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NMPEANCIOBHE

ACTpOHOMHS SBAAETCS OMHOH M3 caMblX ApeBHux Hayk. Ee pasearne
BAWMSIO K BIIMACT HA PA3BMTHE BCEro €CTECTBO3HaHMA. B cBolo ouepenb,
pa3sBHTHE PYrHX HAyK BIMACT Ha Pa3BUTHE aCTPOHOMHH. M £CIH HECKONBKO
THICAuENETHI HA3aJ OCHOBHBIMHU 32/la4aMH aCTPOHOMMH ObLTH OPHERTHPO-
BaHMe Ha MECTHOCTH H CHET BPEMEHH, TO ceHyac OHa 3aHHMAETCA H3yYeHHEM
(BDH3HYECKHX ¥ XHMH1CCKUX CTpOeHni HeDecHBIX Tel, IBHKEHHH ITHX Ten,
TPOHCXOKASHHEM H PA3BUTHEM OTAENBHBIX TENT H BcenenHoit B HejaoM. ACTpo-
HOMMA Pa3fAe/HiIach HA OTAETbHLIE JUCLIMNIMHBL, PELIAIONIHE ITH 331a4H.

O6BI4HO BO MHOTHX KHHTaX 110 ACTPOHOMHH Ha OJHOH-JIBYX CTPaHHLIAX
ONMCHIRAETCA, KAKHe 3aJa4H PelaeT Kakaas AWCUMIUIMHA. S 06 5TOM Ha-
IHCAN YYThb-UyTh NOAPOCHEE — MONYUHMIOCH HECKOJIBKO AECATKOB CTPAHHLL.
B 3ToM nocobuu Mbl KpaeM Ma3a 3arnsHyad B OECKOHEUHBIC MPOCTOPL!
ACTPOHOMMH., )

Tpu coBpeMeHHOH HIKOIBHOM NporpamMMe, B KOTOPOH HE BCeraa mpe-
JYCMOTPEHO H3yYeHHE aCTPOHOMMUH, nocobre OyaAeT NONEe3HO CTYACHTAM JUEs
O3HAKOMJ/IEHHUS C ITHMH BONPOCAMH.

ABTOp BbipaxaeT ONaroaapHOCTh PELEH3SHTAM: CTaplueMy Hay4YHOMY
cotpyauuky TAHULLI MI'V Vpansckoit B.C. u nouenty kadeapsr AnKI
MMUTAuK Kpwinosy B.H. , a taksxe, 3a TPOCMOTP Py KOMHKCH U LIEHHbIE 3aMe-
uaHuA, 3aBeAyIOWieMy oTaeaom acrpoMerpun TAUIIMITY poxropy dusmko-
maremMaTHyecknx Hayk Kyumosy K.B. 1 3apeytoinemy kadenpolt acrpoHOMuM
1 kocMuueckob reogesnn MUHMT'AnK npodeccopy Kpacnopsuiosy M.H.

1. HPEAMET H 3AJAMU ACTPOHOMHH

ACTPOHOMHS - 3TO Hayka 0 BeesteHHoi, 4yacThio KOTOPOH ABIAEMCS K Mbl,
Tposienss rpoMaHoOe TepNeHHe H30 AHA B IeHb, U3 TO/Id B 1O/l, U3 CTOJIETKA
B CTOJICTHE MBI HENPEPLIBHO HAaGII0A3EM OKPYIKAIOLLIHH HAC MHP, HaKAarUIK-
BAeM PE3YNBTaThl HAOMIONEHHH, CHCTEMATH3HPYEM HX M BBIBOIUM pa3zinuyHbie
3aKkoHbl. MBI — YenopeyecTBo.

B actpoHomuu Habmonaercs uanydeHue HeGecHsix ten. Uanyuenus
HMECIOT PaINYHYIO apkocTh (Oneck). Tlo oMy Manydenuro nabmonarens,
HaXOISIMACA Ha MOBEPXHOCTH 3eMIH, ¢ NOMOLILIO Pa3NH4HBIX MPHOOpPOB
OnpeAenseT HanpasiaeHHs Ha HeOecHble Tena (pue. 1). Ilo HanpaBaeHHAM
10y 4ai0T B3aWMHBIE NOJIOKEHHS HeOECHBIX TeN. A TaK Kak Bce B [IpHpoAe
JABHXKETCS, TO HANpaBJAEHHS M3MEHSIOTCA H OTH MIMEHEHHS MNO3BOAAIOT Ofl-
penennTh B3auMHbIe ABMKeHHs HeGecHbix Ten. OnpeaeneHne NONOXKeHHH H
OBMKEHUHA HeGEeCHbIX Tel — OHA U3 IIABHBIX 3a71a4 ACTPOHCOMUH.

¥ 3sessa %é

ConHue

Puc. 1
HM3nyuenua HebecHbIX TeN UMEOT pasivuHbie uBeTa. MsydeHuem
cnekrpa uanyvenus 3anHumancs Heioton. B XIX Beke Gwinn uzobperten
CNEKTPaJibHbIH aHANH3.
Jhoboe Bemecrro nanyuaer. Kaxapiii sneMeHT Tabnuusl Menneneeea
MMEET CBOHM CNeKTp uajgy4eHus. Pasnaras usnyueHue Tena B CHOEKTP H HC-
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RONL3Yys N1a00paToOpHBIE CNEKTPHI IMEMEHTOB, MOMHO JOCTATOYHO TOUHO
OfIpeICUTL XHMHYECKHIH COCTaB Telta, QU3NUECKHE CBOACTRA, TEMIICPaTypy.
Hsnyuenue Tena MOKET OBITH BO BCEM CNEKTPAILHOM [MANa3oHe: 0T ramma-
uanyuenus (Menee 0.1 anrcrpema) no paauoauanasoda (puc. 2).

Tavea- | Peutrenneckee | Ymrpadmoneropos | Ontaveckudi | Kagpakpacnce | Fagne-
el HANYHERNE HHTYICHIE RHAUTEEOH HamYHeHEe RHATIa2CH
Harnra
BOMLIB 01 100 3960 To00 ewn
AKrctpemat Gomee
Puc. 2

3TOT METOA JICIKHUT B OCHOBE acTPOM3MKH, KOTOpas H3y4aeT CTPOeHHUE,
du3Myeckre CBOMCTBA M XMMHYECKHH cocTaB HeBecHbIX Tell. ACTpoM3HKa
pellaeT BTOPYIO MABHYIO 3aa4y aCTPOHOMHEH.

Borpocst: oTkysa Mbl, KyZia Mbl IBHOKEMCSH B CBOEM PA3BMTHH, KaKas B3a-
MMOCBA3h MEXKAY MHKPOMNPOLIECCAMH H MAKPOTIPOLIECCAMH BPA JIY NOTYYAT
oreeTel. Ho monpoboBarb y3HaTe 3T0 MOxHO. JIFOGOOBITCTBO ONpPEASIHio
Pa3sBHTHE TPETLEND Pa3jena aCTPOHOMHMH: KOCMOMOHHH H KOCMOIOTHH, KO-
TOPbi€ 3aHHMAIOTCA HIYHSHHEM MPOUCXOMK/IEHHA U pa3BHTHA HeOeCHbIX Ten
¥ BcenenHoii B LieioM.

PaisuTHe BCeX OWCLMIUIMH acTPOHOMMH HEPA3PLIBHO CBA3AHO APYT C
ZPYroM H ¢ pa3BHTHEM APYrux Hayk: (usukoii, XuMmueid, Ononorudeii, reoae-
3Mel, MATEeMaTHKOM H T.11.

2. PA3AEJIBI ACTPOHOMHH
2.1. AcrpomeTrpus

Tepsas qWCLMILIHHA, KOTOpas B IyGOKOH APEBHOCTH MON0KMITA HAYATIO
Pa3BHTHIO aCTPOHOMHH — 2CTPOMETPHA, NO3BONAIOLLASL HENOBEKY OPHEHTH-
pOBAaThCA HA MECTHOCTH H U3MEPATL KOPOTKHE H JUTHTE/IBHBIC NIPOMEKYTKH
BpeMeHH. ACTPOMETPHA YCIIOBHO JENHTCA HA CPEPHUESCKYIO aCTPOHOMMIO,
dYHAAMEHTANBHYIO ACTPOMETPHIO, TEONEIHYECKYIO ACTPOHOMHIO,

2.1.1. Cepnueckan acTpoOHOMHSA

Bo Bcex o0GsacTax HaAyKH H TEXHHKY HeoOXOAHMA CHCTEMA OTCUETa, OT-
HOCHTEJILHO KOTOPOH BBIMIONHAIOTCE H3MepeHus. XKenareabHO HMETh CHCTEMY
OTCHETA, FIO3BOJIAOLLY KO HCTIONB30BATE CTPOTHE MATEMATHYESCKHE Y PaBHEHHA.
Takoii cucremoii MmoxeT ObITh CthepuUeckas.

B uenTpe cdepsl HaxoauTea Habnonarens — Touka O (puc. 3).

O (3se3ga)
* :

| P (Momoc)

S (ConHue)

L (Nyna)

| P’ (Morioc)
Puc. 3
Bce HanpasneHHs, 04 KOTOPEIMA HAaGMOAATENb BUAHT HeGecHble 00L-
eKThl, nepecekyT cepy. Ha cdepe nonyuarcs npoeximu HeGecHbIx 06BEKTOB
B Brae touek: ansg Connua — S', ons Jiynol — 1, nns 3se3anl - o', Ecnn Ha
ciepe 1IpOBECTH ABE B3IAHMHO NMEPHEHAMKY/IAPHbie OKpyxHOCTH (QBAQ'Q 1
PQ'P'QP) 1 MCTTONB30BATE MX B KAYSCTBE CHCTEMBI OTCHETA C HAYATLHON TOUKOH
Q' (nepeceyenue ITHX ABYX OKPYXKHOCTEH), TO NOAMKEHHE TIO00H TOUKH Ha
chepe (2 37O NMpoeKUHH HeBESCHRBIX Tes) MOXKHO ONpPENeNUTh OTHOCHTENBHO




MOCTPOEHHOM Takum o0pa3oM cHeTeMb! koopauHar. Chepa — MaTeMaTHYeCKH
NpaBKiIbHAA TOBEPXHOCTE, 1103TOMY NOOKEHAS TOUCK Ha chepe U M3MEHEHHS
ATHX TIONOXKEHHIH OTHOCKHTEBHO HCNOMIL3YEMON CHCTeMBI KOOPIMHAT H OTHOCH-
TeNbHO APYT APYra MOXKHO onpeaenuTs abcomoTHo Touno. Chepuyeckas act-
POHOMHS 3aHHMAETC MATEMATHYECKHUMH METOAAMH ONPEIEIEHHS NOTOKEHHHA
M JBHDKCHHI HEGECHBIX Tes C MOMOLBIO CHEPHUECKHX CHCTEM KOOP/IMHAT.

CyuiecTByeT MHOTO 3 {eKToB, BIHAIOLIMX HAa H3MCHEHHE HanpaBieHHH
Ha Habmonaemele 06bekThl. [IpH HCNONB30BaHUH CHEPHUECKHX CHCTEM
KOOpPAWHAT MBI JOIDKHBI 3TO YYHTHIBATE H BHOCHTE NMOMPABKM B PE3YNBTAThI
u3mepennit. Ceprdecias acTpOHOMHUSA 3aHHMAETCSA TEOPHEH 3aKOHOME PHbIX
M3MeHEHMH KoopauHaT co BpemereM. HanpasiieHus U, COOTBETCTBEHHO, KO-
OpAMHATH M3MEHSHOTCS BC/IEACTRHE aCTPOHOMMYECKOH pedipaKLiH, aCTPOHO-
MHueCKOi abeppaliuy, FeOMETPHUECKOrO Nlapajiakca, NPeLEcCHH, Hy TaLHH,
coOCTBEHHOTO ABMKEHHA HeOECHDIX Tell.

AcTrporoMH4ecKast pedpaxkuns
JIyu cBera oT HeBECHOTO TeNa B KOCMOCE HE MCKaXaeTcs, pacnpocTpa-
HAACH MO MPAMO THHHH (GA, puc. 4).

' Habnwogaemoe
g ONONEHNe 3Be3] b

c
¥ Vctnnroe
nonoxexne
38e3Ab|

Puc. 4

Jokaa ao 3emuo#l aTMocdepbl, koTOpad, uem Oamxe Kk 3emne, Tem
CTaHOBMTCA MIOTHEE, AYY HAYHHAET NPEIOMIATHCS M onuineT kpuByio AH.
Korna ceer zpoitgeT a0 Habmoaarend, myy OyaeT HanpaBAeH Mo KacaTenabHOH K
kpHBo#l AH  3Be3my Habmonarens yBHAMT No HanpaeieHuio Ho'. Metunnoe
HanpagneHue Ha o0seKT OyaeT uckaxeHo Ha yron o'Ho, Yron onpeaenserca
H YYHTBIBACTCA NPH BHIYHCIEHHH TTONIONKEHHA HabmoaaeMoro obbekTa.

Pedpakums 3aBUCHT OT ILTOTHOCTH arMocgepsl, KOTopas, B CBOIO o4epe/ib,
3aBUCHT OT TEMIMEPATYPbl H 1aBlIEHHS.
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AcrponoMuieckas abeppanust
CropocTh pacnpoCTpaHeHHs CHrHana moboH UIMHBL BOMHBE OT Hebec-
Horo Tena okosio 300 000 km/c. CkopocTs ABHKeHHA HabmmiogaTens B 11po-
CTpPaHCTRE, BLI3BAHHAA CYTOYHBIM BpalleHHeM 3eMITH BOKpYT CBOeil OCH, OT
0.464 km/c (HaGmonaTens Ha kpatope) Ao 0 (HaGnonarens Ha nonoce). Cko-
POCTh BDKEeHHs Habnoaares, BbI3BaHHAA NOIWYHbIM OOpalleHHeM 3emnu
sokpyr Connua, 29.5 km/c (puc. 5).

ConHue

Ot
BpaLLeHUA

_.(;.._

<2
<3

I
Puc. §

Takas cKOpOCTb JBHXKEHHS HOCTATOMHO BEJIHKA MO CPABHEHHIO CO CKO-
POCTLIO PACTIPOCTPAHEHHS CHTHAIA M BbI3bIBAET HENPEPHIBHOE HIMEHEHHE
HanpasTeHHs Ha Habmonaembil o6bekt. [Tpy Henone3oBaHKK chepuieckoi
CHCTEMBI KOOP/IMHAT IPOMCXOMT CMEIICHHE MONoKEHHA Ha cepe Habmona-
eMoro 06beKTa (TOUKa G) B CTOPOHY HANPABRTEHHS JBHXKEHHA HAOONATEIs
(Touka o) (puc. 6).

Hanpaenerue
AsxeHna HaGniogarens

HabBnioaaTens T (anexc)

Puc. 6




Yron mexay HCTHHHEIM HanpasiieHneMm Ha oobexr Ho u Buaumbim Ho'
34BHCHT OT CKOPOCTH ZBHKeHHs HaGmonarens M nponopuMoHanes v/ ¢ (v
— CKOPOCTH ABMXEHHs Habmoaarens, ¢ — CKOPOCTb cBeTa). 3HAYEHHE ITOTo

‘yr7ia BIYHCIAETCH ¥ YUHThIBacTCH pH 06paboTrke namepeHHUi.

IMapannakrageckoe cMelmenne
Ecnn nabmonareny HaXoJaTcs B pa3HbIX TOMKAX MOBEPXHOCTH 3eMITH, TO
TpH OTHOBPEMEHHBIX HAaGNMIONEHHAX OHOrO H TOro e o0BeKTa MoayyaroTes
pasHBIE HanparneHHs. PasHble Hanpas/eHUs NOMY4aloTCs H IPH HabMmoeHHH
OHOIO M TOro e ofbeKTa ¢ OAHOTO MYHKTa, HO B pasHoe BpeMs (puc. 7).
JBnieHHe HOCHT HAa3BAHHWE CYTOYHOTO Mapannakca (yri p,, p,, p,’, p,)-

Ocb

(=

patueHus
o
=1
E
[}
Ocs
palLeHust
g
5
T
=
[+,

G

Puc. 7a Puc. 76 (ITpomnc 9 wacos)

IIpu peuieHnu pasinM4HBIX 23/la4 BCE M3MEPEHHBIE HalpaBieHHS pe-
JAYHHPYIOT Ha OAHO H TO XK€ HaNpasJICHHE, HAYaJloM KOTOPOTO SBIISETCH
ueHTp 3emau. CyTouHBif Napajuiake A 3TOTO HANpaBieHHd PaBEH HYIHO.
IpaxTuvecks, CyTOMHBI NMapajyiakc HaQO YUMTHIBATH NMPH HabnoneHuH
6nn3kux HebecHBIX Ten. Jina ynaneHHbIX 0OBEKTOB CYTOMHBIH Napasiiakc
rpeHeOpeRHMOo Mal.
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ITono6Gxas kapTHHA MOMy4aeTcd U 1pu HaOIMONCHHAX B pasHoe BpeMs
B TeUCHHE Toja, KoTaa HaGMonaTesls HAXOMHTCA B Pa3HBIX TOYKAX 3EMHOM
opburtel (pHc. 8).

HaBrionaemMbie NONOKEHWA 38346l HA HeGeCHON chepe

1 — MOGUYHbLIR Napannaxkc

1
3emnn . . 3emnn

Puc. 8

SlBnetive HOCHT Ha3BaHHe TOXHYHOTO Napasiakca. Ui ero yuera LeHT-
poM cepuueckoii cHCTEMB! KoopauHar Buibupator ConHie (TouHee, HeHTp
Macc conHeuHoii cucrembl). HanpaBsneHHs, nofyyeHHsie W3 HabmoneHmi,
npoeKTupyioTes Ha So.

3ameuanue. PepaknmoHHbie, abeppalHOHHbIe, N3PAJLIAKTHYECKHE YITIbI
Manbl {OT Aosieil 10 JecaTKOB cexyHA Ayrd). Ha uepreskax OHH yBeNU4EHBI
IUif HarNAAHOCTH.

