, =&, &, 11a3bI-
BACTCsL I'PABUTAIIHONTION aHOMaNMCH (g, — cpeaHec 3Ha4CHIe yCKOPCHHS Ha IMPOTC @;
€', — MECTIIO€ CTO 31aUCHIE, CBA3AIIHOC C HANMYUCM 3ICHKEH MOJIC31BIX MCKOTIACMBIX,
HCOAHOPO/IHBIM CTPOCHHEM 3€MHOM KOpPBI U T.11.). Eciin Ag, > 0, TO B 3TOM MecTe, BO3-
MOXKHO, HMCIOTCS 3aJI©XKH TSHKENbIX 37€MeNTOB (Py/si), ecnu Ag, <0, To 3/1eCh eCTh
liedyrb WK ras.

Ha ocHoBalHK N0/100HBIX FPaBUMETPUUECKHX H3MEPCIH i1 CHIIBI TSXECTH ObLI Clic-
JIaH BLIBOL, UTO Macca 3eMJin npuMepnio paHa My =5,98 - 10* kr, a ee cpeauss nuoT-
HOCTb Py = 5,52 r/cm’. B TO Xe BpeMs M3BECTHO, YTO IIOTHOCTh 3CMHON KOpHI
p=2,70 r/em’. U3 atoro CleAyeT NPEeXKIE BCCro, UTO INIOTHOCTh 3CMJIM 3HAUHUTEIIBIO
yBCIMUHBACTCA C INTyOHHOM.

O coilicTBax sumocgheper 3eMau (B LUMPOKOM CMBICIIE 3TOrO CJIOBA, T.C. O TBEPIAOH
CocTarsAIoICH 3eMITH) CyIST B OCHOBHOM 110 JAHIIBIM CEHCMOJIOTHYCCKUX HCCIIe/10Ba-
unii. Hanpumep, MOMEHT HHEPUHMH LIapPa, MUIOTHOCTL KOTOPOrO BO3PACTAET K 1IEHTPY,
MCHBLIE, YeM Yy OJHOpOIHOrO 1apa. Yem GOnbIIC Macca KOHLECHTPUPYETCA K 1IEHTpPY,
TEM MCHbLIC MOMCHT UHepUUH. MoMenT Hiiepunu 3emnu pascH 0,83 MomeHTa uiepiium
0/IHOPOJIHOTO 111apa TaKoro JKe pa3Mepa U Macchl.

Hzgectiio, uto ceficMuueckue Bo1bl ObIBAIOT MPOJOIBIILIMU U 1IONICPEYHBIMU. 3Has
HX TH1 4 XapakTep (1anpuMep, CKOPOCTh) PACIPOCTPAHCHMS BILYTPH 3ECMIIH, MOXKHO Cy-
JITh 0 cocrase M cBodcTRax Jimtochepsl. Ilonepeyunsie BOJNMBE CYIECTBYIOT TOJNBKO
B TBCPALIX Tejiax. Mx Hanuuue CBUAETENBCTBYCT O TOM, YTO IMTOC(Cpa ABIAETCSH TREP-
J10ii BILIOTH J10 Gonbiunx rny6un. Oanako ObIIO JOKa3aHO, YTO HAYMHAS C 1JlyOUHbI

=15",041(c™")=7,2921-10" pag/c.
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~3000 kM moriepeuHbie BOJHB paclpocTpaHaTsea He MoryT, Cre/ioBaTenbHO, BIYTPH
MTocdepsl eCTh KUAKOES AAPO.

Bepxuuii cnoit nmurocdepst (cM. puc. 3.5) — kopa TONLIMHOMN B cpeaHeM it = 35 kM —
B HEKOTOPIX MECTax oHa Jocturaet 70 kM. BospacT 3eMHoit kopsl npumepiio 4,5 - 10° ner.
Bepxuuii ee ciioit (5—7 kM) COCTOHUT NPEUMYLIECTBEHHO U3 OCAIOUHBIX 10PO, OKCHIOB
Si, Al, Fe u wenounsix Metamios. Cpeanuit cnoit — rpanutistii (cocrout Ha 70 % 13
KpeMHe3ema) TONIMHON 10 35-40 KM, HO B HEKOTOPBIX MECTaX Ol MOXKCT BBIXO/MTh Ha
HOBEPXHOCTH. Hrk11Kif cnoii kopbt — 6a3anbTOBLIH, €ro TofauHa gocturact 30 KM,

B 3emHoli kOpe TemniepaTypa nossimacTcs ¢ ryOHHOI: 3a nepebie 3 kM — Ha 1 Ka-
*kaeie 100 M, 3aTem Ha 2° Ha 100 M. Ha rimy6uize 10 km Temnieparypa £ npumepno 180°C.
3710 00YCIIOBIICHO, MPEX/IE BCErO, MOTOKOM TEIUia U3 ryOuH.

Hona kopoii 3aneraet cioi, Ha3biBaeMbli Manmuel. [ panuiia MEX Iy KOpoil U MailTH-
eil IOBOsTBHO pe3ko 0003HauCHA U 11a3bIBAETCS CJI0eM (TTOBEPXHOCTHI0) MOXOpoBHUIa
(na rnybune B cpegaem 40 km). MaHTHsS COCTOMT B OCIIOBHOM M3 BCLICCTB B TBCP/IOM
cocTosHuH (6a3anbThl, CHIIMKATHI), 38 HCKITIOUEHHCM OTAENBHBIX JJABOBBLIX «KapMaHOBY,
KOTOpBIE 1IAXOAATCS B )KMAKOM COCTOSIHMM 1IPU 3THX TeMrnepatype U aasienun. [Inot-
HOCTb MaliTHH BO3pacTaeT OT MOBEPXHOCTH MOXOpoBHUHYA A0 MPaHULBI s1;(pa 0T 3.3 110
5,2 r/em’. HuKHsist rpannia MaHTHH HAXOQUTCA Ha MIyGHHE 0KOIo 2950 KM.

B cospemennbix mMozmensx 3eMIIM BHIACTSIOT aumocgepy (B Y3KOM CMbBICIC 3TOrO
CJI0Ba) — HapyXHbIH CJ10# TBepaO# cocTasnsoLicii 3eMiTH, KOTOPBI BKII04YaCT B ccOs
KOpY M BEPXHIOIO 4aCTb MaHTHH NPHONM3UTCILHO 110 MyOuiiet 70 KM, M acmenochepy —
IBDKHION0 HacTh ManTHH. JInTocdhepa packonora npuMepiio Ha 10 O0JILUIMX TEKTOHHIC-
CKHX MJIMT, 1O FPaHLiaM KOTOPBIX PacrooxkKeHa INoAaBIsoLas 4acTh 04aroB 3emie-
Tpsicennit. Ilon sxecTkoit nuToCdepoii HaxoaUTCst CNOil MOBBHICHHON TCKYUYCCTH —
acrenocdepa 3eMnu (31eCh TEMIIEPATyphl BEIIECTBA MAHTHH HauboJiec OIU3KH K TCM-
nepatypam ruasnenusi). Viz-za manoli Bsi3koCTH acTeHoc(epbl JIHTOCHCPHBIE 1UHITDE
«M1ABAIOTY B aCTCHOC(EPHOM «OKeaHey. ITHM 00bICHACTCS TAKOC SIBJIEINE, Kak jpeiid
MaTEPHKOB.

Hanee cnenyer s2dpo 3emnu. OHO COCTOUT U3 ABYX HACTEH: 8HYMPENHES0 U BHENC 0
anep. Buewree sapo (cnoit tompuuoi 2100-2200 kM), KOTOPOC COCTaBISACT OKO:10
30 % maccot 3cmiu, obnagaeT ceoiicTBaMM TATYUEH JKHUAKOCTH M 3JICKTPONPOBO,THO-
CTbI0, cOCTOMT Ha 12 % u3 S u Ha 88 % u3 Fe. Ha rpanuue MaHTHs — BHELINCC 1,1p0
MJIOTHOCTb PE3KO noBbimaercs a0 9,4 r/cM’, a TemnepaTypa — ot 2000 10 4000 °C.
naenenne ospacraer ot 1,5 - 10° 10 2 - 10° atm. BuyTpcHHEe 1Ap0 UMEET PagHyc Hpli-
mepHO 1250 kM. Ono coctasnseT okono 1,7 % maccst 3emiu v 00najiaeT CBOHCTBAMH
TBEp/IOro Tena. B ero renTpanshoii 3oue £~ 5000 °C, p=3,6 - 10°atm, p = 12,5 r/enr’.
Buytpennee sapo na 20 % cocrout u3 Ni u Ha 80 % — u3 Fe.

HaunGonee pacnpocTpaHeHHbIe XMMHUYECKHE 3TIEMEHTBI B TBEPAOH 00010uKe 3eM1it:
Fe (34,6 %), O (29,5 %), Si (15,2 %), Mg (12,7 %). Cojicp)kaHue OCTabHBIX DI1CMCH-
TOB B CyMMe cocTasnsiecT MeHee 8 %. M3 coeqnHenunit MmoxHo Boienuts S10, 1 ALO,.
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3eMist — enuHCTBEHHAs U3BeCTHas Mianera CoaHeyHoMH cHcTeMbl, KoTopas o0Jiana-
eT eudpocgepoii. I'mapocdepa cuirpana pewalolyio pois B MPoLecce BO3HUKHOBEHHS
®M3un Ha 3emiie. Bnarogaps uMpkynsiipu BOABI M €€ BHICOKO#H TEMIOEMKOCTH THAPO-
chepa ypaBHUBaeT KJIMMaTHYECKHE YCIIOBHS Ha Pa3HBIX MMPOTaX H GOPMHUPYET KIIUMAT
Ha nnaHere. KpoMe Toro, Boaa cozaaer napHUKOBbIA 3(pGeKT: ee napsl B aTMocdepe 1o-
rJ0WArT MHGPAaKpacHOE U3JIyUEeHHUE C MAKCHMYMOM A = 10 MKM, KOTOpOE nepensyya-
CTCs 3¢MHO I NOBEPXHOCTHIO, TEM CaMbIM PABHOBECHAs TEMIEpaTypa 3eMIIH MOBBILIACT-
cs Ha ~40°C.

3emitas ammocghepa B OCHOBHOM cocTouT M3 asora (78,1 %), kucnopoaa (20,9 %),
aprona (0,93 %) u yrnekuciaoro raza (oxono 0,03 %). OcTanbibie COCTaBISIOIMC —
npumecH Ne, He, Kr, H,, CH,, N,0. Ba)XHbIMH [1EPEMCHHBIMH COCTABJISIOLIMMH TaKXkKe
senstores BoastHow 1rap H,O (o1 0 no 3 %, npuuem B nonsipubix 3oHax — 0,2 %, a Ha
3kBatope -— 3 %) u 030 O; (3 - 107° % — Ha yposHe Mops, Ha BbicoTe 2030 KM —
or 310 1o 1 %). Takoil IPOUEHTHBIf COCTAB COXPAHSETCS MPUMEPHO [0 BHICOTHI
100-120 kM, 3a UCKIHOYCHHEM O30HA, KOTOPBIH 11aXOIUTCS NPCUMYLICCTBEHHO Ha BhI-
cote okono 30 KM, U BOASHBIX TIAPOB, KOTOPLIX BbIIE 10—15 kM nouTH Her.

