I'maBa VII
MaremaTnuyeckue OCHOBBI

81. HebecHas cdepa

Tax Ha3wBaloT cdepy MPOU3BOIBHOTO pajnyca C IEHTPOM B
rnaszy Habmrogatens. OHa BBOAUTCA ISl YAOOCTBA MPU HU3yYECHUH
BUJIUMBIX TOJOXEHUN U JIBUKEHUM CBETWJI. BUIUMBIM IBHUKEHUEM
CBETHJIa HA3bIBAIOT U3MCHEHHUE HaIpaBJICHUS Ha HEro ¢ TOYKH 3pe-
HUsl HaOmonatens. bmaronaps BBeneHuto HeOecHOU cdepbl MOsBIIs-
€TCS BO3MOXXHOCTh HCIIOJIb30BaTh (oOpMysbl chepuyeckoi
TPUTOHOMETPHUH NP PEUICHUU 3a7ayd acmpomempuu (pasaena acr-
POHOMHH, B KOTOPOM HCCIEAYIOTCSI BUIUMBIE MOJIOKEHUSI U ABYKE-
Hust cBerwin). Ha Puc.55 mokazanbl OCHOBHBIC JIMHMM M TOYKH Hebec-
HOW cdepsl.

Puc. 55. 77 (- BepTukanpHas
JIMHUs, PP(- OCb MHpa, 7 -
3€HUT, 7 (- HaJup, P - CeBep-
HBIA TIOJIFOC MUpa, P(- HX-
HBIA TOJIOC MUpaA, S- TOUYKa
ora, N - TO4Ka ceBepa, E -
TOYKaA BOCTOKAa, \/ - TOUKa

3anaga, S\ - mojyaeHHas
auHuA, \WSENW - matemaru-
YEeCKUH TOPU3OHT (MCTHHHBII

ropu3ont), WQEQW - Hebec-
HBIM 3KBaTOp, ZPZP(- Hebec-

Helid Mepuanan, Q u QC-
TOYKH TepeceueHus HeOeCcHO-
ro 3KBaTopa ¢ HEOSCHBIM
MEPUJIUAHOM.
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BepTukasnbpHOW JHHMEH Ha3bIBAIOT qUaMeTp HeOecHOM cdepbl (B
JajbHEeHIIeM H.C.), apaUlelibHbI HANPABICHHIO CHIIbI TSDKECTH; OHA
nepecekaer H.c. B 3eHUTe (HaJ| roJIOBOi HaOJIrOIaTels, paciONOKEHHOTO
B IIEHTpE H.C.) ¥ Haxupe. OChbI0 MHpa HA3bIBAIOT JTHAMETP H.C., Iapa-
nenbHbIi ocu 3emau. OHa nepecekaeT H.C. B CEBEPHOM IIOJIOCE MHpa
(Hax TOPU3OHTOM B CEBEPHOM MONYLIAPHU) U B F0X)KHOM MOJIOCE MUPA.
Bombirim kpyrom (6.K.) Ha3bIBAIOT JIF00YI0 OKPYKHOCTB Ha cdepe, mioc-
KOCTb KOTOPOH MPOXOOUT uepe3 HeHTp cepbl. MaTeMaTn4eckuM ropu-
30HTOM Ha3bIBAIOT 0.K., MEpICHINKYISPHBIA BepTHKAIbHOM JnHUH. He-
OeCHBIH 9KBATOD - 0.K., INIOCKOCTH KOTOPOTO MEPIICHINKY/SIpHA OCH MUPa
(on mapamnenen sxkBaTopy 3emin). HebecHpIit MepuanaH - 0.K., MPOXO-
JUIIMANA Yepe3 3€HUT U CEBEPHBIN MOIOC MUpa. TOUKM ceBepa U rora Ha-
XOIATCSA Ha MepeceyeHUsIX HeOECHOro MepHIuaHa ¢ MaTeMaTHYECKHM
TOPU30HTOM; TepBasi U3 HUX - O KaMIIasi K CEBEpHOMY IMOJIOCY MHpA.
Touku BocTOKa W 3amaja HaxosATCsl Ha MepecedeHns X HebecHOro YKBa-
TOpa ¥ MAaTEMaTHYECKOro TOPU30HTA (B MEPBOI U3 HUX BOCXOISAT CBETH-
Ja, IBMDKYIIMECS BJIOJIb HEOECHOro SKBaTopa). Jluamerp H.c., COeIHHS-
FOIIMI TOUKHU CEBEPA U 10Ta, Ha3bIBAIOT MOJIYACHHOMN JINHUEH.

B Teuenue CyTok 3BE3/1bl ABUKYTCS IIPOTUB YACOBOW CTPENIKH, ECIIH
CMOTPETh U3HYTPH H.C. B CTOPOHY CEBEpHOro nomtoca Mupa P.

leorpadmueckoil MUPOTON MyHKTa HA3BIBAIOT OCTPHIN Yroll MEXIY
BEPTUKAJIbHON JMHUEN U TUIOCKOCTHIO 3KBaTOpa 3eMiIu. DTOT Yroji Cuu-
TaeTcs MOJMKUTEIILHBIM B ceBepHOM nonymapuu. Ha puc.55 yron DQOZ
- TaK)Ke paBeH reorpaduuecKorl MupoTe, Tak Kak HeOeCHBIN KBaTOp Ma-
payuieneH 3emMHoMmy. HakoHen, reorpaduueckoil mupoTe paBeH U yroi
DPON (oH, kak u yron DQOZ , momonuseT yroa pzop a0 90°). Teorpa-
(UUECKyIO IHUPOTY OOBIYHO 0003HAYAIOT OYKBOH |

B actpomMerpun BMeCTO peasibHBIX CBETHII paCCMaTpPUBAIOT UX IIPO-
eknuy Ha HebecHyro cdepy. UToOBI MOMYYHTH MPOEKIUI0, HEOOXOAUMO
MPOBECTH M3 LEHTpA H.C. JIyd K CBETUJIYy M HaWTH TOUKY IepecedeHHs
3TOrO Jy4a ¢ H.c. OueBHAHO, HANIPABJIEHUS U3 LIEHTPA H.C. HA TPOEKIINIO
Y Ha CBETHJIO BCEI/a COBIMAJIAIOT.
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§2. HeGecHble KOOPAHHATHI.

B ropu3oHTanbHON CHCTEME KOOPIMHAT MOTOKEHHE TIPOEKITHH CBE-
THJTa ompenensiercs yriaMu A u h | mokasanHsIMH Ha puc.56. Yrom A,
HA3BIBAEMBIN a3uMymom, U3MEPIETCS JBYTPAHHBIM YTIIOM MEKIY FOXK-
HOH MOJTYTUIOCKOCTHIO HEOECHOTO MEpUIMaHa 1 TOMYILIOCKOCTBIO BEPTH-
Kasia cBeTwIsia. BepTukan mpencTapisieT co0Oi MOIyOKPYKHOCTh C KOH-
IIaMH B 3€HHUTE U HAUPE U MPOXOAIILYIO Yepes MPOSKIHIO CBETHIIA. YTOT
A OTCYHTBHIBAIOT MO MATEMATUYECKOMY TOPH30HTY OT TOYKH S K TOUKE
W (1 mansiue, eciin Heobxomumo). On usmensiercs ot 0 1o 360°. Hampu-
mep, it Touek W u P asumytst coorBerctBenHO paBubl 90 1 180°.

Vron h, Ha3sIBaeMbIil 6bico-
moti, OTMPEACNSIOT KaK OCTPbIil
yrojl MeX/y HarpaBjcHHEM Ha
cBeruIio (M3 IIeHTpa H.C.) U TUTOC-
KOCTBIO MAaTeMaTH4YeCKOTr0 TOpH-
30HTa. Bennunna h uzmensercs
ot -90° (B mamupe) 1o 90° (B 3e-
uute). OHa paBHA HYITIO, €CIH
MPOEKIINS CBETHJIa HAXOMUTCS Ha
MaTeMaTHYeCKOM TOPHU30HTE.
Bricorsl Touek W, N u P coort-
BerctBeHHO paBHbl 0°, 0° 1 |

B nepsoii sxeamopuans-
HOUl CHCTEME KOOPIUHAT MOJIOXKe-
HHUE CBETWJIA ONPEICISIOT yIiia-

Puc. 56.

MU t U d, IOKa3aHHBIMHU Ha puc.57. Yron t, Ha3bIBaEMBIN ©acosbim ye-
JIOM, U3MEpSETCsl Tyrol HeOeCHOro 3kBaropa oT Touku Q Ha 3amaj Jio
TOYKH TiepeceueHrs HeOECHOTO PKBAaTOPa C KPYrOM CKIIOHEHHUsI CBETHIIA
(Tounee, ero mpoekmun). Kpyr CKJIOHEHHUS - MOTYOKPYKHOCTD ¢ KOHIIAMHA
B MOJIFOCAX MHUpPa U MPOXOAAIIas Yepe3 CBeTuio. i 3aroMUHAHUS T10-
JIE3HO 3aMETUTh, YTO YTojl t aHaJIoTHUeH YTy A, pacCCMOTPEHHOMY BBIIIIE.
OnHako, B OTJIMYHKE OT yria A, eIMHUIIA U3MEPEHUS WHAs - BMECTO rpa-
Jyca MCIONB3YIOT 4Yac, paBHbId 15° (cM. Huke). Yron ¢ aHajorudeH
BbIcOTe h 1 mpeacTaBisieT co00it OCTPhIM Yrol MeX Ty HalpaBiIeHHEeM Ha
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ceetwiio (3 Touku O) U 1Ioc-
KOCTBbIO HEOECHOro »KBaTopa.
DTOT yroyl Ha3bIBaIlOT CKIOHe-
Huem W OH, Kak u yroia h, us-
mensiercst ot -90° (B Touke p)
no +90° (8 Touke P). Ckione-
HHE CYHUTAIOT OTPHLATEI]b-
HBIM, €CJIM CBETHUJIO HaXOJMT-
cs ONMKe K H0KHOMY TOJIIOCY
Mmupa (4eM K CeBEpHOMY), paB-
HBIM HYJIO Ha HEOECHOM DKBa-
TOpPE€ U MOJIOXKUTEIBHBIM B OC- Puc. 57.
TaJIbHBIX CIydasX.

B Tedyenne cyrok koopauHathl h, A U t U3MEHSIOTCS U3-32 OCEBOTO
BpAILCHUsI 3eMJTH, OTPayKEHHEM KOTOPOTO SIBJISIFOTCS IBUYKEHHUS CBETHJI BIIOJb
cyTouHbIx napasuieneit (cm. [ |, 82) Bokpyr ocu mupa. Jlis cocTaBneHus
3BE3IHBIX KApT M KaTaJOroB TAKUE KOOPIMHATHI HETIPUTOIHBI.

Bo eémopoti sxeéamopuanvhoil cucreMe KOOpAMHAT TOJIOKEHHE CBe-

THJIa ONIPEAENSIOT yIJIaMU a M d . YTol a , Ha3bIBaeMbIil IPSIMBIM BOC-
XOKJICHHEM, U3MEPSIOT TyToil HeOECHOro SKBaTopa oT Touku OBeH (Touka
BECEHHETO PAaBHOJICHCTBHSI) 10 KPyra CKIOHCHHUS CBETHJIa HAaBCTPEUy
CYTOYHOMY JIBWKEHHIO €ro (TO €CTh HaBCTpEedy HAIpPaBJICHUIO OTCYETa

yrna t). Ecim t; - wacoBoit yron Touku OBeH, TO CIIPaBEIIMBO OAHO U3
paBeHCTB: t, =t+a umm t; =t +a - 24" bepyT To U3 HUX, IPH KOTOPOM

t, <24, Bropoii yron - d TOT K€, 4TO U B IIEPBOH 3KBATOPHUAIBbHOMN CUC-

TeMe KOOPJIMHAT.

VY 3BE311 KOOpAMHATEL & W ¢ MOYTH HE U3MEHSIOTCS B TEUEHUE
CYTOK. HOC—)TOMy OHHU ABJIAIOTCA OCHOBHBIMH aCTPOHOMUYCCKUMHU KO-
opanHaTaMu, HMCIIOJIB3YCMbIMH MPU COCTABJICHMM KaTaJIOTOB W KapT.

Dknunmuka u ee 3ameuamenvhvle MOYKU. JKIUNTUKY TPUOITH-
XKEHHO ONPEIENIIOT, Kak OOJIBIIOW KpPYyT H.C., IO KOTOPOMY B Teue-
uue roga aerxercs Comuile Ha (oHe 38E371 (B OoJiee TOUHOM OIpeerne-
HUU CYMTACTCS, YTO ATO JBMKCHUE HAOIIONAIOT U3 IICHTPA MACcC CUCTE-
mbl 3emitst - Jlyna). HeGecHblil 9KBaTOp SKJIMITHKA MEpeceKaeT B TOU-
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Kax paBHOAEHCTBHUsS. Ta u3 HuX, B koropod ConHile ObiBaeT okoiio 21
MapTa - TOYKa BECEHHEro paBHOJEHCTBUs (Touka OBeH). B Touke oceH-
nero paBuojeHctBus (Becbr) Connite OpiBaetT okoio 23 ceHtsops. Kak
YK€ OTMEYaJIOCh, BOJIM3M MOMEHTOB PaBHOJICHCTBUH Ha OOJIbIIICH YacTH
3eMHOT0 IIapa JeHb paBeH HouM (Ha oOoux momocax ColHIle He 3aX0-
JIAT).

Touku SKIMNTUKH, Haubosiee yaanéHHbIe OT HEOECHOro JKBa-
TOpa, Ha3bIBAIOT TOYKAMHU CONHIECTOSHHS. COOTBETCTBYIOIINE JaThl
- okoJ0 22 mioHs (eTHee conHIlecTosHUE) U 23 nekabps (3uMHee coJ-
HI[ECTOSIHUE).

ToukM BECEHHEro PaBHOACHCTBUS, JCTHErO CONHI[ECTOSHUS,
OCEHHEro PaBHOJCHCTBHS W 3UMHEr0 COJHIIECTOSTHUS 0003HAYaroT
3HaKaMH CO3Be3/Mil, B KOTOPBIX OHM Haxommiuch okono 2000 mer
tomy Haszag: ™ (Osen), & (Pak), d (Becwr) 1 g (Koszepor), puc.58.