Npeneccun. Hyranus

Ilpu pelneHWH pasaHYHBIX 337134 4acTO MCHonb3yeTcsa cdepHuyeckas
SKBATOpHAJIBHAA CHCTema KoopauHar. OCHOBHOM Kpyr — MPOEKLMS 3eMHOM0
skBaropa Ha cepy. HauaneHblit (NepneHAHMKynapHbii OCHOBHOMY) - KpYT,
NpOXOAALMIA Yeped TOUKH BeCEHHErO (Y) M OCEHHETO (={"\=) paBHOACHCTBH.
3TOT KPYr Ha3bIBACTCA KONIOPOM paBHOMEHCTBHE. ToukH v M == noayya-
KOTCA OT NIepecedeH s ITANTHKH {TUIOCKOCTE FOIHYHOro obpatieHns 3eMuH
Bokpyr ConHua) v 3kBaropa (puc. 9).

Honoxenns oceil ¥ nNAOCKOCTell CHCTEM KOOPIHHAT B ITPOCTPAaHCTBE
OTpeIeNfIOTCA OTHOCHTENBHO Haubonee yaaneHHbIX 0OBEKTOB, KOTOPBIE HaM
Ka)KYTCH HeHOABHXHBIMH (Hanpumep, 3Be3fbl). 3Be3Abl MPOoeLHpyroTCa Ha
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chepy H UX NONOXKEHHE ONIPeAenseTcd B SKBaTOPHAILHOH CHCTEME KOODAMHAT
(puc. 9). UsmMeHeHHs KOOpAHHAT 3BE3] C TCYCHHEM BPEMEHH I0Ka3blBAlOT
H3IMEHEHHME MONIOXEHHH OCH, DKBaTOpa, TOUKH BECCHHEro paBHOACHCTBHA
(o/IeMEHTB CHCTEMBI KOOPAHWHAT). JTH M3MEHCHHS BBI3BaHBl U3MEHCHHEM
MOTOMXeHHS 3eMIH B IPOCTPAHCTBE, €€ OPHEHTHPORKH.

P (Monkoc)

P’ (Monioc)

Puc. 9

3emiis peacTaBnsAeT H3 ceba CIIOCHYTOE Telno ¢ HEPABHOMEPHO pac-
npexeneHHoit Maccofi, Mexy Comsuem, 3emaeii, Jlyno#t u npyrumu Tenamu
CYLUECTBYIOT CHITBI FPABHTAlIHOHHOIO B3aUMOICHCTBHA, KOTOPbIE HENPEPLIBHO
M3MEHSAKOTCA BCIASACTBHE HEMPEPBIBHOTO M3MEHEHUS PACCTOAHHH ME}Xny
ITHMH TEJIAMH.

CHIsI NIPUTOKEHYSA, BEIBBAHHBIC H30BITKOM Mace B IUTOCKOCTH 3KBATOPA,
CO3AK0T BpALLAKOLMH MOMEHT, H3MEHSIOLIMH nonokeHHue 3eMIIH U, COOTBETC-
TBEHHQ, OCH M 3KBaTOpa B npocTpaHcTBe (pHue. 10).

Connue
(Nyva)

Puc. 10

B ¢BOWO ouepenb, 3TO NPHBOAMT K JABHIKEHHIO TOUKH BECEHHETO paBHOE-
HCTBHS. JTO H3MEHEHHE HOCHT JoNroneprHoarHyeckuii xapaxrep (26 000 nert )
H Ha3bIBAETCA NpeleccHei (M1aBHoe W3MeHeHHe noamkeHHs nomoca PP’) 1
nepuoanveckoe (ot 18.7 neT 10 HECKOILKMX YACOB) H HA3LIRACTCS HyTaLMeH
— koJebanue nmomoca.

Bpemn

YCTaHOBI@HHbIE 3AKOHOMEPHOCTH H3MEHCHHS KOOPAHHAT Bhi3BaHbl
JABUzkeHHeM Haluroparens W HabnmojaeMbix 0ObEKTOB, TO €CTh, UIMEHEHHS
NPOHCXOAAT C TeYEHHEM BpeMeHH. BenH4yuHy 3THX W3MeHeHHH MOMKHO no-
JYYHTb, HCTIOIB3YS PABHOMEPHYIO WIKANY BpeMeHH. PaBHOMepHOCTL Likasibl
onpeaensercs cTabUasHOCTBIO NEPHOANYECKOrO NMpouecca, NPUHATOrO B
Ka4ecTBE ITANOHHOM eIMHKLIBI B AaHHOH wWiKane BpemerH. B npunuune, Ham
6e3paznuyHo, KakoH MepHOAMYECKHI NpOoLEce JIIKHT B OCHOBE €IHHMILBI.
OcHogHoe TpeGoBaHue — cTaOUNBHOCTE W BOCMPOM3BOAHMOCTb npoLecca.
Hauaso cueta He UMeeT CYIUECTBEHHOIO 3HA4EHHA.

Jlonroe BpeMs B kauecTBe eMHHLLI Opany MepHOR NOIHOTC 00paeH st
3emin BROKpYT cBOSH OCH — 3Be31Hbie CyTku. Ecan k 3ToMy nepuoay noba-
BUTH HHTEPBAI, 38 KOTOPbIH 3eM/1% TPOXOAHT 3a CYTKH 4acTb CBOeH OpOHTHI
roadyHoro obpaiedns Bokpyr ConHia, TO NoAy4YaeM COJHEUHbIE CYTKH
(pHc. 5). M conneunble, W 3Be3/iHbIE CYTKH A0 CHX NOP HEODXOIMMBI B acTpo-
HOMHMH H Ie€QJIE31H, TAK KaK OHH ONMPEIENAIOT CKOPOCTh BpallleHHd 3eMITH H
YFoa NOBOPOTA 3eMAH B KKAbIH MOMEHT BPEMEHH.

3BE3AHBIC M COJIHEYHBIE CYTKH H3-32 HEPABHOMEPHOCTH BpaLLEHHA 3eM-
J4 OKa3ajlMch HEPABHOMEPHBIMHM M 3a 3TANIOH YXKe HECKOJILKO JECITHIETHH
Oeperca aroMHas CEKYHAa, ONpeacssneMas NEPUCIOM DIEKTPOMArHUTHBIX
KoneOaHHi LIE3HEBOTO aTOMHOMO CTAHAapTa BPEMEHH H YaCTOThI,

2.1.2. PyHAAMEHTAJIBHAA ACTPOMCTPHS

Crporue maremaruveckue Mmopenu (cepa, cdhepuueckas cucrema
KOOPAHHAT, NPAMOYT0JibHAN CUCTEMa KOOPAMHAT) HO3BOJSIOT peluars
BCE 33/la4M AHAITMTHYECKH € MOMOUILIO TOUMHBIX ypasHeHui. Ho Taxk kax
Ha0noAeHNs BLINONHSAIOTCA HA peallbHOH 3eMie, UMELYID HenpaBHib-
Hy1O (OpMYy, CIOKHYIO CTPYKTYPY, HEPABHOMEPHOE pacnpefiefeHHe macc
(puc.11), Mbl TEOPETHUECKH NPABUIILHBIE PACHETHI JO/KHbI COMJIACOBLIBATH C
KOHKPETHBIMH H3MEPEHHAMH,

HenpepbiBHbie HabmoaeHus HeGecHbIX 00BbEKTOR MO3BOASIOT MOAYHATh
OTKNOHEHHs OT NPHHATHIX MoAeneH 3eMnn B BHAe pa3HOCTel TEOPETHYECKH
NONYUYEHHbIX PE3YILTATOB H PE3YNLTATOB, NOMAYUEHHBIX W3 H3MEpeHUH. Benn-
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YHHa pa3sHOCTEH 34BUCHT OT MPaBHILHOCTH BbIOPAHHOA MOZENTH H TOUHOCTH
HaOmoneHui. B3auMocBa3b MEXKAY MOACHBIO U peanbHoi 3emnel NprBOANT
K HEMPEPLIBHOMY MOBLILIEHHIO TOUHOCTH HIMEPEHHH 1 YTOHHEHHIO MOIENH.
37H 3anaum pelraeT GyHIaMEHTaIBHAS ACTPOMETPHA.

PeanoHaRn
3emnA

"

Puc. 11

[To HabaroneHusam 3Be3 H KBa3apoB (PyHAAMEHTaIbHAN acTPOMETPHA
ycTaHasiupaeT HebecHylo cucteMy koopaunar (HCK), a coBmectHo ¢ reo-
Je3Meii — 3eMHY10 cucTemy koopauHar (3CK). Karanory xoopavHar 38e31 H
KBa3apoOB Peajin3yloT HeBecHy 0 CHCTEMY KOODP/IKHAT, a KATAN0rH KOOpAWHaT
MYHKTOB Ha 36MHO# MOBEPXHOCTH — 3eMHY10. [lapaMeTpel BpalueHua 3eMIn
(KOOpAHHATHI OAKOCA H CONTHEYUHOE BPEMs ) CBA3BIBAIOT HEDECHYIO H 3EMHYIO
CHCTEMBI KOOP/IMHAT.

MyHAAMEHTANLHAN ACTPOMETPUA ONPEICIACT ACTPOHOMHUYECKHE NOCTO-
SAHHBIC, JAIOLINE YHCACHHDBEE 3HAYEHUA 3aKOHOMEPHBIX H3MEHEHHI KOOPAMHAT
3Be3/l H KBA3apOB M XapaKTepH3yrollve 3eMl0, Kak KocMUdeckoe Teno. B atom
e pasjene aCTPOHOMHMYU H3yHAKOTCA HEPaBHOMCPHOCTH BPalUeHHs 3eMITH H
YCTaHABIUBAIOTCS KBl BDEMEHH.

HebecHast H 3¢eMHaf CHCTEMBI KOOPAHHAT
Hauanom neGecHo#d u 3eMHOH cucTem KoopawHar (pHc.12) mowxer aB-
AAThCA UeHTp macc 3emau (Touka Q). Honoxenus oced XYZ HebecHoit
CHCTEMBI KOOPAHHAT {MHEPLHANLHOH CUCTEMBI) ONIPEAENeHEl OTHOCHTENLHO
HENOABHKHBIX KBa3apOB U HE MEHAKOT CBOHX HANPABNCHUHA B MPOCTPaHCTBE
aaxke Toraa, koraa Touka O nepemMeiaeTcs.
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ConHue

* Ksaaap

AN
“.Kgeasap
¥*

Puc. 12

KBazapel HaONMIOAAOTCS Ha MYHKTAX 3eMHOH nosepxHOCTH. [Tonoxenus
3THX MYHKTOB OMpeeNeHbl B 3EMHOI CHCTEME KOOPIMHAT XyZ, CBA3AHHOM ¢
ABWKYIIEHCS M BpaLlarolleics 3eMeH.

TonmkeHNUe 3eMHON CHCTEMbI KOOPAMHAT OTHOCHTENbHO HebecHOH
onpeaenserca yramu Mexay ocamu Xx, Yy, Zz. PerynapHsie Habatonenus
KBA3APOB FO3BONAKT KOHTPOIMPOBAaTL OpueHTHpPoBKy ocelt 3CK. Mamenenns
yrnos mexay ocamu 3CK u HCK Bbi3BaHb! BIHAHHEM BHELUHHX W BHYTPEHHHX
CHJt HA IBMXKEHHE W BpaLUEHHE 3eMIH,

JeMHas CUCTEMA KOOPIHHAT NMOMOTAET H3Y4aTh MPOLECCHI, NPOHCXOAALIHE
Ha MoBepxHOCTH ¥ BHYTpH 3emnn. Hanpumep, aBikeHHe BO3YILKbIX MACC,
IIPHNHBDI, ABHKEHHE MATEPHUKOB, 3EMJICTPACCHHA.

OcH 3eMHO CHCTEMBI KOOPAMHAT MMEIOT BPALUEHHS. YIIbl BpatleHus
ONpene/soTes OTHOCHTENLHO OCEH HebecHOH CHCTeMbI KOODIHHAT, a 3aTeM
yurThIBalOTCA NpH 06paboTke HaMepeHui.

I kanb1 apemenn. HepagnomepHocTh BpalieHus 3emitH
JUnst yCTAaHOBEHHS MOMEHTOR NPOMCXOMACHHS COOBITHIH, OnpeaeneHus
HHTEPBAOB MEXIY COOLITHAMH, ONpeeneHNs H3IMEHEHHS KOOPAMHAT HeoG-
XOAMMa paBHOMepHas LIKana BpemeHH. B ocHoBe nioBol wkansl BpeMeHH
JEKHT MTOCTOAHHO BOCTIPOM3BOAHMbIH NIEPHOAMUECKHHA Mpouecc. YeM Toykee
ero BOCMPOH3BOIHMOCTb, TEM TOUHEE H paBHOMEpPHEE LKA BPeMEHN.
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[TocTOAHHO HAGMIOAAEMBIMU NEPHOAHUECKHMH NPOLIECCAMH SBNAIOTCS
BpaweHue 3emMiIi BOKPYT CBOEH OCH (3BE3/1HOC BpeMs ) M TOAHYHOS obpallieHue
3emnu sokpyr Conuna (ConHeUHOE Bpems).

Ecamn HanpaBuTh TENECKON Ha DECKOHEUHO YIANCHHYIO HEROABIKHY IO
TOYKY Ha Hebe (3Be3ny) (puc. 13), To nocne nonHoro oGopoTa 3eMiu BOKpyr
CBOCH OCH € 0JJMHAKOBOH CKOPOCTBIO BPalLECHHS HAOTIONAaTeTb Y BUAMT TY XKe
CaMyI TOUKY B TOM e caMoM MecTe (Hanpumep, touxa Oyaer nepecekats
NJ0CKOCTh reorpadmuecioro Mepuanada wabmonarceas). Honxetii oGopor
3emau BOKPYT 0CH OTNIPERSNAST BEMYHHY 3BE3IHbIX CYTOK B 24 yaca, KoTopbie
3aTemM AEATCA HA Y4achl, MHHYTbI, CEKYHABI C TOMOLELIO MEXaHHYECKHX WITH

MEKTPOHHBLIX YCTPOHCTB.

3eesna

Habnwaarens

Ecnn B kauecTse ToukH Ha HeGe RuiOparhk ConHue, To neproa, Yepes Ko-
Topblii Habaronarens yBUAHT COMHUE B TOM 3Ke MecTe (Ha CROEM MepUiHaHe),
onpeaenuT 24 4aca CoONHEMHbIX CYTOK (pHc.14).

HM3-3a nmxkeHHda 3eMan no opbure nocnae nmonHoro obopora 3emid
BOKpPYT CBOeH OCH 3eMN JOKHA MOBEPHYTHCH HA NONONHUTEAbHBIIH yro,
urobel Habmoaarens okazancs Hanporua Conwua (puc.14). Dror aononHu-
TeNbHbIH JOBOPOT 3EMNM NOKA3bIBAET, HACKONBKO COJIHEYHbIE CYTKH JJIHHHEE
3Be3AHbIX. [IpHHUMNLI ONpeReneHs 3BE3/IHOTO H COHEYHOrO BPEMEHH No
HabmoneHuaM 3Be3a, Connua, JIyHbL, NaHET H UX CAYTHHKOB HCNONB3YIOTCS
HA MPOTSHKEHUH MHOTHX THICAYEINCTHH.
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Bug ceepxy CO CTOPOHb!
CeBepHOro nomeca

0,0, — 38@3HbIE CYTKK
0,0, — conHeuHbie CyTKU
0,'0, — pasHoCTb MEXQY
3BE3QHbIMI W CONHEYHEIMK

cyTKamu
HH’ — mepuanaH Habnopatens

HenoaBUXHbIM O6k
(3Beaga, krasgp)

Puc. 14
11IKasbl 3BE3AHONC M COMTHEYHOTO BPEMEHH BBIBOAATCA H3 OJHHX H TEX
e HaGMOeHNH, TI0ITOMY TOUHOCTB KX ONPENENeHHA ofMHakoBa. Pasnuune
CYIIECTBYET TOJIBKO B [UIHTENLHOCTH CEKyH), paBHbie 1/86400 uacTu cyTox
(puc 15).

h h oh oh
9 3pe3gHbie ° 3seanHbie T t
t CYTKA CYTKM
Conneubie ¥ Conveutibie y J,
oh cym oh Kb oh oh
Puc. 15

CoOBepLIEHCTBOBAHHE METONOB HabMIOIEH i, TEOPHH H Moaeaei no3po-
JHJIO BHIABHTH HEPABHOMEPHOCTH BpalleHHs 3eMiii. H3MeHEHHE CKOPOCTH
BpailleHUs 3eM/IH BbI3bIBACTCA HEMpPEPLIBHBIM €€ TOPMOXXCHHEM H3-3a NIpH-
TsoxeHHs JlyHBl M BOSHMKAIOIMX BC/EACTBHE NPHTIKeHHA TIPHIIMBOB B BUIE
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rop6os Boze! (10 16 MeTpoB) M 3emiu (1o 50 cM), HaNpas/EHHEIX B CTOPOHY

Jlynel (puc. 16).
NyHa

@

r’'d
e

/

Fop6

3emns
Puc. 16

Ce30HHOE H3MEHEHHE CKOPOCTH BpAalleHHA 3€MJIH MPOHCXOAMT H3-3a
nepeMerleHni Mace B TeNe 3eMAH H Ha ee NOBEPXHOCTH, B MIEPBYIO o4epeb,
BO3YINHBIX Macc. M3MeHeHUe CKOpPOCTH BpalHeHHd 3eM/Id NPHBOIHT K H3-
MEHEHHIO JJIMTE/IbHOCTH CYTOK (NEpHOAOR), ONPEaSASIOIMX CTAGWIBHOCTE
WIKAJIBI BpEMEHH.

B cepeaune 50-x ronos XX Beka Gbliu CKOHCTPYHPOBAHEI ATOMHbIE YACH,
MO3BOJIMBIIIHE YCTAHOBHTE WIKATY aTOMHOTO BpeMeHH. OHa HAa HECKOJIBKO
NOPAAKOB cTabMIIbHEE 3BE3THOMO ¥ CONHEYHOTO BPEMEHH.

B aToMH&IX Yacax HCIIONB3YeTCA YaCTOTA HIEKTPOMArKHTHBIX KosieGaumit
KBAHTA SHCPTHH, NOMMOAEMOr0 WK WTY4aeMOT0 aToMOM, [IPH TIEPEXOJIE C
ONHOTO YHEPreTHUECKOTO YPOBHS Ha Apyroi (puc. 17).

O~ )~(=) :
a) ©)
Puc. 17

Ha pucyHke 17a aroM NOTITOTHII KBAHT SHEPTHH CTPOTO ONPeAcIeHHOH
4acTOThl v, ¥ NIEPEXOAHT Ha Solee BhicokHii ypoBeHb sHepriH E,.