ATmocdepa 3emian COCTOUT U3 MSATH CJI0eB: Tponocdepsl, cTpaTocdepnl, Me30-
ctepst (030HOChEPSI), TepMOchepsl (HOHOChepDI) U 3k30chepsl. Takoe pazaencHue
noka3aHo Ha puc. 3.3 (XopoLIO BMAHA 3aBUCHMOCTL TEMIEpaTypbl aTMochepsi OT
BbICOTBI),
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Puc. 3.3. ©u3nyeckie xapakTepncTukn atmoceps! 3eMnin B 3aBUCMMOCTY OT BbICOTbI
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Buusy pacnonoxeHa mponocgepa (10 BbicoTbl 11-12 kM B cpeiiux LIMPOTax,
10 8-10 xM B nonspieix wWupoTax 1 10 16—18 kM Ha sxsaTope). B rponocdepe Temne-
patypa cHiKaeTcsi ObICTpO (~6 rpaa/km) ¢ yBeIHYEHHEM BbICOTHI 10 —55°C, a aas:ic-
Hue —c | 70 0,026 atm. Tponocdepa cogepxut 80 % Beeli maccbt arMocdepb! 1 1IOUTH
BCE BOIsIHBIE Napsl. YacThb Tenna nepenaercs B Tporocdepe KOHBEKIMEH, [103TOMY oHa
Ha3bIBAETCH €lie KOHNBEKTHBHOH 30HOM,

Hocne Tponocdepst uaet cmpamocgepa (rpaHuua MeXIy HUIMH Ha3bIBacTCA TPOMO-
nay30it), B HIKHHX (70 20 KM) COSX KOTOPOH TeMIepaTypy MOXHO CHHTATh IPUMEPHO
nocrosHHoi (okono —55°C). Beime 20 kM B cTpaTocepe TeMneparypa HauMHaeT BO3-
pacrats noutt o 0°C Ha ypoBHE cTparonay3bl (FpaHHilbl MEXIY cTpaTocdepoil u Me-
3oc(epoif) Ha BoicoTe ~55 kM. CTpaTtocdepa cogepxkut npumepHo 20 % Bceit Macceb! aT-
mochepsl (Ha OCTallbHbIE YacTH Bbille TpuxoauTcs seero okono 0,5 % ce maccsr).

On110# U3 NpUYKH YBEITMYESHUS TEMIepaTypsl 11a BuicoTe Ooice 20 km sBisercs K-
30TepMUYEcKas peakuus pasnoxeHus ozona: O, +hv — O, + O. O3on B cTpaTochepe
nosBNIseTcs B pesyibrare peakuuit O, + hv—0+0; 0+ 0, + M—>0; + M, rae M —-
TPeThA MOJIEKyna (katanu3arop). KoOHueHTpanus 030Ha fOBBILACTCS C YBCIMUYCHHEM
BBICOTBI M JOCTHUIacT MakCUMyMa Ha BbicoTe ~30 kM. 31¢cCh NPOMCXOAHT ranbonee ak-
THBHOE 06paszopanue O,. Ob6uas Macca 030Ha cocTaBuIa Obl MPU HOPMATLHOM JaBJlc-
HHY cioi TonmuHoit 1,7-4,0 MM, HO 3Toro konuuectsa O, JOCTATOUNO JiIA MOTIOLIE-
HuA Beero ynbrpaduonerosoro uanyuenust ot 200 no 300 nm, ryGuTEIB1I0TO JIiIS BCErO
*wusoro. [lornoucHue Takxe NPUBOIUT K pa3orpeBy cTpaTocdepst.

Croii armocepsl Ha BbicoTe 55-80 KM, 1€ BHOBb IPOMCXOJHUT CHIKEHHCE TeMIepa-
TYpbl C YBEJIMUEHHCM BBICOTHI, HaspiBacTCs Me30cepou. Ha rpanuiie mezocheps
TepMoceps! (B Me30May3e) HaXOAMTCA TEMIICPATYPHbIH MHHUMYM, TAC TeMrepaTypa
cHmkaercst 10 ~90°C, a gasnenuc coctasigeT scero 7 [1a.

Beie Mesonayssl — mepmocgepa, rie TeMnepaTypa HaUHHACT BO3PacTaTh J0 Bbi-
coTel ~400 KM ¥ JOCTHUrAET IHEM B nepuo coHeuHoit aktupiiocty 1800 K (B 06buHOM
cocrostHuy — MeHee 1000 K). IpuunHoii noBsilienns TeMnepaTypht SBJIACTCS MOT:10-
wenne ynstpaduosnerosoro upyuenus ConHua na soicote 150-300 kM, obycnosnen-
HOe MOHM3auMel atoMapHoro kucnopoga: O +hv — O'+e’,

Ha Beicote Gonee 400 km Temnepatypa nocrosHuas. Orcroga ¥ Ha3sanHe 3TOro
crost — Tepmocepa. B o6mem tepmocdepa npeacrasnser co6oit crabononnsuposaii-
HyI0 ru1a3my 3a cuet vonusauuu O, O,, N, noa neicTeHeM yabTpadHoICTOBOrO H3yUe-
4s. Tepmocepy Ha3wpIBAIOT Takke HOHOCHEPOi.

Brie repmocdeps Ha BoicoTe 6onee 1000 kM HaxoaUTCA oK30Chepa, OTKy1a aTMO-
cepHbIE ra3bl paCCEMBAOTCS B IPOCTPAHCTRO (NPOMCXOANT NMOCTENCHHBIN NECPEX0a OT
arMoc(epsl K MEXIUIaHETHOMY NIPOCTPAHCTRY).

Ho 100-120 &M razoBblit (xuMHueCcKHii) cocTaB aTMOC(hEepbl OMHOPOACH 3a CHET Iic-
peMeLUMBaHUA H3-3a KOHBCKUMU. Bbiie npoucxoaut guddepennimanms cocraa arMo-
cepsl (30Ha qubdy3Horo pazpenenns). Tam 10 400 KM a30T HAXOAUTCS CLUE B MOSICKY-
JAPHOM BHJE, @ KHCIIOPOA — YXKC B aTOMapHOM COCTOSIHUY. B pe3ynbTare Ha BhicoTe
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400-500 kM a30Ta yKe 1104TH LieT, aTMocdepa COCTOUT rIaBHbIM 00pa3oM U3 aToMap-
HOro KHcloposga M Gojiee nerkux ra3os (KOHUCHTpalMs ra3oB atMocdeps! 34¢Ch
B 10"'-10'" pa3s meHblIe, uem Ha yposue Mops). Beie 700 kM npeo6naaaror ToNbKO
BOJOPOJL H reJiHid.

Dk30cdepa coOCTONT H3 BO/I0pO/1a ¥ NPOCTHPACTCS 1A HECKOIBLKO 3€MHBIX paaHyCOB
(e¢ ele Ha3kIBAIOT B0DOPOONOT ceokOponol). KOHUEHTpaUHUa aTOMOB ¥ MOJIEKYJT BOAO-
poaa B reokopotie 10°-10° cm™.

Konienrpapust 3:1¢KTpH4eCKHX 3apsaaoB (3JCKTPOHHAS KOHUEHTPALMUS paBHa HOII-
Hoi1) B TepMocdepe (norocdepe) Ha Buicote 300 kM cocTaBnseT jiHEM okoo 10° em”’,
Takas nyazMa oTpaxacTt paguoBosiHbl A 22 20 M, a 6o1ee KOpOTKHE NMPONYCKAacT U I0-
rrowaet. Kputuucckas uacrora (rpaHdua NPONyCKAHHA) 3aBUCHT OT 3JEKTPOHNOH
KOHLIEHTpAai[HH I paBHa v=9-1 0’ \};‘,R, KOTOpas B CBOIO OYEePEAb 3aBUCUT OT UHTEHCHUB-
Hocti n3nyucrna CosHua (AHeM H 1104Ybio ona pasHas). [Ipu pexkoMOHHALMKY HOHOB U
HIeKTPOHOB (0Opa3oBanite MOJICKYJI M3 aTOMOB) HacTO T0JIyYaloTCs aTOMbE (MOJICKYJIbE)
B BO30YKACHIIOM COCTOSHUH, KOTOpPbIC AaloT ciaboe ceucHue Houblo. Creueline 00y-
CSIOBJICHO TAKKC HCKOTOPBIMH XHMHUCCKUMH peakuMsaMu B Bepxileil atmocdepe. Cae-
yelHe HOUHOro Heba orpanuynMBacT MUHUMAILIYIO SPKOCTh KOCMHYECKHMX OOBEKTOB,
KoTOpble MOXHO Habmogats ¢ 3emin. Hanpumep, 38e3abl cnabee 22" Gyayt «3abu-
BaThCs» (POHOM CBCUCHHSA 110MHOro Heba (22" — 3Be3AHas BENUYHMHA KBaAPATHOH yrio-
BOI CEKYH;1bI HOUHOro Heba).

BakHyto posib B ONTHKE aTMoc(epbl UIPAIOT a3p030IIH, NPUCYTCTBYIOLIME B aTMO-
cepe, KoTopbie 00yCAOBIHBAIOT paccesiive u3mydenus. OMHAKO MX KOHUCHTpauUus
3HAMHTCIBHO CHIKACTCS C YBCIHYCHHCM BbICOTHI.

3emuig o0o1aacT J10BOILIO CHILHBIM (axe B Maciutadax CONHEUHOH CHCTEMBI)
Mactumitbiat noaer. MariumTHble 110J10Chi 3CMJ'IH 1IC COBIMaaroT C rcorpa(buqccxnmu.
Yol MeXKAY HAOpaBJICHHEM CTPCIKI KOMNaca U UICTHHHBIM HarpasJICHHCM Ha CEBCp
Ha3bIBACTCS MATHHTIILIM CKJIOIICHHCM, @ YTOJI MCXKAY CTPEIKOH (CUII0BOH TUHMCH) U TO-
PH30HTAILHOI MI0CKOCTHIO — MarHHTHbIM HAKJIOHEHHEM.