[Tepuon Bpemenu, 1o ucreueHun kotoporo CoiHIle BO3Bpalla-
eTcs B TOYKY BECEHHEro PaBHOJCHCTBUS, Ha3bIBAIOT TPOMHYECKUM
rogom. Ero mpopomkutenbHOCTh - 365,2422 cpenHUX COJHEYHBIX
cyTok (BBHIy HEOOJNBIIMX M3MEHEHUH MPOIOIKHTEILHOCTH CYTOK OT
JaThl K JaTe, UCIOIb3YIT CPEAHIOI MPOJOKUTEIIBHOCTh CYTOK B
TeyeHue roja). M3-3a MEAJICHHOro IBMXKEHUSI TOUKK > Ha (oHE 3BE3[
(mpereccust) Tponmyueckuit ron Ha 20 MUHYT KOpOYE CHICPUUYECKOrO
(3Bé3mHOrO) Toma - meproaa obparienus 3emin Bokpyr Cosnma. Ho B
YKU3HU JIFOIEH BaXKEH UMEHHO TPOIIMYECKUH IOl - IEPUOZ CMEHBI BPEMEH
roja.

n_—
P U
| E
Lo TR T T O .
[ =7 g e }f“P Puc. 58. DxnunTrka n HeGeCHBIN YKBa-
- = o 1
R P | Top. Yron Mek/Iy UX IIOCKOCTIMH € =
)

t\,(/ i J 23°26r. Quamerp IIIIr - ocb sxmnTH-
N i a0 !
T - ku, [TuIlr - momoca skmmntrku. Co-

e
Y / HII€ JBUXXETCSI B T€UEHUE IoZla MO dK-
L
\k“‘-x__ 1 ___;',-*',/ JIUIITUKE H"aBCTpeqy CYTOYHOMY IBH-
P I1 JKCHUIO 3BE3.
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B cienyromieii Tabnuie npuBOAATCS KOOPIAUHATHI HEKOTOPBIX TO-
4yeKk HeOecHOU c(epbl M yKa3aHbl Ha3BaHHS COOTBETCTBYIOIIMX CO-
3BE3UN.

Touka Mpsamoe Bocx. | CknoHeHue Cossesaue
Ces. nontoc mmpa - +90° M aras
M easequua
KO >H. nontoc mmpa - -90° OkTaHT
Ces. nonioc 18 66°34 OpakoH
AKIMNTUKMN
KooK non. 6" -66'34 | 3onotas Peiba
AKIMNTUKMN
OseH (M) 0y Q° PbiGbl
BrnsHeLpbl
Sl 0
Pak (a) 6 23°26 (Teneu)
Becbl (d) 124 o° [Hesa
Kosepor (g) 18 -23°26 Crpeney

KOOp[[I/IHaTbI 9THUX TOYCK HE U3MCHAIOTCA HUJIM U3MCEHAIOTCA OYCHb
MCEAJICHHO (HpI/I‘II/IHa HEKOTOPLIX M3MEHEHHUH - IIJIaHETHBIC BO3MYUICHHA,
BIMSIONINE HA 3HAUYCHUE yIIa €, @ TAaK)Ke KOPOTKOIEPHOIUYCCKUE BO3-
MYHICHN, CBA3aHHBIC C HEPABHOMCEPHOCTBHIO MPCIICCCUOHHOTO IBUKCHU AL
MIOJIFOCOB MUPA).

3HAYUTENBHO CUJIbHEE M3MEHSIOTCS KoOpaAuHaThl 3BE3A. ['naB-
Hasd Npru4YrHa U3MEHCHUM - npeueccud, MposaBIAOIIasACsa B CMCIICHUN
Touk OBeH Ha (hoHE 3BE3Jl CO CKOPOCTBIO OKOJIO 50« B TOA.

IIycTh maHbl 3KBaTOpHaIbHBIE KOOPAWUHATHI 3B€31bl a, U d, B

MoMeHT 1. TpeOyercss BbIYMCIMTL MX 3HaYeHHs B MOMEHT t. Eciu
|t- t,|<100 seT 1 y4uTHIBATH TONBKO MPELECCHIO, TO MOKHO BOCIIONb-
30BaThCs MPUONMIKEHHBIMU (OpPMYJIaMU:

a=a,+p(t-t,),

d=d, +p,(t-t,),
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rae p, =307° +1336°sina, tgd,, py; =2005¢cosd,.
Hanpumep, npu

t, =20000, a, =18'38" ud, = - 21°03¢x1s t = 20500
NUMEEM.
t-t,=50, a, =27345°, d, =- 21,05°, p, =3583°, p, =1,207¢

a =18"138" +3,0" =18"168", d=-21°03¢+1¢=-21°02¢-

IIpeneccus He BiIUsET Ha 3HAYEHUS YIJIOBBIX PACCTOSHUMN MEX-
Iy 3BE3IAMMU.

Ipumeuanue. [Ipu nepexone oT rpaaycHON Mephl yria K 4aco-

BOW MCIONB3YIOT cooTHomenus: 15° =17, 1° =4, 15¢=1", 1¢=4° u

15¢=1°, Toe 4, M u C - COKpallleHHble 0003HAaueHUsl yaca, MUHYTHI
BpPEMEHHU U CEKYHJbl BPEMEHHU.

Ucnonb3yst popMyiibl chepruuecKoil TPUTOHOMETPUH, MOMKHO
MOJyYUTh CIeAyIoUe GOpPMYIbl, CBSI3bIBAIOIINE FOPU3OHTAIBHBIC H
9KBATOpUAIBHBIE KOOPAHHATHI CBETUIIA:

sind = sinj sinh- cosj coshcosA, (1)
cosdcost = cosj sinh+sinj coshcosA, 2
cosd sint = coshsin A, (3
sinh=sinj sind+cosj cosdcost, 4
coshcosA=- cosj sind+sinj cosdcost . 5)

IMpumep 1. B nyHkre ¢ reorpa4ecKoil IUPOTON | I HEKO-
TOPOT0 CBETHJIa OMpPE/CICHbI TOPU30HTAIbHBIC KOOpAHHATHI h 1 A.
TpeOyercss HalTH CKIOHEHHE ¢ M 4acOBOWM yroix t .

ITo dopmyre (1) HaxoAaT sind, a 3aTeM U yroid ¢ (M3BECTHO,

4TO 3TO - OCTPBIM Yroj, a 3HaK yrjia omnpeaensercs 3nakom Sind),
3arem mo dopmyiaam (2) u (3) BeumcasaoT cost u Sint. TTocie sToro

OZHO3HAYHO onpeneisor yroa .
Ipumep 2. [ns HEKOTOPOH 3BE3IbI HAJO PACCUUTATh BBICOTY W
a3UMYT B IIYHKTE C U3BECTHON reorpa)M4eckoil NIMPOTON | 10 U3BECT-
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HBIM KOOpJMHATaM d H t .

ITo dopmyre (4) HaxoAaT snh, a 3ateM u yrox h (ocTpsrit yrou,
MOJIOKHUTEIBHBIN WM OTpUIATeNbHbIH). [Tpu momornu Gopmyn (3) u
(5) Berumcrstror SINA u cosA, a 3aTeM U caM yroin A.

IIpumeuyanune. Ecnu B 3TOM 3a7a4e BMECTO 4acCOBOIO yrila JIaHO
npsiMOe BOCXOXJIECHHE a , TO HEOOXOAMMO ellé 3HaTh 3BE3HOE Bpe-
M S B MOMEHT HaOmojaenuii. [locie 3amanus 3BE3HONO BPEMEHU
BBIUHCIISIIOT 4acoBOW yron mo ¢opmyne. t=S- a .

83. Bpemst

36e30n0e epems (S) B MaHHBIH MOMEHT TPUHUMAETCS PaBHBIM

4aCOBOMY YIJIy TOYKH BECEHHETO PaBHOJICHCTBUSI:
S=t,=t+a (wm S=t+a - 24*). (6)

3nmech t WIM @ - KOOPJMHATHI JI0OOr0o cBetuia. Bpewms, B Te-
YEHHE KOTOPOr0 YaCOBOW yroJl TOYKH BECEHHEro PaBHOACHCTBUS
u3MeHseTcst Ha 24" (MHTepBajl MEXK/IY MOCIEI0BATEIbHBIMU €€ Bep-
XHUMHU KYJIbMHUHAIIMSMU) HA3bIBAIOT 3BE3HBIMU CyTKaMHU. 3a HX
Hayallo IPUHUMAKT MOMeHT, Korja t=0. MI3MeHeHHne BeIHMYHHBI

t, oOycioBieHO BpalieHueM 3eMJIM OTHOCHTEIbHO HalpaBlIeHUs

Ha TOYKY G
Hctunnoe conneunoe Bpems (T_,) 4uciieHHO paBHO 4acoBOMY
yriny ConHIla, yBelnHueHHOMY Ha 12%:

[ q
To =ty +24" . (7)
I/IHTepBaH BPEMCHU MCKAY IMOCICAOBATCIbHBIMU HUXHHUMU

kynbMuHanusIMu CoJIHIA HA3bIBAIOT UCHMUHHBIMU COJHEYHLIMU CYHI-
kamy (TIOHATHS BEPXHEH M HIDKHEH KyJIbMHHAIMU OMPEACNSIOTCS B

84). 3a ux Hayajo NMPUHUMAIOT MOMEHT, Korja t, =127

HHH OnpeacicHrud UCTUHHOI'O0 COJIHCUHOI0O BPEMEHU MOKHO BOC-
MOJIL30BaThCSl COJHEYHBIMHM dacaMu. B HHUX BpEMs YKa3bIBa€T TCHb
OT CTEepXHs, MapajulebHOTO OCH MHpa, Ha nudepomate, hopma u
OpPHEHTHPOBKA KOTOPOT'0, BOOOIIIE TOBOPS, MOTYT OBITH MPON3BOIBHBIMH
U OINPEENSIOTCS U3 coodpakeHHsl ynoocTBa. Yare BCero UCHONB3YIOT
TuIocKue nu epOIaThl, OpUEHTHPOBAHHBIE TOPU3OHTAIBHO MITH BEPTHKAITb-
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HO. HCTpYKLIMSI IO U3TOTOBJIEHUIO COJIHEYHBIX 4acoB Aaérces B 1Ipuito-
YKEHUH.

Cpeodnee conmeunoe épemsi paBHO YHCIECHHO YaCOBOMY YyTIy
“cpenHero conHia” , yBenuueHHOMY Ha 129

T=t, +12". ®)

“Cpennee connile” - BooOpakaemasi TOYKa HEOSCHOI'O AKBATO-
pa (He sxkaunTHKH!), paBHOMEPHO ABMKYIIAsCsS Ha (oHe 3BE3M C TEM
’Ke mepruosoM (paBHBIM TPOIMHMYECKOMY T'OJy) U B TOM JK€ Harpasiie-
HuH, uro U Connue. “ CpenHee conHile” HAXOMUTCS HE Jajee HECKOIb-
KUX TPaJyCoB OT MPOEKIMU LEHTPa COJHEYHOIO JMCKA Ha HEOECHBIi
skBarop. Ha mpakTuke mpuMeHsOT Gpopmyiy:

T=T,+E, 9)
rae E - “ypaBHenne BpemeHn”. B TedeHue roga 3Ta BeNUYMHA B CpEll-

HEM paBHA HYIIIO; BCEI/a BBINONHSAETCS HepaBeHCTBO: |E|<164" . Be-

nnuuHy E paccuuThIBalOT 3apaHee, MPUHUMAs BO BHHUMaHUE HEPaB-
HOMEpPHOCTh ABMKeHUs COJHIIA MO SKJINNTHKE U HAKIOH MOCIEIHEN
K HeOecHOMY 3KBaTOpy (IO KOTOPOMY OTCUHMTBIBAIOTCS 4aCOBBIC

yribl). Kak u B cmydqae yrna t, nmpuumHOl M3MeHeHus yrna t,, sBis-

P
eTcsl BpalleHhe 3eMJI BOKPYT ocd M JABHKeHHe e Bokpyr ComHIa.

Bpems, B TeueHue KoToporo “cpeaHee COJIHIE' COBEpIIAET MOJi-
HBIi 00OPOT Ha H.C. OTHOCHUTEIIEHO HEDECHOro MepHauaHa, Ha3blBa-
10T CPEOHUMU CONHEYHbIMU CymKamu. 3a WX Hadano NPUHUMAIOT MO-

MeHT, korga t, =12, CpeaHue COJHEUHBIE CYTKH PaBHBI CPEAHEMY

cp
3HAYCHHIO UCTUHHBIX COMHEYHBIX CYTOK B TeueHHe ropa. Ilocrmemnue
B cepenuHe ceHTs0ps Ha 50° kopoue, yem B 20-x yuciax naexkadps.

Habnronenus cBUACTENBCTBYIOT, YTO TPOMUYECKUN TOJ COACP-
KUT 365,2422 cpeHUX CONHEUHBIX CYTOK M 366.2422 - 3BE3NHBIX.
OTcroa cremyer, 4TO MOCIEIHHE TPUMEPHO Ha 4 Kopode MepBHIX;
COOTBETCTBEHHO 3BE&3MHBIN 4yac Ha 9,86 cexyHIBI KOpoue CpeaHero
COJTHEYHOI'0 daca.

Hpumep. Onpenennuts 3BE3HOE BpeMsi B MOMEHT BECEHHETO paB-
HOJICHCTBHS, €CJIN U3BECTHO, YTO HCTHHHOE COJTHEYHOE BpeMs ObIJIO paB-

HO 61712,
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B 3TOT MOMEHT mpsiMOe BOCXOXKJIEHHE IEHTPa COJHEYHOTO JHCKa
paBHo Hyimt0. Mcnionb3ys ¢popmyny (7), 10 M3BECTHOMY HCTHHHOMY COJI-
HEYHOMY BpeMeHU HaxoauM 4acoBoi yron Comnua: t, =-5'42¥48° (uim
18'17%12°). Ilo d¢opmyne (6) HaxomuMm 3Be3AHOE BpeMs:
S=t, +a, =18"17/"12°.

B MomeHT ocenHero paBHoAeHCTBUS (@, =12%) mpu TOM Ke Hc-
THHHOM COJIHEYHOM BpEMEHH 3BE3IHOE BPEMs COCTaBHIIO Obl 617412,

Takum 00pa3oM, okoo 23 CeHTIOps 3BE3THOE BpeMst TIPUOITU3UTEb-
HO COBMA/IAeT C HICTHHHBIM COTHEYHBIM, a OKOJIO 21 MapTa pa3HOCTh MEXKIY
HuUMU Oin3ka K 12, B kaxpie Cleyromme CyTKH 3BE3IHOE BpeMsl orepe-
’KaeT UCTUHHOE COTHEYHOE MTPUOIN3UTENBHO Ha 4.

IIpumeuanue. B actpomerpun paccMaTpuUBaOT HECKOJIBKO pas-
HOBUJHOCTEN 3BE3JHOrO BpeMeHH. Pasnnune MexJy HUMU - HE3HAuM-
TeNbHOE.

Mecmmbim Ha3bIBatOT BpeMsi (3BE3IHOE, HCTHHHOE COJTHEYHOE, CPe/l-
HEe COIHEYHOE), ONMPEeNeNEHHOE VI JAaHHOTO TeorpaMyeckoro MepH/a-
Ha. [TockocTh Takoro Mepuiana MpoxXouT Yepe3 0Ch BPALEHHsI 3eMITH U
MpU TIEPECCUCHUH C MOBEPXHOCTHIO 3eMII 00pa3yeT JIMHUIO, OIM3KYIO K
MOTYOKPY>KHOCTH, C KOHIIAMH B IOJTFOCaX, pUc.59.