Ha pucynxe 176 aToM H3NMy4H KBZHT SHEPTHM CTPOFO OMNpeAeneHHOR
YACTOThI V, H NepeiliesT Ha Gonee HH3KHit SHEPTeTHYeCKHi YPOBEHD E,.
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3Ta CTPOrO OnpefeNeHHas 4acToTa JIEXKHT B OCHOBE BOCTIPOU3BOJCTBA
aroMHOM cexyH/Ibl. TeXHHUeCKHe TPYIHOCTH COCTOAT B YMEHHH OTCIICKHBATE
3HepreTHyeckue nepexojbl. COBpeMEHHbIE aTOMHBIE YacChl CO3RAIOT LIKATY
ATOMHOFO BPEMEHH ¢ ToUHOCTHIO 107% + 10°'° Ha HHTepBante OT NosieH CEKYH/IBI
0 AeCATIIICTHH. Jina cpaBHeHMs: 3BE3/IHOE MM COJIHEYHOE BpEMSI HMEET

tounocts 108+ 107,
2.1.3. Teogesnyeckan aCTPOHOMHR

[eone3nueckas aCTPOHOMHES 3aHHMAETCH ONPEETCHUEM reorpaguyec-
KMX KOOPAHMHAT IyHKTOB 38MHO# NOBEPXHOCTH M 83MMYTOB HanpasieHUi Ha
3eMHBIE [IPEIMETH] ACTPOHOMHHYECKUMHK METOIAMH. JIs 3TOr0 MCNoaL3yoTCa
HCK u 3CK ¢ Hauanom B uentpe mace 3emud (puc. 18). Ha myskrax, pacno-
NIOMEHHBIX HA MOBEPXHOCTH 3eMITH, BHITIONHAIOTCS T€OE3HYECKHE HAMEPEHHH
orHocHTensHo 3CK H MBI no;TyuaeM reorpadHuecKyro CETKY KOOPAHHAT.
H3mepma pacCTOAHHAA MEXAY ITYHKTAMH H YIJIbl MEXNY HanpaBlICcHHAMH
Ha MYHKThI, MOLYYHM CETKY, TIPOM3BONbHBIM 06pa3oM pacrno/oKeHHyIo Ha
nopepxHocTH 3emian. [MoayunB HaNpaBleHHS MEPHAHAHOB, NPOXOASLEIHX
yepes NyHKTH{TO ecTs, npuBsa3ae X K 3CK myTeM onpeneneHni a3uMyToB
HaNpapIeHHH ¢ OZHOTO MYHKTA Ha APYTOH), MBI )KECTKO 3aKpenuM 3Ty CeThb
Ha MOBEPXHOCTH 3eMITH.

Meopeavdeckan
CETb NYHKTOB
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[noGanbHas ceTh MyHKTOB, IPHBA3AHHAA K LIEHTPY Macce 3emMM H 0CsM
3CK x,y,z, no3BoNfeT ONpEAENUTh POpMY H pasMepsl 3eMIH (BBIACHHIIOCH,
y1o Haina 3emns Gim3Ka K SJUTHIICOMAY BpAILEHHs U MONSPHBIH paguyc — r
OCH Z— MéeHblLle Ha 2| KM 3KBaTOpHALHBIX PaJIHYCOB), pacTIpeASICHHE Mace B
Tene 3eMIM H peraTh MHOKECTBO APYTMX HAyUYHEIX M TEXHUYECKHX 3a1a4.

H3MeHeHHe KOOpAMHAT TIYHKTOB OTIPENESSETCS MO aCTPOHOMHYECKMM
H3MEPEHHAM Ha TeX K€ TOYKax 3eMHOH mosepxHocTh. Ecnu wabmoaats
3Be3/lbl WM KBa3apbl Ha MyHKTaX, NMOJOXKEHHA KOTOPLIX Y)K& OMNpeelieHb
orrocuTenpHo 3CK, To nonyunrces asromaryueckas npuesska k HCK, tak kak
3CK u HCK umeroT oiHO Ha4ano ¥ cBA3aHbl [apaMeTpaMiM BpalleHus JeMiu
(I1B3). HCK sBnsercs ornoproii. [To3roMy HaMeHeHHsI KOOPAHHAT 3eMHbIX
nyukroe otHocHTensHOo HCK nokassisalor nokajibHble reoqHHAMHYECKHE
H3MEHEHHS, B YaCTHOCTH, ABHIKCHUA 3EMHOH KOpbI.

2.2. HebecHaa MexanHAKa

Onuoit M3 OCHOBHLIX 337184 HEOECHOH MEXaAHUKH — BEIYHCIEHHE JIEMEH-
TOB OpOMT HebecHBIX Tea No HX HabnoaaeMbIM MOToKeHUAM (3deMepriam)
HJTH BbIYHCIICHHE d(eMepul HeOECHBIX TeN MO 3JICMEHTaM HX OpOHT.

OTH 3aa4yM Bceraa aKTyalbHbl — W celdac # JBe THICAYH JICT Ha-
3aj. Jlpe TBICAYM JIeT Ha3aa 370 ObuI0 HeOOXOAUMO, B TIEPBYIO OYepenb,
[ HABUTALMH,

Jns monoGHBIX BhIYHCIEHHH TpehOBANOCh 3HAHHE 3aKOHOMEPHOCTH
nerkeHui HebecHbIX e, Jipmkenus Connua, JIyHs! v Gikafiumx ruianer
(Mepxkypnwii, Benepa, Mapc, FOnurep, Caryp) Habnioaanucs OTHOCHTENBHO
HEMNOABKHLIX 38e3]. ONHpasch Ha MHOTOBEKOBLIE HabmIONCHHA H MeH Apuc-
Totens, Bo 11 Bexe H.3. IITonemelt mocTponn cucreMy Mupa, NO3BOASIOLLYIO
OMKCHLIBATH ABHXKEHHS 3THX T/ H BBIYMCIAThL MX NONOKEHHA Ha OymyliHe
PATHYHBIE MOMEHTLI BPEMEHH.

CHcrema mapa [Itonemen

B uentpe mupa [ltonemei nomecrun nenonsuwknyio Jemmo. Bokpyr
3emnu no KpyroBeiM opOuTaM (JedepeHTaM) ¢ paBHOMEPHOH CKOPOCTBIO
obpamatorces Jlyna u Connne (puc. 19).

V Bcex NaHeT Takke CYLHecTBYIOT AedepeHThl, HO CaMH NnaHeTsl o0pa-
HIAIOTCA C PABHOMEPHOH CKOPOCTSE0 10 OKPYIKHOCTSAM, KOTOPbI€ Ha3bIBAIOTCH
snnuuknami. Lentpel anuumiuios obpawaores no aedepeHTaM BOKPYT
3eman. [ITonemeii paccyHTan pasuychl 1e)epeHTOR H INHLHKIOB, CKOPOCTH
JBHXXEHWH 110 JedepeHTaM U SIHLUKIIAM, NEPHOIbI OOPaIIIEHHH H el HeKo-
TOpbie HeOOXOMUMbIe BEIHUHHEL, AAIOLIHE HAYANbHbIE YCIIOBHA.
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Puc. 19

3Ta reoLIEHTPUYECKAS N'EOMETPUA MHPA TTO3BO/ANA BBIYUCIATH 110/10%Ke-
uus (3demepuap) nnaxet, ConHua u Jlyust Ha 6yTyline MOMEHTB! BPEMEHH,
COCTABAATH TaONHIbI MOIMKEHHI M HCTONB30BAThL HX NPH HABHTallyH.

CucTemMa MCNpaBHO CTYXNIA HA NPOTHKkeHHH 13 Bekos! BosHukatollive
TPYAHOCTH — HECOBMAJICHHE TEOPETHYECKH BbiYHCICHHBIX MOJIOXEHHA H
NOJIOKEHHH, MONYUESHHBIX U3 HAOMIONEHHH ~ NPEOIONCBAIIHCH nobaBneHHEM
3MUUHKNOB (puc. 20), H3MEHEHHEM PaHYCOB IMTHUMKIIOB, CMEUIEHHEM HIEH-
TpoB AeiepeHTOB.

Puc. 20
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K X VI geky Hakonuiock BOABLIOE KONUUYECTBO BOnee TOUHLIX Habmo1e-
Huii. Cucrema [TroneMesn nepectana oTseyars NpenbaBiseMbiM TpeOOBaHUAM,
B 1543 rony KonepHHK npeanoKui HOBYIO CUCTEMY MHpA.

Cucrema mupa Konepunka
Cucrema mupa KonepHuka — renwouentpuveckas. B uentpe Beenennoid
Haxoaures CoslHLE, BOKPYT KOTOPOro A0 KPYTOBbLIM OpOHTaM ¢ paBHOMEPHOMN
CKOpOCTHIO 00paliaoTes miaHetn (puc. 21).

Puc. 21

Kpowme 3toro, nnatersl BpataroTea BOKPYT coel ock. Konephuk paccun-
Taj MofHbBIE NepHoakl 0GpalleHUH nnaner BoKpyr ConHua v OTHOCHTENILHBIE
paccTosHUs naaHeT A0 CosHia, BEepHO ONPEACiHB CTPOCHHE H MACIHTaObI
CO/IHEYHON CHCTEMBI,

CMeHy nHa u Houn KonepHuk oDbACHMN BpalienHem 3eMiM BOKpYT
cBoell ocu. Bnaumoe npuaenue Coanua cpeau 3eesn Konepnuk oBbacHun
asrkeHnem 3emnu soxpyr Conxua,
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[1psMBble K MOMATHBIE ABMKEHUA IUIAHET, 10 KonepHuky, BbI3BaHbl ABH-
xeHueM 3eman u camux nnadet sokpyr Conxua. s noaHoro obbacseHus
CAOKKHBIX IBHACHHUH naaneT KonepHHK HCNosib30Bal BMUUMKIbL.

Cucrema mupa KonepHuka, ¢ HEKOTOPbIMH NOIIPABKaMH, OKasaiachk
NPaBHALHOM, HO ObiNA MPUHATA He CPasy ¥ MpUBEIA K TPArHUECKOMY KOHLY
MHOTMX BEIMKHX YUESHBIX, MOIEPIKABLIKX €10 YHEHHE (COXMECHHE Ha KOCTPE
Jlxopnano Bpy+o, nomatunuii apect Famines).

MpasuibHYIO KAPTHIY MHPA M 3aKOHbE IBHAKEHHA NAaHeT Bokpyr Conuua
chopmysmposan Kennep nocne 20-nethux HaGnoaeHni Mapea Benvuaiiinm
acTpoHoMoM-Habnogarenem yenosedectsa Tuxo bpare. B aThx paborax B
Tcuenue 7 et npuHuman ywacthe 1 Kenuiep.

Keriep, He cyMeB 1o400paTh KpYroByto OpOoUTY TS OIMCAHKS NBHKEHHS
Mapca, pHiLEe K BBIBOAY, 4TO opOHTOH Mapca aBaseTcst mne.

3akoups Kennepa uenonp2ytores A ONHCAHUS HEBO3MYIEHHBIX ABU~
KeHUit Ten coNHeHOR CHCTEMbE.

3axonn! Kenaepa
. Ilepebiii 3axon Keniepa. Bee nnanetsi obpainatorces sokpyr Convua no
IAMITHYeCcKUM opBrTam. CONHLLE HAXOMHTCS B OHOM W3 GoKyCOB 3/1Unca
(pvc. 22). Touka [1 HaseiBaeTCs nepUTeNHem — 510 HaMKaNLIee PACCTOAHHE
or Connua. A (adennit) — HanGonee yaanentoe pacctosiuue oT Connua. ATl
— AMRAME ancua, Gosbiian ock anunca. MN — manas oce. Cxarue aninnca
(cnmocHyToCTb) onpeaensercs orhowenuem f {/ATT

M
A el Nepuwrenuin
Wi
Aq)en \\ ConHue |
MNnadera N
Ha opBuTe
Puc. 22
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2. Bropoii 3akon Kenepa. 3a paBHble npoMexcyTky BPEMEHH pajMyc-
BEKTOP, coesunstowuit ConHue ¢ naverol, Haxoaaweicsa Ha opouTe, onM-
CHIBACT paBHBIE TUTOLATH (pHc. 23).

Puc. 23

Ecnn Bpems npoxoxaeHus Ayru k k,, pasnoe T, paBHO Bpeme-
Hu npoxoxnenus ayru k. k, T, (T =T)), To u niowanu, onuceiBaeMbie
paanycoM-sekTopoM, S, U S, pasHbl (S =S).

IMockonsky op6uTa npecrasnser coboil IMIMNC, TO CAENCTBHEM BTOPOTO
3akoHa Keruiepa 6yneT HepaBHOMEPHOE ABHKEHHE NNIZHETHI 1O OpbuTe.

3. Tperwuii 3akon Kennepa. Kesaaparst nepuonor obpatuennii 1Byx niaHet
Bokpyr ConiHua oTHOCATCA Kak KyObt Gonsiunx nonyoceit ux opéur (puc. 24).

naveta 1

a, /<\

Mnadera 2 nz

ConHue
2

()
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3akoubl Kensiepa 0nuchIBaIOT BUJIMMOE JIBMIKEHHME Te COAHEUHOW CHC-
TeMbl ¥ MOIBONAIOT PELIATL 3a0a4KM TeopeTHUecKol acTpoHomMuM. [Tomoxe-
HUWA [1AHET U UX OPONTHI BLIMHCIAIOTCA OTHOCHTENBHO NAOCKOCTH OpGHTH
3eMAN — SKINUNTHKH.

[osoeHHe SKAUNTUKA B NPOCTPAHCTBE ONPEAENeH0 OTHOCUTENbHO
kBazapos wan 3Be3n depes HCK. Tlosyromy napamerpbl opOursl nnaHetsl,
€€ MOAMKEHUE OTHOCHTENBHO IKIMATHKH OAPEASaT NOTMKEHHE MIaHeThl
othocuTensHo HCK.

Jlrg nnanet v apyrux HebecHbIX Ted, oOpamatouiuxcs sokpyr Contia,
yaile BCEro ONOPHOMN MEOCKOCTLIO ABNSETCS MITOCKOCTh SKITHATHKH, OTHOCH-
TENLHO KOTOPOH onpeaenseTca noamKeHue Tea. [ ueKyCCTBEHHBIX CyT-
imkoB 3emu (MC3) onopHoii nnockocThio ABAAETCA MNOCKOCTL 3KBATOPA.
DnemeH1aMHi opOUT ABARIOTCH CACAYIOLIME LIeCTb 3neMeHToB (puc. 25).

CeBepHas YacTs Heba

TINOCKOCTh IKTUNTUKN

/
i

<

b
Q — TouKa nepeceveHus
oced annunca
{UeHTp annunca)
Puc. 25
1. Yron t — HAKIOH MAOCKOCTH OpﬁMTbl K TUIOCKOCTH 3KITHUITTUKH (,Elﬂﬂ

U3 — k nAOCKOCTH 3KBaTopa. OTCUMTBLIBAETCA OT INTOCKOCTH SIJIMITHKY H
npunumaet 3Hauenns or 0° no 180°. Ecan i<90°, o aBmskeHHe HeDecHoro Tena
HARPABICHO B TY K€ CTOPOHY, UTO M ABMXCHHE 3eMu (Habmoaarens Ha fo-
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BepxHOCTH 3emiin), ecnu i>90°, 10 nBukeHUs GyayT HaBCTPEYY APYT APYTY.

2. Vron 8- nonrora Bocxoasiero yana. ¥roa & HaxomuTes B 1J10CKOCTH
3kaunTHRA. DD’ — nwnust yznos. Touiy D HazbiBaloT BOCXOASUIAM Y3/10M
opbuThL — HEOECHOE TEJIO NEPECEKAET ITY TOMKY NPH CROEM JABHKEHHH, Ne-
pexond M3 KOKHOH vacTh HeDa B cesepHyto. Touka D' — uHucxoasumil ysen
— TeNO NEePEXOAHT U3 CeBEPHOH HacTH Heba B 10kHOe. JIMHIA Y3108 — NTHHKS
nepeceveHHs MIOCKOCTH JKMHNTHKH C MIOCKOCTBIO OpOMHTHI MAHETHI.

Vvl i v 8] onpeaensior nonokenue MIOCKOCTH opouTsl Hebechoro Tesa
B NPOCTPAHCTBE OTHOCHUTENLHO APHHATOH HEOECHOH CHCTEMbE KOOPAHHAT
(OTHOCHTENLHO IKITUNTHKH, OTHOCHTENBHO 3BE3M MM KBA3APORB).

3. Yron @ — yron, OTCUHTHIBAEMBbI OT HafpaBIeHHA HA BOCXOIAALLIMIA
y3en opOUTLI HEDECHOTO Tena 10 HAMPARICHUA HA NEPHIeSTHH ero opourTHI.
Vron » HaXoAMTCA B IJIOCKOCTH OPOMTHI Tena. Yroa MOKET ApWHHMATL
sHaueHus ot 0° 1o 360° v onpeaenser noaokeHUe opduThl HebecHoro Tena
{nonoskeHHe UIHNCa) B ANOCKOCTH OpOUTHI.

4. Pazmepbl opSuTHI OnpenensioTes ee 6onbIIoH nonyocso 4 .

5. (bopma opbuTHI (3A1MNCA) ONPENENSETCH JKCUEHTPUCHTETOM NUTHIICA

e= a_—m{ , rae a — Gonbuas noayoch oponThl, b — Manas.

a

6. st onpeaenenus nonokeHus HebGeCHOro Tena Ha opouTe UCMOb3YET-
CA MM HAYaJIbHBIA MOMEHT L, KOI71a TEJIO HAXONKTCSA B MEDHIENTHW HAH Y1011
M, — yI0BOE paccTosnMe OT NEPHUIens (HaseIBAaeTCA cpeaHei aHoManuel B
3M0Xy ), KOT/Ja TENO HAXOAMUTCA B 11000 TOUKE OpOUTHI.