os10KeHME MArtIHTIIbIX TI0JII0COB H3MEHSICTCSI CO BpEMEeHeM. Y CTaHOBJIEHO, YTO Mar-
HHTHBII MONIOC CEBCPHOTO NOAYLIApHs ApeiiyeT co CKOpocThIo 5—6 KM B rog. Maruur-
HOC 1H0JIC 3eMsr GIH3KO K 1105110 MArHMTHOTO AUMNoJs. JlMnomnb, KOTOpBIA B HanbombeH
CTCHEHH OMHCHIBACT 11051¢ 3eMJIH, 11a3bIBACTCS IKGUBAICHIMHBIM MASHUMHBIM OUHOTEM,
a cro och —-- ceovacHumuoi. OHa He coBnajgaeT ¢ reorpaduueckoil OCbI0: yros MExIy
1CI0 H I'corpaduueckoii ockio cocrasssieT okoso 11,5°, a npoxoaut oHa Ha paccTosHuu
~450 kv ot yenrpa 3emiau. ['eoMar i THbIE MONKCHI, TAE 0Ch DKBUBAJIEHTHOIO AUITONIS F1¢-
pecekact 3¢Mi Y0 MOBCPXHOCTL, TAKAKCE HE COBNAAIOT ¢ FreorpadhHueCKuMH, NPpHUUEM B ce-
BEPHOM 110JTy LIAPHH HAXOANUTCSA 10XKIIbii MAarHUTHLIN MOJTIOC (BEKTOP MarHUTHOH HIITYK-
1IHH HanpaBicH Buu3). ['coMarinTibie 10I10CH HE COBNAAAIOT € peanbHbIMU MarHUTHI-
MM 110;H0CaMH 3CMITH, TaK KakK [0.IC IKBUBAJIEHTHOrO AWNONS HE COBMATAET C IMOJEM
3emia, Berpeuatoicst, Hanpumep, MUpOBLIC MarHuTHele anomanuu (bpasunsckas, Cu-
Oupckas, Kanajickas 0 Ip.) 1 MCCTHbIC, CBSI3aHHbIC C HAMArHHUCHHOCTBIO FOPHbIX MOPOJT
3emuoit kopel (Kypekas u ap.).
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[Tonosxernye reoMarsUTHLIX MOJIOCOB U3MEHSICTCS A0BOJIBHO MeANIeliHO. B HacTosuiee
BPEMS HX T10JI0KCHHE TAKOBO: 10XKHbII T€OMAarHUTHBIH MOMOC (CCBEPHOE HOTyLLApHE) —
A =289°,9; @ = 78°,6; ceBeptiblii reOMarHUTHbIH nos110c (10%110¢ nonyinapue) — A = 110°;
@ = —78°,6. Maruurnoe rone 3eMJIM NOJBCPKEHO BCKOBBIM BapHalMAM C 11CPHO1aMH
10-20, 60-100, 600-1200 1 8000 ner. B yacTHOCTH, reOMarHUTHBIN NMOJHOC MPCHECCHPY-
€T OTHOCUTENLIIO Feorpaduucckoro ¢ nepuogoM ~1200 net. HanpspkeHHOCTh reomar-
HUTHOTO TI0JIS CHIKaeTea ¢ 55,7 A/M na MariuTHEIX nojrocax 7o 33,4 A/M n1a Maruur-
HoM 3kBaTope. COOTBETCTBEHHO MOXIO BBCCTH TCOMAriUTHYIO CMCTCMY KOOPAMHAT
(reoMarHUTHYIO LIHPOTY U JOJTOTY).

Bospact MaruutHoro nonst 3eMaM COCTaBISIET 110 Menbiuei Mepe 2,5 mapa et (8o3-
pact 3emiu — npumMcpHo 4,6 Mipa siet). [To aautibiM naneosaznumono2uy, KOTopas u3y-
4aeT BEIMUMILY M HAlIPaBJIEHHE JIPCBHET0 NOJIst 3eMIIH MO COXPAHSAIOUIEHCA HaMarHHYeH-
HOCTH OC3JOUHbIX TOPHBIX [IOPOJI, KOTOPBIC COAEPIKAT COSAMHCIIHA XKee3a, CPEAHee 3a
10°~10° seT monosKe1Me reOMarHUTIBIX MOMIOCOB COBNAJAET C MOJIOKEHUEM reorpadu-
HECKHX. XapaKTepHUCTHKM reOMartiiTHOrO NOJIsi COXPaHsIOTCA HCM3MCIHBIMY B TCHEHHE
10°~107 icT, 3aTeM MAaTHUTHOE 051 HEOXKMAANHO yMenbinaeTes B 3—10 pas. B ator 1epu-
on spemenn (10°—10° 1eT) MOXKET M3MCHUTBCS 3HAK MATHUTIIONO TOJIsSt (IIPOH30HTH HH-
BEPCHs), T.€. CeBEpIbli M FOXKIbII MarHUTHBIA NMOTIOCH! IOMEHAIOTCS Mectamu. Muoraa
B 3TOT MIEPHOJ NPOUCXOJUT HECKOIHKO MHBEPCHI (JI0 ABYX-TpEX). 3aTeM MAarHHTHOC
1ioJle BHOBbL JOCTHTaET HOPMAJILHOTO YPOBILs 1 cOXpaHsercst B Teuenne 10°—107 ner.

Teopusi 2uoposazHumno2o Ounarmo OOBSICHIET NPOUCXOKAEHUE MATHUTHOIO M0:14.
Cornactio eif renepainust MarliiTHOTO 0151 3€MITH IPOUCXOANT BCICACTBIE KOHBCKTHB-
HOTO ABM)KEHHS JICKTPOITPOBOASIIEr O BELLIECTBA BO BHELIHEM, HUAKOM S/IP€ IMITaHETHI.

MarnuTHOe none 3eM:In BMECTE C COMIEYHBIM BETPOM GOPMUPYET Machumoc@epy .
Buemmneh ec rpanyLeii sBIsSETCS MazHumonay3sa, OTAENAIONAas TCOMarHuTHOC N0:1¢ OT
obTexaloniero 3eMiIio COMHEYHOrO BEeTPa (NCKTPOHOB, MPOTOHOB, SAEP TSHKEIbIX 3j1¢-
meHTOB). Takum 06pa3zom, Maruurocdepa — 3TO CUCTCMA ITEKTPHUCCKUX U MariT-
HBIX I0SICH, @ TAKXKC [10TOKOB 3apsiKeHHbIX YacTull (puc. 3.4).

Marnutocdepa He cuMMETpHUYHA OTHOCHTENIBHO AIICBHOM U 1HOUHOHN CTOPO! T1:1aHe-
ThI: MATHHTHOE 110JIC C JIICBHON CTOPOHBI «CXKATO» COJIHCHIIBIM BCTPOM J0 PAacCTOAHUS
apumepiio 10R;, 110 UMECT BLITSAHYTBIH {a MUJUIHOHBI KHJIOMCTPOB «XBOCT» C HOUHOI
CTOpOoHbI (€10 yuametp iipumepHo 40R g, a npoTsHKkeHHOCTb — okoio 1000R ). JInmimt
MarHUTHOTO MOJISA B MaruuToc(epe noapasaensioTcs Ha 3aMKHYTbIC (Ha paccTOAHHH
MeHee 3R ), 6aM3Kue K IMHUAM MAarHUTHOTO JUMOJIA, H OTKPBITHIC, KOTOPbIC YXOAAT
B «XBOCT» MarHHTOC(CPbl. 3aMKHYTbIC TMHAM MarHHTHOTO 110715 3eMJIH ABIS10TCSA I'CO-
MarHUTHON HOBYTHKOM JUIS 3apsDKCHIIBIX 4acTHL, 00Pa3yIoHX Paj[MallMOHHbIC NosSca
3emmu. M3BeCTHO, UTO 3apsyKCHHBIE YaCTHLbI IBHXKYTCSH B MArHUTHOM MOsIE MO CHHpa-
m. Ecny 4acTHIB BLICOKOIHEPTeTUUYCCKHUE, TO PaaUyC 3TOH CIHpanH >> Ry, 1 onl
JBHXKYTCA, 1IPOXO0;Isl CKBO3b MarftMTochepy, NPakTUHCCKY HE OTKJIOHAACH (Y4TOObI vac-
THHA NPOIMKIA CKBO3b MarliHTHOE 110J1€ 3CMJIM B IKBAaTOPHAILHON 00JacTH, cil Heod-
xoauma atieprus > 1 ['3B). Takue 4acTHIb! BTOPraloTest B aTMOCHEPY H, B3aHMOAEHCTBY
C €€ aToMamH, ITOPOXKNAIOT BTOPHHHbIE KOCMUYECKHE JTyUH, KOTOPbIC PErUCTPUPYIOTCS
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na 3emie (99 % 3TUX YacTHI| UMEIOT raNakTHUYECKOE POUCXOXKAeHHE U Tonb1io | % —
cosHeuHoe). Ecny yacTuibt MMCIOT MCHBIIYIO HEPTHIO, TO PaalycC WX CIUpajd Cpas-
HUM C Rg. Ond He JO0JIETAIOT A0 NMOBEPXHOCTH 3EMIIH, 3aXBAaTHIBAIOTCA €€ MArIIUTHLIM
ronem 1 00pa3yIoT TaK Ha3BIBAEMBIE PaOUayuonHble noscd. DIEKTPUUCCKHE TOKH, T1po-
TEKAIOLIME B MOHOC(hEpPe U MarHuTocpepe, CO31al0T NEPEMCHHBIH KOMITOHEHT MarHuT-
HOro 1oJist 3eMJn, KOTOPbIH cocTasisieT okono 1 % Bcero noss.

Ha puc. 3.4 xopouo BUAHBE TaK 11a3bIBAEMbIE KACHb! — BOPOIIKH, KOTOPbIE paclii-
PAIOTCS OT 10BEPX110CTH 3CMIIH BIUIOTh 10 MarHuTonay3sel. O1u o6pa3osalibl CHIOBbI-
MU JIMHUSIMH MardHuTHOro rosist. Kacrel pa3aensioT AHEBHYIO YacTb MaruHutocdepbl U
reOMarHUTHBIA «XBOCT». M3 MHOXKCCTBA pagHalMOHHBIX NOSICOB, KaK MPaBUiIo, BblAC-
JSI0T TPH, KOTOpPBIE UMCIOT HAaHOObILYI0 KOHICHTpauuio yactul (puc. 3.4). Buym-
perinuli nosc COCTOUT U3 IPOTOHOB ¢ 31eprueit okono 100 MaB u anekTponos ¢ 3Hep-
rucit 20-500 k3B (oH HaumHaercst Ha BbicoTe 2400 kM, 3aKaHUMBAETCHA HA BHICOTE
5600 kM u pacrionoxeH Mexay wuporamu £30°), Jlanee uaer suewuHul nosc, pacro-
noxeHHbIi Ha BicoTe 12 000-20 000 kM. 3aTeM BBIAENACTCS KOIbYE60U MoK (Ha Bbl-
cote 50 000-60 000 km), cunia KOTOPOro AOCTUFaeT 107 A. CocrouT OH u3 3NEKTPOHOB
¢ aHeprueit okono 200 3B. Crneagyer OTMETHTD, YTO NMOHATHE IIOSIC» YCJIOBHOE U 3aBH-
CHUT OT TOT'0, KAKHC YaCTHLbI U C KAKUMH SHEPTHUAMH B3STHI B pacyerT,

Bo BpeMst gcnbiiwex Ha Conmye yCHITHBAETCS KOMIIOHCHT PETreHOBCKUX JIy4eH, Ko-
TOpbIE IIOBBIILIAIOT MOHU3aUMIO B MOHOC(hepe. B pe3ynpTaTe oHa 11a4MHacT norjiouaTs U
npornycKaTh BCe HoJiee KOPOTKHE pajiMoBOIHbI (A < 100 M), OTpa)kaTh BOIHbI CpeJIHEH
JUIMHBI H XOpOILO OTpaXaTh GoJce UTHHHBIE, DTO NPHUBOIUT K HCUC3HOBEHHUIO Paguo-
CNIBILIMMOCTH Ha KOPOTKHX BOJIHAX U K YCUIIEHHIO €¢ Ha JTMIIHbIX,

KopnyckynsipHoe uzny4cHue CosHUA (COMHCUNIbIA BETEP) B 3TO BPEMS TaKXKe YCH-
JIUBACTCS U BBI3BIBACT MacHummbie Oypu u noasphuvie cuanusa. KopnyckynspHsiid noTokx
(ckopocts ero nopsiaka 1000 km/c) nepopMupyeT MarHUTHbIE CUIIOBBIC JTHIKMH, BbI3bI-
Basi BO3MYLIEHWE MAarHUTHOTO 10/ 3CMJIH, T.€. MarHuTHBIE OypH, KOTOpbie HAa0I0/a-
HOTCA 1IPUMEPHO Yepe3 CYTKH Mmociie BCnbluky Ha CoHIie.