Puc.59.11okazanb! aBa reorpaduueckux Mepuavana: 1 - Hadaib-
HBIH (HYJICBOI), MPOXOAALIMI Yepe3 TOUKy B ObIBIICH [ pHHBHUYCKOH 00-
cepBaropuu 0m3 JIoHI0HA, ¥ 2 - TPOU3BONBHBIH, IPOXOSAIINIA Yepe3 MyHKT
B BOCTOYHOM TOJTyIIapUH.

Puc. 59. [Toka3ans 1Ba reorpaduuec-
KUX MepuauaHa: 1 - HauanbHbIi (Hy-
JICBOM), MPOXOASAIINI Yepe3 TOYKY B
ObIBILIEY TPUHBUYCKOI 0OcepBaTopun
6su3 JIoH10Ha, U 2 - IPOU3BOJILHBIH,
MPOXOMSIIHUI Yepe3 MyHKT B BOCTOU-
HOM MOJTYILIAPHH.
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JIByrpaHHBINA yroia MeXy IJIOCKOCTSAMY Ha4yaJbHOIO MEPUINAHA U
MEpuaraHa OaHHOI'O ITYHKTA, OTCUHUTHIBAEMBIM Ha BOCTOK, Ha3bIBarOT
BOCTOYHOU reorpa)uaeckoit 00120moti 3TOro MyHKTa u 0003HaYaIoT OyK-
BOM | .

MoOXHO J10Ka3aTh, YTO PA3HOCTh MECTHBIX BPEMEH JBYX ITYHK-
TOB YHUCJIICHHO paBHA Pa3sHOCTU HUX I‘eOI‘pa(bI/I‘IeCKI/IX AO0JroT, BbIpa-
JKEHHOM B 4acoBOM Mepe:

Se- Se=T@ T, =Te- Te=1 @- | ¢. (10)
I/I3 3TUX paBCHCTB HEC CHG[{yGT, qToO I/IHTCpBaHI)I COJIHCYHBIX U

3BE3HBIX BPEMEH PABHBI APYT ApYry (Cliemyer yuecTh pasjindue eIu-
HUI[ U3MEPCHHS).

Bcemupnvim spemenem (T,) Ha3bIBAIOT MECTHOE CPETHEES COJTHEY-
HOE BpeMmsi, OnpeneiéHHoe Ui HayallbHOro mMepuanana. Ero cBsi3b C
MCECTHBIM CPEAHUM COJHCYHBIM BPEMCHCM ITYHKTA C I‘eOI‘pa(bH‘IeCKOﬁ
JIOJITOTOM | BBIPAXKAETCSl PABEHCTBOM:
T=T, +I . (11)
IMpumep. [Ins nanHoro nynkra | =28° Yemy 3/1ech paBHO cpel-
Hee COJHEYHOe BpeMs B 6 BCEMHUPHOTO BpEeMEHH?
VYron | BbIpakaeM B 4acoBOil mepe:
| =(28/15)"=1,8667"=1"+0,88667 - 60"=1"52".
Hckomoe Bpemsi paBHo 6°+1'52=7952",
Ioscnoe eépems (T,) B yacoBoM mosice ¢ Homepom N ompenessi-
0T 110 (hopMyJIie:
Ty =T, +N" 1. (12
Teopernueckuit rpanunbl N-ro 4acoBoro mosica onpeaemsor-
Ci B HepaBeHCTBaX:
(N-05) 1" £1 £(T+05) 1
UIn (13)
(N-05) 15" £1 £(T +05)" 15°.
[To npakTUYeCKUM COOOpPaKCHUSIM peajibHbIC TPAHHUIIBI HECKOIBKO
OTJIMYAIOTCS OT TEOPETUUECKUX.
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Jlemnee épems B OONBIIMHCTBE CTPAaH MOTY4alOT PUOABICHUEM K
MOSICHOMY BpeMeHH ofHoro yaca. B Poccun Takoe Bpemst 10 1980 roga
Ha3bIBAlM JIEKPETHBIM, a B HacToslIee BpeMs - 3umxum. JleTHee xe
BpeMs B Poccuu emié Ha oauH vac OoIbliie, TO €CTh ONepeskaeT MosSCHOe
Ha /IBa Yaca.

MockoBckoe 3uMHee M MockoBckoe JietHee Bpemst (T, u T)) cBa-
3aHO CO BCEMHUPHBIM BPEMCHEM PaBEHCTBAMH:

T =T, +3% (T =T +4Y). (19

IMpumep. OnpenenuTh JieTHEE MOCKOBCKOE BPEMsi B MOMEHT HC-
TUHHOTO NoNIHs (HauBsbiciero nonoxenus Conuia) B Mockse 1 ntoss.

B aToT MOMeHT "acoBoit yron ConHia paBeH Hymo. CrienoBaTemb-
HO, ICTHHHOE COJTHeUHOE BpeMs (cM. paBeHCTBO (7)) paBHo 127, VpaBHe-
HHUE BPEMEHH B 3TOT JIeHb NPUOIM3UTEIbHO paBHO E=+3,7" (B TeueHue
JIHS OHO M3MEHSETCS HE3HAUUTEIbHO). MECTHOE CpelHee COMHEYHOe
BpeMs cocrapister 12°03,7% (cm. dopmyny (9)). 3Has reorpaduueckyro
n0iarory MocKkBbI ¥ Mcionb3ys Gpopmysty (11), Haxoqum BceMUpHOE Bpe-
ms: T =T-I =12°03,7%-2'30"=9"33,7". Hakowue, o Bropoii popmysne (14)
naxomum T =1333,7".

BBuny Toro, uro MockBa punucaHa KO BTOpOMY 4aCOBOMY I1OSICY,
npu N>2 Bpems B N-oM yacoBom mosice onepexxaer MockoBckoe Ha N -
2°. Hanpumep, mist BnaguBocroka (N=9) onepexenue cocraBuT 7 ya-
COB.

Jlunus cmenvt oam (neMapKarMoHHast JINHUS) - JTMHAS, OJTHU3Kas K
reorpaduyeckoMy mepuauany c¢ gonroroii 180° u obmamaromias CBoii-
crBaMu: 1 - OHa HUTIIE HE ITepeceKaeT CyIy U apXHIeliard OCTPOBOB (Kpo-
Me AHTapKTH/bI), 2 - 371eCh HauMHaeTcs U crycts 48" 3akaHunBaeTcs
mobast nata Ha 3emiie U 3 - Ha 3amaj OT 3TOH JIMHUM écez0a AaTa Ha
OJIHU CYTKH CTapllie, YeM Ha BOCTOK.

84. CyTouHble IBUKEHUS

IIpyr cBOEM NBHIKEHHMH BOKPYI OCH MHpa CBETUIIO JBAXKAbI IIe-
pecekaeT HeOecHBIM MepuauaH. To M3 MepeceueHuii, KOTOpoe Haxo-
nuTCs OMMOKe K 3eHUTY, Ha3bIBalOT BEpXHEH KylIbMHUHALIEH, APYTOE - HIK-
Hel KynbMUHaLuen. Touka BepXHeH KylIbMUHALUHA MOXKET pacronararb-
s KakK K IOTY, TaK ¥ K ceBepy oT 3eHuta, puc.60.
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IIpy BepXHUX KyJbMUHALUAX YACOBOW Yroi t paBeH HyIto, a IIpu
HkHEX - 180°. VuuteiBas 910, U3 hopmyis (4) monyuaem

hg =90°- |j - d, (15

— |7 0
h, —|j +q-90, (16)
rae h, u h, - BBICOTBHI cBeTUIIa B BEpPXHEH M HUKHEH KyJbMHUHALUU
COOTBETCTBEHHO.

CBeTHII0 OKaXxercs Hezaxoaamum, ecinu h, >0 1 HeBOCXOAAIUM Ipu

h,<0.

A

Puc. 60. Toukn C, u C, - BepxHue
kynemuHauuu, E, u E, - HuxHue
KyJbMHHAIIMU, A - 00JIacTh HE3aXo-
B vmmx ceetwi, B - obmacte HeBoC-
Z XOOAIIUX CBETHUIIL.

&

N3 dopmyn (15) u (10) craemyroT ycioBwus: |j +d| >90° (cermio
HE 3aXOJHUT) U |j - q>90° (cBermiio He BocxoauT). Ha skBatope »TH
YCJIOBHS HC BBLIINIOIHAIOTCA U BCE€ cBeTHIIa BOCXOAAT U 3aXO0JAT (aT'
MochepHas pedpakius He ydreHa). Ha momrocax CBeTHIIA JBHKYTCS
napauieIbHO MaTeMaTHYEeCKOMY TOPU30HTY, TaK KaK OH COBIAJaeT
¢ HeOecHbIM 3KBaTOpPOM. M3 3TOro mpaBuia CyHIECTBYIOT HUCKIIOUE-
Hust. Hekoropble cBerniia, nepemernasch Ha (GoHe 3BE3/, MOTYT Iepece-
KaTb ropu3oHT: ConHile, JlyHa, HCKyCCTBEHHBIE CIYTHUKH, TUTAHETHI U KO-
METHI.

Ipencrapser mpakTHUECKUH HHTEPEC OMpe/e/ieHe MOMEHTA Bep-
XHEH KyJIbMHWHAIIUN CBETUJIA C U3BCCTHBIM IIPAMBIM BOCXOXJICHUEM a
[0 CPEIHEMY COJIHEYHOMY BPEMEHM JAHHOIO MyHKTa, T. B 3TOT MOMEHT
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YCIIOBHS AJ1s1 HAOMIoAeHNH Hanboee OMaronpusTHEI, €CITH UMETh B BUAY
MOMEXH M3-32 aTMOC(EPHOro ociiabJieHus U TpeoMIIeHus cBera. Uro-
OBl OIPEIENUTh UCKOMOE BPEeMsi, HEOOXOJUMO YUeCTh, YTO B MOMEHT
BEPXHEU KyJIbBMUHALIMU YaCOBOM yroji CBETHJIA PABEH HYIIIO U TOIAA, CO-
racHo (opmyie (6) , MecTHOE 3BE3IHOE BpeMsi S OKa3bIBACTCS PABHBIM
IPSIMOMY BOCXOXJICHUIO a .

3amauy nepexojia OT 3BE3NHOTO BPEMEHH K CpPEIHEMY COJHEY-
HOMY pelM TpHOIMKEHHO, YYUTHIBAs TO OOCTOSTENBCTBO, YTO CO-
IJ1aCHO OJaHHBIM aCTPOHOMHYECKUX CIIPABOYHHUKOB IIPAMOEC BOCXOXK-
JICHUE CPEIHEro COJHIIA PaBHO HY/II0 okojio 23 Mapra. O003HAUYUB
a, u t, mpsMoe BOCXOXIEHHME M 4acoBoW yron cpexHero CoiHia u

cp
y4HTBIBasi paBeHCTBO (8), mosyuaem:

S=a, +t, =a, +E-12".

[MoacraBuB crojia BMECTO S BENMYMHY a , MOJIy4aeM BhIpaKe-
HHE NI CPEIHEr0 COJHEYHOI'0 BPEMEHH:

T=a-a, +12" .

VYuuThIBas, 4YTO 32 OJHH CYTKH MPSIMOE BOCXOXKIIEHHE CpPETHETO
conHa yeenuuuBaercs Ha 3,943", nmpuxoauM K npuOIMKEHHOH (op-
MyIe:

T »a- 3943" n+12",
rJIe n - YUCJIO CYTOK, MCTEKIIMX nocie 23 MapTa (B Cllydae OCTaBIIAXCS
CYTOK BeJMYMHA n Oepércs oTpHuaTeIbHON). UTOOBI OMpeaenuTh Moc-
KOBCKOE BpeMsi, HEOOXOMMMO Halith BcemupHoe Bpems T,

T, »a- 3,943" xn+12" - | (18)
M 3aTeM BOCIHOJb30BaThecs (opmynamu (14).

Hpumep. Onpenenutb MOMEHT O 3UMHEMY BpPEMEHH BepXHEH
KyJIbMHUHAIIMU CBETHJIA C MPSAMBIM BOCXOXAcHHEeM a =633 mns 1
Mmapta. [IyHKT ¢ reorpadudeckoil monroroir 4'15* maxomurcs B 4eT-
BEPTOM 4acOBOM IOsCE.

UYucno cytok, ocraBmuxcs 10 23 mapra pasHo 22. [lo dopmyre
(18) naxomum BcemupHoe Bpems: T =15'45". 3umHee Bpems onpesens-
ercs ¢ y4€rom Homepa yacosoro mosca: T =15'45"+4"+1"= 20°45".
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Hpumeuanns. 1. OmmnbOka MomgoOHBIX PacuéToB HE MPEBBICUT 6Y,
€cii B BUCOKOCHBIE TO/bl BMecTo 23 mapTa Opath 22-e. 2. MOMEHT
BEpXHEH KyJbMHHAIIMW CBETWJIA 1O CPEJHEMY COIHEYHOMY BPEMEHH C
em¢é MEeHbIIeH TOYHOCTHIO MOYKHO ONPEETIUTh MPH TTOMOIIH ITOBHKHOM
KapThl 3BE3MHOrO Heba, MPUYEM MONOKEHHE CBETHIA (€M ero HeT Ha
KapTe) MOXXHO HAWTH 110 €ro KBATOPUAIIbHBIM KOOpIuHaTaM. 3. MOMEHT
HIWKHEU KyJIbMUHAILMY, CIEAYIOLIEH 3a BEPXHEH, HACTYIAET [O3HEE Ha
11458,

Momenmur 3ax00a u 6ocxooa ceemun. B aToM cirydae HeoOXomu-
MO 3HaTh reorpa)MUecKyr0 IMPOTY MyHKTA | , DKBATOPHAJbHbIE
KOOpJMHATHI CBETHJIA a M (, a TakKe reorpaduveckyio JOJIrory |
(ecmu TpebyeTcs ONMpENETUTh 3UMHEE WU JIETHEE BPEMS).

[Monarast B Gpopmyine (4) h= -0,583° (yuér yrma atmochepHoii
pedpakiuy Ha TOPU30HTE), HAXOAAT YaCOBOW Yroj CBETHJIA B MO-
MEHT ero 3axoja:

arccosaea" sinj sindg
g cosj cosd g’

rae A=sinh=-0,0102. Bripasus 3aech BenuuuHy { B "acoBoil mepe,

t= (19)

OTpE/ENSI0T MECTHOE 3BE3IHOE BpeMss S=t+a | IMOACTaBUB €ro
BMECTO BelM4YHMHBI @ B (opmyiy (18) HaxomsatT BcemupHoe Bpems (st
nepexona K 3MMHEMY WJIM JISTHEMY BPEMEHH OCTaJOCh Y4ecTh HOMEp
4acoBOr0 IMosica JAHHOrO MyHKTa). /Iy HaxoXIeHHs MOMEHTa BOC-
Xola cBeTwia BenuunHy t B paBeHctBe (19) 3amensitor Ha -t.