HeGecnas mexaHiika 3aHMMaeTCst M3yueHHEM NeHCTBHTEbHBIX JABHKEHHUI
HeDeCHbIX Tej1 HAa OCHOBE 3akoHa BeemupHOro tarotenns, usyuaer gopmy,
pasMepel K Maccy HeDeCHbIX Tel H ONpee/sIeT YCTOHYMBOCTD X CHCTEM,

HebecHas mexaHuka yCUIEHHO Hauyala pPa3BHBATLCA MOCHE TOro, Kak
HblotoH maremarnuecku obocHoBas 3axonsl Kerinepa M Ha ocHoBe oTmx
3AKOHOB M CBOMX JIOK43aTENLCTB BLIBEN 3aKkoH Beemuphoro taroTenna: apa
TENa ASHCTBYIOT APYT HA APYTa ¢ CHTOH MPAMO NPONOPUHOHAIBHOH NPOH3Be-
JEHHIO MAcC ITUX TeA 1 00paTHO NPONOPLUHOHANBLHON KBA/IPATY PACCTOAHHS
MEXTY HUMU.

mnm
F=f—12, f-nocrosunas TaroreHus
:

C OTKpbITHA 3aKOHA BCEMHPHOTO TAFOTEHHS HAYUHACTCA HOBAd 3pa pas-
BUTHA acTpoHoMUH. Yeunuamu Kiepo, lanambepa, Diinepa, Jlarpanxka, Jlan-
naca pa3pabarbiBaloTCA MATEMATHUECKAE METOAB! ONHCAHHA BO3MYLLUEHHbIX
ABHXKEHHH HebecHbIx Ten. BoiscHunocs, uto obpainenue tea Bokpyr ConHua
NPOUCXOAHT HE MO CTPOro anaunTHyeckuM opbutam. Ho Touno yuutsisars
BO3MYLLICHUS AHATHTHYECKHMH METOAMH OKA3a/10Ch HEBO3MOKHO. /1% yueta
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BOIMYILLEHKI HCNOB3YIOTCA CNOCOOB! MOCAE0BATENbHbIX NPHOITHKEHHA.

Tena colHEYHO| CUCTEMBI MOTYT ABHIATHCA HE TONBKO 10 AAHIITHHECKMM
opBuTam, HO 1 no napadonam H runepbonam.

Bo3MyLIEHHA HMEIOT OYEHb CJMKHBIH XapakTep W Obilk 0OHAPYKEHbI
MPH NOBBILIEHHH TOYHOCTH HAOMIOAEHHH, KOIZIA CTANH HCNONb30BATHCS ON-
THYECKHE TENEeCKOIBI.

JIBHoKeHHe Tell COJHEUHOH CHCTEMbl H3YHAcTCa MO HX NOJOKEHHAM U
cKOPOCTAM. JIBMXKEHHA TeJl 4Pe3BbIYaHHO pa3HooOpasHbl, YCI0BKs HEnpe-
PHIBHO MEHAIOTCA, '

MeToabl HeGecHOH MEXaHMKH NO3BOAWIH OOHAPYXHBATh (OTKPLIBATH)
pasnuuHele Hebechbie Tena. Tak Obina oTkpbiTa B 1846 roay nnanera Henmyh.
HabnioneHnble NonokeHus Ypana pacxOiiIMCh ¢ BLIYHCIEHHBIMH M ObLIO
¢A€1aHO NPENONOKEHHE, YTO ABHMKEHHE YDaHa BOIMYLLACTCS HENIBECTHOM
NAaHETON. Bty BEIYUCIEHB] NOJIMKEHHS 3TOMH TTAHETHI B PA3HBIC MOMEHTBI.
Habmoaatenu MMeHHO TaM ee W OOHAPYHKHIIH.

Halmonaemble ABHKeHHS HeOecHLIX TET K YHeT B3aHMHBIX BO3MYLLE-
HUi NO3BOJAET H3Y4ATh IMHAMMKY COTHEHHOW CHCTEMBbI, €€ YCTOHUHBOCTD.
TakWMH TelaMH, KPOME NAAHET W HX CIYTHUKOB, ABNSIOTCH MaJlble TJ1AHETHI
(acTepomabt), kKonu4ecTBo KoTopeix okono 300 000, komeTsl, METEOPLI.

Ocoboe mecTo B HeDECHOIH MeXaHUKE 3aHMMAET H3YUYEHHE ABHXKEHHH
HCKYCCTREHHRIX cryFHUKOB 3emnu (MC3), Ha4ano KOTOpOMY NOOXMHI 3anyCK
B CCCP neproro UC3 8 1957 roay.

CTyTHHUKH pasnHyaroTes 110 BbICOTE OPOHTEI, HAKIOHY ILI0CKOCTH OPOHTbI
K 3KBATOPY, 3MAHNTHHHOCTH OPOHTBI, NEPNOTY OOpaLIleHHA CIIY THUKA BOKPYT
3emiu (puc. 26).
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Puc. 26
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[lepeunciennble napamMeTpsl CliyTHUHKOB ONPEAENSIOTCH HAZHAUEHHEM
cnyTHHKOB. CnyTHHKH NOMOTatoT pewrath reopusHuecKHe, Fe0e3HUECKHE,
METEOPONIOrHUECKHE, HABMIALHOHHEIE W IPYTHE 33/1a4H.

Bo3sMyulenHa 1BHAEHHS CIIYTHHKOB BbI3bIBAIOTCA aTMOC(epoit, caTu-
eM 3eMIi W €e HEOQHOPOAHOCTLIO, CONHEYHOMH paauaumeii. Ha criythuku ¢
BLICOKOH OpOWTON BAHAIOT NIYHHO- COTHEYHBIC BOIMYLLEHHUSL.

2.3. Teopernieckasi H IPAKTHYECKAA ACTPOPhHU3INKA

Acrpoduinka uzyuaeT cTpoeHue, (PUIMUECKHE CBOMCTRBA M XMMHYCC-
KHH cocTaB Hebecubix Ten. OCHOBOR S NOAOGHBIX W3YYEHMiT CAYKHT
CHEKTPANbHBIH aHAJIM3 3JEKTPOMATHHTHORO M3TYUYEHHA TENa H MOWHOCTD
(ApKOCTB) 3TOro H3nyueHus. MHOKECTBO Pa3feNioB acTpodgHM3UKK onpeie-
AAOTCA HA3BAHHEM H3y4daembIX 00bekToB (dusuka Conrua, Gpusnka nnawer,
{r3mKka 38€30 M T.1.), AMANTA30HOM BOJIH M3JIYUEHUS (PEHTIEHOBCKAA ACTPo-
HOMHA, PAAHOACTPOHOMMS W T.1.), MeTogaMH HabnoacHui (hoToMeTpha,
acrpoororpadms, konopumerpus | T.1.). [Ipeanonaraercs, uto nourn sce
NPOLECCHI, MPOHCXOAIME BO BCCNEHHOM, NOAUMHAIOTCA OCHORHBIM 3aK0HaM
(M3uKK M XMMHK, OTKpLITEIMH Ha 3emie. B nepeyio ouepens, 2To kacaetcs
B3aMMOAEHCTBHIH B APUpPOIE.

2.3.1. Buanl BzanmoaeiicTBHR B npHpoae

CyLUEeCTBYIOT HeThIpe BHAA B3AUMOACHCTBHH B HALLEM MMPE: BNECKTPO-
MarHHTHOE, PaBUTALUHOHHOE, CUIIbHOE M caaboe.

DAEKTPOMAarHHTHEIE CHlbl, KOTOPbIE NPOSBIAIOTSH B ATOMHBIX TIpoLIeccax
H B IBHKCHHH MEXK3BE3AHOI0 1433 B MAFHUTHOM NoJjie, yOBIBALOT ¢ yBenUYe-
HHEM PACCTOAHHH M YMEHBLICHHEM BEIHUHHLI 3apana. JelcTBua »THX cul
ONUCHIBAKITCA YpaBHEHHAMH Makcrena..

['paBHTALHOHHLIE B3aHMOAEHCTBHS, OMTUCHIBAEMBIE 3AKOHOM BCEMHPHOTO
TAroTe WS HbrOTOHA, KaK H 31E€KTPOMArHHTHBIE, YMEHBILIAKTCA MPONOpLIHO-
HaNbHO KBAAPATy PACCTOAHHS ¥ ABJIAIOTCH caMbIMU ciabbiMH B npHpoe. Tem
HE MCHEEC, OHU ONPEENAOT CTPYKIYPY H YCTOUHUBOCTE CHCTEM HebecHsix
TeN, ABHIKEHHE HEDECHBIX TeN, POPMY 1 pasMepbl HEDECHDIX TE, BHYTPEHHES
CTpoOeHHE HeOCCHBIX Te.

IIBHKCHHE HEDECHBIX TEN B CHIIbHBLIX IPABMTALMOHHBIX ROIAX ¥ CO
CKOPOCTAMH, OTH3KMMH K CKOPOCTH cBeTa, 00Jlee TOUHO ONMCHIRAET 0G1LAs
TEOPHSt OTHOCHTEIBHOCTH.

JBa BUAa B3aUMOAEHCTBHI — CHABHOE H C/1aBoe — OTHOCATCA K BHYTpH-
ATOMHBLIM H NO3BOAMOT OOBACHHTEL MPOLIECCh CHHTE3a M pacnaja.
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CunbHoe B3aUMOICHCTBHE - CaMOE CHITBHOE B NPHUPOAE, HO O4eHb ObiC-
TPO YMEHBLIACTCA ¢ YBEIMUEHHEM paceToaius. OHo obecneunBaeT saepHbIE
peakiuy CHHTE3a,

Cnatoe B3aMONEACTBHE (KaK M CHIIBHOE) [10]1y4EHO U3 TEOPETHHECKHX
pacuetoB. OHo yuacTyet B f-pacnaje. CnaGoe p3aumoneicTBue ObICTPO
YMEHbBLLUAETCA C pACCTOAHHEM,

2.3.2. MomnocTe H3/1y4eHnn, 0j1ecx

Creroroil oToK, NpuxoAsimi K HabmogaTeno ot HabnKIaeMOTo TeNa,
OMpERENACTCH MOLIHOCTLIO M3TYUEHUA CAMOTO TENd M PACCTOSHHEM HebeCHO-
ro Tesia or Habmonarens. CBeTOBble MOTOKH H3MEPALOTCA POTO/IEKTpHUEC-
KHMH MPHEMHUKAMH H3AYUCHHUR U KATTMOPYIOTCA OTHOCHTENBHO MPUHATHIX
CTAHJAPTHLIX (PUZHHECKUX FFANOHOB.

Buaumbid HabnogaeMblid Oneck o0bekTa 3aBUCHT OT PACCTOAHHUS Ha-
Omonarens no obwvexra. Hanpumep, ConHue A/is Hac — camMoe APKOE H3 BCEX
n3nyuarwux oObekros. Ho ecnu CoNlHIE pacnionokHTh psaaoM ¢ Apyron
38e37101 (nonycTum, Cupuyc), 1o ero usnyuerue Gyaer Bo Muoro pas ciabee
Cupuyca (puc. 27).

ABCOMOTHLIA Gneck
{paccrosiHne 10 napcek)

Buanmelin bneck

ConHue Cupuyc

Cupwyc

O O

Puc. 27

Paznnuator BuaMMbli Oneck 0OBLEKTOB ([IOTOK HATYUEHHS, HOsTyHAEM bl
¥z nIpamMeIX HabmogeHKE ) 1 abcomOTHEIH (MOTOK H3YYEHHS, KOTOPLIR NPHXO-
AMT K HabnmozaTento or ofbekTa, pacnoNoxKeHHOro Ha paccTosHuH 10 napcex
oT Hab/mogarens ). ITH ABE BEMMUYMHB CBAZAHBI APYT C IPYFOM H PACCTORHHEM
A0 00BEKTA, YTO MO3BOJAET M1OIYHaTh PACCTONHMS, €CITH U3BECTHBI BHJIMMOE
1 abCoNOTHOE 3HaYeHKs Biecka.
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2.3.3. Coexrpaabuniii ananms H3Y4YeHHN

cneK(TZ;l::'rcpij;g;m:TgHﬁnm H3My4eHUS HeGECHbIX 0GLEKTOB M cpaBheHHe
. dJm”qECKO[;O PHBIMH 3EMHBIMH TANOHAMH JaeT Ham xXapaxkreprc-
oy e COCTONHUA, XUMHYECKOIO COCTARa H Temneparyphol
Ipu ucenenoanuu CHCKTPOB HebecHpIX 0GbeKTOBR NoJIB3YI0TCS
Abi0, HA3bIBAEMYIO ABCOMIOTHO YepHBIM TemTom. Teno HaXOOUTCH B COCTOSHUH
TepMoankamuieckoro pasnosecus. Coctosnue HEPHOTO Tena (M3ayuyeHue
MITH TIOITIOIEHHE) 3aBUCHT TOALKD OT TeMNCpaTyphL Tena u onpeaeaser
dbynkumeii Inawka. Cornacho 3aKOHy cmeleHust Buha, Makcumym M&n;l{eH:;:
abCOMIOTHO HepHOTo Tena cMetaeTcs B KOPOTKOBOJIHOBYIO YacTb CieKTpa npy
YBEIHUCHHU TemniepaTypul Tena (puc. 28). P

Moae-

7000°

6000°

5000°

MHTeHCMBHOCTL
nanyJesma

L i { L I L P OnuHa sonHe
1000 3000 5000 7000 B AHrcTpemax

Puc. 28

CpasnunBas uanyuenme nebecrpix 00beKToB ¢ 1abopaTopHLIMH crekTpa-
MU SIEMEHTOB, OMNPeAENSIOT NAOTHOCTE ofBeKTa, HOHM3ALMIO BellecTRa £0~
JIMHECTBO OTAENBHLIX XHMHYECKHX HIEMEHTOR, NONSAPH3ALNIO mJiyLieHP}H

Y paspesennbix rasos auneiiyarse CMNEKTPbI, H3nyueHHe cocpenomqel'm
B Y3KHX YMaCTKaX — APKUX CIEKTPANbHBIX JTHHHSX. Bo3nuKHOBEHME nuueii-
HATBIX CHEKTPOB CBA3AHO ¢ HENPEPBIBHO MEHs OLUEHCH BHYTPEHHEH JHeprueii
ATOMOB, TO NMOMMOIMAIGLIUX, FO M3y HAOIKX SHEPTHIO. P
Bemigggc;zngn”};zn C[IEKTR‘a H3YHEHHA NPONOpUHOHaIbLHA KOJIHYeCT Y

¢ , YHAIOWIHK CNOK ra3a npospauet. Yewm HENpo3payHes raz

TeM GAMKE €r0 HINyYeHHe B COOTBETCTBYIOWEH AMHE BONHBI K HSHyQEHH}(;
abCcomoTHO uepHOro Teja. Hns Tonctoro cnos razos u, Tem Gonee, aiis xuaicrx
W TBEPALIX TEN U3AYYCHHE HATIOMUHAET paBHOBecHOe mnyqem«lé a6COIIK)TH;)

o s s

yepHoro Tena. CriekTp CTaHOBHTCA HENPEPLIBHLIM, BCE IHHUM carBatoTces. B
HEfPePLIBHOM CrieKTpe HabIonakoTCs CBETbIE JIMHHH (M3ITyYEHHE) M TEMHbIS
AV HHKK {[0TNOIEHHE ).

ATOMBI MOFYT MOIIONIATH HITH H3TYYATh KBAHTHI DHEPTHH, IIPHUCOCANHATh
WK OLIABATH ANEKTPOHBL. [TpH OTphIRE 2AEKTPOHA OT aTOMAa MPOUCXOAHT HOHH-
jaunn atoMa. Ecnu onekrpon 3axBaTbiBaeTcs HOHOM (PeKOMOMHALIMS ), TO Bbi-
NENSETCA KBAHT JHEPryH. B pesynbrare pekoMOHHALIH BO3HHKAET UTYUEHHE
C HETIPEPhIBHLIM CAIEKTPOM, MMEIOLLIMM PE3KYIO FPaHHLLY C KPaCHOTO KOHLIA.

HerpepbIBHEIE CIEKTPBI AAKOT APEACTARICHHE O TEMNIEPATYPE, TIIOTHOCTH
H KOSIMYECTBE M3nyuatonlero raza. OTOKAECTBAEHHE CIEKTPAIbHBIX AHHHH
CO CMEKTPaMH W3BECTHBIX XHMMUYECKUX JJIEMEHTOB MO3BONAET YCTAHOBUTH
{X NPUCYTCTBUE B KOCMMUeckHX Tenax. MccnenopaHue oTaenbHbIX cnek-
TpaiibHBIX JIHHUH JA€T CBEACHHA O TemnepaType, JaBACHHH, KOJIMUECTBE
H3NYUAIOULAX HAM NOTADLIAIOUKMX aTOMOB, BHYTPEHHHX ABMMEHHAX B raze,
BEJIMUYHHE MATHUTHOIO MON4.

Pacronoxkenue ¢riekrpaiibHbIX TMHUH ATOMAa ONPeeIfeTca 3apsaaoM €ro
/pa U KONMHUHECTBOM BHELIHUX 211eKTPOHOB. CNEeKTphbl 9MEMEHTOB 1 HOHOR C
OIIMHAKOBBIM KOJIMHECTBOM BHELIHHX 3/1EKTPOHOB CXOAHBI MeXAY COBOI.

Y aroMoB OBIBACT HECKONBKO IHEPTETUHECKUX YpoRHEH. Camblii MTyGokHii
— OCHOBHOM, HelTpanbHwii. T1py nepexosne Ha neprkiil yporeHb HabnoaatoTes
APKHE THHHH CNEKTPa —OHH Ha3bIBAKOTCA PE3OHAHCHBIMH.

Y MHOTHX KOCMHYECKNX OOBEKTOB ANEKTPOMArHHTHOS M3/IyUEHHE NoNs-
PH30BAHO — UMEET HANOONBLLY KO MHTEHCUBHOCTL B KAKOH-TO ONpPeaeNeHHOH
NITOCKOCTH. '

Ecnu B criekrpe mali1onaoTes GhM3KKE N0 CBOCH CTPYKTYpE M pacrno-
JIONEHHIO JIHHUM, TO OHW MOTYT SBJIATLCA KOMMOHEHTAMM OfHOTO M TOro
HKE WINYUCHHSA , HAXOOALErOCH B MArHUTHOM rofe. Paccrosuus mexny
KOMIMOHEHTaMH 3aBHCAT OT Hanps:KeHHOCTH MarHuTHoro nons. Habniwone-
HHS NOAOOHBIX CHEKTPAILHBLIX HPPEKTOB MMO3BONKET H3YUATH KOCMHUECKHE
MarsWTHbLIE Mon4.

