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NMpeaucnosue

AcTpoHOMUSST — 3TO ApeBHEHITIAT HAYKA, KOTOpad U3ydaeT O0BEKTEI U IBAE-
Hus, HabAroaeMble Bo BeceaeHHoH. TatiHbI HeOa ITPU3bIBAIOT YEAOBEUYECKHUH pa-
3yM K PA3MBIIIACHUIO ¥ UCCAEIOBAHUIO (DU3UYECKOTO MHpa. ITOT OEe3rpaHUIHBIH
U [IOCTOSTHHO MEHSIOIIHICA MUP MbI Ha3biBaeM Beceaennol. [lonatue «BceaeH-
Hasl» BKAIOYaeT B cebs 1 3eMalo ¢ riaaHeTaMu CoAHEYHOM cucTeMbl, 1 COAHITE,

U pyrye 3BE30bI, TAAAKTHUKY, U CPey, B KOTOPOM OHU HaxondaTrcs. Harra maa-
HeTa 3eMAsI, a 3HAYHUT, U Mbl BMECTE C Hell IBASEMCSI YaCThIO 3Tol BceaeHHOIH.

Aromu Bcerzia CTPEMHUAUCH TOHSTH IPUPOAY HAOAIOAEMbBIX OOBEKTOB U
SIBA€HUH, II03TOMY CTPOHAN KAPTUHY OKPYZKAIOIIETO UX MUpPa B COOTBET-
CTBHUU C TEMU JAHHBIMU, KOTOPBIMU pacrosaraau. [locrenneHHO TOIBAIANCE
HOBBIE PAKTHI U TEOPHUH, OTKPHIBAAACH BO3MOXKHOCTE ITPOBEPKHU ITHUX HACH
qyepe3 HAOAIOJEHUS 1 U3MEPEHHUS C UICTIOAB30BaHUEM MOCTHUXKEHUH CMEKHBIX
C acTpoHOMHEM HayK (0ocobeHHO (PU3UKH), Oaarogaps YeMy KaPTHHA B3TAs-
JI0B Ha MUP yTOYHAAACHh U U3MEHSIAACH.

B HaIlire BpeMs acTpOHOMUS UCTIOAB3YET BCE O0Aee COBEPIIIEHHYIO HaOATO-
OaTeAbHYI0 TeXHUKY. COBpeEMEHHbBIE ITPUEMHUKU U3AYIE€HUS IEPENAIOT UH-
dopMaInio HETTOCPEACTBEHHO B KOMITHIOTEPHI.

HabaronmeHus BeIyTC B pa3AHYHBIX HATIA30HAX SIAEKTPOMATHUTHOTO U3AY-
YeHUS: paauoauana3oHe, HH(PPaKpacHOM, BUAUMOM, YABTPA(PHUOAETOBOM, PEHT-
T€HOBCKOM M raMMa-Ay4dax. OTKpPbITbI HOBbIE OOBEKTHI (IIyABCAPBI, KOPUYHE-
BbI€ KAPAWKH), BBISBACHBI HEOKHUJAHHBIE CBOMCTBA ¥ MHOTUX y3K€ U3BECTHBIX
TeA, CO3/IaHbI YCAOBHSI [IASI ITPSIMOTO UCCAEIOBAHMS psiia 00beKTOB COAHEYHOM
CHCTEMBI U T. 1. 1 94eMm GOABIIIe aCTPOHOMBI COITPUKACAIOTCS C HEU3BECTHBIM U
OTKPBLIBAIOT HOBOE, TEM OOABIIIE TTOSIBASIETCS BOIIPOCOB, TPEOYIOIIHX pa3perire-
Hus. CoBpeMeHHas aCTPOHOMHS M3ydaeT BechbMa JaAr€Krue KOCMHUYeCKUe O00BeK-
TbI, 1 BMECTE C TeM OHAa He OTOpBaHa 0T 3eMAU. []ad YeaoBedecTBa BaXKHO UC-
CA€I0BaThb aKTUBHOCTE COAHIIA U €T0 BAUSHIE Ha 3¢ MHbIE ITPOIIECCHI, OTBETUTD
Ha PSI BOITPOCOB: €CTh AU 3KU3Hb Ha JIPYTUX ITAaHEeTaX, KaK KOCMITIeCcKHe Pak-
TOPBI BAUSIIOT Ha CyIIIECTBOBaHME KU3HU Ha 3eMAE U IP.

[TpodeccroHaABLHBIX aCTPOHOMOB B MUPE€ 3HAYHUTEABHO MEHBIIE, YeM (PH-
3UKOB, XUMHKOB, OMOAOTOB, MATEMATUKOB U IIPEACTaBUTEAEH APYTUX HAYK,
HO 3aTO0 BO BCe BpeMeHa ObIA0 MHOTO AIOOUTEAEH, aKTUBHO HAOAIOIAIOIINX
3BE3bI U TAaHETHI. [lepBoHaYaAbHOE 3HAKOMCTBO C aCTPOHOMUEH B IITKOAE
TIOMOKET ITOAYYUTh HEOOXOAUMBIE CBEAEHHS U MPEACTABAECHUS 00 3TOU ApeB-
HEl, HO BEYHO I0HOM U pa3BUBAIOIICHCI HAyKe.
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BBeAeHue

§ 1. MNpeamer acTtpoHOMUU

1. Yo usyyaer actpoHommA. AIOOM HU3aBHA IIBITAAUCH pas3raiaTh TalHy
OKPYKaIOIIero Mupa, oIpeaeAnTs CBOE MECTO B MUPOBOM Iopsizike BeceaeH-
HOM. YeAOBEK IIpUCTAABbHO HabAIOJaA 3a BocXogaMU U 3axonaMmu CoaHIIa, 3a
IIOPSAKOM CMeHbBI (pa3 AyHBI, 3a ABUKEHHUEM ITAQHET Cpeay 3BE3/1. AI0IM IIbI-
TAAUCH ITOHSITH 3aKOHOMEPHOCTb HE0ECHBIX SBACHUH U Pa3ragaTh UX CMBICA.
N3 3THX pa3MbIIIIA€HUH Yepe3 MU(POAOTHIO U (PUAOCO(DHIO ITOCTEIIEHHO POXK-
[1aAOCh €CTECTBEHHO-HAy4YHOE 3HAHUE.

ActpoHomus (rped. allstron — 3Be31a, CBETHAO, nol/mos — 3aKO0H) —
dbyH- maMeHTaAbHas HayKa, H3y4alolllasg CTpPOEeHHe, [OBUXEHUeE,
IIPOUCXOKIEHUE U Pa3BUTHE HEOECHBIX TeA, UX CUCTeM U Bceil BceaeHHOH B
IIEAOM.

AcTpoHOMUS KaK HayKa — BaxKHbIHM BH/] Y€AOBEYECKOH 1IeITeABHOCTH, IAt0-
LITHH CUCTEMY 3HAaHUM 0 3aKOHOMEPHOCTHIX B pa3BUTHH ITpUpoabl. Lleas acTpo-
HOMMHU — U3YYUTH IIPOUCXOKIEHUE, CTPOEHHE U 9BOAIOIIHIO BceaeHHOH.

BaxXHBIMU 3a7ja4aMU aCTPOHOMHUH SBAGIOTCS OOBSICHEHUE U IIPOTHO3UPO-
BaHUE aCTPOHOMHUYECKHUX SIBA€HHUH, TAKUX, KAK COAHEUYHbIE U AYHHBIE 3aT-
MeEHHUSs, IOSIBACHUE IIEPUOIUIECKUX KOMET, IPOXOXKAeHUEe BOANU3H 3eMAU
acCTepOUIOB, KPYIIHBIX METEOPHBIX T€A UAH S€p KOMET. ACTPOHOMUS 3aHU-
MaeTcs u3ydeHHneM (PU3NYEeCKHX ITPOIIECCOB, IPOUCXOALAIMX B HeZIpax I1Aa-
HeT, Ha [IOBEPXHOCTHU U B UX aTMOCepax, YTOObI AyUIlle IIOHATH CTPOEHHE U
9BOAIOIIUIO HAIllel ITAaHeThl. BoceMb OOABIIIMX IMAAHET (Cpeau HUX 3eMas),
KapAHUKOBBIE ITAQHETBI, UX CIIyTHUKH, aCTE€POUbI, METEOPHBIE TeAd, KOMeE-
TbI, MEKIIAQHETHAS ITBIAB U II0AEBBIE (POPMbI MaTepUu BMecTe ¢ COAHIIEM CO-
CTaBASIOT T'PaBUTAIIMOHHO-CBs3aHHYI0 CoaHeuHylo cucteMy. MccaenmoBanue
JIBUKEHUS HeOECHBIX TeA IT03BOASET BBISICHUTDH BOIPOCHI yCTOHYMBOCTH CoA-
HEYHOH! CUCTEMBbI, BEPOITHOCTH CTOAKHOBEHUS 3EMAU C acTepougaMu U aapa-
MU KoMeT. He TepsieT akTyaAbHOCTH OTKPBITHE HOBBIX 00beKTOB COAHEYHOH
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CHUCTEMBI U U3yYEHUE UX ABUXKEHUS. BasKHO 3HaHNE ITPOLIECCOB, IPOUCXOALI-
mmx Ha CoAHIle, ¥ IPOTHO3UPOBAHUE UX JAaABHEHNIIIET0 Pa3BUTHUS, TaK KakK
OT 3TOTO0 3aBUCUT CYIIIECTBOBAaHUE BCETO XKUBOTO Ha 3eMmae. M3yueHue 3Bo-
AIOITUHY IPYTUX 3BE31 U cpaBHEHME UX ¢ COAHIIEM ITIOMOTAIOT IO3HATE 3TAIIbI
pasBuTud Hamlero CBeTuAa.

UccaenoBanue Halleit 3BE30HON [[aAaKTUKU U APYTUX FAAQKTUK II03BOAL-
€T OTIPEAEAUTD €€ THII, 9BOAIOIIHUIO, MECTO, 3aHUMaeMoe B Hett CoanHeuHOM cH-
CTeMOi#i, BEpOSITHOCTH OAM3KOTO IPOX0oxKaeHUd 0T COAHITA APYTUX 3BE3 UAU
mpoxoxkaeHust CoAHIIa Yepe3 MexK3BE3AHbIE 0OAaKa ra3a U ITbIAH.

Hraxk, acTpoHOMUS U3ydaeT CTPOEHNE U 53BOAIOIHIIO Beeaennoii. [loaTrepmu-
HoM «BceaeHHas» TOHUMAaEeTCsT BC HabAroraeMast 00AaCThb IIPOCTPAHCTBA, BKAIO-
qarolad B ceOs IOCTYIIHBIE IAS U3yIeHUs HeOeCHBIE TeAQ U UX CUCTEMBI.

2. BO3HMKHOBEHME acTpoHoMMM. ACTPOHOMHS BO3HHKAA B TAyOOKOH
OPEeBHOCTH. VI3BeCTHO, 4TO emié nepBOOBITHRIE AFOAU HAaOAIOmaAN 3BE3MHOE
He0O U 3aTeM Ha CTeHaX IeIlep PHUCOBAAHM TO, YTO BuaeAaH. HabaroneHue
3Bé3nHOrO Heba POPMUPOBAAO CAMOTO YEAOBEKA KaK MBICASIIEE CYIIIECTBO.
[To Mepe pa3BUTHUA YEAOBEYECKOTO OOILIIECTBA, C BOBHUKHOBEHHEM 3€MAEIe-
AV TIOIBUAACH TOTPEOHOCTH B CU€TE BpEMEHH, CO3IaHuu KareHaap4. [loa-
MedeHHbIe 3aKOHOMEPHOCTH B ABUKEHUHM HEOECHBIX CBETHA, H3MEHEHUH BHUA
AYHBI II03BOAUAH IPEBHEMY YEAOBEKY HAUTH U OIIPEAECANUTE €AUHHUIIBI CHETA
BPEMEHU (CyTKH, MECHI], I'OMl) ¥ CO30aTh KaAeH1aph, IPOHU3bIBAIOIIHNH BCIO
KYABTYPHYIO U XO3SHCTBEHHYIO XKHU3Hb ob1tectBa. Tak, B [IpeBHeM Erur-
Te€ I10 TIOSIBACHUIO Ha IIpe Iy TpeHHEeM HeOe sipuatirieti 3Be3461 CHPHYC K PEeIlbl
IIpencKa3bIBaAy IIEPUOALI BECEHHUX Pa3AnuBOB Huaa, oripeieAdBIITNX CPOKH
3eMAeIeABYeCKUX paboT (puc. 1). B ApaBumu, rae n3-3a JHEBHOH Kapbl MHO-
rve paboThI IEPEHOCHUANCEH HA HOYHOE Bpe-
Msl, CyILIECTBEHHYIO POAb UTPAAOHADOAIOIE-
HHuE a3 AyHBI.

B ctpanax, rae 651100 pa3BUTO MOpeIAa-
BaHUe, B 0COOEHHOCTH [0 N300peTeHNsT KOM-
rnaca, ocoboe BHEUMaHHE yAEASIAOCH CIIOCO-
6aM opHEeHTHPOBAHUS 110 3BE3/1aM.

B camMpIX paHHUX HHUCBMEHHBIX JOKY-
MeHTax (3—2-€e ThIC. [10 H. 3.) IPEeBHEUIITNX
nuBuAnu3anuii Erunra, BaBuaona, Kuras,
I/IHI[I/II/I u AMepI/IKI/I HMEIOTCHA CA€OABI aCTpPO- PucyHok 1 — Ha6bnogeHue
HOMMHYECKOH NeSTEABHOCTHU. B pa3aMdHBIX  npegyTpeHHero Bocxoga Cupuyca
MecTax 3eMAN HaxoOdT COOPYXKEHUd U3 B AipesHem Erunte
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KaMEHHBIX TAbIO 1 06paboTaHHBIXCTOAGOB,
OpPHEHTHPOBAHHBIE HA aCTPOHOMUYECKU 3HA-
4uMble HaIllpaBAE€HHI. OTH HAIlpaBAECHUS CO-
BIIaaloT, HAIIPUMEpP, C TOYKaMH BOCXo4a
CoaHIla B JHU PaBHOJAEHCTBUU U COAHIIECTO-
SHUH, 4YTO II03BOASIET CUNUTATh UX JPEBHUMHU
aCTPOHOMHYECKHUMH HabOAIOIATEABHBIMHU IIAO-
manakaMu. IlomobHble KaMeHHbIE COAHEYHO-
AyHHBIE yKas3aTeAau HalpaeHbl B IOxkHOU
Anramn — CroyuxeHIXK (puc. 2), B Poccuu
Ha IOxHOM Ypase — ApkauM — U APYTHUX
MecCTax.

PUCYHOK 2 — CTOYHXeHAX —
ApeBHAA acTPOHOMMUYECKanA
HabaaaTenbHas naowaaka

3. pasgensbl actpoHomun. Kak 1 aArobas apyras HayKa, aCTPOHOMHUS BKAIO-
JaeT Psi pas3ieA0B, TECHO CBSI3aHHBIX MEXKY C000i. OHH OTAMYAIOTCS APYT
OT ApyTa IIpeagMeTOM UCCAEOBAHU4, a TAaKKe METOAaMHU U CPEACTBaMU I10-
3HAHUS.

PaccMmoTpyM BO3HUKHOBEHUE H pa3BUTHE PA3IEA0B aCTPOHOMHUH B HCTO-
pudeckoM acrekTe. [IpaBuabHOE HAyIHOE IIpeACTaBAEHHE 0 3eMAE KaK He-
6ecHOM Teae OSIBHUAOCH B [IpeBHell I'periun. AaeKCaHAPUUCKUE acTPOHOM
Opatocden B 240 r. 10 H. 3. BeCbMa TOYHO OIPEEAUA 10 HAOAIOIEHUAM
CoaHI1la pa3Mepsl 3eMHOTI0 I1apa. PasBuBaroipecd TOProBas 1 MOpPEIAaBa-
HUE Hy>KJaAUCH B pa3paboTKe MEeTOI0B OpUEHTAIIUH, OITPEqEeACHUH reorpa-
pHUIECKOT0 ITOAOKEHHSI HaOAIOJATEAS], TOUHOM H3MEPEHUH BPEMEHHU UCXOIS
U3 aCTPOHOMHUYECKUX HaOAIOJeHUH. PellteHreM 9THUX 3a/1a4 CTasa 3aHUMAaTh-
cs MpaKTU4YecKass acTPOHOMHUA.

FeanonienTpuyeckad cucrema Mupa Hukoaaqa
KonepHuuka, n3roxkeHHad B Tpyze «O6 obpareHu-
ax HebOecHbBIX cep» (1543), masra KAIOY K ITO3HA-
Huo Beceaernnoii. OgHaK0O BEKaMU YKOPEHHUBIIIEECS
MHEHHE O HEIIOABHXKHOM 3eMae Kak 1eHTpe Bee-
A€HHOM JOATO HE YCTYIIaAO ME€CTa HOBOMY YIE€HHIO.
OkoH4YaTeABHO yTBepAUA Teopuio KonepHukKa, 1o-
Ay4HUB 0€CCIIOPHBIE 1O0KA3aTEABCTBA €€ NCTUHHOCTH,
UTaABSIHCKUY (PU3UK, MEXaHUK U acTpoHOM ['aan-
Aeo Taamaedi. ActpoHOMUYECKHE OTKPBITHL [aAn-
Aest OBIAM CAE€AAHBI C TIOMOIIIBIO IIPOCTEHIIIETO TeAe-
Hukonaii KonepHuk ckonia. Ha Ayne y4€HbIN yBUAEA TOPBI HKPATEPEHI,

(1473—1543) OTKpPBIA YeThIpe ciyTHUKA FOnmTepa. OGHapyKeH-
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Fanuneo MNanunei UoraHH Kennep Ucaak HbloToH
(1564—1642) (1571—1630) (1643—1727)

Has UM cMeHa (pa3 BeHeprl cBHeTEeABCTBOBaAa O TOM, UTO 3Ta I1aaHeTa 006-
pamiaetca BokpyT CoaHIIa, a He BOKPYT 3eMAH.

CoBpemeHHHK ['aanaesa Moranu Kenaep (6yaydu acCHCTEHTOM BEAHKO-
ro actpoHoMma Tuxo Bpare) moay4ua noCTyI K BBICOKHMM II0 TOYHOCTH pe-
3yAbTaTaM HaOAIOAEHHUH IAAHET, IPOBOAUBIIHNXCS B TedeHHe OoAee dYeM
20 aet. Ocoboe BHMMaHUe Kemaepa npuBaék Mapc, B IBUKEHHUH KOTOPO-
ro oOHapPYKHUAUCH 3HAYUTEABHbIE OTCTYIIACHHS OT IIPeXXHUX Teopuii. [lo-
CA€ IAUTEABHBIX BBIYHCACHUN Y4EHOMY YIAAOCh HAWUTU TPH 3aKOHA ABUXKE-
HUS [IAQHET, KOTOPBIE ChITPAAN BAXKHYIO POAB B PA3BUTUH ITPEACTABACHUH 00
ycrpoiictBe CoAHEUHOU cucTeMbl. Paszmea acTpoHOMUU, U3ydalomUi ABUXKE-
Hue HeOECHBIX TeA, ITOAYIVA Ha3BaHUe HeOecHON MexaHuKH. HebecHaa mexa-
HUKA II03BOANAA OOBSICHUTH U IIPEABAPUTEABHO BBIYHUCAUTEH C OY€HBb BBICOKOH
TOYHOCTBIO IOYTH BCE IBUXKEHHUsI, HabAromaemble Kak B COAHEYHOU cucTeMe,
Tak u Bl aarakTuke.

B acTpoHOMHYECKHUX HAOAIOZIEHUSX UCIIOAB30BAAHCEH BCE Ooaee coBep-
IIIEHHBIE TEA€CKOIIBL. 3puTeabHad Tpy0Oa 'asnaes 6p1aa yCOBEPILIEHCTBOBAHA
Kemaepowm, a 3aTem Xpuctuanow ['roiireHcoMm. Mcaak HrroTOH n300péaHO-
BBIM BUJ TeAeCKOIla — TeAeCKOI-pedaekTop. C IIOMOIIBI0 MOLEPHU3UPOBAH-
HBIX OIITUYECKUX ITPUOOPOB OBIAU CAE€AAaHBI HOBBIE OTKPBITHS, IPUIEM OT-
HOCSIIIIHUECS He TOABKO K TeaaM COAHEYHOH CHUCTEMBI, HO U K MUPY CAaObIX
u nasekux 3Bé3a. B 1655 r. X. TroiireHC pasrasaea Koablia CaTypHa U OT-
KpbIA ero cryTHUK Tutan. B 1761 r. M. B. AOMOHOCOB OTKpBIA aTMOochepPy
y BeHeprr u npoBéa nccaemoBaHue KoMeT. [IprHuMas 3a 5TanoH 3eMAr0, yaé-
Hble CPaBHUBaAU €€ C [PYTUMHU [TAaHETAMU U CIIlyTHUKaMU. Tak 3apoxkgasach
CpaBHUTEIbHAA IJIAHETOJIOIUA.
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OrpoMHBIE U BCE YBEANYHBAIOIIHECS BO3MOXKHO-
CTH M3y4eHNd PHU3NIEeCKON TPUPOIbI U XMUMUYECKOT'O
cocTaBa 3BE3[ IIPEOCTABUAO OTKPBITHE CIIEKTPaAB-
Horo a"Haamusa (1859—1862). [leraabHbIE HCCAEIOBA-
HUs TEMHBIX AMHUY B criekTpe CoaHIIA, BEIIIOAHEH-
HbIE HEMELIKUM Y4E€HBIM ﬁosechM dpayurodepom,
CTaAH IIEPBBIM I11AarOM B IIOAYYEHHUH CIIEKTPAABHOHN
nH(opMalmu o HeOeCHBIX TeaaX. BricTpoe pa3Bu-
THE AabOPaTOPHOM CIIEKTPOCKOIINHU U TEOPHUH CITEK-
TPOB aTOMOB M HOHOB Ha OCHOBE KBAHTOBOUN MEXaHH-
KU IIPUBEAO K Pa3BUTUIO PU3UKHU 3BE3/ U B IIEPBYIO
ouepenb (pU3UKU 3BE3MHBIX aTMOCDED.

Muxaun Bacunbesmy B 60-€e rr. XIX B. CIEKTPaAbHBIN aHAaAW3 CTaHO-

NlomoHocos (1711— BUTCS OCHOBHBIM METOJOM B M3y4YeHUU (PU3NUECKOH

1765) npupoasl HeOecHBIX TeA. Pazgea acTpoHoMHH, H3Y-

qaromui pu3nyecKre IBACHHSI U XUMUYeCKUe ITpo-

LIECCHI, IIPOUCXOMSIINE B HEOECHBIX TeAaX, UX CUCTeMaX U B KOCMHYECKOM
IIPOCTPAHCTBE, HA3bIBAETCS aCTPO(PUIUKOM.

JaabHelInee pa3BUTHE aCTPOHOMHM CBA3aHO C YCOBEPIIEHCTBOBAHUEM
TEeXHUKH HaOAIOIeHU . BoAblIre yCrieXu JOCTUTHY ThI B CO3/IaHUU HOBBIX TH-
II0B IIPUEMHUKOB HU3AYy4YEHUS. POTOIAECKTPOHHBIE YMHOXKUTEAU, JACKTPOHHO-
orrrudeckue mpeobpasoBarean, [13C-MaTpulpl (IpUOOPEL C 3apPsA0BOM CBS3bIO)
IIOBBICHAU TOYHOCTBH U YYBCTBUTEABHOCTH (DOTOMETPHUYECKUX HAOAIONEHUN U
e 6oAee paCUINPUAN CIIEKTPAABHBIH JUATIa30H PETHCTPUPYEMBIX H3AYUE-
Huti. CTaa JOCTYITHBIM OAS HAOAIOOEHUN MUP JAAEKUX FAAaKTUK, HAXOd-
IIMXCH Ha paCCTOSHUU MUAANAPIOB CBETOBBIX A€T. BO3HHMKAM HOBBIE HAIIpaB-
ACHUE aCTPOHOMUMU: 3BE3HAL aCTPOHOMMSI, KOCMOAOTHL ¥ KOCMOTOHHS.

BpemeHeM 3apokaeHus: 3BE3THON ACTPOHOMMM IIPHUHATO CYUTATh 1837—
1839 rr., korma He3zaBucuMO B Poccum, 'epmaHum 1 AHTAWM OBIAU TIOAY-
4eHBbI IIEPBBIE PE3YABTATHI B OIIPEAEAEHUHN PACCTOSIHUM 10 3BE€3. 3BE3gHasS
aCTPOHOMUA U3ydaeT 3aKOHOMEPHOCTHU B IIPOCTPAHCTBEHHOM PaCIIPEACACHUU
U OABUIKEHUU 3BE3 B Hallleld 3BE3AHOU cucteMe — ['aaakTuke, uccaenyet
CBOMCTBA U paCIpeAcACHUE APYTUX 3BE3AHBIX CHUCTEM.

Kocmouiorua — pasnea acTpOHOMUH, U3ydJaOIU IIPOUCXOKAEHUE, CTPO-
€HHE U 3BOAIOIINIO BCEeAEHHOM KaK €IMHOTrO 11eAOT0. BEIBOABI KOCMOAOTHH
OCHOBBIBAIOTCS Ha 3aKOHaX (PU3UKHU U JaHHBIX HaOAIOIATEABHOH aCTPOHOMUH,
a TakxKe Ha BCEeH CHUCTeME 3HaHUHU OIIpeacAEHHOHN 2110XHU. IHTEHCHUBHO 3TOT
pa3nea aCTPOHOMUHU CTaA Pa3BUBATHCH B IIEPBO ITOAOBUHE XX B. IIOCAE pa3-
paboTKu 00IIEH TEOPUH OTHOCUTEABHOCTH AABOEPTOM OUHIIITEHHOM.
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KocMmoronusa — pasaea acTpoOHOMUH, U3yYaIOIIUN IPOUCXOKAEHNE U pas-
BUTHE HEOECHBIX T€A U UX CUCTeM. [I0CKOABKY Bce HeOeCHbIE TeAa BOBHUKAIOT
U pa3BUBAIOTCH, UIeH 00 NX 9BOAIOIIUH TECHO CBSI3aHbI C IPEICTABACHUSIMH O
IpupoAe 3TUX TeA BooO1te. [Tpu nccaesoBaHuY 3BE3/T M TAAAKTHK HUCIIOAB3Y-
I0TCS Pe3yAbTaThl HAOAIOAEHUH MHOTHX CXOAHBIX O0OBEKTOB, BO3HUKAIIIUX B
pa3Hoe BpeMd U HaXOAdIIUXCd Ha Pa3HbIX CTAAULAX pa3BuTud. B coBpeMeH-
HOM KOCMOT'OHHU UIMPOKO ITPUMEHSIOTCH 3aKOHBI (PU3UKU U XUMHU.

Kocmoronmyeckue runoresbl XVIII—XIX BB. KacaAuChk TAaBHBIM 00pa3oM
npoucxoxaeHnsa CoAHEYHOM CHUCTEMBI. 3aTeM pa3BUTHE (PU3UKU U acTpPohU3U-
KU ITO3BOAHAO IIPUCTYIIUTE K CEPhE3HOMY U3YUEHHUIO ITPOUCXOXK ICHUAI U PA3BH-
THs 3B€3. B 60-x rT. XX B. HA9aAOCh HCCAEZIOBAHHE IIPOUCXOXKIEHNA 1 Pa3BHU-
THSI TAAAKTHK, IIPHUPOJA KOTOPBIX ObIAA BBISICHEHA TOABKO B 20-X IT. XX B.

4. ActpoHomuueckue Habnwopenns. OCHOBHBIM CIIOCOOOM HCCA€IOBAHUS
HeOeCHBIX OOBEKTOB U IBACHUH CAyKAT aCTPOHOMHYECKHEe HAOAIOIEHUS.
AcTpoHOMHMUYECKHE HAOIIOAEHUA — 3TO LIeA€HAIIPABACHHAS U aKTHBHAS pe-
TUCTpays HH(OPMAIIHH O IIPOIIeCCaxX U IBACHUIX, IPOUCXOASIIX Bo Bee-
AeHHOM. Takne HabAIOJeHUS BBICTYIAIOT OCHOBHBIM HCTOYHHUKOM 3HAHUH Ha
SMIUPUIECKOM yPOBHE.

Ha nporaskeHun ThICIYeAeTHI aCTPOHOMBI U3y4aAU ITI0AOKEeHHe Hebec-
HBIX OOBEKTOB Ha 3BE3HOM Hebe U UX B3aUMHOE IIepeMeIleHHE C TeIeHUEM
BpeMeHH. TouHbIe U3MepPEeHMs [TOAOKEHUH 3BE3 T, [TAQHET U APYTHUX HeOECHBIX
TeA JAIOT MaTEePHaA JIAS OIIPEICACHHUS PACCTOSHHUH 0 HUX U UX Pa3MepOB,
a TaK¥Ke JAS U3y4eHHs 3aKOHOB X OIBHXKEHHs. Pe3dyAbraTaMu yrAOMEPHBIX
M3MEPEHUH ITOAB3YIOTCH B IIPAKTHYECKOH acTpOHOMHUU, HeOGECHOH MeXaHUKe,
3BE3MHOM aCTPOHOMMUHU.

[As TpoBeeHNS aCTPOHOMHUYECKHUX
HaOAIOAEeHUH U UX 00pabOTKU BO MHOTHX
CTpaHax CO3JaHbI CIIeIITHAaAbHbIE HAYIHO-
HCCAE0OBATEABCKHE YYpPEXKAEHUd —
aCTPOHOMHYECKHE 00CcepBaATOPHU.

JIAsT BBITIOAHEHHUS aCTPOHOMHUYECKHUX
HabAIOOEeHUY 1 00pabOTKH ITOAYYEHHBIX
JAHHBIX B COBPEMEHHBIX 00CEPBATOPHUIX
HCITOAB3YIOT HaOAIOaTeAbHBIE HHCTPYMEH-
TBI (TEAECKOIIBI), CBETOITPUEMHYIO ¥ aHAAU-
3UPYIOIIYIO alnapaTypy, BCIIOMOraTeAbHbIE

PucyHokK 3 — Camblii 60a1bLuom

onTUYecKuii Teneckon B Poccum:
HpI/I60pBI JAA Ha6AIOﬂeHI/II\/'I, OACKTPOHHO- Bonbwou Teneckon

BBIYHCAUTEABHYIO TEXHUKY U Ip. (puc. 3). AnbT-AsmyTanbHblii (BTA)
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OnTuueckue TeJaeCKONbI CAYKAT JIAS CO-
OUpaHUd CBETa NCCAEAYEeMbIX HEOECHBIX TEA
U IOAYYEHHS UX H300pazkeHus. Teaeckon
YBEAUYUBAET YIOA 3PEHHUH, 1104 KOTOPBIM
BHUIHBI HeOECHBIE TeAa, 1 COOHpaeT BO MHO-
ro pa3 0oAbIlle CBeTa, IIPUXOILIIIETO OT CBe-
THAQ, YeM HEBOOPYKEHHBIHN rAa3 HabAona -
Tead. baarogapsa aToMy B TEAECKOII MOXKHO
paccMaTpuBaTh HEBUAUMEBIE C 3€MAU JAETAAN
IIOBEPXHOCTHU OAMIKAHIINX HEOECHBIX TEA,
a TaKzKe MHOXKECTBO CAAOBIX 3BE3/I.

. ITocae Bropo#i MUPOBOM BOMHBI Ha4Yasa
PucyHoK 4 — 100-meTpoBbIn

paanoTeneckon obcepsaTopum OypHO pa3BHUBaTHCS pafmocbusnxa. Ycosep-
FpnH BaK (CLUA) HIEHCTBOBAaHHBIE HpI/I?MHI/IKI/I, aHTEHHBI U
OCTaBIIIHMECHd II0CA€ BONHBI PAAHMOAOKATOPEI
MOTAY IPUHUMATE paguonssydeHre CoaHIIAa U JaA€KHUX KOCMHYECKHUX 00b-
€eKTOB. Tak BO3HHUKAA PAAMOACTPOHOMMU A — OTHA 13 BETBEeH aCTpOOU3HUKH.
BHenpeHue pagroHaOAIOEeHUI B aCTPOHOMUIO (puc. 4) oboraTnao e€ MHOXKe-

CTBOM BBIIAQIOIIUXCA OTKPBITHH.

HoBBIM UMITyABCOM B pa3BUTHU ACTPOHOMUYECKHUX HAOAIONEHUH IBUACS
BBIXO KOCMHUYECKUX allllapaToB U YeA0BeKa B KocMoc. HayuHbie mpubopbI k1
TEAECKOIIbl, YCTAHOBACHHbIE Ha KOCMHUYECKHX allllapaTax, II03BOAHAU HCCAE-
JI0BaTh YABTPa(HOAETOBOE, PEHTTEHOBCKOE U raMma-usaydeHue CoaHna, ipy-
TUX 3BE3[ M TAAAKTHK. OTH HAOAIOIEHUS 3a ITPEIeAaMU 3eMHOM aTMOC(EPHI,
IIOTAOIIAIOIIENH KOPOTKOBOAHOBOE HM3AYYEHHE, HEOOBIYaMHO pacCIIupUAN 00b-
éM nH(popMaruy 0 PU3UIECKOH IPUPOo/ie HeOECHBIX TEA U UX CUCTEM.

5. 3HaueHue actpoHomun. Bo Bce BpeMeHa acTpOHOMUS OKa3bIBara OOABITIOE
BAHSGHHE Ha IIPaKTHUYECKYIO JEITEABHOCTD YEAOBEKA, HO TAABHOE €€ 3Ha4YeHHEe
3aKAIOYaAOCh U 3aKAI0UaeTcd B QOPMUPOBAHHM HAYYHOIO MUPOBO33PEHUI. ITO
MOZKHO IIPOCAEIUTD, PACCMaTPHUBad Pa3BUTHE OTAEABHBIX Pa3/I€AOB aCTPOHOMUH.

MeToap! OpHEHTHPOBKH, pa3pabaTbiBaeMble IPAKTHIECKOH aCTPOHOMU- e,
MIPUMEHSIOTCS B MOPENAABaHUHN, aBHAIIUH U KOCMOHaBTHKe. TpeboBaHUS K
TOYHOCTH OIIpEelEACHUS KOOPAUHAT HeOeCHBIX 00bEKTOB (3BE3/1, KBa3apOB,

IIyABCapPOB) 3HAYUTEABHO BO3POCAU B CBA3HU C T€M, YTO 10 HUM OPHEHTHUPY-
IOTCS KOCMHUYECKUe aBTOMaTUYeCKUE allapaThl, CKOPOCTH KOTOPBIX U IIOKO-
pseMble PaCCTOSIHUS HECOU3MEPHUMBI C 3eMHBIMHU. B CBSI3U C 0OCBOEHUEM TEA
CoaHe4yHO CHCTeMbI BO3HHUKAET HEOOXOUMOCTE COCTaBACHUS TOPOOHBIX
KapT AyHbl, Mapca, Benepsr.
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Pabora cAyzk06b1 BpeMeHH TaKKe CBsI3aHa C acTpoHoMUel. B 3amaum naH-
HOM CAY’KOBI BXOIAT OIIpeIeACHUE, XpaHEHHE U Iepeaada CUTHAAOB TOY-
HOTO BPEMEHH, 4YTO He IIOTEPSIA0 aKTYaAbHOCTH U ceifyac. ATOMHBIE 4Yachl,
TOYHOCTH X0J]a KOTOPBIX AocturaeT 10713 ¢, m03BOASIOT M3y4aTh rOIOBBIE U
BEKOBBIE U3MEHEHUS BpallleHHsI 3eMAH, a 3HAUUT, BHOCUTE IIOIIPABKHU B €U -
HUIIBI U3MEPEHUS BPEMEHHU.

[To Mmepe 0CBOEHHSI KOCMHYECKOT'0 [IPOCTPAHCTBA YBEAUYHUBAETCS YUCAO
3a/1a4, peniaTb KoTopble Ipu3BaHa HebecHasa MexaHuKa. OiHa U3 HUX — U3y -
YeHHe OTKAOHEHUH OpOUT UCKYCCTBEHHBIX CIlyTHUKOB 3eMan (MUC3) ot pac-
4éTHBIX. FI3MeHeHMe BeIcoThI oAéTa UC3 Ha 3e MHOM TIOBEPXHOCTHIO 3aBHU-
CHUT OT CpeAHEHN ITAOTHOCTH 3aAETaIOIINX IIOPOL, YTO YKAa3bIBAET Ha paliOHbI
IIOUCKa He(PTH, ra3a UAU XKEAE3HOH PYbI.

HccaenoBanue atmocdep Tea COAHEYHOM CHCTEMBI IIOMOTAET AyUIIIe IT0-
3HaTh 3aKOHBI IUHAMUKHU aTMocdephbl 3eMAN, TOUHEE IIOCTPOUTE €€ MOJEAD, a
CA€IOBATEABHO, YBEPEHHEE IIpeAcKas3blBaTh Ioroay. [IpakTudyeckuit mHTEpeC
HUMEIOT JAS METEOPOAOTOB, K IIPUMeEPY, BOIIPOCHI 00pa30BaHUsI CEPHHUCTHIX 00-
AaKOB Ha BeHepe, BbI3bIBAIOIIUX «ITAPHUKOBBIH 9(p(PeKT», AN BOIIPOCHI I'AO-
6aABPHBIX MApPCHAHCKUX ITBIAEBBIX OYpPb, OXAQKIAIOIIUX IIOBEPXHOCTD 3TOH
TIAQHETEI.

Pa3BuTHe acTpopHU3UKH CTUMYAUDPYET Pa3paboTKy HOBEHIITHNX TEXHOAO-
ruii. Tak, nccaeoBaHre HCTOYHUKOB 9Hepruu CoAHIIA U APYTHUX 3BE3/ 1O~
CKa3aA0 HEI0 CO3MaHUd YIIPaBAIEMBIX TEPMOSIAEPHBIX peakKTopoB. B mpo-
Liecce M3y4eHUs] COAHEYHBIX ITPOTybepaHIeB
poariAach UAesI TEIIAOU30AGITUY CBEPXTOPSI-
4el maa3Mbl MATHUTHBIM IIOAEM, CO3aHUI
MarHATOTHIPOAVHAMHUYECKUX T'€HEPATOPOB.
PesyartaTts! HabAromeHMM CAy>K0b1 CoAHITA —
MeXIyHapoOHOH KOOPAHMHUPYIOIIEH CeTH
110 perucTpauuu akTuBHOCTH CoaHIIA — HC-
II0AB3YIOTCS B METEOPOAOTHH, KOCMOHABTH-
K€, MEIUIIUHE U APYTUX OTPACAIX YEeAOBeE-
YEeCKOU IedTEALHOCTH (PHUC. 5).

Hamnra 3emag He H30AHMpoOBaHa B IIPO-
CTPAaHCTBE, Ha He€ BO3AEHCTBYIOT YaCTHUIIBI
u noad, uayure oT CoAHIIa B APYTUX 3BE3I.
MHorue 3BE3ALI B KOHIIE CBOEU OBOAIOIIMH  PycyHOK 5 — AKTMBHOE COnHLe.
B3pbIBaloTCd (TaK Ha3bIBaeMble CBEPXHO- ®dororpadus, caenaHHan
BbI€), BbIZEASIST OTPOMHOE KOAMYECTBO SHEPTUHU cnyTHuKom SOHO
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€9€HHNE HECKOABKHUX CEKYH/. TaK, THUITHUYHAas BCIIBIIIIKA CBCpXHOBOﬁ 3BE3-

bl Ha pacCcToTHUHU 60 CBETOBBIX AET CIIOCOOHA YMEHBIITUTH 030HOBBIM CAOH
Harei naaneTs! B 20 pas, 4To, B CBOIO OUYepeab, IPUBEAET K BO3PACTAHUIO
B MHUAAVOH pPa3 MOTOKA YALTPA(PHUOAETOBOTO U3AYYEHHUS, JOCTHUTAIOIIETO
3eMAH.

HHU

3Bé3nHasg acCTPOHOMUS U3ydaeT YacTOTY, IIPOCTPAHCTBEHHOE pacIIpefeAe-
€ U THUIIBI 3BE3/], IPUBOAIIIMX K KOCMUYECKUM KaTacTpodam.
3eMas — 9T0O YHHUKaAbHas IIAQHETAa, Tle Pa3BHAACh YeAoBedecKad IU-

BUAM3AlIYsI, U €CAM IPHpPOoAa 3€MAN YHHKAABHA, TO I OTPOMHA OTBETCTBEH-
HOCTB AIOJIEH 3a €€ COXpaHEHHeE.

N
! ) I'maBHBIE BHIBO/BI

(V)

1. ActpoHOMUS — (PyHIAMEHTaAbHAS HAayKa, H3ydaromas pu3ude-
CKUeE TeAa, IBA€HHUS U IPOIIECChI, IPOUCXOAAIINE BO BeceaeHHOM.

2, ACTPOHOMHUS COCTOUT U3 Psia pa3deAoB, HAIpUMep, HebecHast
MeXaHUKa, CPaBHUTEAbHAs MIAAQHETOAOTHS, acTPO(PU3UKA, KOCMOAOTHUS
U 1p.

3. OcHOBHOI crioco6 uccAenoBaHuS HeOECHBIX 00'bEKTOB — aCTPOHO-
MUYeCKHe HaOAIOIeHUs, BBITIOAHSIEMBIE C TIOMOIIbI0 COBPEMEHHBIX Ha-
3€MHBIX 1 KOCMHUYECKUX TEA€CKOIIOB.

4. OCHOBHOE Ha3HA4YEHUE aCTPOHOMUU — (DOPMHUPOBAHUE HAYYHOTO
MU POBO33PEHUS AIOAEH.

} KOHTpO/bHbIE BONPOCHI U 3a8aHUA

1. Yto nsyuyaet actpoHomma? Nepeuncante BaxkHenwme ocob6eHHOCTN aCTPOHOMUM.
2. KaK BO3HMKANA HayKa acTpoHoMMA? OxapaKTepmsyinTe OCHOBHbIE Nepuoapl eé€ pas-
BUTHA.

3. Kakune 06beKTbl M X CUCTEMbBI M3y4YaeT acTpoHoMUA? [epeuncante nx B nopagKke
yBe/IMYeHna pasmepos.

4. /13 KaKuMX pasaesioB COCTOUT aCcTPOHOMMA? KpaTKO OXapaKTepusynTe KaxKapli U3 HUX.
5. YTO TaKkoe Teneckon u A4nA Yero oH npegHasHauyeH?

6. KakoBO 3HauyeHMe acTPOHOMWWM AN NPAKTUYECKOW AEeATe/IbHOCTU YesoBeyecTsa?



ocHoBbl NMpAKTndecKou
ACTpoHOMUMU

§ 2. 3Bé3gHoe Hebo

1. cozeesaua u Aapkue 38é3abl. Ha HebGe B 6e300AaUHYI0 HOYDb CHUSIIOT MHU-
puamsl 3BE3M, U, KaXKEeTCd, HEBO3MOXKHO Pa3o0paThCsa B ATOH BEAMYECTBEHHOH
3BE3IHOMN KapTHUHE. BcnoMUHAKTCA BAOXHOBEHHEIE CTPOKU PYCCKOTO YYEHOTO
u nnoaTa M. B. AomoHocoBa:

OmxpublLnace 6e30Ha 36630 NOHA,
3eez0am uucna Hem, 6esoHe — OHaA.

[ peBHIE HaOAIOIATEAN BUIEAU Ha 3BE3THOM HeOE OTIeAbHBIE COUEeTaHUS
SPKUX 3BE311 U MBICAEHHO 00beIUHSIAU UX B Pa3AUYHBIE PUTYPBI. YTOOBI ObI-
AO AETYE OPUEHTUPOBATHCA Ha 3BE3THOM Hebe, TpyTIIiaM 3BE3/T, UAU CO3BE3IH -
SIM, AFOAY IIPUCBANBaAU Ha3BaHUS JKUBOTHBIX, IITHL], PA3AUYHBIX IIPEIMETOB.
HexkoTtopsle (pUTYypHI IpeBHETPEYECKHUE aCTPOHOMBI CBSA3aAN C MU(PUIECKHU-
MU reposgmiu. B Tpyae «Aabmarect («Beankoe MaTeMaTHY€eCKOe ITIOCTPOEHUE
actpoHomuu B XIII kuurax», II B. H. 3.) rpedeckuii acrponom Kaasauii [1To-
AeMeti yrtoMuHaeT 48 cozpe3auii. 9to boarmtasg Measenuiia u Masasg Mense-
ouia, pakoH, Aebenn, Opéa, Teaerr, Becor u ap.

HaubGoaee 3aMeTHbIE CO3BE3MHS ¥ MHOTHX HAPOAOB ITIOAYYHAU CBOU Ha3Ba-
Hud. Tag, npeBHUM caaBssHaM Boabntag MeaBenuiia npecTaBASIAACE B BUIIE
NAocs uam Onensi. Hacto ko1l Boabmiot MenBeauisl CpaBHUBAACH C IIOBO3-
Koii, oTCloJa ¥ Ha3BaHM 3TOTO co3Be3aus: Bos, Teaera, KoaecHuria.

Emé B Il B. 1o H. 5. ApeBHETrPEYECKUE ACTPOHOMBI CBEAN HA3BAHUS CO3BE3-
[OHUH B eQUHYIO CHCTEMY, CBSI3aHHYIO C TPeYeCKOM MUQoAOTHEH. DTH Ha3BaHUS
BIIOCAEICTBUU 3aUMMCTBOBaAa €BpoIleiickad HayKa. [losTomy Bce co3Besnud,
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coaepkallye SpKUe 3BE€31bI U BUANMBIE B CPeAHUX IHIHpoTax CeBepHOIo I10-
Aymapus 3eMAH, ITOAYYHUAN UMEHa IepoeB IPEBHETPeYeCKUX MHU(POB U AETEH/T
(manpumep, co3Be3nus Lledes, Augpomens, Ileraca, [lepces). Vix n3zobpaxke-
HHS MOXKHO HalTH Ha CTApUHHBIX 3BE3AHBIX KapTax: boariiasg Measeauia
u Maaas MenBenuna, HeGeCHbIH 0XOTHUK OPHOH, TOAOBA 3BE3THOTO ObIKA —
Tearnia u ap. (puc. 6). A, K mpuMepy, cosBe3aue Kaccroreu, Ha3BaHHOE B
4ecTb MU(PHUIECKOM HapHUIlbl (prC. 7), beaopycaM MIpeacTaBASIAOCE B BUE ABYX
KOCIIOB, KOCSIINUX TpaBy (puc. 8). Ha coBpeMeHHbIX aCTPOHOMHUYECKHUX Kap-
Tax HeT PUCYHKOB MH(UUECKHUX 00pa30B CO3Be3AHi, HO COXPAHEHBI UX IPEB-
HUe Ha3BaHUs. MeHee SpKue Co3Be3/1HsI ObIAN Ha3BaHbI eBPOIIE HICKMMU aCTPO-
Homamu B XVI—XVIII BB. Bee co3re3nuga FOKHOTO TToAyIIIapusa (HEBHIUMBIE
B EBporie) moay4rau Ha3BaHUS B 3110Xy BeAnkux reorpadrniyecKux OTKPbI-
TUM, KOTJla €eBPOIeUIbl HadaAu ocBauBaTh HoBEIM CBeT.

OpnHaKO C TeYEHHUEM BPEMEHHU CAOKHAACH HEIIPOCTAd CHUTYAallHs — B pPas3-
HBIX CTPaHax UCIIOAB30BaAUCEH Pa3ANYHBIE KapThl CO3BE3AUN. Bo3HUKAA He-
00X0MUMOCTh YHU(DHUIIMPOBATE pa3ieAeHUe 3BE3MHOTO Heba.

OKOHYATEABHOE YHCAO U I'PAHUIIBI CO3BE3AUH OBIAM OIpeaeAeHBl Ha
accaMmbaesax MekIyHapoIHOTO aCTPOHOMUYECKOTo coro3a B 1922 1 1928 rr.
Bcsa cepudeckas moBepxXHOCTD 3BE3THOTO Heba Oblaa YCAOBHO pasaeseHa Ha
88 cosBe3nui.

PuUcyHoK 6 — ®parmeHT atnaca A. Liennapuyca c nusobpakeHmem cosse3sguit
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PucyHok 7 — Co3sse3aue Kaccuonem. PucyHok 8 — Co3sse3aue Kaccuoneu
F'paBlopa u3 atnaca flHa Nesenus B NpeAcTaBaeHUU 6enopycos

B Hacrodiee Bpem4d 1o CO3BE3AUEM IIOHNMAaeTCd y4aCTOK 3BE3IHOT0
Heba ¢ xapaKTepHO# HabAIOJaeMOM IPyHIITHPOBKOM 3BE3/1. OTH NAOLIAIKH-
CO3Be3/IUs HOCAT Ha3BaHUd ANDO JpeBHErpedyecKUX CO3BE3HM, KOTOphle Ha-
XOZMAUWCH (AU HAXOSITCSsI) B COBPEMEHHBIX I'PaHUIIaX, ANO0 Ha3BaHUSI, IIPU-
CBOEHHBIE €BPOIIEHCKUMHU aCTPOHOMAaMH. [IAs 00AeTrYeHHsT 3aIIOMUHAHUS 1
IIOMCKAa CO3Be3/I1il B ydeOHHKAX 10 aCTPOHOMHUH U aCTPOHOMUYECKUX aTAA-
cax gpKHUe 3BE3/bI, COCTABALIOIIME CO3BE3AUL, COEAUHEHB] YCAOBHBIMU AWHU-
MU B y3HaBaeMble Ha HeOe puryprnl. Co3Be3nus, 3BE31bI KOTOPHIX 00pa3yioT
AETKO BBIZIEAIEMYIO Ha 3BE3THOM (POHE KOH(DUTYPALIUIO, AU T€, KOTOPBIE CO-
[epxKaTt apKue 3B€3/bl, OTHOCATCH K TA@BHBIM CO3BE3IUaM (pHC. 9).

Hap ropusoHTOM Ha ICHOM 3BE31HOM HebOe HEBOOPYKEHHBIM I'AQ30M MOK-
HO yBuAeTH 0K0A0 3000 3BE31. OHU pPa3ANYAaIOTCS 10 CBOeMY OAECKY: OIHU
3aMeTHBI Cpasy, Apyrue eaBa pasanduMel. [loaromy emé Bo Il Beke 1o H. 3.
l'unnapx, oAYH 13 0CHOBOIIOAOKHHUKOB aCTPOHOMHUH, BBEA YyCAOBHYIO INKAJLY
3BE€3IHBIX BeJTMUNH. CaMble SpKUe 3BE3bI OBIAM OTHECEHBI K 1-if BeAUYUHE,
caenyroIme 1o 6AecKy (caabee IPUMEPHO B 2,5 pasa) CYUTAIOTCS 3BE31aMU
2-#1 3BE3IHOYU BEAWYHHEBI, a caMble cAabble, BUAUMBIE TOABKO B 0€3AYHHYIO
HOYb, — 3B&31aMU 6-1 BEATUUHBI.

MHorum sspKuM 3B€31aM ApeBHErpedecKrue U apabCcKHe aCTPOHOMBI fa-
Au HazBaHus: Bera, Cupuyc, Kameaaa, Aarraup, Pureas, Aapaebapas u ap.
B maavHeIeM sspkue 3BE€3/4b1 B CO3BE3HSIX CTaAN 0003HAYATH OyKBaMHU Irpe-
4ecKoro aadaBUTa, KaK IIPaBHAO, 10 Mepe yOpiBaHug ux 6aecka. C 1603 .
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PUCYHOK 9 — Cxema B3aMMHOr0 pacno/ioXKeHuUs r1aBHbIX CO3Be3aui U APKUX 3BE3A,
BUAUMbIX B CpeAHUX reorpadpuueckux WmpoTax

JEUCTBYET IIPEeNAOKEHHAd HEMEIKUM acTpoHoMoM HoranHom Baitepom cucre-
Ma obo3HaueHuit 3B€31. B cucreme Baliepa Ha3BaHue 3Be3/1bI COCTOUT U3 IBYX
JacTel: U3 Ha3BaHUS CO3BE3HsI, KOTOPOMY IIPUHAOAECKUT 3Be3/1a, 1 OyKBBI
rpedeckoro aadasuTa. [Ipu 3ToM nnepBas 6ykBa rpedecKoro aagaBuTa o Co-
OTBETCTBYET caMoii SpKoii 3Be3/1e B CO3BE3IHH, [3 — BTOPOH 110 6AECKY 3Be3/e
u T. 1. Hannpumep, Perya — a AbBa — 3T0 caMad gapKad 3Be3/1a B CO3BE3IUHU
AvBa, [leHeboaa — 3 AbBa — BTOpasi 110 OAECKY 3B€3/1a B 9TOM CO3BE3IHH.

[To Mepe pa3BUTHS HAYKH U B CBSI3H C U300 peTEeHHEM TEA€CKOIIOB KOAWYE-
CTBO HUCCAEIYyEMBIX 3BE3/] BCE YBEAHMYHUBAAOCE. []asd X 0003HAYEHUS y3Ke He
XBaTaAo OYKB rpedeckoro ascgaBura. U Torga 3B€3abl HAYaAu 0003HAYATD AA-
THUHCKHUMU OykBamu. Korza sxe 3aKOHYHMANCH U OHHU, 3BE3/IbI CTAAU 0003HA-
4aTh U pamu (HarrpuMep, 61 AebGenn).
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2. BMAMMOE CYTOYHOe p[ABUXEHUe 3BE3f,.
[Tpu HaOArOmeHUY 3BE3IHOTO Heba Ha IPOTSI-
KEHUH OJHOTO-/IBYX YaCOB MbI yOexK1aeMCs
B TOM, Y4TO OHO BpalllaeTCsd KaK €JUHOE Iie-
AO€ TaKUM 00pa3oM, 4TO C OMHOM CTOPOHBI
3BE3/bI IIOAHUMAIOTCH, & C APYTON — OITyCKa-
oTcd. [ag Hac, xxuteaei CeBEPHOTO IIOAY-
HI1apyd, 3BE30bI IIOJHUMAIOTCI C BOCTOYHOM
4aCTHU FOPU30HTA U CMEIlaloTcd BIIpaso. [la-
A€€ OHHU JOCTUTAIOT HAUBBICIIETO I1OAOXKEHUI
B I0KHOU YacTH Heba U 3aTeM OITyCKAIOTCs B
3araaHol yacTu ropusoHTa. B TeyeHue cy-
TOK 3BE3JHOE He0O CO BCEMH HaXOAAIIIMMHUCS
Ha HEM CBETHAAMU COBEPIIIAET OIHH 000POT.
Takum o6paszoM, sudumoe cymouHoe epauie-
Hue 38€30H020 Heba npoucxooum c 80CmorKa
Ha 3anad, ecau cmosimos AUYOM K 102y, T. €.
110 YaCOBOH CTPEAKE.

B ceBepHO yacTi He6a MOXKHO OTBICKATh [loasgpHyto 3Be3ay. Kaxkercs,
4yTo BCc€ HeOo BpamtaeTcsd BoKpyT Heé (puc. 10). Ha camom ke neae BOKPYT
CcBoel ocH BpalaeTcs 3eMAd C 3anafia Ha BOCTOK, a BeCh He00CBO/I Bpallia-
eTcsl B 00paTHOM HallpaBA€HUH C BOCTOKA Ha 3anas. [loaspHas 3Be3na oas
JAaHHON MECTHOCTH OCTAETCH II0YTH HETIOABHKHON U Ha OAHOH U TOH K€ BbI-
coTe HaJl TOpU30HTOM. O4EeBHUIHO, YTO CYyTOUYHOE IBHKEHUE 3BE3]T (CBETHA) —
HabAIOTaeMoe KasKyIlleecsl SBACHIE BpallleHH1s HeOeCHOro CBoja — OTpazka-
€T IEHCTBUTEABHOE BpallleHHE 3EMHOTO IIIapa BOKPYT OCH.

PucyHok 10 — CyTouHble Ayru
CcBeTUN B NonsipHoi ob6nactn Heba

3. OCHOBHbIE TOYKM, IMHUM U NNOCKOCTU HebecHoh chepbl. Ham Kazketcd,
YTO BCE 3BE3/Ibl PACIIOAOKEHBI HAa HEKOTOPOU chepudecKol ITOBEPXHOCTH He-
06a 1 OMUHAKOBO yaaAeHEBI OT HabAtogaTeasa. Ha camoMm meae oHU HaxXosTCS
OT HaC Ha Pa3AWYHBIX PACCTOIHUAX. [l03TOMY BOOOpazkaeMyo IOBEPXHOCTD
HeOOCBOZIA CTAAU HA3bIBaTh HeOECHO cpepoii.

He6ecHas cepa — 310 Boobpazkaemas cpepa IIpOU3BOABHOTO PAIUY-
ca, LIEHTP KOTOPOH B 3aBHUCUMOCTH OT PEIIaeMOH 3aJa49U COBMEIIAETCH C TOH
WAHW UHOH TOYKOMH npocTpaHcTBa. LlenTp HebecHOM chephbl MOKeET ObITh BbI-
6paH B MecTe HabAIoAeHUS (TAa3 HabArogaTeAs), B rieHTpe 3eMan UAU COAH-
na u T. A. [louarueMm HebecHOM cepbl MOAB3YIOTCH [ASI YTAOBBIX H3Mepe-
HUH, IAS U3YyYEHUI B3aUMHOI0O PACIIOAOXKEHUS U IBUKEHUI KOCMHUYECKHX
06 beKTOB Ha Hebe.
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CseTOBbIE roapl

PucyHokK 11 — Cxema npoeuupoBaHua 3Bé3pa, B co3Be3aum bonblioit Megseaunupbl
Ha HebecHoi1 chepe

Ha noBepxHOCTE HEGECHOM chephl ITPOEIIUPYIOTCH BUIUMBbIE IIOAOKEHUST
BCEX CBETHA, a [IAd y100CTBa U3MEPEHUH CTPOAT Ha HEH Psi/] TOYEK U AUHUH.
Hampumep, HeKOTOpPBIE U3 3BE3M «KOBIIa» boablTol MeaBe1uIbl HAXOASITCS
JaA€KO OfHa OT APYTOH, HO A 3€MHOTO HabAIO/IaTEeAsI OHU ITPOEILIUPYIOTCS
Ha OUH U TOT Ke y4acToK HebecHot cdepsl (puc. 11).

[Ipamas, npoxoadias yepe3 HeHTp HeOecHoi cpepsrl (puc. 12) u coBna-
[arollas C HallpaBA€HUEM HHUTH OTBeca B MeCcTe HaOAIOeHUsI, Ha3bIBAETCS
OTBECHOH UAY BEPTHUKAJbHOM JIMHUEH. OHa nepecekaeT HeGecHy0 chepy B
TOYKaX 3€HUTA (BEPXHsId TOYKA [TepecedeHNsI OTBECHOM AMHUHU C HEOEeCHOM
cpepoit) 1 Haagupa (Touka HeOecHOM cdephbl, IPOTHUBOIIOAOXKHAS 3€HUTY).
[TaockoCTB, IIpOXOASIIas Yepe3 HEeHTP HeOeCHOH cpephl U ITePIEeHIUKYAIP-
Had OTBECHOM AWHUH, Ha3bIBAE€TCH MJIOCKOCTBI0O HCTUHHOIO HAHY MaTeMaTH-
YeCKOro ropu3oHTA.

Boar1ioit kpyr HeGeCcHOM cdephl, IPOXOAAIINI Yepe3 3€HUT, CBETUAO U
Haaup, Ha3blBA€TCHd KPYIOM BbICOTBI, BEPTUKAJIBHBIM KPYIOM HAU IIPOCTO
BEPTUKAJIOM CBETHJIA.

Ochb Mupa — npsmasi, IpoxXoadIas yepe3 LeHTp HebecHo# cdepr! mapan-
A€ABHO OCH BpallleHHus 3eMAH, IepeceKaroias HebecHyo cpepy B ABYX qUa-
METPaAbHO IIPOTUBOIIOAOXKHBIX TOYKAaX.
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Touka 1mepecedyeHUs OCH MUpa Cc Hebec-
HOM cdepoii, BOAU3U KOTOPOI HaXOIUTCH
[ToagpHas 3Be3na, Ha3piBaeTcs CeBepHBIM
IIOJIIOCOM MHUPA, IPOTUBOIIOAOXKHAS TOY-
ka — l0xkHBIM mosarocom mupa. [loaspHag
3Be3za oTcTouT 0T CeBEPHOI0 II0AIOCA MHU-
Pa Ha yTAOBOM PaCCTOSIHHUM OKOAO 1° (To4-
Hee 44).

BoabmIoit KpyT, IIPOXoadIlui yepes
1IeHTP HebecHOM cpeprl U IepIeHIUKYAID-

HBIF OCH MHUpPa, Ha3bIBAIOT HEOECHBIM IKBa-
TopoMm. OH neanT HebecHyIo cpepy Ha IBe

yactu: CeBepHOE NoJIyliapye ¢ BEPIINHOMN
B CeBepHoM Imoatoce mupa u IQxHoe —

Z

PucyHokK 12 — Heb6ecHas cdepa:
O — ueHTp HebecHoli chepbl
(mecToHaxoxaeHue Habntoaatens);

¢ BepurnHo# B HOxHOM 11oAroce Mupa.

Kpyr cks10HeHus cBeTHAa — OOABIIIOHN
KpyrHeOGeCcHOH cpepbl, IPOXOAAIIHUi yepes
IIOAFOCBI MHPA U CBETHUAO.

CyrouyHas napaJsuiejib — MaAbli KPyT
HebecHOH cdephl, TAOCKOCTH KOTOPOTO IIep-
MIeHAUKYAIPHA OCH MHpA.

Boab1mio#t Kpyr HebGeCcHO# ceprl, IPo-
XOOAIIUY yepe3 TOYKH 3€HUTa, Haaupa U

Py — CeBepHbI NOAOC MUPA;
Ps — HOHbIii Nnoal0C MUPa;
PyPs— ocb munpa; Z — 3eHuT; Z
— Hagup; £ — BocCTOK;

W — 3anag; N — cesep; S — or;
Q — BepXxHAA TouKa HebecHoro
3KBaTOpa; Q — HUKHAA TOUYKA
HebecHoro aKkBaTopa;

ZZ — BepTUKanbHasA
nunHua; PyMPs — Kpyr

CKNOHeHuA; NS —
nonyAeHHaa NAUHUA;
M — cBetnno Ha HebecHoi chepe

KaeTCd C UICTUHHBIM TOPHU30HTOM B IBYX AUaMETPaABHO IIPOTUBOIIOAOXKHBIX
TouKax. TouKa IepecedeHuss HCTUHHOTO TOPH30HTa U HeOEeCHOro MepUaraHa,
bamkaiias Kk CeBepHOMY ITOAIOCY MHPa, HAa3bIBAETCS TOUKOU ceBepa. Tou-
Ka IlepecedeHus UCTUHHOI0 TOPHU30HTa U HebecHOoro Mepuarana, bauxaimas
K FO3xHOMY 1T0AIOCY MUpAa, HA3bIBAETCS TOYKOH I0TA. AWMHUS, COEIUHSIIOIIAS
TOYKH CEBEpPA U ora, HA3bIBAETCd MOJIYAEHHOM JuHUeH. OHa AeKUT Ha IIAO-
CKOCTU MUCTUHHOTO ropu3oHTa. [Io HanmpaBA€HUIO TOAYIEHHON AMHUU [1a/1aI0T
TE€HU OT [IPEIMETOB B IIOAZIEHb.

C HeOGeCHBIM 3KBATOPOM HCTHHHBIM FOPHU30HT TaK¥XKe IIepPeceKaeTcsd
B IBYX IMaMeTPaAbHO ITPOTHBOIIOAOXKHBIX TOUKaX — TOYKe BOCTOKA U TOY-
Ke 3amnaja. [Iasg HabA1aTeAs, CTOSIIETO B IIEHTPe HeOeCHOM chepbl AUIIOM

TIOAIOCHI MUPa, Ha3bIBAETCsI HEOECHBIM Me-
puauanoM. HebGecHbI MepuavaH nepece-
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1. Co3Be3aue — y4JacToK Heba C XapaKTepHOM HaOAIOaeMOi TPYTIITH-
POBKOH 3BE3/1 11 APYTHX [TOCTOSTHHO HAXOASAIIIXCS B HEM aCTPOHOMHYECKIX
00BEKTOB, BBIIEACHHBIH IS YI0OCTBA OPUEHTUPOBKY U HAOAIOIEHUS 3BE3I.
2, Illkasa 3BE3QHBIX BEAUYUH, IpeAAOKeHHas ['unnapxom, 1o3Bo-
ASIET Pa3AMYATh 3BE3bI 110 CBOEMY OAECKY .

3. Habaromaemoe cyTouHoe ABUKEHNE 3BE3M IBASIETCS OTPaKE€HUEM
AeHCTBUTEABHOTO BpallleHNs 3eMAHN BOKPYT CBOEH OCH.

4. Hebecnaga cdepa — Boobpakaemas cpepa MIPOU3BOALHOIO PaIUy-

K TOYKE CeBepa, ToYKa BOCTOKAa OymeT pac-
IIOAOZKEHA CITpaBa, a To4YKa 3arajga — CAeBa.
[ToMH4 3T0 TPaBUAO, AETKO OPUEHTUPOBATHCHA
Ha MECTHOCTH.

Buaumeiii rogoBoii myTs CoaHITA cpeau
3BE3[ HA3BIBAETCS IKJIUNMTUKOM. B 11A0CKo-
CTH 3KAUIITUKU AEXKUT IIyTh 3EMAU BOKPYT
CoaHIia, T. e. €€ opbuTa. OHAa HaKAOHEHA K
HebeCHOMY 5KBaTopy mox yraom 23° 27 u me-
pecekaer ero B Todkax BeceHHero (7,
OKOAO
21 maprta) u oceHHero (£, okoao 23 ceHTH-
Ops1) paBHOZEHCTBUS (pHUC. 13).

ca C LIEHTPOM B BI:I6paHHOI>'I TOYKE IIPOCTPAHCTBA.

5. Bugumerit rogoBoit myTk CoAHIIA cpeay 3BE3[ Ha3bIBAETCS SKAUII-
THUKOM.

KOHTpO/bHbIE BONPOCHI U 3a8aHNA

1. Yto noHMMaloT No4 co3Be3amnem?
2. Kakmum obpasom co3sesgma Noay4ymamn cBov HaseaHuaA? Mpueegute npumMmepbl Ha3ga-

HUIA co3Be3anit.

3. Mo KakoMy NPUHLUMNY CTPOUTCA LWKaNa 3BE3AHbIX BEIMYMH runnapxa? Yto noHMma-
10T NoA 3BE34HOM Be/IMUYMHON?

4. B 4ém 3aK/o4aeTcA CYLIHOCTb CUCTEMbI Knaccudukaumm 3Bé3a no banepy?

5. OnuwuTe BUAMMOE CYTOMHOE ABUMKeHMe 3BE3, [0 KaKoW NpUYMHE NPOUCXoamT
Habalofaemoe ABNeHNE CYyTOYHOrO ABUKEHUA 3BE3L?

6. Y70 NnoHMmatoT nog HebecHoM cdepoin? ganTe onpeaeneHna OCHOBHbIM TOUYKaM,
JIMHMAM U NAocKocTAM HebecHol chepbl.
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§ 3. HebecHble KOOPAUHATDI

1. cuctembl KoopauHart. TToAOKeHHUE CBETHA OIIPEIEATIETCS 10 OTHOIIIEHUIO
K TOYKaM U Kpyram HebecHOU ceprl (cMm. puc. 12). [Iag 3Toro BBEAEHBI HE-
OecHble KOOPAUHATHI, TOA00HbBIE TeorpadUIEeCKUM KOOPAUHATAM Ha IMOBEPX-
HOCTHU 3€MAH.

B acTpoHOMHH IpUMEHSAETCH HECKOABKO CUCTEM KOOPAMHAT. OTAHYAIOT-
Cd OHU APYT OT APyTa T€M, UTO CTPOSTCSH 10 OTHOIIIEHHUIO K PA3HBIM Kpyram
HebecHoit cpeprl. HeGecHbIE KOOPAUHATEI OTCYUTHIBAIOTCS AyTaMH OOABIIIHUX
KPYTOB UAU IIEHTPAABHBIMH YTAAMH, OXBATBIBAIOIIIUMH 3TH IYTH.

HebecHbIe KOOPAUHATHI — IIEHTPAABHBIE YTABI HAU IyTH OOABIITHX KPY-
roB HeOeCHOM cdhepbl, C TOMOIIILIO0 KOTOPBIX OTIPEAEASIOT TOAOKEHHUE CBETHA
10 OTHOIIIEHHIO K OCHOBHBIM KPyTraM U TOYKaM HeOeCHO# C(pephI.

T'opuszoHTa/IbHasA cHCTEMAa KOOPAUHAT. [Ipy acTpoHOMHYECKHX HabOAIO-
[NEeHUSIX YIO0HO OTIPEAEAITh ITOAOKEHHE CBETHA 10 OTHOIIIEHHUIO K TOPU30H-
Ty. FTOpH30HTaABHAS CUCTEMA KOOPAUHAT UCIIOAL3YET B KAYECTBE OCHOBHOTO
KpyTa HCTUHHBIN TOPU30HT. B 3T0OH cucTeMe KOOpAUHATAMH ABASIOTCS BbI-
cora (h) u asumyT (A).

BhicoTa cBeTH/Ia — yTAOBOE PACCTOSHUE CBETHAA M OT HCTHUHHOTO TOPHU-
30HTA, H3MEPEHHOE BIOAL BEPTHKAABHOTO KpyTa (puc. 14). BeicoTa omnpese-
ASIETCS B Tpaaycax, MHHyTaX U ceKyHaax. OHa OTCYUTHIBAETCS B ITPEaeAax
ot 0 mo +90° K 3€eHUTYy, €CAU CBETHAO HaXO-
OUTCS B BUOAUMOM YacTH HeOeCcHOU cpeprl, U

ot 0 mo 90° K Hagupy, ECAM CBETHAO HaxXO-
OUTCH 10, TOPU30HTOM.

Jass ©3MepeHusa a3uMyTOB 3a HAa4aA0 OT-
cuyéTa IpUHUMAaETCsd TOUKa Iora. ABUMYT CBe-
THJIa — YTAOBOE PAacCTOsSHHE, U3MEPEHHOE
BIOAB HICTHHHOTO TOPU30HTA, OT TOYKH IoTra 110
TOYKU IIepecedeHrs ITOPU30HTa C BEPTHUKAAB-
HBIM KPYIoM, IIPOXOASIINM Yepe3 CBETHAO M
(cMm. puc. 14). A3UMyT OTCUHUTHEIBAETCS K 3aria-
Oy OT TO4YKHU Iora B mpenesax oT 0 mo 360°. Z

Fopr3oHTasbHAad cuCcTeEMa KOOPAUHAT UC- PUCYHOK 14 — [OpN3OHTaNbHAR
II0AB3YEeTCH IIPU TOoIorpadUYeCcKol ChEMKE, CMCTEMa KOOPAMHAT:

B HaBUTallMU. BcaencTBre cyToyHOTO Bpalle- h — BbicoTa cBeTMNa M
HUS HeOeCHOM cepbl BBICOTA U a3UMYT CBETH-  Hag, rOPU3OHTOM; Z — 3eHUTHOe
Aa co BpeMeHeM H3MeHstoTcsa. CAenoBaTeAbHO, paccroaHue; A — asumyT
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TOPU30HTAABHBIE KOOPAUHATEI UMEIOT OIIpe-
neA€HHOe 3HaUYeHUE TOABKO JIAS U3BECTHOTO
MOMEHTAa BPEMEHHU.

YrAOBOE paccTogHUE OT 3€HUTA [10 CBe-
THAQ, U3MEPEHHOE BIIOAbL BEPTUKAABHOTO
Kpyra, Ha3bIBaeTcd 3¢ HUTHBIM PaCCTOSHU-
eM (z). OHO OTCUHTBIBAETCHd B IIpPeaeAax
ot O go +180° kK Hanupy. BeicoTa u 3eHUT-
HOE PacCTOsSIHHE CBsSI3aHbI COOTHOIIIEHUEM
z+ h= 90°.

JkBaTopuajbHasA cHCTEMA KOOPAMHAT.
Jag nocTpoeHud 3BE3IHBIX KAPT U COCTaB-
A€HUd 3BE3THBIX KaTaAOTOB 32 OCHOBHOM
KPYyT HebGecHOU cdepbl yIOOHO MPUHATH

PucyHoK 15 — 3KBaTopuanbHas
cucrema HebecHbIX KOOpAUHAT:

& — CKNOHeHue ceeTuna M; KpyT HeGecHoro skBaTopa (puc. 15). He-
0L — NPAMOE BOCXOKAEHME; OecHbIe KOOPAMHATHI, B CHCTEME KOTOPBIX
t — yacoBoii yron OCHOBHBIM KPYTOM SIBASIETCSI HEOECHBIH 9K-

BaTOp, Ha3BbIBAIOTCH 3KBATOPHAABHOM CH-
cTeMol KoopanHaT. B 3To#i cucTeMe KoopAMHaATaMHU CAY2KaT CKAOHEHUeE (0) 1
IIPSMOE BOCXOXKIAEHUE (a1).

CkJI0HeHUe CBETHJIa — YTAOBOE PacCTosiHHe cBeTrAa M oT HeGeCcHOro 9K-
BaTOpa, U3MEPEHHOE BAOAb KPYyTra CKAOHEHNT. CKAOHEHHE OTCUYUTHLIBAETCS B
npeneaax ot 0 mo +90° k CeBepHoMy mmoarocy Mmupa u oT 0 1o —90° k FOxHo-
My IIOAIOCY MUpA.

3a HaYaABHYIO TOYKY OTCYéTa Ha HEOECHOM 3KBATOpPE IPUHUMAETCS TOYKa
BeceHHero paBHomeHcTBU Y, rae CoaHIle 6pIBaeT 0KoAO 21 MapTa.