Jlnst npuOIMKeHHOro pacyéTa MOMEHTOB 3aXojia M BOCX0ja
Connua BennunHy A B paBeHcTBe (19) ciemyer mojgoXuTh paBHOH -
0,0148 (mamo ydecTb, UTO MPH 3aX0J€ MATEMATHYECKOTO TOPH3OHTA
KacaeTcsi He LEHTP CONHEYHOIO JIMCKA, a ero gepxHuil Kpail). MoMmeH-
THI BOCXO/Ia M 3aX0J[a 110 MECTHOMY CPEIHEMY COJIHEYHOMY BPEMEHH

HaxonsaTcs mo popmymnam:
T =12°-t+E, T _ =12"+t+E, (20
BOCX 3ax
rae £ - ypaBHEHHE BPEMEHH; OHO MPHUBOAUTCS B ACTPOHOMUYECKUX
KaJeHAapsIX Ui KaKI0HM JaThl TOAa U HE 3aBHCUT OT KOOPAWHAT IyHKTA.
Jns mepexozia KO BCEMUPHOMY BPEMEHH, CIelyeT U3 HalIeHHBIX 3Have-

HUH BbIUECTh Teorpa)uuecKylo JOJITOTY MyHKTa, BEIPAXKEHHYIO B 4aco-
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Bor Mepe. [locie 3Toro Jjierko paccunTaTh 3UMHEE WM JIETHEE BPEMSI B
JTAHHOM TTYHKTE.

[TpubnmxeHHbIN XapaKkTep pacuéToB ONMpPEAENsieTcsl TeM, YTO He
YUUTBIBAETCS] U3MEHEHNE B TE€UEHUE CYTOK BeIH4uH d, u E.

[MpubnmkEHHOE 3HAYCHHE MPOIOIKUTEILHOCTH JTHSI PaBHO Be-
muunHe 2t.

Beuepuue epasicoanckue cymepxu 3aKaHUMBAIOTCS, a yTPEHHUE
HauyMHAIOTCSI B MOMEHT, Korja BbicoTa CoJHIIa JOCTHpPAeT 3HAYEHUS
-6°. Jlnst pacuéra COOTBETCTBYIOIIMX YACOBBIX YIJIOB BEIUYUHY A B
dopmyne (19) crnenyer monoxkuTh paBHoi -0,1045.

Ecnu BeuepHHe rpakJaHCKHe CyMEpKH HE 3aKOHUMBIIHUCH Iepe-
XOIAT B yTPEHHHE, TO HACTYMNawT Oenvie Houu. W3 paBeHcta (16)

CIIETyeT YCIOBUE Ul HACTYIUIEHHs Oenbix Houel: j >84° - d,. FOx-
Has rpaHuIa 00JlacTH OCNbIX HOYEH B CEBEPHOM IOJIyIIAPUH COOT-

BETCTBYeT 3HaueHuto d, =23°26¢ u reorpaduueckoll mapauieny ¢

j =60°34¢.

Pacuér moMeHTOB Bocxoza M 3axofa JIyHBI yCIIOXHSETCS JBY-
Msi oOcTosTenbcTBaMU: 1 - OYeHb OBICTPBIM U3MEHEHUEM CKIIOHCHUS
U 2 - HEOOXOAMMOCTBIO YuéTa CYTOYHOrO mapajuiakca (yria Mexmy
HampaBieHUsIMA Ha JIyHY U3 JaHHON TOYKH 3eMiIM M M3 e€ IeHTpa).
[lepBoe obcTosATENBCTBO 0OBSACHSETCS TeM, 4TO Ha (one 3BE3N JlyHa
nepemeraercs B cpenHeMm B 13,37 pa3za Owictpee, yem CorHile.

85. Kastenaaphp

FOnuanckue onu. Tlog cnoBoM “neHn” 37ech NOAPA3YMEBAIOTCS
CpEHUE COJIHEUHbIC CYyTKU. MOMEHT J1H000r0 COOBITHSI MOXKHO OIpesie-
JIMTH, 3aJ1aB TOPSIKOBBIIl HOMEP COOTBETCTBYIOIIETO FOJIMAHCKOTO JHS U
npuOaBUB K HEMY BEJTMUYUHY, PaBHYIO JI0JI€ CPEIHUX COMHEUHBIX CYTOK,
MCTEKIIYIO C HavyaJia FOJIMAaHCKOTO JIHS JI0 MOMEHTa COOBITHS. 3a Havaio
T1000T0 FOTMAHCKOTO JTHS MPUHUMAETCst MOMEHT 127 o BceMupHOMY Bpe-
MeHU. B kauecTBe Hauama orcuéra (HymbryHkTa) OepyTt 1 suBapst 4713
roza Jio H.3.
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Ipumep. 18 yacam Bcemuproro Bpemenu 1 ssuBaps 2001 rona (nata
Hayaga 21-T0 BeKa M TPETHErO THICSUENETHS) COOTBETCTBYET FOJIMAHC-
kuii iedb 2 451 911,25, yto npunsTo 3anuckBaTh Tak: JD 2451911,25.
Hauaiy sxe 1 ssHBaps storo roma coorserctByer JD 2451910,5.

3Has 10MHaHCKUE JHU ABYX COOBITHH, JIETKO OMPEAEUTh HHTEPBAI
BpEMEHH MEXKIy HUMH, KaK pa3HOCTh ronuaHckux aHeil. Kpome Toro,
npubaBuB uncio 1.5 k roimaHcKoMy JHIO, cOOTBeTcTBytoleMy O° Bce-
MHUPHOTO BpeMEHH KaKOH-HUOYIb AaThl, U Pa3aeiB pe3yabTaT Ha YHCIIO
7, TOJy4UM B OCTATKE YHUCITO, onpeaensomiee derns nedeau (0 - Bockpe-
ceHbe, 1 - TOHeNeIbHUK, 2 - BTOPHUK | T.1.) Hanpumep, mist 1 stHBapst
2001 rona npu genenuu yncna (2451910,5+1,5) Ha 7 mony4nm B ocTaTKe
1, 4TO COOTBETCTBYET MOHEAENbHUKY. B 3ToT MOMeHT (0° 1o BcemupHO-
My BPEMEHH) MMOHEICTbHUK MPUIIEN y)Ke BO BCE MYHKThI 3eMJIH MEXKIY
HYJICBBIM MEPHIMAHOM U JIMHUEH CMEHBI 1aT (BOCTOYHOE nonyiiapue). B
CTaJIbHBIX MECTax 3eMIJIH - €Illle BOCKPECEHbE MPEAbIIyIlel 1aThl (1 mpe-
JBIYIIErO CTOJIETHS).

[lepexon oT OOBIYHBIX JAT K IOJMAHCKHM JHSAM MOXKHO BBITION-
HUTH Tpu Tomoiu Gopmyisl 3. IlokopHoro:

JD =[36525G] +[30,6(m+ 1)] +d + 17209815,

rIe G - HOMep roja, m - HoMep Mmecsna (Hampumep, Uit Mast m=5)
d - uucio u ero nois (orcunThiBaeMas ¢ MoMeHTa 0' BCeMHPHOTO
BpeMeHH). [Ipu 3ToM 6 sHeape u ¢heépane BeIMUMHY G 3aMEHSIOT Ha

G- 1, @ BENIMYMHY m - HA m+ 12. 31ech yepes [X] o0o3HaueHa Ienas

4acTh 4yucia x .
[pumep. OnpeaenuTs AeHb HEJCIM Hayala KOCMHUYECKOU SPHI.
B kauecTBe Havalla KOCMHUYECKOW 3pbI MPUHITO CUUTATh 4 OK-
Ta0pst 1957 1. Haxoaum 10MaHCKUN JICHB!

JD=[36525" 1957| +[30,6" 11] +4+17209815= 24361155.

Ocrarok ot nenenus uucna 243 6117 na 7 pasen 5. [lenp Hemenw -
MATHHIA.
CucreMa roIMaHCKHX JIHeW Oblna mpemioxena B 1583 roay
XKozepom Ckanurepom u Ha3BaHa UM B uyecTh ero orma FOmus.
Hoswuii u cmapuotit cmunu. CTapblit cTiTh (FOTHAHCKUHN KalleH1aph)
ObLT BBENEH MO pacnopsbkeHuto ummnepartopa FOmus Llesaps B 46 1. 1o
H.3. HOBBIif cTHIIE BIIEpBBIC BBEAEH B psijie cTpaH B 1582 romy B pe3yiib-
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taTe pedopmbl, poBeeHHON nanoi pumckuM [puropuem Xl (rpuro-
PHAHCKHI KaJleHaph).

B 3Tux kajneHgapsx y4UTBIBAIOTCS JBa MPUPOAHBIX Mpolecca:
CMEHa JIHS ¥ HOYM U cMeHa BpeMéEH rofia. COOTBETCTBYIOIIE TTIEPHOIBI -
3TO CpETHHE COTHEUHbIE CYTKH M TPOIMUYECKHN T0J] MPOJO0JIKUTEIHLHOC-
ThIO B 365,2422 cpemHnX COTHEYHBIX CYTOK.

B oboux kanmeHmapsx roa OsiBaer mpocthiM (365 CyTOK) M BHCO-
KOocHBIM (366 cyTok). B roimaHCcKOM KajieHJape Ha TPH MPOCTHIX Toja
BCerjga MPUXOAUTCS OJMH BHUCOKOCHBIWA. Biaromapsi aToMy cpemHss
MPOJIOJDKUTEIBLHOCTh KaJICHIapHOTO roja cocrasiser 365,25 cyTok,
YTO JOBOJIBHO OJIM3KO K MPOMOJKUTEIHLHOCTH TPOIMHYECKOTO roja.
BHCOKOCHBIMU CYMTAIOTCS TO/IbI, TOPSIKOBBIII HOMEpP KOTOPBIX Kpa-
TeH unciy 4, Hanpumep, 1604, 1900 u 1984 roawr.

I'puropuanckuii kajaeHaapb 0ojee COBEPIICHEH, TaK KaK Cpel-
HSS TMPOAOIDKUTENILHOCTh KaneHaapuoro roga (365,2425) 3mech TOIb-
ko Ha 0,0003 cyTok IIMHHEE MPOJOIKUTEIBHOCTH TPOMUYECKOTO
roja. OTo JocTUTaeTcs Oiaromaps MEHbIIEMY YMCITy BUCOKOCHBIX JIET,
4YeM B IOJMAaHCKOM KalieHnape. Eciin HoMep roja COIep HUT B KOHIIE
JBa HyJsS, TO Ha KPaTHOCTHh uyuciy 4 (ycioBHe BHCOKOCHOTO T0Oja)
MPOBEPSIOT YUCIIO, COCTABJICHHOE M3 TEPBhIX JBYX udp. Hampumep,
rog 2000 - BucokocHbi, Tak kak 20 kpatHo 4, a 1900-b1ii - HeBuco-
KOCcHbIH (mpocrtoit). Ho mocnequuii roj sBisieTcsi BACOKOCHBIM B IOJU-
aHCKOM KaJleHJaape.

B nepuon ¢ 14 mapra 1900 roga no 14 mapra 2100 roaa (mo
HOBOMY CTHJIIO) FOJIMAHCKUU KajieHaaph “oTcTaér” OT Irpuropuamc-
koro Ha 13 nar.

B obOoux kameHmapsx roja aensar Ha 12 mecsiieB; B HacrosIiee
BpeMsi Ha4yaJoM roja cuurtaercs 1 siHBaps. B o0oux KajeHmapsx THH
He/IeNny Bcerja coBanaroT. [IpuBeaeHHOE BBINIE MPaBUIIO OMpeerne-
HUS JIHSI HEIENH M0 JIaTe MOXKHO CBECTH K Oojiee MmpocToi (opmyiie.
BHauane ompenensroT BCIIOMOTAaTeIbHYIO BEIHYHUHY D :

D =[125G] +[26(m+1)] +d +5,

TJie BETMYUHBI G, m U ¢ OBUIM BBEAEHBI MPH PACUETE FOITMAHCKOTO JTHSI.
Homep nHs Hemenu ompenensieTcss Kak OCTaTOK P JENEHUU YHhcia D
Ha 7. [laTy GepyT 110 HOBOMY CTHJIIO.
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[pumep. [lycts Tpebyercs onpenenuTh JIcHb Henenu s 1 sHBa-
ps 2101 rona. [Monaras G =2100, m=13wu ¢ = 1, Haxomum:

D=[125" 2100] +[2,6" 14] +1+5= 2625+ 36+ 6= 2667 .

Ocratok npu JieneHnd Ha 7 paBeH Hyito. VICKoMBbIid IeHb - BOCKpe-
CEHbE.

86. BceMmupHoe TSAIrOTEHHE

3akon ecemupHo20 msA2omeHs TIIACUT. JIBE€ MaTepUaJIbHbIE TOUKH
HNPUTATUBAIOT APYr Apyra C CHUJIaMH, NPONOPLUOHAIBHBIMU IIPOU3BE-
JICHUIO X Macc ¥ 00paTHO MPOOPLHOHATIEHBIMHI KBIPaTy PACCTOSTHUS MEK-
Iy HUMH. IIpu 3TOM CHIIBI ONPENENSFOT OTHOCUTENBHO LIEHTPA MACC CUCTE-
MBI 3THX ToueK. OHM paBHBI 110 BETMUMHE U HAPaBJIEHbI 110 OTHOM MPSMOI

HaBCTpeuy Apyr Apyry (cMm.

I I
— -~ puc.61, Ha KoTopoM M U m,

- — -
: - Macchl TOYEK, OTHOCH-
my M2 | TenbHble BeNMMUMHBI M Ha-
3 MpaBJICHUS CUJ YKA3aHBI
Puc. 61. | CTpenkammu).

ITpu yBenmuuennu pac-

CTOsHHMA B IIBA pa3a CUJIbl YMCHBIIAIOTCA B YCTHIPC pasa.
MaremaTnueckas 3anuch 3aKOHA MMeEET BU/I:

r r mm, r

F=-F=-G e r

r
Fl

- Gw, G »%XLO'IOM3 / (kv >CZ) , (21)
r

r1e G - IpPaBUTAIMOHHAs IOCTOSIHHAS, [ - PaJIUyC-BEKTOp C HAYaJIOM B

1 1
HEPBOM TOYKE M KOHIIOM BO BTOPOH, F, ¥ F, BEKTOPHI CHUIL.

B ciyuae marepualibHBIX TOYEK, O KOTOPBIX TOBOPUIIOCH B (hOpPMY-
JMPOBKE 3aKOHA, pa3Mepbl Tel MPEHeOPEKUMO MaJTbl B CPaBHEHUH C pac-
cTossHUueM Mexay HuMH. Kak qokaszan HeioToH, mapsl, paccTosiHIE MeX-
Iy UEHTPaMH KOTOPBIX OOJNbIIEe CyMMBI HX PaIUyCOB, MPHTATUBAIOTCS
TOYHO TaK ke, Kak ¥ MaTepraJbHble TOUYKU TeX K€ Macc, TOMEUIEHHBIE B
HeHTpsl mapos. [Ipu 3TOoM mpeanonaraercst, 4To JUO0 apbl OTHOPOI-
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HBI, 1100 MJIOTHOCTH BEIIECTBA BHYTPH HUX 3aBUCHUT TOJILKO OT PaccTos-
HHUS OT LIEHTpA.