[‘pomasihyio pofib B U3YUEHHH ABHKEHHS KOCMHUECKHX OOLEKTOR UIrpaeT
apdext Jlonnepa. OH 3aKA043ETCA B TOM, UTO HPH JBHKEHHH KOCMHUECKHUX
00beKTOB K HAbJII0JaTEN0 NPOHCXOOUT CMELLEHHE CTIEKTPa K PHONETOBOMY
KOHLY, Npy ABHKeHUM 00beKTa OF Habmrogarens — k kpacHomy. 1o sddexry
Jlonnepa MokHO u3yuars ABWkeHue HeOeCHbIX Ted B NPOCTPAHCTBE M UX
gpaiierue. Hanpumep, ans Condua addexr Jlonnepa nokazbigaer, 4To OHO
NlenaeT noHbid 000poT BOKPYT cBoeli ocH 3a 25-30 nned. 1o ronneposckomy
CMELLEHHIO CREKTPAIbHBIX AIHHUI ONpeeseTca CROPOCTb H HalPaBieHHe
BpaileHusa HebecHoro Tena. ¥ 3Be31 THHEHHbIC CKOPOCTH BPALLEHHS BbI3bi-
BAIOT paCcIUMPEHUE CNEKTPANibHbIX JTHHHA.
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CrexTpasibHbIe JIHHHKM H3AYYAKOLLEro ra3a HMeloT JOTUIEPOBCKHE cMe-
LCHHA 13-33 XAOTH'YHBIX TEIINOBLIX ABHKEHWH. [IponcxoauT cummeTpunoe
paclnpeHre CHEKTPatbHOM N1HKK (Npoduns). Ecnu paciuupenne sbizpano
TOJIbKO TENAOBLIMU JIBHXCHHSAMH, TO [0 NMPOGHIII0 MOKHO CYAMTh 0 TEMNe-
parype CBeTallerocs raa.

JhiHuu cnekTpa NoKasbIBAIOT HATMYHE XUMHUECKOIO Y1EMEHTA B Hec/Te-
Ayemom Tene. Jis TOHKOTO 08 M3/IyYeHHs rasa SpKOCTb CNEKTPAl bHbIX
AUHUH NPOTIOPHHOHAILHA KOJIHYECTBY HTYHaloIMX aroMog. [1o H3MEPEHHOH
H3TY4AEMOH WITH MOITIOIAEMO# IHEPIHH BLIYUCASETCS KOMHUYCCTBO aTOMOB.
Macca B AaHHOH ki, Eciin 3a Macca COCTaBIAET MaBHYyIO N0TI0. TO MOXKHO
HAHTH MIOTHOCTE. Tak onpeaensiercs kKOHUEHTPALMA BeLUeCTRA B Npo3padYHbix
rasoBbIX TYMaHHOCTSX, ¥ HEMPO3pauHbIX OGHEKTOB NJIOTHOCTS, JABACHHE R~
0T Ha GOpMY OTIENBHOH ceKTpaTbHOH THHUY, B PA3PEMEHHOM [a3e CnexT-
pasibHbIC IMHKK BOonee yIkue, YeM B IIIOTHOM RPH TOM iKe TEMIIEpATY pe.

B BelecTBe MOMYT GbITh HECKOTLKO XHMUHECKMX /IEMEHTOR. Hns npasusib-
HOTO ONPENeNEeHHT XHMHHIECKONO COCTARA HEOOXOIMMO YUHTBIBATL, HTO HEKOTOPBIC
aTOMbI HAXO/UITCA B HEHADMFONACMBIX HITH TPYIHO HAGHONAEMBIX COCTOSHMSX.

Haubonee uuTeHcuBHble 1MHKHU He Bcerna APUHALICHKAT CaMOMY pac-
MPOCTPAHEHHOMY D/1EMeHTY. B 0CO0LIX YCIOBHAX MHTEHCHBHBIMM CTAHOBATCS
JIHHHH, KOTOPbie B OObIYHBIX YCOBMAX MK Cabbl, HITH He HABNIOAAIOTCH .

Hns onpeneneHns Xumuueckoro cocrasa no CNEKTPY Hago 3HaTh PHH3H-
HECKME YCAOBHUA, TEMITEPATYpy.

2.3.4. IpeT kocMudeckoro obnLexra, Temnepatypa

OCHOBHBIMM KOCMHYECKUMHK OBbeKTaMH HaGioneHNH ARNSIOTeS 3RC3/IbI.
OHn MMEIOT HenpephIBHbIH CNEKTP, HA KOTOPbIA HAKNAALIBAKOTCA CHEKT-
PalbHbIE THHUKM. B OCHOBHOM, 3TO TeMHbIE NHHMM NOMOWENHS, HO BBIBAIOT
H APKMEC TMHHH u3nydeHns. CNeKTpht 3Be3] pasfiMyatoTCes KOJAMYECTBOM M
HHTEHCHBHOCTBLIO HADTIONAEMBIX THHIH U pacnpeeneHiem IHEPIHH B Henpe-
peiBHOM criekTpe. Hanbonbiueii sueprueit obnanaer raMMa-H3nyueHHe, 3aTem
PEHTIEHOBCKOE U3y HCHUE, 1aflee UAET YALTPaHONETOBOE U3YHEHHE H T
— 4cM DOJIbLIE ANUHA BOJTHBI, TEM MEHBLUE DHEPrus H3NY4aeMbiX KBAHTOB.

CriexTpsi 3aBUCAT OT (U3HUECKHX CBOICTB 38e3n. B CleKTpax 3pe3q
APKOCTh ONHMX JIMHWH XMMUYECKHX 3IEMEHTOB NOCTENeHHO ocnabepaer,
APYTHX —~ YCUNUBAETCS . CXO/IHbIE CNEKTPhl 00beAMHSIOTCA B Kiacchl. CekT-
paibHBIH Kace ONpeienaeTcs OTHOWEHHEM HHTEHCHBHOCTET onpeneneHHpIX
CMEKTPANBHBIX IMHHIA. ITOT NpUHLMN, pazpaboTannbiii ["apBapne, aexur
B OCHOBE CNEKTPaIbHON Khaccuurkauuy 3se3q.

Knaccndukauuio mokHO HazpaTh UBETOBGH M TEMNEPATY PHOK.
CnekrpanbHbie K1accht 0603Ha4aloTe GyKBAMK U COOTBETCTRYIOT Ofipe1e-
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JICHHOMY LIBETY M TeMneparype {8 KenbBHHaX) W3ny4eHHS BHELUIHUX COCB
3Be3fbl (pHc. 29).

Temae- 28-40 10-28 7-10 | 6-7 TeIC. | 5-6 THIC. 3.5-5 2.5-3.5
pa'rypa ThIC. ThIC. ThIC, THIC. TBIC.
Heer | Puonero- | T'onyGoi | Benbii | Heato- | Xentwmit | Kpacuo- l{pas-
BRI BaThi BaThlf HBIH
Knacc O B A F G K M
[onyObie benuie OpanxeBnie
Puc. 29

DBHeprua W3iy4CHHs 3aBUCHT OT CIEKTpaNbsHOro Wwiacca. CnekrpansHai
KnaccudHKauus MOKA3bIBAeT M CTENeHb MOHW3ALMH BELIECTBA B 3BE3AaX
(MOHM3ALHA 3aBHCUT OT TeMIEpaTypbi).

2.3.5. 3aBHCHMOCTB CIIEKTP-CBETHMOCTE

B Hauane XX seka amepukaHckuil yuenslil Peccesul ¥ narckuii aCTpoHoM
IepLULIIPYHT PACTIONOKMAM HA AHAarpaMMe 3BE3/1b B 3aBHCUMOCTH OT abco-
moTHOTO O7lecKa W criekTpaibHoro knacca (puc. 30). I'pynnnl 38e3a noayuuu
YCJIOBHBIE HA3BAHMA H NO3BOJIHIIN CO3AATH KAPTUHY 06pa3oBaHHA H SBOMIOLHH
3B€3/1 U MHOTHX ADYIUX HeOECHBIX 0OBEKTOB.

ABconoTHan 3se3nHan
BenUMMHA
|
-5
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4] 1, Biign
5
10) bencie

KapnvKm

O B A F G K M Cnecrpanuhoi
Knacc
Puc. 30

Jinarpamma lepunnpywra-Peccena
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Tonyunnacs yetkas cTpoiinas cicrema. TonmKeHHE 3BE3bI Ha THATPAM-
M€ onpeaensercs ee Gu3nveckol npuponoii u craaueii spomoumn. Ipynne
3B€34 Ha auarpamme HMetoT obiime pusnyeckue ceoiicrsa. Jlnarpamma ye-
TaHABJIHBAET 3aBHCUMOCTL MEKAY PH3MHECKUMU XapaKTePHCTHKAMK 3BE3A,
NoOMOracT NpH U3YHEHKH XHMHYECKOrD COCTABA.

{'MNOTE3bI 0 MPOHCXMKACHHH H 3BOMIOUNH 3BE3/] OCHOBAHBI HA 3AKOHAX
(r3nKH u MareMaTHYECKMX M DHINUECKHX MOAENSX.

2.3.6. OGpa3zopaHue 3Be3n

I'unoresbl obpazopanns 3Be3q NPeanoNaratoT, 4TO 3BE3Ab ABIAKOTCH
FA30BBIMH LHAPAMH, MTOBEPXHOCTH KOTOPLIX 6an3ku k chepruyeckum, a pac-
MPEAEICHUE BELIECTEA W ero IVIOTHOCTH BHYTPH 3BE3/1bl ZOCTATOMHO PaBHO-
MepHo. ['inoTes obpasosanns 38e31, NpUYeM OCTATOYHO YOEAHTETbHBIX,
OueHb MHOFO. EcTh M 061nenputsThie.

B KOCMHUECKOM NPOCTPAHCTBE CYLLECTBYET CMECH HOHH3IMPOBAHKOIO ra3a
(I1a3mbl} M NbUIK. DTa CMECh CBA3AHA C MATHHTHBIM MOJIEM H MPOH3BO/ILHO
MBWXKETCH B npocTtpaHcTee (puc. 31).

AT Marmmee oo
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ArHUTHbIE CUNOBbLIE NHHUKN

—
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Cmech nnasmbl 1 nbinu Hanpaenexnne
ABVKEHNA
B

KongeHcauyws
cmecy

Pue, 3t

B KakoH-TO MOMEHT, BCAENCTBHE MPABHTALHOHHOH HEYCTORYMBOCTH,
CMECh HAYHHACT CKMMATELCS W 00PA30BBIBATL OG1AKO MACCOH B THICAUM MACC
Connua. bonsuioe 061ako pazOUBaETCa Ha COTHH K THICHUM MATbIX 0BNAKOB

¥ ckarve npojomxaetcs (puc. 31). DHeprus, Boi3BanHas rPaBUTALIMOHHBIM
caAaTHEM, CHauana M3NyvaeTcs B KOCMHUECKOE MPOCTPAHCTBO UYEPE3 CHITO-
gble JIMHHH MarHMTHOMO NoJiA, a NpH JajbHellleM OKATHH Pa3orpeBaercs
BellECTBO B HeApax obnaka. [Tpu noBbileHrH TeMneparypst B aape a0 10-15
MHAIHOHOB I'PaycOB HaUMHAOTCA TepMeAaepHbIE peakuuu cuHTesa. Obnako
cTaHOBHMTCA 3RE30H, cOXpaHstolLei TepMonuHamMUyeckoe pasHoBecue (anie-
HHe raza BHYTPH YPARHOBEILIHBAET MPABUTALLHOHHOE CIKATHE ) HA NPOTAKEHHH
AECSTKOB, COTEH MM/UTHOHOB U /Ia7K€ MMJLTHAPIOB JIET, HENPEPbIBHO M3yuasn
snepruo (puc. 32).

Cunnel
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Puc. 32

3Be3aa 3aHMMaeT CBOE MECTO Ha IVIaBHOH MOC/e0BaTEIbHOCTH AHA-
rpammbi (pHc. 30) B 3aBHCHMOCTH OT CBOMX XapaKTepucTHK (macca, Bieck.
CMEeKTpanbHbIi Knacc).



2.3.7. DBomonns 3Be3qn

Hanyuenne 3Be3n NOANMTLIBAETCA SHEPrHEH TEPMOAAEPHBIX peaKLmil,
NPOUCXOAALIHX BHYTPH 3Be3/ibl. OCHOBHBIC 3TEMEHTDI, H3 KOTOPBIX COCTOHT
Bceenennan — sogopon(70%) u rennii (30%). B pesynsrare TEPMOAZICPHBIX
peakuui BOAOPOJ BHYTPH 3Be3[s! NipeBpamaetcs B renuii. Korma 30-50%
BOAOPOZAA BLIFOPHT, BHYTPH 3Be3ib 00pasyercs reiuesoe sApo, TeMmiepa-
TYPa KOTOpPOTO YMEHBLUIHTCS M ONSITh HaYHETCA IPABHTALHOHHOE CHKATHE.
Flpu cxaTuu TeMnepaTypa CHOBA HAYHET NOBEILIAThes . FC/H OHa fodiaeT o
40 MHITHOHOB rPalyCOB, MOTYT HAYATLCH TEPMOSJIEPHBIE PEAKLIMM M Feui
HayHeT NMpeBpailaTses B yIIepoa.

Teoperuyeckue pacueTbl U MOIEIMPOBAHKE NIPEANONATAIOT, 4T0 KOHeUHas
CTaZns JBOJIFOLIMH 3BE3/1b! 3ABUCHT OT €€ Macckl. 3a eAuHuULly Hepercs Macca
ConHua M =2-10¥r.

Macca 3ezapt M =1.4 M. TlonoBnHa Macchr 3Be3anl 00pasyer re-
AueBOe ARPO, NMOJOBHHA — pa3flyBalouiylocs KpacHyio obosouky. Korma
060710Ka OTOHAET IANEKD OT AAPa, FPABMTAUMOHHBIE CHITHI IEPECTAHYT ee
YACPXKHBATE H OHA YNETYYHTCH B KOCMOC — Habmionaresds YBHANT BCMBIIIKY
HHppakpacHOro Hanyuenus. OCTAHETCS [eNHEBOE AAPO Pa3MepoM, G-
KMM K pasmepam 3emsH, Maccoli, Onu3koiil k Macce ComHua, MAOTHOCTEIO
106107 r/cM’, CMNIEHBIM MATHHTHBIM NIO/IEM, TEMNEPATYPOH 5 MMITHOHOB
TPajfycoB, HU3KOH CBETHMOCTBIO. 3Ta 3Be3/1a Ha3bIBaeTCs GelibiM KapHKOM
(puc. 33). [locTenenHo OHa racHeT M CTAHOBUTCS YePHBIM KapiHkom. Benbix
KapiuKkoB B Hawei Fanaktuke okono 10%.

Puc. 33
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BTOpbIM BApHAHTOM KOHEYHOH CTAJMM 3BOJIOLHH 3BE3IBI MOKET ObITh
nelTpoHHas 3se3na. Ecnu HawaneHas Macca 3ee3asl okono 1.2-1.4 Mg, 08B
MOMEHT HapyLIeHHA MMAPOCTATHYECKOrO PABHOBECHS MPOHCXOAMT KATACT-
podrueckoe obpyuienne (Kouianc) Beeli Macchl 3BE3/IBI K LIEHTPY 33 BpeMs
OT THICKYHBIX JIOnel ceKyHIBl O NATH cexyHa. [InoTHoCTh yBenuuuBaer-
ca no 10 r/cM’, MarsuTHOe mnosie craHoBUTCS paBubiM 102 Tc, quameTp
3Be3/bl — 200 KM, MOMEHT KOJIM4€CTBA ABIKEHUsI OCTAETCH M 3B€31a HAYMHACT
ppaiarsea ¢ neproaoM 0.001-5 cexyrn. Muorvie HelTpOHHLIE 3Be3 B! HAITYHAIOT
NEPHOAHUECKHE CHIHANBI ~ 3TH 3BE3/1b! HA3BIBAIOTCA Mynbcapami. [Ipeanonara-
€1CSL, 4TO CTPOECHHME 3BE3/1bI TOXOMKE HA 3eMHOE | OHa UMeeT atMocdepy (Bbicora
00 1 MeTpa), TBepayrO KOpY, ropbl Ha MOBEPXHOCTH 3Be3AE! (BbICOTa A0 20 cau-
THMETPOB), JKHIKOE AApO. 3Be3aa Ha 95% COCTOHT U3 HEHTPOHOB (pHc. 34).

fopa

Bynkan

Puc. 34

Ecax navansHas macea 3se3as! ot 3 Mg M Bhilue, TO MPH KoJLIance Mo-
et oBpasoBarbes yepHas auipa. BosMoxHOCTE cyiiecTBOBaHKA MogoOHbBIX
o6bekToB npeackasan JiHiTelR B 0611ei TEOPHH OTHOCHTETBHOCTH, XOTA
nonoGHele HAEH BeickasbiBay i Jlarnac 3a 120 aer no SHuuITeiHHa.

YepHas Abipa — YAMBHTENBHBIH 00bEKT, KOTOPbIH co3a8€eT BOKPYT cebs
MOLLHOE 'PaBHTALIHOHHOE OJIe, BCe NOMIOILAET W HAYEro He H3iTyuaer. Cunra-
€Tcs, YTO 370 Wap, paaHycC (OH Ha3bIBAETCA MPABUTALIHORHBIM ) KOTOPOTO 3aBH-
CHT OT NepBOHazaNIbHOI Macchl 3Be31bl. Hanpumep, ecan Conaiie npeBparHres
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B YEPHYIO ABIPY, TO ee FPaBHTALIMCHHLIH paguyc Oyner paseH 3 kunomeTpam,
st 3emnn — 0.9 canTMeTpa. UepHeie AbIph IOXOKH — He MMEET 3HAYCHHS H3
KaKOTO ITEPBOHAYANBHOTO BELIECTBA COCTOAIA 3B€3/a. UTO npoHcxomuT BHy T-
PM 4epHOH AbIphI, CKa3aTh HHXTO He MoxeT. [Ipeanonaraerca, uro yacTHip,
NoNaBIIHe BHYTPh, OyAyT HENpepHIBHO ABHraThes K UeHTpy. CormacHo obimeit
TEOPHH OTHOCHTENBHOCTH, I8 HabIonaTeNis, HAXOMAIIENOCA AAIEX0 OT HEPHOI
JbIPbI, JBWKEHHE YacTHI[ BONM3H YePHOH ABIPb 3aMCIUIAETCA M TIOYTH OCTa-
HABJIHBAETCA. JTC IBWKEHHE CTAHOBHTCA OeCKOHEHHO AoNruM. 3aTeM yacTHiia
BHE3anHo nponagaet. Ecnu Ou1 Habnionarens ABUrasica BMeCTe ¢ YacTHLIEH, TO
OH OBl HHKAKMX NEpeMeH He o6Hapyxcai. Bo3MoXHO, B YepHBIX bipax (ecny
OHH CYLHECTBYIOT) HaxoauTcsa G6nbiuas yacts Marepun BeenenHoi.