IIpaMoe BOCXO:KJe€HHe CBETHJIa — YTAOBOE PACCTOSHHUE, U3MEPEHHOE
B/IOABb HEOECHOTO 9KBATOPAa, OT TOYKHU BECEHHETO PABHOIEHCTBUS /10 TOYKHU
nepecedeHuss HEOECHOI0 3KBaTOpa C KPyroM CKAOHEHUs cBeTHAa. [Ipsamoe
BOCXOXKE€HHE OTCUUTHIBAETCS B CTOPOHY, IIPOTUBOIIOAOXKHYIO CYTOYHOMY Bpa-
HIeHUI0 HebeCcHOM cdpepkl, B peaesax oT 0 mo 360° B rpayCHOMN MEPE UAU OT
0 mo 24 41 B yacoBoi Mepe.

J1As1 HEKOTOPBIX aCTPOHOMHYECKHX 3a1a4 (CBSI3aHHBIX C U3MEPEHNEM BpeMe-
HH) BMECTO IIPSIMOTO BOCXOXKIEHUS (0) BBOIUTCS 4acoBOH yroa (t) (cM. puc. 15).
YacoBOM yroJI— 3T0 yTAOBOE PACCTOSTHHE, U3MEPEHHOE BIOAL HEOECHOT0 9KBa-
TOPAa, OT BEpXHEH TOYKH HeOeCHOTO0 3KBaTOpa 10 Kpyra CKAOHEeHH cBeTHAa. OT-
CUMTBIBAETCS YACOBOM yTOA I10 HAIIPABA€HUIO BUIMMOTIO CyTOYHOTO BpaIlleHUT
HebecHOI cdpepkl, T. €. K 3a11aay, B mpeneaax ot 0 10 24 9 B 4aCOBOH Mepe.
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KoopannaaThl 3BE31 (0, 8) B 9KBATOPHAABHOH CUCTEME KOOPAUHAT HE CBL-
3aHBI C CyTOYHBIM ABHXKEHHEM HeOeCcHOH cdrephbl U U3BMEHSIOTCS OY€Hb Me/I-
AeHHO. [ToaToMy OHU IPUMEHSIIOTCS JIASI COCTaBAE€HUS 3BE3IHBIX KapT U Ka-
TaAOTOB. 3BE3/IHbIE KaPThI IIPEICTABASIIOT CO00H MpoeKInH HebeCHOM cheprl
Ha [IAOCKOCTBb C HaHEeCEHHBIMHU Ha Heé 00beKTaMU B OIIpeaeAEHHOM CUCTe-
Me kKoopauHaT. Habop 3BE3AHBIX KAPT CMEKHBIX yYaCTKOB Heba, ITIOKphIBa-
omux Bcé He60 HAM HEKOTOPYIO €ro YacTh, HA3bIBAETCS 3BE3THBIM aT/IACOM.
B cnermmaAbHBIX CITHUCKAaX 3BE3/1, HA3bIBAEMBIX 3BE€3/THPIMHI KaTaJI0TaMHU, YKa-
3bIBAIOTCSA KOOPAWHATHI X MecTa Ha HebecHoti cpepe, 3BE3qHAT BEAUYUHA U
npyrue napaMmeTpsl. Hanpumep, katasor Hubble Guide Star Catalog (GSC)
CONEPKUT OYTH 19 MAH OOBEKTOB.

2. nyHHO-conHeyHas npeueccus. Ock BpallleHUusT 3eMAU HAKAOHEHA K IIAO-
ckocTH opbuThl mox yraoM 66°33. Ilox Bo3meiicTBHEM IIPUTSIKEHUS /\YHBI
u CoaHIla H3-3a HEOLHOPOOAHOCTH pacCHpeeA€HHS IIAOTHOCTH MAacCChl
BHYTPHU 3€MAHU OCh OIHMCHEIBAET KOHYC. TaK Kak HallpaBA€HHE OCH 3EMAU
U3MEHSIeT- Cd, TO IIEPIEeHIUKYASIPHAsI e IAOCKOCTh 9KBaTopa TakXKe OyaeT
CMENIIATBbCHd, UYTO IIPUBOAUT K IEPEMEIIECHUI0O TOYKH BECEHHETO
PABHOJEHCTBUS. ITO SIBAE-HHE HA3BIBAETCS JIYHHO-COTHEYHOU NPeIecCHen.
Touka BeCeHHETO PaBHOAEH- CTBUA IIEPEMEIIAETCSI HAaBCTPEYy BUANMOMY
roguayHoMy nBukeHUI0 Coanna Ha 50,37 B rom mam Ha 1° B 71,6 roxa,
coBepIIiasi TTIOAHBIH 000POT IT0 9KAUII- TUKe 3a 25 770 aet. IToatoca mupa
TakKXKe IIepeMelnialoTcd cpenu 3BE3n. B Hacroamiee BpeMs CeBepHBIH
IIOAIOC MHpa HaxoguTcsa Bo3ae lloagpHol 3Be3nrl, a depe3 10 TeIC. A€T OH
nepeMecTuTcsd K Bere (o AUpBHI).

3. BbICOTa NOJIlOCA MUPaA HA4 FOPU3OH-
V4

Tom. MBI y2Ke 3HaeM, 4To lloagpHada 3Be3- P

na, Haxoadmasics BOAU3U CeBEpHOTO MOAO- ;’

caMHupa, ocTaéTcd IIOYTH Ha OJTHOMN BBICOTE f & 5 S

HaJ TOPU30HTOM Ha JaHHOH IIUPOTE IIPHU QL we 6 S/ gﬁ
CYTOYHOM BpallleHuH 3B€3aHoro Heba. [Tpu e/(eeef/y%; A &7
IepeMeIleHuH HabAIolaTeAd C CeBepaHa g 9 P! N
IOT, IZie reorpaduyeckas HIINpoTa MEHBIIIE,

IToagapHag 3Be31a OIyCKaeTCd K TOPHU30H-

Ty, T. €. CYLIIECTBYET 3aBUCUMOCTDb MEXKIY
BBICOTOM IT0AIOCA MUpPa U IreorpadryecKoi
LINPOTOH MecTa HabAIOAEHUS.

Ha pucynke 16 3eMHoi#1 map u HebecHast
ccpepa I/I306pa}KeHbI B C€YE€HUU IIAOCKOCTEBEIO PMCVHOK 16 — BbicoTa noatoca
He0eCHOro MepHUAnaHa MecTa HaOAIEeHUS. MUpa Haf, ropU3oHTOM
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HabaomaTeabr u3 Touku O BHOUT IIOAIOC Mupa Ha BbicoTe / NOP = hp.
Hamnpasaenue ocu mupa OP mapass€AbHO 3€MHOH OCH. YToA IpPH LIEHTPE
3eman / OO/ q COOTBETCTBYET TeorpadUYecKoi IITUPOTe MecTa HAOAIOEHUS .
Tak Kak paanyc 3eMAU B TOUYKEe HAOAIOAEHUS IEPIIEHIUKYASIPEH IIAOCKOCTH
HCTUHHOI'0 TOPU30HTA, 8 OCh MHUpa IIEPIIEHANKYAIPHA IIAOCKOCTH reorpadu-
yeckKoro skBartopa, T0 £ NOP u £ OO q paBHBI MeXAy COOOM KakK YTABI C
B3aUMHO IIEPIIEHAUKYASIPHBIMU CTOpoHaMH. Takum obOpasoM, yanosast
8bLCO- MA NOJIOCA MUPA HAO 20PU30OHMOM PABHA 2eo2pagpuueckoli uupome
mecma HabrooeHust:

hp= ¢. (1)

C npyroii CTOpOHBI, U3 PUCYHKA 16 caexyeT, yto £ QOZ omipeeAsIeT Co-
601 BEAUYHMHY CKAOHEHUS 3eHUTA Oz [109TOMY MOKHO 3aIUCaTh, YTO

0= 62, uAmrl | @ = hp= 62. (2)

PaBeHCTBO (2) XapaKTepu3yeT 3aBUCUMOCTb MEXIY reorpadudecKoi M-
poToii MecTa HaOAIOEHUS U COOTBETCTBYIOIIMMH TOPHU30HTAALHON U 3KBaTO-
PUAABHON KOOPAWHATAMU CBETHAA.

[To mepe niepeMeriienrs HabaogaTeass K CeBepHomy 1oarocy 3emau Ce-
BEPHBIN TOAIOC MUPA ITOAHUMAaETCd HaJ rOpu3oHTOM. Ha rmoAroce 3emau 11o-
ATIOC MHUpa OyZIeT HaXOIUThCS B 3€HUTE. 3BE3/IbI 3[IECh ABUKYTCS I10 KPyram,
IapasAeABHBIM TOPU30HTY, KOTOPBIH COBIAmaeT ¢ HeOeCHbIM SKBaTopoM. Cra-
HOBUTCS HEOIIpPeAeAEHHBIM HeOEeCHBIH MEpUAUaH, TEPSIIOT CMBICA TOYKH CEBE-
pa, ora, BOCTOKA U 3ariaa.

Ha cpennux reorpadpuyeckmux MNIHPOTax OCh MUPa U HeOECHBIH 3KBATOP
HaKAOHEHBI K TOPU30HTY, CyTOYHbBIE ITyTH 3BE3/] TAKKE HAKAOHEHBI K TOPH-
30HTY. [lo3TOMYy HAOAIOAAIOTCH BOCXOAAIIUE U 3aX0AAIIHe 3BE3IbI.

[Tog BOCXOOM IIOHUMAETCS SIBACHUE IEPECEYEHUsT CBETUAOM BOCTOYHOU
YaCTHU FOPU30HTA, a IT0/1 3aX0A0M — 3aI1aTHOM 4aCTH rOpu30HTa. B cpemHmIxX
HIUPOTax, HAIIpUMep Ha TeppuTopun Pecrrybarku Beaapych, HabAromaroTcs
3BE3/IBI CEBEPHBIX OKOAOTIOASIPHBIX CO3BE3/IMi, KOTOPhIe HUKOT/IA HE OITyCKa-
oTCd 1o TOprU30HT. OHU HA3BIBAIOTCSI HE3AXOAAMMMMU. 3BE3/IHI, PACIIOAO-
KeHHbIe 0KOAO HOZKHOTO IToAIoca MUpa, y HaC HUKOT/Aa He BocXoasaT. X Ha-
3BIBAIOT HEBOCXOAIUMU.

Ha skBaTope 3eMaM OCh MUpa COBIIAZAET C IIOAYAEHHON AMHUEH, a I10-
AIOCBI MUpa — C TOYKaMH ceBepa U rora. HebecHBbIH 3KBATOP IPOXOIUT Ye-
pe3 TOYKH BOCTOKA, 3artaa, TOYKH 3eHuTa U Haaupa. CyTo4YHbIE IIyTH BCEX
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3BE3 IIEPIIEHOAUKYAAPHBI TOPHU30HTY, M KaxK/ad M3 HUX IIOAOBHHY CYTOK Ha-
XOOUTCd Hald I'OPHU30HTOM.

'
(| ) I''1aBHBIE BBIBOABI
\:/’

1. [Iag orrpeneAeHUS TTIOAOKEHUY HeOeCHBIX TeA Ha HebecHOU cde-
p€ UCIOoAB3yeTCs CUCTeMa KOOPAWHAT, aHaAOTUYHas TreorpaduiecKoi.
Ha nHebGecHo cpepe BOZMOKHBI TOABKO YTAOBBIE U3MEPEHUSI.

2. YraoBag BbICOTA II0OAIOCA MHpa Haj FOPHU30HTOM paBHAa reorpadu-
YECKOH IIUPOTe MecTa HaOAIOIEHUS.

3. Bocxon u 3ax04 cBETHAA — ABACHUA II€PECEYEHUA CBETHAOM T'O-
pH30HTA.

4. 3BE3nHBIE KapThl — IIPOEKIINH HEOECHOM chephl Ha IIAOCKOCTh
Cc HaHeCEHHBIMHU Ha He€ 00bEKTaMU B OIIPeAeAEHHOM CUCTEeMEe KOOPIH-
HaT, a UX Habop — 3BE3/IHbIE ATAACHI.

(D KoHTpoabHbIE BONpOCbI U 3a4aHUA
- 1. Kakune cuctembl HeBECHbIX KOOPAMHAT BaM M3BECTHbI? B Uém 3akatouaeTca NpuHUm-
nuanbHas pasHULA MeXAy PasIMYHbIMU CUCTEMAMM HEBECHBIX  KOOpAMHAT?

2. fanTe onMcaHWe ropM3oHTasIbHOM N 3KBAaTOPUANbHOM CUCTEM KOOPANHAT. KaKne Ko-
OpAMHATbI UCMONb3YIOTCA B 3TUX CUCTEMAX?

3. Mo4yemy B aCTPOHOMMUM UCMONb3YHOT Pa3INYHbIE CUCTEMbI KOOPAUHAT?

4. Onpenennte BbICOTY MOJIOCA MUPA Hag, FOPU3OHTOM B BalleM HACeNEHHOM MyHKTE.
5. Kakue 3BE3bl Ha3bIBAOT BOCXOAALLMMM U 3aXOAALUMMM, HEBOCXOAALLMMU U HE3AXO-
AAWNMMI?

6. OnpegenuTe CKNOHEHMA 3BE3A, AOCTYNHbIX HABNIOLAEHWNIO HA LIMPOTE Ballero Hace-
NEHHOro NyHKTa.

§ 4. onpepeneHue reorpapuUyecKkom LLNPOTHI

1. Kynbmuuauma ceetun. [Ipu cyTouHOM BpallleHUH BOKPYT OCH MHpa CBe-
THAA Ba pasa 3a CyTKU IlepeceKaloT HeOeCHBIH MepuanaH. JBA€HUE ITPOXOK-
JIEHUsI CBETHAOM HeOEeCHOT0 MepPUAUaHa Ha3bIBAETCS Ky IbMUHAIAEIH.

Pa3An4aioT BEepXHIOIO U HUXKHIOI KYABMHHAIIMH. B BepXHel KyJIbMHUHA-
ITUM CBETHAO ITPU CYTOYHOM JIBHKEHUU HAXOIUTCH B HAUBBICIIIEH TOUKE HAL
TOPU30HTOM, OAMKaNIIeH K 3eHUTy. HUKHAA KyIbMHUHAIIUA ITPOUCXOIUT
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M, ZM; 4yepes IIOAOBUHY CYTOK IIOCAE€ BEPXHEM
Py KyABMUHAIIUU.

Ms. Touka nepecedyeHUs CyTOYHOM IIapasse-

Q AU CBETHAA C BOCTOYHOH 4aCThIO UCTHUHHO-
0 5, M,  TO TOPU30HTA HA3LIBAETCS TOYKOU BOCXOJA
0° -9 NP CBETWJIA, a TOYKAa IIEPECEUEHUS C 3alaTfHON
M, M, 9aCTBIO MCTHHHOIO F'OPU30HTA — TOYKOH
3axoja CBeTIJIA.
Q Haa CoaHnla 1 AyHBI, UMEIOIINX 3aMET-
>o HbI€ BUIUMbIE pa3Mephbl, BOCXOZIOM (MAH 3a-
Mg XO/I0M) CYUTAETCI MOMEHT IIOIBACHHUS (MAU
HCYE€3HOBEHMS) Ha TOPU30HTE BepXHEH TOU-
PucyHokK 17 — KynbmuHauma KU KpadgucKa.
cBeTUN Heszaxongarue 3BE34b1 (prc. 17) BHIHBI
B BepxHell (M,, M3) u Huxuett (M,, Ms3)
KyABMHUHAIIUGX. Y BOCXOAAIINX U 3aX0AAIINX 3BE3 HUXKHAT KyABMUHAIIUI
(M7) mpoxoauT IO TOPU30HTOM. Y HEBOCXOALIIMNX 3BE3M 00e KyAbMHUHAIIUU
My u My HEBUAWMEI, T. €. IPOUCXOALAT IIOJ TOPHU30HTOM.

Hatiném BBICOTHI 3BE3N B BEPXHEN U HUXKHEN KyABMUHAIIUAX.

Tak Kak KyAbMHHAIIHUSI CBETHA IPOUCXOUT IPU IIePecedeHHH HeOeCHOTO
MepHaUaHa, TO IAOCKOCTBb PUCYHKA 17 coBIaziaeT C IIAOCKOCTEIO HeOECHOTO
Mepuauana. CyTodHbIe ITyTH 3BE31 H300paskaroTCd OTPE3KaMH, [IapPaAAAECAb-
HbIMH HebecHoMy skBatTopy QQ . ITycTh 3Be3ma HAXOAHUTCS B BEPXHEH KyAb-
MuHanuu M;. BeicoTa moatoca Mupa paBHa reorpadruiecKoi IIHpPOTE .
Kak BuaHO u3 pucyHka, Z SOQ paBeH 90° — ¢ u mpencraBasgeT coboii
HAKAOH HeOEeCHOro sKBaToOpa K IIAOCKOCTH ropuaoHTa. [yra SM; (nam £
SOM;) — 5TO BBICOTA CBETHAA HAJ TOPU30HTOM. ITa Ayra COCTOUT U3
cyMM aByx ayr: SM; = SQ + QM;. Kak BUAHO H3 pUCyHKa, Ayra SQ
paBHa 90° — ¢, a oy- ra QM; onipegeAdeTCsT BEAMYNHON CKAOHEHUA 3BE€3/1bI
d. IMoayyuM opMyAy Oas OIIpenEeA€HHs BBICOTHI 3Be3bl B €€ BepxHeH
KyABMUHAIIUU:

Ps
Z

hs= (90°— ¢) + 5. (1)

Jas1 He3axonsIe 3Be3Ibl HIDKHSS KyAbMUHaUg M, usMmepsieTcd AyTroH
NM, WAW COOTBETCTBYIOIIMM IIEHTPaAbHBIM yraom (£ NOM;).
YkazaHHBIH yroa, Kak BUIHO U3 PUCYHKA, PaBEH PA3HOCTH 0 — CKAOHEHUS
cBeTHAa W Be- AMYHHBI (90° — @) — HaKAOHa HeOECHOTO 3KBaTOpa K
IIAOCKOCTH TOPH30HTa. 3HAYUT, BbICOTA 3BE3/bl B HUXKHEW KyABMHUHAITUU
paBHa:
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hg=8— (90° - ¢). (2)

Ecanu 06e KyAbBMUHAITUU HE3aXOASIIEH 3BE3Ibl HAXOAATCS 110 OMHY CTO-
POHy OT 3eHUTa (Hampumep, Mz u M3), To €€ BEepXHsSd KyAbMUHAIIUA OIIpe-
neasiercs U3 cootHoleHus: hg= 180° - [(90° — @) + J|, UAHM IIOCAE YIIPOILE-
HUS:

hg=90° + @ — &. (3)

CooTHourenus (1—3) cBg3bIBaIOT reorpaduiecKyo HIUPOTY C BBICOTOH U
CKAOHEHUEM 3BE3[] BO BpeMs UX KyAbMUHaIUU. OTMETHM, YTO Ha PUCYyHKe 17
a3uMyThI 3BE3 B BepxXHeM KyabMuHaruu M; u M, paBHbI 0°, a a3UMyThI
3BE€37 B HUXKHeN KyabMuHaumu Mi u M; paBabl 180°. A3uMyThI 3Be34bI M3
B BepxHEH U HUKHEN KyAbMHUHaugax paBHBI 180°.

2. onpepeneHne reorpaduyeckoil LWMPOTbI MO ACTPOHOMMYECKUM Habnto-
aenunam. ITpu cocTaBAeHNU reorpaUuecKUX U TOIorpadudecKuxX KapT, IIPo-
KAaJKe JOPOT U MarucTpaAeh, pasBeaKe 3aAezkel IMOAE3HBIX UCKOIIaeMBbIX
U B psfie APYTHUX CAy4YaeB He0OX0AMMO 3HATE reorpadUiecKre KOOPAUHATEI
MECTHOCTH. Ty 3a1a49y MOKHO PEIIHUTE C IIOMOIIBIO0 AaCTPOHOMHYECKHUX Ha -
OaromeHui. PaccMOTpUM IpocTetIe CriocoObl.

ITepewlii cnocob. OnpeneanTs reorpaUIECKyIo MIKPOTY MOKHO U3 HAOAO-
nenud [loagapHol 3Be3abl. Ecau cuurarts, 4yTo IloadapHad 3Be31a yKa3blBaeT
CeBepHBIH TOAIOC MUPA, TO IPHUOAHKEHHO BbIcoTa [loASpHOM 3Be3 bl HA TO-
PH30HTOM AaéT HaM reorpadu4ecKyo IITUPOTy MecTa HabArogeHus. Ecan us-
MepUTE BbICOTY IloadapHOM 3B€3/1bI B BEPXHEH U HUXKHEN KyABMHUHAIIUAGX, TO
OAYyYHM 60Aee TOUHOE 3HAYEHHUE IITUPOTHI MECTa HAOAIOIEHUS:

= H
® 5 (4)
OTO paBEHCTBO MoAy4YaeM U3 paBeHCTB (2) u (3). Popmyaa (4) mpuronna
[IASl BCEX HE3aXOASIIHX 3BE3/], Y KOTOPBIX BEPXHSIS U HUKHSIS KYABMUHAIIUHU
HaXO0/STCs I10 ONHY CTOPOHY OT 3€HUTA.
Bmopoii cnocob. OnipeneAnTs reorpadUuecKyio HIMPOTY MOXKHO U3 HabAO-
[NeHUd BepxHeH KyabMuHanuu 3B€34. 13 pasencts (1) u (3) moaydum, 4To

¢ =258+ (90°— hp). (5)

3HaK «+» CTaBHUTCHd, €ECAH 3BE€34a KYABMHHHUPYET K IOI'Y OT 3€HHUTA, a 3HaK
«—» — IIPHU KYABMHWHAaIIHUH 3BE3AbI K CEBEPY OT 3CHUTA.
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@ I'staBHBIE BBIBOABI
1. KyAbMUHAINS — 3T0 SBA€HHUE IIPOXOKAECHUS CBETHAA Yepe3 He-
6ecHbIM MepUaMaH.
2. 'eorpaduaecKyio HIUPOTY MOKHO OIIPEAEAUTH IT0 HAOAIOIEHUSIM
Kak IloadapHOM 3BE€3/bI, TAK U BEPXHEN KYABMUHAIIUU 3BE3T.

(D) KOHTpOAbHble BONPOCbI U 3aaaHUA
1. YTo TaKkoe Ky/JIbMMHaLMA cBeTUAA?
2. Kakne TOYKM HasblBalOTCA TOYKAaMM BOCXOZA W 3axoAa cBeTuna?
3. HalaUTe MHTePBAN CKAOHEHMUI 3BE3 4, KOTOPbIE HA JAAHHOM WNPOTE: @) HUKOrAa He
BOCX0AAT; 6) HMKOr4a He 3axo4AT; B) MOryT BOCXOAMUTb U 3aX04MUTb.
4. Kak N3MeHATCA NP CYTOYHOM ABUMKEHUU CBETUAA ErO BbICOTA, NPAMOE BOCXOXKAe-
HUe, CKNoHeHue?
5. Onpegenute reorpaduyeckyto WMPOTy mecta HabaogeHus, ecam 3sesga Bera npo-
XOAUT Yepes TOYUKY 3eHUTa.
6. Kak npnbankeHHo onpenennTb reorpadumyeckyto WMpoTy MecTa, Habatoaasn 3a Mo-
napHon 3Besgon?

§ 5. U3SMmepeHue BpemeHM.
onpepaeneHue reorpadrUUecKon 4oNroTbl

1. usmepenune spemeHn. Bca Halra XKH3HB cBA3aHa CO BPEMEHEM U pe-
TYAUpPYeTCS IIepUOANYEeCKON CMEHOM MHA U HO4YH, a TaK:Ke BpeMEH rona.
Ha aTUX IpUPOAHBIX TOBTOPSIONINXCS SBACHUAX 0a3UpPYIOTCS OCHOBHBIE €11~
HUIIBI U3MEPEHU BpeMEeHH — CYTKH, Mecdll, rof. [[Inpoko ucnoab3dyemas
eIUHUIIA IAS U3MEPEHUs BpeMeHU — CyTKH — CBsI3aHa C IePUOIOM Bpallle-
HUsg 3eMAN BOKPYT CBOEH OCH.

MowmeHT BepxHel KyabMuHaIUu lieHTpa CoAHIlA Ha3bIBAETCS MCTUHHBIM
MOJITHEM, MOMEHT HUXKXHEW KyABMHUHAIIUN — UCTHHHOU MOJIHOYbIO0. [IpoMe-
KYTOK BPEMEHHU MeXK Iy ABYMS II0CAEI0BATEABHBIMU OJHOUMEHHBIMU KYAb-
MuHanuaMmu neHTpa CoAaHIla Ha3bIBaeTCSd MCTUHHBIMU COJHEYHBIMH CYyTKAMM.
Bpewms, mpoimieaiiee oT MOMEHTa HUXKHEH KyAbBMUHAIIMM LIEHTPA COAHEYHOTO
[HICKAa 10 AF0OOTO IPYTOTO €T0 ITOAOKEHHUS Ha OTHOM M TOM Ke reorpadude-
CKOM MEpHUHAHE, HA3bIBAETCA HCTUHHBIM COJTHEYHBIM BpemeHeM (7).
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Heo6xoauMo 0OTMETHUTB, YTO UCTUHHBIE COAHEYHBIE CyTKHU ITEPUOIUIECKH
MEHSIIOT CBOIO IPOJOAKUTEABHOCTE. OTO BBI3BIBAETCH ABYMS NPUUYMHAMU: BO-
TIEPBBIX, HAKAOHOM ITAOCKOCTH SKAUIITHKHU K TIAOCKOCTH HEOECHOTO 9KBaTOPA,
BO-BTOPBIX, SAAUTITHYECKOM popmoii opouThl 3eMan. Korma 3eMast HaXoauTcs
Ha yIaCTKE SAAUIICA, PACIIOAOKEHHOM OAmke K CoaHILy (Ha puc. 18 aTo 110-
AOJKEHHE ITOKAa3aHO CAEBA), TO OHA IBUIKETCH ObIcTpee. Yepes moaroaa 3eMast
OKasKeTCsI B IIPOTUBOIIOAOKHOM YACTH SAAUTICA U OyIET ITepeMENIAThCS 10 OP-
oure megreHHee. HepaBHOMepHOe NBUKEHUE 3EMAH IT0 CBOEH OpOHTE BHI3LIBA-
eT HepaBHOMepHOe BuauMoe nepemenienne CoaHlla 1mo HebecHOM cdepe, T. €.
B pa3Hoe BpeMd rozia CoAHITE ITIEPEMEIAETCS C PA3ANYHOM CKOPOCThIO0. [ToaTo-
MY OPOJOANKUTEABHOCTb UCTUHHBIX COAHEYHBIX CYTOK OCTOSHHO MEHSETCHd U
IOAB30BaThCsI UMU B KAYECTBE eIUHUIILI U3MEPEHUsI BpeMeHU Hey106Ho. [To
3TOM HPUYHHE B IOBCEIHEBHOMN XKN3HU UCIIOAB3YIOTCS HE HICTUHHBIE, a CPEl-
HHE COAHEYHBbIE CYTKH, IIPOJOAKUTEABHOCTb KOTOPBIX HMPUHSITA MOCTOSHHOM.
YcranaBAMBAIOTCSI OHU IT0 ABUKEHU IO CPETHETr0 9KBaTopuaibHOro CotHIa —
BooOpaXkaeMoM TOYKH, KOTOpas ABUXKETCSI PABHOMEPHO IT0 HEOECHOMY K-
BaTOPY U B TOYKaX BECEHHETO U OCEHHETO PABHOAEHCTBHS COBIIAJA€ET C IIeH-
TpoM UcTUHHOTO0 CoAHITa. BepxXHI0I0 KyABMHUHAITHIO CPEIHETO SKBATOPHUAAB-
"Horo CoaHIIa Ha3bIBAIOT CPEJHUM MOJAHEM, a IIPOMEXKYTOK BPEMEHU MEXKIY
OByM4 TIOCA€I0BATEABHBIMU CPEAHUMU ITOAOHIMU — CPEAHUMHU COTHEYHBI-
MU cyTKaMU. [1pooAXKUTEABHOCTE UX BCerja ofruHakoBa. CpeJHUE COAHEY-
HBIE CYTKU OeAdT Ha 24 yaca. Kaxnpiil yac cpeJHEeEro COAHEYHOTO BpeMeHU
B CBOIO oUepeap AeAuTcd Ha 60 MUHYT, a KaxKaass MUHyTa — Ha 60 ceKyH..
3a HayaAO CPeIHUX COAHEUHBIX CYTOK IMIPUHUMAETCS CPpeJHAA IOJHOYb, T. €.
MOMEHT HHUKHEeH KyABMHWHAIIMU CpemHero skBaTopuasbHoro CoaHna. Bpewms,
OPOTEKIIIEE OT MOMEHTA HUZKHEN KYABMHUHAIIUY CPEIHETO SKBATOPHUAABHOTO
CoaHIIa 110 AT0O60TO IPYTOTO €T0 ITOAOKEHHUS HA OTHOM U TOM Ke reorpaduyde-
CKOM MEPHANAaHE, Ha3bIBAETCH CPEAHUM COJTHEYHBIM BpeMeHeM (T¢;).

\

147 MNH Km 152 M/IH Km ):,

29,3 Km/c
T

PucyHok 18 — MNMpuunHbl U3MEHEHUA A/IMTENIbHOCTU UCTUHHDbIX COZIHEUYHbIX CYTOK
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Pa3HoCTE MeXRIy CpEIHUM COAHEYHBIM BPEMEHEM U UCTHHHBIM COAHEY-
HbIM BPEMEHEM B OJIUH U TOT XK€ MOMEHT Ha3bIBAETCS ypaBHEHHUEM BpeMe-
HU. OHO 0003HaYaeTCs rpedeckoi OyKBoi 1. MOKHO 3aIucaTh CAeAyIOIIee
paBeHCTBO:

n= Top— To-

BeanynHa ypaBHEHUS BDEMEHHU 1| OObIYHO IIPUBOIUTCS B aCTPOHOMUYE-
CKUX KareHAapax. [[pubAU3UTEARHO €€ MOXKHO HAUTH 110 TpaduKy (puc. 19),
M3 KOTOPOTO BUHO, YTO YETBIPE pa3a B 'Ol yPaBHEHUE BPEMEHU 1| PABHO HY-
AT0. DTO IPOUCXOAUT ITPUMepPHO 14 attpeas, 14 uroHs, 2 ceHTa0psa 1 24 neka-
Opsi. YpaBHEHHE BpEMEHH 1) IIPUHUMAET HAUOOABIITHE YHCACHHBIE 3HAYECHUS
0K0AO 14 deBpand (n = +14 muH) u 3 HosA0pd (N = -16 MuH).

PazanygaroT Takske 3BE€3HbIE CYTKH (0K0AO 23 4 56 MUH 4 c). 3Bé31HBIE
CYTKH paBHBI IIPOMEZKYTKY BPEMEHU MEXK Y ABYMS II0OCAEI0BATEABHBIMU O/ -
HOMMEHHBIMU KYABMHUHAIIUAMH TOYKH BECEHHET0 PaBHOAEHCTBUA. MOMEHT
BEPXHEU KyABMUHAIIUU 5TON TOYKH, IPUHUMAaEMBbIN 3a HA4aA0 3BE3HBIX CY-
TOK, cunTaeTcsa 0 yacoB 3BE3QHOr0 BpeMeHU. Bpems, mpoTékiiee oT MOMEHTA
BepXHeH KyAbBMHUHAIINH TOYKH BECEHHETO PABHOIEHCTBHUS 10 AF0OOT0 APYTO-
I'o €€ ITOAOZKEHUS Ha OTHOM U TOM K€ reorpaouiecKoM MepruauaHe, Ha3bIBa-
eTCs 3BE3MHBIM BpEMEHEM.

2. onpepenenue reorpaduyeckoil ponrotel. M3amMepeHHe BpEMEHHU COA-
HEYHBIMH CyTKaMU CBA3aHO C reorpadHuiyeckuM MepHuauaHoM. Bpemsd, us-
MepeHHOe Ha JaHHOM MepUAHaHe, Ha3bIBAETCS MECTHBIM BpeMeHeM JaHHO-
ro MepUAuaHa, ¥ OHO OAUMHAKOBO A BCEX IIyHKTOB, HAXOASIIINXCS HA HEM.
KyapMuHarus Ar060# ToUKH HebecHOM cdhephl IPOUCXOAUT B pa3HOE BpeMs

+15 MUH 12415 muH
+10 MUH a 12410 MmuH
+5 MUH / 12405 MuH
0 12400 MuH

-5 muH [~ / 11455 muH
—10 muH / 11450 muH
—35 MUH A {11445 muH
—20 mMuH 11440 muH

1V v vevivi X X XX I

PucyHoK 19 — I'padumK ypaBHEeHUA BpemeHun
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Ha pa3HbIX MepHUAHaHaxX 3eMHoro mapa. [Ipuyém, yem BocToOYHEE 3€MHOH Me-
puauaH, TEM paHBbIIIE B IIYyHKTaX, A€XKaIlMX Ha HEM, IIPOUCXOAUT KYABMUHA-
IUd AW HaUWHAIOTCd CyTKU. TaK Kak 3eMAd 3a KasKIbIi yac [IoBopaduBa-
eTcsd Ha 15°, To pa3HOCTE BPEMEHU ABYX IIYHKTOB B OZIHH YaC COOTBETCTBYET
U Pa3HOCTH AOATOT B 15° (B uacoBoit mepe 1 gyac). OTcrozia MOXKHO CAEeAATh
BBIBOJI: pa3HOCTb MECTHOT'0 BPEMEHHU ABYX IIlyHKTOB Ha 3eMA€ YHCAECHHO paB-
Ha Pa3HOCTU 3HAYEHUM MOATOTHI, BEIDA*KEHHBIX B 4aCOBOU Mepe. [ad mmyH-
KTOB 3€MHOH ITOBEPXHOCTH, PACIIOAOKEHHBIX Ha T'eorpaueCKUX JOATOTax

A1 U Ao, IOAYYIUM:

Tx - TXQ = 7\.1 — 7\.2. (1)

1

3a HavaAbHBIN (HyA€BOM) MepHUaNaH IS OTCUéTa reorpadiecKoi 10A-
rOThI IPUHST MEPUAUAH, IIPOXOAIIIHIH Yyepe3 ['pHHBHYCKYI0 06CepBaTOPHIO
6au3 AonzmoHa. MecTHOe cpefHee COAHEYHOe BpeMs ['pUHBHUYCKOTO MepHuaua-
Ha Ha3bIBAE€TCs BCEMUPHBIM BpeMeHeM. Bce curHaabl TOYHOT'0 BPEMEHHU COOT-
BETCTBYIOT MHHyTaM U CEKyHIaM BCEMHPHOI'O BpeMEHH. B acTpoHOMHYECKUX
KaAeHIapsX U €3KerOHUKAaX MOMEHTHI OOABIITHHCTBA SIBACHUH yKa3bIBAIOT-
C4 I10 BCEMHUPHOMY BpeEMeHH. MOMEHTHI 9TUX IBACHUH [0 MECTHOMY BpeMe-
HU KaKOTO-AM0O0 IIYHKTA A€TKO OIIPENEAUTD, 3HAS JOATOTY 3TOTO IIyHKTAa OT
'puuBHUa.

Ecau B faHHBIN MOMEHT Ha ['pUHBUYCKOM MepHUANAHE BCEMUPHOE BPEMSI
6ynet To, TO B MECTHOCTH C reorpadudeckoi moaroroii A 6yaet T,. CaezmoBa-
TeAbHO, popmyaa (1) mpu Ao = O mpuMeT BU;

A= T — To. (2)

[anHasa opMyasa IIO3BOASIET HAXOAUTh reorpadHUuecKylo JOATOTY IO BCe-
MupHoMmy BpeMmeHH (Tp) 1 MecTHOMY BpeMeHH (T5), KOTOPOe OIIpefeAseTC U3
aCTPOHOMHUYECKHX HAOAIOAEHU.

C mpyroii CTOPOHBI, 3Hasl JOATOTY MecTa HabAaeHUs (L) 1 BCeMUpPHOe
BpeMs (Tp), MOKHO oripeneAanuTh MecTHoe BpeMs (T)):

T.=To+ A.

Pazauume Mexk Iy MECTHBIM BpEMEHEM JaKe HE OUY€Hb JaA€KO PaCIIOAO-
JKEHHBIX APYT OT Apyra HaCeAEHHBIX IIyHKTOB CO30aéT HeyZI00CTBA B IIOBCE -
[HEBHOM Ku3HU. Tak, HaITpuMep, MecTHoe BpeMsi B Bpecre u Burebcke oTan-
qaeTcd Ha 26 MuH. 2KHUTeAn 3THUX F'OpPOIOB, IIpHUe3kKad APYT K APYTY B T'OCTH,
JIOAKHBI OBIAM OBI IIOCTOSIHHO II€PEBOAUTH CTPEAKH 4acoB. OTCloga BO3HHUKAA
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He0OX0UMOCTE BBEEHUS MOACHOU CUCTEMBI CuéTa BpeMeHU. COrAacHO 3Toi
CHCTeMe, BECh 3€MHO I1ap pa3neaéH Ha 24 4acoBBIX I10s1Ca, KaxKIbIH 13 KO-
TOPBIX IIPOCTUPAETCH I10 0ATOTE Ha 15° (Mam 1 4). HacoBoit nogc 'puHBHY-
CKOTOMepHuaUaHa CHUTaeTCsI HyAeBbIM. OCTaAbHBIM I10SCaM B HAIIpaBACHUH
OT HYA€BOI'O Ha BOCTOK IIPUCBOEHBI HOMepa oT 1 go 23. B npeneaax omgHo-
r'o rosica BO BCEX IIYHKTAX B KaXKIbI MOMEHT II0ICHOE BpEM4 OAHMHAKOBO.
B cocennux mosgcax oHO OTAMYAETCS POBHO Ha OUH 4Yac. ' paHHUIIbI II0SCOB B
MaAOHAaCEAEHHBIX MECTaX, Ha MOPLAX U OKeaHax IIPOXOAdT I10 MEpUIUaHaM,
OTCTOLIIMM Ha 7,5° K BOCTOKY U 3ara/y OT LIEeHTPAaABHOTO MepHUauaHa JaH-
HOT'O 4aCOBOTO I0sica. B 0cTaABHBIX pafioHaX IPaHUIIBI ITIOSICOB AT OOABIIIE-
ro ynobcTBa IIpoBeeHbI 110 TOCYyIapCTBEHHBIM U aiMUHUCTPATUBHBIM I'DaHHU-
11aM, FTOPHBIM Xpe0dTaM, peKaMm U IPyTHUM eCTECTBEHHBIM pyOexKaM.

3nasa BcemupHoe Bpemd (Tp) 1 HOMep Hosica JaHHOTO MecTa (1), MOXKHO
HaWTH II0ACHOE BPEMI:

T,= To + n. (3)

UckaroumB u3 opmya (1) u (3) To, ITOAYIUM COOTHOIIIEHHE, TTI03BOAL-
IOIIEE OIIPENEAdTh reorpadUYecKyIo JOATOTY 10 ITosicCHOMY BpeMeHU (Ty,) u
BPEMEHH JIA MECTHOCTH C reorpadudeckoi noarotoit A (75):

T.—Th.=n-A\. (4)

B 11eAs1X 5KOHOMHH U palliOHAABHOT'O PACIIPEAEACHUS SAEKTPOSHEPTHHU B
TedeHMeE CyTOK Ha AETHU U ITIEPH O B HEKOTOPBIX CTPaHaX BECHOH CTPEAKH da-
COB IIEPEBOAAT Ha YacC BIIEPEL — BBOALT JIETHEE BpeMs, a OCEHbIO CHOBA Ha
4Jac Hasafl.

Cy1iecTByeT rpaHUIIa, OTKPbhIBAIOIad HOBYIO AAaTy U AeHb Helean. Mexk-
OyHapoaHad JIMHUA IIePpEeMEeHbI AAT [IPOXOIUT dYepe3 BepruHroB IpoAuB MeXIy
octpoBaMu Tuxoro okeana ot CeBepHoOro noawca a0 KOxkHoro noarca (Mepu-
auaH 180°).

Boaee HaéKHBIM U yIOOHBIM BpEMEHEM CUUTAETCS ATOMHOE BpeMs, KO-
TOpOe ObIAO BBeZleHO MeknyHapoAHBIM KOMHTETOM Mep U BecoB B 1964 r.
3a 9TaAOH IPUHATHI aTOMHbIE (KBaHTOBbIE) Yackl. [Io TakKMM yacaMm CEeKyH-
[la — 9TO IIPOMEKYTOK BPEMEHH, 3a KOTOPBIH npoxonut 9 192 631 770 ko-
AebaHUH 3AeKTPOMATHUTHOM BOAHBI, u3AydaeMoii aromoMm 1ie3us. C 1 sHBaps
1972 r.Bce cTpaHbl 3¢ MHOTI0 IIapa Bey T CYET BPEMEHH 110 ATOMHBIM YacaM .

ATOMHOE BpeMsI OYeHb y00HO AT ICCAEIOBAHUS 3EMAH, IIOTOMY UTO C €70
TIOMOIIIBIO MOXKHO U3y4aTh HEPaBHOMEPHOCTH BO BpAIlleHUH HAIIIEH ITAQHETHI.
OmmbKka xo1a aTOMHBIX YaCOB HEBEANKA — IIpUMepHO 1 ¢ 3a S0 ThIC. AeT.
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3. Kanenpgaps. KameHmapb — 3TO cUCTe-
Ma cuéTa OAUTEABHBIX IIPOMEXKYTKOB Bpe-
MEHHU, B OCHOBE KOTOPOH A€XKaT IIEpUOAYIE-
CKH€ aCTPOHOMHYECKHE SIBACHUS: BpaIlleHUE
3eMAU BOKPYT OCH, U3MEHEHHE AYHHBIX (has,
obpamenre 3eman Bokpyr CoaHna. Arobad
KaAeHJapHad CUCTeMa OIIUpaeTcs HaTpHU
OCHOBHBIE€ €IUHUIILI U3MEPEHUS BPEMEHH, a
HMEHHO: CpeIHHUE COAHEYHBIE CyTKH, CHHO-
OUYEeCKUH (MAU AYHHBIN) MecsI] ¥ TPoIrye-
CKUY (MAU COAHEYHBIN) rof.

. PUCYHOK 20 — AHTUKUTEPCKUiA
CuHOAUYECKUU MeCHIl — 3TO ITPOMEXKY- MeXaHU3M

TOK BPEMEHHU MEXKAY ABYMS IIOCAEI0BATEAD-
HBIMU OIMHAKOBBIMH (pazamu AyHbl. OH paBeH 29,5306 cyTok. Tponmuueckuit

ToJi — IPOMEIKYTOK BPEMEHH MEXKY ABYMS ITOCAEI0BATEABHBIMH ITPOX03K-
nenuamu neaTpa CoAHIla Yepe3 TOYKY BeCEHHEro paBHoaeHCTBUd. OH paBeH
365,2422 cyToK. 3-3a MeIA€HHOTO IBUKEHUS TOYKH BECEHHETO PABHOIEH-
cTBUs HaBcTpedy CoAaHITy, BBI3BAHHOTO ITpereccuert, CoaAHIe OKa3hIBAETCH
B TOH K€ TOUKe Heba OTHOCHUTEABHO 3BE3/] Yepe3 IMIPOMEXKYTOK BpEMEHHU Ha
20 MmuH 28 c 6OABIIHHI, Y4eM TPOITUYECKHH ro/1. OH Ha3bIBAETCH 3BE3HBIM I'0O-
JXOM U conepRuT 365,2564 cpeTHUX COAHEYHBIX CYTOK.

CuHOIUYECKUU MECSI] U TPOIUYECKHH T'ofl HE COAEPKAT IIEAOTO YHUCAA
CpeoHUX COAHEYHBIX CYTOK, IIO3TOMY HEBO3MOXKHO 10400 paTh TAKOE IIEA0E
YHCAO TPOIIUYECKHUX AET, B KOTOPBIX COMIEPIKAAOCH OBI IIEAOE YUCAO CHUHOIH-
YECKUX MECHIIEB U IIEAO€ YUCAO CPETHUX COAHEUYHBIX CYyTOK. CTpeMAEHUE CO-
rAacoBaTh MeXK Iy COO0# CyTKH, MECSIIT ¥ TO] IPUBEAO K TOMY, YTO B pa3HbIE
STI0XHU Y PA3AUYHBIX HAPOA0B OBIAO CO3JaHO MHOTO BUI0OB KaAeH1apeii, KOTO-
pbIe MOXKHO YCAOBHO Pa3I€AUTE HA TPU THUIIA: AYHHBIE, AYHHO-COAHEYHBIE U
coaHeuHble. Ha pucyHke 20 rokazaHo MeXaHUYeCKOE ITPUCITIOCOOAEHIE, CO3-
JaHHOE ApEeBHErpedYeCKUMHU acTpoHoMaMu Bo Il B. 10 H. 3. 11asd pacyéra IBH-
keHud AyHbl, COAHIIA U TIAQHET B KAACHJAPHBIX IIEATX.

B siyHHOM KajieHAape o JeAUTCs Ha 12 MecsiiieB, cofiepsKallx ITOIEPEMEHHO
30 nau 29 cytok. Becero B AyHHOM KaseHaape 354 nau 355 cpefHUX COAHEYHBIX
CYTOK, T. €. OH KOPO4€ COAHEYHOI0 roia mpuMepHo Ha 10 cyToK. ITOT KaseHIaph
TIOAYYHA IITUPOKOE PACITPOCTPAHEHUE B cTpaHax BamkHero BocToka 1 IpuHAT
B COBPEMEHHOM MCAAMCKOM MUpe. M3-3a TOTo YTO AYHHBIN IOl UMEET MEHBIIIE
JOHEH, YeM TPOITMYECKUH, Y MyCyAbMaH HadaA0 Io/ia IIOCTOSTHHO TIEPEMEITIAeTCS
110 CE30HAaM U BBITI/IAE€T TO HA BECHY, TO HA ACTO, TO Ha 3UMY, TO HA OCEHb.
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JIyHHO-CO/IHEeUYHBbIe KaJIeHAapHu Hanboaee CAOXKHBIE. B HUX cymMMa HEKOTO-
POr0 KOAMYECTBA AYHHBIX MECSIIIEB IIPUOAU3UTEABHO COOTBETCTBYET IIPOIOA-
JKUTEABHOCTH TPOIIMYECKOTO roja. B ocHOBeE 3THX KaseHaapei A€3KUT COOTHO-
meHye: 19 COAHEYHBIX A€T paBHBI 235 AYHHBIM MecdllaM (C OIIMOKOM OKOAO
2 4). l'on meanTcsa Ha 12 MecsaleB, KaXKObIH 13 KOTOPhIX HAUNMHAETCS C HOBOAY-
HU4. B HacTodiliee BpeMsd Takas CHCTEMa COXpPaHUAACh B EBPEMCKOM KaAreHJa-
pe. OH comepxuT 12 nau 13 MmecarieB B roay. [1pomoAXKUTeABHOCTh HEKOTOPBIX
MECHIIEB KazKAbIM Mol MEHAETCH, Ha4aA0 I'ola BCETa IIPUXOJUTCS Ha OCEHb, HO
HE COBIIQIAET C OJHOU U TOH 2Ke aTON IPUIOPHUAHCKOI'0 KaACHIaps.

PrMagHe nepBoHAYaABPHO HCYHCASIAM BPEMS AYHHBIMU rogamMu. HoBel
roxm HaunHaacs 1 MapTa. 1o CHX II0p HEKOTOPbIE MECSIIbI COBPEMEHHOIO Ka-
A€HJIaps Ha3bIBAIOTCA B COOTBETCTBUU C 3TOU Tpaauluei: ceHTaOopb — «celb-
MO, TeKabpb — «AeCSTBIN» U T. 1. BriocAeicTBUY TIEepBBIH AeHb roaa O6bia
nepeHecéH pUMAgIHaMU Ha 1 sHBaps, Tak Kak ¢ 153 I. 10 H. 3. B 3TOT JI€Hb
BCTYIIaAH B IOAKHOCTb KOHCYABI (puc. 21).

OHUM U3 IEPBHIX COTHEYHBIX KAJEHAAPEeH CIUTAETCS ETUIIETCKHI, CO3-
JOaHHBIN B 4-M ThIC. 10 H. 3. [lo 3TOMy KaareHapIo rof cCocTodA U3 12 mecd-
11eB 110 30 gHel B KaxKZIOM, a B KOHIIE To/la 100aBASIAOCE elé S ITpa3 HHuY-
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PucyHoK 21 — [lpeBHUiIA pUMCKUIA KaneH[apb
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HbIX nHell. CoBpeMeHHBIH KareHaapb 0epéT Ha9aA0 OT COAHEYHOTO PHMCKOIO
KaAeHaps, IOSIBUBIILIErocs B pe3yabTaTe pedopmbl FOAus Lle3zaps (oTcrona
€ro Ha3BaHHUe — IJIMAHCKUM), IpoBenéHHOM 1 auBaps 45 r. 1o H. 3. Cpen-
HSISI IPOJIOATKUTEABHOCTD I'0ZJa, COTAACHO 3TOMY KaAeHOapio, Oblaa paBHA
365,25 cyTOK, YTO COOTBETCTBOBAAO U3BECTHOH B TO BPEMSI IAUHE TPOIIHYe-
ckoro roza. [lag ynobcTBa TpH rofia MoAPSII CIUTaAN ITo 365 qHel, a Ha YeT-
BEPTHIH (BUCOKOCHBIH) 106aBASIAM AUIITHHE CyTKH — 366 nHeil. ['ox cocTosia
u3 12 mecaneB: HedéTHBIE Mecdllbl — 31 AeHb, 4éTHble — 30 mHel; TOABKO
deBpasb IPOCTOT0, HEBUCOKOCHOT0, TOa Cofepkaa 28 mHel.

BcaencTBue TOro 4TO MPOAOAKHUTEABHOCTD IOAMAHCKOIO I'ofla JAWNHHEE
Tponudeckoro Ha 11 muH 15 c, 3a 128 aeT HakanAMBaAach OIIHMOKA B IIe-
AbIE CyTKH, a 3a 400 aeT — 0KoAO TPEX cyToK. C TedeHHNEM BPEMEHH KaA€H-
Japhb 3anasabiBas Bcé 6oabllie u 6oabiire. [ToaTomy B KoHile XVI B. BeceHHee
paBHOAEHCTBHE HacTynaao He 21, a 11 mapra. Omubka Obira HCIIpaBAe-
Ha B 1582 r., Korza raaBa KaToandeckoi 1iepksu narna 'puroputi XIII cos-
JlaA CIIEIIMaAbHYI0 KOMUCCHUIO 110 pedpopMe KareHAapsl, IePeIBUHYBIIYIO CUET
nHelt Ha 10 cyToK BIIEp€n U BEPHYBIIYIO BECEHHEE PAaBHOAEHCTBHE Ha 21 Map-
Ta. UcripaBAeHHBIN KareHIAPD IIOAYYHA Ha3BaHUE TPUTOPUAHCKOrO KaJIeH/a-
PA 1AH KaJIeHJapAa HOBOTO CTWIA. B yecTs ero BBeieHNS ObIAa OTYEKaHEHA
namaTHas Menaab (puc. 22). CucreMy cuéra BpEMEHHU 110 IOAMAHCKOMY Ka-
A€HIApPIO cefdyac Ha3bIBalOT CTAPbIM CTUJIEM.

BucCOKOCHBIM rol B TpPUTOPHUAHCKOM KaA€HIape — KazK/AbIX 4eTBEPTHIN,
3a UICKAIOYE€HHUEM I'OJI0B C [IEABIM YHCAOM CTOAETHH (HanpuMmep, 1700, 1800).
Takoii rog cuuTaeTcss BACOKOCHBIM TOABKO TOT/Ia, KOT1a YHUCAO COTEH IEANUT-
cs Ha 4 6e3 ocraTKa.

PUCYHOK 22 — Mepganb, BbiNyLLeHHaA B NaMATb O BBEAEHUM rPUrOPUAHCKOro KaseHAaapsa
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B Poccuu aToT KaseHnapb 6614 BBeAEH co cpenpl 31 guBapst 1918 r. Cae-
OYIOIIH NeHb y3Ke ObIA 14 peBpansd, Tak KakK K TOMY BpeMeHH! KaAeHapHast
pa3HHulla MeKy HOBBIM U CTapbIM CTHAEM JOCTUTrAA 13 nHei. 9To pazandue
B 13 cyTok Oyzet coxpaHsaTscda 10 15 dpeBpaag 2100 r. 1o cTapoMy CTHAIO,
nau 1o 28 dpeBpaag 2100 r. 1o HoBoMy CTHAIO. [Tocae 9To 1aThl OHO YBEAU-
YHUTCS Ha OTHU CyTKH U CTAHET PaBHBIM 14 cyTKaM.

'puroprnanckuit KaaeHAAPHBIN I'of JAMHHEE COAHEYHOIO roga Ha 26 c.
AWIITHHUE CyTKH HaKOIISITCH TOABKO B L B. H. 5., IOTOMY 4TO pa3HHIla B OOUH
neub Haberaet 3a 3280 aer.

Heob6xonuMo oTMETHUTE, YTO ¥ TPUTOPUAHCKHUY KaAeHIaph He AHIIEH He-
[OCTaTKOB: HEOAVWHAKOBAs ITPOJOAKUTEABHOCTb MECAIEB, HEPaBHBIE KBapTa-
ABI, HECOTAACOBaHHOCTD YUCEA MECSIIIEB C AHAMHU HEJIEAH.

MHoOro BOIIpOCOB BBI3BIBAIOT U IIPHUBBIYHBIE HA3BAHNI MECSIIEB. Tak, HIOAD
Ha3BaH B [1aMaTh 0 puMcKoM uMmnepatope HOanuu Llezape, aBrycT — B 4eCThb
puMckoro uMmneparopa OkraBuaHa ABrycra. OcTasbHBIE MeECHAIBl KaA€HAAPS
IIOAYYHMAHY CBOM Ha3BaHUS II0-PA3HOMY: HAIIpUMEDP, IHBApPh — B YECTb PUM-
cKoro 6ora fHyca, (peBpasb — B Y€CTh €3KETOIHBIX SI3bIMECKHUX 00PSII0B OYH -
LIIeHWd, MapT — I10 UMeHHu 6ora Mapca, mait — 6oruHu Maiiu, utoHs — 60-
ruHu IOHOHBI. HaszBaHud «CeHTIOPE», «OKTAOpPBH», «HOSOPB», «IeKaOpH
IIEPEBOAATCS C AQTHHCKOIO SI3bIKa COOTBETCTBEHHO KaK «CEIBMOM», «BOCH-
MOy, «1€BATHIH», « 1€CATHIN» U B HACTOSIIIIEE BPEMS HE COOTBETCTBYIOT 3TOM
HyMepaliuu.

Kpome cuéra mecsiieB B rogax, CAEAyeT BECTH CUYET U caMuM rogam. las
9TOH 11€AM HU3APEBAE UCIIOAB30BAAUCH 3PBI, T. €. JAUTEABHbIE ITPOMEKYTKHU
cuéTa AeT. JPOU HA3BIBAETCH UCXOAHBIH IIYHKT KAXKI0TO A€TOUCIYUCACHUSI.
Y pa3HBIX HapOJOB 3PbI ObIAM Pa3HBIE U CBSI3bIBAANCE C KAKUMH-AHN00 3HaMe -
HATEABHBIMH COOBITUSIMH AU C TOAaMH ITPaBAECHHUS [Tapel 1 UMIIepPaTOPOB.

B Pume ncrnoab3oBasachk 3pa oT ocHoBaHUs Puma (753 r. 110 H. 3.) B CUHET
rOZI0B OT HAa3HA4YEHUs KOHCYAOB. B cpeqHeBekoBoi EBporie 6p1aa pacipoctpa-
HeHa opa [JuokAeTHaHa, CiNTaBIIadCd OT BOCIIECTBHS Ha IIPECTOA UMIIEPATO-
pa [duorkaernana (29 aBrycra 284 r. H. 3.). OHa mpuMeHgaach 10 XV B.

B dpeBHett I'pern npumeHdaacs 9pa OanMmnuag (Hadaao 776 T. 10 H. 3.).
OanMIiabl IPOBOAUANCEH Pa3 B YETHIPE rofia.

Ny nmen oTcYUTBIBAIOT HAYAA0 SPbI OT COTBOPEHHS Mupa — oT 3761 1. 10 H. 3.

XpHuCTHaHE UCIIOAB30BaAU 3Py OT COTBOPEHUI MUPAa, IPUHUMAad Ha4aA0 B
5508 r. 1o H. 3. Opy oT PoxkaecTBa XpHUcTOoBa pacCYUTaA ITATICKUHT apXUBa-
puyc Juonucuit Maaeiit B 525 r. OH nnpupaBHsia 248 T. 3pbl [IlOKAETHAaHA K
532 r. ot poxaenud Xpucra. 9pa ot PoxnecrBa XpucroBa, NAH HOBad 3pa
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(HamIa 3pa), YaCTUYHO Hadasa IIPUMEHATHECH C X B., & IOBCEMECTHO B KaTO-
AWYECKHUX CTpaHax — AUIIb ¢ XV B. B Poccuu ona 6rviaa BBezmena B 1700 .
ykas3oMm IleTpal, coraacHo KoTopomy nnocae 31 nekabpst 7208 r. oT coTBOpPE-
HUS Mupa HacTynuao 1 suBapa 1700 r.

MyCYABMaHC BCETr'o MHpPA HCIIOAB3YIOT CBOIO 9Py, KOTOpPad HA3bIBA€TCd

XUMKpPa U BeOET CUET AET OT AaThl IIepeceAeHUs mpopoka Myxammena mu3
Mekku B MeauHy, 4TO IPOU3OIIAO B CEHTIOpe 622 T. H. 3.

N

i

\}
\_!/’

I'1aBHBIE BHIBOABI

1. IIpoMesKyTOK BpeMEeHU MEXKIY ABYMS ITIOCAEI0BATEABHBIMHU O/I-
HOUMEHHBIMU KyABMHUHAITUSIMU IIEHTPa COAHEYHOTO AMCKa Ha OTHOM U
TOM K€ TeorpaduyecKoM MepUAuaHe Ha3bIBAETCSI UCTHHHBIMU COAHEY-
HBIMU CyTKaMH.

2, V3-3a HepaBHOMEPHOCTH UCTUHHBIX COAHEYHBIX CYyTOK B TIOBCE-
JOHEBHOM JKHU3HU UCIOAB3YIOTCS CPENHUE COAHEYHBIE CYTKHU, ITPOIOAKU-
TEABHOCTH KOTOPBIX IIOCTOSHHA.

3. 3BE3MHBIE CYTKU — ITPOMEKYTOK BPEMEHHU MEXKAY ABYMSI IIOCAE-
J0BaTeAbHBIMU OJHOMMEHHBIMHM KYABMHWHAIIMSIMHU TOYKU BECEHHETO paB-
HOJICHCTBHS HA OTHOM M TOM K€ reorpadudeckoM MepUIUaHe.

4. l'eorpacuyeckas T0ATOTA JaHHOH MECTHOCTH OIPENEATETCH pas-
HOCTBHIO M€Ky MECTHBIM U BCEMUPHBIM BPEMEHEM.

5. KaaeHmaps — 3T0 cucremMa cuéTra JAUTEABHBIX ITPOMEXKYTKOB Bpe-
MEHH, BOCHOBE KOTOPOH AeKaTIIEPUOANIECKUE AaCTPOHOMUYECKUE SIB-
AeHUd. MBI XKUBEM I10 TPUTOPUAHCKOMY KaA€HIapIo.

{ ? . KOHTpO/bHbIE BONPOCHI U 3a8aHNA

1. Yem OTAMYAKOTCA UCTUHHbIE COMIHEYHbIE CYTKU OT CPEeLHUX CONHEYHbIX CYTOK?
2. Y10 Ha3bIBAlOT 3BE3AHBLIMU CYyTKAMN?

3. Y10 NOHMMAIOT NOL yPaBHEHUEM BPEMEHU?

4. Y10 NOHMMAIOT N0 BCEMUPHBIM BpPEMEHEM?

5. B 8 4 00 MMH rPUHBUYCKOrO BpEMEHU onpeaenmnun ms HabnwoaeHmn ConHua 10 4
13 MUH cpepHero conHe4yHoro BpemeHun. Kakosa reorpaduyeckana gonrota mecra
HabnoaeHna?

6. HaNnguUTe pasHULY B cpefHEM COTHEYHOM BPEMEHM A/1A rOpoAoB rpoaHo n Mornnés.
7. YTOo NOHMMaAIOT NOA, NIMHUEN NEPEMEHDBI JAaT? IAe OHa  NpoxoauT?

8. Ha30BUTEe KaneHAapHble CUCTEMbI. HA KaKMUX MPUHLMNAX OHU CTPOATCA?

9. B 4éM COCTOUT OTINUUNE TPUTOPUAHCKOTO KaneHAapa OT KOJIMAHCKOTo?

10. Moyemy Henb3a €o34aTb abCONOTHO TOYHbIN KaNeHAapb?



ABUXXeHune HebecHbIx Ten

§ 6. l'ennoueHTpuueckan cucrema KonepHumka

B npeBHOCTH HEBOOPYKEHHBIM I'AA30M Ha-
OAIOJAAUCH S5 IPKUX CBETHA, [IOCTOSTHHO II€PEMEIIAIOIINXCH OTHOCUTEABHO
HEIIOABUKHBIX 3BE€3/1 co3Be3ul. [IpeBHUE I'PEKU Ha3BaAH 3TH CBETHAA ILJIA-
HeTaMHu (rped. planetes o3HadaeT OAyKOAONMH) U JaAU UM COOCTBEHHbBIE
umeHa: Mepkyputii, Beuepa, Mapc, FOnurep u CaTypH.

[TaaHeTsI Bcerza pacrosararoTcs Ha HeOe HeJaA€Ko OT SKAUIITUKHY, HO B
otanure oT CoaHIIA ¥ /AYHBI BpeEM OT BPEMEHU MEHSIOT HallpaBAEHUE CBOE-
ro aprkeHNd. OHU IIEpEMEIAI0TCI MeXK Iy 3BE31aMU B OCHOBHOM C 3aIlafa Ha
BoCTOK (Kak CoaHIle U AyHa), coBepllas npaMoe ABu:keHne. OgHaKo B oIIpe-
neA€HHOE BpeMs ABIKEHUE ITAAHETHI 3aMEIASETCs, U OHA HAaYMHAET IBUTaTh-
cs C BOCTOKA Ha 3amaj], CoBepllasd NOMATHOe ABHKeHHue. 3aTeM B0300HOBAS-

PucyHok 23 — Bugumoe netneobpasHoe asmxeHne Mapca.
CocTtaBHas ¢poTtorpadums, Nosy4eHHasa B TeUeHUE HECKOJ/IbKUX MECALLEB
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eTcd IIpsiMoe ABuXKeHHe. Mcxond 13 3Toro, BUAUMBIH Iy Th KaxK 0¥ TAaHETHI
Ha HeOOCBOAE — CAOXKHAasl AUHHUS C IETASIMH. OTa TPAEKTOPUSI K TOMY 3Ke
MeHSEeTCHd OT ITUKAA K ITUKAY, B TedeHHe KOTOPOTO ITAaHeTa BO3BpalllaeTcs
IIPUMEPHO Ha OHO U TO K€ MECTO Cpeaiu 3BE3 (puc. 23).

2. cuctema mupa Mronemen. Hamboaee paHHUMU M3 H3BECTHBIX IIOIIBI-
TOK IIOCTPOEHHUAI CUCTEMBI MUpPa IIPUHAAAEKAT APEBHUM I'peKaM — AHAKCH-
MaHIpy, OMIIeNoKAY, EBIokcy u op.

Bo II B. H. 5. KaaBauii [IToaemeli, HCIIOAB3yS HAOAIOAEHUS U UIEH CBO-
UX IPEeLIECTBEHHHUKOB, a TaK¥XKe COOCTBEHHEBIE, pa3paboTas reoneHTpuue-
CKYIO CUCTEMY MHPA, ITI03BOAIBIIYIO BEIYHCAATE ITIOAOXKEHUS ITAQHET OTHOCH -
TeABHO 3B€3/1 Ha Oyayliiee BpeMs U IpeICKa3bIBATh HACTYIIACHHE COAHEYHBIX
U AYHHBIX 3aTMeHHUH. [IToaeMel co3aan MOIEeAD, HCIIOAB3YSI OOILIETIPUHATYIO
B aHTHUYHOCTH HIEI0, YTO BCE CBETHAA ABHUKYTCHI BOKPYT HEIIOABUKHOH 3€M-
AV, KOTOpAs IBASETCS [IEHTPOM MUPO3OaHULI U HUMeeT I1apoobpas3Hyto hop-
My. [ass oOBSICHEHHS CAOZKHOTO IIETA€O0PAa3HOro ABUKEHHS IaaHeT [IToae-
Mel BBEA KOMOHMHAIIUIO ABYX PABHOMEPHBIX KPYTOBBIX JBUXKEHU: IBUKEHUE
caMO¥ IIAQHETHI 10 MaAOH OKPYKHOCTH (3IMMHUIIMKA) U oOpallleHHe IIeHTpa
3TOM OKPY3KHOCTH BOKPYT 3eMau (aedeperT). [Ipu KoMOMHaIU ABYX KPY-
TOBBIX ABUXKEHUM [TOAyYaAACh AMTUIIUKAOK A, II0 KOTOPOU ABUTraAaCh I1AaHE-
Ta (P), — pucyHok 24.

[To Mepe HakOIIAeHHUS HAOAIOIEHUH 0 IBUKEHUSIX ITAaHeT Teopus [IToae-
Med BCE OOABIIIE YCAOXKHAAACH (BBOOUAUCH JIOIIOAHUTEABHbIE KPYTH C pas-
AWYHBIMHU pafuycaMM, HaKAOHaMH, CKO-
POCTSIMHU U T. II.), YTO BCKOpPE CHAEAAAO €€
CAMIIIKOM TPOMO3IKOH U HEyTOoOHOH.

3. cuctema mupa KonepHuka. B XVI B.
MOABCKUM y4é€HbIli Hukoaaii KomepHUK,
0TOPOCHUB AOTMAaTHYECKOE MIPEACTABACHUE
O HETIOABHIKHOCTU 3€MAH, IIOCTABHA €€ B
9HUCAO PAOOBBIX NAaHeT. KomepHUK yKa-
3aA, 4To 3eMAsl, 3aHUMAas TPETbE MECTO
ot CoaHIla, Tak XKe, KakK U ApyrHe IAa-
HETBI, ABUKETCSI B IIPOCTPAHCTBE BOKPYT
CoaHIIa U OTHOBPEMEHHO BpalllaeTcs BO-
KpyT cBoel ocu. I'eqmoneHTpuUYecKas cHu-
crema KoriepHuKa 04eHb IIPOCTO 0OBSICHSI-
Aa meTAeoOpa3Hoe ABHXKeHHe MaaHeT. Ha PucyHok 24 — TpaeKkTopus
pHCcyHKe 25 rokasaHo aBuxeHue Mapca nnaHetbl no moaenu MNronemesn

Henoasu»KHaa 3emnn /

dnuumknonga
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« ®KHenoaBuKHbIEN SBéB,ﬂ,bl

L]
L]
MonATHOe aBMXKeHKe

MNpamoe asuxeHne
.

PUcyHOK 25 — Ob6bsacHeHUe neTneobpasHOro ABMKEHUA NAaHeT
ucxopna ns yueHua KonepHuka

Ha HebecHO# cdepe, HabaromaeMmoe ¢ 3eMan. OIMHAKOBBIMU LU PAMU OTMe-
4eHBI IT0AOKeHUs Mapca, 3eMAU U ToOYeK TpaeKTopHuu Mapca Ha HeGocBoie
B OZIHH U T€ XK€ MOMEHTHI BpEMEHHU.

leonenTpuyeckas cucreMa IlToaeMes: He I103BOASIAA U3MEPUTH PACCTOSI -
HUeE [0 IIAaHeT. ['eanolieHTpHUYecKas cucTeMa KonepHuKa BIIEpBbIE fasa BO3-
MOXKHOCTB paccuuTaTh Ipornopiuu CoAHEYHOH CHCTEMBI, IIOAB3YSCh pa Uy -
COM 3eMHOM OpOUTHI KaK aCTPOHOMHYECKOH e TUHUIIEH JANHEI.

C'aaBHEIM HayuHBH TPy KontepHuka «O6 o6patieHusgIX HeGeCHbBIX cpep»,
Ha HaIlMCaHHE IIIEeCTH KHUT KOTOPOTO ObIAO IoTpadeHo 6oaee 20 aeT, ObIA
ory0AMKOBaH B 1543 1., HE3aJOATO 10 CMEPTH yIEHOTI0. PEBOAIOIIHOHHOCTE
Tpyna KomepHHKa COCTOHUT B TOM, UYTO B HEM HOBBIF B3TAdll HA CTPOEHUE
CoAaHEYHOH CHCTEMBI HEPa3pPhIBHO CBSI3aH C BOIIPOCOM O IIOAOKEHHUH 3eMAU
Bo Bceaennol. [TpocToTa 11 CTpOMHOCTE CHCTEMBI CTPOEHUS MUPA, U3A0XKEH-
Hott KonmepHHKOM, OBICTPO HAIIAA CTOPOHHHUKOB. YdyeHHe KorepHUKa 0CBO-
60I1A0 HAYKY OT YCTAPEBIINX U CXOAACTHYIECKUX TPAIUIIUH, TOPMO3HUBIIINX
eé pasButHe. OOMHAKO caM BEAUKHU aCTPOHOM OCTaBaACd B IIA€HY HEKOTO-
pBIX Ipenyoexxaenuii. Hapumep, KortepHUK TaKk ¥ HE CMOT OTKa3aThCS OT
IIpeaCTaBACHHUS, YTO IAQHETHI ABUKYTCS PABHOMEPHO I10 KPYTOBBIM OPOH-



§6. re2IMoueHTpmnyecCkana cuctema KOI'IepHMKa

41

TaM. [loaToMy ero moaear BceaeHHOM TakKe
cozepkara MHOKECTBO chep — SMUIIHNKAOB U
neepeHToB.

Beaukull utasbgHCKUN y4€HBIN [Naanaeo
lFaanaed moarBepaua yyeHue KorepHHUKa CBO-
HUMH OTKPBITUIMHU, CACAAHHBIM U ITPU IIOMOIITH
TEAECKOIIA.

Horaunn Kenaep passua yueHue KonepHu-
Ka, OTKPBIB 3aKOHbBI ABHUKEHUH [TIAQHET, U [10-
Ka3aa Ha OCHOBe (PaKTOB, YTO IIAQHETHI IBU-
JKYTCS I10 9IAAUTICAM ¥ HEPaBHOMEPHO.

Hcaak HrprooToH omybankoBaa B 1687 r.
OTKPBITBIH UM 3aKOH BCEMHUPHOI'O TATOTEHU,
KOTOPBIN II03BOAUA BBIPA3UTh TEOPHUIO JABUIKE-
HUS [IAQHET B BHAE POPMYA U OTKa3aThCs Ha-
BCErja OT I'POMO3IKHUX I'€OMETPUYECKHUX I10-
CTPOEHUMH.

3emna

PuUcyHoK 26 — Cxema
KOHPUrypaumii HIXKHUX NNaHeT:
1 — HUXKHee coeaUHEHUE;

2 — Haubonbluana 3anagHasn
3/10Hraumn; 3 — BepxHee

coeaunHeHune; 4 — Hanbonbluan

4. KoHdurypaumm u ycnoBus BULAUMOCTHU BOCTOMHAA SNOHTALMA

nnaver. [lonq KOHPUTypanMAMH IIAQHET ITIOHU-
MaloT XapaKTepHble B3aMHbIE€ PACIIOAOKEHUI maaHeT, 3eMau 1 CoaHIA.
Kondurypanyuu pasanyHbl A9 HUAKHHUX [IAaHET (OpOUTHI KOTOPBIX HAXOMST-
cs1 K CoaHIy 6AMIKe, yeM opOuTa 3eMAH) 1 BEPXHUX ITAaHeT (OpOUTHI KOTO-
PBIX PACIIOAOZKEHBI 38 OpOUTOH 3eMan).

JAsT HUZKHUX IAQHET BBIZIEATIOT COeJUMHEHUA U JIOHTallMU (BUIUMOe
yrAoBO€ paccTosiHue naaHeTsl oT CoaHIA) (puc. 26).

B HHKHEM CoeJUHEHHUH ITAaHeTa 0AMXKe BCeTo K 3eMAe, a B BEPXHEM —
JaAblile BCEro oT Heé. [Ipu 9AOHTaINgX YTOA MEXK Ty HAIIpaBA€HUAMHU C 3eM-
an Ha CoAHIIE ¥ Ha HUZKHIOIO IIAQHETY, He ITPEBBIIIasgd KaKOH-TO OolpeaeAEH-
HOM BEAMYHHBI, OCTAETCSI OCTPBIM. M3-32 9AAUTITUYHOCTH TAQHETHBIX OPOUT
HaUbOABIITHE SAOHTAIINH He UMEIOT IIOCTOSTHHOTO 3HadYeHusd. Y BeHeprl oHU
3aKAIOYEHBI B IIpezieaax ot 45 no 48°, a y Mepkypus — ot 18 mo 28°. O6e
IIAQHETBI HEe OTXOAST Aaseko oT COAHIIA U IT0O3TOMY HOYbBIO He BUAHBI. [Ipo-
JNOAKUTEABHOCTh UXYTPEHHEN NAU BeUepHEN BUMMOCTH He ITPEBBIIIIaeT dye-
TBIPEX yacoB nas BeHepb! 1 moayTopa dyacoB nag MepKypus. MepKypuii mHO-
IZla COBCEM HE BH/IEH, TaK KaK BOCXOIUT U 3aXOAUT B CBETAOE BPEMSI CYTOK.

PazanyaroT BOCTOUYHYIO U 3aIlaHYIO SAOHTAIH. B BocTO4YHOM 3A0HTA-
IIUH IAaHeTa HabAIo1aeTcs BedepoM nocae 3axoaa CoaHIIA, a B 3aaHOH —
yTpoM nepen BocxonoM CoaHIA.
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JlAsT BEpXHUX IIAQHET (pHC. 27) XapaKTep-
HBI IPyTHE KOH(UTYPAIIUH.