JT0 3aMedareNbHOE CBOMCTBO IIAPOB IMO3BOJISAET, HAIIPUMED, JI0-
BOJILHO TOYHO BBIYUCIIUTE CHITY, C KOTOPOH ImapooOpa3Has 3emMiist IpuTs-
TMBaeT YeJI0BEKa MAacChl m Ha €€ MOBEpXHOCTU. BBUY TOro, UTO pasz-
MeEphI YeIOBeKa MPEHEOPESKUMO MaJIbl B CPAaBHEHUY C PaJMyCOM IUIaHe-
THI, €T0 MOXKHO paccMaTpuBaTh Kak MaTepuaidbHyI0 Touky. C npyroi
CTOpPOHBI, OTPOMHAs 3eMJisl, IPUTATHBAS YeNlOBEKa, BEAET ce0sl, Kak Ma-
TepuaibHasi TOYKa TOM K€ MacChl U MoMmenéHHas B 1eHtp 3emuu. [lo-
3TOMY MCKOMas CUJia paBHa

mmg _

R

F=G

roe m, u R, Macca u cpenHuii paauyc 3emiin, a g - YCKOpEHHE CBO-
Ooxnoro naaenus, pasuoe 9,8 m/c? (BpamieHne 3eMiM BOKPYI OCH
3[1eCh HE YYUTBIBAJIOCH). YUET HEKOTOPOH CIUTFOCHYTOCTH 3€MJIH Y
MOJIFOCOB M IIEHTPOOSKHON CHJIbI MHEPIIUU, BBI3BAHHBIX BpAIICHUEM
3eMiu, MPUBOAUT K NMPUOIMKEHHON (popmye:
F =m>9,780(1+0,0053sin%] ),

rae | - reorpaduueckas mmpora myHkra. OTClofa CIeLyeT, 4To Ha
MOJNIocax Bec 4YelioBeka (He rpaBUTALMOHHAs CHJIA, NEHCTBYIONIAs Ha
HEro) yBEIMYMBAeTCs 1O cpaBHEHHIO ¢ SkBaTtopoM B 1,0053 pasa (Ha
0,53 %).

IIpunusoobpa3zylowum yckopenuem Ha3bIBalOT Pa3HOCTb YCKOpe-
Huit k Jlyne (ConHiy) naHHoW Touku 3emuin u e€ neHtpa. Hampu-
Mmep, B ciyuae JIyHbl cnpaBeminBa Gopmyda:

gt»2Gm R, /1?3,
rae g¢ - NpUIMBOOOpa3syrolee yCKOpeHne, m H r - macca JIyHbI U
paccrosiHue 10 Heé OT IeHTpa 3eMyid, MPHYEM BEIUYHMHA (¢ Ompese-

nsiercs 31eck i Touek A u B, mokazanHbix Ha puc.48. Beuny Toro, uto
Touka B orcrout ot JlyHbI nanelie, yeM HeHTp 3eMId, U JTyHHAst [paBu-
Talus TaMm ciabee, yeM B Touke O, NMPUIMBOOOPA3YIOIIEe YCKOPEHUE
3[IeCh HAIIPABIICHO 1poub om Jlynvl. BennyrHa ero mouTH Takas ke, Kak
U B TOUKe A.

124



87. 3akonb! Kenuiepa

Iepeviii 3axon. [lnaneTsl IBUXKYTCS 10 JUTUIICaM, B 001IeM (oKy-
ce koTopbix HaxomuTcs ComHIe.

YpaBHEHUE AIUTUICA B TTOJIAPHON CUCTEME KOOPAMHAT C MOIIOCOM B
ConH1le ¥ ¢ ONAPHOMN OCBIO, MPOXOJIIIEH Yepes epureauii, UMeeT BU:

1- €
r=a———, (23)
1+ecosJ

rae €=c/a - sxcueHtpucuter. OTCIONA CIEAYIOT BBIPAXKCHHS IS
MHUHUMAJIBHOTO ¥ MAaKCHMAJIBHOIO PaccTOSHUA miaHersl oT ConHia:
g=a(l-e) u Q=a(l+e).
Hanpumep, nns opOuTH
3eman a=1496" 10°km ,
A e=1/60, q=1471" 10°km
HQ=1521" 10°kwm .

Bmopoii 3axon (3akoH
K Puc. 62. | mnomasneit): 3a ofmHaKoBbIe
MTPOMEKYTKH BPEMEHHU PaJIH-
YC-BEKTOp ILIAHETHI OMETaeT paBHble Momaau. Ha puc.63 Touku K,
KZ, K3 nK , - IOJIOXKEHHUs TUTAaHEThl B MOMeHTHI T, T, {, 1 t, cooTBeTCTBEH-
Ho. Ecin t,-t =t ,-t,, TO ruiomanu cexropos KlSK2 u 1(381(4 OIMHAKOBEIL.
W3 puc.63 Buano, uto ayra opoutst KK, nmunanee nyru K K,. Cnenosa-
TeNbHO, wem Onudice naanema k Connyy, mem OonbuUle ee CKOPOCHD.

BTopoii 3akOH MOXKHO 3amucaTh B BHUJIE:

o
dt '

(24)

Vi1- €
e C :2pa2T U yroia J BBIpaXkeH B paauaHax; P - mepuon

oOpareHus rmianersl BOKpyr CouHIa.

W3 Broporo 3akoHa Kersiepa ciemyer, HaipuMep, 4To B MEPUTEITHH
ckopocth 3emin B 1,0339 pa3s Gombiire, yem B adennu (pa3HOCTh CKOPO-
creii coctaBisier npumepHo 1 km/c).
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Tpemuii 3axon. KBaApaTbl NEPUOAOB OOpAIICHHH TUIAHET BOKPYT
CorHIla TPONOPIMOHATBHBI Ky0aM OONbIIUX moiyocei ux opOuT. Ero
MOYHO 3aIHCaTh TaK:

pP?
—5 = const . (25)
a

Ecnu Bpemst BeIpaxath B mepruogax ooparienus 3emun Bokpyr Coi-
HI[4, & PACCTOSIHUSA - B ACTPOHOMHUUECKHX, enuannax (la.e.=149,6° 10°),
TO TPETUH 3aKOH MPUMET OCOOSHHO MPOCTOH BHI: p = 532

HetoTon 0606mmun (n
YTOYHMJI) BCE OTH 3aKOHBI Ha
Clly4ail JIByX HPOHU3BOJIBHBIX
MaTepuaibHbBIX TOYEK C Mac-

caMM M, U M, , IPUTATUBAIO-

kK
' | mmxes JPYT K JPYTY IO 3aKO-
K HY BCEMHPHOTO TATOTEHUS
Puc. 63. (mpyrux cmn mer). Touku Ha-

XOOATCA 11O pasHbIE€ CTOPOHLI
OT LIEHTPAa MAacC UX CHUCTEMbI, KOTOPBIM JETUT OTPE30K, COSINUHSIOMINM
TOYKH, HA 4aCTH, JJIMHBI KOTOPBIX 06paTHO IponopuruoHaJIbHbI MacCaM
COOTBCTCTBYIOIIIUX TOYCK. HpI/I 9TOM KaxXJasd U3 HUX ABUKCTCA IIO dJI-
JmrIcy, B (POKyce KOTOPOro HaXOIUTCsl yKa3aHHBIN IEHTP Macc, puc,64.

OnHako TMpU IOCTaTOYHO OONBLIMX CKOPOCTSAX TOUEK OpOUTaMM
MOT'YT OBITH Taroke mapadona win runepoona.

Cnyuau, paccmorpenabie KemiepoM COOTBETCTBYIOT CHUTyalluH,
KOT/Ia Hayasio cuctembl oTcuéra nomenieHo B ConHie (Hampumep, B

maccy m, puc.64). [Tnanera sxe (Macca €€ - m,) IBHKETCS 110 DIUIUIICY

(& D

Puc. 64. C - nentp macc.
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¢ ¢okycoM B mepBoii Touke. [IpuTsHkeHUs APYTUX TUTaHET HE yYUTHIBa-
foTcs. MaTeMaTnyeckas 3alluch YTOYHEHHOIO Tperbero 3akoHa Kerute-
pa Takosa!
P*(m +m,)/a’=4p?/G . (26)

B TakoMm Buze 3aKOH MPHUMEHSIOT NMPHU ONpeNeIeHNH Macc JBOM-
HBIX 3BE3]], a TAKXKE Macc IUIaHET, Y KOTOPBIX UMeeTCs CIyTHUK. I1ycTs,
HampuMep, P M a - Nepuoj oOpamieHus U OoJbllIasi Molyock OTHO-
CUTEJBHOW OpOMTHI CIIyTHHKA JaHHOH TulaHeTbl (Kiu 3Be3nbr). Tor-
Jla CyMMa Macc IUIAaHeThl M CIyTHUKa (MJIM TIEpBOM U BTOPOM 3BE3IIbI)
MOXeET OBITh HaifjieHa 10 (opMyJie:
4p 253
GP?

Kax mpaBuio, Maccoil CIyTHHKa TUTAHETHI MOKHO MpPEHEOpeyb.
UToOBl OnpenenuTh OTHOLIEHHWE Macc 3BE3J, HEOOXOAMMO HCCIIE0-
BaThb WX OpOMTHI OTHOCHTENHHO HEHTPAa MACC CHCTEMBI 3THUX 3BE3.

m +m, =

Ecmu a, u a, - Gonblme MOITYOCH COOTBETCTBYIOIIUX OPOHT, TO CIpa-

BCIJIMBBI paBCHCTBA:

m/m,=a,/a,.
88. KocMuyeckue CKOPOCTH M I0JIETHI K IJIAHeTaM

3ajgady o pacuére KOOpAMHAT M CKOPOCTEH JBYX MaTepuallb-
HBIX TOYEK, IPUTSITUBAIOIUXCS 110 3aKOHY BCEMUPHOIO TSTOTEHMUS,
HAa3bIBAIOT 3a7a4el AByX Tel. IlomMecTMB Hayano KOOpAMHAT B TOUYKY

Maccel M, (mepBas MatepuaibHas TOYKA) U OMPEICIIUB YCKOPEHUE
Maccel m, (BTOpOWl MaTepuajbHOIl TOYKH) OTHOCHTEIBHO 3TOrO Ha-
Yajna, MmojiyyaeM ypaBHCHHE!
I
d’r _ G(m +m)r
dt’ ré "
rae t - Bpems, [ - BEKTOp C HA4yaJloM B MEPBOil TOYKE M KOHIIOM - BO
BTOpOi. M3 3TOro ypaBHEHMS CIENYET PAaBEHCTBO!

(27)

Ve =6(m +m) %2 +C), (28)
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rae V - ckopocTh BTOpoi Touku 1 C - MOCTOSIHHAS, OMPEACIIoNnas Xa-
pakTep OpOUTHI ATOM TOUKH.

ITpu C<0 op6wura - sumunc, npuuéM C=-1/a (a - Gonbinas moOMy-
ock sumurca). [Ipu C=0 touka nBmxercs mo mapadone u npu C>0 -
o runepbone. B mocineaHux ABYyX Ciydasix BTOpas TOYKa CO BpeMe-
HEM HEOIPAHUYEHHO YIAISIETCS OT NEPBOM.

YacTHBIM CllydaeM 3JUIMICA SBISIETCS OKPYXKHOCTBH (KOrja JKc-
LEHTPUCUTET € paBeH HyJt0). [IoCKONbKY paccTosiHHE r 37eCh IO0-
CTOSIHHO, TO U3 paBeHcTBa (28) BBITEKACT U MOCTOSHCTBO CKOPOCTH.

[MocnenHIo Ha3BIBAKOT nepgoil Kocmuyeckou ckopocmoio (V, ). Ipu
C=0 cOOTBETCTBYIOIIYI0O CKOPOCTh HA3bIBAIOT MapabOIUYSCKON WU

emopoti kocmuueckou (V,). CrpaBemuBbl GOPMYJIbL:

V, =/G(m +m,)/r (29)

Vv, =2, (30)

Jlns kocmuueckoro jerarensHnoro ammapara (KJIA), nersiiero
napajuiesibHo noepxHocTH 3emiu Ha Beicore 200 kM, mepBas U BTO-
pasi KOCMHUYEeCKHE CKOPOCTH COOTBETCTBEHHO paBHbI 7,8 m 11,2 xm/c.
Bropas kocmuueckasi CKOpOCTb cocTaBiseT 2,4 KM/C y MOBEPXHOCTH
Jlynsl u 618 km/c - Ha TpaHUIlE CONHEYHOH (oTochepbl.

Ecnu 00BbekT MOXHO OKpYXHTH chepoid, Ha TOBEPXHOCTH KO-
TOPOi BTOpasi KOCMUYECKasi CKOPOCTh PaBHA CKOPOCTH CBETa, TO €ro
Ha3bIBAIOT “uepnoil dvipou” . Pamnyc “4pHoil npipbl” OJHO3HAYHO
OIPECISCTCS 3HAUCHHEM MacChl 00OBEKTa:

r, =2Gm/c*. (31)

Otcrofa cieayer NMpUOINIKEHHOE PaBEHCTBO!

r, »30m/my,

rae m, macca ConHIa W pe3ynbTaT Moiydvaercst B KuioMmerpax. Jis
Connua u 3emyin 3HaueHUs f; COOTBETCTBEHHO paBHbI 3 KM U 1 cm.
Ecnu y moBepxHocTH 3eMiin pakeTe cooliieHa cKopocTh V, >

V, , TO Ha PacCTOSSHUM r OT LIEHTpa 3eMJIM CKOPOCTh COCTaBUT:
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R &
V= Vg - @' _A(‘)VHZ ,
e g

rae R, - cpeanumii pagnyc 3emnu. ATMocepHOE CONMpPOTHBICHHUE H
nputsxenuss ConmHua u JIyHbl He YyUMTHIBAINCH.
Tpemvsa kocmuueckas ckopocmo (V, ) onpenensercss Kak Hau-

MEHbIIIasi CKOPOCTh, JOCTATOYHAS IS MPEOAOTCHUS MPUTSIKEHUS
3emin, a 3areM u CoiHIIA ¥ BBIXO/a B KOCMHUYECKOE MPOCTPAHCTBO.
KJTA 3amyckaioT ¢ TakuM pacdy€roMm, uToObl YAQIMBIIKCH OT 3EMIIH
Ha HECKOJBbKO MUJIJTHOHOB KHJIOMETPOB, OH JIETEN B TOM € Hampasiie-
HHUM, B KakoM ABmxercss Bokpyr Cosnna 3emius. Kpome Toro, ero
CKOPOCTh OTHOCHTENbHO CoONHIAa AOJKHA MPH 3TOM COCTaBIATH 42,1
kM/c (BTOpasi KocMHUuecKasi CKOpocTh Ha paccrosiuuu B 1 a.e. or Counn-
1a). ITo 3HauYeHHWe OyAeT AOCTUTHYTO MPU CKOPOCTH 3amycka ¢ 3em-
au 16,7 xm/c. 3aMeTuM, 4TO TOCIETHAS CKOPOCTh Oepércs OTHOCH-
TeabHO 3eMJIM. 3aTeM, Iociie IPEOJAOIECHHUS 3eMHOTO MPUTIKEHUS
(MpaKTHYEeCKH 3TO MPOMCXOIUT MOCIE yAAJICHHS Ha 2 MIIH. KM) YMEHb-
MIMBIIASACS CKOPOCTh OKAXETCs TaKoW, YTOOBI CIOKWBIIUCH C OpOH-
TaJIbHOM CcKOpocThio 3emin (okono 29,8 km/c) oHa obecrieunia HyX-
HOE 3Ha4YeHHe cyMMapHO#l ckopocTu. ConpoTuBieHHe aTMocheps
3/ech HE YUHTHIBACTCS.