2.3.8. Coanne

ConHue, B CpaBHEHHH ¢ APYTMMH 3BE3JaMH, PAAOBas 3Be3da, HO I
HAc OHa INIaBHasA — XOTA Osl OTOMY, YTO JAeT KK3HE Ha 3emne. ConHue u
TpoLEecchl, cBA3anHble ¢ CoNHIeM, M3YYalHCh BCETIa, HO OHO JI0 CHMX TIOp
OCTAETCA €Ba JTH HE CaMbIM 3araloMHBIM HeOeCHBIM TeloM.

Contue npeactasisgeT U3 cebf rasoBbli AP ¢ KOHUEHTPHYECKHMH CJ10-
SIMHY Pa3HOH NIOTHOCTH U Temmneparypst (puc. 35).

3BYKOBbIE,
MADOGMHAMHYECKME
BONHbI

3HEPrUK

HaryueHne

Puc. 35
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Ero paauyc 6.96-10'° cm, macca 2-10° r, mnotsocts 1.41 r/em’, Temne-
paTypa noBepxHOCTH 3dyueHus 5785 K. Tlepuon BpaieHHs BOKpYT cobc-
TBeHHOH ocH — 25-30 cyTok.

®ortocdepa — 310 o6nacte CoNHla, OTKyAa HCXOAMT u3ly4eHue. B
dotocdepe CYmECTBYOT MEIKHE HEOTHOPOIHOCTH SPKOCTH — FPaHyJIbE.
Pazmepsi rpaHyi okono 1000 kM. Bpems xu3nu rpanyn - 7-10 MuHyT. Bonee
KpyTIHbie 00Pa30BaHNA — COTHEUHBIE NATHA (oKkono 43 00 kM B AuHY, camoe
kpynHoe —185 000 kM; ana cpaBHeHua — paauyc 3emau okono 6 800 xm).
Konnuectso mateH Ha ConHue MeHserca. FHora He BUAHO HU ogHoro. Ot
MHHHMYMa J10 MakcuMyma — | 1 sieT. [Togpem coliHedHoH akTHBHOCTH — 4 rofia,
3aTyxaHue — 7 JieT.

Bewtectso Ha ConHLUE 3HAYMTENBHO HOHH3HpoBaHO. HolH3upoBaHHkIi
ra3 (rnasma) obnanaer BHICOKOH TemIONpPOBOAHOCTLIO H 3IEKTPONPOBOA-
HocTeIo, [11a3Ma TeCHO CBA3aHa C MArHMTHBIMH MTOIIMH. JIBIDKEHHE TL1a3Mbl
MPOHCXOAMT BAONb MAFHHTHEIX CHIOBBIX IMHHH, HO 3T0 [BHKEHHE 3aCTapaAeT
JIBUTaThCAd M CAMO MarHMTHOE NOJIE.

I'panynsauma xpomocdepbl Gonee rpydas, yeM y dporocepsl, npeacras-
nset cobol CIUIOLWHYI0 ceTKy. [ paHynbl HMEIOT BONOKHUCTEIA BHA. Hax xpo-
Mociepoii Ha HECKOMBKO JAeCATKOB THICAY KHIOMETPOB BBICTYAKOT BEIOPOCH,
KOTOpBIE Ha3BIBAKOTCA MporyGepaHuamu. [IpotyOepaHilbl pasaenstorcs Ha
CIIOKO#Hbie M akTHBHBIe. CymiecTBYIOT OH 5-7 Hel. MMeloT BONOKHHCTEIH
eun. Jnuna no 200 Teic. kM.

Kopona, rpaHiuamas ¢ MexXIIaHeTHOH cpelo, ABAACTCA BHEHIHEH
armocgepoit Connua. Brneck kopousl paeed 1/1 000 000 momm Gnecka
Connua. TleprHoa BpallleHHs KOPOHBI paBeH nepuHoay Bpautenusa Con-
Hiua. Becneacrere G0JIBLIOrO MPOCTHPAHHA KOPOHBI, NpEANoaaraercs,
YTO Yy Hee OYEHb BbICOKAS TEMIEPaTypa. ATOMbI B KOPOHE MHOTOKPATHO
HOHH3UpoBaHbl. OGHAPYXKEHO PaaHOM3IYyYeHUEe KOPOHHI, B OCHOBHOM B
PEMTreHOBCKOk 00IacTh.

BakHy10 posib BO BCEX COTHEUHBIX MPOLIECCAX HIPArOT MATHHTHBIE 0/1A,
Hau6onebuas HanpszkeHHOCTb MArHHTHBIX 10716H B CONHEYHbIX NATHAX. [laTha
TIOKa3bIBAIOT HECTAOUIBHOCTS npoeccoB Ha CornHlle.

[IsTHO MMM rpyNNa nSTeH MOTyT o6pasosarbes B porochepe 3a 2-20 nnelt
M CYILECTBOBATH 10 HECKOIbKHX Mecaues (aaxe ao 1.5 ner).

Bo3nuKInas rpynna maTeH pacTaHyTa no aoarore. Hacro BuAHbI ABa
LATHA, ABUKYLUMXCS BMECTE.

B UeHTpe nATHa MarHUTHBIE CHJIOBBIE JIMHHH HAYT NO OCH MIATHA BBEPX
HJIM BHM3. MarHuTHOE Mojie He MCue3aeT NOCie HeUe3HOBEHH: naTHa. OHo
YCHIIMBAETCA, €CIIH TaM NOABAAIOTCA HOBBIC NATHA. [IATHO BRIHOCHT HapYXy
MarauTHOe nosie. B 3THX MecTax BOZHMKAIOT akTHBHbIe obnacTH. Mar-
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HUTHASA NOJAPHOCTL NMATEH ¢ OKOHYAHWEM HLMKJIA CONHEYHOH AKTHBHOCTH
MeHserca (puc.36).
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3aryxaHHe MarHHTHOTO NS HPOMCXOAMT B TEHEHUE COTEH JleT. IMostomy
aKTUBHBIE 00/1ACTH CYILIECTBYIOT OITO H MATHHTHBIE MO TO YXOAAT BRTYOb,
TO BCIUIBIBAIOT HA MOBEPXHOCTE (hoTOChEpEL. '

MaruuTHbIe HONA CBA3AHEI C MPKYIIAHEH MIA3MbI rnyOMHOH B JECATKH
THICHY KIIOMETPOB. JIBHAKEHHA BOSHHKAIOT M3-3a HEOTHOPOIHOCTH RpALICHHA
Connua. LiupKynsis 1a3mel NOpoXaaeT MATHHTHBIE BuxpH. Koraa uxpu
BBIXOLST Ha [IOBEPXHOCTS, NOARIAIOTCA OTAEAbHBIC IATHA ¥ TPYTITHI TIATEH.

B xpomocdepy H KOPOHY MAarHHTHBIE CHIOBLIE JIHHHH BbLIHOCHTCS
MaCcaMH BellecTsa.

Bo Bpems conHeuHpIX Benbluek B KOPOHE BO3HMKAeT PEHTTEHOBCKOE
nanyyenue. CoNHeuHas BCIBILIKA — YCHICHHE SPKOCTH OTAEABHbIX NOJIe B
Xpomocepe (akenst), yBenuuenne ApKOCTH OTAEBHbBIX YacTell doTocdepsl.
Benbiika MOXeET AHTECA 110 ceMu wacos, BepxHas 4acTh BCTIBILKY BXOAMT
B KOpOHY, HHXKHAS 4aCTh MOXET ObITk OTOpBaHa 0T dorocheps. Benbiuka
COMPOBOXKIACTCH BHIOPOCOM TEMHOIO BOJIOKHA CO CKOPOCTBIO 70 500 Km/c.
Bozuukaior spkue xpomocdepHsic ToukH (60om0b1). Benbiliki conpopoxk-
AAlOTCA YCHIEHHEM HUTYYEHHS BO BCEX YacTOTAX. Benbiuika HayHHaerces
Xpomocepe HH KopoHe. B ToMKe IPOHCXOIHT BhIIeNICH e Tena 1 YCKOpeHHe
yacTHL. [I0TOK YacTHI| pacnipocTpaHseTcs BAOML MATHHTHOTO TOMSL.

Ha Bonxax ¢ JyiHHO#M BonHb MeHbIlie 20 ¢M BOSHHKAIOT ObICTpBIE BCIIIEC-
KH M3 LICHTPOB, CBA3AHHBIX CO BCTILIUKAMH — 3TO TEIUIOBOE H3NYYEHHE.
HetenoBbie BCNBIIIKH BO3HMKAIOT B METPOBBIX M, HHOFA, B JeHHMETpo-
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pbix AuanasoHax. OHH pazHOODpasHbi 1o JopMe, YacToTe H HHTEHCHBHOC-
Td. JIBHAEHWE LUCHTPa HETEIIOROH BCIBILIKH NPOMCXOOHT CO CKOPOCTBIO
150 000 km/c. ITH BCBIIIKK COBNAAAIOT MO $aze ¢ CONHEYHBIMH BCNbILLIKAMH
W JUTATCH HECKOJILKO CEKY HA.

Ha Conuue nabmronatorcst pannodypu Ha idHax Bond 33 M — 8.5 mMm
¢ BLICOKOH MHTEHCHBHOCTLIO B METPOBOM IHANA30HE H AMHTEILHOCTBIO
OT HECKOJIbKMX MHHYT 10O AecaTKOB MHHYT. Becrutecku nepemeuraiorcs s
xopoe co ckopocTbio 1000 km/c ¥ HCXOAAT M3 BCNbIWEK WM BbIGPOCOB
npoTyOepaHues.

Panuounsnyyenre ConHua B 0onee UIMPOKOM IHANA30HE NMPOJIOMHKACTCH
OT JIECATH MMHYT 10 HECKOJbKHX YaCOB H BbI3LIBAET BO3HHKHOBEHHE HA
3emile NONAPHBLIX CUSHUH, NPEKPaLieHUs PAAHOCBSIZH HA KOPOTKHX BOMHAX
B nosspHOH obnacTtu.

tyMoBeie 6ypH NPOHCXOAAT HA METPOBAIX BOTHAX B BHAE KOPOTKHX
PagMOBCIIECKOB HENMPEPLIBHOTO Hany4eHus B Teuenue 0.2-0.5 cexyun.

[lnazmennbie konebaHuA npH nepexone U3 XpoMochepbt ¢ BBICOKOH
KOHLEHTPAIIHeH NEKTPOHOB B BEPXHHE C/OH BhIZLIBAIOT Apeiid no yacrore
— W3JyUeHHe HAYHHACTCH C BLICOKHX YaCTOT H KOHYAETCH HU3KUMM.

[ToTok u3nyuaeMsix 4acTHL BO BpeMs Benbliliek Ha ConHue Bo3pacTaer.
YacTHLpl ABHKYTCS C O4EHB BBICOKHMH ckopocTamH. Ha 3emne Mbr Habarona-
€M BTOPHYHOE U3NyYeHHE. 3eMs NONy4aeT OOHY JBYXMWIIHAPAHYIO A0SO
naayuerns ConHua.

2.3.9. Cosineqnbie H 3eMHBIe ABJIeHNS

Bce HecraionapHsie npoulecckl Ha CONHIE BLI3BIBAKOT BO3MYHIEHUA
B 3eMHbIX npoleccax. [lepuoan4HOCTb YHCAA CONHEYHbIX nMATeH B 11 jer
COBMNAJAET C MIEPHUOIHMUHOCTRIO BO3MYLUEHHH MarHuTHOro nonis 3emau. Bos-
HHKAIOIHE MarHHTHBIE OypH (ObICTpBIE U HEMPABHIIbHBIE KosleGaHHs 00s1b-
WO amMITIUTY/Ibl) AATCA 10 HECKOMBKHMX cyTok. bonee cnabbie konebanus
~ MarHuTHple BO3MyteHHs. CyLecTBYeT roaMyHas NepPHOAMUHOCTE BO3IMY-
uwenuii. OcobeHHO YacThl BOMYLLEHHS B MapTe H cenTabpe. 27 —aHeBHas
NMepHOAHYHOCTL cBA3aHa ¢ BpaweHuem Conuua.

IonsapHere cuarHa 0OHapyxHBaiOT I -AETHIOW ¥ rOAUYHYIO NEPHOIMY-
HOCTL, CHsbHBIE MAFHUTHBIE GYPH NOYTH BCErIa COMPOBMKIAIOTCA MHTEH-
CHBHBLIMH TIOJIAPHLIMH cHsHUAMH. Jlyyd nofisipHOTO CHSHAA pacnonaraloTcs
B/10JIb MArHHTHBIX CHITOBBLIX JIHHHI 3emnn. [Tyukn HHOTIA HCXOAAT M3 OHOM
oOnacTH Heba, HazbiBaeMoll kKopoHoil. Beicota cuanus or 100 no 1000 xm.
MakcHMyM MHTEHCHBHOCTH ONH20K K HHkHe#H rpaHule. CBET CHAHHA COCTOUT
M3 3€JIeHOTO M KPacHOIO.
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Armochepa 3emin HMEET CROKHYIO CTPYKTYpY (pHc. 37).

ConHue

MATHUTOC®ER,

Puc. 37

Ho ricors 100 kunomerpos arMocdepa Xopouio nepemetnneaercea. s
BBICOT Bbite 200 kM JHEM IUIOTHOCTH aTMOChEPHI YBENHYHBAETCH, HOUBIO
— ymeHbuaeTces. Cnaj conHeyHoH aKTHBHOCTH YMEHBIUACT ILUIOTHOCTh. Bok-
pyT 3emin MMeETCS BOJOPOAHAR KOPOHA.

Tpw cnos uacrnyHo HOHH3HPOBAHHOMA aTMocdepb! 3eMIH Ha BLICOTE OT
60 10 300 kM Ha3biBaeTcs noHocdepoii. OHa orpaxaer paauoBoaHsl. HuxHuHi
C/10H HOMBIO KCHE3AET,

Ha Bricotax 50-20 km yavrpadgmonerosoe uiayuenue ConHua ¢
anuHamu BoaH 2000-3000 A nornomaerca o3oHoM. O30H HpPOCTHpaeTcs
J0 BblcoThl 10 kM.

Kasawiii cnoii armocepsl nonmupyercs caoeii 061acThio CriekTpa con-
HEYHOro HanyueHHs. BepxHuii cnoif NopoKaaeTcest pEeHTIEHOBCKHM HaTyuyeHHEM
1 HauGonee CHNLHO 3ABHCHT OT CONTHEYHbIX Benbillek. Cpeanee 3HaUeHHe KPH-
THYECKO#H YaCTOThI, NPONYCKAEMOH KXKBbIM HOHOCHEPHBIM CIIOEM, BOIPACTAET
NpH YCHACHHHN CONTHEYHOH aKTHBHOCTH, YTO CBUAETE/LCTBYET O BO3PACTAHHH
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HOHH3ALINH. Cnajx MOHW3aUMK B HOYHOE BpEMA achnacT HOHOCd)epy Gonee

NPO3PasHOH [l KOPOTKHX BOJIH.
Bo Bpems cHIIBHBIX M cpeiHuX Benbiluek Ha ConHile Ha 3emae Habntona-

eTcsa NpexpanieHHe paaHocBa3M Ha yacrtotax 5-20 Ml vepes auesnyto noio-
BHHY 3EMHOTO LLIAPa, MPeKPaLLAeTcs OTPAKEHUE OT HOHOCHEPDL M yCHITUBAETCA
AOTOLIEHHE PAJIHOH3TYUYCHHS KOCMHUYECKHX HCTOYHMKOB Ha JI/TMHE BOAHbI
10-15 merpoB, B aTmocdepe YCUAHBAIOTCA MOMEXH, MOHMMKAETCH BbICOTA
BEPXHENO HOHOCHEPHOro €104, YCHIIHBAIOTCA NOTOKH KOCMHUYECKHX JTyHCH,
yepe3 17-21 uac nociie BCHABILIKH NPOUCXOIAT MArHHTHBIE By pH, BO3HHKAIOT
NONSPHbIE CHAHHMA.

Bokpyr 3emiin HOCTOSHHO CYUIECTBYIOT KONbLCBH/HBIE 00NaCcTH, 3anon-
HEHHbIE YaCTHLIAMH BbICOKHX JHEPT Ml — pafiHauHoHHbIe nosica (puc. 38). HUsy-
YEHHE ITHX NMOACOB MO3BOIHIIO YCTAHOBUTD FEOMETPHUECKHE H PH3IHUECKHE
XaPaKTCPUCTUKH MarHuTOChepbl 3EMIH.
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Puc. 38

3emJ1s ABISETCS MarHHTHBIM AHTIONEM. 3apPSKEHHbIC YACTHEIL! BHYTPH OKa3bl-
BAOTCA B NGOMarHUTHOH JIOBYLIKE. 30Ha H4acTHL BICOKOH SHEPIHH NPOCTHPAETCA
OT HECKOJIbKHX COTEH KHJIOMETPOB HAJl IOBEPXHOCTBIO 110 6- 10 pasuycoB 3emn.
Yacruiibl BO BHYTPEHHE#H 30HE HMEIOT SONBLIYIO 3HEPTHIO, YeM BO BHELUHEH.

MarnuTHOoe none U3 paiiona eerbiixy ConHpa pacnpocTpaHseTca jane-
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KO. MarHuTHbIE CHOBBIC THHHHM NOTOKA COMHEMHOMN N1A3MbI CONMKAKOTCH ¢
CHNOBBIMi THHHAMH 3€MHOIO MarHUTHOTO noss. 1o 5ToMy MOCTY uacTHUBI
HE OYEHh BLICOKO# 3neprumn nepexoast ot ConHua k 3emie.