Ecau 3emas oka3bIBaeTCa MEXIY MAaHe-
Toit 1 CoAHIIEM, TO TaKas KOH(UTYpaIUd Ha-
3bIBAETCS HMPOTHBOCTOSHHUEM. JTa KOHQUTypa-
11 Hauboaee 6AaTOIIpUSITHA AAsT HAOAIOMEHU M
MAQHETHI, TaK KaK B 9TO BpeMs ITAaHeTa Hax0-
OUTCs OAMXKe BCero K 3eMAe, MOBEPHYyTaA K
HEeH CBOMM OCBEIIEHHBIM ITOAYIIIAPUEM U, Ha-
XOOsCh Ha HeOe B IPOTUBOIIOAOKHOM COAHITY
MecTe, ObIBaeT B BepxHeil KyAbMUHAIIUH OKO-
AO TIOAYHOYH. B coefuHEeHUY nAaHeTa Haubo-

PucyHok 27 — Cxema A€€ ylaneHa OT 3EMAH U He HABAIO[@eTCs, TaK
KOHOUrypauuii BepxHuxnaaHer: . repsieTcs B ayaax CoAHIIA.

1 — coepuueniue; Ecau yroa Mexxmay HaIpaBACHUAMU C 3eM-

2 — 3anagHan KBaapartypa;

3 — npotMBoCTOAHME; AY Ha BEPXHIOI TaaHeTy U Ha COAHIIE CO-

4 — BOCTOYHaAA KBappaTtypa craBasgeT 90°, To TOBOPSAT, YTO HAAHETA HAXO-

OUTCS B KBajipaType. Pazanyalor 3amagHyio u

BOCTOYHYIO KBapaTyphl. B KoH(uUrypamu 3amnagHol KBaapaTyphl IAaHETa

BOCXOIHUT OKOAO TIOAYHOYH, & B BOCTOYHOH — 3aX0UT OKOAO ITOAYHOYH. Mo-

MEHTBI KOH(PUTYPAITHU TAQHET U YCAOBHS UX BUAHUMOCTH €3KETOIHO ITyOAHU-

KyIOTCS B aCTPOHOMHUYECKUX CIIPABOYHUKAX U KaACHIAPSIX.

3

5. cugepuyeckne M cuHoguueckue nepuopbl obpaweHusa nnaHer. [Ipome-
JKYTOK BPEMEHH, B TeUeHHE KOTOPOTO ITAQHETa COBEPIIIAET IIOAHBIH 000pOT
BOKpyT CoAHIIA ITO OpOUTE OTHOCUTEABHO 3BE31, HA3bIBAETC 3BE3THBIM AU
CHU/IEpUYECKUM NepHOAOM 00paleHNs IIaHeThl.

[TpoMeXyTOK BpeMEHU MEXKAY ABYMS IIOCAE€LOBATEABHBIMHU OOHOUMEHHBI-
MU KOH(QUIYpALUSIMU ITAQHET Ha3bIBAETCH CUMHOAMYECKUM IePHOAOM (rped.
synodos — cobpaHue, coeIMHEeHNe) O0paleHus IIaHeTbl. OH OTAMYAEeTCs OT
3BE3HOTO IEPHOA.

YcTaHOBUM B3aMMOCBS3b CUHOAMYECKOIO U CUAEPUYECKOr0 IIEPHUOI0B 00-
palieHus IIAaHEeT.

[Tycts T — cupmepudeckuil mepuon oOpaleHusa maaHeTbl, a Ty — CH-
AepudecKuii mepuo odparneHus 3eMAH; S — CHHOOUYECKHU ITepHon 00-
pauleHus raaHeTsl. CpenHee 3HAUYEHHE OyTH, KOTOPYIO IIPOXOAUT IIAaHE-
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Ta 3a OAHU CyTKH, Ha3bIBaeTCd CPpeIHUM 096\AT3 36M/7,,,
360°

T

OBUXKEHUEM (n) u OyeT paBHO n =

K

a cpegHee ABUKEHUE 3EMAU — N _ 3—76,—0—0 )
0

Y HuxxkHUX niaaHeT T< Tou n > ng. OpgHO-

HUMEHHBbIE COENMHEHN TAKUX ITAAHET (Ha-
IIpUMeD, HUXKHUE COeIMHEHN Ha puc. 28)
HacTyIIaloT Yepe3 CHHOAUYECKUH IIepHUo,
obparmeHuda S, 3a KOTOPBIH 3eMAsd TPOXO0-

IUT AyTY

PucyHoK 28 — CuHoAu4YecKuii
360
L o S S (1) nepuoa nocnenoBaTeNbHbIX

]0 HWXHUX coeauHeHunii (1 n 2)
HUWXHel nnaHeTbl

a maaHerta, 3aberas Boepén, coBepIaer
onuH 060poT BOKpPYT COAHIIA U JOTOHAET 3EMAIO, IPOXOAd YTAOBOH IIyTh
L = 360° + Ly, paBHBII

360
T

L S S. (2)

[ToncraBasia B paBeHCTBO 360° = L — Lo 3Ha4deHud L U Ly, IIOAyIHM ypaB-
HEHNE CHHOAWYECKOI'0 ABUKEHHUL OAT HIKHUX ITAQHET:

1 1

ST T (3)

s BEPXHHUX ITAAHET YPAaBHEHHUE CHUHOAHUYIECCKOIO ABUXKEHUA ITPUMET BHU/:

11 (4)
S T, T

TaKk Kak T> Touu n< np.

YpaBHeHud (3) u (4) maroT cpegHNe 3HaUeHHUT CHHOAWYECKUX IIEPHOI0B
obparmeHus naaHeT. C IIOMOIIBIO 3TUX ypaBHEHUH 110 HAOAIO1aeMOMY CHHO-
[AUYECKOMY Iepuoay obpallleHus MAaHEThbl A€TKO IIOJICYUTATh CUAEPUUYECKUU
nepuos e€ obpamieHnsa BOKpyT CoaHIIA.
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I'staBHBIE BBIBOABI

1. FeanonieHTpHUYecKas cucreMa Mupa— Mo ieAb CoOAHEYHOH cucTe-
MBI, COTAACHO KOTOPO# 3eMAsI, KaK U APyTUE ITAaHEThI, O0OpaIaeTcs Bo-
kpyr CoaHIIa ¥, KPOME TOT'0, BpalllaeTcss BOKPYT CBOEM OCH.

2. XapakTepHble B3aMHbI€ [TIOAOKEHUS ITAQHET OTHOCUTEABHO COAH-
11a ¥ 3eMAN Ha HeOeCHO# cdhepe Ha3bIBAIOTCSI KOH(PUTYPAITUSIMHU [TAQHET.

3. [To otHOmIEHNIO K 3emMae MepKypuii u BeHepa — HHUXKHUE I1Aa-
HETBI, OCTaAbHBbIe — BepxHHe. Hanboaee ymobHO HabAIOOATH HUKHUE
IIAQHETHI BOAM3H HAUOOABIIIEH SAOHTAIINH, & BEPXHHE — BOAU3HU IPO-
TUBOCTOSTHUS.

KOHTpOﬂbeIe BOMNpPOCHbI U 3a4aHUA

e

1. Yem oT/IM4alOTCA NPAMOE M MNOMATHOE ABUMXKEHUA  NNaHeT?

2. Kak, ucxoas us reIMoueHTPUYECKON cUCTeMbl MUPa, 06bACHAETCA NeTeobpasHoe
LBUXKEeHWe naaHeT?

3. Y10 NOHMMAIOT NoA KOHPUTYpPALUAMM NAaHeT? OnuwnTe  UXx.

4. palite onpeneneHnna CMHOANMYECKOMY U CUAEPUYECKOMY Nepuogam obpalleHuns naa-
HeTbl. B 4ém cocTouT Mx  otamune?

5. 3Bé3aHbIV nepuog obpaweHuna KOnuTepa paseH 12 rogam. Yepes Kakol NpomerKy-
TOK BPpEMEHM NOBTOPAIOTCA €ro NPOTUBOCTOAHUA?

6. KakoBa f0/13KHa BbITb NPOA0IKUTENBHOCTb CUAEPUYECKOTO U CUHOAMYECKOTO NepU-
0408 0b6palleHMa NAaHeTbl B C/ly4ae UX paBEHCTBA?

§ 7. BUAMMOe aBUXKeHMe COJTHLUA U NYHbI. 3aTMeHunA

1. BUAMMOE FOAMYHOE ABMKeHMe conHua. [To HenpepbIBHO WU3MEHSIOIIHM-

cs koopauHataMm CoaHIIA & ¥ oo Ha HeGeCHOU cpepe MOKHO OTMETHUTD OOAB-
IIIO# KPYT, IPeACTABASIONINH BUAUMBIH IIyTh IIEHTPA COAHEYHOIO [UCKA B
TedeHHe rofa. OTOT KPyT APEeBHUE I'PEKU HAa3BaAU SKAUNTHKOMN. [TIoCKOAB-
Ky roguaHoe aBrzKeHrne COAHIIA OTpaskaeT peasbHoe obparlieHne 3eMAHU 10
opOuTe, SKAHUIITHKA IBASIETCH CAE/IOM OT CedeHUd HeOeCHOM chephl ITAOCKO-
CTBIO, IAPAAAEABHOM ITAOCKOCTH 36 MHOM OpOUTHI. ITa MAOCKOCTEL HA3hIBAET-
s IVIOCKOCTBI0 DKJIUNTHKH.

KpoMme n1ByX TOY€K paBHOAEHCTBHS, O KOTOPBIX MbI YK€ TOBOPHUAU B § 2,

Ha 3KAHUIITHKE BBIACAAIOTCA ABE IIPOMEZXKYTOYHBIC MEXKAY HUMH U IIPOTHUBO -
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IIOAOZKHBIE IPYT APYTY TOYKH, B KOTOPBIX CKAOHeHUe CoAHIla ObIBaeT HAM-
60ABIIIMM U HAaUMEHBIIUM. B TOUKe JieTHero coHnecToaHua CoaHIle UMeeT
MaKCHUMaAbHOE CKAOHeHHe O = +23°26) (okoao 22 wuioHda). B Touke
3UMHEro0 coJIHIecTOAHUA COoAHIIE UMEET MUHUMAABHOE CKAOHEHHUE O = —
23°26° (oKo- A0 22 mekabps).

Co3sBe3nusd, Yepe3 KOTOPbhIE IIPOXOANUT S9KAUIITHKA, HA3bIBAIOTC IKJIUII-
TUYECKUMH co3Be3auaMu. B [IpeBHeM Mexnypedbe BO3HHUKAO pa3AeA€HUE
SKAHIITHKY C OKPY3KAIOIIUMU e€ CO3Be3aUsIMHU Ha 12 dyacTeii. OToT mosc 6bIa
Ha3BaH Ilosacom 3oamaka (rped. zodiakos — kuBoTHOe). [lepBoHaYaAbHO 30-
OHaKaAbHBIE 3HAKU U 9KAHUIITHYECKHE CO3BE3/AHSI COBIIAaAl, TaK KaK TO4-
HBIX TPaHUIL co3Be3auii He O6b1a0. [To31HEE, B 3TI0XY 9AAMHU3MA, CAOIKHUAOCH
IIpeaCTaBACHHE O 3HAaKaX 30/iaKa Kak 0 12 paBHBIX 4aCTIX 9KAUIITHKH, 3a-
HuMaronwmx Ha Hebe o 30° gyru. Hayaao orcuéra 3HAKOB YCTAHOBAEHO OT
TOYKH BeCeHHero paBHoaeHCTBHs . B HacrosIee BpeMs 30quaKasbHbIE
3HAKH U 9KAUTITUYECKHE CO3BE3I14 HE COBIIAAAI0T. OKAUIITHYECKUX CO3BE3-
auii 13. U3 Hux 12 (cM. Taba. 1) cCOBIIaaroT o Ha3BaHUAM C 30IHaKAABHbI-
mu 3HakaMHu. Co3Besnue 3MeeHOCIa, SBAIICh SKAUIITUYECKHM, HE BXOIUT
B YHCAO 3HAKOB 30MaKa. JKAUIITUKA, [IPOXOAd YEPE3 CO3BE3ANI, UMEET B
KaXXJOM U3 HHUX y4acTKHU He paBHOU OaMHBI. K TOMy Ke, TO4Ka BECEHHETO
PaBHOIEHCTBUS U3-3a IIPELIECCUH IIOCTOSHHO IepeMeniaercd. [loaTomy 30qu-
aKaABHBIM 3HaK OBHA celyac HaxXOAUTCS B co3Be3aUU PoI0.

Tabsuna 1 — 3oiuaKaJbHbIE CO3BE3HA, X 3HAKU U BPEMA HAXO:KAEHU A
CoJHIIa B 3HAKaX 30HaKa

Y — OseH (20 mapTa — 19 amrpeas) 2 — Becrl (22 ceHTS0pa — 22 okTa0Ops)
Y — Teaen (20 anpeaa — 20 mag) M, — CkoprmioH (23 okTabps — 21 HogOps)
II — BausHzerrs! (21 mag — 20 wuroHs) X — Crpeaerr (22 HosOpa — 20 mekabps)
95 — Paxk (21 uroHsa — 22 uroa4) Y% — Kosepor (21 nekabpsa — 19 auBaps)
8] — AeB (23 utona — 21 aBrycra) 22 — Bopmoneit (20 suBapsa — 18 deBpans)
) — HeBa (22 aBrycra — 21 cenTsabps) ¥ — Pri6e1 (19 heBpasg — 19 mapra)

2. cyTOYHOe ABUMKEHUEe CONHLA Ha pasnuuHbiX wupotax. B § 2 MBI yke Be-
AU peYb 0 TOTUYHOM ABUKeHUH COAHIIA cpeau 3BE3/1 10 BOOOpaskaeMoi Au-
HHUU, Ha3bIBaeMoH 3KAUTITUKON. Bero skauniTuky (360°) CoaHIle HPOXOAUT 3a
OJIUH IO, OMHAKO 3TO ABUKEHUE KasKyIlleecsd, TaK KaK IIPOUCXOIUT BCAEI-
ctBUe oOparleHus 3eMAn BOKpyT CoAHIIA.
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PucyHok 29 — CyTouHble Nyt
Co/nHUa Hag ropu3oHTOM
B pa3sHble BpemeHa roga
npu HabnwaeHUaxX B cpegHUxX
reorpaduuyeckux LWMpoTax

Paccmorpum cyrouHoe aBuxkenue CoaHIA
Ha pPa3ANYHBIX HINPOTaX.

B cpeguux mirmporax CoaHIlE BOCXOOUT
BCET/la B BOCTOYHOM CTOpoHE Heba, IOCTereH-
HO IIOAHWMAaEeTCs HaJZl TOPU30HTOM, B IIOAIEHB
[OCTHUTaET HAWUBBICIIIETO IIOAOKEHUd Ha Hebe,
3aTeM HaA4YHHAET OIIyCKaThCsS K TOPHU30HTY U
3aX0IUT B 3amnaaHoi yactu Heba. B CeBepHOoM
IIOAYIIIAPHUH 3TO ABUKEHHE IIPOHCXOOUT CAE-
Ba HaIlpaBo, a B IOxxHOM — cIipaBa HaA€BoO.
Habaronareab B CeBepHOM IOAyLIAPUH 3€MAH
npu 9ToM OyzeT BuzeTh CoAHIlE Ha IoTe, a Ha-
xopgimiica B FOXXHOM HoAyIIIapuy — Ha CeBe-
pe. JueBHOM myTh CoAHIIA Ha HeGe CHUMMETPH-
4eH OTHOCUTEABHO HaIlPaBAEHUS CEBEP — IOT.

3a noAdpHBIM KPyroM Ha 3eMae, Tae

¢ >66,5°, cyTouHBIH yTh COAHIIA ITOYTH IAPAAAEAECH TOPU30HTY. Ha camoMm
noaroce COAHIIE B TEYEHHE TTIOAYTOAa HE 3aXO0/IUT, OITUCHIBAas KPYTH HAJ I'O-
PHU30HTOM. DTO IOASIPHBIN IeHb. 3aTeM Ha 1moArosia CoAHIIE 3aX0/IUT U Ha-
CTyHaeT IoAspHasd HOUb. Ha 3KBaTOpE MPOI0AKKUTEAFHOCTE JHS BCET/IA PaB-
Ha IIPOJ0AKUTEABHOCTH HOYH U COAHIIE, KaK U JIPYTHE CBETHAA, BOCXOIUT U
3aX0IUT IIEPHEHAUKYASIPHO IIAOCKOCTH UCTUHHOTO TOPHU30HTA.

B AHK .
PaBHOAEHCTBMIA

22 nekabpsa
ACKEDPR 7 22 UioHS
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23,5°23,5°
PucyHok 30 — CyTouHble Nyt
Co/iHUa Haj ropu3oHTOM
B pa3sHble BpemeHa roga

npu HabnogeHnax
Ha 3KBaTope 3emnu

3. U3MEHEeHMe CYTOYHOro MyTM CO/MHUA B Te-
yeHue ropa. IsmMeHeHue cyrodHoro 1myTu CoaH-
112 HaJl TOPU30HTOM B pa3Hble BpeMeHa rofia Insg
cpenHUX reorpadgryeckux mupor CeBepHOro 1o-
AyTIIapHud ITOKa3aHO Ha pHUCYHKeE 29. Onpeneaas
B TeudeHUe rofa BbIcoTy CoAHIIA B IOAIEHB, MOXK-
HO 3aMEeTHUTh, YTO IBasK/IbI B IO/Iy OHO ObIBAET Ha
HeOGeCHOM 3KBaTOpe. ITO IPOUCXOAUT B THU Be-
CEHHero (0Koao 21 mMapTa) 1 OCEHHETO (OKOAO
23 ceHTHOPSI) paBHOEHCTBHH. [TAOCKOCTE ropH-
30HTAa OeAUT HebeCcHbI SKBaTop IoroaaM. [1o-
5TOMY B JHU paBHOAEHCTBHUM IyTH CoAHIIA HaL
TOPH30HTOM H I10/] TOPU30HTOM PaBHbI; COOTBET-
CTBEHHO, IIPOZIOAIKUTEABHOCTD IHS U HOYH OZIH -
HakoBa. CaMbIli KOPOTKUH N€Hb BbITIaJaeT Ha
22 nekabpsi, a cCaMbIii JAMHHBIH — Ha 22 UIOHS.
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[ast HabAtomaTeAet, HAaXOAAIIIMXCS HA 3eMHOM 9KBaTOPeE, CYyTOYHBIE ITyTH
CoaHIIa HAJI TOPU30HTOM B T€4YE€HHE rojia IToKa3aHb! Ha pucyHke 30.

4. Bugnmoe asurkeHne u Gasbl NyHbl. /AYHa — €CTECTBEHHBIHN CIIyTHHUK 3€M-

Au. Oto Gamkatimiee K 3emae HEOECHOE TEAO, KOTOPOE CBETHT OTPasKEHHBIM

COAHEYHBIM CBETOM. /\YHa ABUKETCS BOKPYT 3€MAHU 10 SAAUTITUYECKOH 0pOHI-

Te B Ty K€ CTOPOHY, B KaKylo 3eMAd BpallaeTcs BOKpPYT cBoett ocu. [losTomy

MBI BUAUM /\yHY IIepeMeIIalonieticsa cpear 3B€3/] HaBCTPedy BpallleHHo Heba.

HamnpaBaenue aBuxkeHus /A\yHBI BCETZIa OHO U TO XK€ — C 3ariafia Ha BOC-
TOK. [las HabAromaTeAasd ¢ 3eMAH 3a CyTKH AyHa mepemeriaercs Ha 13,2°.

[ToaHBIH 060pOT 110 OpOHuTE BOKPYT 3emMau AyHa coBepiIaeT 3a 27,3 cy-
TOK (CHaepHuYecKUii MmecA1). U 3a Takoe ke BpeMs OHa IeAaeT OUH 060pOT
BOKPYT CBOEH OCH, ITI03TOMY K 3eMAe BCeTa 00paIeHo OHO U TO Ke IIOAY -
mrapye AyHBI.

[Bu>keHHe AyHBI BOKPYT 3EMAH OUY€HB CAOXKHOE, 1 €T0 U3y4E€HHE COCTaB-
ASIET O[THY U3 TPYAHEHITNX 3a/1a4 HeOecHo MexaHUKU. BuanMoe nBUzKeHHe
AyHBI COIPOBOXKIaeTCs HEITPEPbIBHLIM U3MeHeHUeM e€ BUga — CMeHOU das.
Pazauunbie oopMbI BUANMOM OCBEMIEHHON YacTH /A\yHBI Ha3bIBaloTcd e€ (pa-
301. CmeHa a3 AyHbBI 00yCAOBAEHA TIEPEMEHAMHU B YCAOBHUSX OCBEILIEHUS
CoaHiieM AyHBI IpH e€ ABUKEHUH 110 opbuTe (puc. 31).

PaccMmoTprM ocHOBHBIE (pa3bl AyHBI, HAUUHAsd C HOBOJyHUA. OTa asa Ha-
crynaert, kKorza AyHa npoxonut Mexxay CoaHileM u 3eMA€i u obparieHa K
HaM CBoel TEMHOU cTopoHOM (cM. puc. 31, nonoxxerue 1). AyHa coBceM He
BHUAHA C 3eMAH.

MepBaa yeTBepTb
(monomeHue 3)

PocT ropba
(monomeHue 4)

Poct cepna
(monomeHue 2)

NonHonyHue
(monoxmeHue 5)

HOBOMYHME
(monomeHue 1)

Y6biBaHMe ropba
(monoxmeHue 6)

Y6biBaHWe cepna
(monomeHue 8)

MocnegHas yeTBepTb
(monomeHue 7)

PucyHok 31 — CmeHa nyHHbIx ¢a3
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CrycTs oAVMH-1Ba [HS B 3aI1aJHOH YaCTH He0a MOSTBASIETCS U ITPOIOAZKAET
pacTu y3Ku# SpKUi cepIr «Mmoaonoi» AyHbI (nosioxxerue 2). UHoraa Ha poHe
HeOa 3aMeTHA (6Aaromaps TYCKAOMY CEpOBATOMY CBEYEHHIO — TaK Ha3bIBa-
eMOoMY IeneJbHOMY CBeTy A\yHbI) ¥ OCTaAbHAad 4aCTh AYHHOI'O JUCKA. SBAe-
HUE IeIIeABHOT'0 CBEeTa 00BSICHSETCS TEM, UTO AYHHBIH CEPII OCBEIIAeTCs He-
nocpeacTBeHHO COAHIIEM, a OCTaAbHAasd AyHHas IIOBEPXHOCTb — PaCCEIHHBIM
COAHEYHBIM CBETOM, OTPazKEHHBIM 3eMA&éH. CrrycTd 7 CyTOK y2Ke OyZieT BUIHA
BCs IIpaBasi IOAOBHHA AYHHOTO AUCKA — HACTymnaeT (pa3a mepBoil YeTBEPTHU
(nonoxkerue 3). B aToit hase AyHa BOoCXOAUT OHEM, K Bedepy BUIAHA B I0XK-
HoOI o6AacTu Heba 1 3axoauT HOUYBI0. [lasee paza yBeAmdUBaeTCs (noJioxe-
Hue 4), n uepe3 14—15 cyTOK nmocae HOBOAYHHS AyHa IPUXOIUT B IIPOTHUBO-
crossHue ¢ CoaHIleM (nososxxeHue 5). E€ pa3za cTaHOBUTCA IIOAHOH, HACTYIIAET
noJHOJyHUue. CoAHEUYHbIe AYyYH OCBEIAIOT BCE AYHHOE IIoAyIIapue, obpaléH-
Hoe K 3emae. Iloanasa AyHa BocxonuT nipu 3axone CoaHIIA, 3aXOOUT IIPHU €10
BOCXO/Ie, a B CepeIMHEe HOYH BH/IHA B I03KHOM CTOpPOHe Heba.

[Tocae moAHOAYHHS AyHa ITOCTEIeHHO ITpubanzkaeTcs K COAHITy C 3amaaa
U OCBeEIIIaeTCs UM cAeBa (nosoxxerue 6). [IpruMepHoO Yyepes He1eAro HacTyIia-
eT (pa3a TpeThe!, UAU MOCIeTHEH, UETBEPTH (nososxerue 7). Ilpu atom AyHa
BOCXOIUT OKOAO IIOAYHOYH, K Bocxony CoAHITa OKa3bIBAETCH B FO2KHOM CTOPO-
He Heba u 3axoauT nHéM. [Ipu nasbHe#IeM COAMKEHUH CITyTHUKA 3EMAH C
CoaHueMm y0ObIBarorue pasbl AYHBI CTAHOBSITCS CEPIIOBUAHBIMH (nosioxeHue §).
AyHa BuUOHAa TOABKO IO YTPO, HE3a40ATO 00 Bocxona CoaHIIa, a 3aXOOUT B
CBETAOE BPEMS CYTOK, Iepern 3axoaoM CoaHIla. Y3KUM cepnl AyHBI Ha 3TOT
Pa3 BBIIIYKAOCTHIO 0OpallléH K BOCTOKY. 3aTeM CHOBAa HACTYIIaeT HOBOAYHHE,
U AyHa nnepecTaét 6bITh BUAUMOI Ha Hebe.

OT 0AHOTO HOBOAYHHS [0 CAEAYIOIIIETO ITPOXOAUT OKOAO 29,5 CYyTOK.
OTOT nepuo CMEHbI AYHHBIX (pa3 Ha3bIBAIOT CHHOANYECKUM MeCALeM.

5. conHeuHble u nyHHbie 3aTmeHunsa. B cBOéM ABH>KEeHUU /AyHa 4acTO 3aCAO-
HSEeT (MAM, KaK TOBOPAT aCTPOHOMBI, [IOKPBIBAET) 3BE3/1bI 30 JUaKaABHBIX CO-
3Be3auH. 3HAaYUTEABHO pexKe IIPOUCXOAIT TOKPBITHS AyHOH nnaaHeT ¥ CoAH-
na. [lokpeitue CoaHlla AyHO!N Ha3bIBAETCH COTHEYHBIM 3aTMEHUEM.

CoaHeYHOE 3aTMEHHE UMEET Pa3AMYHBIN BU IAS PA3HBIX TOYEK 3€M-
HO¥ nmoBepxHOCTH. Tak Kak auametp AyHbl B 400 pa3 MeHbIIIe JuaMeTpa
Coannia u Ayna npumepHo B 400 pa3 HaxomuTcs OAuKe K 3eMae, TO Ha
HeOe CoaHIle 1 AyHa KaKyTcCs AUCKAMHU OJMHAKOBOro pasMmepa. Iloatomy
IIPYU IIOAHOM COAHEYHOM 3aTMEHUHU /A\YHA MOZKET LIEANKOM IIOKPBITH IPKYIO
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noBepxHOCTb CoAHIIA, OCTABASIS IIPH 3TOM OTKPBITOH COAHEUHYIO aTMochepy
(cm. puc. 118, c. 143).

PaccMmoTpuM cxXeMy ITOAHOTO COAHEYHOTO 3aTMeHus (puc. 32). [Ipoxons
Mmexny CoaHneM 1 3eMaél, MareHBKAad I10 pa3MepaM /A\yHa He MOKET I10A-
HOCTBIO 3aTeHUTH 3eMA0. [[uck CoaHIIa OYAET IIEANKOM 3aKPBIT TOABKO JAST
HabAOmaTeAd A, HaXOOSIIET0Cs BHYTPH KOHYyCa AYHHOM T€HH, MAKCUMaAb-
HBIH MaMeTp KOTOPOoH HaToBEPXHOCTH 3eMan He TpeBbIniaeT 270 kM. Toab-
KO OTCIOZIA, C 9TOM CpaBHUTEABHO Y3KOH 00AaCTH 36 MHOU IOBEPXHOCTH, KY-
[a majaeT TeHb OT AyHBI, OyIeT BUHO MIOJITHOE COTHEUYHOE 3aTMeHue. Tam
XKe, Ky/Zla I1aflaeT [IOAYTEeHb OT AYHbI, BHyTPH TaK Ha3bIBA€MOT'O KOHyCa AYH-
HO MOAYTEHH, OyieT BUAHO (nas HabatonaTeaei B u C) yacTHOe COTHEYHOE
3aTMEHHUeE.

Ecau B MOMeHT 3aTMeHNd AyHA, IIEPEMEIATCh II0 CBOEH SAAUTITUYECKON
opbure, OyaeT HAXOAUTHCH HA 3HAYUTEALHOM YIaA€HUU OT 3€MAH, TO BUIH-
MBIH TUCK AyHBI OKQXKETCSI CAHUIIIKOM MaABIM, YTOOBI TIOAHOCTBIO ITOKPBITH

O

PucyHok 32 — Cxema No/aIHOro CO/IHEYHOro 3aTMmeHun (ana Habnaarteneit A, B, C)




50 Paspen lll. gBuskeHMe HebecHbIX Ten

Coanre. Torma HabatomaTeab A (puc. 33) CMOXKeT BHAETH BOKPYT TEMHOTO
J[UCKa AYHBI CHAIOMINHE 000/I0K COAHEYHOTO AUCKA. ITO KOJbIe0Opa3Hoe 3a-
TMeHMe. [Iag HabatonaTeaeit B u C Takoe CoaAHEYHOE 3aTMEHHE OyIeT 4acT-
HBIM.

3a mpezneaaMu AYHHO# IIOAYTEHHU 3aTMEHUs BOOOIle He HaOAIOJAIOTCH.
CoaHeYHOe 3aTMEHME BH/IHO He Ha BCeH ITOBEPXHOCTH 3EMAH, & TOABKO TaM,
rae IpoberarmT TeHb U MOAYTeHb AyHbI. [IyTh AYHHOM T€HH 110 3€MHOH II0-
BEPXHOCTHU Ha3bIBAETCS MOJIOCOI MOJHOTO COJTHEYHOTO 3aTMEHHH.

JIyHHBIe 3aTMeHUs IIPOHCXOAT TOTIa, Koraa /AyHa I10I1aIaeT B 3eMHY IO
TeHb, KOTOpasl TakKKe MeeT (PopMy KOHyca U OKpYzKeHa ITOAYTEeHEIO (pHc. 34).
[Tpu yacTHYHOM HOTPYKEHHH /AYHBI B 3eMHYIO T€Hb AYHHOE 3aTMEHHE Ha3bl-
BaeTCs YaCTHBIM T€HEBBIM, a [P [IOAHOM IIOT'PYKEHUH — IMOJTHBIM TEHEBBIM
3aTMeHHueM. Tak Kak 3eMHas TeHb HallpaBA€HA B CTOPOHY, ITPOTHBOIIOAOK-
Hyto CoaHILy, AyHa MOKeT IIPOHTH CKBO3b He€ TOABKO B ITIOAHOAYHHE. AyHa

PucyHoK 33 — Cxema Ko/bL,eo6pa3HOro coniHe4yHoro 3satmeHus (ansa Habntopateneit A, B, C)
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3emHasa nonyTeHb

3emna
3emMHaA TeHb

PucyHokK 34 — Cxema NyHHOro 3aTMeHuA

IIOCTEIIEHHO IIOTPYKaeTCs B 3eMHYI0 TEHb CBOUM A€BBIM KpaeM. [Ipu moaHom
3aTMEHHH OHA CTAHOBUTCS OypOTO MAU TEMHO-KPaCHOTrO I1BeTa (puc. 35), mo-
CKOABKY COAHEYHBIH CBET, IIPEAOMASISICH B 3eMHOM aTMocdepe, ocBemniaeT \Ay-
HYy IIPEUMYIIIECTBEHHO KPACHBIMHU Ay4aMH, KOTOPbIE MEHEE BCETO pacCerBa-
FOTCSI K OCAQ0ASIIOTCS 3€MHOM aTMOC(EPOI.

EskeromHO MPOUCXOOUT OT ABYX M0 MATH COAHEYHBIX 3aTMeHu. B cpen-
HEM B OJJTHOM U TOM K€ MecTe 3eMAU IIOAHOE COAHEYHOE 3aTMEHHE MOXKHO
HaOAIOIATD Ype3BhIYANHO pegKo — AUIIE pa3 B 200—300 aAet, a IpogoAIKHU-
TEABHOCTH ITIOAHOTO COAHEYHOTO 3aTMeHUd He npeBbinaetr 7 muH 31 c. [To-
3TOMY aCTPOHOMBI TIIATEABHO TOTOBSTCSH K HAOAIOIEHUSM 3aTMEHUS , YTOOBI
B Te€Y4eHUE OUeHb KOPOTKOTO BPEMEHH yCIIETh
HU3YyYUTH BHEIIIHHE pPa3peRkeHHbIe 000A0YKHU
CoaHIa.

Kak mpaBMAO, €3KEroHO IIPOUCXOTUT
OHO-IBAa AYHHBIX 3aTMEHUSI, HO BBIJAIOT-
cd ToibI, KOT/a 3aTMEHU COBCEM He ObIBa-
eT. AyHHbIE 3aTMEHHUsS BUIHBI CO BCETO HOY-
HOTO IoAyHIapusi 3eMAH, TA€ B 3TO BpeMsd
AyHa HaxoguTCd HA TOPU30HTOM. [ToaTOo-
My B KaX/J0¥ JaHHOU MECTHOCTH OHU Ha-
OAIO[IATOTCS Yallle COAHEYHBIX 3aTMEHUH, X0-
TS ITPOUCXOAAT IPUMEPHO B 1,5 pasza pexe.
MakcumaAbHAas TTPOIOAKUTEABHOCTH AYHHO-
ro 3aTMeHus gocturaet 1 9 47 MuH.

PucyHok 35 — Bupg, JlyHbl
NpY NO/IHOM JIYyHHOM 3aTMEHUU
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Emié B VI B. 10 H. 3. ObIAO YCTAHOBAEHO, UTO IIPUMEPHO Yepe3 18 aeT u
11,3 cyToK Bce 3aTMEHHUS OYayT HOBTOPSTHCS B OTHOM U TOH JKe ITOCAEI0BA -
TEABHOCTH. DTOTIIEPHUOA MEXK Ty 3aTMEHHSAMHU Ha3BaAH CAPOCOM (Iped. Saros—
IIepHOJI, IIOBTOPEHHUE).

Bo Bpems capoca B cpegHeM mpoucxonut 70—7 1 3aTMeHMre, U3 KOTOPBIX
42—43 — coaHeuHbIX (14 — moaHBIX, 13—14 — KoABIIEOOpPaA3HBIX U 15 —
YaCTHBIX) U 28 — AYHHBIX.

[ToueMy coAHeYHBIE U AYHHBIE 3aTMEHHUs ObIBAIOT HE KaXKIbIH MECSI?
C geMm cBa3aHo gBAeHUe capoca? Ka3zaaock OvI (cM. puc. 32—34), 3aTMeHus
JOAZKHBI IIPOUCXOAUTE ITPH KazkA0M 060poTte AyHBI BOKpYT 3eMan. Ha camom
[E€A€ TAKOTO HE CAYJaeTCsI, TAK KaK ITIAOCKOCTb AYHHOM OpOUTHI HE COBIIAaET
C TIAOCKOCTBIO SKAUIITHKH, a HakKAOHeHa Iof yraoM 5°09 . Iloaromy AyHa Bo
BpPEMS HOBOAYHHS HAU ITIOAHOAYHHS MOZKET HAaXOOUTHECH OJAAEKO OT IIAOCKO-
CTH 9KAUIITHKU, U TorAa €€ auckK (auameTrpoM 0,5°) mpoHaéT BhIIlle AU HUKE
nucka CoAHIIa MAM KOHyca T€HU 3eMAN. 3aTMEHHS K€ HaCTyIIaloT TOABKO
TorAa, Koraa AyHa HaxoqQUuTCd BOAU3U TOYEK ITepecedeHUs AYHHOH OpOUTHI C
9KAUNITUKOH (puc. 36). Buano, 4To B HOBOAyHUE TeHb AYHbBI HE BCeraa Ia-
IaeT Ha 3eMAIo.

PUCYHOK 36 — MN0CKOCTb IYHHOI Op6UTbI HE COBNAAAEeT C MIOCKOCTbIO 3K/AUNTUKMU
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@ I's1aBHBIE BBIBOABI

1. Ha 3KAMIITHKE BBIAEASIOT YeThIPEe OCHOBHBIE TOYKH: BECEHHETO 1
OCEHHEro PaBHOAEHCTBUM, AETHETO U 3UMHETO COAHIIECTOSTHUM.

2, Cyrounsble myTu CoAHIIA B T€YEHHE ro/ia 3aBUCHT OT reorpadude -
CKOl IITUPOTHI MECTa HAOAIOIEHUSI.

3. OcBeléHHag 9aCTh AYHHOT'O IUCKA (AYyHHAasI (pa3a) 3aBHCUT OT B3a-
UMHOTO pacriorokeHust CoaHIIa U AYHBI Iasd HaOAOIaTEAsT C 3EMAH.

4. YIBAeHMe moKpbITUS AyHOM COoAHIIA HA3bIBAETCS COAHEYHBIM 3a-
TMEHHEM.

5. dBA€HHE IIPOXOXKAEHUS AyHBI Yepe3 3eMHYIO0 TeHb Ha3bIBAETCH
AYHHBIM 3aTMEHUEM.

6. TIpoMesKyTOK BpEMEHH (CapoC), Yepe3 KOTOPLIH B OIIPEEAEHHOM
IIOPSIIKE TIOBTOPSIFOTCSI COAHEYHBIE H AYHHBIE 3aTMEHHs, paBeH 18 ro-
nam u 11,3cyToK.

@ KoHTponbHble BONpocbl U 3agaHnA

1. KakoBbl 0CO6EHHOCTM CYTOUYHOrO ABUKeHMA CONHLA Ha Pa3/IMYHbIX LWMPOTaxX?

2. MoxeT nm ConHue HabnoaaTbea B 3eHUTe B Benapycn?  MNouemy?

3. Moyemy nyHa obpalleHa K 3emne Bceraa oAHOM M TOW »Ke CBOE CTOPOHOM?

4. B 4ém COCTOMUT OTANYME CULEPUYECKOTO U CUHOAMYECKOro MecAueB? Yem 06ycnos-
NIeHa MX pas/iMyHaa NpPOAO/IKUTENbHOCTL?

5. Y10 noHMmatoT nog NyHHoW ¢paszon? OnuwmTte hasbl  NyHbI.

6. Cepn NyHbl 06paLLEH BbIMYKNOCTbIO BNPABO U 61M30K K FOPU3OHTY. B Kakol cTtopo-
He ropn3oHTa OH HaxoauTca?

7. Movyemy NPOUCXOAAT CONHEYHbIE U IYHHblE  3aTMEHUA?

8. OxapakTepusyliTe NoJHble, YacTHble U KOJbLLeOOpasHble COMHEYHbIE 3aTMEHMUS.
9. Kak oTanuunTb $asy 3aTMEHUs NlyHbl OT 0A4HOM M3 eé 0bbluHbIX da3?

10. MNouyemy conHeYHble 3aTMEHUA NPOUCXOAAT HE KaXKA0e HOBO/MYHWE, a JiyHHble —
He KarKgoe nosiHonyHue?

11. YTo0 TaKoe capoc? KakoBa ero nepnoamnyHocTb?

§ 8. 3akoHbl Kennepa

1. Mepsobin 3akoH Kennepa. [lo KoHIla XVI B. y4€HBIM HE yIaBaAOCh TOYHO
paccuuTaTh OTHOCUTEABHOE IIOAOXKEHHE ITAQHET Ha HECKOABKO AET BITEPELT C I10-
MOIIBIO CYIIIECTBOBABIIMNX B TO BpeMs Teopril. TeopeTnudecKre BbIKAAIKHI 1aBa-
AV 3aMETHOE PacXOKIeHHe C pe3yAbTaTaMu HabaroneHui. [TpuamHa cocTosiaa
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D B OIIMOOYHOM IIPEAIIOAOZKEHNH, YTO ITAAHETHI
}b PAaBHOMEPHO ABHIKYTCH I10 CTPOroO KPYroBbEIM

g opburam Bokpyr CoaHua. Kunemarudeckue 3a-
F, KOHBI JBUIKEHUS ITAQHET ObIAM OTKPBITHI AU
B Hadase XVII B. aBCTpHUHCKUM aCTPOHOMOM U
c matemaTkoM MoranaoMm Keriaepom. OH Briep-
PUCYHOK 37 — dnemeHTbI BbI€ pas3pylINA YKOPEeHUBHINHCca Tudaropei-
P — CKHH IIpeIpacCy0K O «COBEPILIEHHOCTH» OPOUT
IIAQHET, I0Ka3aB UX SAAUIITUYHOCTD.

Kemnaep ycTaHOBHA, YTO niiaHemul 06pauiaromest no SAauUncam, 8 00HOM
u3 ¢orycos komopoix Haxooumest ConHye. [laHHAas 3aKOHOMEPHOCTD ITOAYYH-
Aa Ha3BaHUE NepBoro 3akoHa Kemiepa.

Orpesok AB (puc. 37) Ha3bIBaeTCsl 0OJIBIIIOMN OChIO, 2 0TPe30K CD— Ma-
JIOM ockIo aarurica. Orpes3ku AO = OB = a, CO = OD = b Ha3bIBAIOTCS COOT-
BETCTBEHHO 0OJIBIION 1 MaJIOH MOJyOCAMU daarutica. OTHOIIEHHE

O_F 2 (1)

Ha3bIBAETCSH IKCHEHTPUCHTETOM daAUIICA. YeM OOABIIe SKCIEHTPUCHTET dA-
AWTIICA, TEM OOABIIIE CMEIIIEHBI (DOKYCHI 10 OTHOIIIEHHIO K [IEHTPY U TeM O0Ab-
e OyaeT pa3HOCTDb MEKY OOABIION M MaAOH ITOAYOCAMHU. TO eCTh SKCIIeH-
TPUCHUTET CAYKHUT MEPOH «CIIAIOCHYTOCTH» 3AAUIICA.

Hast saantica O < e< 1. OTMeTnM, 4To Ipu e = 0 MOXKHO paccMaTpHUBaTh
OKPY>KHOCTE KaK YaCTHBIH BUI dAAUTICA (b = q).

Homyctum, uto ecau CoaHIle HaxXoguTcs B okyce Fi, To OAUKAUIIYIO
K CoAHILy TOYKY (A) OpOHUTHI IIAQHETHI HA3bIBAIOT IIEPUTeJINeM, a Hauboaee
ynaaéunyio (B) — adeanem. O6o3uHauuM AF; = q (q— nepureInitHOE pac-
crosHue), a BF1= Q (Q— adeanitHoe paccroaHue). 13 pucynka 37 caemy-
et, uto g + OF; = a, OF; = a- e, ToTOa

g=a-a-e=a(l — e, (2)

Q=a(l +e. (3)

Y 3eMHO# 0pOUTHI SKCIIeHTpHUCUTET paBeH 0,017. 3eMasa HaXoaUTCs B TIe-
pUreAnH B Ha4aAe SHBaps, U IIEPUTeANHHOE PacCCTOSIHHE paBHO 147 MAH KM,
a B adpeArH — B Ha4aAe HIoAd, ¥ adpeANHHOe pacCTOsTHHE PaBHO 152 MAH KM.
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2. Bropoii 3akoH Kennepa. M3y4yaga asuzxxeHue Mapca B npocTpaHcTBe, Ke-
IIAEP 3aMETHA, YTO ITAaHeTa ABUXKETCH 110 opObuTe HepaBHOMEPHO — 3UMOH
OricTpee, yueM aeToM. OH cTaa HCKATh 3aKOHOMEPHOCTb, I10 KOTOPOH IIPOUC-
XOOUT U3MEHEHUE CKOPOCTHU Mapca, U BEIABUHYA THIIOTE3Y, YTO CKOPOCTD
J0AXKHA OBITH 06paTHO NpPOoIopIOHaAbHA paccTogHUIo oT Mapca no CoaHna.
[ag nepureaus 1 adpeAns IPeariorokeHre noarsepausock. Torna Kemaep
YCAOBHO pa3bua opbuty Mapca Ha 360 yacTeii 1 HauaA IIPOBEPATH CBOO TH-
II0Te3y OAS PA3AUYHBIX e€ yaacTKOB. HabAtoqeHUd 1 pacyéThI IIOKa3aAH, YTO
3a paBHbIE IPOMEXKYTKH BpeMeHU MapcC IPOXOAHUT paBHBIE IIAOIIIAIHN CEKTO -
POB OPOUTEHI.

CoBpemeHHas POPMyANPOBKA 3TOH 3aBHCHUMOCTH paclIpocTpaHeHa Ha BCe
IIAQHETHI U HOCHUT Ha3BaHUE BTOPOro 3akoHa Kerniepa. 3akarouaeTcss oHA B
CAEYIOIIEM: paduyc-eeKmop niaHemol (AMHUS, coeguHaIoIasda eHTP CoaH-
11a C LIEHTPOM IIAQHETHI) 3 PABHbLE NPOMEIKYMKU 8peMeHU ONuUcbleaem pas-
HogesuKuUe NAoWaou.

Bropoit 3akoH Kemnaepa, HMau 3aKOH IIAOIIAAEH, IIPOUAAIOCTPUPOBAH HA
pucynke 38. Ilpu aBuxkeHuu naaHets! (P) Bokpyr CoaHua (S) e€é paauyc-
BEKTOP 3a paBHBIE IIPOMEKYTKHU BPEMEHHU OITHUCHIBAET PaBHBIE I10 IIAOIAIHN
durypsr — P1SP, u P3SP;. TakuM 06pa3oM, CKOPOCTh ABHUKEHUS ITAQHETbI
10 OpOUTe MEHSIeTCs, IIPUHUMAasi MAaKCUMaAbHOE 3HaYEHHE B [IEPUTCAUU U
MHHHUMaAbHOE B adeAnH.

3. Tpetuii 3akoH Kennepa. CpaBHUBas pa3Mepbl OpOUT U Iepuoabl obpa-
mieHud naaHeT BoKpyT CoaHIla, Kenmaep o6HapyzKHA, YTO KBaAPaTHI IIEPUO-
0B oOpalleHUs ITAaHET IPOIOPIIHOHAABHEI Ky0aM

UX cpenHUX pacctosgHui o CoaHIIA (MAH OTHOIIIE- P3
3 P,

r
HHE€ — OJHMHAKOBO JAd BCEX HAaHCT).

Tperuii 3akon Keniepa dpopmyaupyercs caeny-
IOIIMM 00pa3oM: Keaopamuvl cudepuueckux nepuo-
0os obpawerust 08Yyx niaHem OMmHOCSIMCS KaK KY-

66l bouwux noayoceil ux opbum: P,
™ 3
— 3 (4) Ps
7 2
PucyHok 38 —

Ecau B sTOH (bOpMYAC IIPUHATH CI/II[epI/IqCCKI/Iﬁ Unnoctpauma BToporo
IIEpUOL O6paH_[eHI/IH 3eMman BOKpPYT Coaniia PaBHBIM 3aKkoHa Kennepa
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1 (oguH rox) 1 GOABIIIYIO IIOAYOCH 3€MHOM OpOUTEI paBHO# 1 (0gHa acTPOHO-
Muyeckas equHuIa, cM. § 10), To popmyaa (4) mpuMeT BHUL:

T V3 (5)

Ha ocHoBe OTKPBITBIX 3aKOHOB IIOCA€C MHOT'OACTHHX BBIYHCAEHHM B 1627 T.
KenAep COCTaBHA Ta6AI/ILIBI, I10 KOTOPBIM MO2KHO OBIAO HAMTH Ha Hebe TI0A0-
JKEeHUEe KaXXK 101 IIAaHEThI B AIOOO¥ MOMEHT BPEMCEHHU.

i/ﬂl\l' I'’1aBHBIE BEIBO/BI

1. Bce maaHeThI ABZKYTCS 10 SAAUIITHYECKUM OpOHTaM, B OTHOM U3
¢okycoB KoTOPBIX HaxoauTcss CoAHIIE.

2, 3a paBHBIE IPOMEKYTKHN BPEMEHHU PAIHYChI-BEKTOPEI IIAQHET OIIH-
CHIBAIOT PABHOBEAWKHE ITAOIIAIH.

3. KBagpaTh!l cumeprdecKux epuoioB o0palleHusl ABYX AQHET OT-
HOCSITCSI KaK KyObI OOABIITUX [TOAYOCEH UX OPOUT.

4. 3akoubI Kenaepa yrouHstot yaenue KonepHuka, B KOTOPOM Op-
OUTBHI HEOECHBIX TeA CHUTAAHCH OKPYKHOCTSIMH.

.{6\‘5 KoHTponbHble BONpoOCbl U 3agaHUA
Y

1. Coopmynnpynte 3aKkoHbl Kennepa.

2. Y 3emun aKcueHTpucuTeT opbutsbl paseH 0,017, a y Mapca — 0,093. Opbuta Kakomn
M3 nnaHeT Hanbosee BbITAHYTA?

3. Bo cKosibKo pas adennitHoe paccTosiHue 6oblue NepuresIMMHOrO paccToaHmA, ecnm
3KCUEHTpUcUTET opbuTbl paseH 0,5?

4. MeHAeTCcA I CKOPOCTb MJIAaHETbl, ABUNKYLLENCA MO INAUNTUYECKON 0pbUTE? Kpyro-
Boli opbute?

5. Cuutan opbutbl 3eman 1 Mapca KpyrosbiMW, paccymTainTe NPOJONKUTENbHOCTb FO-
na Ha Mapce. Mpwu peweHnn 3aga4m yuTnte, 410 Mapc Haxoamtca ot ConHua Aanblue,
yem 3emna, 8 1,5 pasa.

§ 9. 3aKoH BCEMUPHOIOo TArotTeHNA HbOTOHA

1. HebecHaa mexaHuka. [Tocae mosBaeHusa pador KomepHuka, laamaesd,
Keniaepa k cepenmne XVII B. 3aBepIIuAca omucaTeAbBHBIN (MAK TeOMETPHIE-
CKUH) mepHuoa U3ydeHUd NIBUKEHUS IAaHeT. Bbrlaa BbIgBA€HA KUHEMAaTHKA
UX ABUXKEHUM, HO OCTABaAOCh HEACHBIM, IIOYEMY IIAQHETHI ABUKYTCH. YTO
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3acTaBadeT UX odpamarbcd BOKpyTr CoAHIIA, a CIIyTHUKH — BOKPYT ITAQHET?
Yem 00bsCHSETCS YCTOMYUBOCTD TIAQHETHOH CHUCTEMBI?

Bce maTepuaabHbIe TeAa, ECAM OHHM HUYEM HeE IIOAAEPKUBAIOTCS, I1aJal0T
o[ AEUCTBUEM CHABI TSKECTH Ha IIOBEPXHOCTH 3eMAU. [10 TexX I1op, IToKa 3eM-
ASI CYMTAAACH LIEHTPAABHBIM TEAOM MHPO3AaHNsI, CHAQ TSDKECTH paccMaTprBa-
AACh TOABKO KaK 3eMHOe siBAeHHEe. OHaKOo OTKPBITHA KollepHIKa U €ro I1ocAe-
[OBaTeA€H IIoKa3aAl, YTO 3eMASI — 3TO0 PsIIOBad IIAAHETa, KOTopasi ABUXKETCI
BOKpyT CoAHIIA, KaK U APYyTHUE IAaHETHL. [103TOMYy ITOSIBUAOCE ITPEATIOAOKEHUE,
YTO CHAA TSDKECTH IIPUCYIIA HE TOABKO 3eMAE, HO U APYTUM HeOEeCHBIM TeAaM.
Ha maTepuasbHble Teaa, HaXOAIIIIMECS OKOAO APYTUX ITaaHeT, AyHbI Man ConH-
1a, AEMCTBYET CHAA TSIZKECTH, KOTOpasi HallpaBA€HA K UX IIEHTPY Tak XKe, Kak U
Ha 3eMmae. Takum obpazoM, Gaaromaps paclpoCTPaHEHNIO CBOHCTBA TAXKECTH Ha
apyrve HebecHbIe TeAa, ObIA TIOCTaBAECH BOIIPOC O B3aUMOIEHCTBUH TEA.

Ha ocHoBauuu TpeThero 3akoHa Kenaepa v 3akoHa AUHAMUKU MaTePHU-
aAbHOH TOYKHU CTpOro MaremMatTuiecku HpioToH 000CHOBaA 3aKOH BCEMUPHO-
IO TATOTE€HUs, KOTOPBIH IacuT: 08a mesia npumsi2usaromest 0pyz K opyay ¢
cusotl, NPONOPUUOHANILHOU NPOU3BE0EHUI0 MACC SMUX Mesl U 06pamHo npo-
NOPUUOHANILHOU K8a0pamy pacCmosiHust Mexoy HUMU.

MareMaTH4ecKoe BbIpaKeHHE 3aKOHA BCEMUPHOTO TATOTEHUS UMEET BHI!:

F G—2 (1)

rie m; U my — MAaccChl ABYX TeA, IPUTATUBAIONIUXCI APYT K APYTY,
r — paccrogHue Mexay HuMHu. KoaddunuentT nponopruuoHasbHoctu G
(G=6,673 - 107! H - M?/kr?) Ha3LIBAIOT HOCTOSHHOM TATOTEHUSA AU TPa-
BUTAIIUOHHOU MOCTOSIHHOM, OH SIBASIETCSI OJTHOM M3 OCHOBHBIX (PU3UYECKUX
KOHCTAaHT.

dopmyaa (1) cipaBenanBa [asI TeA (MATEPHUAABHBIX TOYEK), pa3MepPhI KO-
TOPBIX IPEHEOPEKMMO MaAbl 110 CPABHEHHUIO C PACCTOSTHUEM MEKIY HUMHU.
[lBa mpOTSKEHHBIX IIAPOOOPA3HBIX TeAd CO CPepUIECKU-CUMMETPHUYHBIM pac-
IIpeIeACHUEM MacC IPUTATUBAIOTC APYT K APYTY TaK Ke, KaK U MaTepHUaAb-
HBIE TOYKH, T. €. KAK €CAH ObI UX MaCChI ObIAK COCPEIOTOYEHEI B IIEHTPE TEA.
A paccrosiHUE 1 CAeLyEeT OTCUUTHIBATE OT IIEHTPOB 3TUX TEA.

Ha ocHOBaHNM 3aKOHA BCEMHUPHOTO TATOTEHUS 1 3aKOHOB MeXaHUKU Hbro-
TOH MaTeMaTH4YeCKH 0Ka3aA, YTO IIOf AeHCTBUEM CHABI TATOTEHUS TEAO Mac-
co¥t mOyaeT IBUraThCsl OTHOCUTEABHO TeAa Maccoi M 110 0JHOM U3 KPUBBIX:
SAAUIICY, OKPY3KHOCTH, mapaboae UAH ruriepboae.

TakuMm obpasoMm, HproToH yTOYHHA B 00001IIMA mepBbIi 3akK0H Kermae-
pa, KOTOPBIH B HOBOM (POPMYAHPOBKE I'AQCUT: n0o0 delicmauem msi2omeHust
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00HO HebecHoe meslo 08UIKemcesl 8 nNoJle msieomeHust 0py2020 HebecHozo me-
J1a N0 0OHOMY U3 KOHUUECKUX CeUueHUll — 3/LIUNCY, OKpYIKHOCMU, napabosie
unu eunepbose (puc. 39). Ilpu dsuxceHUU no aTUNCY hpumsizusarouiee me-
J10 8ce20a Haxooumest 8 00HOM U3 pOKYCo8.

Hayka, ocHOBBIBaromiasicst Ha 3aKkoHax Kernaepa v HeioToHa 1 n3y4aroras
IBUXKeHHE HeOEeCHBIX TeA, HA3bIBAETCSI HE0ECHOM MeXaHuKoM. HebecHasa Me-
XaHHKa UCCAEIYET IBUKEHNE HEOECHBIX TEA C yIETOM CO3/IaBaAEMBIX UMH I10-
Aeli Tarotenusi. OCHOBHad 3aJa4a JaHHOH HAYKH 3aKAI0YAETCs B TOM, YTOOBI,
3Has HavYaAbHOE TIOAOXKEHHUE TeAa (MaTepHaAbHOM TOYKH) U €10 Ha4aAbHYIO
CKOPOCTD, OTIPEIEAUTE €T0 IIOAOKEHHE B AI00OM APYro MOMEHT BPEMEHH.

2. BO3MYLLEHUA B ABWMMKEHUM HebecHbix Ten. [IBUXKEHHE Te€A, CTPOro IOMA-
YHHSOIIeecs 3aKoHaM Keraepa, Ha3pIBaeTcss HEBO3MYIIEHHBIM. Takas ue-
asuzanud npearosaraeT yI€T B3aUMOACHCTBUA TOABKO ABYX TEA U OIIUCHI-
BaeT, HAIIPUMeEpP, ABUXKEHUE ITAQHETHI 10 AeCTBUEM TOABKO IIPUTAXKEHULA
CoaHnla. 3azagya ABYX TeA IIOAHOCTBIO ObIAa pelieHa HpI0TOHOM (3aKOH BCe-
MHPHOT'O TATOTEHHS).

HcrunHbIe ke aBu>KeHUud TeA COAHEeYHOH CHCTEMbBI 3HAYUTEABHO CAOXK-
Hee. 9To oOBbsIcHAETCA TeM, 4TO Tera COAHEYHOM CUCTEMBI HE TOABKO IIPH-
TaaruBatoTcd COAHIIEM, HO ¥ B3aUMOJIEUCTBYIOT MEXK Ly COO0H. OTKAOHEHUS B
IOBUXKEHUSAX TEA OT 3aKOHOB Kernaepa Ha3bIBAIOTCI BO3ZMYIECHUAMU, a PEAAb-
HOE IBUKEHHE TEA — BO3MYIEHHBIM JIBUKEHHUEM.

Penrenue ypaBHEHUYI ABUXKEHUS OaKe AT TPEX TE€A — 3a/1a4a UCKAIO-
YUTEABHOU CAOXKHOCTH, OAHAKO aHAAU3 BO3MYIIIEHUH ITI03BOASIET JOBOABHO
TOYHO OMIPENEANUTDH MaCCy U IIOAOKEHHE BO3MYyIIaroIiero Teaa. Hauboaee sp-
KUM IIPUMEPOM 3TOMY B UCTOPHUH ACTPOHOMUHU CTAAO OTKPBITHE ITAaHEThI He-
IITYH Ha OCHOBE aHAAW3a BO3MYIIIEHUM, UMEIOLIUXCA B IBUXKEHUN YpaHa.

OKpYHOCTb nnnnc Mapabona runepbona

PuUcyHOK 39 — lMonyuyeHue opbUTanbHbIX KPUBDBIX NPU CEYEHUU KOHYCA MNJOCKOCTbIO
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Emé oqHuM IpUMEPOM IIPOSIBACHUHN BO3MYIIAOIIEH CHUABI ABAIIOTCH IIPU-
JIUBBI 1 OTJIUBBI. BosiHas 060A04YKa 1 3eMHas Kopa (B MEHbBIIIEH CTeleH )
CAETKa BBITSTUBAIOTCSI B 00€ CTOPOHBI BIOAb AUHUH, COETUHSIFOIIEH 3eMAIO C
AyHOM. IIpruAUBHEBIE BOAHBI B OK€aHaX U MOPAX CACAYIOT APYT 34 APYIOM C
BOCTOKAa Ha 3ara/i c UHTEPBaAOM 0K0AO 12 41 25 muH. [IprAuBHOE TpeHUe 3a-
MenAdgeTBpallleHue 3eMAH, YTO IIPUBOANUT K YBEANYIEHUIO JAUTEABHOCTH 3E€M-
HbIX cyToK Ha 0,0014 cexkyHObI 3a CTOAETHE.

3. onpepenenve maccol 3emnn. OqHON M3 BasKHEUITNX XapaKTEPHUCTHUK He-
6ecHOro TeAa ABASIETCS eTo Macca. 3aKOH BCEMUPHOTO TATOTEHUS IT03BOASIET
OIIpEAEeAsITH MacCy HEOECHBIX T€A, B TOM YHCAE U MACCy 3eMAH.

Ha Teao maccoit m, Haxoseecst BOAU3U TOBEPXHOCTH 3eMAH, e AICTBYeT
cuaa taxectd F = mg, rne g — ycKopeHue cBobogHOoTO ITaaeHus. Ecau Teao
[OBUXKETCSH TOABKO ITO, IEUCTBUEM CHABI TIKECTH, TO, UCIIOAB3YsI 3aKOH BCe-

MHPHOTO TATOTEHHA (1), yCKOpeHHe CBOOOAHOrO MaJeHus paBHO: g=G  H
R

HaIlpaBA€HO K IIEHTPY 3eMAHU. ®

CaefoBaTeALHO, 3HAS, UTO YCKOPEHMe CBOGOIHOro nageHud g = 9,81 M/ c?,
G=6,673 - 1(2')‘11 H . m?/kr? u paguyc 3eman Rp = 6370 KM, MOXKHO 110 pop-
myae M= T® noACYuTaTh Maccy 3emau: M = 5,97 - 10?%* kr.

CpenHIO MAOTHOCTE 3€MAU MOXKHO OIIPEAEAUTD, 3HAd €€ Maccy U 00BEM.
CpeaHss MAOTHOCTE 6ymeT paBHA 5,5 - 10° kr/m°.

4. onpepeneHune macc HebecHbix Tesn. Macchl He6ECHBIX TeA MOKHO U3Me-
PUTH pa3HBIMHU criocobamu:

1. [TyTéM U3MEpEeHUs CHABI TSIKECTH Ha ITOBEPXHOCTHU JaHHOIO HeOEeCHOTOo
TeAa (FPaBUMETPUYECKHH CII0C00).

2. Io TperpreMy 0000OIIEHHOMY 3aKOHY Kerr- U
Aepa.

[TepBbIii CITIOCOO IIPUMEHUTEABHO K 3€MA€ MBI
PacCMOTpPEAU BBIIIIE.

[Ipexk e yueM paccMaTpUBaThH BTOPOii cr1ocob,
IIPOBEPHUM BBIIIOAHEHUE TPEThEro 3aKoHa Keraepa
Al CAydasl KpyroBOTI'O ABUKEHUS IIAQHETHI CO CKO-
POCTBIO Uk.

[IycTh TEAO MacCOM m OABUKETCS C AMHENHOH
CKOPOCTBIO U BOKPYT Teaa M (m << M) 1o OKpy>K-  PucyHok 40 — Kpyrosoe
HOCTH panuyca ry (puc. 40). 310 BO3MOXKHO, €CAU ABUXKeHue Ten
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OBUKEHUE TPOUCXOIUT MO/ AEHCTBUEM CHUABI, CO3IAIOIIEH IIEHTPOCTPEMU-

TEABHOE YCKOPEHHUE A = Lﬁ Cuaoii, co3paronieli yCKOpeHHE, SSBAFIETCS CHAA
GMm GM
TATOTEHHN, paBHad 7 . HpI/IpaBHI/IBaHr— K yCKOpEHHI0O —— , CO3[aBa-
K K K

EMOMY TATOTEHHEM, IIOAYIHUM, 9TO

2 GM (2)

Ecau nnepuozn obpaitieHus Teaa m BOKpyT Teaa M cocraBaseT BpeMs T, To
AVHeHHasI CKOPOCTB ABUKEHHSI TOT0 TeAa 10 OpOUTE paBHA

. ZTK 3)
GM
[TopcraBags (3) B (2), moaydum: ( QRE{F = , AU
\ Tk
3
x GM (4)

JAg 5AAUTITHYECKOTO ABUXKEHUI hopMyAa (4) TaKKe CIIpaBeIANBa, ECAU
BMECTO paILI/cha Opr}KHOCTI/I rK II04CTaBUTH 6OABLTIyIO HOAyOCI: a SAANUIITHU-
T—ICCKOI‘/JI Op6I/ITI>I. B TakKOM CAy‘-Iae HOAyTII/IM COOTHOIIIEHHE:

g G
— (5)
T

KOTOPO€E MOZKHO C(pOpMyAHPOBATh CAEAYIOIINM 00pa3oM: omHoweHue kyba
6onbwoll nonyocu opbumel mena K keadpamy nepuoda ezo obpaujeHuss umac-
ce YyeHmMpaibHO20 meJid ecmb 8eUUUHA NOCMOSTHHAS.

Ecau maccoif m MeHBIIIETO TeAa HEAb3d IpeHeOperaTh o CPaBHEHHIO C
Macco M LEHTPaABHOIO TeAa, TO B TPETUM 3aKOH Keraepa, Kak ImoKkasaa
HrroToH, BMecTo macchl M BodaéT cymma macc (M + m) u cooTHoIieHue (5)
3aruIIeTcs B BUE:

3 G
2 (6)
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0O6006111B hopMyay (0) AT AByX HEOECHBIX Tea MaccaMu M u Mo, IoAy-
YUM yTOYHEHHBIN TpeTnH 3akoH Kemiepa:

(7)

T. €. KBaApaThbl CUAEPUIECKHUX IIEPHOIOB CIIyTHHKOB (1T2 u 'Ig ), YMHOZKEH-
HblEe Ha CYMMY MacC T'AaBHOT'O TeAa U cIiyTHUKa (M; + my u M, + mp), oTHO-

CATCS KaK KyObI OOABIIHNX ITOAyOCeH OpOUT CITyTHHKOB (la3 u gs') (7).

Ha ocuoBe yrounénnoro HeroroHOM (7) TpeThero 3akoHa Kemnaepa Moxk-
HO BBIYHCAHUTB BTOPBIM CITOCOOOM KaK MaCChI IAQHET, HMEOIINX CITyTHUKH,
Tak u maccy CoaHIIa.

Maccp1 maaHeT, He UMEIOIIUX CITyTHUKOB, MOTYT ObITH OIIPeIeA€HBI IT0 BO3-
MYILIEHHIM, KOTOPbI€ OHM BBI3bIBAIOT B ABMZKEHNU 3eMau, Mapca, acTepou-
[I0B, KOMET, a TaK3Ke I10 BO3MYIIIEHUSIM, IIPOU3BOAUMBIM UMH APYT Ha ApyTa.

(rl\; I's1aBHBIE BBIBOABI

1. 3aKOH BCEMUPHOTO TATOTEHUS U 3aKOHBI Keriaepa — ocHOBa He-
fecHOl MeXaHUKHU.

2. PeaapHOe nBUKEHUE HEOECHBIX TEA — BO3MYIIEHHOE IBHUKEHUE,
KOTOpO€e 00yCAOBAEHO IIPUTSIKEHHEM He TOABKO COAHIIA, HO U IPYTH-
MU TE€AAMH.

3. YrouHéHHBIH HBIOTOHOM TpeTuH 3aKOH Kemaepa 1mo3BoAdeT olpe-
[EAITh MacChl [TIAAHET, UMEIOIINX CIIyTHHUKH, a TaKxKe Maccy AyHBI U
CoaHIiia.

_:/ 3 % KoHTponbHble BONpocCbl U 3agaHusA

e/
1. Kakne 3agaum peluaet HebecHas MexaHWKa?

2. CdopmynumpyiTe 3aKOH BCEMUPHOTO TAroTeHMA. KakoBbl 0COBEHHOCTU B UCMO/Ib30-

BaHWM JAHHOIO 3aKOHa ANA NPoBeAEHUA PACYETOB?

3. Onpegenute maccy naaHeTbl YpaH (B maccax 3emnun), eciiv U3BECTHO, YTO CMYTHUK

YpaHa TutaHMA obpallaeTca BOKPYr HEro ¢ nepnoaom 8,7 cyT. Ha CpefHEM PACCTOAHUM

438 TbIC. KM. 41A NIYHbl 3TU BE/IMYMHbI PaBHbl COOTBETCTBEHHO 27,3 cyT. U 384 TbIC. KM.

4. Kak NoHMMAIOT B acCTPOHOMMM «3a4auy ABYX Ten»? «3agady Tpéx Ten»?

5. Kak HbloTOH 0606Wun 3aKkoHbl Kennepa?

6. Onpeanenunte cpegHiolo NAoTHocTb ConHUA, ecnu nepuog obpalleHua 3eman BOKpyr

ConHua npuHATL paBHbIM 365 cyT. Mpu pacyéTax NPUHATL PaAUyC 3eMHON OpPBUTbI

pasHbIM 150 maH Km, a paguyc ConHua — 700 TbiC. Km.
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§ 10. onpegeneHue pasamepoB HebeCHbIX Ten
M PacCTOAHUI A0 HUX B COZTHEYHOM cucteme

1. onpepeneHue pasmepos 3emnu. IlepBbIHi H3BECTHBIM HAyKe METOL
oIlpesieAeHUd pa3MepoB 3eMAU IIPUMEHUA rpedecKuil yu€Hbiii OpaTocdeH.
OH BrIOpaa aBa ropoaa, A€KalMxX Ha OOJHOM H TOM JKe reorpadHuiecKoM
MepuanaHe 3eMHOro 1apa, — Aaekcauapuio (O;) u Cueny (Oq) (puc. 41).
W3 pucyHKa BUIHO, YTO €CAH 0003HAYUTH AAUHY AyTH MepuauaHa O; O, ye-
pes [, a e€ yraoBoe 3Ha4YeHUe Yepes n (B rpagycax), To JAUHA OyTH 1° Mepu-
nuaHa lo0ynetr paBHa:

L L

a IAWHa Bcel OKPYZKHOCTH MEpHAHaHa:

I 036012R

rae R — pamuyc 3emHoro mapa. Orcrong R O

[AnHa OyTH MepuanaHa MeKAy BbIOpaHHBIMHU Ha 3€MHOM ITOBEPXHOCTH
ToukaMu O; u O, B rpasiycax paBHa Pa3HOCTH reorpaUuecKUx IIUPOT ITUX
TOYEK, T. €. = AQ= 01— @o.

[anHa nyru | — paccrogHue Mexay AaekcaHapueil u CueHol — Oblaa
XOPOIIIO U3BECTHA. YTOA n IpaToceH U3MEPHUA, UCIIOAB3YSI TO OOCTOSITEAb-

cTBO, 4yTo CHeHa AeXXUT Ha Tpolrke Paka u B neHb
A€THETro coaHIlecTogHUS COAHIIE B IIOAIEHD 3[ECH
HabAIaroCh B 3eHUTe. A B AaekcaHapuu COAH-
0> 1e mo 3eHUTA HE MOXOMAHUAO U IIECT, BPLITBIM Iep-
NEeHAUKYAIPHO B 3€MAIO, OTOpackIBaA TeHb. M3me-
0 PUB JIAVHY 9TOH TeHU, IpaToCEH ITOAYIHA 3HAUEHUE
n="7,2° 1 NAMHY OKPY>KHOCTH L IpuMepHO 45 ThIC. KM

(coBpemenHoe 3HadeHUe 40 THIC. KM).
CoBpeMeHHasI re0Ae3Ud paciosaraeT TOYHbIMU
METOAaMH AT U3MEPEHUL PACCTOSHUH Ha 36 MHOM

PucyHoK 41 — noBepxHOCTU. OnpeneseHre PacCTOSHUS | MeX Iy
BbluncieHue paguyca ToukaMu O; u O, (cM. puc. 41) 3aTpyAHEHO H3-3a

3emnu €CTECTBEHHBIX ITPENITCTBUH (TOp, PEK, AECOB U T. I1.).
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[ToaTomy nauHa ayru lonpenessercs IIyTEM BBIYHC- §
AEHHH, TPEeOYIONINX U3MEPEHUS TOABKO CPABHUTEAD- gl »A
HO HEOOABIIIOTO PACCTOSHUS — 0a3uca 1 psifia yTAOB. AR ;
OrtoT MeTo[ pa3paboTaH B I'e01e3UU U HAa3bIBAETCS TPU-
aHTyJIAnuen (AaT. triangulum —TPEYyroAbHUK).

CyTb ero cocTout B caeaymomieM. [To o6e cTopoHBI e .
nyru O; Oy, IAMHY KOTOPOH HE0O6XOAUMO OIIPEAEANUTD, . A
BBIOMpAEeTCss HECKOABKO To4ueK A, B, C, ... Ha B3auM- .
HBIX pacCTOSHUAX 10 SO KM C TaKUM pacd€ToM, YTOOBI |
U3 KasKJI0¥ TOYKM ObIAY BUIHBI 110 MEHBIIIEH Mepe IBe )
OpyTHEe TOYKH (pUC. 42). g

[anHy 6a31ca O4€Hb TIIATEABHO U3MEPSIIOT CIIe-
IIHaABHBIMU MEPHBIMHU A€HTaMH. MI3MepeHHbIE YTABL B
TPEYrOABPHUKAaX U JAHHA 0a3Kca [O3BOASIIOT 110 TPUTOHOMETPHYECKUM (hop-
MyAaM BBIYHCAHUTE CTOPOHBI TPEYTOABHHUKOB, & I10 HUM — OAUHY Oyru O; O,
C y4éToM €€ KPUBHU3HBIL.

B Poccum ¢ 1816 mo 1855 r. o pykoBozactBoM B. 4. CtpyBe Obina u3-
MepeHa nyra Mepuauasa ganHoH 2800 kM. B 30-e rr. XX B. BBICOKOTOYHBIE
rpaaycHble n3MepeHusa 6n1au npoBenensl B CCCP non pykoBozcTBoM mpodec-
copa . H.Kpacosckoro.

TpuaHryAIITHOHHBIE U3MEPEHU [T0OKAa3aAH, YTO JAWHA IyTH 1° MepyuaraHa
HE OAMHAaKOBAa I10/] PA3HBIMH IITUPOTAMH: OKOAO 9KBaTopa oHapaBHa 110,6 KM,
a OKOAO TTOAIOCOB — 111,7 KM, T. €. yBEAUYHBAETCH K ITOAIOCAM.

HcrunHag popma 3eMAN He MOZKET ObITB ITpeJCTaBA€HA HU OTHUM U3 U3-
BECTHBIX I'eOMEeTPHUUECKUX TeA. [loaToMy B reofie3nu ¥ rpaBUMeTPHUHN (popMy
3eMAH CYUTAIOT FTEOUZIOM, T. €. TEAOM C IIOBEPXHOCTHIO, OAM3KOI K IIOBEPX-
HOCTH CIIOKOMHOI'O OKeaHa U IIPOJOAKEHHOH 1104 MaTepUKaMH.