[Tpu nmonére KJIA ¢ 3emnu x npyroil miaHere BBIOMPArOT Tpa-
eKTOPHIO, ONM3KYIO K TOHM, 4TO ToKazaHa Ha puc.65 (B ciayuae monéra
K Mapcy). D10 - TONy3JUTHIIC, KaCArOIUICS CHAPYKH OPOUTHI 3eMitH
U W3HYTPHU - OpOUTHI MIaHEeThl (FTOMaHOBCKAsl TPACKTOPHSL).

[Tocne 3anycka ¢ 3emnu KJIA nerutr mo uHepuuu noj JeHCTBU-
em sumb npuTspkeHus Conxua. B ciyuae mpomaxa KJIA Bepuércs B
Ty K€ TOYKY 3eMHON OpOHTBI, C KOTOPOi ObLIT 3amyIieH (OmucaB MOJ-

HBIA dJutnic). Bombinast ock AyuMIca paBHa cymMMme @, +a  OoibLIKX

nomyoceli opout 3emnu 1 Mapca. Mcnone3ys Tpernii 3akoH Kemepa,
nony4yaeM opmyiy ajis BpemeHu nonéra k Mapcy:

t=J1+a )’/ (&/2), (33)

rae BennunHa a = 1,524 a.e., a Bpems t BbIpakeHO B OpOHMTaJIbHBIX
neproaax 3emiii (TO eCTh CHACPUYECKHX ToJlaX MPOIODKHTETbHOCTHIO
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OpGura Mapea

=
OpdHTa Jemnu -

l'omanoBCKAR TPACKTORHA N

Puc, 65.

365,256 cpemHux COMHEYHBIX CYTOK). Pacuér maet sHadenwue t=0,708 (259
Cp. COJTH. CYTOK). AHAJIOrH4HbIC (POPMYJIbI IPUMEHSIOT VISl PHOJIKEH-
HOW OLIEHKHM BpPEMEHH IMONIETa U K ApyruM miaHeram. OpOUTHI TIaHET B
3TUX CIIy4asiX CUYUTAIOTCS KPYTrOBBIMH.

§9 Buaumble u a0COJIIOTHBIE 3B€3/IHbI€ BEJIMYHUHDI

I'py6o roBops, Buaumasi 3BE3/AHAS BEIMUMHA OXapaKTepU3yeT
B Jlorapu()MUYECKOHN MIKajie KOJMYECTBO CBETa 3BE3/Ibl, TUIAHETHl WIIH
JPYroro CBETUiIa, KOTOPOEe PErucTpupyeT 3eMHOM HabOmronarens. OHa
OIIPENENSETC PAaBEHCTBOM:

m=-25IgE+C, (34
rae £ - ocBemIEHHOCTh U C - NOCTOSIHHAs, 3HAYCHUE KOTOPOW

yCTaHaBJINBAETCS IO COIJIALICHHIO MEXJy acTpoHOMaMH (B OCHOB-
HOM, M3 MCTOPHYECKHX COOoOpakeHmii). OCBeMEHHOCThIO £ Ha3biBa-
I0T CBETOBYIO DHEPIHIO, MOCTYNAIOIIYI0 OT CBETHJIA 3a COWHHIY Bpe-
MEHM Ha €IMHHULY IUIOIIAAM, IPUYEM IUIOLIAJIKA IEPIEHIUKYIISIpHA
HaIpaBJIEHUIO Ha 3BE3[ly U BbIHECEHA 3a IpeJelbl 3eMHOil aTMocde-
pbl. Eciii £, v E, COOTBETCTBYIOT 3BE3IHBIM BEIMYMHAM M, U M, , TO U3

(34) cmenyer, uro:

E :100'4("11' my)

E, . (35)

Ymenvwenue Bennaunel m, Ha €AMHUIY IPUBOAUT K yeeauude-

130



Huto ocBetiéHHocTH E B 2,512 paza. Jlerko 3aloMHHUTB, YTO P M, - M, =5
oyner E,/E, =100.

CoznaBasi OIHY U Ty K€ OCBEHIEHHOCTh, Pa3HbIC CBETHJIA MOTYT
pasnuuaThes 1Mo ux 1Bery. [IpencraBieHue o 1BETe MOXKHO MOJNYYHTh,
CpaBHUMBas 3BE3/IHBIC BEIMYMHBI MPU pa3HbIX cBeroduiabTpax. Ha-
npumep, romybas 3Be3ga mpu e€ HaOMIOJEHHH CKBO3b Toyy0oil cBe-
TopunbTp (B) ocTaHeTcs Tako# ke APKOH, a KENTHIH CBETOGHIBTP
(V) 3ameTHO OCabUT CBET TOMYOOM 3Be3abl. B pe3ynbraTe, BETHUIMHA

C=m, - m,, Ha3bIBaeMas IIOKa3aTeJIeM IIBETa, OKa)KEeTCs OTPHLATEIb-

HOHM (3mech M, ¥ M, - 3BE3HBIC BEJIMYMHBI OJHOW M TOM K€ 3BE3[IbI,

cooTBercTByfommme puiapTpamM B u v ). Y Oenbix 3BE3M C» 0, ¥ KEn-
ThIX M KpacHbIX - C>0. [lokazaTenb 1BETa ONPEICISIOT I 3BE3,
MJaHeT, TAIAKTUK M OpYrux HeOecHBIX o0BbekToB. Hekoropsie mpu-
Mepbl PUBOIATCS B Tabnuie Ha cTp.132.

B aroii Tabmuie camas ronybas 3Be3na - Crnuka (B co3Be3quu
JleBa), camas kpacHas - IIpoxcuma IlentaBpa (Ommkaiimias k ComH-
Iy 3Be3la). 3eMJII0 MHOTa Ha3bIBAIOT TONyOOH MJIaHETOH MOTOMY,
4To e€ MmokaszaTenb LBeTa HAaMMEHBUIMN Cpel IUIaHET W MEHBIIe, YeM

y Connma. Kak BumHO u3 TaOIULBI, BUAUMASA 3BE3MHAS BEIUYMHA m,
MOXeT ObITh OTpUIaTeNbHOW. YenoBedueckuil a3 0OBIYHO pasiiu-

qaer 3BE3abI ¢ M, <5,5-6. CoBpeMeHHas TexHWKa HaOIIOJEHHI MO-

3BOJISIET M3y4aTh OOBEKTH mpuMepHo 1o m, =25. [lo co3maBaemoii

Ha 3emuie ocBeréHHocTH onn B 40 mup. pa3 cnabee Cupuyca u B 400
ThIC. pa3 ciabee [Ipokcumel IlenTarpa.

Buaumas 3B€3Has BeMYMHA BO3pAcTaeT NPU YBEIMYEHUU pac-

CTOSIHMS JI0 UCTOYHUKA CBETa!
m= M +5Igr - 5. (36)

3neck M - abcomomuas 3BE3AHAS BEIMYMHA M PACCTOSIHUE BbI-
paxeHo B mapcekax. Oaun mapcek (nk) paBen 206265 acrpoHoMmu-
yeckuM equnuiaM win 3,066° 10%km (mapcek - paccTosiHHE, ¢ KOTO-
pOTO cpeaHui paanyc 3eMHOH OpOWTHI, MEPIEHIUKYISIPHBIN JIydy
3peHusi, BUJCH O] yriioM {¢ ). W3 paBencTtBa (36) BHAHO, YTO TpH
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O6bekT  |Tun obbekTa C m, M,
Cnuka 3Be3na -0,23 0,96 -34
Cwupuyc 3Be3na 0,00 -1,45 14
ConHue 3Be3na 0,65 -26,7 48
Berenbrense 3Be3na 1,86 0,8 -6
Eﬁig‘;gj 3Beana 1,97 11,0 15,4
;{:\;ZTMO;; ranakTuka 0,8 35 -21,1
BeHepa' nnaHera 0,79 -4,22
M apc" nnaHera 1,37 -2,02
Konutep' nraHera 0,8 -2,6
3emna'" nnaHera 0,2 -3,84
IIpumeyanus.
|. MakcumainbHOe yriioBoe ynaienue ot ComHiia.
I1. IlporuBoCTOSTHMUE.

I11. HaOmromarens Haxoaurced Ha ConHIe.

r =10TK OKaXeTcs, 4T0 m= M . TakuM o0pa3oM, 3aMeHssl BUIUMBIC
3BE3HBIC BEIMYMHBI Ha a0COJIOTHBIE, TEM CaAMBIM “BBICTPauUBaIOT"
Bce 3BE31bI HA OHOM M ToM ke paccrosHuu ot Conuna (10 nk). Bei-
Box paBeHcTBa (36) ocnoBan Ha ¢opmyie (34) u 3akone Byrepa (oc-
BEUICHHOCTH, CO3/]aBaeMasi TOYCYHBIM MCTOYHHKOM, 00paTHO Mpo-
MOPIMOHATbHA KBaJAPaTy PACCTOSHHS 10 HEro)

[Tycte | - cBeTMMOCTH 3Be3/Ibl (SHEPrHsl U3NIydEHUs], UCITyCKae-

MOTr'0 110 BCEM HAlpaBIICHUSIM 32 EIUHUILY BPEMEHH), L, - CBETUMOCTb
Conana, M U M, - COOTBETCTBYIOIIKEC a0CONMIOTHBIEC 3BE3IHBIE BEJIHYH-
Hbl. CripaBeuiuBa Gopmysia (sBisromiascs cieactsuem Gopmyssl (34)):

L 0,4(Mq-M)
L 1070 0 (37)
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B naHHOM ciydae MMeeTCs B BHY H3JIy4CHHE 3BE3IbI BO BCEM
JMAna3oHe SICKTPOMArHUTHBIX KoneOanuii. COOTBETCTBYIOIILYIO CBETH-
MOCTb U COOTBETCTBYIOIILYIO a0COMOTHYIO 3BE3HYIO BEIUYNHY Ha3bIBA-
10T 60onomempuyeckumu. EC e 3TH XapaKTePUCTHKH 3BE3bI OIpe-
JIETISIOT C UCTOIb30BAHUEM KENTOTO (TOUHEe, HKENTO - 3eNIEHOr0) CBETO-
¢bubTpa, To Gpopmyra (37) no-npexxHEMy BEpHA, TOIBKO BETUUUHBI | U

M clenyer 3aMeHuTb Ha L, u M, .

[Tpumepbl aOCOMIOTHBIX 3BE3HBIX BEIUYMH MPUBOASTCS B TOC-
nenHeM cronbue npensiayuiel Tabaunsl. [Ipumenss dopmyny Tuma
(37), MOKHO caenaTh BBIBOM, YTO CBETHMOCTH TYMaHHOCTH AHAPO-
mensl B 3,8 10 pas Gosbire ceerumoctd CoNHIIA.

IMpumeuanne. OTcroa HeNb3s JENaTh BBIBOJ, YTO 3Ta TajaKTH-
Ka coxepkut npumepro 4° 100 3pésn. Bo-mepswix, Giaromaps oc-
nabJIeHUIo cBeTa 3BE3JI B MEXK3BE3HOW Cpelie NAHHOH TalakTUKH M
Halmel coOCTBEHHOW CBETUMOCTh TYMaHHOCTH AHIPOMEABI MOXKET
OKa3aThCsl 3aHWXKEHHOH B 2-3 paza. Bo-Bropbix, ConmHIle TpUMEpHO
B JIBa pa3a MacCCHBHEC THITMYHOH 3BE3JIbl, @ €r0 CBETUMOCTh MPEBOC-
XOJMT TUIUYHOE JijIs 3BE3]1 3HaueHue npumepHo B 10 pas. Eciu ydyectsh
BCE 3TO, TO 4MClO 3BE3N B TyMaHHOCTH AHAPOMEIBI MOXKET CyIIe-
CTBEHHO NPEBBICHTH 3HaueHue 10M.

Ecnu npeneOpeys n30upatesibHBIM OCIa0JICHUEM CBETa B MEK3BE3-
nHO# cpeze (romy0oii cBerT ocrabisercs CuiabHEe, YeM KPacHBIH), TO
OKa)XeTCsl, 4TO MOKa3aTeIH IIBeTa, MOJOOHO aOCOJIIOTHBIM 3BE3IHBIM
BEJIMYMHAM, HE 3aBUCAT OT PACCTOSIHUII M, CJICIOBATEIbHO, XapaKTepH-
3yI0T (hPM3UYECKYIO MPUpOAY 3Be3zbl. Jluarpamma mokasaresp pera C -
aOcorroTHast 3BE3qHas BennunHa M, (e€ Ha3bIBAKOT JAMArpamMMoil 1BeT
- CBETUMOCTB), MOCTPOCHHAs Uil 3BE3/1 B OKpyxkatomeM COJHIEe rajiak-
THYECKOM TIOJIE, UMEET BHJI, MOKA3aHHBIN CXeMaTHYeCKH Ha puc.66 (BbI-
JIGNICHBI CTYIICHUSI TOYEK Ha ATOW JMarpamme).

Bwmecro nokasarenst ngera C 1o ocu abCIMCC WHOTA OTKJIAIbIBAIOT
CIIEKTPaJIbHbIN Ki1acce 3Be3/bl S, . CrieKTpaibHbIe KI1acChl 0003HaYaroT Oyk-
Bamu: O, B, A, F, G, Ku M (C, S). IMeHHO B 3TO# MOCIIEI0BATEIEHOCTH
3HaueHus: C Bo3pacraror ot -0,2 110 2, a Temriepatypsi horochep yObIBaroT
ot 40000 K mo 2400 K. 3Be3npl kinaccoB C 1 SB 001meM MOX0KU Ha 3BE3IBI
Kiacca M, Ho BMecTo nonoc noriotienust TiO B criekTpax 0OHapy»KHBArOT

133



S (BN , ,
o telreviie et beri e hedin

Puc. 66.