Conneuribiii BeTep — HOHBI PAsIMUHBIX 2/1EMEHTOB, BeITeKarone u3 Con-
HLIA €O CKOPOcThIo 250-500 kM/c (koprtyckynbt). Conneunbiii BeTep, HECYLLHHA
MarHHTHOC NOJIE, CO3/1aET MEXTUTAHETHOE MATHUTHOE 110J1€ HAIPAKEHHOCTBIO
10 5-10° 3. HCTOUHHKOM COTHEUHOTO BETPA CIY)KHT TEIJIOBAA HEYCTOHYHRBOCTD
COMHEUHOH KopoHbl. KOprycKyibl BLIXOAAT B MEXKIIAHETHOE NPOCTPAHCTRO
HCPE3 KOPOHANLHDLIC ALIPLI — TEMHbIE 061aCTH KOPOHBI, PE3XO KOHTPACTHPY-
tOILHE ¢ OGIMPHBIMH CBETABIMM. B AbIpax m1oTHOCTH BellecTsa B TPH pasa
MEHBLUE, YEM Y HOPMaibHOH CrIoKO#HOM KopoHsl. Temnepatypa Tafoke Hike.
ToToku xopnyckyn npoxoasr cksosb HE3AMKHYTbIE MarHMTHbIC NMoJs, Cko-
POCTb ABMIKCHHA KOPITYCKYI BBILIE CKOPOCTH YACTHLL CPEAb] {CKOPOCTH 3BYKa),
ITpu BeTpeye ¢ 3emneii B aTom CBEPX3BYKOBOM MOTOKe 0DpasyeTcs ynapHas
BonHa. ConHeunibiii BETEP HeceT MarHWTHOE Mojte, TOOTOMY AN HETO NpensTe-
TBHEM CITyXUT MaruuTHoe none 3eminn. Mexay rpatnueii Maruurocdeps n
OTOLIEALICH y/iapHOH BONHO# 06pasyercs MarHuTONay3a, OTAENSIOAs Mar-
HHTHOE Nnofie 3eMin OT MeKITaHeTHoro nons. ['paxiLa marnutocdeps — 1§
3CMHLIX PaiMyCOB, NPH KOPITYCKYNSPHbIX BOIMYIUCHHSEX — 6.

2.3.10. Coaneuynast cucrema

Conneunas cucrema umena 9 GonbuwmMx nnaner (puc. 39). Ceituac - §.
[punsato peurenue InyTon cuntars He Gombluoi TJIAHCTOH, a KAPMUKOBOH
{HOoBas KaTeropHs 1en).
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4.8. — aCTPOHOMWMECKaN eqrHILa
1 a.e.=150 MnH Km
n.o. — nepnoa obpalweHus Bokpyr
ConHua (B 3emMHbIx roaax)

Puc. 39
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Hawnmenbiuas miasera — MEPKYPHI. Ero nepnon ofpatenys Bokpyr
Connua — 88 aneit. Kone6anne Temneparypbl Ha nosepxsocte oT 100 ao
800 K. IToeepxHocTe Mepkyprsa ycesHa KpaTtepaMH, 3aMeTHEI che/b] BYJIKa-
HHAYeCKOH AesaTensHOCTH. ATMOchepa Ha Mepkypuu OTCYTCTBYET, MO3TOMY
TIPOMCXORHKT CHIIBHOE 0D/TyYeHHE MOBEPXHOCTH MOLIHBIMH KOPITYCKY/ISPHBIMH
norokamu Connua. [Ipeanonaraerca, yro MepkypHii uMeeT pacnnaBineHHoOE
MeTauIHYecKoe sApo. CpeaHas nI0THOCTE BeulecTsa 5.4 riem’,

BEHEPA. Temneparypa 300-600 K. AtmMocdepa conepuT MHOTO yr-
nekucsioro rasza (97%) u B Hell nposeseTca MapHUKOBBIN AdeKT, KOTOpbIH
BMECTE C NapamMH BOJibI 3a/lePKHBaeT cOGCTBEHHOE ILIAHETHOE M3IYUCHHME.
Jlarnienyie B arMocdepe JOXOIHT 10 AECATKOB atmochep. Bpatuenne Bene-
pBl BOKPYT OCH HanpapIEHC B CTOPOHY, IPOTHBONOJOKHYIO €8 00palieHHIO
pokpyr Connua. [lepuoa obpawenns Benepnol Bokpyr Connna — 225 seMHbIx
cytok. [Tepuon o6pamenns Bokpyr och — 243 3eMHbIX cyTOK. CpeaHss wioT-
HOCTb BeecTBa 5.2 r/cm’. Penbed) craxken. Boicora ropusix o6pa3osanuii 1o
12 kM. FnyGuna kparepos g0 2.5 kM. Terwno, BoiiengeMoe H3 HeAP, MOAHMMAET
TeMieparypy B oTAe/lbHbIX Todkax no 700 C. lupkynauns arMocdepsl y no-
BepxHOocTH HeBenuka. Boasl Ha Benepe B 1000 pa3s mensiue, 4em Ha 3emne,
H3-3a Bbicokoi TemnepaTyphl BeHepa notepsana noyTH Beck BOAOPoA. A3oTa
Ha Benepe Taxke mano. BeHepa BpaillaeTca MeJjieHHO, HO, HECMOTPA Ha
3T0, TEMIIEPATYPA HA JHEBHON U HOUHON cTOpOHE BeHepsl OTIHYAETCH MATO.
MaruutHoe none Ha BeHepe NOYTH OTCYTCTBYET.

MAPC. Hmeet npospauHyto atMochepy H OsicTpoe BpameHue. Ha no-
BepxHocTH Mapca HaxoasaTesa kpareps! Auamerpom 0.5-500 kv ¢ iepenamom
BBICOT 13 kM. Ha fne kparepa Habmi08a10TCA H3BMIIMCTBIC TPELIHHBI, HANO-
MHHAIOLME Pyc/a pek. Mapc uMeeT nonspHeie manky — 6ensie obpazopauns,
KOTOpRIE B 3aBHCHMOCTH OT BPEMEH N'oAa YBEMYHBAIOTCA B pa3zMepax 3UMOH
{14 naHHOrO NMONMyINAapHA) K TAlOT eToM. CMeHa BpeMeH roia 00bACHACTCS
HAKJIOHOM OCH BpamieHWa Mapca K nnockoctH opburtet Mapca Ha yron 24
(moutn xax y 3emnu). PennedHele o6pazoranuna Ha noeepxHoctH Mapca,
KOTOpBIE YCJIOBHO HA3bIBAIOT MOPAMH, 3ATHBAMU H 03€paMH, H3MEHAIOTCA B
3aBHCHMOCTH OT BpemeHH roja. [loeepxHocTe Mapca — opaHkeBo-kpacHas
MYCTBIHA, IeCYaHadA, YCCAHHAA KaMHAMH. B rpyHTe 0OHapykeH yrmekucasii
ra3 ¥ KHCIIOpPOX.

Jaenenue atMoctepbl y TOBEPXHOCTH 4-6 MisHbap. ATMocdepa peako
OwbiBaeT yHcTOM, O6naka HMmerot Oenbrit, sxenToli, cuHMit HBeT. /Ing pazHbIX
obnakoB Habmonaercs pasHas nonsapulaums. Pasmep obnakoe poxoaur a0
2000 kM. Bensie ob1aka cOCTOAT M3 NieAHBIX kpHcTaioB. Ha Mapce GbiRatoT
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neiieBbie OypH. Atmocdepa coctout Ha 95 % u3 yrekucrioro rasza. Mapce
uMeerT JiBa ciyTHrka: Poboc u Heiimoc.

HOIMUTEP. Camas Gonbiias riaseTa CONHEYHOH CHCTEMbl C Maccoif,
pasto# 0.001 macce! Consia M MEpHOIOM BpallleHHs BOKPYI' OCH BCEro B
10 yacor. [TnotHocTk BemecTsa 1.3 ricm®.

B armocdepe FOmuTepa HaGatoaaroTes obnaka B BHAE NOJOC, CTPYKTypa
M LBET KOTOPBIX MOCTOSHHO MeHAIoTCH, OKONIONOoNApHbIE 001aCTH YCTOHYUBHI,
a IKBATOPHANBHBIC TIONOCH MCYE3AI0T M NMOABNAIOTCA Yepes KaKIbIe YeThIpe
roja.

Temnepatypa oGnaxos IOnurepa 140-320 K. IMotox Ternna M3 Heap
fipeBHIILACT CONMHEYHBIH B Ba pa3a. OH NPUBOOHT K BO3HHWKHOBEHHK B
armocdepe OypHBIX BepTHKAaTbHBIX Te4€HHH BBepX W BHM3. B 1878 rony
Ha HOnuTtepe obGHapYKHIH KpacHOe naTHO AanHo#H 40 000 kM ¥ WIHPHHOIN
13 000 kM 1 Temneparypoit 120-140 K. IToroaa wa IOmurepe mano 3aBucur ot
Conntua. KOnurep cOCTOMT W3 METaHa, aMMHAKa, MONEKYIAPHOTO BOAOPOIA,
napoB BOABI, TS, YIIepoaa.

VY IOnntepa HabnmofaeTcs CHIIBHOE MArHMTHOE MOJE H PaaHOH3TyYe-
Hde. PaguousnydeHue HMeeT HerernoBoH xapaktep. Obnacth Hinydeuus
JCLIMMETPOBBLIX BOJH B TPH pa3a Goabmie gucka HOnMTepa — M3nydeHue
HCXOIHT M3 OKONOMOAAPHOTO NMPOCTPAHCTBA OT EKTPOHOB, 3aXBaYeHHBIX
marHuTochepoii FOnurepa B panualmoHHble nosca. Pazmeprr Maruurocgepe
or 20 no 100 panuycos IOnurepa.

FOnurep uveer 63 cnythnka. Oaus H3 Hux — Ho — aMeet coberBeHHOE
MAarHHTHOE NOJIE, KOTOPOE BIIMACT Ha XapaKrep paanosciuieckos FOnurepa.
[Tepronet oOpailieHHs CMYTHHKOB BOKPYr HOMHTepa OT HECKOJIBKHX 4acoB
ao 750 cyrok. YeTnipe cnyTHHKA HMEWOT ABHWKEHHE NPOTHROMOMOKHOE
BpallleHHIO TUTaHeTH. Panuychkl CIYyTHHKOB OT HECKOJIBKHX KHIIOMETPOB J10
2610 kM. Ha noBepXHOCTH HeThipeXx CIyTHHKOB, KOTopbie B 1610 rogy oTkpbut
Fannneii, oGHapyxenbl jen u ckanbl. ¥ Ho ecTs armocdepa, uoHochepa,
razoBoe 06/1aKo H3 HATPHSA, KAJIHA, CEpBI.

CATYPH. CarypH Takxke aBiserca GonbilloH niaHeToH H OYeHb I10-
xox Ha HOnurep. IlnotHoctes BewtectBa CarypHa 0.7 r/cm’, Temneparypa
80-120 K, xuMHueckui cocraB — BOAOPOI, METaH aMMHaK, reuii, 2% Tske-
NBIX 3TeMEHTOR. MarHHTHOE NoJe CHNBHEE 3EMHOTO.

C 3emnu Buger CarypH, OKPYKEHHBI TPEeM% KONbLIAMH, JIEKALHMH B
OIHO# NROCKOCTH M HMEIOIMME TormMHY | kM. Konbna coctosTt B3 yacTui ot
HECKOBKHX MUKPOH 0 HECKONBKHX METPOB. BHeliHee konbuo HMeeT panuyc
122 000 kM M OTAENEHO OT CPEAHErO CAMOTO APKOro TEMHBIM NPOMEKYTKOM.
¥V CarypHa 60 cryTHUKOB.
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VPAH, HEIITYH. DTH ruiaserbi, BOIeACTBUE DONbIIOH YAATEHHOCTH
oT 3emnu, n3ydeHsl Mano. Hemrryn v Ypau cxojHbi 0 Macce, paiMepaM
¢uznueckuM ycnousm. Cpeanss Temneparypa 36 K. ¥V Vpana uMcHOTCH
kOJIblia. MarHMTHBIE MO IUIBHET B HECKO/IBKO AECATKOB pa3 CHABHES, HEM
y 3emmn. B cnexrpe niaser naGmioRaeTcs METaH, BOAOPOH, reanid. Y Ypana

27 criytavkos, y Henryna — 13.

ACTEPOH/JIbI. AcTepOHJI0B HACUMTHIBACTCA COTHH THICAY. Onu obpa-
3YIOT KONIBLIO BOJIM3H SKTHITTHKH W HAXOAATCA MEXLY Mapcom 1 FOnuTepom.
Bropoe koo (nosc Koiinepa) —3a ruiaHetol HentyH (pc. 38). BoamoxHo,
acTepOMbl — OCTATKN Pa30PBABILEHCH ILIAHETEI.

AcTepouIbl COCTOAT H3 KAMHE# 1 fbUTH. ATMOChephl Y aCTEpOH/OB HET.
Temneparypa noeepxHoct 200-250 K. '

KOMETBL. Komersl MoXHO HaGmonarh, KOrja OHH NpAOIHKAIOTCS K
ConHiLy M BOKpYr fpa KOMeTh! obpasyercs Gonbiad rofosa, U3 KOTOPOH
BBIXOIAT OAWH WM HECKOILKO XBOCTOB (pHC. 39). IIpH ABHXKEHHH KOMCTEI
MOBEPraloTCA IPABUTALMOHHBIM BOSAEHCTBHAM CO CTOPOHBI ILUTAHET. OtH
BO3MYILEHHA M3MEHSIOT OpOHThLI KOMeT. [010Ba KOMETBI MOXET A0CTHIATL
pasmepos ConHua, XBOCT — 150 MIIH kM.

KoMeTa COCTOMT M3 rasa, NbulH H Jibfa. Pacnanasch, KoMeTa Nopo:KaacT
METEOPHBIH MOTOK, JIBHAYIHACH 110 €€ opbHTe. baeck KoMeTsi BO3pacTaer
1ipu ee npubixkennt K CoHLY. B KOMETE CBETATCA raskl, a IbUIb oTpaxact
coJIHeYHbI caeT. [TbUIh B rONIOBE KOMETBE MOABIACTCA 0C/IE OTTanBaHMA Jbla
KOMeTHOrO szipa. OHa BbIOPACHIBAETCA CO CKOPOCTAMH HECKOJIBKO ACCATKOB
METPOB B CEKYHIy H NOAXBATbIBAETCH JARTEHHEM COTHEHOTO CBETA.

Tlpu cOnrxeHHN ¢ CONHLIEM KOMETa TEPACT YaCTh CBOCH MACCEI. MHorue
KOMEThbl HPEKPALIAIOT CBOE CYLIECTBOBAHHE, APOOATCA. Ipx nepecevyeHHH
op6uTel 3emin KoMeToH HAOMIOAAIOTCS METEOPHLIC SOAKIH.

KoMeThl — OCTaTKH raionsuiesoro ofiaxka, M3 KOTOpOro
00pazoBaTnCh IUIAHETEL :

METEOPBI. Mereopamu Ha3elBatOT TE/4, MONABLIHE B atMocdepy 3eM-
au. Eciid OHM JOCTHrAKOT OBEPXHOCTH 3EMJIH, WX HA3bIBAIOT METEOPHTAMH.
OrHeHHBIH Wap CO cBEeTALMMCA caenoM — Gomua,

MeTeopbi IBHTAloTCs B POCTPAHCTBE MApaLiensHo, 00pasys METCOPHBIi
roTok. [{ns HaGIIoAATENs 3TOT NOTOK BHIXOAHT U3 omHoit ToukH. [ToToku ABKH-
#YTCA N0 3aMKHYTbIM Op6HTamM. MeTeopHbIe IOTOKH KaDK/IBIA 101 HOABRAKOTCA
M3 O/JHHX M TeX )K€ TOUEK B OfHM M Te e AaThl — 3eMJIA BCTpeUaeTcs ¢ 1107T0-
KOM B OJJHOM M TOM ke MecTe cBoei opOHThl. MeTeopHas 4aCTHUA BXOJHT B
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arMocgepy ¢o CKOPOCThIO B HECKOJILKO AECATKOB kM/c. OBpazyercs ynapHas
BOMHA, 32 PPOHTOM KOTOPOH TeMIepaTypa NOBEIIAETCSA A0 JECATKOB ThICAY
KEJIbBHHOB H BO3AYX HOHH3HPYeTCd. MereopHoe Teo pa3orpeBacTes, 4acTh
Macchl yHocHTcd . MOHH3HpOBaHHBIE Fa3bi pacnonarakoTcs BAO/Ib TPACKTOPHH
B BuAe cBeraulerocd ciega. Ha sricore 40-50 kM Teno apobUTes, Ha BHICOTE
20 kM ckopocCTh TE1a 3aMellIfeTca. MeTeopHTEI BEHIAJAKOT Ha 3EMITIO B BHJIE
METEOPUTHOIC aokad. B cyTku Bhinagaer bonce 15 TOHH METCOPHTOB.

MeTteopuThl JensTCs Ha XKeNe3HbIE, XKeie30-KAMEHHbIC, KAMEHHbIC. Bpema
OOITy4EHHs METEOPHTOB KOCMHYECKHMU JTyMaMH JECATKH H COTHH MHJLTHOHOB
sieT. JKenesHrle METEOPHTHI cTaplile kKameHHEIX. bosee 30 MeTeopUTOB HMEIOT
maccy Gomee TOHHBI.

METEOPHOE H [IbIJIEBOE BEIIJECTBO npuxoauT K3 S1pa KOMETL
C YMEPEHHBIMH CKOPOCTAMH. XHMHUYECKHii cOCTAR METEOPHBIX Tel OH30K K
KomerHOMY BeiuecTsy. Komera npeBpaiiaerca B MerecpHslil notok. Ha scro
HNOBEpXHOCTE 3eMnu ocaxaaercd 150 ToHH MeTeopHoii MbLTK 3a CYTKH.

OG6pazoBaHMe MBA Ha OCAKAAIOUIMXCA NBUTHHKAX MOXKET BBI3BATH MO B-
JreHUe HabmonaeMerx ¢ 3eMnu cepeGpucThIX 0OnakoB.