B HacTosg1ee BpeMs co3/1aHbl TPUAHTYASIIIMOHHBIE CETH CO CAOKHOMU pa-
UOAOKAITMOHHOM arrapaTypoi, yCTaHOBAEHHOM Ha Ha3eMHBIX ITYHKTax, U
C OTpazKaTeAdIMH Ha reo1e3N4YeCKUX HCKYCCTBEHHBIX CITyTHUKAaX 3eMAH, YTO
II03BOASIET TOYHO BBIYUCASITH PACCTOSHUS MEXAY IMYHKTaMH. 3HAYUTEABHBIN
BKAAQJ B pa3BUTHE KOCMHUYECKOM reoie3nu BHEC ypoxkeHell Beaapycu — u3-
BECTHBIN reoae3uct, ruaporpad u acrporom U. 1. 2KorroroBud. Ha ocHO-
B€ M3y4YEeHUS QUHAMHUKU OBUXKEHUS HCKYCCTBEHHBIX CIIyTHUKOB 3€MAU OH
YTOYHUA CXKaTHe Halllel ITaaHeTbl U HeCUMMeTpHUYHOCTb CeBepHoOro u FOxk-
HOT'O IIOAYIapUM.

PucyHok 42 — MerTogp,
TPUaHrynauum

2. onpegeneHve pPacCTOAHUI MeTOAOM rOpPU3OHTa/NbHOrO napannakca. Ka-
JKyIIleecss CMEIIeHUe CBETHAA, 00YCAOBAEHHOE ITepEMEIIEHHEM HaOAIdaTeAs],
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.S A Ha3bIBAETCS Mapa/LIAKTUYECKHUM CMeIeHHU-
C_B ETM = €M AU ITapaLIaKCcOM cBeTHuAAa. [Tapassak-
B THYECKHE CMEIIEHUS CBETHAA TeM OOABL-
11e, 4eM OAMKE OHO K HAOAIOIATEAIO U UEM

3emna foAbIlle TIEpeMeleHre HaOAIOOATEAS.
PUCYHOK 43 — [OpU3OHTaNbHDIM OmnpeneseHue paccTogHuil 1o TeA Coa-

napasanakc ceetmuna HEeYHOM CUCTeMbl OCHOBAHO Ha U3MEPEHUU

HUX TOPHU30HTAABHBIX I1aPAAAAKCOB. YTOA P,

101 KOTOPBIM CO CBETHAA BUEH PafNyC 3eEMAH, ITIEPIEHAUKYASIPHBIN K AYydy

3peHUsd, Ha3bIBaeTCs FOPU30HTAIBHBIM NapaijiakcoM (puc. 43). Yem Goabiie
pacCcTogHME 10 CBETHAA, T€M MEHBIIIE YTOA P.

3Has rOpU30HTAABHBIH ITapasAaKC CBETHAA, MOXKHO OIIPEIEAUTH €TO PaC-

croguue D = SO ot ueHTpa 3eMau. Paccrognue no cBetuaa D= slifl@p , e
Re— pannyc 3eman. IIpuHaB Rg3a eJUHUITY, MOXKHO BBIPa3UTh PACCTOSTHUE
10 CBETHAA B 3¢ MHBIX pauycax.

Hanpumep, nmapassakc Coanna pe = 8,794 . [lapassakcy CoaHua co-
OTBETCTBYET cpeaHee paccTodgHue oT 3emMau 00 CoaHIIa, HIPHMEPHO PaABHOE
149,6 MAH KM. OTO pacCToSHHE IIPUHUMAETCS 32 OHY ACTPOHOMUYECKYIO
eauHuLy (1 a.e.). BacTpoHOMHUYeCKHUX e JTUHHUIAX YAOOHO U3MePSITh PACCTO-
aHudg Mexay TeaaMy CoOAHEYHOM CHCTEMBI.

IIpm MaabIX yraax sin p = p, €CAHU YTOA p BbIpasKeH B paguaHax. Ecan

YTOA p BBIPpazK€H B CEKYHAaX AYTr'H, TO BBOAUTCA MHOXKHUTEAD

206265

rae 206 265 — 4KcAO CEKYH/ B OMHOM panuase. Torma

si in —P 'y D 206265,
206265 p

Ota opMyAra 3HAUUTEABHO YIIPOIIAET BbIYMCAEHUE paccTosgHud D o cBe-
THUAQ 10 U3BECTHOMY ITIapasAaKCy p.

3. pagunonokaunoHHbIn metoa. [lag oripeneAeHUs paccTosTHUM o Tea Coa-
HEYHOM CHUCTEMBI UCIIOAL3YIOTCS HauboAee TOYHBIE METOAbI U3MEPEHUH —
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PAANOJIOKAIINOHHBIC U3MEPECHUA. I/I3MCpI/IB BpeEMA t, HeO6XO}11/IMOC JAL TOTO,
YTOOBI paI[I/IOAOKaLH/IOHHI:Jﬁ HUMIIYABC OOCTHUT HebecHoro TE€AQ, OTPA3HUACA U
BEPHYACAd Ha 3CMAIO, BBIYHUCALAIOT PaCCTOAHUE D o 3TOTO0 TEAa IO CbOpMYAe

D c—
2

T/l ¢ — CKOPOCTh CBeTa, paBHad npumepHo 3 - 108 m/c.

C noMouipio paguoAOKaIlUK OIIpeNeAeHbI HanboAee TOUHbIE 3HAUYEHUS pac-
crogHu# 1o TeA COAHEYHOH CHCTEMBbI, YTOYHEHBI PACCTOSHUS MEXKIY MaTepH-
KaMu 3eMAH, 60Aee TOYHO OIIpe/ieAeHa acTpOHOMIYecKad eanauIia (1 a. e. =
= 149 597 870 % 2 kwm).

MeToap! JIa3ePHOM JIOKALIUM (HCIIOAB3YIOIINE, HAIIPUMED, CIIELMAABLHbIE
YTOAKOBBIE OTPazKaTeAH, JOCTAaBAEHHBIE Ha AYHY) ITI03BOAUAU U3MEPUTE pac-
CTOSIHUS OT 3eMAU 210 AYHBI C TOYHOCTBIO [0 HECKOABKUX CAHTHUMETPOB.

4. onpepeneHne pasmMepoB Ten CONHeYHOW cuctembl. IIpu HabAIOOEHHAX
HeOecHbBIX TeA COAHEYHOM CUCTEMBI MOXKHO U3MEPUTH YTOA, IO KOTOPBIM OHU
BHU/IHBI HAOAIOATEAIO C 3eEMAU. 3Has yIJIOBOM paJrycC cBeTH Ia p (puc. 44)
u paccrosgHue D 1o cBeTHAA, MOXKHO BBIYHUCAUTL AUHEHWHBIN paauyc R aToro
CBeTHAA 10 POPMYAE

R =D sin p.

Teno
ConHeyHoM
cucrembl

PucyHoK 44 — OnpeaeneHue IMHeiHbIX pa3mepoB Ten CONHeYHOMU cuctembl
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NP
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ITo OIMPEAEACHUIO TOPHU30HTAABHOTIO I1apaAAaKcCa, pagnuyc 3eMaHn R@ BHIEH
CO CBE€THAA 1104 YITAOM p, TOorga IIOAYyYIHM:

R sippg
si p

Tak Kak 3HaYeHUs YTAOB p U p MaAbl, OKOHYaTE€ABHO UMEEM:

R ‘g_l?ea

OmnpeneseHuE pa3MePOB HEOECHBIX TEA TAKUM CITOCOOOM BO3MOIKHO TOAB-
KO TOT/1a, KOT/Ia BUIHBI UX JUCKH.

) T’1aBHBIE BHIBOABI
A
1. B ocHOBY MeTOa OIIPENEACHUS PA3MEPOB 3EMAU IIOAOKEHBI IPa-

AyCHBbIE U3MEPEHUS (TPUAHTYAIIINS) JAMH AYT Ha €€ IIOBEPXHOCTH.

2. Onpeneaenne paccTrodHuit 10 TeA COAHEYHOH CHCTEMBI OCHOBAHO

Ha U3MEPEHUU MaAbIX YTAOB (IIapaarakcoB). B HacTogdIiee BpemMd nasg
9TOT0 UCIIOAB3YIOTCS METObI AA3€ PHOM AOKAIINU U PATHOAOKAIINH.

3. Has HU3MEpPEHUA paCCTOHHI/Iﬁ MEXAYy T€AaMU CoAHEYHOM CHCTEMEI

HCIIOAB3YETCA aCTPOHOMHUYECKAad CANHUIIA (]. a. C.) , pPaBHad IIPUMEPHO

1

49,6 MAH KM.
4. Onpeneaenve pasmepoB Tea COAHEYHOM CUCTEMBI OCHOBAHO HA H3-

MEPEHHUH YTAOBBIX paanyCOB 1 paCCTOHHI/Iﬁ J0 HUX.

}

KOHTpObHbIE BONPOCHI U 3a8aHUA

. Kakum obpasom rpeveckuin yuéHblii dpaTtocheH onpeaennn pasmepbl 3emam?

. Kak onpegenatoTr anvHy ayrn mepuanaHa TpUaHryaALMOHHBIM - MeTO40M?

. YTO NOHMMaIOT NofA ropu3oHTaNbHBIM NAPANIAKCOM?

. Kak onpepenntb pacctoAaHve A0 cBeTUNa, 3HAA ero ropusoHTasbHbIM Napasnakc?

. YTO TaKoe acTpoHOMMYEeCKana eanHULA?

. Ha KAKOM PaccToAHUM OT 3eM/IM HaXoAUTCA HebecHoe Teso, eCNM ero ropn3oHTa N b-
HbllA Napannakc paseH 1.?

7. B 4ém cOCTOUT PagMONOKALUMOHHDBIN MeToa, onpeaeneHns paccToaHuin ao Hebec-
HbIX Ten?

8. OnpeaennTe NMHENHbIN pagMyc yHbl, eciv BO BpemMsi HabtogeHuin cTano usBecT-
HO, YTO €€ ropu3oHTas/IbHbIM Mapananakc B 3TO BpeMsA paBeH 57, a yrnosoi paguyc —
15,5.. Pagnyc 3eman npuHATL pasHbiMm 6400 Km.

U bH WNER

()]
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§ 11. aBnXXeHne KOCMUYECKUXannapaTos

1. Kocmuueckue crkopoctn. Hanboaee mpocTodt cayyadl OBUIKEHHUS TeA
BOAM3H ITOBEPXHOCTU 3€MAU OJ AEHCTBHEM CHABI TSKECTH — CBOOOIHOE Ia-
[eHHUe C HAaYaAbHOM CKOPOCTEBIO, PABHOM HYAIO. B 3TOM cay4dae Teao ABUXKET-
CsI IPSIMOAMHEHHO C YCKOPEHHEM CBOOOMHOTIO ITaJeHHS 110 HAIIPABACHHIO K
HeHTpy 3emMau. Ecan Teao UMeeT Ha4aabHYIO CKOPOCTD, BEAYHHA KOTOPOH
OTAMYHA OT HyAsI, U €€ BEKTOP HAIIpaBAE€H HE II0 BEPTHKAAH, TO TEAO IIO[
NeHCTBUEM CUABI TAKECTH HAUHET NBUTATHCS C YCKOPEHHEM CBOOOTHOTO I1a-
JEHUd 110 KPUBOAMHENHON TpPaeKTOPUH.

PaccmoTpum Teao, HaxosIIeecs 3a IpeieAaMU 3eMHOH aTMocephl.
[TpenrnoaokumM, YTO BEKTOP HA4YaAbHOM CKOPOCTH 3TOT0 TeAa HAaIIpaBAEH I10
KacaTeAbHOH K IIOBEPXHOCTHU 3eMAH. B 3aBHCHMOCTH OT 3HAYEHHS HadaAb-
HO CKOPOCTH JaAbHelIIIee IBUKEHHE TeAa MOKET ObITh PA3ANYHBIM::

a) IIpU MaAbIX HA9aABHBIX CKOPOCTSIX (Uo1, Vo2, Voa) TEAO YTIAAET Ha 3eMAIO;

6) Ipu HEKOTOPOM OIIPeAeAEHHOM 3HAYEHUU CKOPOCTHU V) (HepBad KOCMH-
YyecKasa CKOPOCTh) TEAO CTaHET UCKYCCTBEHHBIM CITyTHHKOM M HAYHET oOpa-
IATHECS BOKPYT 3€MAH IT0I00HO €€ eCTECTBEHHOMY CIIyTHUKY — AyHE;

B) npu emg 60ABIIEeM YBEAMYEHHUH 3HAUYEHUS CKOPOCTH U JOCTHKEHUHU
CAELYIOUIETO OIIpPeNeA€HHOI'0 3HAYEHUd U, (BTOpAad KOCMHYecKasa CKOPOCTH)
TeAO YUAET OT 3EMAM TaK JAAEKO, YTO CHAA 3€MHOTO IIPUTSIKEHUS IIPAKTH-
4eCKHU He OyIeT BAUSTD Ha ero ABUKeHUe. Teao HauHET oOparaThbCad BOKPYT
CoaHIla 110100HO UCKYCCTBEHHOM ITAQHETE;

) HaKOHEIl, ECAH CKOPOCTB Te€Aa JOCTUTHET OIIPeeAEHHOTO 3HAUYEHHUS U3
(TpeTha KOCMHYeEcKasa CKOPOCTB), TO JaHHOE TeAo HaBceraa yiaér u3 Coaneu-
HOM CHCTEMBI B IPOCTPAHCTBO ['araKTUKH.

PaccmoTpuMm caydaii, Korzia TEAO CTAHOBUTCH UCKYCCTBEHHBIM CITyTHHU-
KOM 3eMAH, T. €. OIIPEAEAUM IIE€PBYIO0 KOCMHUYECKYIO CKOpPOCTh v;. Haliném
3Ty CKOPOCTE I10 BTOPOMY 3aKOHY HbIOTOHA 13 yCAOBH4, YTO IO AeICTBUEM
CHABI TATOTEHHUS TEAO IPUOOPETAeT LEHTPOCTPEMUTEABHOE YCKOpPEHHE:!

G”}?’M ma, (1)

op6

rae Rops = R+ h — cpenuuit paauyc opbutsl Teaa (puc. 45), R — paguyc
3eman, h — BBICOTA TeAa HAJ ITOBEPXHOCTHIO 3eman, M — Mmacca 3eMan, m —
Macca TeAa (CIIyTHHKA).
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CnyTHUK U, JAd IEHTPOCTPEMUTEABHOI'O YCKOPEHUA
=" '0"—-.._*
g oo uf = uf IToncraBaga 3T0 BeIpakeHUeE
auz _ R + h ) p
Ropb'

B dpopmyay (1), mocae coKpallleHUuH IoAydaem:

oy Ll

v —

V"R h

Y noBepxHOCTU 3€MAHU C YIETOM BbIPAKEHUI

[AST YCKOpPEeHHs cBoOomHoro naaeHusa g= G

R

MOKHO 11oA0KUTH h = 0. Torma nepBass KOCMH-
yeckas CKOPOCTH (0e3 yuéTa COmpOTHUBAEHUS BO3-
ayxa) paBHAa:

v ¥ 4986 710 *M/c. (2)

Taxkum o6paszoM, TeA0, CKOPOCTH KOTOPOTO paBHa 7,9 - 10°m /cuHapaB-
A€Ha 10 KacaTeAbHOUM OTHOCUTEABHO ITOBEPXHOCTU 3€MAHM, CTAHOBUTCH UC-
KYCCTBEHHBIM CIIyTHHUKOM 3€MAH, OBUXKYIIIMMCS 10 KPYTOBOH OpOUTE HAL
3emaéii. BHebecHo MeXaHHKe ITepBast KOCMUYECKasi CKOPOCTh Ha3bIBAETCS
TakKe KPyroBOi CKOPOCTHIO.

BTopaa kocMuyeckass CKOpPOCTh OIPENEAIETCA U3 YCAOBUL, YTO TEAO
JOOASKHO YUTHU U3 cPepbl 3€MHOTO TATOTEHUS U CTATh CIIyTHUKOM CoOAHIIA.
Pacuétbl naroT caeayrolee BhIpasKEeHUE JAS OIIPEAEACHULI BTOPOM KOCMUYe-
CKOM CKOPOCTH (63 y4éTa COIPOTUBAEHHUS BO3IyXa):

v 4 gR (3)

rae R — panuyc 3eMau.
Hcnoap3yd BeIpazkeHUe (2), HaX0oUM:

N2 (4)

[ToacraBadsa B (4) y2Ke U3BECTHOE HaM 3Ha4YeHUE I1€epBOH KOCMHYECKOMU
CKOPOCTH, ITOAYYHM, YTO y IOBEPXHOCTH 3eMAM Uy~ 11,2 - 10° M/ c. Bropas
KOCMHUYEeCKasl CKOPOCTb Ha3bIBaeTCHd TAaK¥Ke CKOPOCTHIO O0CBOOOXKIeHUs (ybe-
raHUs, YCKOAb3aHUS) HAH NAPa00JINY€eCKON CKOPOCTHIO.
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TpeTbs KOCMHUYECKask CKOPOCTh, HAU THIIEePOOJIHUECKas CKOPOCTh, — 3TO
HauMeHbIIasg HavyaAbHas CKOPOCTh, C KOTOPOH TEAO JOAXKHO ITPEOLOAETDH 3€M-
HOE IIPUTSKEHUE U BBIUTH Ha OKOAOCOAHEYHYIO OpOUTY CO CKOPOCTBIO, He-
06X0AMMOM IAS TOTO, YTOOBI HABCETIa IIOKUHYTE ITpeaeAbl COAHEYHO CHuC-
TEMBI.

Pacuéthsl maioT caeayrontyo (popMyAy OAS HAXOXKAEHUS BEAUYHHBI 3TOH
CKOPOCTH:

\/\/— 2 2 ; (5)

re v~ 29,8 - 103 M/c — ckopocTs 3eMAN Ha KPYroBOif Op6UTE MBHIKEHUS
BOKpyT CoaHIIa.

[MomcraBasisa 3HaYEeHUE BTOPOH KOCMHUYECKOH CKOPOCTHU Uz B (5) B mpo-
Beld pacyéT, IIOAYYHM, YTO TE€AO JOAYKHO UMETh MUHUMAABHYIO CKOPOCTH
v3~ 16,7 - 10° M/c, 9TOOLI TOKUHYTE IIpeaeAbl COAHEYHOH CHCTEMEL.

2. opbutbl Kocmuueckux annapatoe. PacyéTbl TpacKTOPUMU IOAETOB KOCMH-
YEeCKUX allllapaToB CBA3aHbI C HCIIOAB30BaHHEM 3aKOHOB HebOeCHOM MeXaH!-
ku. CaenyeT 3aMETHUTh, UYTO ABUKEHHE KOCMHYECKUX allllapaToB OIUCHIBAET-
cs 110 3aKOHaM HeOeCHOM MeXaHUKH TOABKO ITOCA€ BBIKAIOUEHUS PEAKTUBHBIX
nBurareseit. Ha maccuBHOM y4acTKe TPAeKTOPHH (T. €. IIOCAE€ BBIKAIOUEHUS
[ABUTaTEAEN) KOCMHYECKHe alllapaTthl ABUKYTCI IIOJ AeUCTBUEM IIPUTIXKEHUST
3emMau u apyrux Tea CoAHEYHOM CUCTEMBI.

OAeMeHTBI OPOUTHI UCKYCCTBEHHBIX CIIyTHUKOB 3€MAU B3aMMOCBA3aHbI
Mexkay coboit dopmyaoit

(2 1)
v

Iie Up— HadaabHasl CKOPOCTh CIIyTHHKA, M — macca 3emau, rp — paccro-
sdHMEe TOYKH BBIXOJA CIIyTHHKA Ha OpOUTY OT IleHTpa 3eMAU, a — OoabInas
IIOAYyOCH OPOUTHI CITyTHHKA.

OKCHEHTPUCHUTET OPOUTHI € TIPU TOPHU30HTAABHOM 3aIlyCKe CIIyTHHKA
paBeH:

(6)

=, (7)

TIe q— pPacCcTosSHHe Nepured (OAMIKaMIIeH TOYKH OPOUTHI OT LIEHTPa 3eMAH).
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B caygae saaunTudeckoit opburts (puc. 46): g = a(l — e) = R+ hn, rae
hp— auHetiHas BbIcOoTa IIepUres Ha IIOBEPXHOCTHIO 3emMau. PaccrosiHue ario-
res (Hauboaee ynar€HHOM TOYKU OpOUTHI OT IeHTpa 3eMan): Q =a(l + e) =
= R+ ha, Tie hy — BBICOTA arioresl HaJl 3eMHOM ITOBEPXHOCTBIO, R — paau-
yc 3eMAn.

Ha pucynke 47 nokasaHbl OpOUTBI KOCMUYECKUX aIlliapaToB 6e3ydéra
BO3MYIIIEHUH, T. €. KOT/Ja arnmnapaThl ocTaroTcd BOAn3u 3eman. Ho korma koc-
MHYeCKUH anrapat yaasuTcd oT 3EMAH Ha 3HAYHTEABHOE PACCTOIHUE, TO Ha
J[aAbHelIIee ero ABUKeHHe OyAeT 0Ka3bIBaTh BAUSHHE IIPEKIEe BCETO IPUT-
xkeHue CoaHna. Paguyc cepsl feiicTBHG 3eMAN IPUHHUMAIOT PABHBIM IIPU-
MepHO 930 ThIC. KM; Ha I'paHulle 9ToH cdepbl BausHue CoaHIIa U 3eMAHR HA
KOCMMYECKUH anmnapaT oAnHaKoBo. MOMEHT NOCTHUKeHUI I'paHUIIbI CPePhI
OeUCcTBUS 3eMAHN CHUTAETCSI MOMEHTOM BbIX04a KOCMHYECKOT0 alrapara Ha
opbuty orHOCHUTEeABRHO COAHIIA.

[Tpu 3amnmycke KOCMHYECKHX alllapaToB K APYTUM IIAaHeTaM UCXOOAT U3
CAEYIOIIUX OCHOBHBIX COO0pa’KeHU:

1) reoneHTpPUYECKAas CKOPOCTb KOCMHUYECKOI0 arliapaTa IIpy BbIX0/le Ha
OpPOUTY OTHOCHUTEABHO 3EMAH JIOAJKHA ITPEBBIIIATE BTOPYI0 KOCMHUYECKYIO
CKOpPOCTb;

2) reAvolleHTpHUYeCcKas opOUTa KOCMHYECKOT0 alliapara 0AXKHa IIepece-
KaTbCH C OpOUTOM MAHHOM ITAQHETHI,

q

A

2a

Q

\ Y

a
PuUcyHOK 46 — dnnuntuyeckas PucyHoK 47 — ®opmbl Op6UT KOCMUUECKUX
op6uTa UCKYCCTBEHHOrO annapartoB: 1 — Kpyrosas; 2 — 3//1UNTUYECKas;

cnyTHUKa 3emnun 3 — napabonunueckan; 4 — runepbonunuyeckan
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3) MOMEHT 3aIlyCcKa HEOOXOIUMO BbIOpaTh
Tak, 4T00bI OpOUTa ObIAQ HAMOOAEE OTITHMAAD-
HOM C TOYKH 3PEHHUS CPOKOB IIOAETA, 3aTpaT
TOIIAMBA U psaa APYTUX TpeOOBaHUH.

OOHUM U3 KAACCOB MEKIIAQHETHBIX TPAEK-
TOPUH IBAFIOTCA 9HEPTETUYECKH OIITUMAaAb-
HbI€ OPOUTHI, KOTOPBIE COOTBETCTBYIOT HAU-
MEHBIIIEH NreOLEHTPUIECKONH CKOPOCTH KOC-
MHYECKHUX allllapaToB B MOMEHT JOCTUXKEHUST
rpaHullbl cpephl AeticTBUsg 3emaun. Ha pucyn-
Ke 48 ykaszaHa Takad TPacKTopUd IIepeséTa
Ha Mapc, r1ocTpoeHHad Ha IIPEeAIIOAOKEHNUH, PucyHOK 48 — FoMaHOBCKas
4T0 OpOUTHI 3eMan 1 Mapca Kpyrossle. [laH- TpaekTopus nepenéra
Hasi opbUTa HOCUT Ha3BaHHUE TOMaHOBCKOH, ¢ 3emsn Ha Mapc
TaK KaK Ha3BaHa B YE€CTh HEMEIIKOTI'0O aCTPOHO-

Ma Baaprepa ['omaHa, 3aHUMAaBIIETOCH TEOPHUEN MEXKIIAAHETHBIX IIOAETOB.

B MoMeHT 3aIrycKa KOCMHYECKOT0 anmnapara 3eMAd HaXOAUTCHI B TOUKe 1.
leanoneHTpHUYeCcKass CKOPOCTh Uy KOCMHUYECKOIO aIapara JoAXKHa ObITh Ha-
IIpaBA€HA TaK XK€, KaK ¥ eANOIIeHTpHUYecKasl CKOPOCTh 3eMAH, — II0 Kaca-
TEABHOH K opOuTe 3eMau. MOMEHT 3ammycKa CAeIyeT Ioao0paTh TaK, YTOObI
KOCMHUYeCKHU annapatu Mapc, IBUrasich 1o CBOUM 0pObUTaM, JOCTUTAH OfI-
HOBpeMeHHO TouKM 2. BykBoit S o6o3nHaueHo CoaHIle. PacuéTrl mokasbIBaIoT,
qTo BpeMd moaéta ¢ 3eMau 10 Mapca 1o yka3zaHHOHU TpaeKTOPHUH COCTaBUT
259 cyToK (He cynTadgd CpaBHUTEABHO KOPOTKOTO BpEMEHH IT0AETAa [0 TPaHU-
1161 cpeprl fecTBUS 3eMA).

3. Mpobnembl U NepcneKTUBbI KOCMUYECKUX uccneposaHmini. KocmoHaBTH-
Ka — KOMIIAGKCHAsI OTPaCAb HAYKH U TeXHUKHU, 00eCIIeYHBAIOIAT UCCAEI0-
BaHHE U UCIIOAB30BaHHE KOCMHYECKOT'0 IIPOCTPAHCTBA C IIOMOIIIBIO aBTOMA-
TUYECKUX U THAOTHPYEMBIX KOCMHUYECKHX allllapaToB. ' AaBHEIMU 3a1a9aMu
KOCMOHAaBTHUKH (B IIOPSIKE UX JJOCTHUKEHUS) IBASIOTCS: BBIBOJL MICKYCCTBEH-
HOTO CIIyTHHKA Ha OpOUTYy 3eMAH, ITOAET YeAOBEKA B KOCMOC, ITOAET YeAOBe-
Ka Ha AyHy, HOAET 4YeAOBEKa Ha IpyTHe IIAAHETHI, ITOAET K 3BE31aM. [lepBrie
TPH LIEAU JOCTUTHYTHI.

Hagaao kocMmudeckoii 3pbl 66100 ToA0KeHO B CCCP 3armyckom mepBoro
HCKYCCTBEHHOTO CITyTHHKA 3eMAU 4 oKTsa6pst 1957 r. Bropas BaxkHeimasa
[JaTa KOCMH4YeCKOH 3pbl — 12 ampeasa 1961 r. B stot ness IO. A.'arapun
BIIEPBBIE B UICTOPHUH YEAOBEYECTBA COBEPIIIHA ITOAET B KOCMOC Ha KOCMHUYeE-
CKOM Kopabae «BocTok». TpeTbe ncTopuieckoe CoObITHE KOCMOHABTUKH —
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o

t0. A. FarapuH n. U. Knumyk B. B. KoBanéHok O. B. HoBuuKMit

nepBad AyHHasI SKCIIEJUITHS, OCYIIeCTBAEHHAd 16—24 1roaa 1969 r. amepu-
KaHCKHMU acTpoHaBTaMu H. ApmcTpoHroM, M. Koaanu3oM 1 3. OAZPHHOM.
3HaYUTEABHBIN BKAA[ B UCCAEIOBaHUE KOCMHUYECKOTO IIPOCTPAHCTBA BHECAU
U KocMoHaBTHI-6eaopycel I1. U. Kaumyk u B. B. KoBaaénok, O. B. HoBuir-
Kuii. [ToAéThI YeaAoBeKa B KOCMOC JAS HAC CTAAH y3Ke ITOYTH OObIAEHHBIM SIB-
AEHUEM.

KocMoHaBTHKa criocobcTBOBara BOBHHKHOBEHUIO U Pa3BUTHIO HOBBIX TE€X-
HoAoruii. B mepciekTrBe — rao0aAbHBIN SKOAOTHYECKHUH MOHUTOPHUHT 3eM-
AW, CTPAHEHUE YIPO3 aCTEPOUJHO-KOMETHON OIIaCHOCTH.

CoBpeMeHHas TeOpUT KOCMHUYECKUX ITIOAETOB — aCTPOAUHAMHUKA — OCHO-
BaHaA Ha KAACCHYECKOU HeOeCHOH MeXaHHUKe U TEOPUHU YIIPABACHUS IBUKEHU-
€M A€TaTEeABHBIX annapaToB. KocMOHaBTHKa Hy>K1aeTCd B TIIIATEABHOMN pa3-
paboTKe ONTHMAABHBIX TPAEKTOPHUH KOCMHYECKHUX allllapaToB C YYETOM psaa
YCAOBHM M OTPaHUYEHUH.

Co3zgaHue paKeTHO-KOCMHUYECKUX KOMIIAEKCOB —BECHEMAa CAOXKHASI HAyd-
HO-TeXHHU4YecKasd ITpobaema. KocMuyeckue anmapartsl LOAXKHBI 00Aa1aTh CIIO-
COOHOCTBIO K IAUTEABHOMY CaMOCTOSITEABHOMY (PYHKIIMOHHPOBAHHUIO B YCAO-
BHAX KOCMHUYECKOTO ITPOCTpaHCcTBa. KpoMe TOro, BO3HUKAET PALl JOIIOAHHU-
TEABHBIX MEINKO-OMOAOTHYECKHUX IIpobAeM (3aIuTa OT KOCMHYECKOH Cpenbl,
JKH3Heo0ecIIieYyeHre SKUITaxka U T. 11.). Bcé€ aTo Tpebyet pa3paboTKu criernu-
aABHBIX cucTeM. [Iag obecriedeHHS ITOAETOB KOCMHUYECKHX aIllllapaToB Heoo-
XOMMa IITHUPOKAsi CETh HA3€MHBIX CAYZK0 yIIpaBA€HHUSI.

[To cBOe# CyIITHOCTH KOCMOHaBTHKA — 3TO 00AaCTh O0ILIIeYeA0OBEUYECKOH
IOEeATEABHOCTH, U [IPOBOAUMAd JazKe B paMKax HAllTUOHAABHBIX IPOEKTOB OHA
3aTparuBaeT UHTEPECHl MHOTHUX CTPaH.
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@ I's1aBHBIE BBIBOABI

1. CKOpOCTB, IIpH KOTOPOH KOCMHUYECKUH anlapaT BEIBOAUTCS Ha
KPYTOBYIO OpOHTY BOKPYT HEOECHOTO TeAa, Ha3bIBAETCSI [IEPBOY KOCMHU-
4YECKOH CKOPOCTBIO.

2. CkopocTb, HEOOXOAMMAS [IAS TOTO, YTOOBI KOCMUYECKUH ammnapart
BBIIIIEA U3 C(PepPhl TPaBUTAIIMOHHOTO AeHCTBHSA 3€MAHN M 00paIascs Bo-
kpyr CoaHIla, HA3BIBAETCH BTOPOY KOCMUYECKOH CKOPOCTBIO.

3. CKOpoOCTh, IIpU KOTOPOM KOCMUYECKUH alapar, 3alyieHHbIH
c 3eMaH, IOKUHET COAHEUYHYIO CUCTEMY, HAa3bIBAETCH TPETHEH KOCMHU-
4ECKOH CKOPOCTBHIO.

4. OpOUTHl KOCMHUYECKUX aIlllapaToB IIPEACTaBASIOT COO0H 3AeMeH-
TBI AAUTICOB, TapaboA u TUIrepooA.

{/'_s\; KoHTponbHble BONpoOCbl U 3aaaHUA

1. OnuwmnTe NepByto, BTOPYHO U TPETbIO KOCMUYECKME CKOPOCTU.

2. OnpegennTte nepmog obpalleHMa UCKYCCTBEHHOIO CMYTHMKA 3eMAuM, eCAN HauBbIC-
LWasA ToOYKa ero opbuTbl Hag NOBEPXHOCTbIO 3emn 36 000 KM, a HanHKU3Wwaa — 300 Km.
3emnto cumTath Wapom pagmycom 6370 Km.

3. Mo KakMm opbuTam MoryT ABUraTbCA KOCMUYECKMe annapaTtbl? Kaknm reomeTtpuye-
CKUM JIMHUAM COOTBETCTBYIOT OPOUTbI KOCMUYECKMX annapaToB A4/1a NepBon, BTOPO K
TpeTbei KOCMUYECKMX CKOPOCTEN?

4. Kakve opbuTbl KOCMWYECKMX annapaToB Ha3blBatOT FOMAaHOBCKMMM?

5. PaccuuTtalite nepByto U BTOPYI KOCMUYECKUE CKOPOCTU ANA NIYHbl. YUTUTE, 4TO Mac-
ca JlyHbl — 7,35 ¢ 10%2kr, aeé paguyc — 1740 Km.



pasgen IV

CPABHUTEeNbHAA
NMnAHeToNnol nA

§ 12. o6wme xapaKTepuCcTUKU NNaHerT.
MpoucxoxkaeHne cCoTHEYHOM CUCTEMDbI

1. cTpoeHue u cocras cosiHeuHoi cuctemsl. IToa COTHEYHOM CHMCTEMOM I10-
HHMaeTcd BCE KOCMHYECKOE [IPOCTPAHCTBO U BCA MaTepUsl, HaXOASIACH B
cepe nputskeHus: Coannia. CoanHeYHasI CHCTeMa BKAIOYAET B cebsi: 3Be3ay
CoaHIIE, PACIIOAOKEHHYIO B IIEHTPE CUCTEMBI; IIAQHETHI CO CIIyTHHUKAMHU; Kap-
AUKOBBI€ IIAAHETBI; MaAble TeAa (ACTepOuAbl, KOMETHI, METEOPHUTHBIE U METE-
OPHBIE T€AQ), a TaKIKe MEXKIIAQHETHYIO IIbIAD, ITAA3MY U (PU3UUECKUE I10AS B
yKa3aHHBIX TpaHUIaxX.

B CoaHeuHOH cucteMe HaXouTcs 8 OOABIIIHX ITAaHeT. [1o Mepe ynaseHus
oT CoAHIIa OHH pacCIOAOZKEHEI B caeyroleM nopanke: Mepkypuii, Benepa,
3emada, Mapc, FOnurep, CatypH, Ypan, HentyH.

ILnaHeToM Ha3bIBAIOT HEOECHOE TEAO, IBUKYIIEECS BOKPYT 3BE3/IbI B €é
rpaBUTALIMOHHOM II0A€, UMeloIlee (hopMy, OAH3KYIO K C(hepUIeCKOi, CBETs-
Iieecs OTPasKEHHBIM OT 3Be3/IbI CBETOM U PACYHUCTHUBIIIee 00AaCTh CBOEH Op-
OUTBI OT APYTHX MEAKHX OOBEKTOB. BBIIEASIOT IAQHEThI 3€MHOM I'PYIIIbI
(Mepkypuii, Benepa, 3emaqa, Mapc) 1 naanetsl-rurautsl (FOnurep, Catyps,
Ypau, HerrtyH). Maccel mAaHET CAHMIIKOM MAaAbl, YTOOBI BHYTPHU HUXMOTAHR
IIpOoTeKaThb XapaKTepHBbIE OAd 3BE3 A1epHBIE peaKIuU. BoKpyraaHeT, Kpo-
Me Mepkypus u BeHeprl, 00paiatoTcs CILyTHHKH, KOTOPBIX U3BECTHO yKe
6oabie 170.

[To reAMOLIEHTPUYECKUM OpOUTaM ABUKYTCH KaPAUKOBBIE IIAQHETHI, acTe-
POHIBI 1 METEOPUTHBIE Teaa. Kpome TOro, Mo CHABHO BBITAHYTHIM OpOHTaM
OBHIKYTCH A€ISIHBIE TEAA — KOMETBHI.
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[raneTsl 1 npyrue Teaa COAHEUHOM CU- 5500
CTeMBbI IPU ABUXKEHUH I10 OpOUTAM CTaA- & HenTYyH 5&%%
KUBAIOTCS C METEOPHBIMHU TE€AAMHU, MEXK- 4000
IIAQHETHOM IIBIABIO; B3aUMOIAEHUCTBYIOT C 3500
9AEKTPOMAarHUTHBIM u3aydeHueM CoAHIlA U 000
maasMoi, ucxonsineit or CoaHIA. =00

2. 0c06eHHOCTU CTPOEHUA COTHEYHOM cUcCTe-

Mbl. XapakTepHble 4epThl cTpoeHnd CoaHed- 2000
HOM CHCTEMBI, U3BECTHbIE 110 ACTPOHOMHU-

YEeCKUM HaOAIOOEHUSM U KOCMHUYECKUM HC- 1500
CAEIOBaHUSAM, 3aKAIOYAIOTCH B CAELYIOLIEM.

1. OcuoBHaa Macca BemlectrBa CoaHed-

HOU cucTeMbl cocpenorodeHa B CoaHIIE, KO- lOnuTep
TOPOE IIPECTABASIET COOOM PSIIOBYIO 3BE3-
ny. Ha Mmaccy Bcex IpyTHUX COCTABASIIOITIX 1000
cucteMbl TpuxonuTcd 1/750 yacTb Macchl
Coanna (puc. 49). Takum o6pa3oM, JOMU-
HUpYyOIM B COAHEYHOU CUCTEME SIBASIET-
cs rpaBUTaloHHoe moae CoaHIIA.
2. OpbuTHI MAAHET 1 GOABIITUHCTBA aCTe- 500

POHIOB A€KaT IIOYTHU B OMHOU ITIAOCKOCTH, Mapc
HE3HAYHUTEAbHO HAKAOHEHHOH K ITAOCKOCTHU & 3emnn
COAHEYHOTO0 3KBaTopa. HaKAOH SKAUIITHKHU
K IIAOCKOCTH COAHEYHOTO 3KBATOpa COCTAaB-
aset 7°15. OpOUTHI MAAHET TOYTH KPYTro-
Bbl€, T. €. UX 9KCLIEHTPUCUTETbl MaAO OT-
AUYAIOTCS OT HYAS. ConHue MJTH KM

3. Bce maaHeTsI 1 acTepouanl obpara-
10Tce BOKPYT CoAHIIA B OTHOM U TOM K€ Ha-
rmpaBaeHnU. Bpatenme CoaHIla BOKPYT CBO-
el OCH ITPOHCXOIUT B Ty K€ CTOPOHY, YTO U ABHKEHUE ITAaHeT BOKpPyT CoaHIIA.
[TaaHeTHI BpalliaroTcsa BOKPYT CBOUX OCEH B HATIpaBAE€HHH, COBIIaIAI0IIEM C Ha-
IIpaBA€HHEM UX obparltieHus BOKpyT CoaHnia. ckaroueHue cocTaBAsioT BeHepa
U YpaH, KOTOpbIe BpalllaloTCAd B IPOTUBOIIOAOXKHYIO cTOpoHYy. [Ipruém ock Bpa-
IIIEHUS YpaHa IIOYTH A€KHUT B IIAOCKOCTH OpOUTHI ITaaHeThl. HakaoH ocu Bpa-
IIIEHUS IPYTHUX IAQHET He IIpeBhIaeT 60° K IIAOCKOCTIM HUX OpOUT.

4. TlaaHeTHI pa3feAdioTCs Ha ABE Pa3AWYAOIIHecs I'PYIIIIbI: TAAHETHI
3eMHOM I'PYIIBI U TAQHETHI-TUTAHTEI. IlJIaHeThl 3¢ MHOM IPYIIIBI — TBEPBIE

BeHepa

Mepkypuit

PucyHok 49 — CpaBHUTeNbHbIE
pa3smepbl ConHUa u nnaHer
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TeAa, CPABHUTEABHO HEOOABIIIHE, MAAOMAaCCHUBHEIE, HO C OOABLION cpenHeHl
IIAOTHOCTBIO, 00A€Ee MEeNAEHHBIM BpallleHHEM M MaAbIM YHCAOM CIIyTHUKOB
(nam 6e3 Hux). OHM pacriorokeHbl BOAN3HU Coanlla. [1aHeTbI-THTAaHTBI —
MacCHUBHee IIAAHET 3€eMHOU I'PYNIbI, OOABIINE II0 pa3MepaM M C MeHbIIeH
cpenHeld IAOTHOCTbHIO, OOABIION CKOPOCTHIO BPAaIleHUS U MHOT'OYHCAEHHBIMU
CIlyTHUKaMU. [IaaHEeThI-TUTaHThI 00AaIal0T MOITHBEIMU aTMocgepaMu, COCTO-
AITMMH B OCHOBHOM M3 BOAOPOJA U I'€AUd.

5. MoMeHT KoandecTBa OABUXKEHUS (m - v - 1) Mexkay COoAHIIEM U ITAaHe-
TaMU pacupeneasercsa HepaBHoMepHo. Ha moato CoaHIla, B KOTOPOM COCPENO-
TO4YeHa ITo4YTH Bcg Macca CoAHEeYHOH CUCTEMBI, ITIPUXOAUTCH TOABKO 2 % eé
IIOAHOTO KOAWYECTBA [BUKEHUS.

6. OpOUTHI OOABIIIMHCTBA CIIyTHHUKOB ITAQHET OAU3KH K KPYTOBBIM. [IBH-
JKeHHe OOABIITMHCTBA CITyTHHUKOB IT0 0pOUTAM IIPOUCXOAUT B TOM K€ HaIIpaB-
A€HUHU, B KAKOM IAaHETBhI ABUXKYyTCs BOKPYTr CoaHila. OpO6UThl KPYIIHBIX
CIIyTHUKOB B OCHOBHOM HMEIOT MaABbIH HaKAOH K IIAOCKOCTSIM 3KBaTOPOB CBO-
UX IIAQHET.

[lepeyncaeHHBIE OCOOEHHOCTH HEOOXOAHUMO YYUTBIBATH IIPU IIOCTPOCHUH
MOJEeAH (TeoprH) PopMUPOBaHNL BCero KoMImaekca TeA CoAHeYHOM CHCTEMBI.

3. MNMpowucxoxkaeHne conHeyHoW cuctembl. A ITOCTPOEHUS TEOPHUH IIPOUC-
xoxkeHnsd CoAHEeYHOH CUCTEMBI HEOOXOQUMO 3HATh BO3PaCT HeOECHBIX TEA.
CoraacHO COBPEMEHHBIM IIPEACTABACHUSIM, BO3PACT APEBHEHUIIINX ITOPOL 3€M-
AM focturaet 4,64 Mapa AeT. AHaANU3 IOPO/, JOCTAaBAECHHBIX C AyHBI, COOT-
BETCTBYET BO3pacTy oT 2 10 4,5 MApA AeT. Bo3pacT :keAe3HbIX 1 KaMEHHBIX
MeTeopuToB orieHnBaeTcd oT 0,5 1o S Mapa aet. Bo3pact CoaHlla U IPyTHX
OTAEABHBIX 3BE3[ OIIPELACAIETCS HA OCHOBE TEOPHUU CTPOEHUS U 3BOAIOITHU
3Bé3n. [asa CoAHIIA 3TO IIPUOAU3UTEABHO S MADP AET, UYTO COBHIAAET C BO3-
pacToM ApyTuX TeA CuCTeMEI. [locaenHee T03BOASET 3aKAIOYUTD, YT0 CoAHIlE
U TIAQHETHI C(POPMHUPOBAAUCE U3 €IUHOT0 06AaKa ra3a U ITbIAH.

BriepBrie naes 06 o6pa3zoBanuu COAHIIA U TTAQHET U3 BEIleCTBa eIHHOHN
rasoBoi TyMaHHOCTH Oblaa cpopmyaupoBaHa M. Kantom B 1755 r. u mopa-
6orauna Il. Aanmaacom B 1796 r. CoraacHo aToii runnorese, CoaHedHass CUCTeE-
Ma o0pa3oBasach U3 BPAIAIOIIETOCSd IOPsSYero ra3oBoro o6aaka, KOTopoe
CKHUMAaAOCH I10J1 BO3ZIe¥CTBHEM I'paBUTAIIMU U PACIIa1aA0Ch Ha (pparMeHThl
(puc. 50). OmHaKo 3Ta THII0TE3a OKa3aAaCh HECOCTOSATEABHOM H3-3a MHOXKE-
cTBa npotuBopeunii. /[xxeiimc /[>kuHCc B 1919 r. BRIABUHYA THIIOTE3Y, CO-
TAACHO KOTOPOH IAQHETHOE BEIIECTBO OBIAO «BbIPBaHO» U3 COAHIIA IO BO3-
aericTBrEeM O0AM3KO IIPOXOALIIeH 3Be31bl. BhIpBaHHOE COAHEYHOE BEIIECTBO
pacrnasoch Ha OTZAEAbHBIE YaCTH, 00pa3ys IAaHETHI.



§ 12. Obwme xapaKTepUCTMKM nnaHeT. MNponcxoxaeHne CONHEYHOW CUCTEMDI 77

JanHble (PU3HKO-XUMUYECKUX HCCAEI0Ba-
HHUH METEOPUTOB U 3€MHBIX IIOPOM IIOACKA-
3bIBaAU, YTO 3THU TeAd 00pa3oBaAUCh He U3
ra3oBbIX CTYCTKOB, a U3 TBEPIOTO BEIIIECTBA.
B 1944 r. cucremaTudeckoi pa3paboTKoii Teo-
puu 06pa3oBaHUd IAAHET U3 TBEPIBIX YACTHUIL
OKOAOCOAHEYHOTO JOIAAaHETHOTO obAaka 3a-
Haacg O. 0. IImuar. 9Ta Teopud pa3BUBaET-
Cd U B HACTOSIIIIEE BPEMH.

MO>KHO BBIAEAUTH CAEAYIOIINE OCHOBHBIE
3Tambl IPOUCXOXKAEHULI U PaHHEH 5BOAIOIINHT
CoaHEYHOH CHUCTEMBEI.

1. Okoao 4,6 MAPA AET Ha3ag IPOU30IIEA
B3pBIB CBEPXHOBOH 3B€3/1bI BOAN3U MeCTa POXK-
neHus CoAHEYHOH CHCTEMBI. YaapHad BOAHA
OT B3pbIBa PaCIpOCTPaHUAACh B KOCMUYECKOM
npoctpaHctBe. [log eé geicTBHEM ra30IIbIAe-
Boe 00AaK0, COCTOSIIIee U3 BOIOPOAA, TEAUS U
OPYTHUX pa3HbIX II0 COCTaBYy YaCTHUYEK, COAEP-
JKaluxX KakK MeTaAAbl, TaK U PEIKHE H30TO-
[IbI TAXKEABIX XUMHUYECKUX SAEMEHTOB, HA4aA0
crymartbcsd. B HEM 00pa30BaAUCh YIIAOTHEHUS,
oboraIéHHbIe BEIIECTBOM CBEPXHOBOH 3BE3/IbI.
M3HauyanbHO MEOAEHHO BpAIAIOUIEecHd YIIAOT-
HeHUe 101 Ae¥CTBHEM CHA I'paBHUTAIIUU Ha-
4aA0 CKHMAaTbhCS U IIpeBpaIlaThCcad B JUCKO-
o6pa3Hoe rasombiaeBoe 00AaKo. B nasbHeii-
IIIEM B IIEHTPE 3TOro obaaka obpasyeTcs Mo-
asomoe Coanne. O6pa3oBaBLIHICSI BOKPYT HETO
IIPOTOIIAAHETHBIH AHCK ITOTAOIIAET OOABIIIYIO
YacTh MOMEHTA KOAUYECTBa ABHUXKEHUL.

2. IlocTerieHHO B VICKE ra30ITbIAEBOTO 00Aa-
Ka MeABYaHIIIIe ITIBIAMHKY CTaAd O0be TUHSITh-
cd, 3axXBaThIBas ra3bl U3 OKPYyKaIoIlIeTo IIPo-

PucyHok 50 — O6pasoBaHue
CoNHeYHOoM cucTembl
no runotese O. 0. Wmuara

cTpaHcTBa. M3 MeAKHX yacTH4YeK 00pa30BbIBAANCEH O0Aee KPYITHBIE KOMKH, a
13 HUX (DOPMHUPOBAAUCE 3aPOABIIIH Oy AYIIHX IIAQHET (pa3MepaMU B HECKOABKO
KHAOMETPOB) — IVIAaHeTe3NMAaJI, a [103/THEe ¥ CaMU ITAaHeThl. Bo BHyTpeHHeM!
30HE AETKHE 9AEMEHTHI (BOZIOPOI, TeAnt) 1o e CTBUEM CBETOBOT'O JaBACHMS
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IIOKHUIAAU LIEHTpaAbHbIE 00AaCTH AMCKA, yX0ad Ha nepudepuio. [Toaromy
BOAM3U CoAHIIA ITAAHETe3UMaAK (POPMHPOBAAUCE ITOAHOCTBIO 13 KAMEHHUCTBIX
MMHHEPAAOB U COEIUHEHUH METAAAOB U B KOHIIE KOHIIOB ITPEBPATHUAUCEH B I1AA-
HETBI 3¢€MHOH IpyHIibl. YaCTHUYKU B CPEIHEN XOAOHOH 30HE IIOKPHIBAAUCH
ABIIOM, si/Ipa Oy AYIIIX [IAQHET-TUTaHTOB OBICTPO POCAH, 3aXBaThIBAsI OKPYIKa-
oI ra3. B caMoi X0A0MHOM BHELTHEN YaCTH AUCKA KOHAEHCHUPYIOIIIEE BEIle-
CTBO OYTHU BCE OBINO AeSTHEIM. MHOZKECTBO OTAEABHBIX ACISTHBIX ITIAQHETEe3H-
MAaAWH U TABIO TIOPOAUAH SIApPa KOMET U AeZITHBIE aCTEPOUIHI.

ITaaHETBI 3¢ MHOM I'PYIIIILI IIOYTH JOCTHUIAU CBOUX PA3MEPOB IIPUMEPHO Ye-
pe3 100 MmaH aeT.

3. Ilocaenyroiiee rpaBUTAILIOHHOE CXKaTHE IIOAHUMAAO TEMIIEPATYPY B
HeOpaxXIIPOTOIIAAHET 0 TEMIIEPATYPhI ITIAaBA€HHS 3Keae3a. C3Toro BpeMeHH
TAXKEABIE KOMIIOHEHTBI CTaAHU OTACAATECH U CTPEMHUTECH K IIEHTPY IIAAQHET,
a Hauboaee AérKHe BellecTBa — IIOHUMATHCA K IOBEPXHOCTU. B TeueHue
MUAAHAPOOB AET IIAO0 00pa3oBaHUE KOPbI — HAPYZKHOT'O CAOSI ITAQHET 3eM-
HoU rpynnsl. PasorpeBanne 3eMAH, HAIIpUMED, COIIPOBOXKIAAOCH BBIEACHU-
€M Ir'a30B U BOAIHBIX [1apoB. [locTenneHHO BoadHbIE IT1apbl KOHAEHCUPOBAaAUCH
U1 00pa30BBIBaAN MOPSI M OKEeaHEbI, a ra3bl— atMocdepy. I1o cocraBy nepBud-
Hadg aTMocdepa CyIIeCTBEHHO OTAMYaAach OT COBPEMEHHOH.

CIIyTHHKH ITAQHET, ABUKYIIHECH B HAITpaBA€HUH BpaIlleHUs ITAQHET, 00-
Pa30BaAUCE B PE3yABTATE TEX K€ IIPOLIECCOB, YTO U CaMU I1AaHeThI. CIIyTHU-
KU, 00Aamaroiye o6 paTHbBIM ABUKEHHEM, ObIAN 3aXBaueHbI [TAAHETOH.

@ I'staBHBIE BBIBOABI

1. CoAHeYyHas cUCTeMa — 3TO MaTepud U BCE KOCMUYECKOe ITPO-
CTPaHCTBO, Haxoadleecsd B cpepe nputskeHus CoAHIA.

2, CoaHeyHad cuctemMa cocTouT U3 CoAHIIA, OOABIIIHNX U KAPAHKO-
BBIX IIAQHET U UX CITyTHHUKOB, MAABIX T€A, MEIKIIAQHETHOM IIBIAY, T1AA3-
MBI, (PU3HYECKHUX ITOACH.

3. I'naBHBIE 0coOeHHOCTH COAHEYHOH CUCTEMBI COCTOST B TOM, UTO
e€ ocHOBHas Macca cocpenorodeHa B CoaHIlE, OPOUTEI ITAQHET U OOAB-
IITMHCTBA aCTEPOUIOB A€KAT ITOYTH B OJHOU ITAOCKOCTH, 00paIlaTcs B
TOM K€ HallpaBAeHUH, 4T0 1 COAHIIE.

4. Cpenu nnaanerT COAHEYHOH CHCTEMBI PA3AHYAIOT MTAQHETHI 3€MHOM
TPYIIBI U TAAQHETHI-TUTAHTHI.

5. CoaHeuHas cucreMa 06pa3oBasach B IIPOLIECCE IBOAIOIIMU Bpallia-
IOLIErocs Ta30IBIAEBOTO OOAaKa.
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® KoHTponbHble BONpOCbl U 3aaaHUA
1. Yto noHMmatoT nog ConHEYHOM CMCTEMOMN?
2. Y10 Ha3bIBalOT NaaHeToMn? Kakne nnaHeTbl BXoAAT B cocTaB CoO/IHEYHOM CUCTEMBbI?
3. YKaXunTe 0CHOBHble 0COBEHHOCTU cTpoeHMs COTHEYHOM CUCTEMDI.
4. Kakoli BO3pacT ApeBHENLIMX NOPOA, 3EMAU; MUHEPAIOB, AOCTAB/IEHHbIX C /IYHbl; Me-
TEOpUTOB, ynaslWMX Ha3emno?
5. B uém coctouT cyTb runotes WU. KaHTa, MN. nannaca, gx. axuHca, O. 0. wmuara o
npoucxoxgeHnn ConHua u nnaHeT?
6. YKayKuTEe OCHOBHbIE 3Tarbl NPOUCXOXAEHUA U paHHel 3BostoumKn CONHEYHOM CUCTEMDBI.

§ 13. NnaHeTbl 3eMHOM rpynnbl

1. meprypuii. MepKypuit — camas 6an3kas K CoaHILy maaHeTa (puc. S51).
OHa IOCTOSTHHO «ITPTYETCsI» B COAHEYHBIX AydaX, U IIO3TOMY €€ TPYAHO YBU-
JIETH 3eMHOMY HaOAIOIaTEAIO.

Y Mepkypus HET aTMOC(EPHI, ¥ €TO TOBEPXHOCTD HE 3aIITUIIIEHA OT IMaAs-
X COAHEYHBIX Ay4Yer MHEM M KOCMHUYECKOT'0 XOAOa HOYBI0. [JITHEM Ha I10-
BEPXHOCTHU MAAHETHI TeMIepaTtypa nogaumaetcs 10 +430 °C, a HOUbIO OITy-
ckaercd no —170 °C. Tlepenag TeMIiepaTyp MPOUCXOIUT MEIACHHO, [TIOTOMY
YTO COAHEYHBIE CYTKH (IIPOMEXKYTOK MEXKIY ABYMS ITOCAEI0BATEABHBIMH I10-
AymHAMH) Ha MepKypun paBHEBI 176 3eMHBIM.

Bca kameHncTad noBepxHOCTh MepKypud NOKPhITA MHOTOYHCACHHBIMU
KpaTepaMu. BoABIIIMHCTBO U3 HUX 00Pa30BaA0Ch B pe3yAbTaTe MaaeHUS Me-
TeoputoB. KpaTepsr Ha KapTax Mepkypua
Ha3BaHbI B YE€CTh BbIAIOIINXCA ITPEACTA-
BUTEACH MUPOBOM KyABTYPbI: BeTX0BEH,
T'omep, HdocroeBckuii, [TymkuH, ToAcToH
u ap.

¥Yroa HakaoOHa ocu BpauleHuss Mep-
KypHs NEPIIEHIUKYASIPEH €ro opouTe,
IIO3TOMY JHO OKOAOIIOAPHBIX KPATEPOB
HUKoraa He ocBemnlaercd CoaHIleM. OTU
00AaCTH CAYZKAT XPaHHUAHUIIIAMHY BOISHO-
ro ApJia, IIEPEMELIAHHOIO C TOPHOM II10-

POLOM. PUCYHOK 51 — MepKypuii
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PucyHok 52 — KpyTble ycTynbl
Ha nosepxHoctn MepKypus

l'opel, BcTpeyaroueca Ha MepKypuH,
JOOCTHUTAIOT BBICOTHI Bcero 2—4 kM. Ha maa-
HeTe 00HaPYKEHBI YCTYIIbI BBICOTOM 2—3 KM,
TSHYIIHECd Ha COTHU KMAOMETPOB (pHUcC. 52).
BeposTHO, OHH ITOSBHUAUCH ITpU (POPMUPOBa-
HHUU [IAQHETHI U3-3a HEPABHOMEPHOTO CXKa-
THUS B XOJI€ OXAAKIECHUSI.

B6an3u noBepxHocTH MepKypus o6Ha-
PYy=K€HBI aTOMBI TeAHs ¥ BOLOPOAa, a TaKXKe
aprosa u HaTpHusl. IX HCTOYHUKaAMHU SIBAL-
FOTCH COAHEYHBIH BETEP U BEILECTBO IIAAHE-
TBI, IOABEPKEHHOE HATPEBAHUIO U 0OAyde-
Huio CoaHIA.

MarsuTHOE TIOA€ TIAAHETHI OY€HB MaA0, ero HanpskEéHHocTb B 300 pas

MEHBIIIE 3EMHOTO.

[Tapamerps! Mepkypust cMoTpuTe B TabAuIle 2.

Tab6auna 2 — ITapamerpsr Mepkypusa

3BEHAs BEAMIHHA 2,2 JyamMeTp II0 5KBATOPY 4880 kM
(MakcuMaabHad)

Cpenmee paccrosuue | 97,9 MAH KM | Macca (3emas = 1) 0,055

no Coanna 0,387 a. e. CpenHsis ITAOTHOCTD 5,4 - 103 kr/Mm3
[epron obpariieHus 88 3eMHBIX Cuaa npuTaKeHUus 0.38
Bokpyr CoaHIla CYTOK Ha 3KBaTope (3eMada = 1) ’
[Tepuon BpaleHUud 58,6 zemupIx | Temmeparypa Or-170
BOKpPYT OCH CYTOK IIOBEPXHOCTHU o +430 °C

MaHTUA

A0po

Kopa
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2. BeHepa. Benepa — BTopada ot CoaHlla naaHeTa COAHEYHOM CHCTEMBI
(puc. 53). OHa MOYTH TAKOTO Ke pa3Mepa, Kak u 3eMas, a e€ Macca cCoCTaB-
ageT okoao 80 % 3emHO# Macchl. Ha HeOe e€ MOKHO HaOAIOZATE YTPOM AU
BEYEPOM B BUJIE OYEHBb SIPKOTro cBeTHAa. ['ycTag armocdepa BeHeps! noaro
CKpBIBasa TalHBI €€ IOBEPXHOCTU. YU€HBbIE elI€ B cepenrHe XX B. AyMaaH,
YTO IIAaHETA [IOKPBITA TPOIIMYECKUMHU AecaMu. Ho gocTurmine e€ coBeTcKue
KocMHuyecKkue amnmnapathbl «Benepa» cdororpadpupoBasy 6e3:KU3HEHHYIO pac-
KaA€HHYIO ITyCThIHIO. TeMniepartypa rnoBepxHocTy gocturaetr 470 °C 1 nmouTu
He U3MeHdeTCs B TeYeHHe CYyTOK (cM. Taba. 3 Ha c. 83). I'ycTble obaaka mpo-
IIyCKaIOT MaAO COAHEYHOTO CBETA U CO30aI0T «CyMEPEYHYIO» OCBEIEHHOCTD
nazke Toraa, korga CoaHIlE HAXOOHUTCS BBICOKO Ha L TOPU30HTOM.

Boabnryio yacTe noBepxHOCTH BeHepb! 3aHuMMaioT paBHUHBI. CaMble BBI-
COKHE Iropbl IOJHUMAaIOTCd Ha 1 1 KM Hal CpeAHUM YPOBHEM IIOBEPXHOCTH —
Foper MakcBeara. OOHapy>keHbI Ha BeHepe KpaTephbl AHAMETPOM 0 COTEH
KHAOMETPOB (puc. 54). KpyrHble KpaTepbl Ha3BaHbl B Y€CTh BBIAAIOIINX-
cd XKEeHIWH Mupa (AxmaroBa, Boitnuy, [lynkan, OpaoBa) HAHM IIPOCTO KEH-
CKUMHU uMeHaMmu (AHTOHMHA, BarenTnHa, 3o0s, Mpuna, Hara, Oas u ap.).
OGmrpHBIE BO3BBIIIIEHHOCTH-MAaTEePUKH HOCAT UMeHa: 3eMasd AQPOIUTHI,
3emasa Uimnrap, 3emas Aagsl uap.

Oxkono 500 MAH aet Hazan Ha BeHepe mpowm3olriaa raobasbHasg IHe0AO-
rudeckas Katactpoda. CoTHH ThICHY AeHCTBYIOIINX ByAKAHOB U3BEPTAU
OTPOMHOE KOAUYECTBO AaBbl, KOTOPAasi IOKPhIAA BCIO IOBEPXHOCTD IIAQHETHI.

PucyHok 53 — BeHepa. PucyHok 54 — BeHepa. PaiioH lNop
®DOTOCHMMOK BbINOJIHEH MakKcBenna: orpomHblii Kpatep
B YNIbTPA(PUONETOBbIX Jlydax AuameTpom oKoso 100 km



82 Paspen IV. CpaBHuUTeNbHaA NaaHEToNornA

PucyHoK 56 — 3acTbiBuMe Ny3bipu
BY/IKAHU4YECKoii naBbl Ha BeHepe.
PucyHok 55 — lopa Maat — PaguonokauuoHHoe nsobpakeHue, nepegaHHoe
NOTYXLWKMA BY/IKaH Ha BeHepe KocMmuyeckum annaparom «MarennaH» 8 1991 r.

Cawmblii BBICOKHH IOTYXIITUY ByAKaH (puc. 55) —ropa Maart, Ha3BaHHas Tak
B Y€CTb €TUIIEeTCKOM OOTMHU MCTUHBI U IIOPSAAKA, — B3AbIMAETCS Hal OKPY-
XxKarolel e€ paBHUHOM Mo4yTH Ha 8 KM. OTeAbHbIE BYAKAHbBI JIOCTUTAIOT BbI-
coTbl 3 KM IIpH IupuHe y mogHoxkus SO0 kM. MHOroYncA€HHbBIE 3aCThIBIIINE
IIy3BbIPH AABBI HMEIOT KYII0A00Opas3Hyto hopmy (puc. S6).

[ast uccaenoBaHUS peabeda IIAaHeThI ObIA ICIIOAB30BaH METO/I PAIHOAOKA -
[MU. ABTOMAaTHUYECKAT MEXKIIAAHEeTHAda cTaHIimd «Mareaaad» ¢ 1990 o 1994 r.
IpoBeAa rA00aABHYIO PaIHOAOKAIIHIO TOBEPXHOCTU Benepbl. Ha ocHOBe mo-
AYYEHHBIX JAHHBIX ObIAM COCTaBAEHBI pe-
AbedHbIE KapThl U IIOSIBHAACh BO3MOXK-
HOCTb BOCCO31aTh 1€ TAAU [IOBEPXHOCTHU B
00bEMHOM M300pazkeHuH (pUc. 57).

Atmocdepa BeHeprl COCTOUT B OCHOB-
HOM U3 YTAEKHCAOTO ra3a. [laBaeHue y 1mo-
BEPXHOCTH ITAQHETHI B 95 pas BhIlIEe, YEM
y moBepxHoCcTH 3eMan. Baaronapga Takomy
XUMHYECKOMY COCTaBY, & TaK¥Ke OOABIIOHN
IIAOTHOCTU aTMocdepa BeHeprl mpencras-
AsIeT cODOM OTPOMHBIN «ITapHUK». [lap-
HUKOBBIHA 3(p(PeKT U 00yCAOBAHUBAET BBICO-
KYyI0 TEMIIEPATypPy II0BEPXHOCTH.

Ob6aaka BeHeprl UMEIOT CAOHUCTYIO
cTpyKTypy. OHH pacroaararoTcs Ha BbI-

PucyHoK 57 — PenbedHan KapTta
nosepxHocT1 BeHepbl, coctasnenHaa  COTE OT 48 110 70 KM U coiepKaT KarleAb-

No AAHHbIM PaAUNONOKALMOHHbIX KN CCpHOfI KHUCAOTBI. CKOpOCTI: BETpAa y
nccnepoBaHUi KOCMUUYECKOro IIOBEPXHOCTHU COCTaABALdET OKOAO 1 M/C.
annaparta «MarennaH» B aTMoccbepe Ha6AIOI[aIOTCH MOAHHUH.
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MaruuTtHOE 11oA€ BeHepbl 0O4€Hb MaAO 10 IPUYHHE MEIACHHOTIO Bpallie-
HUS [TAQHETHI BOKPYT OCH C BOCTOKA Ha 3amal. Ero Hanpsaxénnocts B 10* pas
MeHBblIIe 3eMHOoro. Maraurocdepa ouTH IOAHOCTBIO OTCYTCTBYET, [I09TOMY
IIOTOK 3apAKEeHHBIX YaCTULL, uaynwi or CoaHIIa, CTAaAKHUBaeTCs C aTMocde-
pOii MAQHETHI M YBAECKAET 32 CO001i €€ BeleCTBO, (POPMUPYs HOHHBIH IIAEHD.
Kocmuueckas obcepBaTopus SOHO onpeneanaa, 4To 3TOT «XBOCT» PACTATH-
BaeTcs Ha 45 MAH KM, T. €. JOCTUTAEeT 3eMAH.

[Tapamerps! Beneps! cmoTpuTe B Tabauiie 3.

Tab6aumna 3 — IlapameTpsl BeHepsl

3pé
BESHHAR BEAITIHIA —4,7 JuraMeTp I10 3KBATOPy 12 104 km

(MakcuMaAbHadA)

Cpemtee paccTosHue 108,2 man kM | Macca (3emag = 1) 0,815

no Coanna 0,723 a. e. CpenHada IAOTHOCTB 5,2 - 10°kr/m°

[Tepuon obpareHms 2247 zemubIx | Cuaa HpUTIKEHUS 0.9

BOKpyT CoaHlla CYTOK Ha ’KBaTope (3eMada = 1) ’

[lepuopn BpaleHUS B Teuenue TeMmeparvoa

BOKPYT OCH 243 3eMHBIX PATYP 470 °C
TIOBEPXHOCTH

(obpaTHOE BpareHue) CyTOK

MaHTua Kopa

A0po

3. 3emna. 3eMASI — TPEThd II0 CUE€TY naaHeTa CoaHeYHOH cucTeMbl. M3
KOCMOCA Hallla ITAQHeTa BBITASIUT KPACHUBBIM T'OAYObIM HIApPOM (pHC. 58).
CkB03b 006AaYHBIH IOKPOB MOKHO PACCMOTPETb MATEPUKHU K OKEAHBI.

JleTaar IOBEPXHOCTHU 3EMAU B YCAOBHS XKHU3HH XOPOIIIO BaM H3BECTHEI,
II03TOMY MBI OCTAHOBHUMCsI O0A€e TOAPOOHO Ha CTpoeHUU Heip. Mogear BHY -
TPEHHETO CTPOEHUS 3€EMAU U OCTAABHBIX IIAGHET 3€MHOM I'PYIIIIbI HIPHMEPHO
CXOXKH.

[To 3anucam KoaebaHUM 3eMHONU TOBEPXHOCTH IIPU 3EMAETPSICEHUIX —
celicMorpaMMaM — OBIAO YCTAHOBAEHO, YTO BHYTPEHHEE CTPOEHHE I1AA-
HeTbI 110 BEPTHKAAU cAOHCTOE. [1o XUMHUYecKoMy coCTaBy U (PHU3UYECKUM
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XapaKTePUCTUKAaM BbIJIEASIOT TPU OCHOBHBIE Che-
pHuyeckre 000A0YKU: TBEpAAs KOpa, MaHTUS U
aapo. CambIii TOHKU BHEIITHU CAOH — TBEpAAsA
Kopa. Y 3eMAU OHa ITPOCTHPAETCS B CPEAHEM Ha
raybuHy 35 KM (oKeaHmdeckass Kopa — 10 Kwm,
KOHTHUHEeHTaAbHad kKopa — 70 kwm). [lo xu-
MHYECKOMY COCTaBy 3€MHasd KOpa COCTOHUT U3
KHcaopona (46,6 %), kpemuuda (27,7 %), aato-
muHUA (8,1 %), Keaeza (S5 %), Kaabida (3,6 %)
U APYTUX XUMHUYECKHUX 9IAeMeHTOB. O0I1as mac-
ca 3eMHO# KOpbI coctaBageT Bcero 0,8 % obreit
Mmacchl 3eMan. Kopa oTaeageTcs oT CAeAyIOIEH
3a HE MAHTUHU OTYETAUBOU FPAHUIIEH.

Axppo — HauboAee MAOTHASI YaCTh ITAAQHETHBIX Henp. B mieHTpe 3eman
IIAOTHOCTE BelllecTBa gocturaer 13 500 kr/m°, a TeMmepaTypa OlleHHBAETCS
B 6000 K. Paguyc aapa cocraBaget 55 % panuyca 3eMaH, a Macca — OKOAO
30 % macchel TAaHETHI. 3eMHOE SO0 TTOAPA3AEASIETCS Ha BHEIITHEE U TBEPI0E
BHyTpeHHee paguycoM 1270 kM. [lepexonHad 30Ha MeK/1y BHEIITHEH 1 BHY-
TPEHHeHN YacTaMu aapa O4eHb TOHKAas — OK0AO S KM. Y BeHephl aHaaoru4-
Hoe aapo. Hauboaee MomtHBIM simpoM 06aataeT MepKypHit, paaiyc KOTOPOTo
cocraBageT 70 % paguyca raaHeTsl, a Macca — 60 % Macchl BCeM ITAaHETHI.
Y Mapca He60oABIIIOe Iapo Maccoi Bcero 7 % OT BCEH MacChl IIAQHETHI, a €TO
paauyc cocraBageT 28 % paguyca Mapca. SlnpanaaHeT B OCHOBHOM COCTOAT
M3 XKeAe3a C IIPUMECHIO CEPHUCTOTO )keae3a. 2KUAKUN BHEIITHUY CAOM a/1pa,
BEPOLATHO, €CThby MepKypuda 1 BeHepsl.

HWcrouyHrKaMu HarpeBa HEApP IIAAQHET CAyKaT:

1) BeleA€HUE TEIAA IIPU pacliafie paAUOaKTHUBHBIX A€MEHTOB;

2) 3Heprus, BbIZIEATIONIASC IIPU ylapax TeA Pa3AUYHOI0 pa3Mepa (acre-
POHIOB U ZIP.) O IOBEPXHOCTH [IAAHETHI;

3) HarpeBaHUe 3a CUET C:KaTUs BEIlleCTBA ITAAHETHI U I'PaBUTAIIMOHHOM
nudpdpepeHITHATTAH.

I'paBuranmonHas auddepennuanua npeacraBageT coboi mporecc mocre-
IIEHHOTI'O IIEPePacCIIPEEACHHS BEIIECTBA 110 IAOTHOCTH — TAXKEABIE SIAEMEHTHI
CTPEMSTCS K LIEHTPY, & AETKHE 9AEMEHTBI ITIOAHUMAIOTCS K IIOBEPXHOCTU. ITOT
IIporeccy 3eMAH €I He 3aBEPIINACH. [|BUKEHN BEILECTBA BHYTPH ITAaHE-
TBI BAUSIIOT Ha KOPY, BBI3bIBAd 3€ MAETPSICEHHUS, FOPOo0Opa30BaHUsd, TEKTOHU-
YEeCKHE U BYAKAHUYECKHUE IIPOLIECCHI.

MarxuuTHOE o€ 3eMAN N'eHEPUPYETCS B KHIKOM METAAAMIECKOM CAO€E F1pa.

PucyHok 58 — ®oTorpadus
3emnun us Kocmoca
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3eMHas aTMocdepa COCTOUT BOCHOBHOM M3 a30Ta U KUCAOPOIA.
[TapameTrps! 3eMau cMOTpHUTE B TabAUIIE 4.

Taoauna 4 — IlapameTpsl 3emiin
Yroa HakAOHA SKBaTOpPa HaMeT
P 23,4° A P 12 756 kn
K IIAOCKOCTH OPOHTHI 110 9KBAaTOPY
Cpennee paccTogHUe 149,6 MmaH KM | Macca 5,97 - 10** kr

1o CoaHITa

1a.e.

CpenHsad HAOTHOCTD

5,5 10°kr/m°

[Tepuon obpareHms
BOKpyT CoaHlla

365,26 3em-
HBIX CYTOK

ITepuon BpaleHusa

Temnepatypa
TIOBEPXHOCTH

23,93 4

BOKPYT OCH

Ot -83
mo +52 °C

MaHTuA

BHyTpeHHee
AA4po

4. mapc. Mapc — getBépTad 1o cuéty rnaaHera CoAHEYHOM CHUCTEMBI 110
oTHotreHUo K CoaHILy (puc. 59). [Ias HabArogaTeAs OHA IPEACTAET B BUE

SIPKOT0 KPacHOro cBeTuaa. C IIOMOIIIBIO AFO-
OUTEABCKHUX TEAECKOIIOB MOXKHO YBUIETH I10-
ApHBIE mIATIKU Mapca ¥ HeKOTopbIe KPYII-
HBIE JETAAH €T0 [IOBEPXHOCTH.

[ToAaydeHHBIE C TOMOIIBI0O KOCMUYECKHUX
anmnapaToB HU300paXKeHUs MMOBEPXHOCTH Map-
ca IT0Ka3aAH, uYTOo ITAQHETA IIPENCTABASIET CO-
6o 6€33KU3HEHHYIO IyCTHIHIO, 3HAYUTEAD-
Hasl 9aCTb KOTOPO# IIOKPHITA KPACHOBATHIM
IIECKOM U yCcessHa KaMHAMU. KpacHBIHA IIBET
noBepxHOCTH Mapca o6bsICHSIeTCS BBICO-
KHM COZleP3KaHHEM B IT0YBE OKCHUJIOB JKeEAE3a
(cm. puc. 59).