ConHeuHbli BeTep

Puc. 3.4. Cxema marHutoccepst 3eMnu (pannaunoHHble nosca: 1 — BHYTPEHHWIA nosc;
2 ~—- BHEWHWIi noAc; 3 — KoNbLEBOI TOK)
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B nonspubix paiioHax, rae ycioBHs 3aXBaTa KOCMUUYCCKUX YaCTHL B pagHalMOHHbIE
10sAca XyXe, YaCTHLIbI, ABUrAsCh MO CIIMPaJIi BOKPYT CHIOBBIX JIMHHMH, HAIIPaBICHHbIX
3[€Ch NEPNEHANKYISIPHO TOBEPXHOCTH 3eMJIH, MOTYT Ja)xe IIPH MasbiX IHEPrHAX npo-
HUKHYTb B aTMOC(epy uepe3 Kacnbl M BbI3BAaTh JIOKaNbHYIO HOHM3ALHIO H, Cllef0Ba-
TENLHO, CBEYEHHE (MONIAPHOE CUSHHE). B NONAPHOM CHAHHY BBLACJIAIOTCA JIMHUHM KU-
cnopona: A =1557,7 um (3enenas) u A = 630 um (kpacHasi). Beicota nonspHeIx cusiuuii —
npumepHo 400-1000 km.

3.1.2. [ipyrve nnaveTbl CONHEYHON CUCTEMDI

Io ceonM duznuecknm xapaxTeprcTiiam raHeTbl COTHEYHON CHCTEMBI MOAPA3AENAIOT-
Cs Ha [IBE TPYNIbL iaanemst 3emio20 muna (Mepkypuii, Benepa, 3emis, Mapc) u naane-
mu-euzanmot (YOmurep, Catypu, Ypau, Herrryn). IltyTon «ctont» 0ocobHskoM (110 cBOEMY
CTPOEHHIO OH OJIMXKC BCEro K KPYMHBIM CIyTHHKAaM fUIAHET-TMraHToB). B npunoxenun
ApHUBEACHBI HEKOTOPbIE (hH3MUECKHe XapaKTepUCTHKY TUIAHET H UX CIIyTHHKOB. BHyTpeH-
Hee CTPOEHHE IUTAHET CXeMaTHUEeCKH MPEACTaBIeHo Ha puc. 3.5, 3.6.

OCoGEHHOCTBIO CTPOEHHS MUIAHET 3€MHOM IPYIbI ABAAETCA YETKAS TPAHHLIA MEXK1Y
razoBoii (armocdepoit) # TBepao# (uTOChEPOit) COCTABIMIOWIMMHU. Y ITHX IUIAHCT TaK-
xe Habmogaercs auddeperunanna BeiecTa ¢ rayOHHoI: 6oJiee TSHKENbIE XUMHUYeE-
CKHE IEMEHTHI pacrionaraioTcst ONKe K UEHTPY MaHeT (AApo 3eMIlH, 10-BHAUMOMY,
COCTOHUT B OCHOBHOM H3 JKeJse3a). [lnaneTs! 3eMBOM Mpymnsl MMEIOT XHMHUYECKOE CTpOe-
Hue IuTocep, CXOAHOE C 3eMHBIM. B TO )Xe BpeMs y MIaHeT-THIAHTOB TAKOI 0 4ETKOI0
paszaencHus Ha atMocdepy u nuTochepy HET, T.e. HET TaK Ha3bIBAEMOM MOBEPXHOCTH
[UTAHETBI, [0 KOTOPOit MOXKHO, YCJIOBHO FOBOPS, KITOXONHTBY.

ATomocdeps! ITaHET yKa3aHHBIX IPYINI TakXKe NMPUHIUIHANBHO Pa3IHyaloTCcs Mo
XMMHYECKOMY COCTaBY. Y IUIaHET 3€MHOH rpymmbl aTMOC(hepbl HMEIOT Tak Ha3biBAEMOC
BTOPHYHOE [IPOHCXOXKJIEHHE (TEKTOHHYECKOE, BYJIKAaHHYECKOoe, Oronorndeckoe (y 3em-
1) # T.11.). OHH COCTOAT B OCHOBHOM M3 «TSDKENBIX) ra3oB: y 3eMJIH 3T0 B OCHOBHOM
a3ot N, (78 %), kucnopon O, (21 %) u apron Ar (0,9 %); y Benepbl — yrnekucisiii ras
CO, (96,5 %) u a3ot N, (3,5 %); y Mapca — yraekucnsiit ra3 CO, (95 %), asor N,
(2,7 %), apromn Ar (1,6 %) u kucnopon O, (0,13 %). Coscem unoii coctas aTomochepsl
y HOnutepa 1 Apyrux niaHeT-rUraHToB, II€ OCHOBHBIMU COCTABIAIOLIMMH ABIAIOTCA
Bozopoa H, (84-90 %) u renuit He (10-16 %), T.e. aneMenThl, Hanbonee pacrpocTpa-
HEHHbIE B KOCMOCE.

Beprukanbias crpykTypa atMocdeps! I1aHeT Ofpeie/sieTcs TeMIepaTypoil, COCTABOM
H CHJIOH TshKECTH. JlaBlieHHE CHIKASTCA B € pa3 NpH U3MEHEHHH BBICOTBI HA BEJIMUHHY f:

=R 3.1)

ng

3mecy T — Temmepartypa; R — razoBas 1OCTOSHHas; | — MOJIEKyJsipHasi Macca; g —
YCKOPEIHE CHITBI TSHKECTH.
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3emns

6000 km

Mepkypun

NyHa

3000 km

Puc. 3.5. BHyTpeHHee CTpOeHIe NnaHeT 3eMHOM rpynnbt U JSyHbI:
1 — kopa; 2 — MaHTua; 3—7 — Xuakoe (BHelwHee) AQpo; 3-2 — TBEpaOe (BHYTPEHHeE) AQpo

Ota popMmyna, KoTopas Ha3bIBaeTCs GapOMETPHUYECKOH, BRIBOOUTCA U3 YCITIOBHS T'HJL-
pocTaTH4ecKoro paBHOBecHs aTMocdepsl. BennunHa H Ha3bIBaeTCA WKAI0U 8bICOMb
WITH 8bICOMOU 00HOPOOHOU ammocgepbl. Ecnu napaMeTpel, OT KOTOPBIX 3aBUCHT H, U3-
MEHSIOTCS ¢ U3MCHEHHEM BBICOTEI, TO hopMyary (3.1) Hy»KHO HUcTIONIB30BaTh LISt Gecko-
HEYHO Y3KHX CJIOCB aTMOCHCPEI.

ConHeuHoe M3yHcItie, HallpaBICHHOE Ha MUIAHETY, 4aCTUYHO OTPaXKaeTcsa B KOCMHU-
yecKkoe MPOCTPAHCTBO, a YacTH4HO nornomaercs. [lornouicHHas 3Heprus Harpepael
IIOBEPXHOCTh M aTMOC(Epy M Mepen3ydacTcs B JVIMHHOBOJIHOBOH O0JIacTH CIIEKTpa.
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7000 km

Puc. 3.6. BHyTpeHHee cTpoeHue nnauet-rurantos (lOnutep: 1 — ras (H, u He);

2 — H, B ragoxmiKkoM (CBEPXKPUTUYECKOM) COCTOAHMI It He; 3 — MeTannnanpoBaHHbiil
gofopod; 4 — rudpuasl (H,0, NH;, CH,) B rasoxuakom cocToARum; 5 — TBepaoe AApo;
Ypa#: 7 — ras (H, n He); 2 — rugpuael B ra3oxunikoM cOCToAHnI; 3 — TBepaoce Apo;

CatypH noxox no cTpoenuio Ha lonutep, HenTyH — Ha YpaH)

CrexTp u3nyyeHns riaHeTs! COAECPHKHUT JBa MAKCUMyMa: 0JJMH K3 HUX (6oJee KOpoTKO-
BOJTHOBO#) COOTBETCTBYET OTPaKCHHOMY COJTHCHUHOMY M3JIy4EHMIO, BTOPOH — TerIo-
BOMY M3Ty4E€HHIO caMoit nnaHeTsl. [lonoxkeHHE BTOpOro Makcumyma orpeeisercs a¢-
texTHBHO# TeMnepaTypo# naneTsl T, B IPUOIM3NTENLIOM COOTBETCTBHHU C 3aKOHOM

Buna:
2886

T,

A, = MKM. (3.2)

max

YpoBeHb, Ha KOTOPOM (HOPMHPYETCS OTPA’KEHHOE HITH TETIOBOE M3IIy4eHHe Ha He-
KOTOpO#l ANTHHE BOJIHBI, COOTBETCTBYET ONTHYECKOH ITyOuiie T = | na 3TOH JIIMHE BOJI-
HHI (kak B atMocepax 3Be3 M CosHua). OH MOXET pacriofiaratecst B aTMocgepe Ha toii
HIH MHOH BBICOTE, HA HEKOTOPO# TIIyOHHE MOJ1 [TOBEPXHOCTHIO UITH C HEIO COBNA/aTh.

Jlonst conHe4yHOH 3HEpruUu, OTpaXKEHHas OT IUIAHETBI, OINPCAENAETCS BEIHYHHOM
cepuyeckozo anvbedo:

- (3.3)

rae &, — nagarollinii MOTOK COMHEYHOTO M3nydenusi; O — noTok, paccesHIBIN ruiaHe-
TOI BO BCE CTOPOHBHI.

IloTokn MoryT GbITE OrpeseNielibl B Y3KOM Y4acTKe JJTMH BOJH MIIM TPOUHTEIPUPO-
BaHBI 10 BCCM JUIMHAM BOIIH. B mocnentiem cnyyae A, — unmezpanvhoe cepuueckoe

ansGeno. Yacte conneunoro noroka, pasHas (1 —4,,)®,, nornowaercs naaHeTowH,
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HarpeBacT ee M repen3inyyacTes B MH$pakpacHOM Juarna3oHe. DTO YXOLLee TEIUTOBOe
W3nyucHue xapakrepusyercst addexTHBHOH Temnepatypoit T, Bemuunist T n Ay,
B3aMMOCBA3allbl YpagHeHueM Mmenio6o20 bananca:

40T;f =(1-4,,)E, +4e, 34
rae E, -— oceuieHHocTh ot ConHua; 6 = 5,67 107 Br/(m? - K*) — nocrosnnas Creda-
Ha — bosiblMaHa; € — MOTOK BHYTPEHHETO TEMJa, NPUXOIAIIMIICS HAa eAUHULYY M1O-
BCPXHOCTH [LIAHCTBI.

Y 3emiu, Kak Wy ApYyrux [JIaHeT 3¢MHOM rpyInsl, MOTOK BIYTPCHIIErO Terna rpe-
HCOPCXKHMO MasT 110 CPABHCHHIO ¢ MPUTOKOM 3Heprud oT CosHua, B YPaBHEHUH TEILTO-
BOTO Dananca ero MOXII0 He Y4UTBIBaTh, Y [IAHET-TUraHTOB [IOTOK BHYTPCHHETO Teruia
Ha CIMHHUILY IUTOLAJH PUMEPHO paBeH MOTOKY, nony4aemomMy ot Comina. OH Urpaer
CyHIECTBCHHYIO POJIb B YPaBHCHHH TEIJIOBOTO OajaHca npu onpeneneHun > gexTus-
HBIX TEMIICPATYp DTHX MIaHeT. B 3ToM oTHOmEHNH (GONBIION TOTOK BHYTPEHHETO Tell-
Ja) riaHeTsl-ruralitel (ocodenno Kommrep) 6imxe k 3Be30aMm, HeM K [J1aHeTaM 3eMHOR
rpynnsl. Of1ako UCTOYHUKOM MX BHYTpelIHEH dHepruu ABIAIOTCA HE sIEpHBIE peak-
uiu. [To-BHaNMOMY, H3TydaeTCs 3arac SHEPrUM, NAKONIEHHOH [TPYU IPaBUTAIIMOHHOM
COKaTHI TUIAHETHI.