Bokpyr 3eMiH HaxOOHTCH NMBIIEBOE O0AKO KOCMHYECKOTO MPOMCXOMK-
AcHus, [IbneBbie yacTHUBE NPOABIAIOTCA B 30AHAKATILHOM CBETE, KOTODbIi
HabmoAaeTcs BeYepoM Ha 3anaze noce 3axosa CoslHUa U YTPOM Ha BOCTOKE
Ao Bocxoa Connua. CrieKTp 30AHaKANBHOTO CBeTa noxobeH comHedHomMy. Hac-
THLB! CWIBHO CryLLAIOTCS K JKIHITHKE. SIpKOCTh CBEeYEHHs TEPEMEHHA BO Bpe-
MeHU. B o6pazoBaHiH 30JHAKANBHOTO CBET2 YYACTEYIOT 3/1EKTPOHLL, KOTOPhIE
paccerBaloT CBET HE3aBHCHMO OT JJTHHBI BOMHbL. O0IaKo 4acTHIL, BbI3bIBIOUIHX
30AHaKANBLHBIA CBET, AOKAO GbII0 GBI HCUE3HYTh Yepes cOTHH Teicay et Ho
IEKTPOHBI NONOMHAOTCH COTHLUEM, TBEPABIEC SACTHLIBI — KOMETAMH.,

B anTHCONIHEUHOH TOuke HabmoaaeTcs POTHBOCUIHNIE, cnaboe CBEUEHHE
OBaNbHO#H (POPMBI ¢ YIIIOBBIMH pa3Mepamu 10°-13° BRosb SKIHITHKA 1 6°-8°
nonepex SKHATHKH. CBedyeHHe H3IMeHYnBO. CnexTp NPOTHBOCHAHHUS BOCOPO-
H3BOIMT conHeuHsld. [Tpupona nporHBocuaHHA nbiesas, OHA OTNHYHA OT
NILIIH 30IHAKaNbLHOFO cBeTa. MecTononokeHye NpoTHBOCHAHHA Pa3MbITO.

2.4, Ilpoucxoxaende 1 38oa0uua Beenennoi

IIpeanonaraetcs, yro BceleHHas Bo3HWKIA Mocne B3pbiBa, TIPOK30-
weawero 15-20 MunTHAapaoB NeT Hazan. B niepsble MrHOBEHHS paclIMpeHUs
BceneHHol NpOHCXOAHIIH AACPHBIE PEaKIIHH MEXAY TEMEHTaPHBIMH YacTH-
UaMH. B pesyibrate snepHbIX peakiini 00pa3oBannch XHMUYECKHE 3EMEHTBI.
Ho atoro {10-*c) obpa3oBanuck caMH 3IEMEHTapHbIe YacTHLbL. [110THOCTE
marepuu 6sina 10 r/cm®.
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Teopus ropaueii BcenenHok NpeackasbIBaeT CyIeCTBOBAHHE B HACTOAIICE
BpeEMS BIEKTPOMATHHTHOTO HU3KOTEMMEPATYPHOTO M3y CHHA — PAZIMOBOI-
HbI B CAHTHMETPOBOM H MHJJIMMETPOBOM JIHAMIa30HaX. 31O MHKPOBOTHOBOE
u3NyueHHe, koTopoe obHapyxunu B 1965 rony, ObiJ10 Ha3B2HO PETHKTOBLIM.
OnoO umeeT TeMnepatypy okono 3 KeabBHHoB. Cerofns NJIOTHOCTE S3HEPTHH
B PENMKTOBOM H3TyuennH B 30 pa3s fonbine, 4em OCTAILHOrO Habmonaemoro
HaTydeHHs 3BE€3/l, FA/IaKTHK, PAOHOralakTHK, Hucmo thoToHOB PETHKTOROTO
uzayuenns 500 wryk B cm®. Cpeansis II0THOCTb BEIMECTBA BO Bcemenwoii |
arom B M* (10° pesinkroBbiX (POTOHOE Ha OAHY TAKETYIO YACTHLY).

Penukroeblie GOTOHS! B COBpeMenHO# BeeneHHoM nouTH He B3aUMOZEliC-
TBYIOT C BEUIECTBOM H M3-32 3TOTO HE MEHAIOTCA B uscie. B aaekom (iponuiom
[IOTHOCTL M Temnepatypa ObuiH Gonbmmu. BeuecTso Ob110 HOHU3HPO-
BaHHOM OJTHOPOAHOH N1a3MOH M HE NPOMYyCKAI0 3Ty eHHA. CylluecTBOBANIC
PaBHOBECHE MEXIY H3Ty4YeHHEM H BELICCTBOM.

Ha paHHuX cTATHAX pacliHpeHus (Bpems MeHbiie 10 ¢) 0CHOBHYI0 10110
Macch pH3HYECKON MaTepus Bo BeetleHHON cocTaBnseT CBeT. Hepes cexyH .y,
KoFa TemrepaTypa noHusunace 10 10 muanuapaos K npouncxonnt poxae-
Hue M aHuMrwnaurs yactall. 1o Mepe paciuipeHna Temreparypa najana u
IHEPIHH ANA POYACHHA THKENBIX HACTHIL HE XBATANO — TAKE/IbIC HACTHUDI

BbiMHpanH (puc. 40).

Bpema 1\
O6pasosavne 3emnu
210" net O
PennkToBoe uanywenve, recnepatypa 3K
108 net OGpa3oRaHMe ranakThk W nx CKONNeHui
MorHuanpoBaHHanA Mnasma, NPo3payHan, Temneparypa 3000K
3 MUHYTbI
nyneocumescﬁp j
OﬁpawBaH“e BelwecTsa aSOEaHMe'I'eJ;Hﬂ W JenTepnd,
(OBpasoBaHUe NEMENTapHbIX vacTy  TeMNEPaTyPa 107K
PaHHAA BCeneHHan, TENNOBOE PaBHOBECHE
B0bLLOM B3PLIB, NNOTHOCTL ~10%7ud, TEMNEpaTypa — 102K
t=0

Puc. 40
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Korna npouwio 0.3 cexyHabl, Bce BewiecTBO BcenleHHOI cTaHOBUTCA
NpoO3pavyHbIM ANs HEATPHHO, OHH MEPECTAIOT B3aMMOACHCTBOBATE C APYTHM
BerlecTBOM. MX YHCIO HE MERAETCA 10 HAIIMX JIHEH, HO UX DHEPI'us AOLKHA
ynacTs. B Haille BpeMs KpoMe PeSIMKTOBOIO 3TeKTPOMATHHTHOTO W3/TydCHHS
JOMAKHBE CYUIECTBOBATH PE/TMKTOBBIE HEHTPHHO H aHTHHEHTPHHO. HX dHeprus
H KOHLEHTpPALNA JOKHbE COBAAAATh C PEJIHKTOBBIM 3MEKTPOMArHUTHBIM
u3nyyernem. OOHAPYKHTE PETHKTOBOS HM3KOBHEPreTHHECKOE HEHTPHHO
ceifuac NpakTHYSCKH HEBO3MOMKHO.

Flpu Temneparype 6onee 10 munnnapnoe KenbBHHOB BeLiecTBO AONHO-
CTHIO HOHM3UPOBAHO. TsHKENBIMH YACTHLIAMH SIBJIAIOTCA POTOHBI H HEHTPOHBI.
Hx B3auMOAEHCTBHE C BBICOKOHEPTHUHBIMH JIEKTPOHAMH, MO3HTPOHAMH,
HeHTPUHO ¥ AHTHHEHTPHHO 3aCTaBIAET NPOTOHBI H HEHTPOHEI BLICTPO Npe-
Bpawarsca Apyr s Apyra. B xone pacuMpeHus reMneparypa NOHHKIETCH H
peaKLHH MOCHE NEPBBIX CEKYH]I TOYTH NPEKpalLatoTes.

Korna remnieparypa pasHa | mwuinapay Kenneuhos, o6pasyiorcs npo-
cTeHLIHe CIOKHBIE Sapa. JHEpriHi KBaHTOB YXKE He XBaTaeT, 4To0bl pasbusars
criokHOe A8po. Bee neliTpons 3axpaTbiatoTes nporoHamu. Obpasyercs aei-
TEpHii, 3aTeM renui. bonee cioXBBIX A1ep B TAKMX YCIOBHAX HE 00pasyercs.
3akaHyKBaeTc 3TOT npouecc yepes 300 cexyH, Koraa TeMneparypa najaer
smke 1 muutmapna KenbsiHOB.

Bonee Tskenbie 2eMEHTH 00pa3ytoTCs B HERPAX 3Be3dl, A€ BEUIECTRO
HAXOAMTCA KORTO H PEAKLWH YCMEBAKOT NPOH30OHTH. YacTHUHO ras, BO3HHK-
uikit nocne peakuyi, BuOpaceisaercs B kocmoc. M3 storo raza dopmupyiores
He{lecHble Tena CIERYOIUHX TTOKOAEHHIA.

[lo ucTeveHr 5 MUHYT ¢ Hadalla PaciMPEHHS BELIEeCTBO COCTOMT HA
70% u3 NpOTOHOB (A4ep aroMoB BoACpoaa) H Ha 30 % wu3 anep aToMoB renus,

Yepes 10 cexyHa, koraa Temneparypa ynajaa 10 HECKONbKHX MUIITHApAOR
FpafyCOB, /EKTPOHEL U NIO3MTPOHB!, AaHHUIHAHPYS, CTajli MpeBpallaThes B
(OTOHB! PESIMKTOBOTO U3IYYEHHA.

[Tpu JanbHeHIIEM OXJ2XKAEHHH TIPEKPAIIAOTCA AREPHbIE PEAKLIHH H
300 000 net ro BeenenHoii He mpoHcxXoanT 3aMeTHBIX U3MeHeHRit. Ho mnasma
€l1ie ropAya U HOHH3UpoBaHa. OHa He MPo3padHa /1 PEMUKTOBOTNO H3IYYEHH,
KOTOPOE NO Macce NMPEBOCXOIHT HENpO3pauHyo Nnasmy.

IMpu 4000 KenpBuHOB HOHM3HPOBaHHAA MiTa3Ma MPEBPALIASTCa B HEl-
TpanbHeIi a3, npo3pautbiii Ans GonsKHCTEa HoTOHOB. C 3TOrO MOMEHTA
PEIMKTOBOE H3YUYEHHE OTAEIWIOCH OT BelecTBa. BelecTso ¢ paciunpenunem
CTaHOBHTCA Bee fotee XOMoAHBIM K paspexkeHHbIM. Haununaercs popmuposa-
Hue HebecHbIx Te. 34 3poi GOTOHHOH IUIa3MbL HACTYRaeT 3pa GOPMHPOBAHIS
crpykrypsl Beentennoil. Bo3HHKaeT rpaBHTaLHOHHAA HEYCTOHYHBOCTD Bellec-
TBa ¥ 06pasytores cbnaka. CrycTok pacnHXHRANCA (POTOHHBIM PETHKTOBLIM
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U3TydeHHeM, 1T0Ka r1a3Ma 6blna ropsada ¥ Henpo3pauHa. [Tpu HelfiTpaibHOM
rase, koraa (joTOHHOE H3TYHEHHE NPO3pPauHO, NMPOABHIACE MPaBHTallHOHHAA
HeycToituueocte. Haunkaror o6pa3oBbiBaThCs 3Be31bl H CKOMACHHS 3BE3],
KOTOPbIE HOCAT HA3BAHHE MATAKTHK.

2.5. INaaxkrnkn. CkonjieHHs rajJakTHK

[anakruka — CKOMIEHHE MHTHADIOB 3863/ H MEXK3BE3THOIC BELICCTRA.
Mb! ¢ 3emiH ralakTMKd Habmonaem B BHAE TymaHHocTell. Csoe Ha3Rra-
HHE OHH FOMYHHIIH OT Haulel 3BE3JHOH CHCTEMbI, KOTOPYHO Mbi Ha3blBACM
«Hama I'anaxruka».

Hawa anakTuka HacuurhipaeT Gomee 100 munnuapnos 3pesa.
O6bLeM HAMOMMHACT JMH3y ¢ nonepeyHHkoM 100 ThICAY CBETOBBIX JIET
(1 cBeToBoi# ron = 9.46:10'2 kM) 1 TonuHo# 12 000 cBeTOBLIX NeT {pHC. 41).

5 % OT 00L1eH MACCh] 3BE3/1 COCTABIAET MEKTANAKTHHUECKHI ras K Mbib.
B chepuueckoii uactu HaxonsaTes Sonee cnabble H cTapbie 3Be3/bl. Moutoapie
3BE3AbI COGpath B CHHpﬂJ‘lebIX 33pr‘lHBaI‘OLU,HXCﬂ pyKaBax TaJIaKTHKH.
3Be3bl K ra3 MCKA JBHXYTCA 10 MOYTH KPYTOBLIM OpOMTaM BOKPYT LEHTpa
mace FasaxTuxy. ConHlle JBHAETCA €O CKOpOCTbIO 250 KM/C M coBepliaeT
nonusiii o6opor 3a 200 MHITHOHOB NET.

Jpyrue ranaxTvKy MOXOKH Ha Hamly: OHH MMEIOT pasMepbl B /-
CATKH ThHICSY CBETOBBIX JIET H HECKOJhKO MuIHapaoe 3Be3a. OT Hac
OHH HaxXOAATC Ha paCCTOﬂHl-‘lH B MUJAJHOHbLI CBETOBBIX JIET. Ilo Ha-
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BatonaeMol Gopme 3TUX TyManHOCTeH ux AENST HA cOUpaibHble,
JUTHATHYECKHE, HENPABHIbHbIC (PHC. 42).

CnupanbHbie Annuntuyeckue HenpasunbHble

Puc. 42

CrupasnbHbie H HeNPaBUILHBIC — MOMOIBIE TATAKTHKH, DMnTHYECKHE
FAJIAKTHKH — CTApbIC, OHH HMEIOT TONBKO CepHYEcKyio COCTABIAFOILY ).
Henpasunbubie ranaxriky HaGatonaiores B Buae nateH. CylecTByIOT TakxKe
KAPIIMKOBLIC FANIAKTHKH, HACYHTBIBAIOILNE HECKONLKO MHILTHOHOB 3BE31.

3Be3nHAd MUIOTHOCTL B raakTHKax yObiBaeT or uentpa. I'anakTuku
Bpaitaiorcs. Hanpaenenue epaitchus - CTOPOHY 3aKpy4HBaHHsI CIIHPACH.
Cpennsa macca ranaktuk 2-10 r. Ma UeHTPaNLHOH 4acTh — sapa — npo-
HCXOMMT BCTEUEHUE ra3a co ckopocThio 10-8500 km/c. ManakTiku umeror
PEHTICHOBCKOE H PaiHOM3JIyYeHHE.

Tanaktuku o6pasytor npaBuibHele 1 HeTIpaBHIIbHbIE CKoIuleHus . [Tpa-
BUJIbHbIE MMEIOT Cepuieckyio POPMY M HACUMTBIBAIOT JCCATKM THICHY
rajJjakTk. Haie BCero 31o sNMMITHIecK e Win nuH3006pa3Hbie. [anakTuky
ABHHKYTCH OTHOCHTENLHO JIPYT APYra co ckopocTeio 1000 xm/c.

K HenpaBubHEIM OTHOCATCA BCE OCTANLHBIE THIb! CKOMIICHMI rajaKTHx.
YACr10 ranakTyk B HENpPABHIBHBIX CKOTLIEHHSX MCHBLIE, YeM B NIPaBHJILHbIX.
EcTb cryuienns ranakrux BHyTpH CKOmNeHus.

Pacripenenenus KpynHbix CKOMNEHHI rATaKTHK HOCST SUEHCTBIi Xapak-
Tep. ['a1aKTHKH M HX CKONICHHS PACTIONOXKEHD! B CTEHKAX SYEEK, BHYTPH Ha-
X0AuTCA mycrota. Paamepni sueek — 300 MUINHOHOB CBETORBIX JIET, TONLIHHA
CTEHOK — 10 MMILIMOHOB CBETOBBIX NeT. BonkiuMe ckomienus 1 CBEPXCKOMNe-
HHA raJaKTHk o0pa3yloTes B yanax suemucroil CTPYKTYphi. CBEpXCKOILIEHUA
HaCTO HMEIOT CHIIBHO BRITAHYTYIO dopmy.
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KpynHomaciuTaOHbIE CKOTIIEHUA HE co6npa}orr5:x B Dosiee KpynHble, a
PABHOMEPHO 3afIONHSIOT MpocTpancTso BeenenHoi. Beenennas B canglx
6onbLumx Maciutabax (Oonee 300 MUITHOHOB CBETOBBIX J1ET) OOHOpOoAHA. 11~
HOPOIHOCTh NPOC/IEKEHA HA PACCTOAHMH 10 |0 MMITHAPJOB CBETOBbIX ITCT.

Hawma Bcenennas paciunpsercs — Takoe OTKpPBITHE Obiio caefsaHo B
20-x roaax XX peka Ha OCHOBaHMM HAOMIONABIINXCS YIAICHHAX TIOUTH BCEX
ranaktuk ot Haiei lanakruku. B 1929 roxy Xa66n oOGnapyxmi, 4to qewf
Aanbile OT HAC HAXONMTCH AJAKTHKA, TEM OOMBLIE CKOPOCTh €€ YAaNieHus
CKOPOCTh MPAMO MPONOpUHOHANLHA paccToanuio. Kosddruuant npogop-
nHOHANMBHOCTH (nocTtosHbas XabOira) nmo3songeT oueHHBaThk Bo3pacT Bee-
Heﬂﬁgcué raJakTuks pazberatores Apyr ot apyra H GeckoHeuHas Beenennas
MOKET BECKOHEUHO paclukpsaThes. [ anakTHKH ceHyac ABHXXYTCH (10 HHEPLIHH,
HO KX pa3beraHue TOPMOBHTCH TﬂmTEHHeM.B?TO pBacmupeHne HHKOFa He
OCTAHOBUTCA, €CIIM IIOTHOCT: mMarepud 107 r/em’, unn vepes nexoropoe
HeonpeneneHHoe Bpema BeenenHas HAYHeT CKUMATHCS, SCIIM CPENHAS 1J10T-
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HocTe Matepud 107 r/em’.
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SAKTIIOMEHHE

Mb{ KOCHYIHCE TOJBKO HEKOTOPBIX BOPOCOB ACTPOHOMHH. ACTPOHOMMS
Heo0bATHA, Kak ¥ Beenennas, KOTOPYIO aCTPOHOMHS M3y4aeT. ACTPOHOMHS
Pa3BHBACTCA, MOABIAOTCA HOBBIE Pa3lieNbl ACTPOHOMMH. ACTPOHOMMS HEOT-
JAenuMa OT Halle#t NOBCEZHCBHOM XKM3HH. ..
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