PucyHok 59 — Mapc
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Ha nosepxuocTi Mapca armocdepa
O4Y€Hb pa3pekeHa, [I03TOMY CYLIECTBYIOT
OoAbIIIHE CyTOYHBIE KOA€OAHUS TeMIlepa-
TypBbI: €CAU AHEM Ha 3KBaTOPE TEMIIEpATy-
pa nomHuMaeTcs aetoM A0 +15 °C, To Ho-
4BI0 OHA OIlycKaeTcs 10 —65 °C. 3uMoit Ha
noBepxHoCTH Mapca HabAIOIAaI0TCSI CHET U
uHett (puc. 60), HO Bozia B 3KUJIKOM COCTO-
SHUU TaM CYLIECTBOBATh He MOXKeT. [laB-
A€HHE y IIOBEPXHOCTH ITaaHEeThI B 100—
170 pa3 meHblIe, yeM Ha 3eMae. B ycaoBu-

PucyHok 60 — CHer X HU3KOTO0 aTMOC(EPHOTO JaBACHUS BOIA
Ha nosepxHoctu Mapca. 3aKUMAaeT Mpu Temnepatype +2 °C u cpasy
doTorpadus caenaHa cnyckaembim
annapaTtom «BUKUHI-2» K€ HCTAPHAETCA.
Ha Mapce odyeHb MHOTO yOapHBIX Kpa-
TEepOB OOABIIIOTO pa3Mepa. ITO CBUAETEABCTBYET O TOM, YTO I[IAAHETA IIepe-
KHAA MHOXKECTBO KaTacTpPod, KOTOPbIE U3MEHHAN YCAOBHS €€ IIOBEPXHOCTH.
Kparepsi Ha Mapce Ha3BaHbI B 4€CTh YI€HBIX, IIOCBATHUBIIINX CBOIO J€SITEAD-
HOCTB H3ydeHHIo Mapca u naaneT COAHEYHOM CUCTEMEI (HAIIpUMeEpP, KpaTep
Tuxos).

[ToBepxHOCTE Mapca xapakrepusyeTcs 4€TKO BbIPaK€HHON acCHMMeTpHeH.
IOxHoe ropucTtoe noayuiapue B cpenHeM Ha S KM Bellle CeBEpHOTO.
Ha cHuMKax MapCHaHCKOH ITIOBEPXHOCTH XOPOIIIO BUAHBI MHOTOYHCAEHHBIE
KpPYIIHbIE ¥ MEeAKHe KaHboHBI. Ux mupuHa nocturaetr 600 KM, rayorHa —
5 kM. CaMblif 00ABIIIONM KaHBEOH — JIoAMHA
Mapunepa — TaHercd oyt Ha S000 kM
(Ha puc. 59 oH BHIEH KaK TEMHas CTPYKTY-
pa, IIepeceKaroIas ANUCK ITAaHETHI).

[TopazkaloT CBOMMH MacIITabaMU II0TyX-
mme ByakaHbl Mapca. CaMbIii BBICOKUHN —
ropa Oaumn (puc. 61) — nogHHUMaeTcsa
Ha/J [TOBEPXHOCTHIO HAa 27 KM. [lnuaMeTp ero
ocHoBaHus gocruraetr 600 kM. Bospacrt nan-
HBIX CTPYKTYpP — 0K0AO 400 MAH A€T.

3HaMeHUThIE HOAIpPHBIE ITAaIKHi Mapca
00pa30BaHbI TOACTBIMU, ITOPSIAKA 3 KM, CAO-
PucyHok 61 — Fopa Onumn AMHU ABJIa, CMEIIIAaHHOIO C IBIABIO. BepxHuit

Ha Mapce CAOM ITOASTPHBIX IIIATIOK COCTOHUT H3 «CYyXOTO
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Aba» (3aMEpP3IIEro YIAEKHCAOTO rasa —
CO5,) c HEOOABIIIOLH ITPUMECHIO OOBIYHOTO AbIA
(H2O). Temniepatypa 371€Ch OITyCKaeTCs HUXKE
—110 °C. Korzma Ha ofHOM U3 HTOAyIapUil Ha-
YUHAEeTCs 3UMa, COOTBETCTBYIOLIAS IIOASpHAas
[Iarka HaYWHAEeT PACTH B JOCTUTAET S7° IIIH-
potbl B CeBepHOM Hoayiapuu 1 45° — B FOxk-
HOM. C IpUX0I0M BECHBI HIAIIKHW HAYUHAIOT
TadTh. OCeHbl0, Kora (POPMUPYIOTCS IIOASIP-
HBI€ IIIAITKH, MOXKHO HabAI01aTh roAyboBaTO-
Oeable 00AaKa B aTMocdepe ITAaHEeTHI.

3araoyHble MapCHaHCKUE JOAUHBI, TIOX0XKHEe Ha BBICOXIIINE PycAa PEK
(puc. 62), 6b1AM CO3AAHBI BOAHBIMHU IIOTOKAMH, KOTOPBIE HCCSIKAHN 00AEE MUA-
anappaasetTHaszan. O6 oouanu Boasl Ha Mapce B 1aBHIE BpeMeHa CBUIETEAD-
CTBYIOT MHOTHE (pakThl. B 1999 r. ObIAU OITyOAMKOBaHbBI HCCAEIOBAHHUS, [10-
KaspIBarole, 4To Ha Mapce paHbllle CyIIleCTBOBaA OKeaH BOAbI. OTO YAAAOCH
YCTaHOBHUTB C IIOMOIIbIO (POTOCHUMKOB (II€peaHHbIX Ha 3eMAIO CTaHIINEeH
«Mapc I'nobaa Cypsetiep») 1o ocobeHHOCTSIM peabeda, IPeaCTaBATIOIINM
[PEeBHIOI OeperoByio AMHUIO. OKeaH MOT CYILIIECTBOBATh, IIOKA TeMIIepaTypa
IIOBEPXHOCTU Mapca O6bira J0CTaTOYHO BhICOKA. [IaaHeTa Hayara OXAQKIATD-
cs OKOAO MUAAMApA AeT Ha3ad. ToHkas atmoccepa Mapca He IpensaTcTBO-
BajAa «yAETYYHMBAHUIO» BOAbI B MEXKIIAQHETHOE IIPOCTPAHCTBO. [Ipu nmoHu-
JKEHUH TeMIIepaTypbl 3aMépaIias Boia BIEPEMEIIIKY C IIECKOM oOpa3oBasa
IOAIIOBEPXHOCTHYIO AEASTHYI0 000A0UKY — KpHuocdepy. Kprochepa Mapca
COIEPKUT KOAMYECTBO BO/IbI, 9KBUBAAEHTHOE CAOIO TOAITHHON OKOAO 1 KM
110 BCEH ITAaHETE.

ATtMmocdepa Mapca uMeeT HU3KYIO IAOTHOCTb U COCTOUT B OCHOBHOM M3
yraekucaoro raza. CKOpocTh BETPa y IIOBEPXHOCTH ITAQHETHI HE IIPEBBIIIAET
15M/c. Mapc—enuHCTBEHHAS IAQHETA, T/Ie HAOAIOIAIOTCSI TAOOaABHBIE IThI-
AeBbIe Oypu. OHU CO3MaI0T aHTUITAPHUKOBBIHN 3(p(eKT, TaK Kak 00AaKa ITbI-
AU HE ITPOITyCKAaIOT COAHEYHOE U3AYUYEHHE K IT0OBepXHOCTHU. [ToaToMy moBepx-
HOCTB CHABHO OXAQXKJAETCs, a ITIAL M OKpYy2Katolas arMocdepa, HalIpoTUB,
pasorpeBaroTcs. B armocdepe Mapca HabarogaroTCs IecyaHble BUXPH, 3aKPy-
YHBAIOIIHE CTOADBI ITBIAM BBICOTOM 10 8 KM. HYacTHIKH 00AaKOB COCTOSIT U3
CUAVMKATHBIX U A€ISHBIX ITBIAMHOK. [IbIAb Ha Mapce nomHuMaeTcs Tak BbI-
COKO B atMocdepy, 4To Aazke 3aKpbIBaeT ropy OauMmII.

Mapc o6aagaeTt caabbIM MATHUTHBIM ITOAEM HapszKEHHOCTERIO B 500 pas
MEHbIIIE 3€MHOTI0.

PucyHoK 62 — Bbicoxwme pycna
MapCUAHCKUX peK
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[Tapamerps! Mapca cmoTpute B TabAHIE S.

Taoaumna 5 — [TapameTpsr Mapca

?ﬁ:;?:;ﬂ%iszHHa -2,0 JraMeTp 110 3KBATOPy 6794 KM
Cpemtee paccTosHue 228,0 MmaH KM | Macca (Bemasa = 1) 0,107

no Coanna 1,524 a. e. CpenHada NAOTHOCTB 3,9 - 10°kr/m°
[Tepuon obpateHms 1,88 3emHoro | Cuaa OpUTIKEHUI 0.38
BOKpyT CoaHlla roga Ha 3KBaTope (3eMmas = 1) ’
ITepuon BpaieHus 24 62 1 Temnepatypa Ot -130
BOKPYT OCH ’ IIOBEPXHOCTH mo +15 °C

MaHTua Kopa

A0po | MosepxHOCTL

| ) T'raBHBIE BBIBOIBI

1. [TaaHeTHI 3¢eMHOH TPyHIbl CPABHUTEABHO MaAbI (HX O0Iasg Mac-
ca He mnpeBbiaeT 0,5 % maccel Becex nmaaHeT COAHEYHOM CUCTEMbI) U
MIPeACTaBASIIOT co00# TBEpABIE TeAa C BLICOKOM CpeaHel MAOTHOCTEIO.

2. Bce nmaaHeTBI 3eMHO# IPyHITBI 00A21AI0T CXOAHBIM CTPOEHUEM U
COCTOST U3 4pa, MAHTHUH, TBEPAOU KOPHI.

3. [as moBepxXHOCTEHN ITAQHET 3€MHOH I'PYIIIIBI XapaKTePHbI KpaTe-
PBI, TOPBI, ByAKQHBI.

4. [IaaneThb! 3eMHOM Ipynisl (KpoMe MepKypus) UMEIOT BHEIITHHE
o6oaoukH: aTMmocdepy (BeHepa, 3emasi, Mapc), ruapocdepy u 6uocde-

Py (3Bemas), kpuochepy (Mapc).

KoHTponbHble Bonpocbl U 3aaaHusA

1. /13 Kaknx 060104eK COCTOAT NIAHETbI?

2. MNepeuncamTte UCTOYHUKM HarpesBa Hegp MNaHeT.

3. Y10 Ha3bIBalOT rpaBUMTALMOHHON AnddepeHumaumen?
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4. /3 KaKUX OCHOBHbIX XMMUYECKUX 3/IEMEHTOB COCTOUT MOBEPXHOCTb: 3EMIU;
Mepkypusa; Mapca?

5. OnuwmnTe NOBEPXHOCTM NJIAHET 3eMHOM Frpynnbl.

6. KakoBbl 0cobeHHOCTM aTmochep nnaHeT 3emMHOW rpynnbl?

§ 14. NnaHeTbI-r’MraHTbl

1. Onurep. FOmtuTep — camast GoAblIIas U3 MAQHET-TUTAHTOB (puc. 63). Ero
Macca HaMHOTIO0 IIPEBBIIIAETMACCy BCEX APYTHX IIAGHET, BMECTe B3 ThIX. FO1H-
Tep IPeACTaBASIET COO0M ra3000pa3HOe TEAO C YPE3BhIYANHO MOIITHOMN aTMO-
cepoii, cocTosIe TAaBHBIM 00pa30M M3 BOAOPOIa U TeAHS], YTO XapaKTEePHO
U OAS IPYTHUX HAQHET 3ToH rpymnnbsl. [Io cpenHel TAOTHOCTH, ITpeobaaIaHUIOo
BoAopoaa u reaus IOmuTep moxozxK Ha 3BE30bI. B oTAMYME OT ITAQHET 3€eMHOM
TPYIMIIBl Y TUTAHTOB HET TBEPAOH MOBEPXHOCTH. To, YTO MBI HabAIOTaeM, —
9TO BEPUINHBLI 00AAKOB, ITAABAIOLINX B aTMocdepe. M3-3a GpicTporo BpalleHus
MIAQHET-TUTaHTOB U CUABHBIX BETPOB 00AaKa BBITATUBAIOTCH B [IOAOCHI, TTapaA-
AeAbHBIE 9KBaTopy. OKpacKy obaakaM IpUAAIOT IPUMECH aMMHUAYHBIX 00pa-
30BaHUM, METAH U IPYTHE CAOKHBIE COETUHEHH.

CBeTAbIe U TEMHBIE II0AOCHI aTMOC(EPHI
IOnnTepa o0bACHIIOTCH pa3AHYHBIMUY 30HA -
MU gaBAeHUs. CBeTAbIe 30HBI — 3T0 00AACTH
BBICOKOI'O IaBA€HU4, a TEMHBIE — HH3KOTO.
Té&rapIe ra3bl HOJHUMAIOTCI BBEPX B 00AACTH
30H U OCTBIBAIOT, OCTUTHYB BepXHEU rpaHu-
1161 00AaKOB. OXAaKIasICh, OHU IaJAI0T B CO-
CeHHE TI0AOCH], I7I€ 1aBACHHUE HHU3KOE.

B skBaTopuaabHO# 30He (0T +9 mo —9°)
ra3oBbl€ T€YE€HHS HallpaBAE€HBI CTPOTO C 3a-
naga Ha BOCTOK. CKOPOCTB ABHZKEHHS I'a30-
BBIXMacc nocturaet 180 M/ ¢ (1o mccaegoBa-
HUIM MEXKIIAQHETHONW KOCMHYECKOMN CTaHIINU

«Faamaeor). Boausu mupot ot +20 mo —20° PucyHok 63 — Onurep.
BEIIECTBO ABHUXKETCH B IPOTHBOIIOAOXKHY IO dotorpadua  nonyyeHa
CTOPOHY, C BOCTOKAa Ha 3amaj, CO CKOPOCTBIO KOCMUYECKMM annapaTom
0K0A0 50 M/ c. Mexk 1y OCHOBHBIMUY T€YEHUSI - «Kaccuhm». TémHoe nATHO —

MH CYLIECTBYIOT BUXPH U CTPYH. TeHb cnyTHuKa Wo
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PucyHoK 65 — MonAapHble cuaHuA
PucyHokK 64 — bonblioe KpacHoe MNAaTHO Ha lOnuTepe. PoTorpacdpusn
Ha lOnuTepe Kocmuueckoro teneckona Xabbna

[ag FOnnrepa, Kak U A BCEX ITAQHET-TUTAHTOB, XapaKTePHbI CBETABIE
u TEéMHBIE OBaAbHbIE IIsaTHA. Hamboaee mmpumedaTeabHOEe U3 HUX — BoAb-
mroe Kpacuoe ITatHo (puc. 64), Habarogaro1rieecs B Te4eHHUE TPEX BEKOB. ITO
OTPOMHBIH 1 O4YEHB YCTOMYHUBBIN BUXPb, IIOX0XKHUY Ha 3EMHOM yparaH.

B moagpubIx obrakax HOnurepa HabaromaeTcs siBAGHHE, ITOA0OHOE 36MHO-
My CEBEPHOMY CHUSHHUIO (pUC. 65).

[IpencraBaeHUS 0 BHYTPEHHEM CTPOEHUHU IAQHET-TUT'AHTOB IIOAYYEHBI Ha
OCHOBe HAOAIOEHUH U TEOPETHYECKUX MOIEAEH, OCHOBAHHBIX HA CBOHCTBAX
BOAOpPOAA.

Ha nuae ynaotHsarometicss Brayos Ha 1500 km atmocdepr! FOmurepa Haxo-
J[UTCS CAOH KMAKOTO Bomopoaa. 3aTeM arMocdepa IepexoauT B 0coboe ra3o-
JKU/IKOE COCTOSIHUE.

HaypoBHe npumepHo 0,77 paguyca naaHeThI HAYMHAaEeTCH 000A09Ka, TAe
BOZIOpOA ITpHOOpeTaeT CBOMCTBA MeTaAAd. 34eCh OH CZKUMAETCsI TaK CHABHO
(4 - 10'2[1a), 9T0 5AEKTPOHEI IIOKUAIOT CBOH ATOMBI H CBOGOIHO ITEpeMeIIia -
I0TCs. DTO IPUBOAUT K ITOIBAEHHIO MAarHUTHOTO Itoas FOnnrepa, Hanpsak€H-
HOCTBb KOTOPOTO Ha TPaHUIle 00AaYHOI0 CAOSI B 12 pa3 BEIIIE, YeM Y 3€MHO-
'O MarHUTHOTO ITOASI.

BuenTpe FOnmmrepa HaxoauTcsa TBEPIOE IAPO, COCTOSIIIEE U3 OKCUIOB KPEM-
HH¢, MarHUS U JKeAe3a C IIpUMecsaMU. uaMeTp BHYTPEHHETO Sapa — OKOAO
25 ThIC. KM, TeMIepaTtypa B ero LieHTpe coctaBadeT 23 000 K. Takas BbIcokas
TeMmIeparypa o0bsICHIETCS MEIACHHBIM I'PaBUTAIIMOHHBIM CXKATHEM ITAQHETHI.

B 1979 r. kocmuueckue anmnapatsl «Bogmkep-1» u «Bosaxkep-2» o0HapPY-
xkuan y FOnmrepa Koablia (puc. 66). OHM COCTOST U3 OYEHb MEAKUX ITBIAMHOK
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!

rnasHoe
KONbLO

amanbTes appacren

PucyHok 66 — Cxema Koney, lOnurtepa

(0,2—200 MKM). OTH NBIAMHKHU IIOCTEIIEHHO M1afaloT B atMocdepy HOnurepa,

a UX MECTO 3aHUMAIOT APYyTHe, KOTOpble 00pa3yoTcs IIPU CTOAKHOBEHUH Ma -

ABIX CITyTHHUKOB, 0COO€HHO AMaAbTeH, CMETEOPUTHBIMH TEAAMH.
[Tapamerps! FOnmutTepa cmoTpuTe B Tabauiie 6.

Ta6auma 6 — Ilapamerpsr IOnuTepa

3B€3
DESAHAR BEAITIHA 2,7 JraMeTp I10 3KBaTOPy 142 980 kM
(MakcuMaabHas)
CpemHee paccTosHHAE 778,6 MAH KM | Macca (3emasa = 1) 318
no Coanna 5,204 a. e. CpenHada IAOTHOCTB 1,3 - 10°kr/m®
[Tepuon obpameHms 11,87 zemHoro | Cuaa IpUTIKEHUI 9.9
BOokpyT CoaHlla roga Ha ’KBaTope (3eMada = 1) ’
II T
epHo[ BpallleHus 9.92 4 eMIIepaTypa BEPXHETO 133 °C
BOKPYT OCH cAos1 00AaKOB
HKunaruin rasoobpasHble
BOZOPOA, BOAOPOA U renni

Teépaoe
A4po

MeTannunyeckni
BOZOPOA,
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2. catypH. CaTypH — 3TO BTOpasi II0 BEAWYHHE [IAQHETA-TUTaHT, OKPY-
KEHHasd KpPacUBBIMH KOABLIaMU (pUC. 67). [JUCK ITAaHETHI 3aMETHO CIIAIOC-
HYT Yy IIOAIOCOB. QTO BBI3BaHO T€M, uT0 y CaTypHa camasi HU3Kasl IIAOTHOCTb
u3 Bcex naaHeT COAHEYHOMN CHCTEMBI.

Koarna CatrypHa (puc. 68) zamerua emné N'aanaeo lN'aanaeii: B 1610 1. oH
06HapyzKHA 110 00e CTOPOHBI AUCKa HEMOHATHBIE NpuAaTKU. Ho ToAbKO Xpu-
ctuaH ['fofireHc B 1656 r. pa3Aan4duA TOHKOE IIAOCKOE€ KOABIIO, HE COIIPHKA-
caroureecs c rnaaHetTod. C 3eMAHM B TEAECKOII MOKHO YBHUAETH HECKOABKO KO-
A€ll, OTAEAEHHBIX APYT OT APyTa TEMHBIMHU IIPOMEKYTKAMHU.

Ha ocHoBe criekTpaabHBIX HccaeqoBaHUM B 1895 r. pycckuil yu€HbIN
A. A. BeAorIoABCKUM yCTAHOBHA, YTO KOABLIA HE MOHOAUTHEBIE, & COCTOAT U3
OTHEABHBIX MeAKHX TeA. CHUMKHY, [TOAYYE€HHBIE KOCMUYECKUM allllapaToM
«Bosgmzkep-2», TIOKa3aAH, YTO CUCTEMY KOAEIL] 00pa3yIoT THICSYU TOHKHUX KO-
Aert. Kaskmoe U3 HUX COCTOUT U3 OECYNCAEHHOT'0 MHOXKeCTBa 00AOMKOB ABZIa
pa3MepoM OT MEABYAMIITNX IBIAMHOK J10 HECKOABKHUX METPOB. TOAIIIIIHA KOAEI]
He IIPEBBIIIAET 2 KM, a TOAIIIHA OTAEABHOIO KOABIIA — He 6oablrre 30 M.

[TAOCKOCTB KOAEIl paclionOKeHa B IIAOCKOCTHU 3KBaTopa CaTypHa, KoTopas
HMeeT HaKAOH 27° K AOCKOCTH opOuTel. [Ipu nBuxkenun CatypHa 110 opou-
Te KOABIIa, COXpaHSssI IIOAOKEHHE B IIPOCTPAHCTBE, ABAXKIbI 32 OMHO oOpa-
HIeHHe IIaaHeThl BOKPYT CoAHIla 0Ka3bIBAIOTCH HOBEPHYTHIMU K 3€MAE CBO-
UM peOpoM. A TaK KaK TOALIHMHA UX MaAd, TO B HEOOABIIIHE TeAECKOIThI OHHU
B 3TO BpeMd He BUAHBI. [[raMeTp 10 Hapy>KHOMY KPalo KOABIIA COCTABALAET
272 ThIC. KM, a 110 BHyTpeHHeMY — 144 Tbic. KM. CyMMapHast Macca KOAeIy
cocraBageT 0Koao 3 - 108 maccer Carypra.

Hanpssk€HHOCTE MarHUTHOTO oA CaTypHa 6An3Ka K 36 MHOH.

[Tapamerprl CatypHa cMOTpPHUTE B TabAHIIE 7.

PucyHok 68 — CTpyKTypa Konelw,
PucyHok 67 — CaTtypH. CatypHa (uBeTa HeHaTypa/ibHble —
®doTtorpadua cogenaHa OHM NOAYEPKUBAIOT pasiMumne

KocMuueckum Teneckonom Xa66na MMWHepasiIorMyeckoro cocraBa Kosnew,)
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Taoauna 7 — Ilapamerpst CaTypHa

SBESJIHAS BEAIHHA 0,7 JuamMeTp O 3KBaATOPY 120 536 kM
(MakcuMaabHas)

Cpemtee paccrosHue 1434 MaH KM Macca (3emaa = 1) 95,2

no Coanna 9,56 a. e. CpenHaga NAOTHOCTD 0,7 - 103 kr/m®
[Tepuon obpareHms 29,67 3emHoro | Cuaa IIpUTSIKEHUS 11
BOKpyT CoaHnla roga Ha 2KBaTope (3eMas = 1) ’
[Tepron BpareHus 10,66 « TemmiepaTypa BEPXHETO 170 °C

BOKPYT OCH

caod 00AQKOB

Aapo

AYENKMU
C UMPKYIMPYOLLMMM
BO4OPOAOM U resinem

KameHHoe / 4 MeTannnyecknin Boaopos,

C KanesibKamu renna
e

3. VpaH. YpaH — TpeThs I10 BEAUYHHE I1AaHeTa-TUTraHT. [IanaHeTa o4eHb
KpPacCHUBOI0 3eA€HOBaTO-ToAyboBaToro 11BeTa (puc. 69). [IprmyuHa 3TOro Kpo-
eTcs B cocTaBe aTMocdephl ITaaHeThl U e€ TeMneparype. [Ipu Temnepa-

PucyHoK 69 — YpaH. dortorpadpun
noJsly4eHa KOCMUYECKUM
Teneckonom Xa66na

Type —217 °C B BEPXHUX CAOSIX BOAOPOIHO-
reaneBol atMocdepsl YpaHa obpaszoBasach
MeTaHOBas AbIMKa. MeTaH XOpOIIIo II0TAOIIIA -
€T KpaCHbIe AYYH U OTpPazKaeT roAybOble U 3e-
Aéurle. [loaToMy maaHeTa U nmpuobpesa Kpa-
CUBBIH OUpPIO30BBIH IIBET. B aTMocdepe Ypana
He HabAIomaeTCcsd HUKaKHUX 3aMEeTHBIX BO3MY-
IIIEHUM.

B 1977 r. ObIAM OTKPBITEI KOABIIA YpaHA.
CHuMKY, caeaaHHble «BogmkepoM-2» B 1986 1.,
TIIOATBEPANAH UX CYILIIECTBOBAHUE. YpaH OKpPY-
KEH OAMHHAAATHIO Y3KUMHU KOABIIAMHY, Pac-
IIoAaralolMUCs B IIAOCKOCTH 3KBaTopa Ha
paccrogHuu oT 42 mo 51,4 TBHIC. KM (MAU
1,65—2,02 paguyca) OT LIEHTpPa IIAQHETHI.
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TurmmaHas ITUpUHA KOAEIT 0T 1 /10 8 KM, TOABKO ¥ CaMOro OOABIIIOIO OHA MEHSI-
ercd oT 22 mo 93 kM. ToannHa Koaell He IpeBbIaeT 1 kM. Koablla Ypana co-
CTOSIT U3 MEAKOH ITBIAK ¥ HEOOABIITHUX TBEPABIX TEMHBIX YACTHIL.

MaruuTHOE moAe YpaHa UMeeT OHY HHTepPeCHYI0 ocobeHHOCTh. OCh Bpa-
IIEHUS TAQHETHI IIOYTH AE€KUT B ITAOCKOCTH OPOUTHI, 1 AWMHUYU MArHUTHOTO
TIOASI CKPYYEHEBI BpallleHHeM YpaHa B JAWHHBIN IITOIIOP I103a0U IIAQHETEI.
Hanps:k€HHOCTh MAarHUTHOTO ITOAS TPUOAM3UTEABLHO paBHA 3€EMHOIA.

[Tapamerps! YpaHa cMmoTpute B TabAulle 8.

Taoauna 8 — IlapameTrpsl YpaHa

3Bé3mHAad BeAMYHHA

(MaKcHManbHas) 5,5 JraMeTp I10 3KBATOPy 51 120 km
Cpemtee paccTosHue 2870 maH kM | Macca (3emasa = 1) 14,5

no Coanna 19,18 a. e. CpenHada IAOTHOCTB 1,3 - 10°kr/m®
[Tepuon obpameHms 84,0 zemuoro | Cuaa OIpUTIKEHUI 0.9
BOKpyT CoaHlla roga Ha 3KBaTope (3eMmas = 1) ’

[lepuon BpaleHuda
BOKPYT OCH 17,24 g
(obpaTHOe BpareHue)

TemmnepaTypa BEpPXHETO

-217 °C
cA0g 00AQKOB

aTmocdepa us Bogopoaa,
reavsa u metaHa

KameHHoe
aapo

MaHTua n3 3amépswmx
BOAbl, METaHa U aMMMaKa

4. nHentyH. Hemrryn — camblii MaaeHBbKUY rurantT. Haxonutca mouTu Ha
Kparo COAHEYHOM CHCTEMBI U IIOAYYAET OY€Hb MAaAO COAHEYHOMN SHEPTHH.
Ho, mecmoTpsa Ha 3T0, mAaHeTa o4ueHb akTUBHA. Ha doTorpaduax Henry-
Ha XOPOIIIO BUAHBI 00AaKa, OSIBAIIOIIHECS U UCUe3ale B aTMocdepe
naaHeTel. [IprnmedareabHol neTasbio HentyHa aBaserca u Boarpioe Tém-

Hoe [TatHo (puc. 70), cxoxkee 110 cTpyKType ¢ Boavmium Kpacubim [TaTHOM
Onurepa.
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Ckopocthb BeTpa B armocdepe HenryHna no-
CTUTaeT peKopaHoro 3HadeHusa —600m/c.
[TpenroaozkeHME O CYIIIECTBOBAHUH KOAEL]
y Henryna 6v1a0 BeigBHUHYTO B 1984 1. Ha
OCHOBe HabAIOZIEHUH 110 ITOKPBITUIO 3BE3[ ITAA-
HeToH. TpHu 3aMKHYTBHIX K OLHO HE3AMKHYTOE
KOABIIO BUIHBI HA CHUMKAaX, [IOAyI€HHbBIX KOC-
MUYEeCKHM Kopabaém «Bosgmxkep-2» B 1989 .
Pacnioaararorcs Koablla Ha pacCTOSSHUU OT 1,7
no 2,5 paguyca naaHetsl. lllupuHa Koaelr —
1700, 15,5000 u 50 kM cooTBeTCcTBEHHO. OHU
COCTOSAT U3 MEAKHX CHAWKATHBIX IIBIAUHOK,
OoTpazKaroImx 6 %o COAHEYHOT'O CBETA.
Hanpa>kéHHoCTh MAarHUTHOTO 1toad y Her- KOCMMYECKMM annapaTom
TyHa B 3 pas3a MEHBbIIIe, YeM Y 3eMAH. «Bosagep-2»
[Tapamerprr HerrtyHa cmoTpuTe BTadAMIEe 9.

PucyHok 70 — HenTyH.
Bonbuwoe TémHoe MATHO.
dorvorpadusa cgenaHa

Tabaumna 9 — [Tapamerpsr HentyHa

3Bé3nHag BeAUdnHAa
& 7,8 JuamMmeTp 110 3KBATOPY 49 528 kM
(MakcuMaabHAas)
Cpemtee paccTosHue 4491 MAH KM Macca (3emas = 1) 17,2
no Coanna 30,0 a. e. CpenHsag HAOTHOCTD 1,8 - 10°kr/m°
[Tepuon obpateHms 164,5 3emHOrO Cuaa DpuUTIKeHUs 11
BOKpyT CoaHlla roga Ha aKBaTope (3eMas = 1) ’
ITepuon BpaleHusa TemmnepaTypa BEPXHETO
PHOA Bhatt 16,11 4 batypa Bep 214 °C
BOKPYT OCH cAos1 00AaKOB
atmocdepa us Boaopoaa,
reama u meTaHa
KameHHoe Pbixnaa cmecb u3 3amépsLumx
A4po BOAbl, aMMMAKa U MeTaHa
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@ I'staBHBIE BBIBOABI

1. B oTAn4ne OT IAaHET 3€MHOM IPYyIIIbl IIAQHETHI-TUTaHThI IIPE/ -
CTaBASIOT cOO0 KpYITHBIE MaCCHBHbBIE ra3000pa3HbIe TeAa C MaAOH
IIAOTHOCTEIO, yaas€éHHbIe 0T CoAHIIAa Ha 3HAUYUTEABHOE PACCTOSHHUE
(or S mo 30 a. e.).

2. [IaaHEeTBI-TUTAaHTHI OY€HE OBICTPO BPAIIIAIOTCSI BOKPYT CBOMX OCEH.

3. BcennaaHeTBEI-TUTaHTBI UMEIOT KOABLIA.

4. OCHOBHBIMH KOMIIOHEHTAMH aTMOCHEP ITHUX ITAQHET IBATIOTCS
BOZIOPO Y TEAUT.

@ KoHTponbHble BONpOCbl U 3aaaHUA

1. YKaXKuTe Ha OT/INYME OCHOBHbIX PUINUECKMX XapaKTEPUCTUK NAaHET-TUTAaHTOB OT
naaHeT 3eMHOM rpynnbl.

2. KakoBa 0co6eHHOCTb BpalleHMA NAaHeT-rTMraHToB BOKPYrocu?

3. PaccKaxute 06 0cob6eHHOCTAX CTPOEHUA NAaHEeT-TMraHToB.

4. Yto npeAacTaBnsatoT cobol Konbla naaHeT?

5. Moyemy nHOrAga Aaxe B KpymHble TesecKonbl He BMAHbI Kosbua CaTypHa?

§ 15. nyHa. CNYTHMKM naaHeT

1. ®usnuyeckme ycnoeua Ha snyHe. AyHa — €OUHCTBEHHBIN €CTE€CTBEHHBIN
CIIyTHUK 3eMAU. ITO Teao mapoobpasHoit popmel quamerpom 3475 kM. Mac-
ca AynbI Bcero B 81 pa3 MeHblIIe Macchl 3eMau. CpenHad HAOTHOCTE AYHBI
paBHa 0,6 mAOTHOCTH 3eMAH, a yCKOpEHHEe CBOOOTHOTO ITa/IEHUS B 6 pa3 MeHb-
III€ 3€MHOTO, T. €. HA AYHHOM ITIOBEPXHOCTH IIPEAMETHI BECST B 6 pa3 MEHBIIIE,
gyeM Ha 3emae. CoaHeUHbIe CyTKH Ha /A\yHE ITPOOAIKAIOTCS CHHOAWYIECKIH Me-
cqir (29,5 3eMHBIX CyTOK). Ha AyHe HeT BOABI B 3KH/IKOM BUIE U IIpaKTUYe-
CKHU HeT aTMocdephbl. 3a AYHHBIH 1eHb, KOTOPBIY JAUTCH OKOAO 15 3€eMHBIX
CYTOK, IIOBEPXHOCTH ycIieBaeT HarpeThcs A0 +130 °C, a HOYbIO 0XA8IUTHCSI 10
—170 °C. IIpu BBICOKHX TeMIIepaTypaxX CKOPOCTE F'a30BbIX MOAEKYA ITPEBBIIIIAET
BTOPYI0 KOCMHYECKYIO CKOPOCTbH OASI ITIOBEPXHOCTH AyHBI, paBHYyI0 2,38 KM/ C,
II03TOMY I'a3bl, BBIAEASIONINECHT U3 HeAp CITyTHUKA 3€MAH UAU 00 pa3yIoIHe-
CsI ITPU IaIEHUHU METEOPHBIX TeA, ObICTPO IToKHuAaT AyHy. Bes razoBoit aT-
Mocdepbl AyHa moABep:KeHa BO3IEHCTBUIO BCEX BUIOB SA€KTPOMATrHUTHOTO
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nsaydeHus CoaHIIA, a TAKIKe yaapaM MeTeop-
HBIX T€A PA3HOTO pa3Mepa.

HeBoopyX€HHBIM I'Aa30M Ha AYHHOH IIO-
BEPXHOCTH Pa3AHUYUMBI CBETABIE U TEMHBIE
y4yacTtku. Ha TéMHBIE, OTHOCUTEABHO POBHBIE
00AaCTH ITOBEPXHOCTH, Ha3BaHHBIE «MOPSIMH»,
npuxonutcs 16,9 % Bcel HOBEPXHOCTH AYHBI.
Boaee cBeTAbIE TOPUCTBIE yIACTKH, TAK HA3bI-
BaeMbI€ «<MaTEPUKH», 3aHUMAaIOT OCTaBIIYIOCT
IIOBEPXHOCTD U XapaKTEPU3YIOTCI HAAUIUEM
TOPHBIX XPeOTOB, KOABIIEBBIX TOP, KPATEpPOB
(puc. 71). IlepByto oApPOOHYIO AYHHYIO KapTy
cocTtaBUA B 1647 r. HOAbCKUH acTpoHOM SH
l'eBeanti. C Toro BpeMeHH 10 HAIITUX AHEH CO-
XpaHHUANUCH Ha3BaHU4 Mopel — Mope CriokotictBus, Mope Kpusucos u ap.
Ha3BaHus ropHbIX XpeOTOB, TSHYIIIUXCS OOBIYHO BAOAL OKPAWH MOPEH, CO-
3BY4YHBI 3¢MHBIM — ATI€eHHUHEI, KaBka3i, Kapnate! 1 1p. ATIEeHHUHBI KMEIOT
MaKCHMaABbHYIO BBICOTY OKOAO 6 KM, a KapriaTbl — aAun 2 KM (puc. 72).

CaMBbIMU MHOTOYHCACHHBIMHU 00 pa30BaHUSIMU HA AYHHOM IIOBEPXHOCTH SIB-
Ad10TCS KpaTepsl (puc. 73). X pa3Mepbl KOAEOAIOTCS OT MUKPOCKOITHYECKUX
1o 6oaee 100 kM B tuameTpe. KpaTep COCTOUT 13 KOABIIEBOTO BaAa M BHYTPEH-
Hell paBHUHBI. Y GOABIIHHCTBA «MOAOIBIX» KPATEPOB Ha JHE BO3BBIIIAOTCH
LeHTpaAbHbIE TOPKU. B II0AHOAYHEE ¥ «MOAOBIX» KPATEPOB, HMEIOIIMX METe-
OPHUTHOE ITPOUCXOKIAECHUE, MOXKHO BUZIETh AY4EBBIE CUCTEMBI — CBETABIE IIOAO-
CBbI, PaIUAABHO OTXOALIIME OT KpaTepa U TAHYIIHECS Ha COTHH KUAOMETPOB.

Yaap KpyImHOTO MEeTEeOpHUTa UAU HEOOABIIIOTO acTeporIa O IIOBEPXHOCTD
AyHBI COIPOBOXKAAETCS B3PbIBOM. [IpH 3TOM IIPOUCXOAUT BBIOPOC AYHHOTO
BEIIIeCTBA 101, pa3HBIMHU yrAaMU. 3Ha4YHUTEABHAS €TI0 4acTh I10I1aJa€T B KOC-
MOC, OTHAKO HEKOTOPAas NOAS ITajaeT oOpaTHO Ha €€ II0OBEpPXHOCTL. U3 cTpyi
U3MEABYEHHOTIO BEIlleCTBa (POPMHUPYIOTCS AydeBbIe CUCTeMEI. [As HabAroqa-
TeAs AYIH KaxKyTcs 60Aee CBETABIMU [IOTOMY, YTO OHH OTPaXKaIOT CBET Ay4-
I1I€, Y€M IIAOTHOE BEIIIECTBO TOIO K€ COCTaBa.

Kpynuble 1 cpegHue KpaTepbl Ha3BaHbI B YECTD BBIAAIOIINXCS VIEHBIX:
[Troremeis, Apxumen, [IaaToH, Konnepruk, Tuxos, IIMmuar u ap.

KocMmuueckue rccaeoBaHUS CYIIECTBEHHO YTAYOHMAM HAIU 3HAHUS O
Ayne. B 1959 r. coBerckum armraparoMm «AyHa-3» Oblra BIIEpBBIE COTO-
rpacdupoBaHa obpartHasi, HeBUauMas cropoHa AyHbI. B 1965 r. mossBHAachk
nnepBad IIoAHas KapTa AyHBI, COCTaBA€HHAsI 10 Hay4YHBIM PYKOBOIACTBOM
IO. H. Aurnickoro.

PucyHoK 71 — Bupg JlyHbl
B TenecKon
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PucyHok 72 — KapTa-cxema KpynHeuwmx getaneii BUAMMOro B Tesieckon ¢ 3emnu
nonywapua JlyHol

AmepuKaHCKHE acTpoHaBThI Hua ApMmcTpoHT 1 OaBUH OAPUH CTAAU IIEP-
BbIMH AIOIBMHY, CTYIIUBIIIMMHY Ha I0BepXHOCTHb AyHBI 20 utoadg 1969 r. Actpo-
HaBTbI, HAXO/SCh Ha /A\yHe, MOTAM BUAETH Ha HeOe Halry 3eMaro (puc. 74).
AMepHKaHCKHE KOCMHUYEeCKHe KOpabAr cepUH «ATIOAAOH» B T€YEHUE IIOCAE-
OYIOMINX TPEX AET IIECTDb Pa3 AOCTABASIAH B pa3Hble MecTa AyHbI 9KCIIEIH -
oy (12 acTpoHaBTOB 3aHUMAaAUCH HCCAEIOBAaHHUSIMHU B MECTaxX II0CaI0K , UM
yaaaock cobpats 6oaee 360 KT AYHHBIX 00pa31ioB). AyHHbBIE IOPOAbI JOCTAB-
ASIAHL ¥ COBETCKHE aBTOMAaTUYECKHE CTAHIINU «\yHay.

[ToBEepXHOCTHBIH CAOM €CTECTBEHHOI'O CIIyTHHKA 3€MAM COCTOUT M3 MEAKO-
00AOMOYHOT0 MaTeprara — PEroinuTa (puc. 75) K UMeeT TOAIIIMHY OKOAO 10 M.
B cocTaB AyHHOTO peroauTa BXOIAT TaKXKe CTEKATHHbIE c(peprUueCcKUe MH-
KpodacTullbl. /IpoGaeHNEe AYHHBIX IIOPOJ IIPOUCXOOUT B OCHOBHOM H3-3a
MUKPOMETEOPUTHOH GoMOapAHPOBKH U PE3KUX IIEPEIaOB TeMIIEPATYPhI.
Peroaut o6AafaeT Maaoii MAOTHOCTEIO (BepXHUit caoit 1200 Kr/m°) u oueHs
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PucyHok 73 — Yactb
nosepxHocTH JlyHbl. PoTorpacdpus PucyHoK 74 — 3emns, suammasn
nonyyeHa ctaHuueii «3oHA» € NoBepxHOCTH JIyHblI

HH3KOH TEAOIIPOBOAHOCTHIO (B 20 pa3 MeHbIlle BO3yXa), II03TOMY y3Ke Ha
rayOmHe OKOAO 1 M KoAeOaHUs TeMIIepaTyphl IPAKTUYECKH He Oy THMBI.

[To XMUMHYECKOMY COCTaBY AYHHBIE IIOPOALI OYE€Hb OAM3KH 6a3aABTOBBIM
nopogam 3eMAHU. [lopoapl AyHHBIX MOPEH OTAMYAIOTCS BBICOKUM COAEPKAHU-
€M OKCH/IOB JK€A€3a U TUTaHa, MaTE€PHUKOBBIE — BBICOKUM COAEPKAHUEM OK-
CHU0B aAIOMHHUS.

B nmocaenHee BpeMst KOCMUYECKHUE CTAHIIUY OOHAPYKUAN 3aI1aChl BOISI-
HOTO AbJIa B IOASIPHBIX 00AacTsaxX AyHbI. [IOCKOABKY yroA HAKAOHA AYHHOTO
9KBaTopa K 9KAUIITHKE BCero 1,5°, To AHO AaKe HeTAYyOOKUX KpaTepoB B I10-
ASIPHBIX 00AaCTSIX HUKOT/IA HE OCBEIAETCSI COAHEYHBIMU AydaMu. [1pu mo-
crogHHOM TeMnepatype—200 °C 1HO TOATPHBIX KPATEPOB IIOKPHIBAET CMECH
peroauTa co ABAOM. MICTOYHHMKOM BO3HHUKHOBEHUS U HAKOIIAECHUS AYHHBIX
TIOASIPHBIX ABJOB MOTYT OBIThH yHaBIINE B 3TH 00AaCTH KOMETbI, KOTOPbIE
IIPEeaCTaBAIIOT COOOM AeISTHBIE TeAA.

BryTpeHHee cTpoeHre AyHBI H3y4€HO 10 3aIIUCSIM COTPSCEHUN 0Ty AapoB
METEOPUTOB, KOTOpPhle (PUKCHUPOBAAUCH NO-
cTaBA€HHBIMU Ha AyHY ceiicmorpadamu. Ilox
CAOEM PETOANTA paclioraraeTcs Kopa, TOA-
LIIMHA KOTOPO# HA BUAMMOM (00paIéHHoi K
3emae) cTopoHe coctaBadgeT 60 KM, a Ha 00-
patHoit — 100 kM. Iloxm Kopoi#t HaxoouTCH
MaHTH4, TOAIIHMHA KOTOpoH okoao 1000 km.
3oHa ray6zke 1600 KM HaAIlOMHHAaET 3EMHYIO
MaHTHIo, UMeeT ToAmMHy 430 KM U TeMIie-
patypy okoao 1800 K. [TocaegHue mccae- PUCYHOK 75 — OCHOBHbIE TUMbI
[OOBaHU4 IIOATBEPANAH, UTO B LIeHTPE AyHBI YacTUYEK NYHHOrO PerosnTa
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HaXOOUTCH METAAAMYECKOE AP0 paauycoM okoao 300 kM, Macca KOTOPOTro
cocTaBAgeT OKoAO 3 % OT o011eit Macchl AyHEI.

Cy1iiecTByeT HECKOABKO THITOTe3 00pa3oBanus AyHbI. [1o omHOM 13 caMbIX
TIOITYASIPHBIX AyHa o6pa3oBasach BMecTe ¢ 3eMAEH U3 OMHOM ITIAaHeTe3uMa-
AU. BBIAO TIpeAIioAOKEHHE, YTO 3EMAS MOTAQ PA3AEAUTHCS Ha ABE YacTU U
4TO BIIaaAnHAa THX0Oro oKeaHa — 3TO «IMay», OCTaBIIAasIC I[IOCAE TOI0, Kak Ay-
Ha «BbIpBaAach» U3 3EMAH.

Hekoroprle yaé€HbIe IToAaratot, 4To /A\yHa 00pa30BaAach Iy TEM OO bE IMHEHHUST
KPOILIEYHbIX KAMEIIIKOB, 00palIaBIIMXCs BOKPYT 3eMAU 4,5 MAPI AT Ha3a.
HakoraeHue yacTuIl Toa AeHCTBHEM CUA TPABUTALINHY, IEHCTBYIOLINX BOAHU3H

3eMAH, CTaA0 «yMEHBIIIEHHBIM» BApHUAHTOM TaKOT0 XKe ITpoliecca, KOTOPbIH Ipo-
UCXOVIA B IEPBUYHOM COAHEYHOM TyMaHHOCTH U IIPUBEA K POKIEHUIO [TAQHET.

PaccmatpuBaercs 1 Takoi MexaHu3M obpa3zoBaHud AyHbBI. 3eMAd, IIPO-
HIeanIasg OCHOBHBIE cTaauu qudpepeHIIaIiiy BelecTBa, CTOAKHYAACH C
KPYIIHBIM HeOecHBIM TeaoM (pa3mepom ¢ Mapc). Kocot ynap pa3pyiiua ToAb-
KO BEPXHHE CAOU 3€MHBIX HeIp. Ha 0KoA03eMHyI0 OpOHUTY OBIAO BEIOPOIIIEHO
BEIIECTBO 3eMHOM KOPbI U MAHTHH, U3 KOTOPOTIO IIyTEM CAUSIHUSI COOPMHUPO-

BaACd CIIyTHHK 3€MAHU.
[MTapamerps! AyHbI cMoTpHuTE B Tabauiie 10.

Tab6auna 10 — ITapameTps! JIyHsbI

3Bé3
BE3[Has BEAMIMHA -12,7 [paMeTp 10 SKBATOPY 3475 km
(MakcuMaabHas)

384,4 mar kM | Macca (SBemasa = 1) 0,012

CpenHee pacCcTosHIE
P P 60,3 paauyca

110 3eMAU CpenHsad IAOTHOCTD 3,34 - 10° Kr/ M
3eman

[Tepuon obpareHms 27,32 3emMHbIX | Cuaa DPUTIKEHUI Ha 0.17

BOKPYT 3eMAU CyTOK 3KBaTope (3eMada = 1) ’

Ilepuon BpaleHusa 27,32 zemubpix | Temmepatypa Ot -170

BOKPYT OCH CyTOK TIOBEPXHOCTH o +130 °C

BepxHAaa maHTMA Kopa

aAaopo HUXHAA MaHTUA
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2. cnytHuku nnaHet. B CoaHeuHoi#i cucreMe Ha Hadaao 2014 r. u3BecT-
HO 173 ecTeCTBEHHBIX CIIyTHHKA ITAaHeT. CeMb CIIyTHUKOB, BKAIOYas AyHY,
uMeroT guameTp 6oabire 2500 kM, a 'anumen u TutaH (Taba. 11) gake nipe-
BOCXOILATIIO pa3dMepy MepKypuii.

Tabauna 11 — KpynHsle CIIyTHUKHY IVIAHET

CnyrTHuUKn
g & ] =
XapakTepucTuKU = g 2 ° s B e
= = = 2 2, =
5 = % = 8 =
o & = =~
o, o a, o, a, o
[TraneTa = E = = 2 = 5
e O e e © e T
[uametp, KM 5268 | 5150 | 4806 | 3640 3475 3130 2700
Macca, [1 1023 kr 1,49 1,35 1,08 | 0,892 0,735 | 0,485 | 0,215
TTAOTHOCTS, KT/ M° 1930 | 1900 | 1830 | 3550 3340 3040 2100
Temneparypa 140 | —179 | —140 | —130 | P70 0 140 | 235
noBepxHoCTH, °C o +130

HeboApIllMEe CITyTHUKH Pa3MEPOM B AECATKU KHAOMETPOB INPEACTABASI-
FOT COO0M KaMEeHHBIE UAY ACTHBIE TeAA HETPABUABHOM (popMbl. X ToBepX-
HOCTHU yCedHBI KpaTepaMU U IOKPBITBI MEAKOH ITbIABI0. CpegHME CIIyTHUKHU
(B HECKOABKO COTE€H KHAOMETPORB) B OCHOBHOM HIapO00pa3HbIe B UMEIOT Ma -
AYIO TIAOTHOCTS. [1o BHEIITHEMY BHAY UX TOBEPXHOCTH HATIOMUHAET AYHHYIO.
OTanuaroTcs pazHoobpasueM 7 KPYITHEHIITNX CITyTHUKOB. [1o cBoeMy cTpoe-
HUIO OHU OOABIIIE TTOXO0KH Ha ITIAQHEThI 3eMHOM rpynnbl. KpynHe#niue coyT-
HukY FOmmrepa O6b1An OTKPBITEI el B 1610 r. FaanaeeMm. OgHAKO OCHOBHEIE
CBEJIEHUSI O ITPUPOAE KPYITHBIX CITyTHUKOB TAQHET-TUTaHTOB IIOAYYIE€HEI B pe-
3yAbBTaATE UCCAEAOBAHUM C ITIOMOIILI0 KOCMUYECKHUX alllapaToB.

Mogeab BHYTPEHHETO CTPOEHHUS KPYIITHBIX CIIyTHUKOB IIpeaycMaTpuBa-
€T HaAu4He y HUX TPEX 000AOUEK: KOPBI, MAHTHUH U dapa. Jdapom, conepka-
UM COETUHEHUs XKeAe3a 1 3aHuMmaronmM ot 0,3 oo 0,6 paguyca CIryTHUKA,
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obaanarot Ho (puc. 76), EBpona (puc. 77) u
Fanumen. Y Tpurona u Kaaaucro (puc. 78)
KaMEHHCTBIE dApa TaKoro XK€ HAU OaKe
foAbllIero pa3Mepos.

CuaukatHag (KaMeHHcTasi) Kopa Mo
uMmeet ToAHy 30 kM. [Toxg Heit Ha rAyOHu-
He 100 KM HaxXoAUTCH XKUIKad Marma, TeM-
nepatypakoTtopoii nocturaet 2000 K. Mar-
Ma ITUTaeT MHOT'OYHCAEHHBIE ByAKaHbI Mo.

PucyHoOK 76 — Wo — cnyTHUK OcTaabHblEe CIIyTHUKH ITOKPBITHI AEITHOMU
tOnuTepa. UssepxeHneByNKaHa. 56, 0uK0if pa3HOM TOAIMHEI, TI0 KOTOPO
®ortorpadua cAenana pacrioaokeHa KaMeHUCTas MaHTHUS.

MeXn/1IaHeTHbIM annapatom

«Fanuneo» Ha noBepxHocTH TpI/ITOH% ul'anumena

BHIHBI CA€IBI TEKTOHUYECKON NeATEABHO-

CTHU: pa3AOMBI, CKATHUS, TPEIIUHBI, MeAKHe XpeOTrl. KaaancTo oTanyaercs
OT HUX HAaAWYHEM MHOTOYHCAEHHBIX KPpaTEePOB YAAPHOI0 IIPOUCXOKIECHUSI.

AensiHy10 060A09YKY EBPOIIBI ITepeceKaeT CeTh CBETABIX U TEMHBIX Y3KHX
II0AOC. DTO TPEIINHEI B TOACTOH A€ISIHOM KOpPE, BBI3bIBAEMbIE IIPUAUBHBIMH
BozaedicTBuaMu IOnuTepa. MHOTOAETHHE HAOAIOIEHHS 38 PUCYHKOM, KOTO-
PBIf 00Pa3yIOT TPEIIHNHEI, [IOKA3aAH, YTO AE/ITHBIE MACCHI HEMHOT'O CMEIIAI0T-
Cd OTHOCHUTEABHO APYT Apyra. 9TO 3HAYUT, YTO I1040 ABJIOM HAXOAUTCS BOAA.
B HeKoTOPBIX MecTax AeATHOTO HaHINPs EBponbl KocMuydecKuii annapart «l'a-
AMA€O» cpoTorpacrpoBas CTpaHHBIE XAOTHYECKHE HATPOMOXKIEHUS CTapbIX
ABIHH, BMOPOKEHHBIX B CBEXKIM A€T. OTU CTPYKTYPhI HA3bIBAIOTCS «<Xa0CaAMU»

PuUcyHok 77 — PuUcyHok 78 —
Espona — cnytHuK OnuTtepa Kannucro — cnytHuK lOnutepa
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PucyHoK 79 — Xaocbl Ha PucyHok 80 — CnyTHuK CatypHa —
cnyTHukKe lOnutepa EBpona TuTaH — meeT o4eHb NJIOTHYIO aTmochepy

(puc. 79). OHU CBUAETEABCTBYIOT O TOM, YTO BPEMS OT BpEMEHH A€/ IToATauBa-
€T, HO IIOTOM CHOBa 3acThIBaeT. He ycrieBrine pactagTh AbAUHBI OKa3bIBAIOTCS
BMOPOZKEHHBIMH B HOBBIH A€1T. O TOM, 4TO A€ITHAs [TIOBEPXHOCTH EBPOITbI MOAO-
[1a, CBUIETEABCTBYET U [TIOYTH [IOAHOE OTCYyTCTBHE Ha HeH yIapHbIX KpaTEePOB.

Ha Mo HeT npu3HaKOB CyIIECTBOBaHUS 3HAYHUTEABHOTO KOAMYECTBA BOJbI
HU BHYTPH CIIyTHHKA, HU TeM OoAee Ha ero IIOBEPXHOCTH. 3aT0 TaM OTKPHI-
TBI MHOTOYHUCACHHBIE ByAKAHUYECKUE N3BeP:KeHHsI. BLIOpOIIIeHHbIe ByAKa-
HaMHU U oceJalolie Ha IIOBEPXHOCTH COEIUMHEHUS CEPBI ITPUAAIOT CITy THUKY
OKPAacCKy OT 6eAO 10 IPKO-KPacHOH 1 4€pHOH (cM. puc. 76). [Ipu aTom 11BeT
3aBUCHT OT TEMIIEPATyPhI BelllecTBa. M3 3kepAa ByAKaHOB r'a3bl BLIOpachIBa-
I0TCS Ha BbICOTY 0K0AO 200 KM CO CKOPOCTHIO ITpuMepHO 1 KM/ c. [a3oBbIe
reMsepsl 3aMeYeHbI HaL ITIOATIPHOM nmiankoi TputoHa. CTpyHu TEMHOTO BeIlle-
CTBa BBIPHIBAIOTCS BBEPX C €I0 [IOBEPXHOCTU U IOCTUTAIOT BHICOTHI 8 KM.

Hawub6oaee momtayro atmocdepy umeet Turan (puc. 80). Ona Ha 60 % 60-
A€e TIAOTHAas, YeM Ha 3emae, U IpuMepHo Ha 85 % cocrout U3 azora. [JaB-
AEHUE Yy IIOBEPXHOCTH B 1,5 pasa npesblilaeT 3eMHoe. KocMuueckui annapat
«[rotirenc» B 2005 r. 0O0HApPYy3KHUA TOPHBIE XpeOThI, pycaa PeK, 03épa KUIKO-
ro MeTaHa U 3TaHa.

PaspeskeHHyI0 aTMocdepy U3 a30Ta U MeTaHa uMeeT TputoH (107° 3eMHOIH).
Caabag aTMmocdepa U3 MOAEKYATIPHOTO KHCAOPOAA OKyThIBaeT 'annMen u EBpo-
my (107 1 107! 3emuo0i1). O6pasyercs oHa TaK: COAHEUHEIH CBET, KOCMIYIECKHE
AYYH 1 MUKPOMETEOPHUTHI BEIOUBAIOT C A€ITHOM [TOBEPXHOCTH MOAEKYABI BOJIBI,
KOTOpBIE 1101 AeHCTBHEM yABTPA(HOAETOBOIO U3AYUEHHS paclaaioTcs Ha aTo-
MbI BOZIOPO/1a ¥ KHCAOPOia. ATOMBI BOIOPO/Ia Cpasy 3Ke IIOKHAaI0T aTMocdepy,
a aTOMBI KUCAOPOIa OOBEIMHSIIOTCS B MOAEKYABI. PaszpeskeHHas aTMocdepa 13
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PucyHok 81 — ®ob6oc — cnyTHuK Mapca. PucyHok 82 — MupaHpa —
Ha nepegHem nnaHe Kpatep CTUKHMU CNYTHUK YpaHa

YTAEKHCAOTO Ta3a eCTh y KaaAnCTo, TakoH ke pa3peskeHHON aTMocdepoit 13
OKCHJIOB CEphI M ByAKAHUYIECKUX Ta3oB obaazaet Vo (1072 semHoi).

Y HECKOABKUX KPYITHBIX CITyTHUKOB OOHAPY3KE€HBI COOCTBEHHbIE MATHUT-
HbIE TI0Ad.

W3 nianaHeT 3eMHOH I'pyIIbI, KpoMe 3eMAH, TOABKO Mapc uMeeT ABa CIIyT-
HHKAa, OTKPBITHIX B 1877 r. aMmepuKaHCKHUM acTpoHOMoM AcacoM XoaroMm. 3To
HeOOABIIIHEe KAMEHHUCTBIE TeAa HEIIPaBUABHOM (opMbI pazMepoM 27 [ 19 km
— doboc (puc. 81) u 16J 11 km — [letimoc.

H306pazkeHnss HEKOTOPBIX APYTHX CITyTHHUKOB MAaHeT COAHEYHOM CUCTe-
MBI IIPEACTABAEHBI HA PUCYHKaxX 82—84.

PucyHok 83 — Mumac — cnyTHUMK CaTtypHa. PucyHok 84 — dHuenap —
BosbLuoii KpaTtep umeeT guameTp cebiwie 100 Km cnyTHUK CatypHa



§ 16. Kapaunkosble nnaHeTbl U manbie Tena ConHeYHoM cuctemsl 105

@ I'staBHBIE BBIBOABI

1. AyHa — cIyTHUK 3eMAH U Oamzkaiiiiee K 3emae HeOECHOE TeAO.

2.Ilo cBoeii mpupone AyHa, Kak U Apyrue KPYITHbIE CITyTHUKH I1AA-
HeT, 0AM3KA K IIAaHEeTaM 3€MHOU TPYIIIIEI.

3. HeboabIllie CiyTHUKY HAQHET (pa3MepoOM B OECSITKU KHAOME-
TPOB) IIPEACTABASIOT COO0OM KaMEHHCTBIE UAU A€[SHbIE TeAa Henpa-
BHUABHOU (POPMEI.

@ KOHTpOl‘IbeIe BOMNpPOCHbI U 3a4adHUA

1. OxapakTepusyiiTe dUsnYECKne ycaoBMA HA IyHe. Yem OHM OTANYALOTCS OT NPUBLIY-
HbIX HAaM yCNoBU Ha3emne?

2. Kakne getanun Ha nyHe BUAHbI HEBOOPYXKEHHbLIM I/1a30M, @ KakMue — B Tesieckon?
3. MpuBeauTe NpUMepPbI Ha3BaHNIN HEKOTOPbIX TYHHbIX KPaTepPOB, MOPEN U FTOPHBIX XPeOTOB.
4. MNoyemy 06paTHYIO CTOPOHY NyHbI yaanocb choTorpadnpoBaTtb TONbKO Npu eé 0b61é-
Te Ha KOCMWYEeCKOM annapare?

5. Y70 coboit npeacTaBaseT NYHHbIN FPYHT? OTAMYAETCA /I OH OT 3€MHOro?

6. OnNuwWKTe BHYTPEHHEE CTPOeHWe NyHbl. Kakum 06pa3som oHO 6blo U3yy4eHOo?

7. Kakue runoTesbl 06pa3oBaHMA NyHbl Bbl3HaeTe?

8. Ha30BMTe KpynHenLwmne cnyTHMKKU naaHeT CoONHEeYHOM cucTembl. PaccKkaxknte o HeKo-
TOPbIX XapaKTePHbIX 0COBEHHOCTAX KaxKA0ro U3 HMX.

§ 16. KapaunkKoBble nnaHeTbl U Masnble Tena
COJIHEYHOMN cUucTembl

1. Kapaukossbie nnavetsbl. B aBrycre 2006 r. Ha Accambaee MexxayHapoa-
HOT'0 aCTPOHOMHYECKOTO COI03a OBIAO IIPUHSITO HOBOE OITPEIEACHH € TIAQHETHI
BIIEpBbIE BBEACHO IIOHATHE «KAPANKOBad IlaaHeTar. KapimmKoOBbIMHY ILTaHETAMHA
CUHTAIOTCH 00BEKTHI, BpaIaIoIrecss BOKPYT 3Be3bl, HMEIOIIHe THAPOCTATH-
YeCKH paBHOBECHYIO opMy (1Iapoobpas3Hylo), HO He paCuUUCTUBIINE OAH3Ae-
JKallee IPOCTPAHCTBO U He SIBASIONMECd CIIyTHHKAMHU OOABIINX ITAQHET.

o aBrycra 2006 r. IIayToH, oTKpBITHIH Kaatinom Tom60 B 1930 r., cunras-
ca neBaToM maanetot CoaHeyHo cucreMbl. OIHAKO 110 AMHAMWYECKUM U (PH-
3UYECKUM XapaKTEPUCTHUKAM OH CYIIECTBEHHO OTAMYAACS OT APYIUX IIAQHET.
B 1978 r. y IlayToHa OBIA OTKPBIT CIIyTHUK — XapoH. Ero nuamerp cocras-
astet 1205 KM, gyyTh 60ABIIIE TOAOBUHEI quaMeTpa [1ayToHa, a cooTHOIIeHHUEe
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Macc — 1 : 8. OgHH acTPOHOMBI IIPUYUCATIAN XapoH K CIIyTHUKaM, JApyTrHe
cuutaau cucreMy llayToH — XapoH nBoHHoM nnaaHeToH. CoraacHO peLIEHHI0
MezxxayHapOoaHOI0 aCTPOHOMHUYECKOI'O COX03a OTAMYUE NBOMHOM IIAQHETBI OT
CHCTEeMBI [TIAaHETa — CIIyTHHK (Harpumep, 3eMad — AyHa) KpoeTcd B pacIio-
AOKEHUH bapUulleHTpa — o0lero eHTpa Macc. B mepBoM caydyae 3TOT LHEHTP
HaXOHUTCH B OTKPBITOM KOCMOCE, BO BTOPOM — BHYTPU OCHOBHOM ITAQHETEHI,
UMEIOIIEH CIIyTHUKHU.

Craao oueBUOHBIM, 4YTO [IAyTOH — AMIIb OAMH U3 Hanuboaee KPYITHBIX
HM3BECTHBIX 0 HACTOSIIETO BpeMeHU 00beKToB mosica Koitnepa, ripruaém o
KpaiiHel Mepe oquH U3 00beKTOB mosca (Jpuaa) aBagercs 6oaee KPYITHBIM
TeaoM, yeM [IayToH (puc. 85).

[TaaHETHI 1 KAPAWKOBBIE IIAQHETHI — 3TO [IBA Pa3HBIX KAacca 0OBEKTOB
Coaneunoii cucreMmsbl. Kpome [IayToHa, KAapAMKOBBIMHU ITAAHETAMHU CIUTAIOTCH
«ObIBIIMID acTepons Llepepa, Haxoadmiics Mmexkay opouramu Mapca u FOmu-
Tepa, U 00BbeKTHI Iosica Kotirepa — Opuaa, Xyamea u Makemaxke. [1o MHEHHIO
aCTPOHOMOB, B 0baacTH riosica Koiiniepa HaxoAsa T 1eCATKHY KAPANKOBBIX ITAA-
HeT, ToA00HBIX [IAyTOHY, X 0OHaAPYZKEHHE AUIIL BOIIPOC BPEMEHH.

2. Actepougbl. Bce npyrue o0BbeKTHI, KpOMe KapPAHMKOBBIX IIAQHET, o0pa-
matomyecd BoKpyr CoAHIIA U He IBAFIONINECS CIlyTHUKaMU, Ha3bIBAIOTCH
MaJIbIMU TesiaMu CoAHEeYHOH cucteMbl. K JaHHOMY THITy OTHOCHUTCS 60AB-
IIMHCTBO acTepounoB Mexay Mapcom u FOnurepoMm, a Tak:Ke TPaHCHEIITYHO-
BbIe 00BEKTEHI ITosica Koiimepa, KOMeThI H BCe OCTaAbHBIE TeAd, 00 palarori-
ecs BOKpyT CoaHIIA.

&

- ¢ -~ f

dpuaa MaytoH uepepa Xyamea Makemake

PucyHok 85 — CpaBHuUTe/IbHble pa3mepbl 3eMIU U Kap/IMKOBbIX NJ1aHeT
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[Tocae 1801 r. mexknay opbutamu Mapca u FOnurepa 6biam 00HaApyKe-
HbI KapAWKOBas I1aaHeTa llepepa 1 MHOK€eCTBO acTEpPOHI0B. AcTepony, (Ma-
Aad rinaHeTa) — Maaoe TeAo CoAHEYHOH CUCTEMBI, UMEIOIIIEE HEITPABUABHYIO
dopMy U HaxozdIleecss Ha TeAHolleHTpudYecKoi opbute. K Havaay XX B.
6p100 OOHapyKeHO oK0oA0 SO0 acTepouIoB C AUaMETPaMU OT HECKOABKHX
[ECATKOB KHAOMETPOB U Ooabllle. B HacTosIee BpeMs: KaTaAor IpOHyMe-
POBAHHBIX aCTEPOUIOB coaepKUT 6oaee 380 ThIC., & BCETO OTKPBITO OKOAO
600 TbIC. 0OBEKTOB.

3HaunuTeAbHas 4acTh (98 %) acTepona0B ABUKETCH B IIAOCKOCTSIX, OAM3-
KHUX K 9KAHUIITHKE, 110 OpOHUTaM C MAaABIM KCILIEHTPHUCHUTETOM, PACIIOAATASACH
Mexkay opoutamu Mapca u FOmmurepa Ha paccroguuu 2,2—4,5 a. e. ot CoaHIIA.
Boxkpyr CoaHIIa aCTepOUIbI ABUKYTCS B TY 3K€ CTOPOHY, YTO B OOABIITHE ITAA-
HeTwl. O6AaCTB ITPOCTPaHCTBA MeX Ay opbuTamu Mapca u FOniurepa, rae Ha-
XOIUTCS MOaBASIONIee OOABIIMHCTBO aCTePOUI0B, Ha3bIBaeTcsd ['AaBHBIM I1O-
fCOM acCTEPOHIOB.

[To ogHO# U3 THIIOTE3 aCTEePOUIBI ITPEACTABASIIOT COO0M OCTATKH HEKOT-
Jla CYIIIeCTBOBAaBIIIET0 MHOXKECTBA ITAaHeTe3uManel. [Iporecc popMupoBaHusa
UX B [IAQHETY ObIA KOT/Ia-TO IIPUOCTAHOBAEH U3-32 BO3MYIIEHU CO CTOPOHBI
O6pICTpO Bpamaroierocda rurasuta FOonurepa. B pe3yasrare aT0r0 00BEAHHE-
HHE BeIlecTBa CMEHHAOCH Ha ApobaeHHe. Bo3MyleHns mAaHET-TUTAHTOB H3-
MEHSIIOT OPOUTBI aCTEPOUIOB, 3aCTABASISI UX CTAAKUBATHCH APYT C APYTOM,
C IIAAHETAMH M UX CIIyTHHKaMHU. [lo apyro# BepcHu IpearnosaraeTcs, 9ITo
acTepoUIbl BOSHUKAH B PE3YyABTATE PA3PYILIEHUS THIIOTETHYIECKOM ITAQHETHI,
Haxopsamnieca Mexxay Mapcomu FOnurepoMm.

B 1951 r. [Ixepapa Kotinep nipeackasaa CyliecCTBOBaHUE I105Ca aCTEPO-
unoB 3a opoutoit HenrryHa. TeopeTHYecKH 3TOT MOSC IOAKEH OBITH PacCIIo-
AOXKeH Ha paccrogHuu 35—50 a. e. ot
Coanita. Bo3MoxkHO, 9T0 ocTaTOKIIEP-
BOHa4aABHOU TYMaHHOCTH, U3 KOTOPOU
cpopmupoBasack CoaHeYHas CHCTEMA.
CymmMmapHadg Mmacca Tea nosica Kotiniepa
COIIOCTaBHMa C MaccoH 3eMaAH.

Briepsrie cgoTorpadgupoBas MOBEPX-
HOCTb aCTEPOUI0B MEXKIIAAHETHBIN KOC-
Mudeckuit anmapat «I'aamaeo». Cae-
nys K FOnurepy, oH cpotorpacdupoBas

acrepounsl 'actipa u Una co cryTHH- PucyHok 86 — Actepouna Uaa
KoM [1aKTHUAB (puc. 86). €O cNyTHUKOM [ akTuib
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[TepByto MATKYIO IOCAIKY Ha IIOBEPXHOCTD aCTEPOU,Ja COBEPIIINA KOCMHU-
gyeckuit anmnapat NEAR 12 ¢eBpaag 2001 r. Acrepoun Ipoc okazascsaKa-
MEHHCTBIM TE€AOM HeNpaBUABHOH popMbl ¢ pasmepamu 33 [1 13 [1 13 km
U TAOTHOCTEIO 2700 Kr/M>, GAM3KOM K IAOTHOCTH IIOPOJ 3€MHOM KOPEL
[To- BepxXHOCTBb acTepouja IIOKpPbITA IIBIABIO M yCesdHa KpaTepaMH U
BaayHaMU (quameTpom a0 100 M).

[Ipenmnioaaraercd, uyro B COAHEYHOH CHUCTEME Ha pPacCTOSHUHU, HE IIpe-
BelmaromieM 100 a. e., HaXxoUTCHA OKOAO 1 MAH MaabIX T€A padMepaMH [0
1 kM. OpOUTHI aCTEPOUI0B yBEAUIHUBAIOT CBOM aKcIieHTpucuteT 0 0,8 n3-3a
TpaBUTAIIHMOHHBIX CHA CO CTOPOHBI IIAQHET-TUTAHTOB. baarogaps 3ToMy HEKO-
TOPBIE aCTEPOUIBI IIPOHUKAIOT BHYTPE opouT Mapca, 3emaun u naxke Mepky-
pus. Yucao acTeporIoB, UMEIOIINX AUaMeTp 0oaee 1 KM U ITIepeceKaroIux
opbuty 3emamn, orieHuBaeTcs B 6500 00beKTOB. Takue HeGECHBIE TEAQ MOTYT
CTaAKUBATECS C 3eMAEH He peske, ueM oAuH pa3 B 20 MaH AeT. CyIlecTByeT
He MeHee 200 TrIC. acTepounioB c ronepevHuKkoM 100 M u 6oaee, OpOUTHI KO-
TOPBIX MOTYT ITIepeceKaTh opouTy 3eMAan. BepoaTHOCTL CTOAKHOBEHHUS C Ta-
KHM TEAOM — IIPUMEPHO 1 pa3 B 5 ThIC. A€T, IIPU 3TOM Ha 3emae oOpasyer-
cd KpaTep C IOIIEPEYHHKOM OKOAO 1 KM.

29 auBaps 2008 r. Ha onacHO 6AU3KOM paccTosTHUH OT 3emau (600 ThIC. KM)
npoaeTea actepous pazmepom 0,25 km. [Toaromy B CIIA, Poccuu u npyrux
cTpaHax co3aaHbl CAyzKOBI 10 CAEIKEHHIO 3a OIIACHBIMH aCTePOHUIaMH, YTO-
OBI B cAydae yrpo3sl 3eMAe IPOBECTH paboTy 110 U3MEHEHHUIO UX OPOUTHI UAU
YHUYTOXKEHHUIO.

[lepBoHAYaABHO acTepoOUAAM AAaBaAU HMeHa MHU(OAOTHYECKUX OOTHUHB, I10-
TOM IIPOCTO K€HCKHE UMeHa. Kora HCCaKAN ¥ OHH, aCTepPOUIbI CTaAN HA3bI-
BaTh B YECTh NU3BECTHBIX YI€HBIX, PA3ANYHBIX CTPaH U roponoB. Cpeau acTepo-
HUI0B €CThb TaKHe, Ha3BaHUs KOTOPBIX CBsI3aHEI ¢ Pecriybankoii Beaapych, —
Munck, Beaopyccus, Bpecrt, XaTbiub, [llaras, Butebck u ap.