Ha noBepxiocTy nianeTsl (MM cryTHHKA), JTHIIEHHO! aTtMocdepsl, Temmepatypa T
B JaiiilOH TOYKE ONpEIENAeTCs COrIaCHO YPAaBHECHHIO JIOKAJIBHOTO TEMJIOBOro HanaHca
(Julst ZHCBHOTO BPCMEHH):

ooT* =(1-A)Ecosz +F, (3.5)

rac A — nokaseloe anebeno; z — 3eHUTHOe paccTosHue CONHUA; o — KOd(PPHULMEHT
H3IydeHus; F— [OTOK Teruia, 00yCcnoBIIEHHBIH TEIUIONPOBOIHOCTHIO.

Jns Hodtoro BpeMeHM B NMpaBo# 4acid ypaBHeHus (3.5) ocTaeTca TOJABKO BENUYH-
Ha [ MOBEPXHOCTH U3JTyHacT TEIUIO, «3aMacelioe» B IPYHTE B TeYeHUE JHA. JTO ypas-
Henue oTsiMgaercs oT ¢popmyast (3.4) TeM, 4TO OHO OMUCHIBAET TETMIOBOH GalaHC B On-
pCUENEHHOH TOUKE, a He B cpeAHeM Mo mnadHere. OHO mpuemieMo s Mepkypus,
Jlynbl, 6OJIBUIMHCTBA CMTYTHUKOB MJIAHET-TUTAaHTOB U ¢ GOJIBIIOM n0JieH MpUOIMKEHNS
Juts Mapca. TennonpoBoanocTs rpyHTa [IaHET AOCTATOYHO HU3Kas, NO3TOMY Ha Mep-
Kypuu, Jlyne u Mapce GbIBalOT 3HaYMTE/bHBIE CYTOYHBIE W3MEHEHHS TEMIEPaTyphl.
Temneparypa B nosnjacHs U B nojiHoub — npumMepHo 700 u 100 K Ha Mepkypun, 400 u
120 K na Jlyue, 280 u 170 K Ha Mapce. Ha nianrerax ¢ nioTHo#i arMocdepoii (Takux,
kax Benepa v 3eMi15) 3HaUMTENBHBIN BKJIA B TEMIIEpaTypHBIA GaNaHc BHOCHT Tak Ha-
3bIBacMblil napuuxosuiil agpgexm. Ou 00ycnoBIc CHIBHBIM MOTOIWEHEM HHbpa-
KPacHOTO M3/1y4YeHUs MOBEPXHOCTH MMIaHEThI HEKOTOPBIMHU CIOXKHBIMH MOJIEKYJIAMH
(CO,, H,0, SO, u ap.) aTMOChEPHBIX ra3oB, 4TO MPUBOAUT K Pa3OrpeBY MPHUIIOBEPX-
HOCTHOTrO ¢J10s arMocepsnl. s Benepel Takoe yBesHueHHe cpeHel TeMnepaTypsl
IOBEPXIIOCTH 10 CPaBHEHUIO C 3 deKTHBHOK TeMnepaTypoit cocrasaser ~500 K, nis
3emn — ~40 K, a1s Mapca u Turana — ~5 K.
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3.1.3. Actpothusuka ConHua v apyrux 3sesp

3ge30bt — Haubollee pacrpocTpanennble U3 HabnogaemMbix 00bekToB Beenennoii.
IJTO rUraHTCKHUE CBETALIMECS LAPbl, B KOTOPBIX PABHOBECHE MOJCPKHBAETCA 32 CHET
6anaHca CHJI rpaBUTalIMOHHOTO CXKATHUSL M BIlyTPCHHErO JAaBJICHUS BELIECTBA U U3Jyue-
HHd. B 3TUX ra3oBbIx Wapax cocpenoToyeHa 6olibllas 4acTh MacChl BUIHMOIO KOCMH-
YECKOro BEILICCTBA.

CrexrpasibHBIE XapaKTEPUCTHKK OONBIIMHCTBA 3BE€3/l HEBO3MOXHO H3YyUWTh Tak
TOHHO H 10/IpoO1H0, Kak 370 cAenaHo aas ConHua (puc. 3.7), BCIeACTBUE YPE3BBIYANHO
cnaboi WHTEHCHBHOCTH M3nydenus, noxopsmero go Hac. Onuako Gosnee uiH McHee
TOYHOE [TPE/ICTABJICHHUC O CMIEKTPax 38e3/1 (H O MPOUCXOMALIMX TaM MPOLCCCaX) MOKHO
MOJTy4HTh, H3y4as UX C TTOMOLIBbIO HAOOPOB IHPOKOITOIIOCHBIX CBETO(HUIIBTPOB.

PeHTreH. YO Bug. MK Paguoobn.
»la.

&
<

108 -

105 |

107 -

Paaunoscnneckn

103 4

102 4

10

CriekTpanbHas NioTHOCTb NOTOKA, 3pr/(cM2.c-MKkm)

1 : e
0,1THM 1 10 100 mMm 1mkm 10100MkM TMM 1cM 10cv 1M 10mMm

Puc. 3.7. CnekTp anekTpoMarHuTHoro nanyyexna Conrua (kana 3HaueHuit cnexTpansHoi
NMOTHOCTY 3HEPriN cnpasa NPOCTaBneHa BOONb NUHWI CnexTpa; NYHKTNPOM 0603HaueH
cnexTp abconioTHo YepHoro Tena (AYT), cooTeeTcTBYIOWME TemMepaTypbl AYT oTMeYUeHb!

BOONb NYHKTUPHBIX JIMHUR)

[lo cBOMM CIEKTpabHBIM CBOHCTBAM 3BE31bl OAPA3AENAIOTCS HA HECKOIBKO CHEK-
MpAanbHbLIX KAACCO6, KOTOpblc 0003HA4AIOTCS, COrNIACHO rapBapACKO# Knaccu(UKalu,
JaTHHCKUMH OYKBAMH U pacrionararoTcs 1o Mepe yMeHblleH!s 2 PekTuBHOM TeMnepa-
TYpBI.

¢ Knacc O. T'onyGoBateic 3Be3npl. HanbGolnce MHTEHCHBHEI CIIEKTpaibHbBIE JTMHUH
He" v HeKOTOpBIX MHOrOKpaTHO HOlM30BaHHbIX dementoB (C, Si, N, O); naboaior-
s crabele TMHUA HediTpanbHbix He u H.

o Knacc B. 'ony6osaro-6esbie. JInnuun ieditpansuoro He nocruraror Hanbobinei
HHTEHCHBHOCTH; XOPOLLO BHAHBI JUHHM H M HEKOTOPBIX HOHH3OBAHHBIX 3EMCHTOB;
THINYHBIA peacTasutens — o Jlessl (Cninka).
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o Kuacc A. beawie 3Be3a6l. JInnun H pocturarot HanOonbLICH HHTEHCUBHOCTH, X0-
pouIo BUIAIBI JIHHHAK noHU30BailHoro Ca; HabmoaalTcs cnabble TMHUK IPYrHX METall-
:10B; THIIHUHBIE 1IpeacTaBure — o Jiupel (Bera) n a b. Tlca (Cupuyc).

o Kacc F. Lpert 6eno-xentoiil. Jlnuun H ctaHOBATCSA cnabee; yCHITHBAIOTCS JIMHUAK
nounzosaiiipix MetaiioB (Ca, Fe, Ti); tunuynas 38e3aa — o M. [1ca (ITpouuon).

o Kuace G. Kearole 3Be3a6l. BogoponHele IMHAN U MHOTOYHC/ICHHBIE JIHITUHA Me-
TALI0B 0;IHHAKOBO HHTCICHBHBL; O4CHb MHTEHCHBIIBI AMHHK Ca’ ; THIIHYHBIH PUMEp —
Connue.

e Kuacc K. KpacnioBareie (oparxeBbic). JluHun H 11e 3ameTiiel cpeiy O4eHb HHTEH-
CHBHBIX JHHHUH MeTaJIOB; TMITHYHEIC 3Be34bl — o Boslonaca (ApkTyp) u o Tesbla
(Aabcbapan).

o Kaacce M. Kpacuiele 3Be31b1. JIMHUN METaI0B 3aMETHO 0Oc1abeBaloT; B CIIEKTPE
1120110 1a0TCA NOJIOCH! nornolueHus Monekysn TiO U apyrux MONEKYJISIPHBIX COEAHIIE-
Hi; THNWYHBIA npeactasurens — oo Opuona (betensreiise).

Kpome 3THX OCHOBHBIX KJIACCOB CYLIECTBYIOT JIONOJIHUTEIIBHEIE, KOTOPBIC ABJIAIOTCH
OTBETBJICHHAMH KiaccoB G 1 K. K HUM oTHOCATCSA 3BE€3/1bl, UMEIOLINE AHOMABHEIH XH-
MHYCCKHHI COCTaB, KOTOPBIH OTJMYAeTCa OT cocTaBa GONBUIMHCTBA ApYyrux 3Be3n. Ilep-
BOC OTBCTBI/EHHNC — Y KJacca G («yrJIEpOAHBIC) 3BE3MbI).

e Kiacc C. Ornngaercs ot KnaccoB K 1 M Hajn4ueM JTUHUH NOTIOIIEHHS aTOMOB
yrnepoja C M MoJioc 1I0rf0IEHHS YITICPOAHBIX MONEKYII.

BTopoe oTBeTB/1CHHE MPOUCXOAUT OT Knacca K (KITMPKOHUEBBIEY 3BC3/IbL).

® Kiacc S. Otnuyaercs ot Kiacca M HanH4MeEM I10J10¢ OKHCH HupKoHus ZrO BMe-
¢To 110510 okrcu Tutana TiO.