TIOJI0CHI, CBOMCTBEHHBIE COCTMHEHUSM yIIepona U MUpKoHus. CyIecTByIOT
U Jpyrue, 0osiee PeIKUe CIIeKTPaIbHBIC KIIacChl.

[Monockl Ha muarpamme (prc.66), TIe CrylmaroTes: TOYKH, Ha3bIBAOT
nocnedosamenvrHocmsamy aaarpamMmbl. Kakioif U3 HUX HPHIHCHIBAIOT
“Krmacc cBeTUMOCTH, 0003HaYaeMblii puMckuMH 1rdpamu ot | 1o VII.

B xone sBonmtonuu 38€31bl, JIsUIER Sl MAJUTMOHBI U MAJIJTMAP/bI JIET,
TOYKa, M300pakaommas 3Be3ly Ha Auarpamme, IepeMelaercs ¢ nepe-
MeHHoU CKopocThio. TaM, rie 3Ta CKOpOCTh MaJsa, BO3HUKAET Ha JHar-
pamMe crymienne Todek. Tak 00pa3yroTces MOCeI0BaTeNbHOCTH, Ha3Ba-
HHSI KOTOPBIX TPy0O XapaKTepH3yIOT CBOMCTBA BXOISIINX Tyla 3BE3:

134



| - cCBepXTUTaHTHI,

Il - spKHe TUTaHTHI,

Il - ruranTsl,

IV - cyOruranrsl,

V - 3BE3BI IMTaBHOW MOCIIENOBATEIBHOCTH,

VI - cyOkapaukw,

VIl - Genble KapiuKH.

AHalni3 pacmojoKEHUs Pa3HBIX MOCIEA0BATENbHOCTEH MOMO-
raer IpOBEPUTH CIPaBEIMBOCTh TEOPUH JBOIIONNHU 3BE3.

3aMeTuM, 4TO B BEpXHEH 4acTH THArpaMMBbl HaXOISATCS 3BE3IIBI

HaunboJiee BBICOKUX cBetuMmocterd (o M, =-6, - 7). X maccel B Je-

cATKH pa3 Oonbiie Macchl ConHua. B HMXHEH YacTH IuarpaMmbl
pacronararoTcs 3BE3NbI ¢ MaccaMHi, Kak y CoflHIIa ¥ 3HAYUTENbHO
MeHbIIMMH. Tam ke HaXOoAsATCs W Oeible KapiuKd, CPeaHHEe IMIIOTHO-
CTH BEIIECTBA KOTOPBIX COCTABIJISIIOT MOPsIKA TOHHBI Ha KyOuyec-
KU CaHTUMETP.

Ha rnaBHOI mocnenoBatensHOcTH HaxoasTcs ConHIe U Jpyrue
3BE3/bI, KOTOPBIE CBETAT 33 CUET HHEPIHMM, BBIICISIOLIECICS B IIpoOLIECCe
MpeBpalieHus BOJOPOAa B renuii. BBuay anuTenbHOCTH 3TOM (a3wl, B
TJIABHYIO TOCIIEOBATEIBHOCT BXOJUT OCOOGHHO MHOTO 3BE3I.

810. IBu:keHus 3Be3/1

CkopocTh 10001 3BE3IBI OMHOCUMENbHO 3emau U3MEHSEeTCs
HEIPEPBIBHO C MEPUOAOM B OJIUH cujepudeckuil roxa. IIpuuuna sro-
ro B TOM, YTO BEKTOp CKOpoCTH 3emiu omHocumenvho Connya 3a 37O
BpeMsi ycrieBaeT moBepHyThesi Ha 360°. Ha puc.67 mokaszaHo, Kak u3-
MEHSIIOTCSI TIOJIOKEHHE M CKOPOCTh 3eMJIM 3a MOJroja.

Ecnu 3Be3/1a HAXOMUTCS B TIOCKOCTH 3€MHO# OPOMTHI M HEMOIBH)KHA
orHocHuTenbHO COMHIIA, TO OMHOCUMETLHO 3eMau OHA YIaJsercsi CO CKo-
pocteio 30 kM/c B ciTydae A ¥ PHOTMKAETCS C TAKOH e CKOPOCTHIO - B
ciydae B. [iis uckimoueHus: momoOHOTO M3MEHEHUSI CKOPOCTU 3BE3/IbI o8
OMpENEISIoT OTHOCHTENBLHO COJTHIIA, BBOJISI COOTBETCTBYOIILYIO TTOMPABKY B
3HAaYEHHE CKOPOCTH OTHOCUTEIIBHO 3EeMIIH.

Paznuyaror 1y4eByl M TaHTCHIIMAJIbHYIO CKOPOCTH 3BE3Ibl,
puc.68.
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Puc. 67.

Jlyuesas ckopocth (V. ) - 9TO MPOEKIIMs TOTHONW CKOPOCTH 3BE3/IbI

Ha JIyd, npoBeneHHbIi or ConHia K 3Be3ne (Jiyd 3peHusi). ITa CKOpoCTh
cunTaercss OonbIned Hyis, eciu 3Be3aa ynamsiercss or Comuia. YtoOsn
HAWTH JIyY4eBYIO CKOPOCTh, HCCIEAYIOT AOIUIEPOBCKOE CMEICHHE JIHHUI
B criektpe. CooTBeT-CTBYIOMIAs hopMysia UMEET BUJL:

-1,

V. =c
I 1
0
EAPTHHHAA
TLMOCKOCTE
-
Vi oo
I
.-'"'f-f i
VY IpeHs 7
VY 3peHHA v,
Puc. 68.

(38)

IJI€ ¢ - CKOPOCTh CBCTA, | H

| , - AJIMHBI BOJIH OJ{HOM U TOU

7K€ JIMHWUU B CIICKTPE 3BE3 bl U

J1a00paTOPHOTO KCTOUHUKA CO-

OTBETCTBEHHO.
TaHrenumanpHasi CKo-

pocth (V,) - 3TO mpoeKIus

MOJIHOM CKOPOCTH Ha Kap-
THHHYIO IJI0CKOCTh. KapTuh-
HOHW Ha3bIBaIOT MJIOCKOCTD,

MPOXOSIIYIO Yepe3 3BE3/Ly MePICHANKYISPHO Jiyuy 3perus. OueBuIHO,
MOJTHAsE CKOPOCTH ompeaensercs mo teopeme [udaropa:

V=N2+V2.

[Ipr >TOM TaHTEHIMAIBHYIO CKOPOCTh HaXOAAT MO (opmyJe:

V, =474

(39)

rae M - cobcmeennoe OsudiceHue, BIPAKEHHOE B CEKyHIaxX AYTU 3a

TOd, U r - PacCTOSHHUE, BRIPAKEHHOE B Mapcekax (CKOPOCTh Mmoyda-

ercst B KM/c).
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CoOcTBeHHOE ABMKEHHE I - 3TO YINIOBOE CMELIEHHE 3BE3/Ibl Ha
HeOe, BbI3BaHHOE e ABMXKEHHEM B MpocTpaHcTBe. s moaaBiisio-
mero O6oNbpIMHCTBA 38834 M<(Q1d¢f B roJ U HU Yy OJHOH 3BE31bI HE
npeBbimaeT 11¢ B rox. CpaBHHBas ABa CHUMKa OJHOH M TOH ke 00-
nactu Heba, MONYYCHHBIX C MHTepBajoM BpemeHu B 25-100 ner (B
OJIHO W TO € BpeMs rofia), U3MEPSIOT yriIOBOE CMeleHHe | TaHHOM
3Be37bl OTHOCHTENBHO ropa3io Ooiee maj€ékux 3BE3A WIM slep Ta-
nakTuK. CoOCTBEHHOE JBHIKEHHE HaxoIiT Mo (opmyIe:

nm=1/Dt,
rAe Dt - MHTEpBaJ BPEMEHH OT MEPBOTO CHHUMKa 10 BToporo. llpu
3TOM ONPENESIOT HE TONBKO BEJIMYHHY COOCTBEHHOT'O ABUIKEHUS,
HO M ero HampaBJICHHE.

PaccrositHue 10 3Be3/bl ONMPEACTSAIOT MPSIMBIM MW KOCBEHHBIM
MeTonoM. OIUH U3 NPSAMBIX METOJIOB OCHOBaH Ha MCIOJb30BaHUH
200u4H020 napaniaxca, p . Tak Ha3bIBalOT BBIPAKEHHBIA B CEKyHAAX
JYTH YTOJl, IO/l KOTOPBIM OT 3BE€3/bl BHJIEIH OBl CPEHHN PaglyC 3eM-
HOM OpOWTHI, MEePIEHANKYIAPHBIA Jydy 3peHus. CBs3b MEXAY Ma-
paJjuUIaKCOM M PACCTOSHUEM UMeeT BUA: r = (14t/ p) k. s Haxoxzme-
HUs mapaiakca GororpadupyoT naHHyoo 3Be3ay (Ha (oHe ropasmio
Oonee mamékux 3BE3M) MO KpaiHEW Mepe ABaXKJbl B TEUEHHE Tr0ja,
Korza 3emisi HaxomuTesl BOau3u Todek A u B (cm. puc.67). Yron mex-
ny nampasieHussiMu AC u BC Ha puc.67 paBeH yIBOCHHOMY TOAWY-
HOMY mapasuakcy 3Be3zbl C. 3Hast 3TOT yroi (10 CMEIICHUIO 3BE3/Ibl
C Ha done ropaszmo Oomee TaNEKUX 3BE3M) M PACCTOSHHUE MEXIY TOY-
kamu A u B (mpumepno 300 MJIH .KM), MOXHO ONPEICIUTh PACCTOs-
HUE 10 3BE3[IBI.

1
Kax naiimu ckopocms camozo Connya? Ilycts V, - BEKTOp CKO-

poctu | - toit 3Be3anl (i =12,..., N) orHocutensuo ConHia. 31ech
paccMaTpuBalOTCs 3BE3/IbI KAKOrO-TO OMpeneiaéHHOro Buaa (Hampu-
Mep, HaOJt0/1aeMble HEBOOPYKEHHBIM TJIa30M WIIM KaKHeE-TO JPYTrHe)
BHYTpH cdepsl paanyca R ¢ neHTpoM B ConHie. CKOpoCTh HEHTPO-
ua 3TUX 3BE3] (FEOMETPUUYECKOro IEHTPa MX COBOKYIHOCTH) MOXET
OBITH OIpe/eicHa U3 PaBCHCTBA:
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r _1 r
Vo_ﬁ V| (40)

Qo=

i=1

CxopocTts ConHIIa OTHOCHUTEIBHO COBOKYIHOCTH PacCMaTpH-
BAaEeMBIX 3BE3J, OYEBUIHO YIOBIETBOPSET YCIOBHIO. V, =-V . Ecin
paccMaTpUBaTh TOJNBKO 3BE3/IBI COTHEYHOTO THUIIA, TO €CTh C MOYTH
TakuMHu ke, kak y CoiHIa, MaccaMy, CBETUMOCTAMH U CIEKTPaJb-
HBIMU KJIacCaMH, TO OTHOCHTEIbHO HUX CKOpPOCTh HAIIEr0 CBETHJIA
cocTaBUT 0K0J0 36 KM/c. BekTop 3TOil CKOpOCTH HaImpaBieH K CO-
3pe3auio Jlupa. Ho oTHOcUTENbHO Onrbkalmimx 3BE3], HAOJIOIAEMBIX
HEBOOPYXKCHHBIM TJIa30M, CKopocTh paBHa 20 KM/c M OHa Hampasie-
Ha K co3Be3auio I'epkysiec B TOUKY C 3KBATOPUAIBHBIMH KOOpAMHA-
tamu anbha=18" u nenbra=+30°. DTy TOUKY HA3BIBAIOT ATIEKCOM JIBH-
skeausa CoiHIia.

Jng xaxaod 3Be3Abl MOXKHO, B NMPUHIMIIE, ONPEAETUTh OCTa-

TOUHYIO (MEKYIAPHYIO) CKOPOCTh: uri :\'/i - \'/O. JTO - CKOPOCTh 3BE3-
JIbI OTHOCHTENBHO IeHTpoua. J{ns BeIOOpKM 3BE3J CO CXOIHBIMU
(U3MYECKUMH XapaKTePUCTUKAMK Paclpe/e/ieHHe OCTATOYHBIX CKO-
pOCTEH B IIPOEKLIUMU HA HEKOTOpOE HampasieHue | (U,) NOAYMHSET-
csl HOPMaJIbHOMY 3aKOHY (Kak W B ClIydae MOJIEKYJ rasa):

-uf/(2s )

1
f(u)=—F=——c¢
( |) @SI ’ (41)
rae f(u,) - IUIOTHOCTH BEPOATHOCTH M S’ - AUCHEPCUS CKOPOCTEil

u,. B otnuume ot Toro, uTo HabmIOmaeTCs JUIS YacTHUEK rasa (ato-

MOB HJIM MOJICKYJ), 3HaYCHHUE S, 3aBHCUT OT BHIOPAHHOI'O HaIpaB-

JICHHUSA.
JlanHbpie HAOMIOJEHUI CBUIIETEIBCTBYIOT, YTO HauOOJbIIEe

3HaUYEHHUE S, MOJIyYaeTCsa B HAIIPABICHUH NPUOIU3UTEIHHO HA LIEHTP

lNanakTuky, HaUMEHbLIEE B HANIpaBICHUU, NEPIEHAUKYISIPHOM K
MIOCKOCTH TallaKTHYeCcKoro 3kBaTopa. [nsg 3B€31 ¢ pa3ueiMu ¢u-

3MYeCKUMHU CBOMCTBaMU 3HaueHUs S, U3MeHsA0TcA oT 5 10 km/

¢ no 100 200 xm/c.
CxopocTu 3Be3/l H3MEHSAIOTCS CO BpeMEHEM MoJ IeHCTBHEM HpH-
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TSODKEHHHU JIPYTUX 3BE3JI, 3BE3MHBIX CKOMJICHUH M 0OIaKoB TMBUIM M Tasa.
IIpu sTOoM pacTér pucnepcHs CKOpPOCTEN.

Brime nuta peys 0 3B€37aX, HE NPUHAMISKAIIUX K 3BE3THBIM
CKOIUIEHMSIM M KpaTHBIM cHUCTeMaM. B mepBoM ciydae mpu ciydai-
HBIX COJNIMDKEHHSIX 3BE3Jl TaKKe IUCIEPCUs CKOPOCTEH MOCTENneHHO
YBEIMYMBAETCS, YTO B KOHIIE KOHLIOB IIPUBOJUT K paclany CKOI Je-
HUs. Bo BTOpoM ciydae OOBIYHO CTPYKTypa CHUCTeMBbI oOecrieduBaeT
€€ CyIlleCTBOBAHHWE HA IPOTSDKEHUUM MHOTMX MHJLIAAPIOB JIET.