3. meteoputbl. B MeXIIAaHETHOM IIPOCTPAHCTBE ABUXKETCSH OTPOMHOE KO-
AWYECTBO KaMEHHBIX M KEAE3HBIX T€A CAMBIX PAa3HOOOpPAa3HBIX II0 pa3Me-
paM, dopMe U CoCTaBy. ITU TeAa IIOAYIHAN Ha3BaHHE METEOPUTHBIX TeJI.
[Tpu BTOP3KEHUHU TAKOTO TeAa B aTMocdepy 3eMAN C KOCMHYECKOH CKOPO-
CTBIO B pe3yAbTaTe TPEHUS O BO3QyX OHO HArpeBaeTcCs, HAUHHAET [IAABUTH-
Csl U CBETUTHCH — Ha Hebe mosBAdeTCs APKHUE OTHEHHBIH I1ap. 91o gB-
A€HUeE TIOAYYHUAO HaszBaHue 6oaup (rped. bolidos — MeTaTeAbHOE KOIThE).
B HOuHOE BpeMst 00AW/T TPKO OCBELIaeT MECTHOCTD Ha AECSITKU U COTHHU KHAO-
MeTPOB BOKpPYT. OUeHb sipKie 60AUIBI BUIHBI 1aKe JHEM ITPHU IIOAHOM COAHEU-
HOM OCBEIIIEHUH. 3a OTHEHHBIM IIIaPOM BIOAB €TI0 TPAECKTOPHUH OCTAETCS CAC/I,
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IIPEACTABASIIOIINHI B CBOEM HaYaA€ CBEUEHHUE HOHHU3UPOBAHHBIX MOAEKYA BO3-
Oyxa ¥ 3aKaHIUBAaIOIUNCS CTPYSIMHU IbIAU. [IBIAMHKY — 5T0 IPOAYKTHI pa3-
PYLIEHHST METEOPUTHOI'O TeAA BO BPEMSI €T0 ABHXKEHUS B aTMoc(epe, Tak Kak
IIpHU IOAETE C OTPOMHOM CKOPOCTBIO TEAO HAarpeBAETCH [0 HECKOABKUX ThICSY
rpagycoB. BeliecTBo Ha ero HOBEPXHOCTH HEIIPEPHIBHO PACIIAABASIETCH U da-
CTUYHO HCIIapseTcs: HEMEIACHHO CphIBaeTCsd II0TOKaMU BO3yXa U pa3dpbI3ru-
BaeTcd B BH/Ie MeAbdalInx KaneaeK. OHH B COCTaBALIOT IIBIAEBOMH caen; 60-
anna. Hapacraroliee yIIAOTHEHHE BO3AyXa CO30aET BOKPYT METEOPHUTHOI'O TeAQ
yaapHy! BoAHy. OHa BbI3BIBAET TAKHE 3BYKOBBIE IBACHHH, KaK I'POXOT U I'VA.

Y1iieaeBIINY OT IIOAHOTO pa3pyLIeHHsI OCTaTOK METEOPUTHOTO TeAa ITafa-
€T Ha IIOBEPXHOCTH 3EMAH. ITO U €ECTh METEOPUT. MeTeOpUTHI ITPEACTABAS-
I0T coOo 00A0MKH HebecHBIX Tea CoaHeuHO# cucTeMbl. Kak ripaBuao, OHH
IIOAYYAOT CBOU HA3BaHUS I10 OAMIKAHNIIIEMY K MECTY IIa/IeHHs HaCEAEHHOMY
IIYHKTY UAU FreorpaoudecKoMy OOBEKTY .

MeTeopHuTHOE TEAO, UMEIOIIIEE OTPOMHYI0 HA4aABHYIO MacCy B AECATKHA U
COTHH TBICHY TOHH, IIPOXOIUT BCIO TOAIILy aTMOC(ephl, COXpaHss KOCMUYe-
CKYIO CKOPOCTBh B HECKOABKO KMAOMETPOB B CEKYHAY. B pesyarraTe ymapa
IIPOUCXOAUT B3PBIB, Ha MECTE yaapa o0pasyeTcsd MeTeOPUTHEIH KpaTep, KO-
TOPBIH MOXKET UMETh pa3Mephbl OT HECKOABKHX MeTpoB 110 100 km. Hambo-
Aee u3BecTeH ApH30HCKHUH Kpatep auaMmeTpoM 1200 M, raybunoi#t 180 mu
BBICOTOM Baaa okoao 50 M (puc. 87). Bo3amoxkHo, oH nnogBuacs 30 TBIC. AET
Hazan. Kpateprs! 60ABIIOro pasmepa (XOPOIIO COXPaHUBIIIHECS Ha ITOBEPXHO-
ctu AyHbI) Ha 3eMae OOHAPYKUTE CAOKHO. OHH OBICTPO Pa3pPyIIAIOTCS IO
BO3IEUCTBUEM BO3IyXa, BOABI, BETPA, PACTUTEABHOCTH, 3aHOCITCI CAOEM IIe-
CKa U I'pyHTAa. YY€HbI€e C IIOMOIIbI0 KOCMUYECKUX CHUMKOB Hay4YHUAHUCH HAaXO0-
[UTH IpPEeBHHE METEOpUTHbIEe KpaTephl Ha 3eMae. CeromgHs oOHapyKeHO Ooaee
150 acTpobaeM — «3BE3MHBIX paH», KAK UX 00pa3HO HA3bIBAIOT y4YE€HLIE.
Ha tepputopun Beaapycu K actpobaemam
oTHOCAT Aoroiickymwo BIaguHy. [duamerp
aTOTO ApeBHero Kpatepa 17 km. OH pacro-
AOJKEH B 6—8 KM ceBepo-3arnaaHee ropoaa
Aoroticka MUHCKOM 06AaCTH.

Bce meTeopuThl 110 cOCTaBY OAPA3IEAS -
IOTCS HA TPU OCHOBHBIX KAQCCa: KAMEHHEBIE,
JKEA€30-KaMEHHbIE U JKEAe3HBIE.

KameHHbIE METEOPUTHI OAU3KH II0 CO-
CTaBYy K 3€EMHBIM I'OPHBIM ITIOpoOdaM: COOAEP- PMCVHOK 87 — Me'reopwn-uﬂﬁ
JKaT OKCHUOBI 2KeAe3a, KPEMHUSI, MarHus. KpaTep B Apu3soHe (CLUA)
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Oxo0A0 85 % KaMeHHBIX METEOPUTOB COIEPKAT XOHAPHI — ChpepHUIeCKHe Ya-
CTHIIBI PA3MEPOM OT MUKPOCKOIIMYECKHUX 3€PEH N0 MOPOIINHEI. Takrue KaMeH-
Hbl€ METEOPUTHI HA3bIBAIOTCA XOHAPUTAMM, OCTaAbHBIE — aXOHAPUTAMMU.

Cawmpbl#i KpyIIHBIM MeTeopuUT HatiznieH B 1920 r. 6An3 HaceA€HHOTO ITyH-
kTal'ob6a B IOro-3ananHoit Appuke. OT0 3KEA€3HBIH METEOPUT MaCCOH OKOAO
60 t. OmHaKo TakHe KpyIHbIE Teaa anaroT peako. Ha reppuropuu Peciy-
6amku Beaapych HaliieHO IIeCTh KPYITHBIX METEOPHUTOB: HATIpuMep, B 1954 .
Keae3HbIM MeTeopuT Maccoit 300 Kr HatineH y aepeBHU ['peck Cay1ikoro paii-
oHa MuHcKoM o6aacTu. Kak mpaBrAO, MacChl GOABIITHHCTBA METEOPUTOB KO-
A€DAIOTCH OT COTEH I'PaMMOB 10 HECKOABKUX KMAOTPaMMOB.

4. Kometbl. O KOMeTax, «<XBOCTAThIX 3BE€311ax», OBIAO U3BECTHO C JaBHUX
BpeMEH. [lepBble KUTAUCKUE 3alIUCH 0 KOMETaX OTHOCATCS K TPETHEMY ThI-
CcsTYeAeTHIO 0 Hallel 3pbl. Bnaau or CoaHIIA KOMETa BBITASIUT CAAOBIM TY-
MaHHBIM 00beKTOM. [1o Mepe npubarmkeHuss K COAHILy OHA CTAHOBUTCS Sp-
4e, YBEAMYHBAETCH B pa3Mepax, y He€ IMOIBAIETCI XBOCT, HAIIPABAECHHBIHN
B IIPOTUBOIIOAOXKHYIO0 0T CoaHITA cCTOPOHY. HeoxxugaHHOE ITossBAEHHE IPKOM
KOMETHI, Hapylamoiie HebeCHy0 TapMOHUIO, BCETIa IIPUBAECKAAO BHUMAaHHUE
AIOIEY U BHYIIIAAO UM CyeBEPHBIH yzxac. Ko-
MeTa CYNUTAaAACh NIPEABECTHUIIEH BOMH, 3IIH-
OeMUH U IPYyTUX HecyacTui (puc. 88).

3a HCTOPHIO YeAOBEUECTBA y3Ke HabAoaa -
Aoch 0KoAO 3500 KomeT. 3aperucTpupoBaHbl
B KaTtaaorax okoro 1000 Takux oOBEKTOB
U OIIpeZleACHBI 9A€MEHTHI UX opburt. [Tou-

. TH BC€ KOMETBI ABUXKYTCH I10 BBITSHYTHIM
«% ﬁ o opbuTaM C GOABIINM SKCIIEHTPHUCUTETOM,
L0, u”amnrm 55)29‘: 6an3kuM K equHule. KomeTsiioapasaeas-
I0TCS Ha KOPOTKOIIEPUOAUYECKHUE (CIIEPUO-
oM obpareHus Mmenblne 200 AeT) U {0JATOo-
nepuoauveckue. IlepByro nepuoandecKylo
KOMeTy O0HAapysKHUA aHTAHHCKHHE aCTPOHOM
I ol N _ OnmyHpa laaseti. OH BEIYHUCAUA OPOUTEI 24
' L g oy et SIPKUX KOMET. AHAAUZUPYS CBOM KOMETHBIH
KaTaaor, ['aareii 3aMeTHA CXOICTBO 9AEMEH-
PuCyHOK 88 — fipesuss rpasiopa,  TOB opbut komet 1531, 1607 u 1682 rr. u
PaccKasblBaloWasn o NOABAEHUM IIPEAIIOAOKHA, YTO 9TO IIOCAENOBATEABHOE
KomeTbl B CMONeHcKe BO3BpAalllcHUE OAHOU U TOU K€ KOMETHI,

areeat -
ﬂm et ,xmm:ars-a [ LT I
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KOoTopas ABUXKETCH II0 CUABHO BBITIHYTOM
SAAUNITHYECKOM OpOUTE C IEPHOLOM IIOYTH
76 AeT. B IOAHOM COOTBETCTBUU C IIpeACKa-
3aHueM ['anses e€ oOHapyxkuau B 1758 r.
3a 370l KOMETOH 3aKPEITHAOCH Ha3BaHUE KO-
Mmeta laares» (puc. 89). OHa ABUXKETCS I10
opburte ¢ GoablIel moayocso a= 17,94 a.e.
B HAIIpaBA€HUH, IPOTHUBOIIOAOKHOM ABUXKE-
HIIO 3€MAH. PucyHok 89 — Komera lannes.

B cTpoeHnr KOMETHI BBIIEASTIOTCS CAEIYIOIIIE 1985 r.
COCTaBHBIE SAEMEHTHI: PO, TOAOBA B XBOCT.

Anpo KoMmeTbl — 3T0 HeOOABIIIOE TBEPOE ACISTHOE TEAO, BKAIOUATOIIIEE TY-
rolrAaBKHE YaCTHUYKHU U opraHudeckue coenuHeHus. [1o 80 % sapa KOMEThI
COCTOHUT 13 BOASHOIO Ab/Ia, & TAKIKe U3 3aMEPS3IIIEro yTAEKHCAOT0 I'a3a, yrap-
HOTO rasa, MeTaHa, aMMHaKa 1 BKPaIlIA€HHBIX B AE] METAAANIECKUX YaCTHUII.
EcTb B KOMETHBIX AbIaX U 60A€€e CAOZKHBIE BEIIIeCTBA, BIAOTD 10 aMHHOKHC-
aoT. Ilo pesyabTaTaM HCCA€LOBAHUM, BBIIIOAHEHHBIX KOCMHUYECKHMHU ammapa-
TaMu, 9apo KoMeTsl [aaaed (puc. 90) npencraBasgeT coO0M MOHOAUTHOE Te-
AO HETIpaBUABHOI (hopMBI pasMepamu 160] 8 KM, maccoit 3 - 10'* kru maaoit
IIAOTHOCTEIO ITopsaaka 600 Kr /M.

[Tpu npubarmkenuu Kk COAHILy, HA pacCcTo-
SHHUHW HECKOABKUX aCTPOHOMHWYECKUX €IMHUI,
y KOMeTbI 06pa3yercs roroBa. OHa BO3HUKA-
€T B pe3yAbTaTe Harpesa sapa, HCHapeHusd 1
BBIZICACHUS C €70 IIOBEPXHOCTHU I'a30B U IIbIAU.
Buaymele roriepedyHUKH T'OAOB KOMET C IIPU-
6arokeHreM K COAHITY ZIOCTHIAIOT pasMepos 10*—
10° kM. [Mof AeiicTBHEM JABACHUS COAHEYHO-
0 U3AYYEHHSI Ha ras3bl, OKPYyzKaoIIe T'OAO-
BY KOMETBI, 00pa3yeTcs XBOCT. XBOCTBI SIPKUX
KOMET TSHYTCS Ha COTHH MHAAMOHOB KHAO-
MmeTpoB. Hanmpumep, XBOCT KOMETBI XUAKyTa-
KU Habaonacs pactsHyTbIM Ha 300 MAH KM.
KonnenTpalyig 4acTHI] B XBOCTaX KOMET O4€Hb
HU3Kasd, €€ MOKHO CPABHHUTE C MEXKITAQHETHOM

CpenoH. PucyHok 90 — dororpadusn
B 3aBucuMocTH OT cBoe# OPMBI KOMET- Appa Kometbl Fannes,
HBbIE XBOCTBI IIOAPA3AEASIIOTCS Ha HECKOABKO NoNyYeHHaA KOCMUUYECKUM

munoe: annapatom «pKoTro»
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1. XBocT 06pasyercs Ipu YCKOPEHHUH COAHEYHBIM BETPOM KOMETHBIX HO-
HOB U HaIlpaBA€H B CTOPOHY, IIPOTHUBOIIOAOKHYI0 COAHITY.

2. XBOCT HECKOABKO U30THYT, COCTONUT U3 IIBIAMHOK,, UMEIOIIUX Pa3Mep OT
JI0A€H 10 IeCATKOB MHUKPOMETPOB.

3. XBocT, cocrosuuii u3 6oaee KpyITHOH IBIAM, CHABHO U30THYT IO BO3-
[eHCTBHEM MarHUTHOTO ITOAS.

4. «AHTHUXBOCT» — BBIOPOC K3 F'OAOBBI KOMETHI HAIIPABAEH IIPSIMO K
CoaHiry.

Kazxknoe Bo3BparieHre KoMeThl K COAHILY He IPOXOOUT Oeccae HO. S apo

KOMECTEBI TEPAET OKOAO cBoei Macchl. [ToaTomy, HATIPUMED, BPEMSI Cy-

1000
iecTBoBaHUA KOMeThI ['anaeda onieruBaeTrcs B 20 ToIC. AeT. Ho KoMeThI MO-
TyT CyIIeCTBOBATh U MEHBIIIE BPEMEHH, TaK KaK OHU II0ABEPTalOTCd pas3pylie-
HUSM BCAECTBHUE BHYTPEHHIX HAITPSIKEHHUY, BO3HUKAIOIINX U3-3a Harpena
nx COAHIIEM UAU IIPHAMBHOIO Bo3eticTBUa CoAHIIA M [TAAHET-THUTAHTOB. I1o-
rubaroT KOMeThI TaK3Ke IIpU nmaaeHuu Ha COAHIle, CTOAKHOBEHHH CIIAQHEe-
TaMH U METEOPUTHBIMH TeAaMH. [JOKyMeHTaABHO 3apeTUCTPUPOBAHO boaee
30 KoMeT, pacaBIINXCs HA OTAEeAbHbIEe KOMIIOHEHTHI Ha raa3ax HabAroaTe-
aeti. Tak, B 1992 r. komera llymeiikepoB — AeBu cOan3uaach ¢ FOmmmrepom
U pasgpobuaack Ha 22 ockoaka. Cryctsa aBa roga, o00orHyB 1o opoute FOmm-
Tep, OCKOAKHU yIIaAU B aTMOC(epy ITAaHEeThI CO CKOpocThio 60 KM/ ¢ (puc. 91).

PucyHokK 91 — MNaaeHne ockonKos KomeTbl LLlymeiikepos — Jleeu Ha FOnutep
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B pesyabTaTe BO3HUKAU T'HTaHTCKUE BHUX-
peBble TéMHBIE 00pa30BaHUsl, CPABHUMBIE
110 pa3MepaM ¢ pazMmepaMu 3emau. Cyirie-
CTBYET U BEPOSATHOCTH CTOAKHOBEHUS IEP
KOMET C 3eMAEMH.

5. meTeopbl U MeTeopHble notoku. [lpm
OBHxKeHUHN BOKpyTr CoaHIla KOMETHI pac-
rasiaroTcs. BIoAb nx opOUT BHITATHBAIOT-
cq mAeMdbl IIBIAM, KOTOPbIE MOTYT IIepe-
cekaTb 3eMHYI0 opbuTy. HacTryka, BXoAs
C KOCMHUYECKOH CKOPOCTBIO B aTMOC(eEpPy
3emaH, cropaet U 06pa3yeT CBeTAIIUHCS PucyHOK 92 — flpkuii meTeop
cAaell. 9TO 9BAEHVE Ha3bIBAETCSI METEOPOM
(puc. 92). Cama yacTHU4YKa B 3TOM CAydae Ha3bIBAETCH METEOPHBIM TEJIOM.

Pasmepnl METEOPHBIX T€A, BBI3bIBAIOIINX IBACHUE METE0OPA, HAXOAATCS B
IIpeaeAax OT HECKOABKHX MUKPOH /10 HECKOABKUX CAHTHMETPOB (Zal0T O4YEHb
apkoe cBedeHue). Ilo HEKOTOPHIM OIlEHKaM IIPUTOK METEOPHOI'O BEIIECTBA Ha
3eMAIO cocTaBAdEeT OKOAO 50 TBIC. T B I'OJI.

Oxono 1 % METEOpPHBIX T€A, BCTPEUAIOMIUXCS ¢ 3eMAEH, IIPHAETAET U3
MEXK3BE3IHOTO IIpocTpaHcTBa. MeTeopHBIe Teaa BTOPraloTCs B 3€MHYIO aTMO-
ccepy co ckopocThbio oT 11 10 72 KM/, BcTpedad Ha CBOEM IIyTH CUABHOE U
ObICTpPO HapacTalolllee COIPOTUBACHNE BO3AyXa. [I0BEpXHOCTh METEOPHOTO Te-
Aa pa30TpeBaeTcsd 40 HECKOABKHX ThICAY I'PpaLyCcoOB U IIpeBpalllaeTcd B pacKa-
AE€HHBIN ra3, KOTOPbIM MOHU3UPYET OKPYKaIOIIFEe MOAEKYABI Bo3ayxa. B pe-
3yABTATE YeT0 HabAIoaTeAb Ha 3eMA€ BUAUT CBETIIIIHICSA OTHEHHBIH CAC/I.

CBedeHUEe MeTeopa HaunHaeTcs Ha BbIicoTe 120 KM 1 cue3aeT Ha BBICOTE
60—80 KM OT ITOBEPXHOCTHU 3€MAH, KOTIA TEAO IIOAHOCTBIO UCIIAPUTCS B 3€M-
HOU aTMocdepe. Bech MOAET METEOPHOTO TeAa JAUTCS OT AECATBIX JOAEH 0
HECKOABKHX CEKYH/I. BpeMs HabA01eHU IBACHHS MeTeopa 3aBUCHUT OT CKO-
POCTH METEOPHOT'O TeAAa.

CBoiicTBa U IPUPOAY METEOPHOI'O BEIIECTBA IIOMOTAIOT U3y4aTh BU3yaAb-
Hble, (poTorpacruiecKre, ClIeKTPaAbHble U PaMOAOKAIIHNOHHbIE HAOAIOEHUS.
HccaemoBaHuda oKa3aAl, 4TO BECh KOMIIAEKC METEOPHOI'O BEIIECTBA IIOApAa3-
[eAsieTCs Ha cAydalHble (CIIopaguyecKlie) METEOPHbIE TeAd U METEOPHbIE Ya-
CTHIIBI, IPUHAIAEKAIIINE K METEOPHBIM POSIM.

MeTteophbl, MOSBAGIOIIMECH B OIIPEACAEHHOE BPEMS I'0Ja U [Ta JATOIIIHE JEeCAT-
KaMH B 4ac, IpUHAJAEKAT METEOPHBIM IIOTOKAM, AU «3BE3IHBIM JOXKAAMD.
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PucyHoK 93 — PaaguaHT meTeopHOro NoToKa

MereopHbIe MOTOKH HaOAIOJAIOTCS, KOTAa 3eMAS IlepeceKaeT OpoUTy MeTeop-
HOTO posi. BunumMbie IyTH METEOPOB OHOIO IIOTOKA, CIIPOEKTHUPOBAaHHbBIE Ha
HebGecHyIo cepy U IIPOJOAKEHHBIE B 00paTHOM HAIIPaBACHUH, IIEPECEKAI0TCS
B OTHOM 00AaCTH Ha Hebe, Ha3bIBaeMOU paiuaHToOM (puc. 93).

MeTeopHBbIH HOTOK HOCHUT UMSI TOTO CO3BE31Hd, B KOTOPOM HaXOAUTCS pa-

PucyHoK 94 — «3BE3gHbI [OXKAb»
NeoHnapl. Mpasopa. 1833 r.

ovaHT, HanpuMep dpakoHuapl, OpHoHUILI U
np. Cpeny MeTEOPHBIX IIOTOKOB BCTPEYAOT-
cd TakKWe, MHTE€HCUBHOCTb KOTOPBIX U3 rofa
B rof, He MEHAeTCd. DTO 3HA4YUT, YTO METe-
OpHbBIE YACTHUYKH pPacClpeleA€HbI IIOYTH paB-
HOMEPHO BIOAB OpOUTHI posd. Hauboaee u3-
BECTHBIM TaKHUM IIOTOKOM SBASIETCS «IIOTOK
[Tepcennbh, HAOAIOMAIOIUNICS €3KETOIHO B
aBrycte. Op6uTa 3TOT0 POsi COBIIAAAET C OP-
ouTtoit komeTh! 1862 III. OnuH pas3 B 33 roma
HabAIOAI0TCS METEOPHbIE NOXKAU C pagruaH-
TOM B CO3Be€30UH AbBa, KOTAa 3eMAs BCTpe-
YaeTcs C caMOM ITAOTHOM 4YaCThIO Posi. DTOT
POH BBEI3BIBAET METEOPHBIN IOTOK A€OHU-
Obl (puc. 94), HabArogAIOIIUIHCS B CEpeauHe
HOsI0psi. OpbuTa JaHHOTO METEOPHOIO POsI
IPaKTUIEeCKH COBIagaeT C OPOUTOH KoMe-
TbI 1866 I. TakM 06pa3oM, TOYHO yCTAHOB-
A€HO POJICTBO METEOPHBIX POEB C KOMETAMU.
Komerta, pa3pymiadacs, HopoxkagaeT METEOP-
HBIHA POH.
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@ I'staBHBIE BBIBOABI

1. KapaukoBasi maaHeTa — 00BEKT IIapoo6pa3Hoit POPMEI, IBUKY-
IITHUHCSI IO TEAUOIIEHTPHUYIECKOM OPOUTE, HO HE PACYHUCTHUBIIIHHI OAH3AE-
XKallge IIPOCTPaHCTBO.

2. Teaa CoaHeuHOI cucTeMBbI, oOpariaronrecs BOKpyT CoAHIIA U He
ABASIONIMECS MTAAHETAMU, KAPAUKOBBIMU ITAQHETAMHU U UX CIIyTHHUKA-
MU, HA3bIBAIOTCSI MAABIMHU TEAAMH.

3. K maaeim Teaam COAHEYHOW CHUCTEMBI OTHOCSTCS: aCTEPOUIbI
(MaabIe mAQHETHI), METEOPHBIE U METEOPUTHBIE TEAA, KOMETHI.

4. ACTepoUIHO-KOMETHAas OIIaCHOCTh — BEPOSATHOCTb CTOAKHOBEHUS
3eMAU C KOMETHBIM 9IPOM HAHM aCTEPOUIOM, KOTOPOE MOZKET IPUBECTU
K KaTacTPOPUIECKUM ITOCAEICTBUSIM.

@ KOHTpOl‘IbeIe BOMNpPOCbI U 3a4adHUA

1. Y10 NnoHMMAIOT NOA, Kap/aMKOBOM NiaHeTon? Kakue Kap/aMKOBblE MIaHETbl Bbl 3HaeTe?
. PacckarkuTe, Kakne HebecHble 0ObEKTbI HA3bIBAIOT MaNbIMK  TeNaMMU.

. Noyemy y acteponpos HeTaTmochep?

. KakoBa cBA3b KOMET Cc MeTeopamu 1 actepoungamm?

. CyLLecTByeT /i 0NAaCHOCTb CTOJIKHOBEHMA 3eM/IM C acTeponLom?

. OxapakTepusynTe CMbICA NOHATUI KMETEOPY, KMETEOPUT», «Bonnay».

. KakoBa npuposa npomcxoxaeHUA «3BE3AHbIX [0KAeN»?

. Y10 Takoe pagmaHT METEOPHOronoToKa?

ONOUA_WN
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meToabl uccnegosAHuUA
HebecHbIX Ten

§ 17. uccnepoBaHue 3N1eKTPOMArHUTHOro n3slyuyeHun
HebecCHbIX Ten

1. 3nekTpomarHuTHoe usnyveHue. B mccaemoBaHUM mpuponbl HeOGeCHBIX
TeA OOABIIIOE BHUMAHUE YAEASETCS U3YIEHUIO UX SAEKTPOMAaTHUTHOTO H3AY-
yeHuda. HebecHrble Teaa B 3aBUCHUMOCTH OT CBOETO (PU3UUYECKOTO COCTOSTHUS
U3AYYAIOT S9AEKTPOMAarHUTHbIE BOAHBI PA3AUYHOMN IAWHEI.

B BakyyMe 9A€KTpOMarHUTHbBIE BOAHBI BCET1a PACIIPOCTPAHAIOTCS C OTH -
HAKOBOM AT BCEX BHIOB U3AYIEHHS CKOPOCTEIO ¢ = 3 - 108 M/c. BaxHbIM
CBOMCTBOM 9AEKTPOMATHHUTHOTIO U3AYUYEHUS SIBASIETCS TO, YTO CKOPOCTD €T0
pacrpocTpaHeHUs He 3aBUCHUT HU OT JAWHBI BOAHBI, HH OT CKOPOCTH JIBUKeE-
HUS UCTOYHUKA. BOAHBI XapaKTepHU3yIOTCS 4aCcTOTOH (V) U JAUHOH (L), MeXK-
Iy KOTOPBIMH CYILIECTBYET 3aBHCHMOCTbD:

c=U" A\

OAeKTpPOMAarHUTHBIE BOAHBI, UMEIOIIHE PA3HYIO JAUHY BOAHBI, B3aHUMO-
J[EeHCTBYIOT C BEIIECTBOM IT0-pa3HoMy. COOTBETCTBEHHO METOABI HCCAENOBA-
HUS 9A€KTPOMArHUTHOTO HU3AYYEHHUS OTAHMYAIOTCS. B CBS3H C 3THM 9AEK-
TPOMATHUTHOE H3AYYE€HHE YCAOBHO [IEAUTCS Ha HECKOABKO OUAIIA30HOB
(Taba. 12).
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Tabauma 12 — /luana3oHbl 3J1€KTPOMAarHUTHOIO U3JIyUeHUA

Jnana3zoHbl JanHa BOJHBI, A
PamgnoBoaHBI Boarire 1 MM
HudparpacHble AyIn Ot 760 HM 1o 1 MM
Bupumele Ayau Ot 390 mo 760 BEM
YapTpauoaeTOBbIE AYYIU Ot 10 mo 390 M
PenTreHoBckue Ay4u Ot 0,01 mo 10 HM
lamma-ayun Mesnsie 0,01 M

N3ayuenue c nanHo# BoaHBI oT 390 no 760 HM yeaoBedecKHUil raa3 Boc-
IIpUHUMAET KaK CBET, IPUYEM pa3HbIM JAMHAM BOAH COOTBETCTBYIOT pa3HBIE
1BeTa (0T PHOAETOBOIO 10 KPacHOr0). [IAs 0OHapyKeHUT U3AYYEHUS B APY-
TUX JHANa30HaxX TPeOYITCH CIelIUaAbHbIE ITPUOOPHI.

B 3aBHCHMOCTH OT CBOET0 (PU3UYIECKOT0 COCTOSHHUSI OTHH HEOECHBIE TeAa
HU3AY4YaIOT SHEPTHUIO B Y3KUX UHTEPBaAaxX 4acTOT CIEKTPA 3AEKTPOMATrHUTHBIX
BOAH (HaIIpuMep, CBETAbIE I'a30Bble TYMaHHOCTH), APYTHE — BO BCEM €ro IH-
arta3oHe: 0T raMMa-Ay4eH 10 paJHOBOAH BKAIOUUTEABHO (HAaIIpUMep, 3BE3IbI).
W3y4yenue pusnyeckoit mpupoabl HeOECHbIX T€A B IIMPOKOM AHAIIa30HE IAEK-
TPOMAarHUTHOIO U3AYIEHHUI ITPUBEAO K IIOSIBACHHIO B HAYKE TAKUX PA3IEAOB,
KaK raMMa-aCTpOHOMUSI, PEHTTE€HOBCKAasa aCTPOHOMU, HH(paKpacHas acTpo-
HOMHS, pagloacTPOHOMHL U IP.

H3yueHHne 95A€KTPOMAarHUTHBIX BOAH, HCITyCKAeMbIX HEO€CHBIMHU TEAAMH,
3aTpyaHsSeTCd H3-3a TOTo, YTo aTMocepa 3eMAH IIPOIIYCKAeT HU3AyUEeHUE
AUIIBb B OIPeNeA€HHBIX Auarna3oHax JAnH BoaH: oT 300 mo 1000 HM, oT 1 cMm
1o 20 M ¥ B HECKOABKUX «OKHax» HH(pakKpacHOro guarnasoHa (puc. 95). 13-
AyYeHUE, JOXOOAIIEE N0 IIOBEPXHOCTH 3EMAH, UCCAEIYIOT C IIOMOIIBIO OITTH-
YeCKHUX TEAECKOIIOB (BUANMBIN CBET) U PaJUOTEAECKOIIOB.

CuapHee Bcero arMocgepa IIOTAOIIIaeT KOPOTKOBOAHOBYIO 00AACThb AUATIa-
30HA 9A€KTPOMArHUTHOTO HU3AYYEHUS: YABTPA(PHUOAETOBBIE, PEHTI€HOBCKUE U
raMMa-Aydu. HabAroieHHs B 3THX AMara3oHaxX BO3MOXKHBI TOABKO C IIOMO-
LIBI0 TPUOOPOB, ITOTHATHIX HA OOABIITYIO BEICOTY (HA CAaMOAETaX UAU 30H/IAX),
Au0OO0 YCTAHOBAGHHBIX HA MEKIAQHETHBIX KOCMHYECKHUX CTAHIUSIX, KOMIIACK-
cax (puc. 96), HICKyCCTBEHHBIX CITyTHUKAaX 3eMAU 1 paKeTax.

2. TeNeckonbl U UX xapaktepuctuku. M3ydaTh nasékue HeOOCTHXKUMBIE He-
6ecHbIe 00'bEKTHI MOKHO OTHHUM CITOCOOOM — COOpaB U ITPOaHAAU3UPOBAB UX
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Famma- pPeHTreHOBCKME YnbTpa- BuUAUMbIIA MHEPPaAKpacHble  pPagUMoOBOJIHDI

nyum nyuu ¢uonetosble cBet nyuu
nyum
v MWKpOBO/HbI
BepxHaAa rpaHMua 3
atmocdepbl BoasAHou nap
NornoLWaeT OCHOBHYO PaaMoBOHbI
Y WH K Hor "
PeHTreHoBCKMe 1M ramma-/yum actb M3H¢ESHE:C oro oxﬂﬂng(;dM
MOrAaLLaloTCs BEPXHUMM CAOAMMU Y N ooon . oii
2ochepyl atmocdepbl
O30HOBbIN c/10M O30HOBbIN c/1I0M
NoraoLWaeT OCHOBHYO
Yyactb ynbTpaduoneta
BuAvmbIi cBET NPOXOAUT CKBO3b aTMOCchepy, KopoTkue
HO YaCTb ero paccemBaeTcs, OKpalumMBeasn PaAMOBOHbI
HebocBog, B rony6oii LBeT 3agepmMBaloTCA

B aTmocdepe
PucyHok 95 — PacnpoctpaHeHue usnyyeHus HebecHbix Ten B atmocdepe 3emnm

u3AydeHue. [lad 2ToM IeAH U CAyZKaT TeAecKonbl. [Ipu BcéM cBOEM MHOTrO-
00pa3uu TEAECKOITbl, TPUHUMAIIINE IACKTPOMATHUTHOE H3AyUYEHHE, pela-
IOT IBE OCHOBHBIE 3aa9U:

1) cobpaTh OT HCCAEYEMOTO OO0BEKTA KaK MOKHO OOABIIIE SHEPTHUH U3AY-
YeHUs ONpPeAcAEHHOTO MHAIa30HA SAEKTPOMAarHUTHBIX BOAH;

2) co3aaThb MO BO3MOKHOCTH HAU-
boaee pe3koe M300pakeHUe 00BEK-
Ta, YTOOBI MOKHO OBIAO BBIIEAUTH HU3-
Ay4YE€HUE OT OTAEABHBLIX €r0 TOYEK, a
TaK¥Ke U3MEPUTDb YTAOBBIE PACCTOSHHUS
MeXKIy HUMH.

B 3aBHCHMOCTH OT KOHCTPYKTHB-
HBIX 0COOEHHOCTEH OIITHIECKUX CXEM
TEAECKOIIBI IEASITCH HA AUH30BBIE CH-
CTeMBI — pedPPaKTOPhI; 3ePKAALHEBIC
CUCTEMBI — PePAEKTOPLI; CMEIIIaHHBIE
3epPKAABHO-AMH30BbIE CHCTEMBI, K KOTO-
PucyHoKk 96 — MexayHapopaHas PBIM OTHOCATCS TeaeCcKonbl b. IIMua-

KOoCcMMuecKas cTaHumA Ta, [. 1. MakcyroBa U ap.
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Teneckon-pepakTop B OCHOBHOM UC-
II0AB3YEeTCS JAS BU3YAaAbHBIX HaOAIOJEHUU
(puc. 97). OH uMeeT OOBEKTUB U OKYASD.
[uamerp 06bEKTUBOB pedhpaKTOpPOB orpa-
HUYEH H3-3a TPYAHOCTEH OTAUBKHU KPYII- ULED
HBIX OIHOPOMHBIX GAOKOB OIITHYECKOTO obvektsa
CTeKAQ, UX IIPOTHMOOB M CBETOIIOTAOIIE-

Hudg. Hamboapmuii muamerp oObeKTHUBA Nyuei ceeta
TeAeCKoIla-pedpakTopa, IPUMEHIEMOrO B

Hacrogiee Bpems, — 102 cm (Mepkckas
obcepBatopud, CIIIA). Hemocrarkamu Ta-
KOT'O THUITIA TEAECKOIIOB CUUTAIOTCS UX 3Ha-
YHTEeAbHAs JAWHA U UCKasKeHUe n300paskeHus. [IAg yCTpaHEeHHUsT OIITHYECKHUX
HCKaXKEHUH HCIIOAB3YIOT MHOI'OAMH30BbIE€ OOBEKTUBLI C IIPOCBETAEHHOH OIITH-
Kol. Teaeckor, COBMeIIEHHBIN ¢ (pOTOKaMepPOH, Ha3bIBalOTacTporpadgom.
Actporpad 1o CyTH ITpeAcTaBAsIeT cO001 60ABIII0H hoToaTIIIapaT: B POKAAB-
HOU ITAOCKOCTH €T0 yCTaHaBAUBAETCS KacceTa C (POTOIIAACTHHKOM.

Teneckon-pe@JieKTop 1MeeT 3epKaAbHBIN 00beKTUB. B nipocreiiniem ped-
AEKTOpPE OOBEKTHUB — 3TO OOUHOYHOE, OOBIYHO [TapaboANIeCKOe 3€PKAAO; U30-
OpaskeHue IOAyJIaeTCs B €r0 TAABHOM (POKyCe.

[To cpaBHEeHHIO C pehpaKToOpaMU COBPEMEHHBIE TEAECKOIbI-PePAEKTOPEI
MMEIOT HAMHOTO 0oAbIIINe 0OBEKTUBEI. B pedhaekTOopax ¢ AMaMeTpoM 3epKasa
CBBILIE 2,5 M BTAABHOM (POKYCe MHOTJA yCTAHABAUBAIOT KaOWHY JAsSI HAOAFO-
natead. C yBeAndeHHEM pa3MepoB 3epKasa B TAKHUX TE€AECKOIIaX IIPUXOIUT-
cs IPUMEHATH CIEelHaAbHble CHCTEMBI Pa3rpy3KU 3epKaa, HCKAIOYAIOIMe UX
fedopMaIii u3-3a COOCTBEHHOM MaCChI, 4 TaK¥XKe IPUHUMATb MePbI JIAS IIpe-
J[OTBpAaleHUs UX TeMIIepaTypHbIX gepopmalriuii. CoopyxkeHHe KPYITHBIX ped-
AEKTOPOB (C AUaMETPOM IIEABHOTO 3epKasa 4—O6 M) COIIPSIZKEHO C OOABIITMMH
TeXHUYECKUMH TPYAHOCTIMH. [ToaTOMy paszpadbaTsIBaloTCI KOHCTPYKIIUH C
COCTaBHBIMH MO3aUYHBIMU 3€pKaAaMHU, OTAEABHbIE SA€MEHTHI KOTOPBIX TPe-
OyIOT TOYHOM HACTPOMKHU C IIOMOIIIBIO CIIEITHAABHOM CAeAdIIeH anmapaTy phl.
B He6oABIIHNX ¥ CpeIHHUX I10 pa3dMepaM pedAeKTopax A yanobcTBa Ha-
OAIOZIEHUS CBET OTPaZKAaETCH JOTTOAHUTEABHBIM ITIAOCKHM (BTOPHUYHBIM) 3€p-
KaAOM K CTE€HKe TPyObI, rae HaxoguTcd oKyasp (puc. 98). PedaekTopsr
HCIIOAB3YIOT IPEUMYILIECTBEHHO fAg (poTorpadrupoBaHus Heba, POTOIAEKTPHU-
YECKHUX U CIEKTPAABHBIX UCCAEIOBAHUH.

B 3epkaJbHO-JTNH30BBIX TeJECKOMAaX N300pakeHNe I0AyIaeTcCsd ¢ IIOMO-
LIBI0 CAOXKHOTO OOBEKTHUBA, COAEPIKAIIIETO KaK 3epKaa, TaK U AUH3BL. ITO
I103BOASET 3HAUYUTEABHO CHHU3UTDH ONITHYECKHE NCKasKeHUs TeAeCKOoIlaIlo

JlnH3a KoppeKuum
XpomaTuueckomn
abeppauum

PucyHok 97 — Xogp, nyueit
B TenecKone-pedpaKrope
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CPaBHEHHUIO C 3¢pKaAbHBIMHY HAW AMH30BBIMH CHCTeMaMu. B Teaeckomnax cu-
cremsbl B. IlIMuaTa onTUYecKre HCKaXKEeHUS TAABHOTO CPEPUIECKOTO 3ep-
KaAa yCTPAHSIOTCH C IIOMOIIBIO CIIEITHAABHON KOPPEKIIMOHHON MAACTUHKHU
CAOZKHOTO IIPOPHUASI, YyCTAHOBACHHOH Iepea HHUM. B Teaeckomax CHCTEMBI
M. . MakCcyToBa HCKa>KEeHHUS TAABHOTO CREPUIECKOTO UAHU SAAUIITHIECKOTO
3epPKaA UCIIPABASIIOTCS MEHHCKOM, YCTAHOBA€HHBIM IIepe/T 3€pKaAoM (pHc. 99).
MeHHCK — 3TO AMH3a C MaAO OTAHYAIOLIMMUCS PaglyCaMU KPUBU3HEI I10-
BEPXHOCTH; TaKasi AMH3a [IOYTH He BAHSIET Ha OOIMH X0o1 Aydeii, HO 3aMeT-
HO HCIPaBASIET UCKaXKEHUS ONTHYECKOTO H300pazkeHus.

OCHOBHBIMHU OIITHYECKUMH ITapaMeTpPaMHU TEAECKOIIa SBASIOTCS: BUIHUMOE
yBeAWYeHHE, paspelianiias ClIoCOOHOCTh U IPOHULIAIOIAS CHAA.

Buaumoe yBesmueHue (G) OIITHYECKON CHCTEMBI — 3TO OTHOILIIEHHE yTAA,
o[ KOTOpPbIM HabArogaeTcd M300pakeHue, JaBaeMoe ONTHYECKOH CHCTeMOit
1pubopa, K yTAOBOMY pa3Mepy 00BeKTa IIPHU HAOAIOIEHUH €10 HEIIOCPEICTBEHHO
raa3oM. Bunumoe yBearmdeH1e TeAeCKOIIa MOXKHO PACCUYHTATE IT0 (POPMYyAE:

Fes
F

G

rae Fos U Fox — (POKyCHBIE pacCTOSHUS OOBEKTUBA U OKYASpA.

[IAsT TOAYyYEHUS 3HAYUTEABHOTO YBEAHYEHHsI O0BEKTHUBEI B TEAECKOIIaX
JOAKHBI ObITh JAMHHO(OKYCHBIMH ((POKYCHOE PACCTOSHIE B HECKOABKO Me-
TPOB), & OKYAIPbI — KOPOTKOMOKYCHBIMH (OT HECKOABKHX CAHTUMETPOB 10
6 MM). HecriokoitHas atMocdepa 3eMAH BbI3bIBAET APOKAHNE U UICKAXKEHUE

Mnockoe scnomoratesibHoe
3epKano

MeHunck

Nunza | rnasHoe
OoKynsApa cdepuueckoe
3epKasno
3epkano- Okynsap
06beKkTMB //;

BropuuHoe
3epKano

CseToBble

nyuun

PucyHok 99 — Xog, nyueit
PucyHok 98 — Xop nyuen B 3epKa/IbHO-/INH30BOM
B TenecKone-pedneKkrope MEHUCKOBOM Teseckone
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M300pazkeHus, pa3MbIBaeT ero AeTasu. [IoaToMy nazke Ha KPYIITHBIX TEAECKO-
IIaxX peIKO YCTaHABAMBAIOT yBeandeHue 6oaee yeM B S00 pas.

[Tox paspemaoneid CHOCOOHOCTBIO () OIITHYECKOTO TeAECKOIIa ITIOHUMa-
IOT HAaUMEHBIIIEE YTAOBOE PACCTOSHUE MEXK Ty IBYM4 3B€3/1aMU, KOTOPbIE MO-
I'yT OBITH BUIHBI B TEAECKOI Pa3AeAbHO. TeopeTHiecKH pa3penialias CIio-
COOHOCTB (B CEKyHOAX AYTH) BU3YAABHOTO TEAECKOIIA OAS JKEATO-3€AEHBIX
Ay4deld, K KOTOPBIM HauboAee YyBCTBUTEAEH I'Aa3 YEAOBEKa, MOXKET OBITH Olle-
HeHa IIPH IIOMOIIU (POPMYABI:

140
V=D
rae D — nuameTrp oOBEKTHBA TEAECKOIIa B MHUAAMMETPAX.

Ha mpakTyke u3-3a MOCTOAHHBIX IIEPEMEIIEHUN BO3AYIIIHBIX MacC paspella-
IOITIas CTIOCOOHOCTH TEAECKOIIOB CHIZKAETCs1. B mTore Ha3eMHbIe TeAeCKOIIbI, KaK
IIPaBHUAO, 00ECIIEYHBAIOT PA3PELIAIOIIYI0 CIIOCOOHOCTE OKOAO 17, ¥ TOABKO B pel-
KHX CAy4asIX IIPU BECbMa 0AATOTIPUATHBIX ATMOC(HEPHBIX YCAOBUSX YAAETCS MO-
CTHYb paspelIallel CllIoCOOHOCTH B HECKOABKO JECATHIX NOAE€H CEKYHIBI.

Takke BaXHOH XapaKTEpPHCTUKOM TEAECKOIla IBASETCS IMPOHMIAIOIIAA
cwiia (m), KoTopas BhIpazkaeTcs ITpeIeAbBHOM 3BE3HON BEAUYUMHOM CBETHAA,
JOCTYITHOTO HAOAIOAEHUIO C IIOMOIIBIO JAHHOTO TEAECKOIIA ITPHU UAEAABHBIX
aTMOC(EPHBIX YCAOBHSIX.

JAst TEA€CKOIIOB C fraMeTpoM 00beKTUBa D (MM) IpOHHUIIAIOIIAS CHAA M,
BbIpakeHHas B 3BE3IHBIX BEAUYNHAX IPU BU3YAABHBIX HAOAIOJEHHUIX, OIle-
HUBaeTcd (popMyAOii:

m= 2,0+ 5 lgD.

C 1995 r. B obcepBaTopuu Mayna-Kea
(CIIIA) paboratoT nBa 0AMHAKOBBIX 10-MeTpo-
BbIX Teaeckoma «Kek-1» u «Kek-2». Kask-
o€ 3epKaA0 TEeAeCKOIIa COCTOUT u3 36 cer-
MeHTOB. KadecTBoM H300pazkKeHHUs TeAeCKO-
IIOB PYKOBOAUT KOMIIBIOTED, YIPaBASIIONIHH
KaskIbIM CEeTMeHTOM 3epKaaa. [1o pazperna-
[orIef CIOCOOHOCTH TAKOM TEAECKOII ITPH-
OamxkaeTcsa K KocMudeckomy. ObcepBaTopus
pactoaoskeHna Ha BbIcoTe 4250 M Haa Tuxum
okeaHoM Ha ['aBalickux octpoBax. OnTu-
Ka KOCMHYECKOIO TeAecKoma uM. Xabbaa PucyHok 100 — Kocmuueckuii
(puc. 100) mpubaukaercsa K HAeaAbHOU Teneckon Xa66na (CLUA)
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onTHYecKol crucreMme. BHe aTMocdepsl 3epKaao 3TOr0 TEAECKOIIa JUaMETPOM
2,4 M no3BoAgeT focTuyb paspemeHus 0,067.

3HaYUTEABHBIMH BO3MOXKHOCTAMH obaanaeT Teaeckor VLT (aura. Very
Large Telescope — o4eHBb OOABILION TEAECKOII), IPHUHAIAEIKAIITNH eBpoeii-
CKUM CTpaHaM 1 yCTaHOBA€HHbIH Ha rope [lapanaas (BeicoTa 2635 M) Ha ce-
Bepe Yuanu. Teaeckonn VLT cocTouT m3 4eThIPEX TEAECKOIIOB, KasKAbIM M3
KOTOPBIX UMeeT auameTp 8,2 M. KpaliHue TeAeCKOIIbl pa3HECEHBI OUH OT
apyroro Ha pacctogHue 200 M, YTO I03BOASIET BCEMY KOMIIAEKCY paboTaTh B
pexuMe ONTUYECKOTo HHTepdepoMeTpa. OTO 03HAYAET, UTO €CAU TEAECKOIIbI
HaIIpaBA€HBI Ha OOHY U TY K€ 3Be3/1y, TO COOpaHHOe MU U3AyIEeHHUE CYMMHU-
pyercd, a paspeliarmias CIIoCOOHOCTh COBMECTHO PabOTAIOIIUX TEAECKOIIOB
5KBUBaA€HTHA IIPUMEHEHUIO 3epKasa auameTpoM 200 M.

KoangecTBO IOCTPOEHHBIX BO BCEM MHUpPE TEAECKOIIOB C JHAMETPOM 3€pKa-
Aa Goablre 6 M IpUOANIKAETCS K ABAAIIATH.

CobpanHoe 00BEKTUBOM TEAECKOIIa M3AYYEHHUE PETHCTPUPYETCS U aHAAU3H-
pyeTcd IpuEMHHUKOM H3AydeHUs. Ha mpoTsakeHnH ITepBBIX ABYX C IOAOBHHOM
BEKOB C Ha4aAa TEAECKOIINYECKOM 5PbI €IUNHCTBEHHBIM IIPUEMHHUKOM U3AYYE-
HUS CAY2KHA YEAOBEUECKHUH raa3. OgHaKO 3TO HE TOABKO HE OY€Hb YyBCTBH-
TEABHBIH, HO U JIOCTATOYHO CYyObeKTUBHBIN TPUEMHUK U3AydeHUs. C cepeIHHbI
XIX B. B aCTPOHOMMHU CTaAU HTHPOKO IIPUMEHSITHCS (poTorpaduieckre MeTo-
npl. dororpacdudeckre Marepuasbl ((POTOIAACTHUHKH, (POTOMAEHKH) 00AaIaIOT
PAI0OM LIEHHBIX IIPEUMYIIECTB 10 CPABHEHHIO C YEAOBEYECKUM raa3oM. PoTo-
SMYABCHS CIIOCOOHA CYMMHUPOBATH ITAIAOIIYI0 HA He€ SHEPTHIO, T. €., YBEAU-
4mBasi BBIIEPKKY Ha HeraTUBe, MOXKHO cobpaTh 6oabIrie cBeTa. PoTorpadus
II03BOASIET MOKYMEHTHPOBATE COOBITHS, TAK KaK HETaTUBBI MOTYT XPAHHUThHCSI
B T€UEHHUE IOATOr0 BpeMeHU. POTOIAaCTHHKY 00A31aI0T TAHOPAMHOCTEIO, T. €.
MOTYT OJJHOBPEMEHHO U TOYHO (PUKCUPOBATh MHOXKECTBO 0OHEKTOB.

Campble KpyIIHbIE COBPEMEHHBIE TEACCKOIIBI YIIPABAIIOTCS KOMITBIOTEPAMH,
a TI0Ay4YeHHbIe N300pazkeHHsI KOCMIYeCKHX O0BEKTOB (PUKCUPYIOTCS B hopMme,
KOoTOpas obpabaThIBaeTCs KOMIIBIOTEPHBIMU ITporpaMmMamu. Pororpadus mouTu
BBIIIIAQ U3 yIIOTpebAeHHS. B rocaegHMe qeCaTHASTHS IIOAYIHAHN IITHPOKOE Pac-
npocrpaHeHue (POTOIIEKTPUIECKIE MPUEMHIKHN U3TydeHHA, CBEIeHUS OT KO-
TOPBIX IIEPENAIOTCS HETIOCPEACTBEHHO Ha KoMmnbioTep. K TakmM mpubopam oT-
Hocarcd [13C-maTpuiib! (MprOOPEI ¢ 3apsaa0Boii cBa3b0). [I13C-maTpuia — 310
HHTErpasbHAasd CXeMa, pa3MenIEHHasI Ha IIOAYIIPOBOJHUKOBOM MaTepHaAse, KO-
TOpasd IIpeEBPAIIA€T CBETOBYIO SHEPTHIO N3AYIECHUS B 9HEPTHIO SAEKTPUIECKOIO
ToKa. CHaa ToKa IIPOHOopIIHOHaABHA HHTEHCHBHOCTY CBETOBOI0 IT0TOKA. Takue
IprOOopbI 00Aa1AI0T BBICOKON 3(D(peKTHBHOCTHIO B PETUCTPALIMU CBETOBBIX KBaH-
TOB (KBaHTOBBIM BBIXOJIOM): UCIIOAB3yeTCs 110 80 % OT OOIIETO MX KOAUYECTRA.
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KomnbrorepHast 06paboTka n306paskeHus IT03B0oAsIeT N30aBUTHCH OT (POHA U
IIOMeX, CO3/1aBaeMbIX pacCesHHEM CBeTa B aTMocdepe 3eMau U TypOyAeHTHO-
CTBIO aTMOCQEPEI.

3. paguorteneckonbl. I3ydeHreEM KOCMHIYECKHUX PAIUONCTOYHUKOB 3aHUMAET-
cst paduoacmpoHomust. OHa 3apoauasachB 1931 r., Korma caydaifHo ObIA0 OOHA-
pyzKeHo panuomnsaydeHue 1ieHTpa MaeuyHoro ITytu. Croycrsa 15 aeT B co3Be3auu
Aebeist HAITIAYM IEPBBIH TOYEYHBIN HCTOYHHK PAIUOBOAH — CAA0YIO TaAaKTH-
KY, KOTOPYIO BIIOCA€ICTBUH yIAAOCEH PA3TAIIETH B OIITUYECKOM JUATIa30HE.

Loxonsiiee 10 3eMAH paTUOU3AYIEHIE OOABIITMHCTBA HEOECHBIX 00LEKTOB
o4eHb caaboe. [ag 06HapyKEeHUS U IPHUEMa KOCMHYECKOT0 PaTHOU3AYIEHHUST
HCIIOAB3YIOTCS IIPUOOPBI, KOTOPBIE IIOAYYHAM Ha3BaHUE PAaJHOTEJIECKOIIOB.
PannoTeaeckonsl cOCTOAT M3 aHTEHHOI'O YCTPONCTBA M YyBCTBUTEABHOH IIPU-
éMmHo# cucreMsl. [IpuéMHada cucrema, UAU PaHUOMETP, YCUAUBAET IIPUHATOE
AHTEHHOU paarou3AydeHHe U ITpeo0pasyeT ero B yA0OHYIO OAd JaAbHeHIIIe
obpaborku hopmy.

OcHOBHOe Ha3HA4YEHHE AHTEHHOTO YCTPOHCTBa — coOpaTh MaKCHUMaABHOE
KOAMYECTBO SHEPTHH, IPUHOCHMOH PaIHOBOAHAMH OT 00beKTa. B KauecTBe aH-
TE€HHBI HUCIIOAB3YETCS CIIAOILITHOE METAAANYIECKOE HAH CETYATOE 3€PKaA0, UMEIO-
iee popMy rapabosona. AHTEHHA PAIUOTEAECKOIIA OTAMYAETCS OT OOBIYHBIX
aHTEHH PaJHOCBSI3U BBICOKOH HAIIPaBA€HHOCTBIO, T. €. CIIOCOOHOCTBIO BBIIEASITH
panmonsaydeHue HeboABIIIoro yuyacTka Heba. B hokyce mapaboaonga riomerta-
eTcda o0AyJaTeAb — YCTPOUCTBO, COOHMpAroIlee PaaIuou3AydeHHE, HAIIpABACH-
HOe Ha Hero 3epkaaoM. ObAydaTeAb nepeqaéT IPUHATYIO SHEPTHIO Ha IIPUEM-
HOE YCTPOHCTBO, IIe CUTHAAYCUANBAETCS, IETEKTUPYETCH U PETHUCTPUPYETCH.

PannoTeAeCcKonbl 04eHb OOABIIIOTO pa3Mepa MOTYT ObITh IIOCTPOEHEI U3 OT-
JIEABHBIX 3€pKaA, KaX10€ U3 KOTOPhIX (POKYyCHPYET IIPUHUMAEMOE U3AYUEHHE
Ha oauH obAy4aTeab. [IpuMepom sBAseTCH
poccuiickuii paguoreseckorr PATAH-600
(puc. 101). AHTEHHa 3TOTO TEAECKOIIa
IpeacTaBAseT cOOOM 3aMKHYTOE KOABIIO
auaMeTpoM 576 M, cocrosiiee u3 895 1ao-
CKUX 3epKaa pasmepoMm 2,1 [ 7,4 M,
o0pa- 3yIOLIMX CETMEHTHI I1apaboaouaa.

MoIHOCTE PaguOCUTHAAA, [TOCTYIIaI0-
1IIeTO Ha BXOJ ITpUEMHHKA, IIPSIMO IIPO-
IIOpIMOHAABHA MIAOLIAAY aHTEHHBEI. [lo-
5TOMY aHTeHHa OOABIIIETO pa3Mepa C O1- PucyHok 101 — PaguoTteneckon
HIUM U T€M K€ IPUEMHUKOM JaET AYUIIIYIO PATAH-600
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YyBCTBUTEABHOCTD, T. €. II03BOASIET O0OHAPY-
JKUTBb CAAOble HUICTOYHUKH C MaAOH MOIITHO-
CTBIO M3Ay4YE€HUd. AHTEHHBI KPYIITHEHUIIINX
PaANOTEAECKOIIOB JOCTUTAIOT COTEH METPOB.
KpynHbI# pagroTeAecKoIl ¢ BpallaoiMcs
METaAANYECKUM pPe(PAEKTOPOM AUAMETPOM
100 m HaxXogUTCA HenaAeKo oT ropona bou-
Ha B 'epmannu. HennonBuzkHag aHTeHHA B
Apecubo (Ilyapto-Puko), pacrosararomia-
fcs B KpaTepe IOTYXIIIero ByAKaHa, UMeeT
nuametp 305 M (puc. 102). [dasg Toro 4yro-
OBbI I3MEHUTDH HAaIIpaBACHHE IIPUEMA U3AY-
4YeHHSs, B 3TOM PaAHOTEAECKOIIE JEAAIOT ITe-
PECTaHOBKY obAydaTead.

Ecau paguonsaydyeHue UCTOYHHKA OTHOBPEMEHHO BOCIIPUHUMAETCS IBYMS
u boAee aHTEHHaMHU, PACIIOAOKEHHBIMU HA HEKOTOPOM PACCTOSTHHU APYT OT
[pyTa, ¥ 3aTeM 3TH CUTHAABI CYMMUPYIOTCS, TO BCAEICTBHE HHTEPEPEHIINHT
PaIHOCUTHAAOB pa3pelIarolas CIIoCOOHOCTh TEAECKOIIOB 3HAYHUTEABHO BO3pac-
TaeT. Takol MHCTPYMEHT HasblBaeTcs paanouHTepdepomerpom. Ha prcyn-
ke 103 moka3aHa cxema paboThl paguOUHTEP(EPOMETPa, COCTOSIIETO U3 IBYX
PaauoTEAECKOIIOB, HAXOASIIINXCA APYT OT ApyTa Ha paccTogaHUU D, KoTopoe
MOZKET COCTaBAATH COTHHU U JlazKe ThICAYU KMAOMEeTpoB. Hanpumep, MHOTO-
aAeMeHTHBIH paauonHTepdepomerp VLA (mwrat Hbio-Mekcuko, CIIA) cocro-
uT u3 27 UHOAUBUAYAABHBIX 25-MeTPOBBIX
nnapaboAonI0B, pa3HEeCEHHBIXHA 25 KM APYyT
oT npyra. PagyuounrepdgepomeTpsl Co CBEPX-
JAUHHOU 06a30if 00BEIUHSIOT PaIHUOTEAECKO-
IIbI, pa3HEeCEHHBIE HA THICIYH KUAOMETPOB.
C UX IIOMOUIBIO YAAOCH ITIOAYYUTE YTAOBOE
paspewmenue nopgaka 0,00017.

PairioBOAHBI CBOOOIHO IPOXOASAT CKBO3b
OTPOMHBIE MEXK3BE3IHBbIE Ia30IbIAEBBIE 00-
Aaka 1 atMocdepy 3eman. [Toaromy meto-
bl PaANOaCTPOHOMUHY OYE€Hb BaXKHBI IAT
U3ydeHud, HallpUMep, LIeHTPaAbHBIX pak-

PerucTpupytowiaa annapatypa 0oHOB Maeunoro [lyTu u Apyrux raaakTUK,
PucyHok 103 — Cxema pab6oTbli TaK KaK OIITHYE€CKHE BOAHBI, UAYIIIHUEC U3
paavouHTeppepomeTtpa 3THUX 00AaCTeH, TOAHOCTBIO [IOTAOIIIAFOTCH.

PucyHoK 102 — F'MraHTCKui
papuoTeneckon B yalle Kpatepa
(NyspTo-Puko)
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B Goablieii mAuM MEHBILIEH CTEIEHH pa-
[OUOU3AYIATEABHOM CIIOCOOHOCTBIO obAama-
IOT BCE rarnakTHUKU. Ho HEKoTOphle U3 HUX
OTAMYAIOTCH IIOBBIIIIEHHON aKTUBHOCTHIO. Ha
pucyske 104 nokasaHO COBMEIIEHHE OIITUYE-
cKol pororpaduy U AUHUN UHTEHCUBHOCTHU
panuousaydeHud rarakTUKU LleHTasp A.

Bce uzBecTHbIe paAONCTOYHUKY B 80-XIT.
XX B. ObIAM CBeE€HBI B KATAAOT, KOTOPBIH
HacuuTbiBaet cBole 100 Teic. 00beKTOB. B
1958 r. actporomsbl CIIA rioayguau riepBoe
panapHoe 3X0 OT ApPyroi mnaaHeTsl — Be-
Hepbl. OTpazkeHNd palapHbIX CUTHAAOB OT

PucyHoK 104 — OnTtuyeckoe
JAPYTUX IIAQHET JAl0T caMble TOYHBIE U3ME- U PagMOMN3NyYEHUE raNaKTUKM

peHus paccTogHUH. OTH 3Ke MeTOoAbI II03BO- LieHTasp A

AVIAY TIDOHUKHYTB Yepe3 IIAOTHYIO aTMOC-

depy Benepr! u uccaenoBats peabed e€ roBepxHocTH. C IOMOIIBIO pasapa
OBIAM TOYHO OIIpeleACHBI IIEPUOIBI BpalleHUs BeHeprl 1 MepKypus.

4. BHeatmochepHan actpoHomusa. OcoObIHl paszea acTPOHOMHH — BHe-
atMocdepHass aCTPOHOMUSA — U3yJaeT HeOeCHbIE 0O'BEKTHI ITPU ITOMOIITH
anmnapatypbl, BBIHECEHHOH 3a IpesieAbl 3eMHOM aTMocdepsl. Pazanynble
IpubOPEI, YCTAHOBAEHHBIE Ha HCKYCCTBEHHBIX CIyTHHKax 3emau (UC3) u aB-
TOMAaTHYECKUX MeXKITAaHeTHbBIX cTaHIugaX (AMC), T03BOASIOT U3y4aTh KOC-
MHUYECKHEe 00BEKThI BO BCEM AHANA30HE NAMH BOAH, HAYMHAS OT 3KECTKO-
roramMma-mu3Ay4eHHUd 10 KHAOMETPOBBIX paauoBoAH. [loaToMy coBpeMeHHas
aCTPOHOMUS CTaAa BCEBOAHOBOM.

H3yyenrne nHppakpacHOro U3jaydeHHA B aCTPOHOMUHU HA4aAOCh C TOTO,
4TO C €r0 IIOMOIIBI0 IIPOBEAN TOYHBIE H3MEPEHUS TEMIIEPATYPbI IIOBEPXHOCTH
u atMmocdeps! maanetr CoaHeuHol cucreMbl. Tak B atMocdepax Mapca, Bene-
pre1 1 FOmmnTepa Ob1A OOHAPYIKEH YTAEKUCABIH ra3. UHdpakpacHbie HabAIOqe-
HUS IAQHET-TUTaHTOB [IO3BOAUAH y3HATE CTPYKTYPY UX aTMocdep 1 oOHapy-
XKUTH AEQT HACIIyTHUKAaX.

CeHCaIlMOHHBIM OTKPBLITHEM HH(PPAKPACHOH aCTPOHOMUH CcTaAa Boza, 00-
HapyKEeHHas B KOCMOCe B 00ABITIOM KoandecTBe. OHa IPUCYTCTBYET B Ira30-
MIBIA€BBIX TYMaHHOCTSIX, KOMETaX U Ha MaAbIX [TAQHETaX.

Tak Kak 3eMHasa arMocdepa CUABHO 3KpaHUPYET yJAbTpaduoieToBoe u3-
JydeHUe, €ro MIpUEMHHUKY IIPUXOIUTCH pa3MeIlaTh Ha UCKYCCTBEHHBIX CIIyT-
HuKax 3emau. [IpoBenéuubie B 1999 r. HaOAIOIEHHS JAAH OY€Hb UHTE PECHBIE
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Hay4HbIe pe3yAbTaTbl. OKa3aA0Ch, YTO B Ha-
et 'aanakTHKE ITUPOKO PaACIIPOCTPaHEHBI
MaccChl CHABHO HaTr'peToro (10 ITI0AyMHAAMOHA
I'payCcoB) MeXK3BE3MHOIO ra3a, HaXOAdIIeTo-
cd Ha paccTogHUM OT S 10 10 ThIC. CBETOBBIX
AET OT LIEHTPaABbHOM IAOCKOCTH MaedHOTro
[TyTu. OTOT ra3 HarpeBaeTcs CKOpee BCETO B
pe3yAbTaTe BCIIBIIIIEK CBEPXHOBBIX 3BE3M.
HcroyHukaMu raMmMa-mu3JIydeHUs SBAS-
I0TCs BCIIBIMIKY Ha COAHIIE, SApa aKTUBHBIX
raAakTHK, KBasaphbl. [Ipu rmomoIu peHTre-
HOBCKHUX KOCMHUYECKHX obcepBaTopuil uccae-

PucyHok 105 — Kpa6osuaHas AYIOTCS CBEPXHOBBLIE 3BE3/IbI, TYMAHHOCTH

TYMAHHOCTb B PEHTFreHOBCKMUX

(puc. 105), HeATpOoHHBIE 3BE3/1bI, COAHEYHAS

Alydax KOpPOHAa 1 BCIIBIIIIKY Ha COAHI_IC.

I/ICKyCCTBCHHI:Ie CIIyTHHKH 3emMAu BBIBOJAT HA OKOAO3EMHBIE Op6I/ITBI YHHU-

KaAbHBIE YABTPa(HUOAETOBEIE, HH(PPAKPACHBIE U ONITUYECKUE TEAeCKOIIbI. [To-
CTENIEHHO YBEAWYMUBAIOTCH AUaMETPbl UX AaBHBIX 3€pKaA, COBEPUIEHCTBYET-
cs CBeTOIpHEMHAS ammaparypa, HOBBIIIAeTCS YyBCTBUTEABHOCTh IPHUOOPOB,
pa3pabaTreIBAaIOTCS HOBBIE METOABI CTAOMAM3AIINH TEAECKOIIOB Ha OpOHUTe.

@ I'1aBHBIE BHIBO/bI

1. ATMoccepa 3eMAU IPOIYCKAET SAEKTPOMArHUTHOE U3AyIEHHE

AUIIB B OITpeeAEHHBIX JHAIIa30HaX BOAH, IIO9TOMY U3AYYE€HHE OT KOC-
MHUYECKHX 00BbEKTOB Ha IMOBEPXHOCTH 3E€MAH UCCAEAYIOT C IIOMOIIBIO
ONITUYECKUX TEAECKOIIOB U PaAHOTEAECKOIIOB.

2. BHeaTMocdepHas acCTpOHOMUS IT03BOASIET UCCAEIOBATh HeOeCHbIE
00BEKTHI BO BCEM AHATIA30HE SIAEKTPOMArHUTHOTO H3AYYEHHUSI.

3. B 3aBUCHMOCTH OT KOHCTPYKIINHN Pa3AUYAIOT OIITHYECKHE TeAe-
CKOIIbl CAE€YIOIINX THUIIOB: AMH30BbIE (pePPaKTOPhI), 3epKaAbHBIE (ped-
AEKTODBI) ¥ 3epKAABHO-AUH30BEIE.

4. OCHOBHBIE OIITHYECKUE ITIapaMeTphbl TEAECKOIIOB — BUINMOE yBe-
AWYEHUe, pa3pelaronas ClioCOOHOCTh, IIPOHUIAOIIAS CHAA.

5. YBeAMUdeHHe pa3pelaroniei CliIoCOOHOCTH OIITHYECKUX U PAIHUO-
TEAECKOIIOB IOCTHUTAETCs 3a CUYET 00BbeTUHEHHUS UX KOMIIAEKCOB B HH-

TepPepPOMETPHI.



§ 18. CneKkTpanbHbIN aHa/IM3 B aCTPOHOMUM 127

® KoHTponbHble Bonpocbl U 3aaaHnA
1. Ha KaKme gManasoHbl NoApasaenaeTca BeCb CNEKTP 31€KTPOMArHUTHOIO U3NyYeHUA?
2. Moyemy c NOBEPXHOCTU 3eM/IN HeJlb3si BECTU U3ydeHMe HebeCHbIX 06 bEKTOB BO BCEX
OManasoHax 31eKTPOMarHUTHOrO M3aydeHuA?
3. Kakure oCcHOBHbIe 3a4a4M peLatoT B aCTPOHOMMUM C MOMOLLIO Te/IeCKOMNOB?
4. Kak MOXHO onpegenvTb BUOUMOE YBeAnYeHWe ONTUHECKOW CUCTeMbl Teneckona?
5. YBenuueHue Teneckona paBHo 75. PokycHoe paccTosHue obbekTnea 5 m. Onpepe-
nnte GOKyCHOe paccTofiHMe OKyAApa.
6. YTo NoHMMaIOT NoA, paspeLlatoLLeli cnocobHOCTbIO Teneckona? MpoHuuatoLweit cno-
cobHoCTbIO?
7. OnpeaenuTe paspeLlatolLyto crocobHOCTb 3puTeNnbHOM TPYObl ¢ AMameTpomM 06beK-
TMBa 5 cm.
8. Yto noHumatoT nog BHeaTmochepHOW acTpoHoMUEn?

§ 18. cneKTpanbHbIX aHANU3 B aCTPOHOMUM

1. euppi cnektpos. B 1666 r. Mcaak HrloTOH, IIpoIlycKasl IIy4OK CBETA de-
pe3 TPEXTPaHHYIO CTEKASHHYIO IIPU3MY, 3aMETHA, UYTO TOT HE TOABKO IIPEAOM-
ASIETCSI K OCHOBAHUIO IIPU3MBI, HO ¥ PACIIaJaeTCsl Ha IIBETOBBIE COCTABASIIOIITHE.
[ToayueHHada Ha S5KpaHe IIBETHAL [TI0AOCKA, COCTOSIIIIAs U3 CEMU OCHOBHBIX I1Be-
TOB, IIOCTEIIEHHO IIEPEXOASIIINX OAUH B APYroi, Obiaa HA3BaHA CIEKTPOM.

[ast HaOAIOIEHUST U UCCAEOBAHUs CIIEKTPOB HIPUMEHIIOT IpUbop —
CIIEKTPOCKOIIL. [IASI TOAYYEHMS U PETUCTPALIUH CIIEKTPOB HEOECHBIX TE€A UC-
IIOAB3YIOT CIIEIIHAABHBIH ONITHYECKUH ITPHUOOp — crnekTporpadg.

CrieKTpbl CPaBHUTEABHO IPKHUX CBETHA (POTOTPadUPYIOT C IOMOIIIBIO I11€ -
AEBBIX CIIEKTPOTrpadoB, COCTOSIINX N3 KOAAUMATOPA, IIPU3MbI 1 (POTOKaAMEPHI
(puc. 106). Pororpaduyeckuii CHUMOK CIIEKTpa HeOEeCHOro Teaa Ha3bIBAETCS

doTtokamepa
KpacHble nyumn

Konnumatop  lpusma

doTorpaduyeckas

duonetosble nyyn
NNaCTUHKa

PucyHoK 106 — Cxema weneBoro cnektporpada
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cnekTporpaMMoi. TakiKe CIIEKTPOrpaMMOi Ha3bIBAIOT I'padUuK 3aBUCHMO-
CTU UHTEHCHUBHOCTH (MOIITHOCTH) U3Ay4Y€HHT HEOECHOIO TeAa OT JAWHBI BOA-
HbI UAH 9aCTOTHI.

Aroboe cBeTsIlleecs TeAO CO3/IaéT CHEeKTP ucmyckanud. CrieKTpbl ObIBalOT
CIIAOIIHBIE (HEIIPEPBIBHEBIE), ANHEHYATBIE U II0AOCATHIE.

CIUTONTHOY CHEKTP UMeET BUJ HEIPEPBIBHOM ITOAOCHI, IIBETA KOTOPO# I10-
CTEIEHHOIIEPEXOAST OJUH B APYyToii. Bce TBEpabIe Teaa, pacliAaBACHHBIE Me-
TaAABI, CBETAIIMECS ra3bl U ITapbl, HAXOASIINECS 110 O4€Hb OOABIITUM AaBAE-
HUEM, IAI0T CIIAOIITHOH CIIEKTP. TaKoM CIIEKTP MOKHO, HAIIPUMED, IIOAYIUTH
OT AyTroBOTO hOHAPS U rOp4AIlel CBEYHU.

WHoit BUA UMEET CIIEKTP, ECAH B Ka4E€CTBE UCTOYHHKA CBETA HUCIIOAB30-
BaThb pacKaA€HHBbIE ra3bl HAU IIaphl, KOTZA UX JaBACHHE MaAO OTAHYAETCH
OT HOPMAaABHOTO ¥ I'a3bl HAXOAATCI B aTOMapHOM COCTOSHUH . B aTOM cay4dae
TOBOPSAT 0 IMHEHYATOM CIIEKTPe (aToMHOM). OH COCTOUT U3 OTAEABHBIX PE3-
KHX IIBETHBIX AUHUH, pa3nea€HHBIX TEMHBIMHU IIpoMexkyTKaMu (puc. 107).
YcTaHOBAEHO, YTO KaXKABIH XUMHUYECKHUH 3AEMEHT B COCTOIHUH PACKaAEHHO-
r'o rasa, COCTOLIIETO U3 ATOMOB, UCIIYCKAET IIPUCYIIIHUH TOABKO €EMY OJJTHOMY
AVHENYaTBhIH CIEKTP C XapaKTEePHBIMHU [IBETHBIMU AUHUAMHU, BCET1a PACIIOAO-
KEHHBIMU Ha OIIPEACAEHHOM MECTE.

PucyHokK 107 — J/lnHenuaTtble cneKTpbl HeKoTopbix BewecTts (Hg, Ne, He, Na, H)
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IToJstocaThlil CIIEKTP (MOAEKYASIPHBIH) COCTOUT U3 OTAEABHBIX AMHUM, CAH-
BaIOLIUXCH B TIOAOCHI (4ETKHE C OJHOTO Kpasi ¥ Pa3MbIThIE C IPYTOTO0), pasae-
A€HHBIE TEMHBIMU ITPOMEKYTKaMU. TaKoM CIIEKTP UCITYCKaIOT MOAEKYABI T'a-
30B U I1aPOB.

Hapsny co criekTpaMu UCIIyCKaHUS CYIIECTBYIOT CIIEKTPBI IIOTAOLIIEHU.

CroAoUTHOM CIEKTP, IEPECEUEHHBIN TEMHBIMU AMHUSMHU UAU IIOAOCAMU B
pe3yAbTaTe IMPOXOKIAEHUS OEAOTO CBeTa Yepe3 pacKaséHHbIe Ta3bl UAHU I1a-
pPbI, Ha3bIBaeTCs CIIEKTPOM HOIVIOIeHuA. VccaeqoBanve IBACHUS BO3HUK-
HOBEHHUS CIIEKTPOB IOTAOIIEHUL ITI0KA3aA0, YTO 8€ULeCmME80 no2iou,aem ay-
YU mex ONUH 80JIH, KOMOpPble OHO MOXKEm Ucnyckame 8 OAHHbIX YC08USLX
(3axoH Kupxroda).