B urore no mepe cHmxeHUs 3GOEeKTUBHOI TCMITEPaTyPbl BCE NMEPEUHCIIEHHBIC CIIEK-
TPaJIbHBIC KJIACCHI CXEMATHYHO MOKHO PacrolOkUTh CAEHYIOIUM 06pa3oMm:

c
O—B—A—F—G—K—M

\S

Brypn xaX10ro ClicKTpansHOro Kjlacca yCTaHOBJIEHA MOCJIEI0BATENLHOCTD 1101KI1ac-
COB, IUIABHO NICPCXOAAIINX U3 OTHOTO B Apyroi. Mx o6o3HauaioT uudpamu ot 0 1o 9, koto-
phbic CTABST MOC;IC 00031AYEHNUs! CIIEKTPAJILIOrO Kiacca, Hanpumep, B8, 40, F5. Tonbko
CHEKTpanbHeli xiace O noapasaessercs Ha noaknaccel ot O5 1o 09 unu Oa, Ob, ..., Of.
Hocue Takux 060311aueHni CTaBAT JONONHUTENLHBIE 3HAUKH, €CJ/IH CIIEKTP 3BE3bI 00/1aa-
CT KAKMMH-TO 0COOCHHOCTSAMH. ECiM B HEM MPUCYTCTBYIOT 3MHCCHOUHEIE JIMHUH, TO UX
000311244101, K06aBiIstA OYKBY «e» (OT aHrI. «emissive»), Hanpumep BSe. 3Be3mp ¢ 60b-
LM PATHYCOM U IIPOTXKCHHOH aTMOCHCPOH YacTo OTIIMYAIOTCS 11y GOKMMH Y3KUMH JTH-
HHAMIL D710 oTMeHaloT OyKBOM «o» (OT aHmI. «characteristic») nepej Ha3BalHeM Kjiacca;
¢F0. Jipyric 0ocoOCHHOCTH B CTIEKTpE 3Be3/1bl, HE THITHYHBIC LA JAHHOTO CIIEKTPAJILIIONO
Kitacca, oTMeualoTes OyKBoit «py» (0T aHr. «peculian) nocne Ha3BaHuA Kiacca: A5p.
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MHTEeHCHBHOCTE fOCTHrAIONICro 3eMIIN H3Ny4eHHA 3Be3, APYrUX CAMOCBCTAIIIHXCH
WM OCBEIIAEMBIX (TUTAHETHI, aCTEPOUIbI) ACTPOHOMHYECKHX 0OBEKTOB NPHHATO Bbipa-
*KaTh B 3BE3/UIbIX BCIUYHHAX. 3BC3AHON BEJIMUHHON m HA3bIBACTCA B3ATHIN CO 311AKOM
MHHYC Jorapu$M Mo 0CHOBaHHIO 2,512 oT ocBeLIelIHOCTH £, KOTOPYIO CO3AaeT Aalliblii
00BEKT Ha MJIoLAAKe, NepNCHANKYAAPHOHN Ty4aM. B3anMoCBs3b MexK Ly 3BE3/UIBIMIT BC-
NMUYHHAMH U OCBELIEITHOCTBIO 3aaaetcs popmynoii [lorcona:

lg l =-0,4(m, —m,)nmam, —m, =-2,5-1g E‘—, (3.6)

~

2 2

TAC M, U my; £\ n E, — 3BC3/1Hble BEJHYHHBI IBYX CBETAMINXCSA OOBCKTOB W OCBCLICHHO-
CTH, CO34aBaCMble UMH Ha MOBCPXIIOCTH 3EMITH.

B Ta0s. 3.1, 3.2 npeacrasicHbl 38C3/IHBIE BCIMYHMHBI IIEKOTOPHIX APKHX OOBSKTOB 1a
3eMHOM HeOe. 3aMeTHM, YTO JUTs YAIEHHBIX 00BbCKTOB, KOTOPBIMH SBISIOTCS BCE 0OBCK-
THl B aCTPOIIOMHH, CripaBeinnBa (OpMyna, TO3BOAAIOLAS BLIYUCIUTE OCBEIIICHHOCTD,
c031aBaeMyI10 OOBEKTOM:

E=BR-w, (3.7
rfie B — apkocTh 00bEKTA; (0 — TENEeCHBII yroll, Mojl KOTOPbIM 0OLEKT BH ICH Ha licOec-
HOH chepe.

3Be3mias BenuyuHa M HasbiBaeTcs adconiomuou, eciii 00beKT HaXOMTCS Ha pac-
crosund 10 nk. Ee 3nayeHye B3aMMOCBA3aHO ¢ BUAUMOM 3BE3AHOH BCIHUMHOI 1;

M=m+5+5lgn wiu M =m+5-5-lgr, (3.8)

IJie T— napaiake 0ObEKTa, BRIPKCHHBIH B CEKYHIaX AyTH; » — PACcCTOSIHE 1O HETO, [1K.
JTH BETMYHUHBI CBA3aHBI MEXAY CO0O0H COOTHOLIEIHEM

r =-— K. (3.9)

"

Tabauya 3.1
BujiuMble 3Be3ANbIe BETHUHHBI T CoJIHeuHoi CHCTEeMBbI

Conuue -26,8 | OnuTep -2.4
JlyHa -12,7 z Carypn +0,8
Mepkypuii -0,2 : VYpan +5.8
Beuepa ~4,1 Herryn +7,6
Mapc -1,9 | [TiyTon +14,7
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Tabnuya 3.2
BuanMble 3Be3anble BEJHYUHBI CAMBIX SIPKHUX 3BE3]1
Hassanue m [onoxenune T’ HazsaHue m Toaoxenue
Cupnyc -1,46 o B.Mea | AKkpykc* +0,79 a IOxworo
’ ' l ’ Kpecta
Kanonyc* -0,75 o Kunis | Aubacbapau +0,86 o Tenbua
ApKryp -0,05 o. Bononaca ( AHrtapec +0,91 o Cxoprninona
Bera +0,03 oJlupet | Cunka +0,97 o JleBbl
Toauman ]
+ +1,14 S
(IMpoxcmva)* 0,06 o LlenTtaspa !i‘ [Toutyke 1,1 3 binsueunos
! 10 v
Kanenna +0,08 o Bosunuero | Pomansrayt +1,16 o HIHdIon
| PhIOBI
Pures +0,13 B Opuona |  Jlenct +1,25 a. JleGens
[Tpounon +0,37 aM.Ilca | Peryn +1,35 o JIbBa
Berenbreiize +0,42 o Oprona 3 Agnapa +1,50 e b. Mca
Axepuap* +0,47 o Dpuaana T| Kactop +1,58 o biim3nenos
N
Xanap +0,59 P Llcuraspa ]! besutaTpukc +1,64 ¥ OpHoua
Albranp +0,76 o. Opra P

* 3Be3/1a BH/1HA B I0XHOM HoNTymiapuit 3eMJId.

Hanpumep, Buanmas 3se3nHas sennunHa ConHua Blie atMocdepb mg =—-26",8, abd-
coniotHas Busyaiblas — Mg = +4",8. @opmyny (3.8) MOxKHO peobpaszoBaTh TaKHM
obOpazom:

lgr=1+02(m~M). (3.10)

PazHocte (m — M) HazbIBaeTCa MoOyaem paccmosius U CIYXUT s onpejerenus
PaCCTOSHHSA CIICKTPAJIBHEIMHA METOJIaMH.

Ceemuatocmuio 36e306! L 11a361BagTCA IOTOK SHEPrUH, H3TYIaeMO#H 3BC3/10i BO Beex
HaipasJietingx. Ceetumocts L 1 aGconmoTHas 3B€3/1Has BEIH4YHHA M 3Be3]1 CBA3AHBI Me-
Ky coboit cooTHOUICHMEM, 110106HbIM (3.6):

lg—i—‘=—0,4(M1—M2) wwm M, -M, =~2,5-lg—§‘—. (3.11)

2 2
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Ecnn u3mepsTb cBeTHMOCTB 3Be371BI B eMHHLIAX cBeTHMOCTH ConHua (Lg = 1), To dop-
myna (3.11) npuMer BuxI

lgl, =04(Mg — M.). (3.12)

Bce cBeTsmpecs HebGecHble Tena XapakTepU3yIOTCs CBOMMH CIEKTPaIbHBIMH CBOH-
crBamu. Io Buny criekTpa MOXHO OTpeneNHTh Psii CBOHCTB OOBEKTOB, B YaCTHOCTH
TEMINEPaTypy. B 3aBUCHMOCTH OT CMEKTPalbHOrO COCTaBa U3J1y4€eHHs U THIIa (HOTOMpPH-
€MHHKA pa3/TM4HBIE 3BE3/IHBIE BETMUNHBI, ©3MEPEHHBIE B Pa3HbIX CNIEKTPAJIbHBIX HHTECD-
BaJlax, axke 1 OHOT'O U TOTO e 00beKTa MOryT He cOoBNajaTs. B3anumocsase Mexay
HHUMH MOXKHO BBIPA3UTh C MOMOIIBIO CMIEUUATBLHBIX COOTHOIIEHHH M Tabauu. B actpo-
HOMHH CYLIECTBYET HECKOIBKO BapHaHTOB pomomempuueckux cucmem — HabOpPOB
YYacTKOB CIIEKTPa, OMTHCHIBAEMBIX KPUBBIMH CIIEKTPAIbHOH YyBCTBHTEIBHOCTH arnapa-
Typel. B 3THX cleKkTpanbHBIX HHTEpBaJIaX MPOBOAATCA M3MEPEHHS 3BE3AHBIX BEJHYHH
(kax BUOMMBIX, Tak ¥ abcomoTHeIX). HanGonee u3secTHa 12-uBeTHas (oToMeTpHue-
ckas cuereMa JIxoHcoHa (tabn. 3.3).

Tabauya 3.3
®otomeTpnyeckan cuctema Jxxoncona

Hazauwue no:ocsl U B Vv R ! J H K L M N 0

IenrpanpHas
ATHHA BOMHD, 0,3610,4410,55{0,70{0,881,25(1,6212,2013,50|5,00}10,4}20,0

MKM

Hosywmprna 1o~ 1 0410 10 10,08 0,21 [0,22]0,30[0,20 ] 0,60{ 0,90 1,10| 6,0 | 5.5
JIOChl, MKM

Ha ocHOBaHMH u3MepeHHit 3BE3IHBIX BEJIMYHH B Pa3HBIX CMEKTPaNbLHBIX HHTCPBa-
JaX MOXHO paccyuTaTh noxazamenu yeema (color indexes) CI — pa3HOCTH MeXny
3BE37HBIMH BEJIHYHHAMH OJTHOr0 OObEKTa, H3MEPEHHBIMH B JBYX pa3HbIX oOnacTsax
CHeKTpa:

Cl =m; —m,. (3.13)

Ecnu ydects npu 3TOM nornoiieHHe u3y4eHHs MeXK3BE31HOH cpelloit (3Be3aa B pe-
3y/IbTaTe TAKOro MOIJIOIWEHH CTaHOBUTCA Gosiee «kpacHOM», 1em 6e3 Hero), TO Mbl no-
JIy4UM TaK Ha3bIBaCMbIH [TOKA3aTeNb LBETA «HenokpacHeguie2oy oobvekra Cl,. PazHoCcTh
MEXIy W3MEPEHHBIM N «HETIOKPAaCHEBIIMM» MMOKA3aTENAMU LIBETA HA3bIBACTCS U30bINI-
kom yeema (color excess):

CE=(m —my))—(m —m,),. (3.14)

C nomoupto nokaszareneif UBeTa U LIKAILI TEMIIEPATYP 3BE3] MOXKHO PacCUUTaTh X
TEeMMNEPaTypHL.
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[Tpu onpenelieliny 3Be3HOM BETMYHHBI C TTOMOLIBIO HAOIIOAEHUH perucTpUpyeTCs
TOJIBKO Ta YacTh U3y4eHHS, KOTOpast Mpolia CKBO3b 3eMHYI0 aTMocdepy, JaHHYIO of-
THYCCKYIO CHCTCMY M 3aperHCTpUpOBaHa INPHEMHHUKOM H3Jy4€HHs, T.€. 10 Habioxare-
JIs IOXOAMT TOJIBKO CPAaBHHUTEIBHO 11€00MbLIas 4acTh U3ny4eHus oobekra. [Ipu stom
ocnabJcHHC M3TYYCHHUS MPOHUCXOJNMT MO-Pa3HOMY B paslIHYHBIX ydacTKax CHCKTpa.
YToOB! ONPEACANTD U3JTyUCHHUE BO BCCM CNEKTPE, HE0OX0AUMO K pe3yjbraTaM H3Me-
peHuii NpuGaBHUTH 110NPaBKy, yYUTHIBAIOILYIO H3TyUCHHE, KOTOpoe He ObLI0 BOCMpH-
HATO NPUEMHHKOM. 3Be31Has BCJIIMYMHA, ONIPEJIENCHHAs ¢ YYETOM U3TYUCHHS BO BCEX
yyacTkax CreKTpa, KOTopoe He ObL1o 0cnabieHo MorioieHHeM B aTMocdepe U 1pH-
6ope, HasbIBaeTCs Honomempuyeckou. PasHocTh MexX 1y GoJloMCTpHHECKOH 3BE3/HHOM
BCJIMYHMHOM 1 3B€3/1HOH BEIHYHHOH B CMIEKTpanbHOi nonoce V (Taba. 3.3) HazblBaeTcs
boaosempuyecrkoi nonpaexou BC (bolometric correction):