§11. Pagmycel 3Be31

3Has pacCTOSIHUE 10 3BE3]bl U yroJl, MOoJ KOTOPhIM Habmrogaer-
cs e€ paanyc, MOXKHO PacCUMTaTh JUIMHY IOCIEAHEr0 B KHIOMETpax.
Opnnaxo yxe Ha pacctrosauu B 10 mk paamyc ConHia HaOmromancs
OBbI TIOJ] CITUINKOM MaJibiM yriioM (0Kojio 0,0005¢). Takoit yrom B Ha-
cTOsilIee BpeMsi M3MEPHUTHh OYEHb TPYAHO. YTJIOBBIE PajnyChl yAaéT-
cs U3MEPHUTH TOJNIbKO y Onmmkaimux kK ConHNy 3BE3A-TUTAHTOB H
CBEPXTHTAHTOB.
KocBenHo nauHENHBIN pagnyc R 3Be3fbl C M3BECTHOW CBETMMOC-
TBIO | M aOCONIOTHOW TeMIepaTypod T MOKHO OLEHHUTh, HCIIONb-
3ysl COOTHOILIEHUE!
L = 4pR%,
rZe e - TOBEPXHOCTHAs SIPKOCThH 3Be3Abl. [IpennonaoxuB, 4To mocie-
JHSS TIPOTOpIMOHAIbHA BennunHe T4 (3akoH Credana - bombima-
Ha), TIOJIyYUM ypaBHCHHE!
L = constR*T*
Y aHaAJIOTUYHOE YpaBHEHUWE MOXHO 3amucaTh s BenuuuH Lo, R, u

T,. I3 3TuX OBYyX ypaBHEHHI ciemyer hopmyra:

R/IR =\L/L, I(T/T,). (42
3neck | - Oonomerpuyeckasi CBeTUMOCTh (BO BCEM JiHaria3oHe JUTHH
BOJTH), OIpeesieMast 0 BUANMON 3BE3HON BEHYMHE M PACCTOSHHIO
C Y4€TOM CIEKTpaJbHBIX O0COOCHHOCTEH 3Be3/bl. TemmepaTypy OleHH-
BaKOT 10 PACIPEICICHUIO SHEPIYH B CIEKTPE M3JIydeHHs 3Be3/bl. B ya-
CTHOCTH, TEMIIEpaTypy MOXXHO ONPEACTUTh 1Mo (opMyIe:
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T=a/(C+b),
rJe C - MOoKa3aTelb I[BeTa U a U p- U3BECTHHIC MOCTOSHHBIC.
CymecTBYIOT M ApYyrue CIocoObl ONpeneNieHusl 3Be3JHBIX pajiu-
ycoB. Hampumep, ux MOXXHO HalTHU MO NPOAOJIKUTEIBHOCTH 3aTMeE-
HHI B TeX JBOMHBIX 3BE3JIaX, Y KOTOPBIX ILUIOCKOCTH OPOUT 00pasy-
10T JIOCTATOYHO Mallble YIJIbl C JIy4OM 3peHHS HaOtoJaTens.

§12. IpuHIUNBI TOCTPOEHNS 3BE3THBIX MO/IEJIei

[Tpu pacuere mapaMeTpoOB BHYTPEHHEIro CTPOCHHS 3BE3Jbl He-
00xoanMo yuecTh 1 - TpaBUTAMIO, CXKHUMAIOLIYIO 3Be31ly, 2 - JaBlie-
HUE Ta3a U CBETOBOE JaBJICHHE, MPOTUBOACHCTBYIONINE CXATHIO, 3 -
XUMHUYECKHUIN COCTaB BCHICCTBA HA pa3HBIX pAaCCTOAHHAX OT LCHTpPA, 4
- UCTOYHHUKHU dHepTUH (OOBIYHO 3TO - SiAEPHBIC PEAKIIUH B ICHTPAJIb-
HBIX 007acTAX) ¥ 5 - crmocoObl mepeHoca sHeprun (M3MydeHue, Tero-
MMPOBOJHOCTb U KOHBCKIHA - JIOKAJILHBIC JBUKCHHA MacCC BeHIeCTBa).

OcHOBHEBIE YpaBHCHUA HMCIOT BUI:

daT
—=C,Lr /(r°T?
da T,

rone G, C, u C, - mocrosHHble, P, m, [, L, € U T - IaBJICHHUE,

Macca BHYTpH cdepbl paauyca r , OMHCAHHOH BOKPYT LIEHTpa 3BE3-
Jbl, TJIOTHOCTh BEIIECTBA, IOTOK U3JIYUYEHHS 4YEpe3 YIOMSIHYTYIO
BBIIIE MOBEPXHOCTh, KOJIMYECTBO DHEPTHH, BhIpabaThIBaeMOU eau-
HUIEW Macchl, U TemrepaTypa. Bce 3Tu mapamerpsl sSBISIOTCS (QyHK-
LUSAMHU PAaCCTOSHUS OT LEeHTpa. B HEKOTOPHIX cilyyasx MPUXOIUTCS eI
YUHUTBHIBaTh U KBAHTOBO-MEXaHUYecKHe 3P EeKThI, BOZHUKAOIIHE ITPHU J0-
CTaTOYHO OOJNBIIHX TUIOTHOCTSIX.

Eciu y 3Be3abl HET MOOIM30CTH JPYroi 3BE3Jbl, C KOTOPOH MO-
KET MPOUCXOAUTH OOMEH MacCod, TO €€ COCTOSHHE B JAHHBIH MO-
MEHT OIPENENseTcs, B OCHOBHOM, HAYAJIbHBIMU MAacCOd M XMMHUYEC-
KHUM COCTAaBOM, a TAK¥KE BO3pPacTOM.
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3akJoueHue

1. Kocmoc u 3emitst coeHEHB! APYT ¢ APYT'OM MHOTHMH IEeT0Y-
KaMU MPUYMHHO-CIEICTBEHHBIX CBsA3eil. [lo-BuauMomy, 4acTp uX elé
ocTaércs 3a MpeaenamMu Mojis 3pEHUs] COBPEMEHHOT0 YelIOBEYecTBa.
Ho paxke cpaBHUTENHHO MOBEPXHOCTHBIN, OETIbIH 0030p M3BECTHBIX
BIMAHHUI KOCMOCa YK€ TO3BOJIAET YOenuTbcs B UX MHOTrooOpasuH,
CIIO)KHOCTH M Ba)XXHOCTH JUIS TOTO, YTO MPOUCXOAUT Ha 3eMie.

B3ariaa B pan€koe mpouuioe mokKa3blBaeT, YTO KOPHU TOM KHU3-
HU, 4TO pacliBelia Ha IUIaHeTe 3eMilsl, HaXxOAATCS B TIIyOOKOM KOCMO-
ce. JTO - MpeXJie BCEro T€ XUMHMYECKHE 3JIEMEHTHI, U3 KOTOPBIX MBI
BCE COCTOMM. YTJEpOA, KUCIOPOA, a30T U JIpyrue HEOOXOAMMBIE IS
KU3HH BJIEMEHTHI OB CHHTE3MPOBAHBI B SJIEPHBIX TOMKaxX 3BE3N-
HbIX Heap. [locne 3Toro mponuio emé MHOTO MUJUIMOHOB JIET Hpek-
Jie, 9YeM YIOMSHYTBIE 3JIEMEHTHl OKa3aJUCh B MEK3BE3IHOM MPOCTpPaH-
crBe. Tam U3 HUX M BOAOPOAA, CYILIECTBOBABIIEI0 M3HAYaIbHO, chop-
MHUPOBAJIMCh Ta30IbUIEBbIE 00J1aKka, a U3 HEKOTOPHIX OOJIAKOB MpH
ONpene’EHHBIX YCIOBUAX MOJ JCHCTBHEM TpaBUTALMH 00pa30BaNKCh
3B€3/lbl BTOPOro IOKOJIeHUs. HacTh 3TUX 3BE3] MMENA B CBOEU OKpe-
CTHOCTH TUIAHETHBIE CUCTEMBI, IPUYEM K 3TOMY BPEMEHM TaM YXKe
MPUCYTCTBOBAIH Pa3HOOOpa3HbIE OpraHUYECKHE COSIUHEHUS - KUp-
MAYUKH OYAYIIUX JKUBBIX CYIIECTB.

2. Tlponecc 3apoxaeHHs )KU3HH JI0 CHX TOp emé ocTtaércs Taid-
Hoii. Ho ku3Hb mosBHUIach. 3aTeM €CTECTBEHHBIH OTOOp, MyTallMH H,
MOJKeET OBITh, €lIé Kakue-TO (HaKTOPhI NMPUBEIH K HEMMOBEPHOMY YC-
JIO’)KHEHHIO JKUBBIX OPTaHU3MOB M UX cooOmiecTB. HeoThemiieMbiM
Ka4ecTBOM JKH3HM CTaJI0 CTPEMJIEHHE K BBDKMBAHUIO LIEMH IMOKOJIe-
HUW WM, WHA4Ye TOBOps, cTpeMieHue K OeccmepThio. Bo3amoxHO,
WMEHHO 3TO Ka4eCTBO NPEAONpPEACIuT Oyayliee YeloBeYeCTBa M €ro
B3aMMOOTHOILIEHUSI ¢ KOCMUYECKMMHU OodaraMu pasyma, €clii TaKo-
BBI€ CYIIECTBYIOT.

3. B kocMmoce, kak 1 Ha 3emie, BCE HAXOAUTCS B COCTOSIHUM HEIpe-
PBIBHOTO M3MEHEHHS, OBICTpOro Wi MemieHHoro. Jlaxxe Meraranak-
THKa, BOMparomas B ce0s BeCh HAOMIOAAEMbIil MUD, PACIIMPSCTCS, MOJ-
TBepkaast apesuuii Te3uc I'epakmuma Ddecckoro (“Beé Teuér”).
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N3Mmensiercs u yenoBevuecTBO. Bo3MOXKHO, BaXHYI0 POJjib B 3TOM
CBhITpajl MOCJHEIHUI JEeAHUKOBBIN MEepuoj, MPUUYUHBI KOTOPOro, CKO-
pee Bcero, cBsizanbl ¢ kocMocoM (cMm. I'n.4, 85). IlposiBieHusMu n3me-
HEHUI MOYXHO Ha3BaTh.

- YHCJICHHBIH pOCT HacelneHus (3a Mociie[JHee THICIUYCIETUE -
B 20 pas),

- UCIOJIb30BaHUE BCE HOBBIX CIIOCOOOB mepenBrkeHus (OT Te-
JeTH ¥ KOJECHHIIBI JI0 aBTOMOOMJISI, CaMOJIETa M PAKeThI),

- pa3BUTHE CIOCOOOB CBsI3U (OT TOHIIA M TIOYTOBOTO TOAYOsS 10
paano, CIyTHHKOBOTO TEICBHUICHUS M UHTECPHETA),

- yCHJIGHHE CIIOCOOHOCTH K BOCIPHUATHIO OKPYXKAIOLIETO MUpa
(MUKpOCKOII, TeNecKoIn, paauouHTepdepomMerp u T.1.),

- co3JaHue BCE HOBBIX CPEACTB JUISl YCHJIEHUS MHTEIEKTyallb-
HBIX BO3MOXXHOCTEH (0T cyeroB M apupMoMerpa 10 KOMITBIOTEPHBIX
CHCTEM),

- Bcé yruryOuisitonieecs IPOHUKHOBEHHE B TallHBI MaTePUU M JKU3-
HU ((pu3mMKa, XUMMUs, aCTPOHOMHMS, TeHETHKa, (apMaleBTHKa U T.1.).

Becbma cymiecTBEHHBIM YCIOBHEM JJid TaKOTO pa3BUTHUS SBU-
J0Cch O0bENUHEHUE YCUITMH MHOXECTBa JIOJEH AJsl pelleHnus KOHK-
PETHBIX HAaYYHBIX M TEXHHUYECKHX 3ajJay. TpynHO TIpeacTaBuTh cede,
4YTOOBI OJIMH YEIOBEK MJIM HEOOJIbIlas TpyIa JroAeld CMOIJIU OT Ha-
Yajga ¥ JI0 KOHIIA CO3[aTh COBPEMEHHbIH aBuanaiiHep (JEKTPOHHBIIM
KaJIbKYJISITOP, TEICBU30p, aBTOMOOWIb U T.1.).

Emé onHo m3MeHeHue (BO3MOXHO, CamOe BaKHOE) COCTOMT B
TOM, YTO YeNOBEK BCE TIyOxe Morpykaercs B MCKYCCTBEHHYIO Cpely,
CO3IaHHYIO JAPYTMMHU JIIOJbMHU (IIyCTh YMTATENb, HAXOMSAIIUIICS B TO-
MEIEHNH, Ha BpeMs OTOPBETCS OT STOr0 TEKCTa M MOonpolyeT HailTh
B OKpY)Kalollel ero cpeie KakowW-HUOyIb MpeMET, KOTOPOro HE Ka-
camach OBl pyKa 4YeloBeKa, MPsIMO WIIM OMOCPEICTBOBAHHO - MPHU TIO-
MOIIMA TEXHUYECKUX YCTPOKCTB).

4. OnacHOCTh TaKOTO MOTPY>KEHHS COCTOUT B HEIOOIEHKE BO3-
MOXHOCTH TOCTENIEHHOW H30JSALMM 4YelIOBeKa OT MPHUPOAHONW Cpebl
U B 4YpPE3MEPHOM 3aBUCHMOCTU OT Cpelbl UCKyccTBeHHOW. Ilocimennss
JUISL 4eJIOBEeKa SIBJISETCSl HOBOW, HETPUBBHIYHON M 3a4acTylO CIMILIKOM
CJIOKHOHM - 4TOOBI €0 yCIemHo ynpasiarh. [locneactBust mpeObiBa-
HHS B 3TOM Cpele IOKONEHUH JIIAEH TPYJIHO NPENCKA3yeMBbl.
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C npyroit CTOpOHBI, TOCTENEHHOE PUBBIKAHUE JTIOACH K )KU3HU B
HCKYCCTBEHHOM cpeie MMeeT M CBOM IUTtochl. OKpysKatonuil 3eMiTo co
BCEX CTOPOH KOCMOC BpaKIeOCH uYeloBeKy (BaKyyM MEXIJIaHETHOrO
MMpOCTpaHCTBA U He6HaI‘OHpI/I$ITHLIe YCJIOBUSA Ha TOBEPXHOCTAX IJIAHET U
ux cnyTHUKoB). [ToaToMy B 0003puMOM OyutyIiieM JKH3Hb 3a TpeAeiaMu
3eMi BO3MOXKHA JIMIIb B ICKYCCTBEHHOW Cpesie OOUTaHMs.

Co3naB oyaru Takoil cpenbl BHE 3eMIIH, YEIOBEK MOTYYUT BO3ZMOXK-
HOCTB ITPUCTYIIUTH K OCBOCHHIO KOCMOCA. 910 6y£[eT O3HadaThb, YTO )KU3Hb
HAuHET BO3BpAIIATHCS K CBOUM KOCMHUYECKHUM HCTOKAM.
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