Taxum 06pazoM, oA KaxKI0TO XUMUYECKOTO SAEMEHTA €70 AMHEHYaThIH
CIIEKTP HCITYyCKAHUS U CIIEKTP MOTAOIIEHHT 00AaJal0T 00PaATUMOCTBIO. ITO
3HAYUT, 4YTO PACIIOAOXKEHUE TEMHBIX AUHUHY IIOTAOIIIEHUS B TOYHOCTH COOT-
BETCTBYET PACIOAOKEHUIO [IBETHBIX AMHUN HCIIyCKaHUSI.

CHekTp COmEPKUT BaKHEUITYI0 HHPOpMAIIHIo 00 u3aydeHun. OOIuii BUI
CIEKTPAa U AETAABHOE PACIIPEACACHUE SHEPTHUU B HEM 3aBUCAT OT TEMIIEPATY-
PBI, XUMHUYECKOTO COCTaBa U (PU3UIECKUX CBOUCTB UCTOYHHKA, a TAKXKE OT
CKOPOCTH €ro ABUKEHUS. MeToa nccaef0BaHUI XUMUYECKOI'O COCTaBa TEA U
UX PU3UIECKOTO COCTOSTHUS C ITOMOIIIBIO CIIEKTPOB HUCITYCKAHUS U TIOTAOIIIE-
HUS HAa3bIBACTCH CIHEKTPAIbHBIM AHAJTU3OM.

2. xMmuueckuii coctae HebecHbix Ten. B 1814 r. Hemenxwuit ¢dpusuxr HMoszed
dpayurodep, Habarogasa cruekTp CoAHIIA IPU ITOMOIIH U3TOTOBACHHOTO UM
CHEKTPOCKOIIA C TU(PPAKITHOHHON PEIETKON, 00paTHA BHUMAaHUE HAa TO, YTO
crianomiHOM crieKTp CoAHIIA CONEPIKUT 3HAUUTEABHOE YHUCAO TEMHBIX AMHUH.
Yu€HbIH yCTAaHOBUA, YTO 9TH AMHUHU (Ha3BaHHbIE BIIOCAECTBUH €70 UMEHEM)
HE CAy4YalHbI 1 BCET1a IPHUCYTCTBYIOT B crieKTpe CoAHIla Ha CTPOTO OIIpeae-
AEHHBIX MecTax. @payHrogepoBbl IMHUM — HE YTO HHOE, KAaK ANHUHU I10-
TAOIIIEHUS [1APOB PA3AUYHBIX BEIIECTB, HAXOAAIINXCSI BOAM3H UCTOYHUKA
CIIAOIITHOTO CIIEKTpa — sapKol nmoBepxHocTu CoaHlla (Mexkay poTocdepoit
U CHIEKTPaAbHBIM ITpubopoM). CoAHIIE OKPYKEHO Ira30BOi 000AOYKO, HMe-
ronIei 6oaee HU3KYIO TEMIIEPATYPY U MEHBIIIYIO ITIAOTHOCTE, YeM doTocde-
pa. Takum ob6pa3zom, criekTp COAHIIA €CTh, 10 CYLIECTBY, CIIEKTP IIOTAOIIIE-
HU4 3TUX [1apOB.

[Tpu neTasbHOM KaaccupUKAIIMU hpayHTrohepOBbIX AMHUM OIWH 32 APy -
ruM Ha CoaHIle OOHApPYKHAU BCe 3eMHbIe 3AeMeHTHI. [locae ocyliecTBAae-
HUA 60ABIIOH 110 06BEMY PabOTHI IT0 YCTAHOBAECHHUIO COOTBETCTBUS (PpayH-
ropepOBBIX AUHUH OoNlpeaeA€HHBIM 9A€EMEHTaM OKa3aA0Ch, YTO HECKOABKO
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CIIEKTPAABHBIX AMHUM HE IPUHAIAEKUT HU OOHOMY 3€MHOMY SAeMeHTYy. Tak
OBbIA OTKPBIT HOBBIM 9AEMEHT — reAnit (coaHeuHbIH). M ToABKO uepes 26 AeT
reAnit oOHapyKUAN Ha3eMmae.

CpaBHUBAasI IAWHBI BOAH AUHUU [TOTAOIIIEHUSI, HAOAIOIaeMbIX B CIIEKTPAaX
HeOECHBIX Te€A, C TIOAYYEHHBIMH B Aa00pPaTOPUU HAU PACCUUTAHHBIMU TEO-
PETHUYECKH CIIEKTPaMHU PA3ANYHBIX BEIIECTB, MOKHO OIIPENEANTH XUMUYE-
CKUM COCTaB M3AYYAIOIIEro KOCMUYECKOro 00beKTa, HaXOAAIIerocs Ha OYeHb
6oabm1oM paccTogHUU. CIIEeKTPaAAbHBINA aHaAW3 [I03BOASIET OIIPELEAUTH COCTaB
He ToAbKO COAHIIA, HO U APYTHUX OOBEKTOB — 3BE3/, TYMAHHOCTEH. AHaAN3
CIIEKTPOB — OCHOBHOH MeTO M3ydeHUs (PU3NIECKOH NPUPOabl KOCMUYECKHX
00BEKTOB, KOTOPBIH HCIIOAB3YETCS B aCTPOPU3UKE.

3. Temnepartypa. 3aKoHbl BMHa U ctedpaHa — 6onbumaHa. Bcakoe, maxke
cAab0 HarpeToe, TeAO U3AYYAET IAEKTPOMATHUTHbBIE BOAHBI (TEIIAOBOE H3AY-
yenwue). [Ipu TeMmeparypax, He npesbimaromux 103 K, n3AygaroTcs raas-
HBIM 00pa3oM MH(PPaKpaCHBIE AYYIU H PAAHOBOAHEL. [0 Mepe masbHeHIIero
HarpeBaHU4 CIIEKTP TEIIAOBOTO U3AYUEHHI MEHSIETCS: BO-IIEPBBIX, YBEAUIH -
BaeTcs o0Ilee KOAMYECTBO U3AYIaeMOM SHEPTHH, BO-BTOPBIX, IIOSIBASIFOTCS
Ay4du Bc€ Ooaee U 60aee KOPOTKUX OJAHH BOAH — BUIUMBIE (OT KPACHBIX 10
(bHUOAETOBBIX), YABTPa(UOAETOBBIE, PEHTTEHOBCKHUE U T. II.

[Ipu TemAOBOM H3AY4YEHUU BHYTPEHHSSI 9HEPTHS TEIIAOBOI'O ABUXKEHUI
aTOMOB U MOAEKYA TeAa IIEPEXOIUT B 9HEPTUIO HCIIyCKAEMbBIX 9A€KTpoMar-
HUTHBIX BOAH. [IpH IOTAOIIIEHHH CBeTa ITPOUCXOUT OOPATHBIH IPOIIECC Ie-
pexo/ia SAEKTPOMAarHUTHON SHEPIHU BO BHYTPEHHIOIO SHEPTHIO TeAA.

Pacripeneaenne sHEPrUU B HEIIPEPHIBHOM CIIEKTPE TEA Pa3HOH TeMIlepary-
PBI MO3KHO ITPeNCTaBUTE B BUe rpaduka (puc. 108). C yBeanueHHeEM TeMIIE-
paTypbl MAKCUMYyM H3Ay4YEeHUs aOCOAIOTHO YEPHOTO T€Ad CMEIIAETCS B KOPOT-
KOBOAHOBYIO 00AACTB CIIeKTpa. [JIAMHA BOAHBI Amax, KOTOPOH COOTBETCTBYET
MaKCHMYM B PacIpeleAeHUH SHEPTUH, CBI3aHa ¢ aOCOAIOTHOU TeMIepaTypoi
T cooTHOIIEHNEM, KOTOPOE HA3bIBAIOT 3aKOHOM cMelneHusa BuHa:

7\‘max - T= b>

rae b— nocrosuHaga Bunaa (b~ 2,9 - 103%™+ K). [laHHBIN 3aKOH BBITIOAHSIET-
CsI HE TOABKO JIASL OIITUYECKOI'0, HO U JIASI AFOOOTO APYTOro AUaIia3oHa dAeK-
TPOMArHUTHOTO U3AYYEHUS.

B cnekrporpamme CoaHIa HamubOAbIIAsT HHTEHCUBHOCTD M3AYYCHHUS IIPU-
XOOHUTCH Ha IAUHY BOAHBI A = 480 HM, TOATOMY TeMIIepaTypa COAHETHOH o-
Toceprnl 6an3ka K 6000 K.
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7

OTHOCKTENIbHOE 3HaYeHne CBeTOBOM 3Heprumn

Makcmym

200 400 600 800 1000

ANMMHa BOJIHbI, HM

PucyHok 108 — PacnpeaeneHue sHeprum B HenpepbiBHbIX CNEKTPaX Te/, HarpeTbix A0
pa3HbiX Temnepatyp. KpacHasa Kpusaa amHua — cnektp ConHua

[To Mepe yBeAWYEeHHUs TeMIIepaTypPhbl MEHSIETCH He TOABKO IIBET U3AyUe-
HUs, HO U €r0 MOIITHOCTE. B pe3yabTaTe 3KCIIEPUMEHTOB U TEOPETHIECKUX
pacuéToB 6b1A0 000CHOBAHO, YTO MOULHOCMb U3NYUEHUSL ADCONHOMHO UEPHO-
20 meaa NPoONOPYUOHANLHA YemeepHoll cmeneHu memnepamypsl (3akoH Cre-
dana — Bosabnmana). Kaxxapiii KBagpaTHBIH METP ITOBEPXHOCTH a0COAIOTHO
4€PHOr0 Teaa u3AydaeT 3a 1 ¢ Mo BceM HallpaBACHUSIM BO BCEX IANHAX BOAH
SHEPrHUIo:

e=0 - T* R
TJI€ € — MOIITHOCTD U3AYUEHHUS € IUHUIIBI IOBEPXHOCTU HATPETOro Teaa, T —
abcoAoTHasd TeMmIiepatypa, [| — mocrosHHas Credana — BoabliMaHa,

KOTO- pad paBHa 5,67 - 108 Br/(m? - KY).
3Has KOAU4€eCTBO 9HEPTHH, IPUXOASIIEH OT 3B€3/1bI K 3¢ MHOM ITOBEPXHO-
CTH, MOXKHO 110 3aKoHY Credana — BoabliMaHa onpeneAuTs e€ TeMIeparTypy.
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3akonb! Buna u Credpana—BoabliMana cipaBe IAUBEI IAS U3AYyYeHUsI a6Co-
AIOTHO 4€PHOTrO0 TeAa. B mepBoM NpUOAUIKEHUH MOXKHO CIHUTATh, YTO 3BE3/IbI,
U B 9acTHOCTU COAHITE, H3AYYAIOT KaK a0COAIOTHO YEPHOE TEAO.

4. 3bderr ponnepa. B acTpodusrke HIUPOKO UCIIOAB3yeTcs 3P @PeKT
Jlomiepa, BO3HUKAIONINY ITPU ABUKEHUU UCTOYHUKA U3AYYEHUS OTHOCUTEAD-
Ho HabAronaTeas. CyTb apdekTa [loraepa 3aKAI0UAETCH B CAEAYIOLIEM: €CAU
HCTOYHUK HU3AYIEHUS ABUXKETCH 10 AYUYy 3pEHUs HaOAIOATEASI CO CKOPOCTBIO
Uy, HA3bIBA€MOM Ay4€BOM CKOPOCTHIO, TO BMECTO JAWHBI BOAHBI Ao, KOTOPYIO
H3AydaeT UCTOYHHK, HabAromaTeAb (PUKCHUPYET BOAHY JIAWHOMU A, TAK YTO

()
v

A

TZle ¢ — CKOPOCTb CBeETa.

CKOpPOCTE U, IIOAOKUTEABHA [IPU YAAACHHUHU UCTOYHHUKA CBETa OT HaOAO-
naread (AL = A — Ao > 0) U oTpHULIaTEeABHA IIPU NPUOAWIKEHUU K HEMY
(AA=A—-2Ao< 0).

CadpdexroMm [omnaepa MBI HaCTO CTAAKHBaeMcs B aKycTrke. Hanpumep,
€CAM BBI CTOUTE Ha ITAATPOPME, MUMO KOTOPOH IPOXOAUT IT0€3/], TO MOKETE
3aMeTUTh, YTO II0Ka OH IIPUOAMIKAACS, 3BYKOBOM CHUTHAA ObIA GoAee BBICO-
KHUM, a KOI/la CTaA yIaAaThCs, BBICOTA 3ByKa Cpasdy CHU3HAACh. AHAAOTHYHOE
ABA€HHE HAOAIOaeTCs U B OIITHKE: CBET OT IPUOAMIKAIONIET0CS HCTOYHHUKA
CTAHOBUTCS 60A€Ee CHHUM (4acTOTa YBEAHYHBAETC), & OT VAAASIOIIETOCT —
Boaee KpacHBIM (4acToTa yMEHBIIAETCs). ITO U3MEHEHNe CKa3bIBaeTCd Ha I10-
AOKEHUHU CIIEKTPAABHBIX AUHUN B CIIEKTPE: OHU CMENIAIOTCS B CUHIOIO HAU
KpacHy10 00AacCTb.

LAst U3MEPEHUI CMEIIEHUS CIHIEKTPAABHBIX AMHUN PAZIOM CO CIIEKTPOM
uccaenyeMo 3Be31bl Ha TY 3Ke (POTOIIAACTUHKY (POTOrPaUPYIOT CIIEKTP Ad-
6opaTOPHOI0 HCTOYHHKA, B KOTOPOM UMEIOTCS U3BECTHBIE CIIEKTPAAbHbBIE
AvHUH. [ToTOM IpU NOMOIIM MUKPOCKOIIOB, CHAOXKEHHBIX TOYHBIMU MU-
KpOMeTpaMHU, U3MEPSIOT CMEIIeHHue ANMHUY 00beKTa 110 OTHOIIIEHHIO K Aab0-
paTopHOM cCUCTEME NAUH BOAH U T€M CaMbIM HaXOST BEAMYUHY AA. 3aTeM
1o popmyae

AL A A
o o
KOTOpad CAEAYET U3 HpI/IBe,ILéHHOfI BEBIIIE, BEIYUCAAIOTAYIEBYIO CKOPOCTE Uy

[annaga BeIle popMmyaa [loriaepa IpUrogHa AUIIL JAS CKOPOCTEHR U, B
npeneaax no 0,1 ckopoctu cBeta. [Ipy ABUKEHNN NCTOYHHUKOB U3AYIEHUS
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CO CKOPOCTSIMH, OAN3KUMH K CKOPOCTH CBETa, HEOOXOJUMO YIUTHIBATE 3aK0-
HBI TEOPUM OTHOCHUTEABHOCTH.

COBUTI CIIEKTPAABHBIX AMHHH TEOPETHYIECKH IIpeAcKa3asB 1842 r. aBcTpuii-
ckuii pusuk X. [Jonaep. MCTUHHOCTE €ro BHIBOAOB IIOATBEPAUA B 1899 1.
AabOpaTOPHBIMU OIBITAMU U HAOAIONEHUSIMH CIIEKTPOB 3BE3[ PYCCKUM acTpo-
dusuk A. A. BeaornoabCcKUi.

@ I'staBHBIE BBIBOABI

1. Bce cBerdiiecd Teaa CoO34aI0T CIIEKTPhBI UCIIyCKaHUd, KOTOpPhIE
MOTYT OBITH CIIAOIIIHBIMH (HEIIPEPBIBHBIMHE), AMHEHYATBLIMHU U II0OAOCA-
TBHIMHU.

2, Kaxkaplii XUMHUYECKHUH 9AEMEHT UMEET CBOM, TOABKO €MY CBOM-
CTBEHHBIN, AUHEMYIaThIU CIIEKTP. AMHENYATHIN CIIEKTP CTPOTO IIOCTOS -
HEH U HE 3aBUCHUT OT TOT'0, BXOJAUT 3TOT IAEMEHT B COCTaB CAOXKHOT'O Be-
IIIECTBA AU B34T B YMCTOM BU/IE.

3. IIpu oTHOCUTEABHOM IIEPEMEIIIEHUN UCTOYHUKA U3AYYEHHSI U Ha-
OAI01aTEAS TIPOUCXOIUT CMEIIEHHE CITIEKTPAABHBIX AMHUI B €T0 CIIEKTPE.

® KOHTpObHbIE BONPOCHI U 3a8aHUA

1. YT1o TaKoe cnekTp? KaKkne ABNEHMA [0KA3bIBAIOT C/I0XKHbIA COCTaB cBeTa?

2. Ha30BUTE W JaiiTe onpeneneHna TPEM OCHOBHbIM BUAAM CMEKTPOB.

3. Y10 TaKoe cneKTpanbHbiMaHaNM3?

4. N3mepeHune CneKkTporpammbl 3Be34bl NOKasano, Yto AMHUA Kenesa (A = 530,2 Hm) B
€@ cneKkTpe cmelLeHa No CPaBHEHUIO C IMHUAMM NabBOPATOPHOTO UCTOYHMKA B CTOPOHY
Hanbonee KOPOTKMX BOAH Ha 0,02 HM. KaKkoBa CKOPOCTb 3B€34bl NO Sy4y 3peHnsa?

5. Cbopmynunpyiite 1 3anuiimTe 3aKoH cmelleHua BuHa n 3akoH CtedaHa — Bonbuma-
Ha. Kakoe 3HayeHue 3T1 3aKOHbl UMEKOT B aCTPOHOMUU ?

6. Onpepenvte TemnepaTypy 3Be3Abl, EC/N B €€ CMEKTPE MAaKCUMYM MHTEHCUBHOCTHU
U3NYYEHUSA NPUXOANTCA HA O/IMHY BOJIHbI paBHOM 340 HM.

7. B KakOMm c/ly4ae CMeLLEHME NIMHUI CNEKTPOrPAMMBbl MOXKET HE NMPOUCX0AUTb, HECMO-
TP Ha AguKeHue obbekTa?
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§ 19. conHue Kak 3Be3aa

1. obwme csepeHua. CoAHIIE 3aHUMAET UCKAIOYHUTEABPHOE IIOAOXKEHUE B
KU3HU yeroBeKa. OHO obecrieunBaeT HaC CBETOM, TEIIAOM, SIBASIETCS UCTOY-
HHUKOM BCEX BHIOB SHEPIUU, UCIIOAB3YEMBIX AIOABMHU. COAHIIE BAUSIET Ha
MarHUTHOE II0A€ U BEPXHHE CAOU aTMoc(dephl 3eMAH, BbI3bIBast MAarHUTHBIE
OypH, HOHHU3AITUIO U LIUPKYAIIIHIo aTMocdepbl. CoaAHeYHas «IIoToa» BAUS-
€T Ha KAUMaT, ouocepy U 3eMHYIO JKU3Hb B IIEAOM.

CouHue — neuTpasbHoe TeA0 COAHEYHOM CUCTEMbI, TUIIMYHAd 3Be3/a,
IIPEACTABASIONIALA COO0H pacKar€éHHBIHM aa3MeHHbIH map. CoAHIle — ogHA U3
200 mappa 3Bé3n Hantelt 'arakTHKY. [leTaabHO M3ydas (PU3HIECKYIO IIPHUPOILY
CoaHIIa, MBI IIOAYYaeM BasKHEHIIHE CBEAEHHUS O ITPUPOLE OCTAABHBIX 3BE3.
Huck CoaHlla, BUAUMBIN C 3€MAU, — OCAEITUTEABHO JKEATBIN KPYT CO CpPel-
HUM YTAOBBIM auameTpoM 32. CBET OT HETO AOXOAUT [0 3eMAH 3a 8! /3 MUH.

Huametrp CoaHna paBeH 1 MaH 392 ThIc. KM (109 nuameTpoB 3emawn).
O6bém CoaHIla, TaKUM 00pa3oM, 60oAee 4YeEM B MHUAAHWOH Pa3 IPEBOCXOIUT
06BEM 3eMaH, a ero Macca coctaBageT Mo = 1,99 - 103° kr, uTo nmpumepHO
pasHo 330 000 3eMHBIX Macc.

HamepeHnusd 3a IpeieaaMu 3eMHOM aTMocepbl ITOKa3aAH, YTO Ha ITAOIIA -
Ky 1 M2, paCIOAOKEHHYIO ITEPIIEHANKYAIPHO COAHEYHBIM AYIaM, €3KECEKYHI-
HO IIOCTYIIa€eT SHEPrus, IPaKTHIECKHN HEe MEHSIOAACH B T€YCHUE JAUTEABHO-
ro IIpoMexXyTKa BpeMeH!. OHa IOAyYHAa HA3BAHUE COTHEYHOU MOCTOTHHOM.
CoaHeyHad rocTogHHAA paBHa 1,37 KBT/M°.

CBerumocTts CoIHIIA, UAY TTOAHO€ KOAWYECTBO HEPTHH, U3AydaeMoe
CoaAHIIEM II0 BCEM HAIIPaBAECHHUSM B €OUHUIy BPEMEHH, OIIPEAECAHNM CAE-
AYIOIMMM 00pa3oM: BEAUYHUHY COAHEYHOH ITOCTOSHHOM YMHOXKHM Ha IIAO-
mansb cdepbl C paaUuyCcoM 1 B OJHY aCTPOHOMUYECKYIO eqUHUILY (1 a. e. =
= 149,6 - 10° m). OHa MTOAYYIHTCS PABHOI:
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Lo=4nr?- 1370 Br/m? = 3,85 - 10%°Br.

Ha 3emaro IIornagaeT HUYTOXKHAadg YaCTh COAHEYHOM QHEPTHUH, COCTaBALAIO-
I1ad OKOAO IIOAOBHHBI MI/IAAI/I&I)I[HOﬁ JOAH YKAa3aHHOTI'O BEIIIIE SHAYCHHUA.

2. cnekTp U xumuyeckmii cocrae. ITourn Bce Hanmu 3HaHuss o COAHIIE OCHO-
BaHbI HA U3Y4YEHUU €r0 CIeKTpa. XUMHYECKHUE SAEMEHTBI, KOTOPHIE IIPU-
cyTcTBYIOT B atMocdepe CoAHIIA, TIOTAOIIAIOT U3 HEMPEPBIBHOTO CIIEKTPA,
nsaygaemoro porocepoit, CBeT onpeneas€éHHOM yacToThl. B pesyabrare B He-
IIPEPHIBHOM CIIEKTPE IMOSIBASIOTCS TEMHBIE AMHUN. Kak MBI y2Ke OTM€E4YaAH,
%8 ®payHrodep BIIEPBbIE U3YIHA U 3apHCOBaA 576 TEMHBIX AMHHM COAHEY-
HOI'O CIEKTpa. YY4EHBIM IIPaBUABHO yKasaa, YTO UCTOYHUK TEMHBIX CIIEK-
TPaABHBIX AMHUH — COAHeYHast arMocdepa. [1o moAoKEeHUSIM B CHEKTpPE
(T. €. IAMHAM BOAH) U MHTEHCUBHOCTAM 3THUX PPayHTOPEPOBHIX AMHUH MOZK-
HO YCTAaHOBUTH, KAKHE XUMUYECKHE SAEMEHTHI IIPUCYTCTBYIOT B COAHEYHON
aTMmocdepe (puc. 109).

ConHue

Bogopog,

HaTpun

Kanbunit

PucyHokK 109 — CooTtBeTcTBUE MeXKAY nonoxeHnem ¢ppayHropeposbiX MHUIA
COJIHEYHOrO CNEeKTPa U IMHUAMU XMMUYECKUX I/IEMEHTOB
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Y3Ke 0TOXKIeCTBACHO B BUINMOM 00AacTH crieKTpa cBblie 30 ThIC. AMHHH
nad 70 XUMHYECKHX DAEMEHTOB, IPHUCYTCTBYIOIINX B arMocdepe CoaHILa.
dpaynrodepoBsl ANHHUU 110 HHTEHCUBHOCTU U LIMPUHE Ype3BbIYaiiHO pas3Ho-
o6pas3Hbl. AHAAN3 CIIEKTPAABHBIX AMHUH T0OKA3aA, YTO IPeoOAa JAFOIIHM SAe-
MeHTOoM Ha COoAHIIE SBASIETCHI BOAOPO — Ha €0 JOAIO IIPUXOANUTCH IIPUMEPHO
74 % maccel CoaHIIA, OKOAO 24 % IPUXOAUTCH Ha reAud U OKoAO 2 Y% —
Ha APYTHE 3AEMEHTHI.

3. BHyTpeHHee cTpoeHne. OCHOBBIBAsICh Ha IAHHBIX O pauyCce, Macce, CBe-
TuMocTu CoaHIIA, HA PU3UYECKHUX 3aKOHAaX (KOTOpbIE B CHAY CBOEH YHUBED-
CaABbHOCTH IPUMEHUMBI H B YCAOBHUSIX JAPYTHX HEOECHBIX T€A), MOKHO ITOAY-
YUTH JaHHBIE O JaBA€HUH, IIAOTHOCTH, TEMIIEPATYPE U XUMUYECKOM COCTaBe
Ha pas3HBIX paccTogHUaIX oT HeHTpa CoaHtia. [Ipu npubANKEeHNH K HEHTPY
CoaHIla pacTyT, HOCTHUrast MaKCUMAaAbHBIX 3HaUYeHUH, TeMIIepaTypa, J1aBAe-
HHE U IAOTHOCTb. XuMudecKuil cocraB CoAHIIA TOXKE Pa3ANYaeTCsd: IIPOLIEHT-
HOE CcoZiep3KaHNe BOJOPOia MEHBIIIE BCETO B LIEHTPE.

Bricokoe naBaeHue BHyTpU CoAaHITa 00yCAOBACHO AEHCTBHEM BhBIIIIEAEIKA -
X CAOEB. CHABI TATOTEHUS cTpeMaTcs cxkaTb CoaHlle. UM mpoTuBoeicTBY-
IOT YIIPYTOCTE TOPSTUETO Ta3a U JaBACHUE U3AYYeHU, UAYIIHeE U3 Help. OTH CH-
ABI cTpemaTtes pacuuputh CoaHlle. TaroreHue, ¢ OMHOM CTOPOHBI, YIIPYTOCTD
ra3oB U JaBA€HUE U3AYUE€HUS, C IPYTOH CTOPOHBI, yPaBHOBEIIUBAIOT APYT APY-
ra. PaBHOBecHe UMeeT MEeCTO BO BCEX CAOSIX OT ITOBEPXHOCTH 10 IleHTpa CoAHIIA.
Takoe cocrosame CoaHIIa U 3BE3/ HA3bIBAETCH THAPOCTATUHYECKUM PAaBHOBECH-
eM. Oranpocrag unesi Obiaa BEIABHHYTA B 1924 r. aHrAMHCKUM acTPOOU3UKOM
AptypoMm OnnuHrroHoM. OHa I103BOAMAA COCTABUTh YPaBHEHHUSI, 110 KOTOPBIM
PacCYHTBHIBAIOT MOIEAV BHyTpeHHero cTpoeHts CoAHIIA, a TAKIKe IPYTUX 3BE3.
Takue MoeAU MPENCTABASIOT COOOH COBOKYITHOCTDH ITapaMeTpPOB 3BE3HOTO Be-
LIecTBa (TeMIlepaTrypa, JaBA€HHE, IIAOTHOCTD U T. [.) HA Pa3HbIX TAyOMHAaX.
B Tabaure 13 npuBeaeHa Tak Ha3bIBaeMasi MOAEAb BHYTPEHHETO CTPOEHUS
CoaHIIa, T. €. 3aBUCHMOCTbH €TI0 (PU3HIECKUX CBOMCTB OT FAYOHHEI.

Ta6auna 13 — Moaeab BHyTpeHHero crpoeHusa CorHna

Paccroanue ot neHTpa Temneparypa JdaBjieHue IL1oTHOCTH
R/Ro T, K p, [a p, [l 10°kr/m®
0 1,5 107 2,2 - 10%° 150
0,2 1,0 - 107 4,6-10%° 36
0,5 3,4 10° 6,1 103 1,3
0,8 1,3 - 10° 6,2 - 10! 0,035
0,98 1,0 - 10° 1,0 - 10° 0,001
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Kak BUIHO U3 TabAHIIBI, TEMITEPATY-
pa B uientpe Coanna (R/Re = 0) moctu-
raet 15 MAH rpamgycos. I/IMCHHOUB 3TOH :ﬁggHuxsgggk ] dotocdepa
obAacTy, 30HE AAEPHBIX PEaKI[UH, FeHe-
pupyercs sHeprus CoaHIIA.

MBbI y2Ke 3HAEM, YTO COAHEYHOE BEIIIE-
CTBO B OCHOBHOM COCTOMT K3 BOJIOPO/IA.
[Tp1 OrPOMHBIX JABAEHHUSIX U TEMIIEPATY-

30Ha nepeHoca
NIYYUCTOM SHEPTrUU

30Ha KOHBEKLUMN

pPax IIpOTOHHI (dpa BOAOPO1a) ABUKYT- ”po'ﬁ{’?epé'__*e'-!- R

CsI CO CKOPOCTSIMHM B COTHH KHAOMETPOB B SR
cekyHay. BuyTpu CoaHIIa (Ha paCCTOSTHU- : ~ = Xpomocdepa
ax o 0,3 paguyca oT IIeHTPAa) CO3MAI0TCS - i

KopoHa —

YCAOBUSI, OAQTOIIPUSTHBIE JAS ITPOTEKA-
HUI TEPMOSAEPHBIX peakUuH IIpeBpalle-
HUSI aTOMOB AETKIX XUMHYECKHIX SA€MEH-
TOB BaTOMEI Ooaee Tskéable (puc. 110).
U3 anep Bomopoma obpasyercs reauil. [lasg o6pa3oBaHUI OJHOTO sapa re-
And Tpedyercs 4 siapa Bogopona. Ha mpomesKyTOYHbBIX CTaausax 00pas3yroTcs
a/pa TAXKEAOTO BOAOPoa (neiitepus) u aapa uszororna He®. Orta peaknus Ha-
3BIBAETCS MPOTOH-IIPOTOHHOM (puc. 111). [Ipu peakimu HEGOABIIIOE KOAHYE-
CTBO MaCChI pearHupyIOIIHX SIep BOA0POAa TEPSIETCs, IIPeo0pasysiCh B OTPOM-
HO€ KOAWYECTBO JHEPIUU. BrlaeauBIliasgca 3HEPryd OAAEPKUBAET HU3AYIECHUE
CoaHira. HYepes caoH, OKPyzKaIOIlMe LIEHTPAABPHYIO YaCTh 3BE3/bI, 3Ta SHEP-
rus nepenaéres HapyKy. B obaactu ot 0,3 o 0,7 paauyca ot nentpa CoaHIa

PucyHoK 110 — BHyTpeHHee
ctpoeHue ConHua

*He
Y
n 2n —0% Y
— /
\ e+ NV .
He
+ A%
n ZD . % Y
P *He

PucyHokK 111 — Cxema NpOTOH-NPOTOHHOW peakuuu: p — NPOTOH; h — HEWTPOH;
2D — appo peittepun; 3He, “He — appa usoTonos renus; e’ — NO3UTPOH;
V — HEeWTPUHO; Y — raMmma-KBaHT
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HAXOIUTCS 30HA JIyYHCTOTO PaBHOBECHs JHEP-
/] THUM, TII€ SHEPTHUS PACIIPOCTPAHIETC Yepes
b 2 TIOTAOIIIEHHE U U3AYIEHHE Y-KBAHTOB.
L Poxknaroniuecs B ieHTpe CoaHIIa raMMa-
KBaHTbI UMEIOT SHEPTHUIO B MUAAMOHBI pa3
Lj«\ NO OOABIIIYIO, YEM SHEPTHS KBAHTOB BUIHMMOTIO
cBeTa. [IAMHA BOAHBI TaMMAa-KBaHTOB OY€Hb
f) } (:) Maaa. B mpoliecce morAomieHnss KBaHTOB aTo-
t/ q ™\ MaMH U JaAbHEUIIEero UX MePEeU3AyIeHUS
t/ \J IIPOUCXOMUT TTOCTEIIEHHOE YMEHBIIIEHUE UX
SHEPTUH U yBEAUYEHHE NAUHBI BOAHBI. KO-
AWYECTBO KBAHTOB BO BPEMSI 3TOTO ITPoIlecca
PUcyHOK 112 — 3Heprus Bo3pacTtaeTr. MoOIIHbIE TaMMa-KBAHThI IIOCTE-
nepefaérca U3NydeHUem oT aAPa  eypo OpobsaTcsa Ha 00Aagarolye MeHbIIeH
ConHua. FrasHLIM nepeHoCuMKom SHEPTHUEN: BO3HUKAIOT PEHTTEHOBCKHUE, YAD-
9Heprmm y noBepxHocCcTn
CTaHOBMTCA KOHBEKLMS TpaHOAETOBBIE U, HAKOHEIl, BUAUMbBIE U WH-
dpakpacHbIE AYYH.

B ob6aactu nmocaenHelt Tpetru paauyca CoAHIIa HAXOAUTCS KOHBEKTUBHAA
30Ha. 31eCh SHEPTHS MTepeaaéTcs He U3AYIEHHEM, a TOCPEACTBOM KOHBEK-
IIUHU (TepeMennBanus, puc. 112). [IpuurHa BO3HUKHOBEHHS KOHBEKIIUHU B
HapyzKHBIX caosax COAHIIA Ta K€, YTO U B COCYIE C KHUIIAIIEH BOIOM: KOAU-
YeCTBO SHEPTHH, ITOCTYIAOIIEe OT HAarpeBaTeAs, Tropas3mao OOAbIIle TOTO, KOTO-
pO€ OTBOMUTCS TEMAOIIPOBOAHOCTBIO. [103TOMY BEIIECTBO IMPUXOIUT B ABUXKE-
HHE U CAaMO HauWHAaeT IEPEHOCUTH TeIA0. KOHBEKTUBHAS 30HA IPOCTUPAETCS
MIPaKTUYECKHU [0 caMoit BUAUMOM rmoBepxHocTH CoaHtia (porocdepsi).

4. UCTOYHUKKN 3Heprun. AHAAN3 XUMHYECKOTO COCTaBa 3€MHBIX, AYHHBIX
IOPOJ ¥ METEOPUTOB yKa3bIBaeT Ha TO, YT0 CoAHeYHas cucTeMa o0pa3oBa-
AACBh OKOAO 4,7 MApH AeT Haza. CoAHILE, ITO COBPEMEHHBIM JAaHHBIM, CYIIe-
CTBYET OKOAO S MAP/I A€T. 3a ITIOCAETHUE 3 MAP/I AET €T0 CBETUMOCTD ITOYTH
He u3MeHuAach. [loannag sneprua CoaHIla, BhIZIEA€EHHAL 32 9TO BpeMs, paBHA
Eo=~ Lot=3,5 - 10" [T:x. Pazneaus 3Ty BEAUYHHY Ha I0AHYI0 Maccy CoaH-
118, IOAYYHM, YTO KaXKbIH KUAOTPAMM COAHEYHOTO BEIIECTBA BhIAEANUA OKO-
A0 1,8 - 1013 >k sHeprun. PeaAabHO 5Ta BeAMYHHA eII¢ OOABIIIE, TAK KaK MbI
He YYAU IIepBbIe 2 MAPA AeT. HU 0/1HO XUMHUYeCKoe Toprodee He MOKeET o0e-
CIIEYUTH TAaKyI0 BEAMYNHY BHYTPEHHEN S9HEPTrUH, KOTOPYIO MOZKET BBIIEAUTD
1 KT COAHEYHOTI 0 BelllecTBA.

B cpenuem CoaHIle TepdeT IpUMEPHO 4 MAH TOHH BOZOPOAA B CEKYHY.
Ha mepBbIii B3rag 3Ta BeAUYHMHAa MOXKET ITOKa3aThCsa orpoMHoM. OfHAKO OHA
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HHUYTOXKHAa I10 CPaBHEHUIO C ITOAHOU Maccott CoaHIla. PacuéTrl moka3sIBaoT,
YTO BOAOPOAa B HEIPAX JOCTATOYHO AL ITOAAepKaHUsI cBeueHUd CoAHIla HA
COBPEMEHHOM YPOBHE €€ Ha IIPOTIKEHUU S MAP AET.

I's1aBHBIE BBIBOABI

1. CoaHIle — eqUHCTBEHHAad 3Be31a B COAHEUHOHN CUCTEME, IIPe/-
CTaBAsIONIasl COOOM ropgyuil maa3MeHHBIH I1ap, AUaMeTp KOTOpoH
6oab1re nuamerpa 3emau B 109 pas3 u macca kotopoii B 330 TeIC. pa3
6oAbIIIE MacChl 3EMAH.

2. KoAn4ecTBO Ay4YHCTOM 9HEPTUH, €3KECEKYH/IHO IIOCTYyHIAIOMIEH OT
CoaHIIa Ha € AWHUILY IIAOIIAIY 3€MHOH IIOBEPXHOCTH, — COAHEYHAS I10-
CTOgHHAad — IIPAKTUYECKH HE MEHSETCHd Ha IPOTIKEHUU MHAAHAD-
OB A€T.

3. [IpeobaaarOIMU XUMHYECKUMH 9SAeMeHTaM 1 Ha COAHIIE SIBASI-
IOTCH BOAOPOL U T€AU.

4. UcrournukoMm sHepruu CoAHIIA IBAGIOTCS PEAKIIUH TEPMOIAEPHO-
I'o CHHTE3a, IIPOTEKAIOIIHE B €T'0 HEAPAX.

KoHTponbHble BONpoOCbl U 3agaHUA

1. Y10 TaKoe conHeyHan noctoAHHan? Kak eé  onpegennam?

2. Yto noHMmatoT noa ceeTumocTbto ConHua? Yemy oHa  paBHa?

3. KaKkne xumunyeckue anemeHTbl ABAAIOTCA Npeobnagatowmmm gna  ConHua?

4. OnuwuTe BHYTpeHHee cTpoeHue ConHua.

5. Ha Kakue 30HbI yCI0BHO noapaszaenatorca Heapa ConHua? Kakune npoueccbl npounc-
XOOAT B KaXKA0M U3 3TUX 30H?

6. YTo ABNAETCA NCTOYHUKOM CONTHEYHOM SHEPTUN?

§ 20. ctpoeHune conHeuyHoMU atmocodepbl

1. ®orochepa. [Auck CoaHIIa KaxKeTCs PE3KO OUYEPUYEHHBIM. DTO IIPOUC-
XOUT IIOTOMY, UTO IIPaKTUYECKH BCE BUANMOe n3aydeHne CoAHIla HCXOOUT
U3 O4YEHBb TOHKOIO0 cAosl — (poTocdepsnl. Craboe u3aydeHre 60Aee BBICOKUX
cAoéB CoAaHIIA MOZKHO HabAI0AATE BO BPEMS IIOAHOTO COAHEYHOTO 3aTMEHHS,
KoTrla MUCK AYHBI IIOAHOCTBIO 3aKpbIBaeT (poTochepy ¥ CTAHOBSITCS BUIHBI
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PucyHokK 113 — CtpoeHue conHevHo atmocdepbl: 1 — poTochepa; 2 — NATHA;
3 — npoTtybepaHel; 4 — BCnblWKa; 5 — xpomocdepa; 6 — CoNHeUYHas KOPOHa;
7 — KOpPOHa/NbHble Ny4yn

xpomocdepa u KopoHa. Porocdepa, xpomocdepa u KOpoHA 00pa3yrT aTMOC-
depy Coania (puc. 113).

ToammmHa hoTocdepsl He npeBbinaer 300 kM. B Teaeckon BUIHO, YTO
Bc4d nnoBepxHOCTb CoAHIIA ITOKPBITA IpaHyAaMH, KaxKaasi AUaMeTPOM OKO-
A0 700 KM. OTO OTPOMHBIE ITY3bIPH ITAA3MbI. PUCYHOK, KOTOPBIH 06pa3y-
IOT TPaHYABI, IIOCTOSTHHO U3MeHgeTcs (OyKBaabHO 3a 5—10 MUH OHU ycIIe-
BaIOT IMTOABUTHECA U HUCYE3HYTH). [1aa3dMa B rpaHyAax MOTJHUMAETCS BBEPX
¥, OCTBIBasi, B MEXKT'PaHYAbHBIX IIPOCTPAHCTBAaX OIlycKaeTcs BHU3. [loaTo-
MY Pa3HOCTb TEMIIEPATYP I'PAHYA B TEMHBIX IPOMEKYTKOB gocturaet 600 K.
[Iporiecc MOCTOSHHOTO BO3HUKHOBEHHUS U
HCUYEe3HOBEHUS IpaHyA B poTocdepe Ha3bI-
BaeTcsa rpaHyJaanuein. CaMmbie IIpUMETHBIE
006bekThl Ha CoAHIlE — 3TO TEMHBIE MSATHA
(puc. 114, 115). JuamMeTpsl ISTEH HHOTAA
nocturaroT 200 Teic. KM. COBCEM MaA€HBKUE
IsTHAa Ha3bIBAIOT IIOPaMHU.

KapTuHa coAHEYHBIX NATEH, XOTd U He-
CKOABKO MEJIACHHEE, TaKrKe IIOCTOSHHO MEHSI-
€TCs: IISITHA MOSBASIIOTCS, PACTyT U pacrania-
1orcd (puc. 115). BpeMs Ku3HU I'pyIiIl I9TeH
cocTaBAsieT aBa UAU TpHu obopota CoaHIIA BO-
KpyT CcBoeM ocH. IlsaTHa XoromHEE OKpyzKato-
et porocepbs HA 2—2,5 THIC. TPAyCOB, IT0-
3TOMY Ha 00111eM (POHE COAHEYHOT'O TUCKA OHHU
BbITASIIAT TeMHee. COAHEeYHBbIE TTATHA OOBIMHO
PucyHok 114 — ConHevHoe NATHO TIOABAAIOTCA I'PYIITIaMU BITPEACAAX HEOOABIIIOH

n ¢potochepHas rpaHynsaums obaacTy, BBITHYTOM IIapasACABHO 3KBATOPY.
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PucyHok 115 — [lIuHaMmuKa nsmeHeHus pasmepoB U GopMbl rpynnbl CONTHEYHbIX NATEH.
Bcnepcreue BpaweHmna ConHua rpynnbl NATEH KaXKyTcA NnepemeLLalowmmmca no ANCKY

ITo pasmepamM B IrpyIIIie BBIAEASIOTCS ABA MSITHA: TOAOBHOE (3a11aHOE) TIATHO,
uayIee Briepeau 1mo BpaieHnto CoAHIIA, U XBOCTOBOE.

CucremaTudecKue HaOAIOEHUSI COAHEYHBIX IISITeH [TOKAa3bIBAIOT, YTO
CoaHIle BpalaeTcd B HAalIPaBACHUH IBUKEHU ITAAQHET U TIAOCKOCTH COAHEY -
HOTO 3KBaTOpa HAKAOHEHA K IAOCKOCTH SKAWIITHKU ToA yraoM 7°151. Takske
0OHapPYKEHO, YTO YTAOBasI CKOPOCTE BpallieHUs CoAHIIA YOBIBAET OT 3KBATO-
pa K noarocam. [lepuon Bpatenus CoAHIIAa U3MEHSIETCs OT 25 CyTOK Ha 3K-
BaTtope 10 30 CyTOK y IIOAIOCOB.

MuoroaeTHue HabAlomeHUs 0o0pa3oBaHusa naTeH Ha COAHIlE TTOKA3aAH, YTO
HMEIOTCH ITUKAMYIECKUE KOoAeOaHUs YHCAa TIATeH. UHOTIa uX He ObIBaEeT Co-
BCEM, a MTHOT/Ia OTHOBPEMEHHO BO3HUKAIOT NECATKH KPYITHBIX IsaTeH. Cpea-
HSI TPOIOAKUTEABHOCTE TAKOTO ITUKAA COCTaBASEeT TpuMepHO 11 aeT.

Kpowme niaren, B poTocdepe HabaromaroTcs (pakegabl — ipKue 00AacTH, B
30HE KOTOPBIX YaCTO U PA3BHUBAIOTCA TEMHBIE IITHA . PaKeAbl UMEIOT CAOK-
HYIO BOAOKHHCTYIO CTPYKTYPY, HX TeMIlepaTypa Ha HECKOABKO COTEH I'Pay-
COB IPEBBINIAET TEMIEPATYPY POTOCHEPHI.

Ob6pasoBaHue IIATEH U (PAKEAOB CBA3aHO C MATHUTHBIM 1oaeM CoAHIIA.
Nuayrimsa marHuTHOTO oad CoAHITA B CpeIHEM B [IBA pas3a BHIIIE, YeM Ha
TOBEPXHOCTU 3€MAH, OMHAKO B MECTaX ITOSIBACHUS COAHEYHBIX IMATEH OHA
YBEAHYUBAETCA B ThICA4YHM pas3, gocturad 0,5 Ta. 910 mpuBOAUT ITePBOHA-
YaABHO K O0OAETYEHUIO KOHBEKITHH U TOSIBACHHIO (paKeAa, a ITIOTOM — K 0CAa-
OAEHUIO ¥ TOSIBA€HH IO TEMHOTO IsITHA.

2. temnepatypa dotochepbi. B HenmpepriBHOM crnekTpe CoOAHIIA MaKCH-
MaAbHas SHEPTHUS U3AYIEHUS TPUXOAUTCH HA JTAUHY BOAHBI Amax = 470 HM.
Torma 1o 3aK0OHY CMellleHUd BrHa roAygaem TeMIiepatTypy:

00029
T . OTKyAa T=6200K.
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PucyHok 116 — U3meHeHuMsa npoTy6epaHL,a, HabatoaaBLIerocs B TeueHrue HEeCKO/IbKUX YacoB

3. BHewwHue cnoun atmocdepbi: xpomocdepa u kopoHa. Hag dorocdepoti Ha-
xoauTcd Xxpomocgepa Coaurnia. Oo1mas eé mpoTakEHHOCTb 10—15 ThIC. KM.
Temnepatypa B XpoMocdepe ¢ BbICOTOH He nanaer, a pactét ot 4500 K no
HECKOABKUX €CATKOB ThICH4. M3aydeHne XpoMoc(ephl B COTHHY pa3 MeHbIIIe
doTocdepHOro, TO3TOMY AAS €€ HAOAIOAeHUS TPUMEHSIOT CIIEIITHAABHBIE Me-
TOMbI, [IO3BOASIIOIITNE BBIAEASITE cAaboe n3aydeHne. Xpomocdepa BecbMa He-
OMHOPOIHA U ITpeACTaBAsIeTCS HAOAIOATEAIO B BU/E [TOCTOSHHO BHIOIIIHXCSI
IIPOJOATOBATBIX I3bIYKOB — CHUKYJ — AAWHOM nopsaka 10 Teic. kM. Criu-
KYABI BBIOPACBIBAIOTCS U3 HUKHeH XxpoMocdeprhl co CKopocTsaMu 10 30 KM/ ¢;
BpeM4 UX JKHU3HU COCTABASIET HECKOABKO MUHYT.

Ha kpaio coaAHEYHOTO AHCKA XOPOIIO BHUAHBI MPOTyOEepaHIbI (CM.
puc. 110, 113) —1aoTHBIE KOHZICHCAIIHH BEIIECTBA, IIOHAThHIE HA Ll TOBEPX-
HOCTBIO AMHUSMH MAarHUTHOTO TI0ASI B BUIE aPOK HAU BBICTYTIOB (puc. 116).
[TpoTybepaHIlbl OBIBAIOT CITOKOWHBIE, AKTUBHEIE U SPYIITUBHBIE, BBIICASTIOTCH
Ha (pOoHE KOPOHBI, TAK KaK UMEIOT 00A€€ BHICOKYIO MAOTHOCTE. CKOPOCTD IBH-
JKEHUSs BEIIIECTBa aKTUBHBIX ITpoTybepaHiieB mocturaetT 200 KM/ ¢, a BICcOTa
nombéMa — 10 40 paguycoB 3eMAH.

Ha CoaHIle HabAOIAIOTCS B3PhIBHBIE BHIOPOCHI SHEPTHUHU K BEIIlECTBA
(co ckopocThkio 10 100 ThIC. KM/ C), OXBaThIBAIOIIHNE 3HAYHUTEALHBIE 00AACTH
IIOBEPXHOCTHOTO CAOSI — BCIIBIIIKH (puc. 117). 9Tu apkue o0pa3oBaHUsl Cy-
IIECTBYIOT OT HECKOABKHX MUHYT I0 3 4acoB. OOBIYHO COAHEYHBIE BCITHIIITKH
IPOXOAsT BOAU3U OBICTPO PAa3BUBAIOIIHNXCSI TPYIIIT COAHEYHBIX [TSITEH.

CostHeuHasi KOpOHA — caMas pa3pekeHHas U ropsdasi oborouka CoaHIIA,
pacpocTpaHSONIasgCcd OT HENO Ha HECKOABKO COAHEYHBIX PAIHYCOB U UMEIO-
ias TeMIlepaTypy aa3Mel oT 1 10 2 MAH rpaaycoB (puc. 118).

SpKOCTE COAHEYHOM KOPOHBI B MUAAWIOH Pa3 MEHbIIIE, 4eM (poTocdephl.
[ToaToMy HabAIOOATE COAHEYHYIO KOPOHY MOXKHO BO BPEMSI IIOAHBIX COAHEY-
HBIX 3aTMEHHUH HAHU C IIOMOIIHIO CITEIIUAABHBIX TEAECKOIIOB-KOPOHOTPadoB.
Bricokasa TeMnepaTypa ¥ pa3pe’keHHOCTh KOPOHBI IIOATBEPKAEHA CIIEKTPaAb-
HBIM aHaAH30M, a TAK3KeE [0 €€ paro- U PEHTTeHOBCKOMY H3AYIEHUIO.
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PucyHoK 118 — ConHeuyHana KOpoHa
PucyHokK 117 — BcenbiwKa Ha ConHue BO Bpems 3atTmeHua ConHua

HarpeBanue KOpoOHBI 10 BBICOKHX TEMIIEPATYP OCYILIECTBASIETCH 38 CUET
repenayvy SHEPrUU KoaeOaTeAbHBIX (KOHBEKTHBHBIX) IBHKEHUH BeElIeCTBA U3
doroceprl. BoaHEI (C 4acToTOM 3BYKOBBIX KOA€OAHMIT) B KOPOHE, T€ [TAOT-
HOCTB BelleCcTBa OBICTPO YOBIBaeT, CTAaHOBATCS yAapHbIMU. OHH OBICTPO 3aTy-
XaloT, IPOUCXOOUT IIPeobpa3oBaHUEe MEXaHUYECKOM SHEPIUH BOAH B TEIIAO.
M3-3a BBICOKOU TeMIepaTypbl HAOTHOCTb KOPOHEI YOBIBA€T MeIA€HHO, I10-
3TOMY caMble BHEITHHE CAOU aTMOoc(epbl CoAHIIA TSIHYTCS BIIAOTE 10 OpOU-
TbI 3EMAH.

4. marHUTHbIe MONSA U aKkTMBHble obpasoBaHua. Macca, paguyc, KOAHYe-
CTBO 5HEPruH, usaydaeMoii COAHIIEM, OCTAIOTCA IPAKTUIECKHU MTOCTOSHHBI-
MH, HO Ha BCEX YPOBHSIX COAHEYHOU aTMocdephbl HAOAIOOAIOTCS CTPYKTYPHBIE
o0pas3oBaHUs, U3MEHSIONIHE CBOU (PU3UUECKUE ITapaMeTpbl BOo BpeMeHH. Co-
BOKYITHOCTBH HECTAIIMOHAPHBIX ITPOIIECCOB,
MEePUOAMIECKU BOZHUKAIOIIUX B COAHEY-
HOI aTMocdepe, Ha3bIBAETCS COTHEUHOM
AKTUBHOCTBIO. [IpogBacHHEM COAHEYHOHU
AKTUBHOCTH SIBAFIOTCS TISITHA, (DaKEABI B
doTochepe, mpoTydepaHIlbl, BCOBIIIKA H
BBIOPOCHI BEIIECTBa B aTMoc(epe U KOpo-
He. Mecrta, T/ie OHU BO3HUKAIOT, HAa3bIBa-
I0TCI aKTUBHBIMHM 00J1acTaAMM (puc. 119).
Bce akTuBHBIE 00pa30BaHUs B3aHUMOCBSI-
3aHBI MEKTY COOOM C ITOMOIIIHIO U3MEHSIO-

N PucyHok 119 — ConHue
I XCSA MATHUTHBIX IIOA€H, KOTOPBIE BCET- B PEHTTEHOBCKMUX nyyax. Haubonee

[a ITPUCYTCTBYIOT B aKTUBHBIX 00AaCTIX ApKue mecta — obnactn
Coanria. LIeHTPBI aKTHBHOCTH, 3apOXKAAsICh  NPOABAEHUA CONHEYHOW aKTMBHOCTU
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Ha HEKOTOPOH rayomHe o1 porocdepoii, MpOoCTUPAIOTC B BUE APYCOB Aa-
A€KO B COAHEYHYIO KOPOHY.

He ToABKO TOSIBAEHUE MISITEH, HO H COAHEYHASI aKTUBHOCTE B IIEAOM HME-
10T 11-A€THIOIO IIUKAMYHOCTD (KOAeOaHUE ITUKAOB (DAKTHYIECKHU ITPOXOIUT B
npeaesax ot 7,5 o 16aer).

I'1aBHBIE BHIBOABI

1. Brenrnas razoBas 06oa0uka CoaHITa —aTMocdepa— COCTOUT U3
doTtocdepbl, XxpoMochephbl X1 KOPOHBHI.

2. AoKaAbHBIE, IEPHUOIUYIECKH BO3SHHUKAIOIIIHE U3MEHEHUS MATHUT-
HBIX TIOAEH, TTOPOKAAIOT aKTUBHBIE IIpollecchl B atMocdepe CoaHIIA.

3. AKTUBHBIE TIpollecchl Ha COAHIIE ABASIIOTCS IPUYUHON BO3HUK-
HOBEHUS B CAOSIX aTMOCEPHI ITATEH, PaKEAOB, IPOTYOEepaHIIEB, BCITBI-
IIIEK U Op.

4. CoAHEeYHbIE BCIIBIIIIKH — Haru00A€€e MOIITHBIE B3PhIBHBIE ITPOIIEC-
cel B atmocdepe CoaHIIA.

5. CoAHeYHas aKTUBHOCTb UMeET 11-AeTHIOI0 ITMKAUYHOCTb.

KoOHTpObHbIE BONPOCHI U 3a8aHUA

. 13 Kaknx obonouyek coctout atmocdepa ConHua?

. Yto Takoe potochepa ConHua?

. Kakne obbeKkTbl xapaktepHbl ana ¢oTtocdepbl ConHua?

. Mouyemy conHeyHble NATHA TeMHee, Yem  ¢doTocdepa?

. YTo noHMmatoT nog rpaHynaumen?

. Yto noHumatoT nog xpomochepon U KopoHoi ConHua?

. Kakune sasnenHua Habntogatotca B xpomocdepe n KopoHe ConHua?
. YTo TaKoe conHeyHaa akTUBHOCTb M KaKOBa €€ LUMKANYHOCTL?

WONOUPA,WNR

§ 21. BAnAHME CONHUA HA }XN3Hb 3emMmu

1. NHTEHCUBHOCTb CONHEYHOr0 WU3/ly4eHUs BHE ONTUYECKOro AManasoHa.
OaekTpoMarHuTHoe usaydeHnve CoaHIla, MAKCHUMYM KOTOPOI'O IIPUXOAUTCH Ha
BHUIUMYIO YaCTh CIIEKTPA, IPOXOAUT CTPOTHI 0TOOp B 3eMHOI aTMocdepe.

B yabpTpadroreTOBOM U pEeHTI€HOBCKOM AHAIIa30HaX MOITHOCTb COAHEY -
HOT'0 U3AyYE€HUS PE3KO YMEHBIIIaeTCs — B COTHHU ThICSY pa3 I10 CPaBHEHUIO
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C MOIITHOCTBIO U3AYYE€HUS B OIITHYECKOM AranasoHe. Ho ecan B onTryeckom
nuaria3zoHe COAHIIE IBASIETCS IIOCTOSHHOM 3BE30H, TO U3AYYEHHE B KOPOT-
KOBOAHOBOM 00AQCTH CIIEKTPA 3aBUCHUT OT COAHEYHOU aKTHUBHOCTH, YBEAWYH-
BasiCh AU YMEHBINIASCh B HECKOABKO pa3 B TedeHHUE 1 1-AeTHEr0o COAHEYHOTO
nukaa. CHABHO BO3pacTaeT II0OTOK KOPOTKOBOAHOBOIO U3AYYE€HUS BO BpeMsI
COAHEYHBIX BCIIBIIIEK. 113 HUKHUX CAOEB XpoMocdepbl UCXOAUT YABTPadU-
OAETOBOE€ U3AYyYEHHE, MaKCUMaAbHasI HHTEHCHBHOCTh KOTOPOTO MOXKET B [Ba
pasa IpeBbIIaTh MUHUMAaAbHOE 3HadeHMeE B 11-aeTHeMm nmurae. OCHOBHOE
PEHTTEHOBCKOE U3AYIEHHUE UCXOANUT OT KOPOHBI COAHIIA.

PenTrenoBckoe 1 yabTpagroseToBoe usaydenre CoaHIla IIOTAOLIIAETCS B
BEPXHUX caosIxX aTMocdephl 3eMan. OHO HOHU3UPYET rasbl 3eMHOM aTMocde-
pbl. MoHu3npoBaHHBIN cAOH BepxHel aTMocdepsl 3eMAN Ha3bIBAETCSI MOHO-
cdepoii. OTpaxkeHre KOPOTKUX PALHUOBOAH OT MOHOC(EPHI 3eMAH HCITOAB3Y-
eTcs B paguocBa3u. [Ipy CHABHBIX BCIIAECKAX COAHEYHOI'O PEHTTEHOBCKOIO
H3AYYEHUS U3-3a COAHEYHBIX BCIIBIIIIEK HAPYIIAETCH CBI3b HA KOPOTKUX pa-
JOHUOBOAHAX.

JIAMHHOBOAHOBOE (MATKOe) yAbTpaduoaseToBoe usaydenue CoAHIIA CIIO-
COOHO ITPOHUKATSH 10 BbICOTEI 30—35 KM B atMocdepy 3emaun. Tam oHO pas-
AeAsieT MOAeKYAy Krucaopozia O; Ha 1Ba cocTaBadronux eé aroma. CBoOOIHBIE
aTOMBI, COEUHSSCh C MOAEKyAAMU KHCAOPOZA, 00pa3yloT HOBOE BEIIECTBO —
030H, KazK/1asi MOAEKyAa KOTOPOTO COCTOUT U3 TPEX aTOMOB KHCAOPOA.

O30HOBBIH CAOM IOTAOIIAET IPAKTUYECKHU BCE YABTPA(HOAETOBOE U3AYUeE-
Hue CoAHIIA, OCTaBALIS AUIIIb MAAYIO IOAIO, JOCTHUTAOIIIYIO IOBEPXHOCTH 3eM-
AV ¥ BBI3BIBAIOILYIO ¥ AIOJEH 0XKOTH KOXKH, KOTOPBIE HA3BIBAIOTCS «3arap».
Korma ToArpHa 030HOBOI'O CAOSI yMEHBIIIAETCS, COAHEYHOE YABTPadOHOAETOBOE
HU3AyYEHHE MOXKET Bo3pacTH B 1,5—2 pa3a. Torma aTo u3aydyeHre CTaHOBUTCS
O4YEHb aKTUBHBIM U MOXKET BBI3HIBATH 3a00A€BaHUE PAKOM KOXKHU.

2. conHeuHbl BeTep. HempeprIBHBIN paCHIUPAIOIIMNCA ITIOTOK Pa3pEKEH-
HOM ITAa3MBbI, paguasbHO ucxoaaIii oT CoAHIIa BAOAB AMHUM HATIPAKEHHO-
CTH MATHUTHOTO ITOASI M 3aTIOAHSIONIHH COO0M MEXIIAaHETHOE ITPOCTPAHCTBO,
Ha3bIBAETCS COJTHEYHBIM BETPOM. B ero cocraB BXOAAT ITPOTOHBI, 3A€KTPOHEI,
a TakKKe 0-9aCTHULbl ¥ B HE3HAYUTEABHBIX KOAMYECTBAaX P BBICOKOUOHU3HU--
POBaHHBIX aTOMOB (KHCAOPOM, KPEMHUHU, cepa, Keae30). CKOPOCTh YaCTHIL
COAHEYHOTO BeTpa YBEAUYHUBaeTcCs 110 Mepe yanaseHus oT CoaHila. Boauzu
3eMAU cpegHsSIsd CKOPOCTh COAHEYHOTO BeTpa aocturaeT 450 km/c, a 1A0T-
HOCTB COCTaBASIET HECKOABKO YaCTHIIL B KYOMYECKOM CAHTUMETPE.

I[ToTok coAHEYHON MAa3MBbI HE MOIKET IIPEOJIOAETH IPOTUBOAEHCTBUE
MAarHHUTHOTO I10Ad 3eMAH B o0TeKaeT ero. [Ipu 3ToM 06pas3yeTcss MOAOCTh
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KaraeobpasHoit popmbl — MarauTocdepa (puc. 120). Co croponsl CoaHIla
OHAa CKaTa JaBA€HHEM COAHEYHOro BeTpa. I'paHunia MarHutocdgepsl, oOpariéH-
Has K CoaHILy, HaXOJUTCS Ha paCCTOSTHUU, paBHOM B cpeaHeM 10—12 paauy-
coB 3eman. C IpOTUBOIIOAOXKHOM (HOYHOM) CTOPOHBI MarHurocdepa BbITs-
HyTa 1ogo0HO XBOCTY KOMeThI 1 pactdaruBaeTrcs Ha 6000 paanycoB 3eMan.
C u3MeHeHUeM CKOPOCTHU U ITAOTHOCTH YaCTHIL COAHEYHOTO BeTpa U3MEHSIeT-
cg 1 popMa MarHuTocqepsl.

3. conHeuHo-3emHble cBasn. CoanHedHas aKTHBHOCTL OKAa3bIBAET CHABHOE
BAWSHUE B IIEPBYIO O4epelb Ha BHELITHHIE 000AOYKH 3eMAU — MarHuTocepy
uunoHocdepy. Bo BpeMsa MOITHBIX COAHEYHBIX BCIIBIIIIEK YACTUIILI MOTYT pas3-
roHaTbcsa 10 100000 kM/ ¢, T. €. BO3HUKAIOT KOCMHUYECKHE AYyYU COAHEYHOT'O
npoucxoxkaeHus. [logBo3neicTBHEM COAHEYHBIX KOCMHYECKHUX Aydel oopa-
3yeTcsa OKUCh a3oTa NO, KoTopad, B3aUMOAEHCTBYH C 030HOM, aKTHUBHO €T'0
pas3pyuaet 3a cuét peaktd NO + Oz — NOy + O,. [locae MOIITHBIX BCIIBI-
mrek Ha CoaHITe HaOAIOJaeTCsI ITIOHUKEHNE COAeP3KaHNUg 030HA B cTpaTocde-
pe Ha IIoASIpHBIMHU IIAalIKaMU 3eMAH.

C noMoIp0 KOpoHOTpadoB, YCTAHOBAEHHBIX HA KOCMUYECKHX annapa-
Tax, PETUCTPUPYIOT 'PaHAHO3HbIE BLIOPOCHI BEIIECTBA U3 BO3MYIIIEHHOMN KO-

MarHuTHasa ocb MarHuTHas skBaTopuasibHasn
N/IOCKOCTb
HanpaBaeHMe CUNOBbIX
JINHUIA MarHUTHOTo Nons

BeTep

Co/HeYHbI _f 54

YpapHasn i /

XBOCT MarHuTocoepbl

PagnaunoHHble
nosca

PucyHokK 120 — Cxema o6pasoBaHuAa mariutocdepbl 3emnm
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poub1 Coannia. OtTopBaBiniica oT CoAHIIA CIYCTOK KOPOHAABHOH ITAA3MBI,
HecylH BHYTPU cebs 3aMKHYTYIO IIETAI0 MArHUTHOTO I10As, Ha3bIBAeTCI KO-
POHAJIBHBIM BHIOPOCOM MACCHI.

CTOAKHOBEHHeE ITAa3MEHHOTO 06AaKa C MAarHUTOC(EePOil 3eMAU SIBASIETCS
OIPUYHHOMN e€é CHABHOTO BO3MYIIIeHUsI. Bo3meficTBHe KOPOHAABHOT'O BBIOPO-
ca IPUBOAUT K BOSHUKHOBEHUIO CHABHBIX MArHUTHBIX OypPb, K pa30TpeBy U
YCKOPEHHIO [TAa3MbI BHYTPH MarauTocgepsl. [Ipu aToM 6bICTPhIE IPOTOHBI U
3AE€KTPOHBI, CTAAKUBAsICh C MOAEKyAAMHU Bo3ayxa Ha BeicoTe 100—200 kM,
HOHU3YIOT UX U 3aCTaBASIOT CBETUTHCS. B pesyapTare aToro Ha 3eMae, IIpe-
HMYILIECTBEHHO B OKOAOIIOASIPHBIX IIHMPOTax, HabalomaloTcs NOJAApPHbIE CUMA-
Hu4 (puc. 121). [Ipu BBICOKOM reOMarHUTHOH aKTUBHOCTH IIOASIPHbBIE CHIHUS
noaBadaroTcd Ha BeicoTe 300—400 KM, M X MOXKHO HAaOAIOIATE JasKe Ha IITH-
potax Pecnmybanku Beaapycs.

Bo BpeMs MarHUTHOH OypH MU3MEHIIOTCH SACKTPUYIECKHE ITOAS Ha I10-
BEPXHOCTBIO 3€eMAHM. 3TO IIPUBOAUT, BO-IIEPBBIX, K BO3HUKHOBEHUIO II€EpE-
TPY30K B AMHUSX 9AEKTpOIlepesaydH (40 HECKOABKHX COTEH aMIIep) U UX OT-
KAIOYEHHIO; BO-BTOPBIX, K HABEJEHHUIO CHABHBIX TOKOB B TpyOax raso- u
He(TEeIrpoBOAOB U K BBIXOLY U3 CTPOS UX CUCTEM yIIpaBaeHHUd. [locaencTBUg
MarHUTHOM OypH CKa3bIBaIOTCH HA OOPTOBBIX AEKTPOHHBIX CHCTEMAaX KOCMH-
YEeCKHX allapaToB.

MarauTHble 6ypy IPUBOAAT K U3MEHEHUIO JaBAE€HUS B Tporocdepe (HUXK-
HeM caoe aTMocdephl 3EMAH), B pE3YABTATE YET0 Pa3BUBAIOTCS ITUKAOHBI.

Ha ToT dhakT, uro CoaHIle BAUGET HAa OHOAOTHYECKHUE OOBEKTHI, B TOM
4YHCAE U Ha 3[I0POBbE YeAOBEKA, BIepBhle emlé B 1915 r. oOpaTua BHUMaHHE
Anekcannp AeonnaoBud YuxkeBckKUU. [IpoaHaau3supoBaB UCTOPUYECKUE [10-
KYMEHTBI, y4€HBIN IPUIITEA K BEIBOY, YTO B IIPOILIIAOM MaCCOBbBIE CTUXUMHBIE
6eCTBUSA U BCIIBIIIKY SITHAEMHUH IIPUXOAHUANUCEH IPEUMYIIIECTBEHHO Ha TO-
Obl MAKCHMYMOB COAHEYHON aKTHBHOCTHU. Ha 0CHOBaHUU BBIBEAEHHOH CBA3HU
A. A. HmkeBCcKUH IOTIBITAACS ITPEACKAa3aTh
HEKOTOpble 3MMUAEMUN Ha 35 AeT BIIEpEn.
Ero mporHo3b1 COBIAMCE B CEMHU CAyJasIX U3
BOCBMH.

A. A. YukeBCKUH gBAdETCd OOHUM H3
OCHOBAaTeAeHd TeAHOOHOAOTHH. JTa HAyKa,
BO3HUKIIIAg Ha cTblke pu3uKku CoAHIIA U
O6roaoruu, U3ydaeT BAUSHHE [TUKAMIECKOH
aktuBHOCTH COAHITA Ha OHOAOTHYECKHE O00B-

€KThbI 1 3J0POBLE I€AOBEKA. PucyHok 121 — lMonapHoe cuAHue
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K KOAe6aHI/IHM COAHEYHOM aKTUBHOCTHU OCOOEHHO YYBCTBUTEAbHA HEPBHAA
CHCTEMA YEAOBEKA. ﬂOCTOBepHO YCTaHOBAEHO, 9YTO YHCAO 6OABHI:IX, IIocrymna-
IOIIHNX B KAMHHUKH, PE3KO YBEAUYHNBACTCA B AHU HOIL’BéMa COAHEYHOM aKTUB-
HOCTH. Hpe}lHOAaI‘aCTCH, 9YTO COAHEYHad aKTHUBHOCTH BAULET HA YEAOBEKaA 4YeE-
PE3 BOBMYUICHHUA MAardHuTHOTI'O I10A4L 3eMAH.

YT100BI BCECTOPOHHE HUCCAECOOBATH ABACHHUA, IIPOUCXOALAIIINE HA COAHLIC,
y‘{éHBIe IIPOBOOLAT HEIIPEPBEIBHEBIC Ha6AIOILeHI/IH COAHI_[a, KOTOPBIE HA3BIBAIOT
Cayx060i1 CosHIA.

I's1aBHBIE BHIBOABI

1. MomHoCTh paauo-, KOPOTKOBOAHOBOTI'O U KOPIIYCKYASIPHOI'O U3-
aydeHnit CoAHIIa 3HAUYUTEABHO BO3paCTaET IIPH aKTHUBHBIX IIPOLIECCAX B
COAHEYHOM aTmocdepe.

2. O30HOBBIH CAOT aTMOC(EPHI 3EMAU SIBASIETCSI 3AIIIUTHOH 000A0Y -
KOH OT BPETHOTO OAS YEAOBEKA U JKUBBIX OPTraHU3MOB YABTPA(PHOAETO-
Boro n3ay4deHuda CoaHIIA.

3. CoaHeuHBIN BeTep — HEIIPEPHIBHBIN ITIOTOK Pa3peKeHHOH I1Aa3-
MBI, paguasbHO Hcxoaaui oT CoaHIIA.

4. HeomHOPOMHOCTH COAHEYHOTO BETpPA BBI3bIBAET HAa 3€MA€ MAarHUT-
HbIe Oy PH, IIOATPHBIE CUSTHHS, PAIHOBCIIA€CKH.

5. Feanobuoaorusa — Hayka, usydamniasd BAUSHHE aKTUBHOCTHU
CoaHIla Ha OMOAOTHYECKHE OOBEKTHI U YEAOBEYECTBO.

KOHTpO/bHbIE BONPOCHI U 3a8aHUA

1. KaKk 3eMHas aTmocdhepa BAUAET Ha NPOXOXKAEHME PA3/INYHbIX BUAOB COTHEYHOTO U3-
NlYy4eHUA K NOoBepxHOCTM 3eman?

2. Moyemy Ha 3emse 4acTo HabnoAaeTCs HapyleHWe CBA3M Ha KOPOTKUX PaAMOBOJIHAaX?
3. KaKkoBa po/ib 030HOBOrO c/ioa B atmocdepe 3emnmn? Kakum ob6pasom akTUBHOCTb
Co/lHLL@ MOXKET B/IMATL HA TO/ILLMHY 030HOBOTO €108 3eMAn’?

4. Y70 TaKoe Cco/HeYHbIl BeTep? KaK OHBO3HMKaeT?

5. YTo Ha3biBaloT MarHuTochepon 3emnun’? Kakoe BIMAHME Ha HEE OKa3blBaeT COJIHeY-
HbIK BeTep?

6. KakoBbl NPUYMHBI U NOCNEACTBUA MarHUTHbIX Bypb Ha 3emne?

7. KakoBbl NPUYNHBI NPOUCXOKAEHMA MNOAAPHbIX CUAHUNA?



3Be3abl

§ 22. OCHOBHbIE XapaKTEePUCTUKMN 3BE3 L. CBETUMOCTb

1. Buaumasn 3BEsgHasA eennuuHa. [Ipyu repBoHaYaAbHOM 3HAKOMCTBE CO
3BE3IHBIM HEOOM (§ 2) MBI pAaCCMOTPEAH ITOHATHE «3BE3IHASI BEAUYHHa» (m).
Br1 y2ke 3HaeTe, 4T0 3BE34bI 1-1 3BE3AHOM BEAMYHHEI CO34AI0T B 2,512 pa3a
BOABIITYIO OCBEIIEHHOCTD (OTHOIIIEHHE CBETOBOTO ITOTOKA K ITAOIIIA/IH, UM OCBE-
iaeMmoti), ueM 3BE3bI 2-1 3BE3MHOM BEAUYUHBI, KOTOPhIE, B CBOIO OYE€peb,
JAIOT CBETOBBIE TIOTOKHU B 2,512 paza 6oabllle, 4eM 3BE3abl 3-if 3BE3MHOMN
BEAUYUHEBI, U T. A. TaKUM 00pa3oM, 3a HHTEpPBaA B OHY BUAUMYIO 3BE3/1-
HYI0 BeJIMUUHY (0003HavaeTcs 1™) mpuHaTO OTHOLIEHUE ocBelnéHHocTel (E)
B 2,512 pasa. B Buzge popmyan! 3TH cooTHOIIeHHs BbIpa3ua H. ITorcon:

Z 21 (1)
E2

H3mepsasa npu noMmonr poToMeTpa OTHOIIeHHe OAecKa 3BE3M, MOXKHO
ONIPEeAUTh PA3HOCTh 3BE3MHBIX BEAWYUH 110 hopmyae [lorcona. HyAb-iyHKT
K€ BBIOUPAIOT YCAOBHO, II0 COTAAIlleHUsM. [Ipu 9TOM IOTOBOpPEHO, YTOOBI
cTaHOapTHad 3Be3aa 1-1 3BE34H0H BeANYHHEI (cpeaHds u3 20 caMbIX SpKUX
3Bé31) naBasa 6b1 B 100 pa3 Goablile cBeTa, YeM 3Be3/1a 6-i 3BE3MHOM BEAU-
YUHBI, HaX0AdIadcd Ha IIPEEAE 3PEHU.