BC=m,-m =M, —-M,. (3.1%5)

st onpegeneiinsg 60JIOMETPHYCCKHUX [TONPABOK HCIOJIB3YIOTCS PE3ybTaThbl BlEAT-
MocdepHbIX U3Mepelini u3irydeHus 38e31 B YO u UK obnactsix cnektpa. bosiometpu-
YECKYyI0 MONpPaBKy YCJIOBHO NPUHHMAIOT PpaBHOH 11yJIIO JUIs 3BE3/1, KOTOPBIE U3TydaioT
HanObOsIbIITYIO HACTh CBOCH 3HEPrUH B BUAMMO# obnactu criiektpa, Oua 3aBucHT 01 3¢-
exruBnoit TeMneparypsl 38e3asl T, 1 Beeraa oTpuuarenbia (tabn. 3.4).

Tabnuya 3.4
BoJsioMeTpuyecKkne NONpaBKH /s 38€3]] [NIABHO M0CJI€10BATEILHOCTH
Ty BC Ty BC
2800 -2,30 6580 -0,00
3480 -1,19 7400 -0,06
4130 -0,60 8500 -0,12
4900 -0,19 9900 -0,40
5520 -0,07 15 500 -1,5
5770 -0,07 28 000 -2,8
6030 -0,03 40 000 -4,0

C yueTom notipaBkH GonoMeTrpuieckas aGconioTHas 3Be3aHas BenuunHa Connua

MC

bol

~ 4’”,8—“0"1‘1 — 4"1,7.

BonoMerpuueckne nompaBKH MO3BONAIOT pacCUUTaTh OOJOMETPHUECKYH) CBETH-

MOCTDb 3BC3/1, JUIA KOTOPBIX U3BCCTHBI abcomoTHbIC 3BE€31HbBIC BCIIMYHUHBI:

lgL,, =-04(M, +BC —4" 7).

(3.16)
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B nauane XX B. marckuif acTpoHoM ['epuluNpyHr H aMepHKaHCKHI acTpodH3HK
Peccen ycTaHOBHIM B3aHMOCBA3b MEXK/1y CIICKTPOM (TEMIIEpaTypoii) U CBCTHMOCTbHIO
(abcomoTHOM 3BE3MHOM BENMUHHON) 3BE3]l, KOTOPAsA WIUTIOCTPUPYETCS JHarpaMmoii
Ha puc. 3.8. Ha puc. 3.9 nokasansl TpeHbl OCHOBHBIX K/1accoB cBeTUMOCTH. [To 0j-
HOM OCH AuarpaMMBbl OTKJIQIBIBAETCS CNEKTPaNbHBI Kiacc (TeMIepatypa), a o ipy-
roit — abcontoThas 38e3nHast BeJM4YHHa (CBEeTUMOCTE). Takas fmarpaMma HaspiBaeTes
Anarpammoii ['epmunpysra — Peccena (aMarpaMmoi ciekTp — CBETHMOCTD ), H3y4de-
HUe €€ MO3BOJIAET BBIACANTE Ha HEH psal nmocnenoBateabHocTed. Hanbonec «wiacene-
Ha» U 4E€TKO 0003HAYeHA 2Na6HAA NOCAe006AMENbHOCMb. ITH HOCICAOBATCIBHOCTH
1300pakaloT MHIMBH Y AJIbHbIE 3AaBUCHMOCTH CBETHMOCTH OT TEMIIEPATYPbHI /15 3B€3.1
HeKOTOPBIX BbLACTEHHBIX rpynin. OHW HA3BIBAIOTCS KAaccamu ceemuyocmi v 0bozna-
4aoTcs pUMCKUMH iU pamu ot I 1o VII (HekoTopele HcclieioBaTeH BBIACASIOT CIIle
OfIHy rpynny 38e3f ¢ HoMepoM (), KOTOphie CTaBATCA NOCAE HAHMCHOBAHHUSA CICK-
TpallbHOro Knacca (nanpumep, pia Coniua — G2V). Takum obpa3oM, knaccuduka-
ums 38€3/1 BKJIFOY4eT B ce0sl ABa NapameTpa — CIeKTpalbHbli Kilace (TeMIeparypy) v
CBETUMOCTB M Ha3biBacTcs Hepkckoi, unu cucremoit MK (o umenu paspaGotasiiinx
ec cotpymnnkoB Hepkckoit o6cepraropun V. Moprana n ®. Kunasa).

CnexTpaneHsiit knacc

080.182 8588 B9 A0 A2A3 A5F0 F2F5 F8 GOG5K0 K2K5 M 0
T T T T T T T T T T T T T T T T T T T T T L /L
lMonoca HecTabunbHOCTU | 10000
o 100
s
T
5
8
m
x
©
I
F -1
[0
]
o~
x
©
=
=]
[ =
3
© F0,01
< - .
+12 - ) \'\ .
Benbie kapnuku S~
+14 | T
L I0,0001
1 1 1 1 1 1
20000 10000 8000 7000 6000 5000

OdpexTusHan temneparypa T, K

Puc. 3.8. lnarpamma cnekTp — CBETUMOCTb
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BeigensaioT creayromue Kiaccsl ceetumoctd (puc. 3.9): 0 (unum Ig-0, la+) —
ceéepxceepxauzanmol UM 2unepauzanmel; 1 — ceepxeuzanmut (nogpasaensercs na la,
lab, 1b); 11 — sapxue eueanmut; 111 — 2ucanmur (noppasnenserca na II-111, 1lla,
Illab, 111b, I1I-1V); IV — cybeuzanmot; V — 3BE31bl 21a6HOU NOCAE008AMENLHOCU
(xapauxu); V1 — cybkxaparuku (110CaeI0BaTENBHOCT HHXE INIABHOH NMPHMEPHO Ha
1"-1",5, naunnai ot knacca A0 go M); VIl — Geavie kapauku

Mv O5 B0 B5 A0 A5 FO F5 GO G5 KO K5 M0 M5

_10 T 7 T T T T T T T T T T T

+5

+10

+15

1 L i i 1 i 1 Il 1 Il H

05 B0 B5 AD A5 FO F5 GO G5 KO K5 MO M5
Cnektp

Puc. 3.9. Cpefiine NONOXKeHNA 383 Pa3nituHbIX KNAccoB CBETUMOCTH
Ha warpamme CnekTp — CBETUMOCTb

[punannexHOCTh 3BE3M K ONPEACIEHHOMY KIIacCy CBETHMOCTH YCTaHABIIMBAETC Ha
OCHOBaHHH CIIELIMANBHBIX JOTONHUTENBHBIX NPU3HAKOB CIICKTPAIBHON KIIaCCH(HUKALHH.
OHM MOTYT CITy>XHTb OCHOBOH JUI CHEKTPOCKONHYECKOTO OMpEAENCHNMA abCOMOTHBIX
3BE3AHBIX BEJIMYMH U PacCTOsHHHA 1o dopMyne (3.10), B KOTOPOH creqyeT yYHTHIBATh
MEX3BE3THOE NOIIoLIeHHe cBeTa. Ecnu nocneanee Uit pacCTOAHUSA r cocTaBiseT A(r)
3BE3HBIX BENMYHH, TO HOpMyIa Ui ONpeeIeHHs apaaKkca 1, KOTOPBIi B 3TOM CITy-
vae Ha3bIBaeTCsA homomempuieckum, 6yner

lgn =~1-0,2[m— M — A(r)]. @I

Junarpamma Iepruripysra — Peccena orpaxaeTr He TONBKO COBPEMEHHOE COCTOS-
HHE 3B€3], HO U KX 3BOMOLMIO. «HaceneHHOCThY Kax oM MOCIER0BATENLHOCTH HPO-
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TOPUHOHANBHA BPEMEHH (GKU3HHW», KOTOpPOE NPOBOIUT 3Be3Ma B 2Toi craauu. Hampu-
MEp, Ha caMOW HaceJeHHOW [VIaBHOM MOCCHOBATC/ABHOCTH 3BE3Aa HAXOLUTCA OKOJIO
90 % cBoero BpemcHU. B 3TOT nepuo/1 0CHOBHBIM MCTOYHHKOM 3HCPTHU 3BC31bI SABISCT-
¢ TepMOsIIEpHOe IOPEHHe BOIOPOIa B ec LeHTpe. Mcuepnas 3TOT MCTOUHHK, 3BC3.1a
cMelaercs B 001aCTh I'MraHToB, rjie npoBoJuT okosio 10 % cBock «ku3Hu». Ec aHep-
THS BBIACNISAETCS Terepb B OCHOBHOM 3a CYET FOPEHHS BOAOPOA B CIIOC, OKPYKAIOLEM
TJIOTHOE H30TEPMUYECKOE T'eJIMCBOE APO. DTO CTalMs TAK HAa3BIBACMOTO KPACHO20 Ui~
eanma. TTociie BO3ropaHus rejivst B Spe 3B€31a ONiTh NCPEMENIACTCS B HANpaBJIeliny
TJIaBHOM rmocsiefoBaTelIbHOCTH. HakoHew, ucuepnas CBOM UCTOUHHUKHM JHCPIHH, OHA HO-
najacT B 00aacTh Oeavix kapaukos. Ha 3ToH cTafinm yxe 11 NPOUCXOIAUT KakuX-11nbo
TEPMOSIICPHBEX PCAKLIMiA, M 3BC3JIa M3JIy4aeT 3amacellitylo TeMIOBYIO JEpruio. IToT
TPHMEPHO ONMHCAHHBIN IBOIFOLIMONHBINA TPEK MHINBUIYAJIEH YISl KaxX/10H 3BC3/1b! H 3a-
BUCHT OT €€ MACChl U XMMHUECKOrO COCTaBa, HO BCC TPEKH MOXKHO OTOOPa3MTh Ha Jua-
rpamMme CIEKTP — CBETUMOCTb.

OObru1i0 NOA TCMNEPaTYpoil 3BE3/bl MOHUMAIOT ce IPPCKTUBIIYIO TCMIICPATYPY,
LT ONpERENeHHUs KOTOPOH HEoO6X0AMMO 3HATH OOJOMETPHUCCKYIO CBETUMOCTD I paju-
yc 3Be37bl. JOCTAaTOYHO TOYHO 0OC 3T BEJIMUMIILE, @ CJIE/IOBATENbIIO, U d(EKTHBHBIE
TCMMEPATYPBI M3MECPCHBI JIMIIB JUI HEMHOTHX 3Be311. [LJist ocTanbHbIX 38e3] 3t dekTHB-
HBIE TEMNEPATYPhl ONPCHACIAIOT KOCBCHHBIMH METOJIaMH Ha OCHOBaHHM H3YUEHHS HX
CHEKTPOB WJIM NOKA3aTCICH LBETA C NOMOLLBIO WKAAbL I(DGEKMUBHBIX 38€30HbIX MEM-
nepamyp.

Hkanoii acPpexTuBHBIX 3BE3AIIBIX TEMIEPATYp Ha3bIBASTCSA 3aBUCHMOCTD LIBETOBBIX
XapaKTEPUCTHK H3JyYelns 3Be3Jl, HAanpuUMep CICKTPaJIbHOro Kiacca UiH 110Ka3aTels
BeTa, oT 3thdeKTUBHON TeMnepaTypbl. Takas ilIKala ONpeicsIIeTCs] IMIHPHUECKH 110
3BE€3/1aM C M3BECTHBIMHU 3(D(HEKTHBHBIMU TEMIIEPAaTypaMH, @ TAKKe 11 OCHOBAHUH TEO-
PETHYECKHX PAcucTOB MozesncH 3e3n. B Tabs. 3.5 npusenena mkana 3QQPeKTHBHBIX
TEMITEPATYP 3BE3[ Pa3/MyIIbIX KJIACCOB CBCTUMOCTHL.

Bo MHOrMX ciyuasx u3itydeHue 3Be3/ NPUOIIMKCHHO MOXKET ObiTh OMHCAHO B paM-
KaX TCOPHU U3aydyeHHs abcosIOTHO YepHoro Tena. Hiuxke 1IpMBeneHb! HekoTopble cliel-
CTBMA U3 3TOI Teopuu.

Usnyuareneiias cnocoOHOCTE abcomomio yeprozo mena €, (WM €,) BbIMUCIAETCA
no gopmyne Inanka:

2nhv? 1 2nthe® 1
= f——— WM €, =—7f———’—-

ekT _1 ekkT —1

, (3.18)

v.T 2 Iy

rae T— abconotnas TeMiepatypa; i — nocrosnnas [InaHka; v — yactora uanyue-
HUi, A — JUIMHA BOJHBL, ¢ — CKOpPOCTh CBeTa, K — nocrosnnas bo:ibimana
(k=1,381 - 10 JIx/K).

ConocraBngs H3NydaTesbHYIO CIIOCOGHOCTD aBCOMIOTHO YEPHOTO TEIa U PEATbHOrO
obbeKTa, MOXKHO ONPEACTUTD APKOCMHYI0 meMhepamypy. ITO TEMIEPATYpa TAKOTO
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abconoTHO 4yecpHOro TCaa, CAUHULE IowaZH KOTOPOro B HEKOTOPOM Y3KOM CHCK-
TpajlbliOM HHTCPBAJIC N371Y4YacT TaKoM e NoTOK 3HCPruM, KaKk ¥ CAUHNLa njiouwainm aamd-
HOI'O TCJ1a B 3TOM K€ CNCKTPpaJIbHOM HHTEPBAJIC.

Tabauya 3.5
lllkana 3¢ dpeKTUBHBIX TEMIIEPATYP 3Be3]
Knacc ceetumoctu
Crieirpasiei HOCHCHOI; e oers. V Twransr, 111 Caepxruran, 1
KJiacc

wera 8y | K emsry | K | lmesr | oK

05 -0,35 40 000 — — — —

B0 -0,31 28 000 — — -0,21 —

BS -0,17 15500 — — —

A0 0,0 10 000 — — 0,00 —

AS +0,16 8500 — — — —
FO 0.30 7400 — — +0,30 6400

F5 0,45 6600 — — — —
GO 0,57 6600 +0,65 5700 0,76 5400
G5 0,70 5400 0,84 5000 1,06 4700
KO 0,84 4700 1,06 4300 1,42 4000
K5 1,11 4000 1,40 3600 1,71 3400
MO 1,39 3600 1,65 3400 1,94 2800

M5 1,61 3000 +1,85 2800 +2,15 —

M8 +2,00 2660 — — — —

3axon cyewjenus Buna onpenensier 3HaUCHUE JUIMIBE BOJIHBE MAKCUMYyMa U3/yya-
TCILHOM CrTOCOOHOCTH:

AT =b, (3.19)

r"jc )\‘l'“a.‘(
Typa Tena; b =29 - 10~ (M - K) — nocrosuuas Buna.

— JUIUHA BOJIHBI, COOTBCTCTBYIOIAs MakcUMyMy; T — abcosfoTHas Temnepa-
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C noMOUIBIO 3TOrO 3aKOHA MOXKIO ONPCICINTD YBEMOBYIO MeMNepamypy. ITO TCM-
nepatypa Takoro abCoJIIOTIIO YEPHOTO Telia, Y KOTOPOro OTHOCUTCNILHOC Pacipeiaciic-
HHE JHEPTHH B HEKOTOPOM YYaCTKC CNEKTpa TaKOe ke, KAK U y ZaHHOro Tena.

3akon Cmeghana — borvymana, KoTopbii BeipaxkaloT hopmysioH

e, =oTl,, (3.20)
rec =5,67 - 10 Br/(m* - K*) — nocrosnnas Credana — Bosbumana, 3a1acT 10J10¢
KOJIMYECTBO JHEPrHH, U3NY4acMOil B SIMHUILY BPeMeHH ¢ | M, M 103BOMSACT Onpe/ic-
mth dhpexmustyio (paduayuoniyio) memnepamypy I, ITO TCMIlCpaTypa Takoro ad-
CO/IIOTHO YEPHOTO TC/a, CAUHMIIA NJIOWAJH KOTOPOro BO BCEM CHCKTPC H31y4acT Takofi
e NOTOK JHEPrUM, KaK W eIHIIIE IUIOMIAAN alioro Tea.

B Toi1 vnm HHOM cTeneHM Bce TP THIa TCMNEpaTyp OMM3KK K UCTUHHOM (kunemuye-
CKol) TeMnepartype.

C noMolplo 3aKOHOB abCOIOTHO YEPHOTO TENIa MOXKHO CBA3aThH pajuyc R, addek-
TUBHYIO Temnepatypy T, 1 cBeTUMOCTD 3Be3MbI L (TockonbKy L = 4nR : -cT(_,",‘ ):

2

L. —L— (3.21)
T

R=R, -
ef L@

3neck Rp =696 000 kM; T =5779K; Lo =3,826 - 10* Br — panuyc, ahdextiBHas
TeMneparypa ¥ cBeTUMOoCcTh Coltia COOTBETCTBEHHO.

s OLeHKH UCTUHIIBIX TapaMeTPOB 3Be31bI 3Ta (hopMyJia ABsSETCs BECbMa 11pHOIlH-
KeHHOH. bosiee TOUHO 3TH napameTpbl MOXHO PACCUUTATE 11O YPABHEHUIO

1g 223900 _90. M —002, (3.22

Ro T‘ff

rae M — abconroTiias 3Be3/111ast BeJIMUMHA 3BE3/IbI.
Pannyc 3Be3abI R TaKkKe MOXKHO OnpesiesiuTh o (popMynam

R=-20"" . (3.23)
206265
”n " R
lgd" =lgn" +1g— -203], (3.24
Re

rae d” — yrioBoH BUIMMBIH [uaMeTp 3Be3/ibl B CEKYHAAX Iyry; 1" — ¢ roAUUHbIIH Ma-
painakc; » — PaccTosHue 10 Hee; Ry — pannyc Connila.

VI3 npuBeNeHHBIX BBILIE COOTHOWICHUH BUIHO, YTO CYUICCTBYET 3aBUCHMOCTD MCXK,1y
BAXHEHIIIMMH XapaKTEPUCTHKaMU 3BC3]1 (CBETUMOCTBIO, MACCOH H PafiiycoM), XOTH OHa
HAMHOTO CJIO)KHEE M HE CTOJIb OYCBHMIHA, KaK 3TO NoKa3bIBaloT (opmy:ibl (3.20)-(3.22).
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Hanpumep, 1u1s G0NBIIMHCTBA 3B€31 ITIAaBHOH II0CIE0BATEIBHOCTH BLITONHSAIOTCS SMITH-~
pHYECKHE COOTHOLIEHHSA
5,2,
Ly~ R (3.25)

Ly, ~ WP, | (3.26)

rae L,,,— GonmoMeTputieckas CBETUMOCTD 3B€3/bl, BIpaXkeHHas B cBeTUMOCTAX CoNHIa;
M n R — Mmacca 1 paanyc 3Be3/ibl COOTBETCTBEHHO B Maccax M panuycax ComHua.

M3 cooTHOMmIEHNs MacCa — CBETUMOCTB JUIA 3BE3]] CIIEAYET, 4TO IHAIa30H HX CBETH-
MOCTH 3HA4YHTENBHO MPEBINIAET NPEAETB! BO3MOXHBIX 3HAYECHHH MaccC:

0,1-My < M < 102My,
10°%Ly < L 10%Lg,.

Ilpu M < 0,02M  BewmecTBo, NO-BHANMOMY, He cnocobHO 06pa3oBaTh 3BE3ny,
a MOXeT c(OpMHPOBAThH TOJBKO IIAHETY. B cpeaHeM Macchl 3BE31 GJAM3KH K Macce
Connna, T.e. Ha (pOHE CHIBHOM BapUalMK ApYrHX MapaMETPOB IPHU MHOTHX OIEHKaX
MOXHO CUMTATh, YTO MaCCHI 3B€3/1 IPUMEPHO OJMHAKOBEI H COCTaBIAT 0ko110 10 kr.
ITockonbKY paguychl 3B€31 MOTYT ObITH B COTHH M THICAYM pa3 0ONbLUE MM MEHbLIE,
uyem ConHua, TO UX CpEIHHE IUIOTHOCTH MOT'YT U3MEHATHCA B OTPOMHBIX Mpeaeiax:
107 r/em® < p < 10" r/em® (nepBHlii ipeen — IS CBEPXTUTaHTOB, BTOPOH — ans
HEATPOHHBIX 3Be31), T.€. B 10°*-107 pas.

B Tabn. 3.6 npnBeneHb! OCHOBHBIE XapaKTEPUCTHKH THITMYHBIX NIPEACTaBUTENEN He-
KOTODBIX TPYII 3BE€3/: 3B€3[ I1aBHO# nocnenoBarenbHocTy (B0, G2 — Connne, MO0);
KPacHOr0 rMraHTa, Macca KOTOPOro HECKOJIBKO MpeBbiIaeT Maccy CONTHLA; IpeACTaBH-
TENA GENbIX KapJINKOB (TIOCTEAHAA CTPOKA).

Tabruya 3.6

du3nyeckue napamMerpbl THIIHYHBIX 3BE€3]
OCHOBHBIE XapaKTEPUCTHKHU Buezlc‘;)l:::snm Ocnonmoi VYcnosus B orocdepe
CeeTu- HCTOYHHK
e it P Pt R e Y T A
BOV 10 {5100 4 | 310 8 CNO | 1000 {20000| 10°°
G2V 1 1 I 11,410 100 | H+H | 180 | 6000 | 107
MOV | 0,5 04 | 04 10 80 H+H 160 | 3300 | 3.1077
Kol | 1,3 |210°| 20 | 410" |3,5:10°| Cnoesoit {20000 4100 | 107®
AOVII| 09 107 | 107 | 10" |1,5-107| Tennosoii| 0,01 |10000| 107