Buaumas 3Bé3qHasg BeAMdrHa AYHBI B IOAHOAYHHE paBHa —12,7™, a B
daze nepBoii yeTBepTH cocTraBasieT —9,0™. ITo dopmyae (1) MmoxkeM HANTH,
4TO OCBELIEHHOCTE /A\YHBI B TOAHOAYHUE (E) 6GoAbIIIe oCBEeéHHOCTH AYHEI B
dasze nepBoii ueTBepTH (E;) B 30 pas:

E_ 512 27 37 0
E
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Buaumyto 3B€3nHyo BeandnHy CoaHIla onpeneAara Buroapn KapaoBuya
epackuii. OHa oKa3zasachk paBHoOM —26,8™. [lIkasa 3BE3MHBIX BEAUYUH I10-
3BOASIET BBIpAXKaTh B 3BE3THBIX BEAUYHHAX 0A€CK CAAOBIX CBETHUA, HEBU/IH-
MBIX HEBOOPYKEHHBIM rAa3oM. B HacTodlliee BpemMa KpPYIIHEHIIINE TEAECKOIIbI
c AuaMeTpoM 3epkaa 8—10 M u coBpeMeHHON IpUuE€MHOH anmnapaTypoi 1mo-
3BOASIIOT PETHUCTPHUPOBATH OOBEKTHI 10 28-i1 3BE3AHON BEAUYUHEI.

2. onpepgenieHue paccTtoaHUA A0 38€34. Y4€HbIE JABHO IIPEAIIOAATAAU, YTO
3BE3IBI UMEIOT TAKYIO0 3Ke (PU3UYIEeCKYI0 mpupony, kak u Coaunre. 13-3a Ko-
AOCCAABHBIX PACCTOAHUY OUCKU 3BE3[ HE BUIHBI AK€ B CUABHBIE TEACCKO-
nbl. YToOBI cCpaBHUBATE 3BE3ABI Mexkay coboit u ¢ CoaHIleM, HEOOXOIHUMO
HaUTU METOAbI OIIpeNeAeHUs pacCTodHUM 10 HUX. OCHOBHBIM METOI0OM IB-
AFETCI METO I1apaAAaKTUYECKOI'0 CMEIEeHU4d 3BE3 1, pACCMOTPEHHBIN HAMU
pauee. Tak Kak paguyc 3eMAN CAUIIIKOM MaA I10 CPaBHEHUIO C PACCTOSTHU-
eM [10 3BE3/1, HEOOXOMUMO BhIOPATDH OOABIITHE OA3UC AAST U3MEPEHHS Tapas-
AAKTHYECKOI0 cMelleHus 3Bé3a. Emé H. KonepHUK moHUMAaa, 4T0, COraac-

HO €ro reAHOIIEHTPUYECKOM cUcTeMe, OAU3KUE

3BE3bI HA POoHE NAAEKUX 3BE3M JOASKHBI OTTH -
.3 ChIBaTh SAAUIICHL B PE€3yABTATE I['OL0BOIO ABU-
keHud 3eMau BOKpyT CoaHIIA.

Kaskyieecs riepemerntieHre 6oaee OAM3KOM
3Be3bI Ha (POHE OYeHb NAaAEKUX 3BE3M IIPO-
HCXOOUT I10 SAAUIICY C IIEPUOAOM B OJUH IO
U OTpaskaeT OBUXKEHHE HabAOmaTeAs BMECTe
c 3emaéit Bokpyr CoaHnia (puc. 122). Iloao-
XKeHue 3eMAU Ha opbuTe U BUAUMBIE C 3eM-
AU TIOAOIKEHUS 3Be3/IbI Ha Hebe Ha JaHHOM PH-

DAY

1
2

CyHKe 0003Ha4YeHbI OITMHAKOBBIMH [TU(PAMHU.
MaAeHBKHUMN 3AAUTIC, OITUChIBAEMBbBIN 3BE30H,
Ha3bIBAETCS IapasraKTHUIECKUM SAAUIICOM.
B yraoBoii Mepe GOABIIIas ITOAYOCE 3TOTO dA-
AWIICA paBHA BEAHYHHE yTAQ, 10 KOTOPHIM CO
3Be3abl BUIHA OOABIIAS ITOAYOCH 3€MHOM Op-
PucyHok 122 — OUTBI, MEPIIEHANKYASTPHAS HAITPaBACHHIO Ha
Mapannakrueckoe cmeuteHne 3Be3y. OTOT YyroA Ha3pIBaeTCd FOAUYHBIM IIa-
3Be34bl Ha NPOTAXXeHUU roga:
C — ConHue; S — 38e3na; paiIJIaKCOM (n). [TapassakTHueCKHE CMEIIEHUS
a — nonyoch 3emHol opbuTbl;  3BE3L CAYXKAT HEOIPOBEPKHUMBIM J0Ka3aTEAb-
T — roguMuHbIi Napannakc cTBOM oOpareHus 3eMman BOKpyT CoaHIIA.
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Paccrosanuga no 3BE3 olipeneastoTcsl 110 UX TOAUYHOMY IIapasraKTHde-
CKOMY CMEIIEHUIO.

N3 pucynka 123 BugHo, uto ecau CT = a ecTh CpeoqHUN paauycC 3€M-
Ho# opbuTthl, SC = r — paccrossHUe 00 3Be3anl S ot CoaHna C, a yroa 1 —
FOAWYHBIN [TapasraKkc 3BE€31pbl, TO

si

Tak Kak roaAu4YHBIE 1apPaAAAKChHl 3BE3/] OLIEHUBAIOTCH AECATUYHBIMU JOAS-
MU CeKyHAbI, a 1 paaual paBeH 206 265, To pacCTosTHUE 10 3Be3bI MOXKHO
OIIPENEAUTE U3 COOTHOIIIEHUS

206 265
—a.e (2)

[ast ©3MepeHusl pacCTOSHUHE A0 3BE3M aCTPOHOMUYECKAs €IUMHUIA CAHIII-
KoM Maaa. [Toaromy masg ymoOCcTBa onpeneAeHHs] PACCTOSIHHY o0 3BE3[ B
ACTPOHOMUH IIPHUMEHSIETCS CIIeIIaAbHAas eUHHUIA JAWHBI — [IapceK (IIK), Ha-
3BaHHE KOTOPOM IPOUCXOAUT OT CAOB «IIapasAaKe» U «CeKyHaar. Ilapcek —
3TO PaCCTOsIHHE, C KOTOPOr0 PaauyC 3eMHOM OpOUTHI ObIA ObI BUAEH ITO
yraom B 11.

Coraacuo cdopmyae (2), 1 mk = 206 265 a. e. = 3,086 - 103 kM. Takum 06-
pa3oM, paccTosiHHE [0 3BE3[ B IIapceKkax OyaeT OnpeneAaThCsS BbIPaKEeHUEM

— IK. (3)

B acTpoHOMHUYECKHUX €IMHUIIAX OOBIYHO BEIPAKAIOTCS PACCTOSTHUS 10 TEA
CoaneuHo# cucteMbl. PaccTogHus o HeOECHBIX TeA, HAXOASIINXCS 3a IIpe-
neaaMu COAHEYHOM CHCTEMBI, OOBIYHO
BBIpazkaroTcs B IIapceKax, KHAoIapce- T
Kax (1 Knk = 10°nK) u Meramapcekax ' Ty —
(1 Mok = 10° k), a Tak*e B cBeTO- -7
BBIX rosiax (1 cB. 1. = 9,46 - 10%gm =
=63 240 a. e. = 0,3067 nK AU 1 1IK =
= 3,26 cB. r.). CBETOBOM ol — paccTos- PucyHok 123 — MoguyHbIA napannakc
HUe, KOTOPOE SAEKTPOMATrHUTHOE HU3AyYe- aBespi: C — CONHLE; S — 3Be3aa;
HHeE (B BaKyyMe) IIPOXOIUT 32 OHH IO, T — 3emns

.S

r



152 Pasgen VII. 3Bé3apl

Hixauit npenea naMepeHui napassaxkcos He npesbimiaet 0,005”, uro
II03BOALET OIIPENEASITh paccTossHud He cBblile 200 k. PaccrosHus no emié
6oaee faréKUX 00BEKTOB OIIPEAEATIOTCS MeHee TOYHO ¥ MHBIMHU METOJaMH.

3. A6contoTHanA 38é3aHanA BesMuMHa. BUOIUMBIN OAECK 3BE3 HE XapaKTepH-
3yeT X peaabHOTro u3aydeHus. OHonpeaeadgeTcsa AByMd (pakKTopaMu: UCTHH-
HBIM U3AyYEHUEM 3B€3bl I paccTosIHUEM N0 He€. CoAHIIE, HAITPUMED, Fopas-
1o 6Amzke K 3eMae, 4eM Arobas apyrasi 3Be3/1a, IO3TOMY OHO — caMoe IpKoe
cBeTHAO Ha HebGe. CaeJOBATEABHO, OASI CPABHEHU UCTHHHOTO OAecKa 3BE3
HEOOXOIUMO BBIYUCASTEH UX 3BE3NHYI0 BEAMUYHHY Ha ONpPEeNeAEHHOM OLUHAKO-
BOM PacCTOSHUU. 3a TaKoe OJMHAaKOBOE (AU CTAHAAPTHOE) PaCCTOSTHHE ITPU-
HaTo 10 K. BunuMast 3B€31Hast BEAUYHUHA, KOTOPYIO UMeAa ObI 3Be3a, ec-
AM OBI HAXO/IUAACH OT HAC Ha paccTosgsHUH 10 1K, Ha3bIBAETCS a0COIIOTHOU
3BE3HOM BEJIUYHUHOIL.

Ilycts BuanMad 3BE€31HAT BEAMYNHA 3BE€3/AbI HA PACCTOSHUU r paBHAa m,
a OCBELIEHHOCTD, co3aaBaeMast 3Tou 3Be3nou, — E. [lo onpeneaeHuro, BU-
auMad 3BE3nHas BEAMYHHA C pacCToSHUS 1p = 10 1K OyeT paBHA abCOAIOT-
HOU 3BE3nHOU BeanuynHe M, a Eo— OCBEHIEHHOCTD (MAU U3AYyYEHME) 3BE€30bI
c paccroguuga 10 nk. Torna, ucroabsyd popmyay (1), MoOKeM 3amnmcaTh:

— 2 1 M (4)

N3 pr3uKM N3BECTHO, YTO OCBEHIEHHOCTH, CO3JaBaeMbIe OTHUM U TEM Ke
HCTOYHHUKOM HU3AYyYEHHs, 00paTHO ITPOIIOPIIMOHAABHEI KBaIpaTaM PACCTOSI-
HUH 00 HEro, T. €.

E 2
0
— = (5)
Eqy
wm 100
[ToncraBagsga (S) B (4), moaydum, uTo 2,5127 ™= . [Ipoaorapudmupo-
2
BaB JaHHOE PABEHCTBO U YIIPOCTUB €r0, IIOAYIUM:
M=m+ 5 - 5lgr. (6)

1
YuutbiBad, 4To = __, opMyAy (6) MOKHO 3amucaTh B BHIE:
r
T
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M=m+5+5lgn. (7)

[To popmyae (6) BEIMHUCAUM abCOAIOTHYIO 3BE3MHYI0 BeAnduHy CoAHIIA.

Paccroguue no CoaHiar=1a. e. =

1

206265

IIK; BUAUMAadAd 3BE3MHAs BEAU-

uynHa CoaHIla paBHa —26,8™. [Tocae mOACTAaHOBKHY 3TUX 3HAYEHUH B (hopMy-
Ay TIOAYyYHUM, 4TO Mo = —26,8™+ 5™+ 26,6™ = 4,8™. 310 03HAYAET, YTO CO
craggapTHoro paccrosHud B 10 nmk CoAHIIE BBITASIIUT CAAOO0H 3BE3MOUKOM
MOYTH S-H 3BE3HON BEATYHUHEI.

ABGcoAroTHBIE 3BE3MHBIE BEAMYUHEI 3BE31 KoaebaroTca oT —9™ mo 19™,
T. €. oTAM4aroTcda Ha 28™, UAU 1T0 OCBEMIEHHOCTHU B 160 MUAAMAPAOB pas,

OPYT OT opyra.

4. ceeTumocTb 3BE3a. 3Has abCOAIOTHYIO 3BE3THYI0O BEAWYHHY 3BE3[IBI,
MO>XHO BBIYUCAUTH ILCI\/'ICTBI/ITCABHOC 061_uee HU3AYYEHHE 3BE3AbI HAU eé cBe-
TUMOCTE. CBETHMOCTBIO HA3LIBAETCH II0AHAY JQHEPrud, u3AydaemMmad 3Be3}_'[0171
3a 1 c. CBeTUMOCTD 3BE€34bI MOZKHO BBIPA3UTh B BaTTax, HO 4allle eé BbIpa-
2KAaIT B CBETHUMOCTAX COAHLIa. HaHOMHI/IM, 9YTO CBETHUMOCTDH COAHLIa paBHa
3,85 - 10%°Br (cm. §19).

Hcnoarsyga popmyay (1), MOKHO 3ariricaThb COOTHOIIIEHHE MEXKY CBETH-
MOCTAMHU U aGCOAIOTHI:IMI/I 3Bé3ILHI:IMI/I BEANMYHUHaAMU KaKofI—API60 3BE€30bI U

CoaHriia:

L

L

- 2,512

2

(8)

rae L u Lo — cBetumocTH 3Be3abl U CoaHua; M u Me — COOTBETCTBEHHO UX
abCoAIOTHBIE 3BE3IHBIE BEAHYHHBI. EcAu mpuHATE Lo = 1 1 ¢ yuéToMm TOoro,

uro M = 4,8™, dopmyaa (8) mpuMeT BUL:

L 2512" M

HAHU

3BE3ABI-CBEpPXTUTAHTEI, UMerorme M = -9™ o6aamaroT MOIITHOCTEIO U3-
ayaeHud 6oabirre Coannia B 330 ThIC. pas, a caMble HesipKUe 3BE3bI ¢ abco-
AIOTHOM 3BE3MHOM BeanunHOM M = 19™ u3aygarot cBeT B 480 ThIC. pas caa-

oee CoaHIla.
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I'1aBHBIE BHIBOABI

1. 3BE3bI ABUKYTCH B IIPOCTPAHCTBE U HAXOASITCH OT HAaC Ha pas3-
AVYHBIX PACCTOSHUSX.

2. Bunumas 3BE3nHasg BeAMYHHA — Mepa HabA1aeMoro oAecka
(ocBelIEHHOCTH, CO31aBAEMOM CBETHAOM Ha IPUEMHUKE AYIHCTOHN SHEP-
) He6EeCHOro 00BEKTA, BUAUMOTO C 3eMAH. IHTepBaA B OfHY 3BE3/I-
HYI0 BEAUYNHY COOTBETCTBYET Pa3HOCTH OCBEIIEHHOCTeH B 2,512 pasa.

3. PaccTrognue no Heqas€KuX 3BE3 OIIPEAEAIETCSI METOLOM I'OIUY -
HOT0 [TapasAaKCca, OCHOBAHHOIO HA U3MEPEHUU YTAQ, 10 KOTOPBIM BH-
JeH paanuyC 3¢ MHOM OpOUTHI C UCCAEYEMOM 3BE3IbI.

4. EqpHnnaMu u3MepeHNs PAaCCTOSHUHN N0 3BE3Q IBASIIOTCS IIaPCEK
U CBETOBOM I'O/I.

5. AGCOAIOTHAS 3BE3IHAA BEAMYMHA — BUAMMAd 3BE3HAT BEAUYHHA,
KOTOPYIO IMeAa ObI 3Be3/1a, HAXOIsICh Ha CTAHAAPTHOM paccTossHuH 1 0TIK.

6. [ToaHag sHepPTUd, U3AydaeMas 3B€3/I0¢ 110 BCEM HAIIPABACHUIM
3a eIUHUILY BPpEMEHHU, HAa3bIBAETCsI €€ CBETUMOCTBI0. OOBIMHO CBETH-
MOCTB 3B€3/IbI BEIPAXKAETCSI B eAUHUIIAaX cCBeTUMOCTH COAHIIA.

® KoHTponbHble BONpoOCbl U 3aaaHUA

1. Y10 NOHMMaAIOT NOA rOANYHBIM NAPAZINAKCOM  3BE3[bl?

. YTo TaKoe napcek n cBeToBOM roa?

. Yem otnyaeTca abcontoTHaa 3BE34HAA BEMYMHA OT BUAMMOW 3BE3AHON BENYUHDBI?
. PacctosHne po 3Be3gpl betenbrense 652 cB. r. Yemy paBeH eé napannakc?

. YTo noHMmatoT nopa ceeTMmocTbio 3Be3apl? Kakosa ceeTumocTb ConHua?

. KaKas 3aBMCMMOCTb CyLLLECTBYET MEXAY CBETMMOCTbIO 3B€3bl M €€ abCOoNOTHOM
3BE34HON BENNYMHON?

7. Bbluncnnte pacctoaHue A0 3Be3abl Bern B napcekax U CBeTOBbIX rofax, ecim us-
BECTHO, YTO €€ BUAMMAn U abCcontoTHas 3BE34Hble BE/IMYMHBI COOTBETCTBEHHO PaBHbI
0,0"un0,5™.

o hWN

§ 23. Temnepartypa u pasamepbl 3BE3L,

1. Temnepartypa 38é34. B mepBOM IIPHUOAMIKEHHWH MOXKHO CUYHUTATh, UTO
3BE3bI U3AYYAIOT KaK abcoAroTHO 4épHbIe Teaa. Temnepatypy T noBepx-
HOCTH (poTocdepsl) 3BE3T MOKHO ONPEAEAUTH, BOCIIOAB30BABIIIUCH 3aKOHOM
Credpana — BoarliMaHa, Tak 3Ke, KaK MbI 9TO Y3Ke ICAAAU [IPU OIIpeJeACHUH
TemrepaTtypbl CoaHIia (cM. § 18):
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(1)

[TogcuuTaHHYIO TAKUM METOAOM TEMIIepaTypy Has3bplBaoT 3(p¢PeKTUBHOM
TeMneparypoii. OIHaKO 3TOT METO IPUMEHSIETCS OTPAaHUYEeHHO, TaK KaK J10-
CTaTOYHO TOYHOE 3HAUYEHUE PANYCOB U3MEPEHO TOABKO V HECKOABKUX JI€CAT-
KOB SIpKUX TMTAHTCKUX 3BE3I.

TemniepaTyphbl 3BE3 CHABHO Pa3AMYaloTCs. XOAOAHbIE KpaCHbIe 3BE3-
bl UMeroT TeMnepatypy okoao 3000 K. Coanrie ¢ remnepaTtypoii poTocde-
pb1 6000 K oTHOCHTCH K 2KEATHIM KapAuKaM. TeMIlepaTypa caMbIX FOPIINX
3Bé3n nocturaeT 100000 K. OcHOBHasI 4aCTh U3AYIEHUL TOPTINX 3BE3A TIPU-
XOIUTCS HAYABTPA(PHOAETOBYIO YaCTh CIIEKTPA, 1 MBI UX BOCIIPHHHUMAaeM KaK
3BE3IBI TOAYOOTO IIBETA.

2. cnekTtpanbHaa knaccudukauma 38é3n. 3BE3OBI OTAMYAIOTCS OOABILIUM
pa3Hoob6pasueM, OTHAKO CPeay HUX MOXKHO BBIZIEAUTH OTAEAbBHBIE TPYIIIILI,
obaamarorie oOIIMIMH CBoicTBaMHU. [Ipu iepBoM 3HAKOMCTBE CO 3BE3THBIM
HeOoM obpalaeT Ha cebsg BHUMAaHME TOT (PAKT, YTO 3BE3IbI PA3HSITCS IT0 I1BE-
Ty. 'opa3mo cuabHEE 3TO 3aMETHO IIPH PACCMOTPEHUHU CIIEKTPOB. BaxkHelIne
pasAnYUs CIIEKTPOB 3BE3/1 3aKAI0UAIOTCH B KOAUYECTBE U UHTEHCUBHOCTH Ha-
OAIOIaeMBIX CIIEKTPAABHBIX AMHUI, & TAKZKE B paCIIpeleACHUH SHEPIHH B He-
npepeIiBHOM criekrpe. C yuéToM BHIOB CIEKTPAABHBIX AMHUY U UX HHTEHCHB-
HOCTH CTPOUTCH CHEKTPaIbHasA KJIaccU(pUKAIMA3BE3N.

B l'apBapackoii oocepBaTopuu (CILA) B 20-e rr. XX B. Ob1ra pa3pabora-
Ha KAacCu(UKAaIUS CIIEKTPOB 3BE3]1, B KOTOPOH ITI0CAEI0BATEABHOCTD CITEK-
TPaABHBIX KAACCOB 0003HaYaeTCs 3arAaBHBIMH OyKBaMU AQTHHCKOTI0 aada-
BUTaA. OCHOBHBIE XapaKTEPUCTUKH CIIEKTPAABHBIX KAACCOB IIOMEIIIEHBI HAa
dopaarie 4. ToHKME pa3AWdHs BHYTPH KasK/10TO KAacca JOIIOAHUTEABHO 101~
pasmeasaioT Ha 10 monkaaccoB — ot O mo 9. Harrpumep, CoaHlle mpuHagAe-
JKUT K CIIEKTpasbHOMY Kaaccy G2.

JlaHHasa 11ocAe10BaTEABHOCTD CIIEKTPAABHBIX KAACCOB OTPasKaeT YMEHB-
LIeHHue TeMIepaTypbl aTMocdep (potocdep) 3BE3n oT Kaacca O K Kaaccy L.
CnekTpaabHad IOCAEJ0OBATEABHOCTEH OJHOBPEMEHHO SIBAFETCS U IIBETOBOH:
3Bé3bI Kaacca O UMEIOT roAyO0oBaThIH IIBeT, Kaacca B—roayboBaTo-6eabli,
A — GeAbIii U T. . [IAS 3aTIOMUHAHUS 3TOH TOCAEI0BATEABHOCTH UCIIOAB3Y-
eTcsd caenylomias pasa (MHEMOHUYECKOE IIPABUAO):

(0] | B | a F G K M it

OanH BpuTbin  aHrAMYaHUH  DUHUKKU Kesan Kak Menknii NyK



156 Pasaen VII. 38é3abl

XUMUYECKUH cocTaB arMocdep OOABITUHCTBA 3BE3/ ITOYTH OAUHAKOB. Ha-
PYyZKHBIE CAOH 3BE3/] COCTOAT U3 BOAOPOAHO-TEAUEBOM CMECH C OYE€Hb MaAOH
nobaBKoi 6oaee TIKEABIX 9IAeMeHTOB. HanmpumMmep, anarorudso COAHITY APY-
ryve 3BE3/bI cozlepKaT B CBOUX aTMocgepax 73 % Bomopoaa, 25 % reavd u
2 % BCEX OCTaABHBIX 3AEMEHTOB.

Pasanumg B cmekTpax 3BE3/] ONPENEATIOTCS TAaBHBIM 00pa3oM pa3Au-
YHUSIMHU TeMIlepaTypbl. B doTocdepax XOA0HBIX 3BE3 MOTYT CyIIIECTBOBATh
IIPOCTEUIINE MOAEKYABI. [103TOMy XapaKTepHBIMHU AETAAIMU CIIEKTPOB 3BE3[
KaaccoB M u L aBASIOTCH IIUPOKHE ITIOAOCHI IIOTAOIIIEHUSI MOAEKYA, HAIIpH-
Mep CrH. ITpu Goaee BBICOKHX TeMIIEPATypPax MOAEKYAIPHBIE COETHHEHUS
pacnagaroTcd. B Takux clieKTpax IIpoIiafatoT CIIEKTPaAbHBIE IIOAOCEI MOAEKY -
ASIPHBIX COEIMHEHUH, 3aT0 [TOSBASIFOTCS AWHUH, COOTBETCTBYIOIINE HEUTPaAb-
HBIM MeTaaraM. TakuM 06pa3oM, ClieKTpasbHasT KAACCU(DUKAIIUS 3BE3]—
9TO TeMIlepaTypHas KaacCUpUKaIus 3BE3IHBIX CIIEKTPOB, OCHOBaHHAsI Ha
OILIEHKaX OTHOCUTEABPHOM MHTE€HCHUBHOCTH U BU/IA CIIEKTPAABPHBIX AUHUH.

B HacTogIllee BpeMsl CIEKTPAABHOM KaacCUHUKAIIMel oXBadyeHo Ooaee
500 TrIC. 3BE3.

3. pasmepbl 38€34,. AMHEMHBIN paauyC R 3Be31bI MOXKHO OIIPENEAUTE, €C-
AU U3BECTHBI €€ YTrAOBOM pagUyC p/. U pacCTOSHUE [0 3BE3Abl ' AW TOANY-
HBIH napassakc . 1o ¢opmyae R=r-sinp .

206 265" P
Tak Kak r=——— a. €., IAd YyrAOBOI'O paguyca Sin p =

r

— . TO
o . 206 265"

uMeeM R=— a. e.

r

AnHelHBIE paAuyChl 3BE3/ IIPUHATO BbIpaXaTh B paguycax CoaHIIA.
B pamuycax CoaHna 1 a. e. paBHa 149,6 - 10°km : 0,696 - 10° xkm = 215.
M crioab3yd 3TO COOTHOILIEHUE, ITIOAYINM (POPMYAY OAS OIIPEAEACHUS AMHeH-
HBIX PayCOB 3BE€31 B paguycax CoAHIIa B CAEQYIOIIEM BHIE:

R 2152,

3BE&30bI HACTOABKO JAAEKH OT HAC, YTO UX YTAOBBIE pa3MepPhI MEHBIIIE IIpe -
[eAa paspelleHusd KPYITHEHIIINX TeACCKOIIOB. [IAd SpKUX OAN3KHUX 3BE3[ yTAO-
BOH paryCc HaXOAAT 10 UHTeP(PepeHITMOHHON KapTHHE, KOTopasi II0AyIaeTCsI
B pe3yAbTaTe IIePEeKPBITHS N300 pasKeHUH 3Be3/1bI, ITPH IIOMOIIH ABYX IITUPOKO
paccTaBAEHHBIX TEAECKOIIOB. HamprMep, ¢ IIOMOIIBI0 OIITHYECKOT0 HHTepdepo-
MeTpa, COCTOSIIETO U3 ABYX ChepHIeCKUX 3epKaa AuaMeTpoM 6,6 M Kaskoe,
Ppa3HeCcEéHHBIX Ha MaKCHUMaAbHOe paccTossHue 180 M, yIaa0Ch U3MEPUTE YTAOBOH
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muamerp € OproHa. OH OKa3aAcs paBHBIM 0,00072:(,) a(l) 8%1?3 ggK TOAWYHBIN T1a-
paasaxc 3Be3an! paBeH w1 = 0,00247, To R= =
215x 0,0024"

Pamnycel 3BE31 MOTYT OBITH BBIYHMCAEHBI 10 MX MOIITHOCTH H3AYYECHUS
(cBeTHMOCTH) ¥ TEMIIEpaType. 3aIInilieM 3HaYeHUe [TIOAHOH MOIITHOCTH U3AY-
YeHUS AT KaKOH-AH00 3Be3abI U Aas CoaHIIA:

L 4 % ¢ |L =4aRioTy,

rne Lu Lo, Ru Re, Tu To— COOTBETCTBEHHO CBETUMOCTH, AMHEHWHBIE pa-
OUYChI U abCOAIOTHBIE TEMITEPATYPhI 3Be3abI 1 CoAHIIA.
I[TpuunMmasa Lo= 1 u Rp= 1, noay4uwm:
2 T
_4|
o]
HAU OKOHYATEeABHO B AMHEMHBIX paanycax CoaHIA:

T 2
R=L|-2|. (2)
T
ﬂHaMeTpBI 3Bé3/1 CHABHO OTAUYAaIOTCHA: OT pa3MeEpPoOB, CDPAaBHHUMBIX C 0OAB-
110#1 TToAyOCBHI0 opbuThl FOTIHTEpa (KpacHbIe CBEPXTHUTAHTHI), 10 Pa3MepPOB

3eman (6eable KAPAHUKH) HAH JaKe M0 HECKOABKHUX KHAOMETPOB V HEUTPOH-
HBIX 3BE3M (puc. 124).

HelTpOoHHasA \‘\*
3Be3ga .
L

3emna

L=R

ConHuge Bera

3Be3aa .
nenteHa
KaHonyc

aHTapec
| 3Be3pa
" Bonbd 457

' 3Be3ga 40
dpuaaHa

PucyHok 124 — Pasamepbl HEKOTOPbIX 3B€34 B CPaBHEHUU C pasmepamum 3emau
(Ha pucyHKe cneBa) n ConHua (Ha pUcyHKe cnpasa)
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@ I'staBHBIE BBIBOABI

1. CnekTpasbHad KaacCu(pUKAallNs 3BE€31 OCHOBaHAa Ha OIIEHKAaX OT-
HOCHUTEABHOM MHTEHCHBHOCTH U BUA CIIEKTPAABHBIX AMHUH.

2. Pa3mepnl 3BE3/1 ITPOIOPIIMOHAABHBI PACCTOSTHUSM 10 HUX ¥ BUITH -
MbIM YyTAOBBIM pa3MepaM.

3. 3Has MOIITHOCTh U3AYYEHHUS 3B€3/Ibl (CBETUMOCTS), TEMIIEPATYPY
3Be3bl U TeMnepatypy CoaHIla, MOKHO OIIPENEAUTH €€ pa3Mep (B pa-
auycax CoaHIIa).

@ KOHTpOl‘IbeIe BOMNpPOCHI U 3a4aHUA

1. KakMm o6pa3om MOXKHO onpeaennTb TemrnepaTypy 38e34bl, UICNOJb3ya 3aKoHbI CTe-
¢daHa — bonbumaHa 1 BuHa?

2. Mo KakMm NpUHUMMNAM NPOU3BOAUTCA CMEKTpasbHaa Knaccudpukauma 3sésn?

3. Onpepenute pasmepbl 38e34bl Cnnku (o AeBbl), ecnmn TemnepaTtypa eé potocdepsl
paBHa 17 600 K, a cBetTumocTb B 1950 pa3 6onblie ceetMmoctn ConHua.

4. N3 KaKUX XMMUYECKNX /1IeMEHTOB B OCHOBHOM COCTOAT3BE3abI?

5. BO CKONbKO pa3 OTAINYAOTCA CBETUMOCTM ABYX 3BE34, OAMHAKOBOrO LBETA, €C/IM pa-
Anyc oaHOM u3 Hux bonblie B 25 pas?

§ 24. pBOMHbIE 3BE3Abl. Macca 3BE3,

1. TMnbl aBolHbIX 3B€3a,. HabAromeHNI TOKA3hIBAIOT, YTO MHOTHE 3BE3/bI
Bo BceaeHHO# 00pa3yroT Imaphl UAU SBASIIOTCS YAEHAMU CAOXKHBIX CHCTEM.
JIBOMHBIMH 3BE31aMH HA3LIBAIOT OAM3KO PACIIOAOKEHHBIE ITaphbl 3BE3/. Pas-
AMYAIOT OIITHYECKUE U (PU3UYECKUE NBOMHBIE 3BE31bI. ONTHYECKHE IBOHBIE
3BE3bI (Iapbl) COCTOAT U3 BECBMA MJAaAEKUX JPYT OT APyTra B IIPOCTPAHCTBE
3BE3/1, KOTOPBIE CAYJYaHHBIM 00pa30M IIPOEKTUPYIOTCH Ha HebecHyo cdepy mo
Ay4y 3peHus. PU3ndecKre JBOMHBIE 3BE3bI TPENCTABASIOT CO00H CHCTEMBI
OAM3KO PACIIOAOKEHHBIX B ITPOCTPAHCTBE 3BE3/T, CBI3aHHBIX CHAAMH TSTOTE-
HUS ¥ 00pallaoIIUXCsI OKOAO ODIIIETO IIEHTPa Macc.

3Bé3abI PUNIECKUX NBOMHBIX ITAP YaCTO UMEIOT Pa3ANYHbIN 1BeT. Tak, y
AHTapeca — o4eHb IPKOM KpacHOM 3Be3/1bI B co3Be3auu CKOpIIHUoOHa — UMe-
eTcs1 cAaOBIY rOAy0OBaTHIH CITyTHHK.
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[lepBas n3BecTHAad €LIE B APEBHOCTH 3BE31HAad napa— 370 Murap (Koxs)
1 Aapkop (Bcanuuk). Muniap — cpennsad 3Be31a pydKH «KOBIIa» CO3BE3IH
Boarvio#t MeaBeauiibl, KoTopasi UMeeT BUAUMYIO 3BE3THYIO BeAUdnHy 2,2™.
Ha yraoBoMm paccroguuu 120 ot Heé€ pacmoaokeHa caabast 3Be3zna AABKOP
co 3Bé3aHOM BeanynHoH 4,0™. 3Bé3nHaa napa Munap u AABKOpP — IIpUMeEp
OIITUYECKOMN ABOMHOM 3Be3/1bI. B CBOIO 0O4epeap, [azkKe B IIIKOABHBIH TEAECKOIT
XOpoIIo BUAHO: MHUIIap COCTOUT U3 ABYX O4Y€HBb OAM3KHUX 3BE3[, HEPa3AU-
YUMBIX HEBOOPYKEHHBIM raa3oM. KoMIIoHeHThI 3BE3MHOM nTaphkl Muniap A u
Munap B orcrogar apyr oT apyra Ha paccTodHUU 14 U UMEIOT 3BE3MHBIEC Be-
AngUHBI 2,4™ 1 4,0™ cooTBeTCTBEHHO. 3BE3MHAasI mapa Muiiap — mpumMep
- 3UYEeCKON MBOMHOM 3BE3/IbI.

dusuyecKre ABOMHBIE 3BE3AbI B 3aBUCHMOCTH OT CII0CcO0a UX HabAmoIe-
HUM IOAPa3eATIOTCH Ha BU3YATbHO-/IBOMHbBIE 3BE3/AbI (MX KOMIIOHEHTHI MOXK-
HO YBHUETH IIPU IIOMOIIIN TeAE€CKOIIa BU3yaAbHO UAM coTorpadupoBaTh),
3aTMEHHO-ABOWHbBIE 3BE3/bI (X KOMIIOHEHTHI IIEPUOAUIYECKH 3ar0PAKUBAIOT
APYT Apyra oT HabAIAATeAd U II03TOMY 3Be3/a MeHseT OAECK), CIeKTPaIbHO-
JABOMHBIE 3BE3/bI (IBOMCTBEHHOCTH IIPOSIBASIETCS B IIEPHOANYECKHUX CMEIIEHH -
SIX UAM PA3ABOEHUIX AUHUN UX CIIEKTPOB), aCTPOMETPUUYECKH-ABOMHbBIE 3BE3-
JbI (0/1HAa 3Be3/1a HE BUIHA ¥ BO3MYIIIAET ITPaBUABHOE IBUKEHUE COCeTHEH).

[IBoiiHBIE 3BE3ObI IBASIOTCH YACTHBIM CAy4YaeM KPaTHBIX 3BE€3/T, COCTOsI-
IIMX UHOTIA U3 HECKOABKHX KOMITIOHEHTOB. CyIIIECTBYIOT 3BE31bI TPONHEIE,
4yeTBEpPHbIE U fazke 6oAee BbICOKOH KpaTHOCTH . K KpaTHBIM 3BE€31aM IPUHSI -
TO IPUYHUCAITE 3BE€3 161, HMerolie MeHee 10 KoMrnoHeHTOB. CHCTEMEBI C 60AB-
IITUM YU CAOM 3BE3/1 HA3bIBAIOTCH 3BE3/THBIMY CKOILJIEHUAMM.

[TepBbIti cIHMCOK ABOMHBIX 3BE3 cocTaBUA B 1803 r. acTpOHOM YHABIM
Cepieasb. OTOT IIepedeHb CoAePKAA HECKOABKO COTEH 00beKTOB. K HacTosI-
11eMy BpPEMEHH U3BECTHO, YTO IIPHMEPHO IIOAOBHHA 3BE3[ Hallel ['arakTh-
KU — ABOMHBIE. [IBOHCTBEHHOCTE U KPATHOCTH B 3BE3JHOM MUPE — IIIUPOKO
pacIpoCcTpaHEHHOE IBACHUE.

2. 3aTMeHHO-ABOWHbIe 3BE3abl. 3ATMEHHO-ABOHHBIE, AU 3aTMEHHO-
nepeMeHHbIE, 3BE3/IbI TIPEACTABASIIOT CO00I TECHbIE TTapbl, 0OpaIAOIIHECs
C TIEPHUOJIOM OT HECKOABKHUX YaCOB /10 HECKOABKUX CYyTOK IT0 OpOuTaM, 60Ab-
1asi IOAyOCh KOTOPBIX CpaBHUMA C cCaMUMHU 3BE31aMu. [10 3ToM MpUYIHE MBI
HE MOXKEM YBUAETH OTAEABHO UX KOMIIOHEHTHI, TAK KaK YTAOBOE PACCTOAHUE
MexXay 3Bé3gamMu odeHb Maao. CyIUTh O ABOMCTBEHHOCTH CUCTEMbI MOXKHO
AHIIB T10 TIEPHUOAUIECKUM KOAEOaHUSIM OA€CKa, ECAU 110 AYYYy 3PEHHS TIAO-
CKOCTH OpOUT 3BE3/1 MPaKTUIECKH COBIIAAAIOT. B 3TOM cAydyae HabAOIAIOT-
Cd 3aTMEHM, KOTIa OAWH U3 KOMIIOHEHTOB IIPOXOAUT BIIEPEAN UAU C3aU
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KpVIBaﬂ CBETUMOCTHU SaTMEHHO-I'IEPEMEHHOl‘;I 3Be34bl

\/
Korp,a 3aKpbITa TYCK/N1aA 38€34a, APKOCTb

mMeHAeTCA He3Ha4nTenbHO

ABOﬁHaﬂ 3Be34a CTaHOBUTCA TYCK}'IO[;I, Koraa
3adKpPbITa NOBEPXHOCTb APKOro KOMMNOHEHTA

bneck, m —>

Mepuoa obpalieHus

-« >

Bpema — >

PUcyHOK 125 — UameHeHune 61ecka 3aTMeHHO-A,BOMHOM 3Be34bl

npyroro. PaccMoTpeHHYI0 CUTyallUIo IIOSICHSIET PUCYHOK 125, Ha KOTOpOoM
IIPUBOANTCS KPUBasi U3MEHEHU OAeCKa m 3aTMEHHO-IBOMHOM 3Be3/1bI, CBSI-
3aHHOTO C IIEPUOANYECKUMHU 3aTMEHUIMHU OJHOTO KOMIIOHEHTA APYTHUM.
Ha rpaduke rmokasaHbl pa3Hble TTOAOKEHNST KOMIIOHEHTOB 3Be3/Ibl Ha OpOUTe.
Pa3HOCTb 3BE3IHBIX BEAUYHH B MUHHUMYyMe U MaKCUMyMe OAeCKa Ha3bIBaeT-
Csl aMILTUTY/IOM, a IPOMEXKYTOK BPEMEHHU MEXKIY ABYMS ITOCAEI0BATEABHBIMHU
HauMEeHbIIVMH MUHUMYMaMH — HePpUOAOM IepeMEeHHOCTH.

Tunu4aHBIN DIpUMep 3aTMEHHO-TIEPEMEHHOM 3Be3abl — 3Be3na 3 [lepcesa
(AAroab), KOoTOpPad PErYASIPHO 3aTMeBaeTcs Ha 9,6 4 ¢ nepuogom 2,867 cy-
ToK. [lameHre 6Aecka B MUHUMYyMe YV 9TOH 3Be31bI cocTaBasieT 2,3™.

Bcero ussectHo 0K0A0 4000 3aTMEHHO-IBOUHBIX 3BE3.

3. cneKkTpanbHO-ABOMHbIE 3BE3abl. 3BE3ABI, ABOMCTBEHHOCTHL KOTOPBIX
yCTaHaABAWBAETCS AUIITb HA OCHOBAHHH CIIEKTPAABHBIX HAOAIOZIEHU M, HA3bI-
BaIOTCH CIMEKTPAJIbHO-IBOHHBIMH.

[TpeamnoAoKUM, YTO HaOAIOAATEAD HAXOQUTCS B IIAOCKOCTH OPOUTHI ABOM-
HOM CHCTEMBI, COCTOSIIIIEH U3 60Aee MACCUBHOU U TPKOM 3Be3Ibl A 1 MeHee
ApPKOU U MacCUBHOU 3Be3bl B (puc. 126). Kaxkaplii 13 KOMIIOHEHTOB — A U
B, o6pairiasicb BOKPYT IIEHTPa MaCcC CHCTEMBI, TO ITPHUOAMIKAETCS K HabAIoIa -
TEAIO, TO yaaadeTcs oT Hero. BeaencrBue apdekra [lonaepa B TepBOM CAydae
AWHUH B CIIEKTPE 3B€3bI OYIyT CABUHYTHI K (PUOAETOBOM 00AACTH CIIEKTPA,
BO BTOPOM — K KPaCHOM, IPUYEM IIE€PUOL ITUX CMELIEHUN paBE€H [IEPUOLY
obpamenus. Ha pucyHke puMCKHE ITH(PBI 0003HAYAIOT COOTBETCTBHUE CITEK-
TPOB ITOAOKEHUSIM 3BE3/1 HA OpOUTAX.
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[TocTossHHOE COBEPILIEHCTBOBAHHUE METO- v
OUKU OIIPEAEACHHUS CABUra CIIEKTPAABHBIX <~ @
AVHHAY TT03BOAUAO B 1995 1. 0OHAPYKUTE Y e Il Y
3Be3bI 51 Ileraca cmyTHUK Maccoii B ITIOAO- / ‘//’ T \\ A
BuHYy Macchl IOnurepa. K HacrogmeMmy Bpe- // // A \\
MEHH METOIOM Ay4eBBIX CKOpocTell y 6oaee [ AR
gyeMm 600 3BE31 OOHAPY>KEHBI TAAHETHBIE CH- Q ‘ @ .
creMmbl. OHH IOAYYHAU OOlllee Ha3BaHue — B \ \ A/ /
9K30IlJIaHETHI. \\ \\\ v // //

4. AcTpomeTpUYeCKU-ABOMHbIE 3B€3abl. N \‘% /
Berpegarorca Takue TeCHBbIE 3BE3MHBIE I1APH, Sl -
KOrzia ofgHa K3 3BE31 MAU OYEHBb Maaa IIo T
pasMmepam, AN UMEET HU3KYI0 CBETHMOCTb.

B 3TOM caydae Takyio 3Be34y PaCCMOTPETH B A K HabnioaaTenio
He yfaércsd, HoO 00Hapy>KUTh ABOMCTBEHHOCTh

BCE K€ MOJKHO. JIpKHIl KOMIOOHEHT Oyzner 3 | S
IIEPHUOANIECKH OTKAOHATHCS OT ITPSIMOAU- g T g
HEWHOU TPaeKTOPUH TO B OZIHY, TO B APYIYIO 3 1 §
cTopoHy (puc. 127), Kak OyaATO I10 IPsAMOM 5 v

OBUXKETCH LIEHTP Macc CUCTEMbI. Takue BO3-
MYIIIEHUS IIPOIIOPIIHOHAABHBI MaCCe CIIyT- PucyHok 126 — CmelleHne MMHUIA
HuKa. MccaemoBanusa ofHOM U3 OAVMIKAMIIIIX B CneKTpe ABOIHOI 3Be34bl

K HaM 3Bé€3[, U3BECTHOH 10 Ha3BaHUEM

Pocc 614 (eé 6aeck 11,4™u mapaanakc 0,257), mokazaaH, 4YTO aMIIAUTYyAa OT-
KAOHEHHH 3Be3/bl OT oxkugaemoro HanpaBaeHusa pocruraer 0,36 . [lepuos 06-
palleHuda 3Be30bI OTHOCUTEABHO IIEHTPa Macc paBeH 16,5 roaa.

Cpenu 6an3kux K CoAHITY 3BE31106HaPY-
2K€HO 0KO0AO0 20 acTpoMeTpPHUYECKU-IBOMHBIX
3BE3.

5. macca 38é34. [lanTeabHBIe HabArOAe-
HUSI BU3YaABHO-IBOWHBIX 3BE3 yOeauAn
aCTPOHOMOB, YTO OTHOCUTEABHOE BUIUMOE
[BUKEHHE KOMIIOHEHTOB COBEPIIAETCH I10 dA-
AUIICY U VAOBAETBOPSIET 3aKOHY IIAOIIANEH.
W3 sT0r0 caemyeT, 4TO B ABOMHBIX CUCTEMAaxX
obpareHus 3BE3/] IIPOUCXOAAT B COOTBET-

PUCYHOK 127 — OTKNOHEHue

B ABWXeHUM Cupuyca, Bbi3BaHHOE
CTBUH C 3aKOHaAMU KeTiaepa U TOAYHHSIOTCS  rpaBUTaLMOHHBIM BO3MYLLEHMEM

3aKOHY BCEMUPHOT'O TATOTCHUA HrroToHa. CNYTHUKA
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[To maHHBIM HaOAIOAEHWI ABOWHBIX 3BE3/ ITOAYIEHBI OIIEHKU MacC JIAS
3BE3/] pa3AUYHBIX TUIOB. AHAAN3 3TUX MJAHHBIX ITPUBEA K CAEAYIOIINM pe-
3yAbTaTaM.

1. Maccsl 3BE€31 3aKAO4YEHBI B nIpeneaax oT 0,03 mo 60 macc CoaHna.
Hawuboarlree koandectTBo 3BE31 uMeeT oT 0,4 10 3 macc CoaHIIA.

2. CymecTBymolIad 3aBUCUMOCTE MEXKY MaccaMU 3BE3 U UX CBETUMO-
CTBIO aéT BO3MOXKHOCTD OIIEHUBATh MaCChl OAMHOYHBIX 3BE3]1 [10 X CBETHUMO-
ctaMm. B uaTepBase macc 0,5Me < M < 10 Mp CBETHMOCTE 3BE3/IbI IPOIOPIIH-
OHaAbHA 4eTBEPTOU CTENEHU €€ MaccChl L = M. I[Tpu M > 10Me mokazaTeAb
cTereHu paBeH 2, T. e. L~ M.

3. Macca 3Be3/1bI B MOMEHT €€ (DOPMUPOBAHUS ABASIETCS BaKHEUIITNM I1a-
paMeTpoM, OMIPEAEASIONIUM €€ OCAEAYIONUIYI0 3BOAIOITUIO.

4. Paguycel 3B€31 UMEIOT BEChbMa IITUPOKUE ITPEAEABI, IO9TOMY CPEIHSIS
IIAOTHOCTE 3B&3/1 KoaebaeTca oT 5 - 1072 mo 3 - 108 kr/m> (cpaBrUTE ¢ COAH-
mem — 1,4 - 103kr/m).

I's1aBHBIE BBIBOABI

1. /IBe 3Be3/IbI, BBIIEASIONIHECS Ha (POHE APYTHUX OAH30CTHIO CBOUX
BUIUMBIX IIOAOKEHUM, HA3bIBAIOTCS ABOMHOM 3Be3/10M. [IBOMHBIE 3BE3-
Obl IBAFIOTCS YaCTHBIM CAy4YaeM KpPaTHBIX 3BE3L.

2, dusnyecKue ABOWHBIE 3BE3Ibl — CHUCTEMA ABYX 3BE3M, CBI3aHHBIX
CHAAMU TATOTEHHS U 00pAaIIIAIOIITHNXCsI OKOAO OOIIIETO ITIEHTPA Macc.

3. B 3aBHCHMOCTH OT MeTOa HAOAIOIEHUS IBOMHbBIE 3BE3/IBI TTOAPA3-
JEASIOTCSI Ha BU3yaAbHO-ABOMWHBIE, 3aTMEHHO-ABOMHBIE, CIEKTPAABHO-
OBOUHEBIE, aCTPOMETPUIECKU-IBOUHEIE.

4. KoMIioHEHTBI (DU3UYECKUX ABOMHBIX 3BE3[ COBEPIIAIOT BUIUMOE
OTHOCHUTEABHOE ABUIKEHUE I10 SAAUTICY B COOTBETCTBUU C 3aKOHaMU Ke-
IIA€PAa U IO JYUHAIOTCH 3aKOHY BCEMUPHOIO TATOTECHUS.

2" KoHTponbHbie Bonpocbl U 3agaHus
[ ]

1. Kakue 3BE34pbl Ha3bIBaOTCA ABONHLIMK? pMBeanUTE UX  KnaccubmKaumio.

2. Y10 TaKoe amnauTyga M nepuog nepemMeHHOCTU 3aTMeHHO-NepemMeHHbIX 3BE3a?

3. pgaliTe 06bACHEHME: NoYeMY MPOUCXOAUT CMELLEHWNE IMHUIA B CNIEKTPaX CNeKTpasibHO-
nepemeHHbIX 3B€34?
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§ 25. dBonouunna 3BE3L,

1. guarpamma «cnekrtp-ceetumoctby. CyIIlecTBYeT 3aBUCHMOCTb MEXKIY
OCHOBHBIMHU (PU3WUYECKUMU XapaKTepHUCTHKaMu 3BE3n. Ha ocHoBe Habarogne-
HUY OIIPENEATIOTCS CIIEKTPAABHBIE KAACCHI 3BE3/I, a I10 U3BECTHOMY PaCCTOSI-
HUIO — a0COAIOTHBIE 3BE3JHbIE BEAMYHUHBI, AU CBETHMOCTH 3BE3/I.

B mHayase XX B. HE3aBUCHUMO APYT OT Apyra OATCKHUH aCTpPOHOM
OitHap leprmmnpyHr u amepukaHckuit actpodusuk 'enpu Peccea ycranoBu-
AU CBSI3b MEXKIY 3TUMHU XapaKTepPUCTHKaMU. [JJaHHYIO 3aBUCUMOCTb MOXKHO
[IPeACTaBUTH B BUE AUArpaMMbl: 10 TOPHU30HTAABHOH OCH OTKAQIBIBAETCS
CIIEKTPaABHBIH KAaccC (HMAM TeMIepaTrypa) 3BE3M, a II0 BEpTHKaAbHOH —
UX CBETHMOCTH (B aOCOAIOTHBIX BeAWYHHAaX). Kaskoil 3Be31e COOTBETCTBY-
€T TO4Ka Ha 5ToH nuarpamMme. Takag nuarpamMMma Has3blBaeTcd AUarpam-
Mo I'epimmpynra — Peccesia vau uarpaMMoi «CIEKTP — CBETHMOCTh»
(cm. dop3arr4).

3Bé3bI Ha AUATpaMMe He PacCIIpeeAsIOTCSI CAydaiHbIM 00pa30M I10 BCceH
€€ rAoIa 1M, a 06 pa3yroT HECKOABKO I'PYIIII, HA3bIBAEMbBIX HOCTIEA0BATE/Ib-
HOCTAMM.

BoapmInHCTBO 3BE31 Ha AUarpaMMe AeXKaT B IIpeieAax YETKO BIPaKeH -
HOM AMaroHaAbHOM IIOAOCHI, IIPOCTHUPAIOMIENCS OT AEBOTO BEPXHETO [0 IIPaBo-
T'O HUXKHETO yTAa, KOTOpasi HA3bIBAEeTCs IVIABHOM IOC/IE€/I0BATEIbHOCTHIO.

B aAeBoii BEpXHEN YaCTU FAABHOM I10CAEIOBATEABHOCTH HaXOAdTCHd Mac-
CHUBHbIE ropgYHe 3BE€3bI CIIEKTPAABHOTO Kaacca O, KOTOPBIE B AECATKH ThI-
cs4 pas IIpeBBIIAIoT ITo cBeTUMOoCTH CoaHIle. Takye 3BE€31bI HA3bIBAIOT I'0O-
pSYNMU CBepXruraHtaMu. Ilo Mepe yMeHBbIIEHUS TeMIIepPaTypbl CBETUMOCTD
3Bé3M IaaeT. 3aTeM II0A0CA TAQBHOM ITOCAEI0BATEABHOCTH ITPOXOAUT YEPES
obaacTs, roe HaxoaaTcs roxozkue Ha CoaHrle 3BE3pI Kaacca G. M HakoHerT,
rAaBHas ITIOCAEI0BATEABHOCTD OIIyCKAEeTCd K HUKHEH IIpaBol yacTH auarpam-
MbI. 31ech HaxoasaTcs 3BE€31bI Kaacca M 1 L ¢ Maaoit Maccoit 1 OTHOCHUTEAD-
HO HU3KOH TeMIIepaTypoi. OTH 3BE€31bl HA3bIBAIOT KPACHBIMU 1 KOPHYHEBBI-
MU KapAUKaMH.

K 3Bé3mam raaBHOM IOCAENOBATEABHOCTH OTHOCSTCS XOPOIIIO U3BECT-
Hble 3B€3161 — Cupuyc (o Boarsioro Ilca), Bera (o Aupsl), Hamie CoaHILe.
3BE3IBI C OTHOCHTEABHO HU3KOM TeMIepaTypoii porocdeps! (3—5 - 103 K)
U cBetuMOoCThI0O B 100—1000 pa3s 6oableii cBeTuMocTu CoAHIIA 00pa3yioT
NOCJIEA0BATEIbHOCTh KPACHBIX T'MraHTOB. K MaHHOM IOCA€OBATEABHOCTH OT-
HOCsTCs, HaIpuMep, ApkTyp (o Boaomaca), Aapnebapan (o Teanria).
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PucyHokK 128 — [luarpamma «CNeKTp — CBETUMOCTb» C YKa3aHMeM KN1acCOB CBETUMOCTHU

B BepxHel yacTu guarpaMmbl «CIIEKTP — CBETHMOCTB» PACIIOAATAETCS
NOCeA0BAaTEIbHOCTh CBEPXTUTAaHTOB (puc. 128). 910 3BE31bI C OY€HbBBICO-
KO CBETUMOCTBIO, HU3KOH IIAOTHOCTBIO, B IECATKH U COTHU Pa3 OOABIITUMHU
anaMmetpamu, yeM y CoaH1la. K cBepxrurantaM DpUdUCALIIOT 3Be3ay beTeab-
retize (o OpuoHa).

B AeBo HUXKHEN 4aCTU AHarpaMMbl PACIIOAOXKEHBI TOpsAYne 3BE3AbI CAA-
601 CBETUMOCTH — MOCJIEA0BATEIbHOCTD O€eJIbIX KAPJIUKOB. VX pazMmepsl
CpPaBHHUMEBI C pa3MepaMu 3eMAH, a Macchbl 6Au3KH K Macce Coaniia. [Toato-
My CpemHSs ITAOTHOCTDH OEABIX KAPAUKOB IPEBBIIIAET MAOTHOCTh 3€MHBIX
mopond B cTo Thicad pai. C apyroii CTOPOHBI, CPeaHsIS ITAOTHOCTD 3BE3MI-
CBEPXTUTAHTOB O4Y€Hb HU3KAas — B THICSIYU pPa3 MEHBIIIE IIAOTHOCTH 3€MHOM
aTMocdepsl. [IAOTHOCTE BellecTBa B aTMocepe 3Be3abl BAUSET HA IITUPH -
HY CIIEKTpPaAbHBIX AMHUU. [lo5TOMY, HarlpuMmep, y KPaCHBIX KAPAUKOB CIIEK-
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TpaAbHbBIE AMHUH IIIHPE, YEM Y TUTAHTOB U CBEPXTUTIaHTOB. 3HAYUT, 10 BULY
CIIEKTPAABHBIX AMHHH OIIpeAeAseTcs, K KAKOH II0CAEN0BATEABHOCTH IIPHUHA/I-
AEXKUT 3Be3/a (raaBHAS, KAPAUKH, TUTAHTHI).

[To mocaemoBaTeAbHOCTH OlleHMBaeTcs abCOAIOTHAasd 3BE3/HAs BEAUYMHA,
a 3aTeM U paccTosgHHUe (CM. popMyAy 6, § 22). ITOT METOL OTIpEAEAEHUS pac-
CTOSHUHN HAa3bIBAETCSI METOAOM CIIEKTPAJIBHBIX MAPAIJIAKCOB.

HanbGoaee MHOTOYHCAEHHBIMU 3BE3IaMU SIBASIIOTCH KpPaCHbI€ KapPAUKU:
Ha 10 MAH KpaCHBIX KAPAUKOB IIPUXOIUTCS OKOAO 1 MAH GeABIX KapAUKOB,
npuMmepHo 1000 rMraHTOB B TOABKO 1 CBEPXTHUTAHT.

B Mepkckoit o6cepBaTopur pa3paboTaHa AByMepHAs CIIEKTPAAbHAd KAAC-
cuduKanys, B KOTOPOH KasKAbIH CIEKTP 3Be3/bl YIUTHIBAET OCOOEHHOCTHU
CIIEKTPaABHBIX AMHHUH U CBETHMOCTH 3B€311 (cM. puc. 128). Orakaaccudu-
Kalud pas3feAdeT BCe 3BE3AbI HA HECKOABKO KJIACCOB CBETUMOCTH (0T I 1o
VII).

Ia-0 — camble SpKHE CBEPXTUTAHTHI;

la — apkueCcBepXTUTaHThI;

lab— cpenHue CBEpXTUTaHThI;

Ib — caabble CBEpXTUTAHTHI;

Il — apkue rurasThl;

III — caaOble TUTAHTEI;

IV—cyOruraursr;

V — raaBHag IOCA€IOBATEABHOCTE;

VI — cyOkapAuKy;

VII — GeAble KapAHKH.

2. poxpenue 38é3a. [Iporrecc 3Be3moobpaszoBanud UAET B [arnakTUKe He-
IIpepPbIBHO — C MOMEHTA €€ BO3HUKHOBeHUd. [loATBEpKAECHUEM POXKIAECHUS
3BE3[ B HACTOMIIIEE BPEMSI IBASIETCS CyILIIECTBOBAHUE MACCUBHBIX TOPSINX
3Bé3n KaaccoB O u B, BpeMs KU3HU KOTOPBIX HE IPEBOCXOAUT 10 MAH AeT.

I[TpoAOAKUTEABHOCTD KHU3HH 3BE3[ COCTABASIET OT MUAAMOHOB [0 JECAT-
KOB MHAAHAPIOB AET. OTO BPeMS CAUIIIKOM BEAUKO, YTOOBI IIPOCAETUTH KU 3-
HEHHBIN IIyTh 3BE3[, NAH UX IBOJIIOIUIO. [[03TOMYy OCHOBHBIM METOI0M HC-
CA€OBAHUSI SBOAIOIIMHU 3BE3]] CAYKUT IOCTPOEHHE MOJeJell BHYTPEHHEro
CTPOEHUA 3BE3N.

[Ipu mocTpOEHNN MOEAU 321a10T Ha4aAbHBIE YCAOBUS (PU3UYECKOTO CO-
CTOSIHUS Trasa: XUMHUYECKUH cocTaB, JaBA€HUE (IAOTHOCTB), TEMIIEPATypy,
Maccy. 3aTeM Ha OCHOBaHHUH (PU3UYECKUX 3aKOHOB (Fa30BbIX 3aKOHOB, 3aK0-
Ha TATOTEHUs) paCCUUTHIBAIOT U3MEHEHUS 3TUX [TapaMeTpPOB C T€YEHUEM Bpe-
MEHH.
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PucyHoK 129 — O6pasoBaHue 3B€34 U3 rasonbiieBoro o6aaka

[To coBpeMeHHBIM IIPeCTaBACHUAM 3BE34bl 06pa3yoTCsa B pe3yAbTa-
Te CXKaTHd (TpaBUTALIMOHHOM KOHJEHCAIlWM) BEIleCcTBa MEXK3BE3MHON cpenbl
(pumc. 129, 1). 3BE3abI pOKAAIOTCS IPYIIIIAMHU U3 THTAHTCKUX I'a30ITbIAEBBIX
KOMIIAEKCOB pasMepamu 10 100 K 1 Maccoii B AeCATKH, a HHOTa U COTHU
THICHY COAHEYHBIX Macc. ['a3 B 3THX KOMIIAEKCAX HAXOAUTCS B MOAEKYASP-
HOM COCTOSHHH C TeMIIepaTypoi okoao 10 K.

ITon meiicTBHEM IPaBUTAIIMOHHBIX CHA KOMIIAEKC CKMMAaETCH, IAOTHOCTD
€ro pacTéT, ¥ OH pacnazaeTcd Ha OTAeAbHbIE CTYCTKH, HAU ra30IIbIA€BbIE 00-
Aaka (puc. 129, 2).

B razonbiaeBoM o6AaKe CAYIaHHO UAU IO/ AeHCTBHEM BHEIITHUX IPUYUH
BO3HHKAIOT I'PaBUTAIIMOHHO-HEYCTOHYUBEIEe (hparMeHThl, KOTOPhIE IIPOLOAKA-
I0OT CXKHMAaThCd. BHEITHUMH IpUYMHAMHU, CTUMYAHPYIOIINMH 3Be371000pa3oBa-
HUE, MOTYT CAY?KHUTH CTOAKHOBEHHS MOAEKYASIPHBIX 00AAKOB; 3BE3IHbII Be-
TEP OT MOAOBIX FOPSYNX 3BE3M; VAAPHBIE BOAHBI, IIOPOXKAEHHBIE BCIIBIIIIKAMU
CBEPXHOBBIX 3BE€31. Ecan Macca parmeHTa JOCTATOYHO BEAUKA, TO IIPOUCXO-
[UT DaAbHeHIUH pacrnaj Ha OTAeAbHble hparMeHThI-CIyCTKU (puc. 129, 3).

dparMeHTHI 3BE3THON MaCChl, CKUMAIOILIKECS IO AeHCTBHEM COOCTBEHHO-
IO TATOTEHUd, Ha3bIBAIOT MPOTO3BE3AaMu. [Ipy rpaBUTAIIMOHHOM C3KATHH ra3
B IIPOTO3BE3/€ pa30orpeBaeTcs, ¥ OHa HaYNHAaeT U3AydaTh B HHPPaAKPaACHOM
Juaria3oHe CIeKTpa. BelecTBo, oKpyXKamllee 9apo IPOoTO3BE3Ab], IafacT Ha
HEro0, yBEAMYHBAs €TI0 MaccCy U TeMiepatypy. Korna naBaeHue, cozgaBaemMoe
HM3AYYEHHEM 3Be3[bl, CTAHOBUTCH [IOCTATOYHO OOABIINM, ITaJl€HHE BEIIEeCTBa
npekpairaercd. [laBAeHHE H3AYIEHHS OTPAaHUYHNBAET MaCCy Oy ayIIHX 3BE3/T
BEAWYHHOHN B HECKOABKO fecaTKOB Macc CoaHIa. JJAUTEABPHOCTb CTAIUM CXKa-
THUS 32aBUCHUT OT MaCChI IIPOTO3BE3AbI: IIPU MAaCCE MEHBIIIE COAHEYHOM — COT-
HU MHAAVOHOB A€T, IIPU OOABIIIeH — COTHH THICSY A€T.
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BpainieHue mpoTo3BE3 UIPAET BAXKHYIO POAB B UX JAaABHEUIIIEH 5BOAIO-
1uU. YacTo y Bpalllaroieics ITPoTO3BE3 bl 00pa3yeTcs BOKPYT IIEHTPAABHO-
'O CTYIIIEHUS TPOTIKEHHBIH ra30IILIAEBOM IUCK, U3 KOTOPOTO ITOTOM 00pasy-
eTcsIIAaHeTHad cucteMa. PopMupyromadacsd 38e34a B KOHIIE CTAAUU CKATUA
HMeeT 3HAaYUTEABHBIE Pa3MePhI IIPU €I€¢ OTHOCUTEABHO HU3KOU TeMIIepaTy-
pe noBepxHoCcTH. CKaTue IPOTO3BE3Ab] IIPEKpalllaeTcd, Korja TeMIiepaTypa B
LEHTPE 4Apa JOCTUTHET HECKOABKHUX MUAAWOHOB I'payCOB, TOr/1a BKAIOYAIOT-
Cd TepMOSAEePHBbIE UCTOYHUKU SHEPTUM, PEAKIIUN IPOTOH-IIPOTOHHOIO [IUKAA.
MomMeHT Hauyaaa TEPMOSAEPHBIX PEAKIIUN €CTh MOMEHT POXKIECHUI 3BE€3/bI.
Temneps TeMIIEpaTypa ¥ HAOTHOCTH BHYTPEHHUX CAOEB CTAHOBSITCS TAKUMU,
YTO CHUAA UX YIIPYTOCTH MOXKET IIPOTUBOAECHCTBOBATEH BECY HAPY2KHBIX CAOEB.
[Tocae Havasra BOOOPOAHBIX PEAKLHI U YCTAHOBACHUA PABHOBECHOI'O COCTOL -
HUS 3B€3/a [10IIaJaeT Ha TAQBHYIO IIOCAEOBATEABHOCTD JUATPAMMEI «CIIEKTP-
CBETUMOCTE». HOBOpOXKAEHHBIE 3BE3bI IOIBAGIOTCA Ha FAAaBHOM IIOCA€NOBA-
TEABHOCTH I10 BCeH e€ MANHE (B 3aBUCHUMOCTH OT UX MACCHI).

3. 9BosOUMOHHbIE nepemelteHnsa. OT MacChl B IIEPBYIO OYEPENb 3aBUCHT,
Kakyo TeMneparypy OyaeT UMeThb SApOo 3Be3Ibl B MOMEHT YCTaHOBACHUS
YCTOHYUBOro paBHOBecHs. YeM 0oabllle Macca CKHUMAIOUIEroCs Tra30IIbIA€BO-
I'o KOMIIAEKCA, 3aTeM IIPOTO3Be3 bl K HAKOHEI] 3Be31bI, TeM OOABIIIHH BEC BbI-
IIIEAEIKATIIHX CAOEB IPUXOUTCS BBIIEPIKUBATE €€ aapy. [loaToMmy HyzkHa 60-
Aee BbICOKas TeMIlepaTypa, YToObl ra30BO€ JaBA€HHUE MOTAO IIPOTHBOCTOSITh
3TOMY BECY.

Cawmble MaccuBHBIe 3BE31bI (pa3mepoM B 30—50 macc CoaHIla) rmopoxkaa-
I0T Hanboaee ropguune 3BE3apI Kaacca O. TemnepaTypa HEeHTPaABHBIX 00Aa-
creli Takux 3B€311 cocTaBasieT 30—35 MAH rpagycosB.

Bolapiyto d4YacTb BpPEMEHH 3Be€3Ja HaXOAUTCHd Ha TAaBHOM
nocaeoBaTeAb- HocTU. Ho Tak Kak 3anachkl BoAOpoAa IIPOIOPIIMOHAABHEI
Macce, a pPacxofl SHEPTHUU (CBETUMOCTBH) IIPOIIOPIIMOHAAEH 4YeTBEPTOH
CTENEeHHU MAacCChl, TO BOZO- PO/ B MaCCHUBHBIX 3BE€3/1aX BBIrOpaeT ObICTpee.
Bpemsa mpebbiBaHUS 3Be3[bI Ha MABHOU IIOCAENOBATEABHOCTH OIPEAEASIeTCS
IIPOCTOH 3aBUCUMOCTBHIO

1010 —— (aer),
1Y E

rme M — Mmacca 3Be3abl B Maccax CoaHIIA.
[To mpuBen¢HHOM BEIIIE OPMYAE MOZKHO HOACYUTATE, 4T0 COAHIIE HCYEp-
maeT CBOU 3ariac BOJAOPOIHOIO TOIIAMBA MpUMepPHO 3a 10 MApPI AeT (Takum
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obpazom, CoaHIlE, BO3PACT KOTOPOTO I10 OIIEH-
KaM Y4EHBIX COCTaBASET OKOAO S MAPJI A€T,
«IIPOZKUAO» Ha TAABHOU ITO0CAEI0BATEABHO-
CTU AUWIIBL IIOAOBUHY CBOel KU3HHU). 3BE3-
Ibl ¢ MaccaMmu, paBHbIMHU 10 maccam CoaH-
11a, UCcYepIiaoT ero Bcero 3a 10 MAH AeT,
cAabo U3AydaroIpie KpacHbIE KAPAUKH MacC-
coit okoao 0,5 maccer CoaHnia — 3a 80 MapL
AeT. ['opsTurx MOAOIBIX 3BE3/1-TUTAHTOB Ha-
OAIOJaeTCs MEHBIIIE H3-3a MAAOTO BpEMEHU
cyliecTBoBaHus. [loaToMy Hanboaee 3a110A-
HEHa ITpaBasi HUXKHAS YaCTh TAABHOM ITOCAe-
JIOBaTEeABHOCTH JUATPAMMEBI «CITIEKTP — CBe-

PucyHok 130 — dsonioums 38834 THMOCTBD.
pasnuuHo maccbl [Tocae BeIrOpaHUd BOAOPOaA B HEApax

3Be3/bl 00pasyercs ropsiee reAueBoe SIApPo.

IaspHeHIIaa 5BOAIOIHUS 3BE3AbI 3aBUCHUT OT MAaccChl 3Toro aapa. Ecau ona
mensbIne 1,4 maccel CoaHIIA, TO IO, AEHUCTBUEM I'PaBUTAIIIOHHOTIO C3KaTHUSI
reAreBOe AP0 CHOBa pasorpeBaercd (reMneparypa nosbliaercd 10 100 MAH
rpaaycoB). BHelTHIE cCAOU 3BE3 01 ITPH 3TOM PACHINPSIOTCS U OXAQKTAIOTCS.
3Be3na cA0BHO pasbyxaeT. CBETHMOCTE €€ BO3pacTaeT, a TeMIlepaTypa rnaaa-
eT. 3Be31a CXOAUT C TAABHOM ITOCAEJOBATEABHOCTH U B 3aBUCHMOCTH OT Mac-
CBbI CTAHOBUTCS KPACHBIM I'UTraHToM (puc. 130) mAM CBEpXTUTaHTOM.

Pa3spacraromascsa armocdepa 3Be3Ibl IIOCTEIIEHHO YAAAIETCs OT saapa, 00-
pasyd IJIaHEeTapHYI0O TYMAHHOCTb. KOHEYHOH cTarel 9BOAIOLIMU 3TUX 3BE3]
ABASIIOTCS OeAble KapAUKHU. BeJIblil KapJIMK — KOMITaKTHAas 3Be371a CMac-
colt, paBHOM npuMepHo Macce CoaHIIa, paauycoM npuMmepso B 100 pa3 MeHb-
mre Coanrtia. ITaoTHOCTE Takux 3BE31 60aee ueM B 100 ThIC. pa3 mpeBOCXOAUT
IIAOTHOCTb BOJBI.

Kak u Bce 3BE3mbI, COAHIIE TPOXOAUT CTAIUU SBOoAOIHH. Yeped 5—
8 MApPI AET OHO IIPEBPATHUTCS CHaYaAa B KPACHBIM T'MTAHT, 3aTeM, COPOCHB
060A0YKy, cTaHET OeAbIM KapAMKOM. 3BE3abI, KOTOPble HAMHOTO MaCCHB-
Hee CoAHIIa, IPEBPAILIAIOTCS B XO/I€ 9BOAIOIINHY B HEHTPOHHBIE 3BE3/1bI (IPU
Macce ot 1,4 mo 2,5 macce! CoaHIla) MAM Y€pHBIE ABIPEI (IPU Macce 6oaee
2,5macceI CoaHIIA), ITpoxoas cTaauio CBEpXHOBOM.
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@ I'1aBHBIE BHIBOABI

1. Mexny pa3anyHbIMHU (QU3NYECKUMU XapaKTEePHUCTUKaAMU 3BE3]
CYILIECTBYET CBA3b. [luarpaMma 3aBUCUMOCTH CIIEKTPAABHBIX KAACCOB
3BE3/ (MAU TeMIIepaTyp) OT UX CBETHMOCTH Ha3blBaeTCHd AUarpaMMoi
«CIIEKTP — CBETHUMOCTb».

2. OBOAIOIIN4 3BE€3] — [IOCTEIIEHHOE N3MEHEHHE C TEYEHHUEM BPEME-
HU (PU3UYECKUX XapaKTEePUCTHK, BHYTPEHHETO CTPOEHUS U XUMHUYECKO-
TO cocTaBa 3BE3/I.

3. 3B€31bI 00pa3yI0OTCHa B pe3yAbTATe I'PaBUTAIIMOHHOTO CXKaTHS Be-
II1ECTBA U3 ra30I1bIAEBBIX KOMIIAEKCOB.

4. 3BE3BI B IIPOLIECCE 3BOAIOIIHH IIPOXOAST CTAIUU OT IIPOTO3BE3
[0 KOHEYHBIX CTaauil (B 3aBUCUMOCTH OT MAacCChl) — OEABIX KAPAHUKOB,
HEUTPOHHBIX 3BE3 AU YEPHBIX ABIP.

5. llepexon 3BE31 ¢ pa3AMYHOM MacCoi Ha AuarpaMMe «CIeKTp —
CBETHUMOCTE» C OJHOM IIOCAEIOBATEABHOCTH Ha APYIVIO B XO1€ U3MEHE-
HU4 UX [TapaMETPOB CO BPEMEHEM HA3BIBAETCH 9BOAIOIIHOHHBIM II€pEMeE-
LIIEHUEM.

6. Kaacchl CBETHMOCTH — 3BE3QHBIE I'PYIIITHI, VIUTHIBAIOIIHE OCO-
OEHHOCTH CIIEKTPAABHBIX AMHHHI H CBETHUMOCTE 3BE3I.

@ KoHTpobHble Bonpocbl U 3aaaHusA

: 1. MNo Kakomy NPUHLUUNY CTPOUTCA AMarpamma «CNeKTp — CBEeTMMOCTb» (Anarpamma
repuwnpyHra — Peccena)?
2. Kak Ha gmMarpamme «CrneKTp — CBETUMOCTb» pPacno/iaratoTca 38€34bl Pa3/IMYHOIo
pa3mepa?
3. falTe KPaTKYH XapaKTepPUCTMKY 3BE3LaM: CBEPXIUTaHTbl, KpacHble rMraHTbl, 6enble
Kap/IMKK, KPacCHbIE KapJINKK.
4. Y10 NOHMMAIOT NoJ 3BO/IIOLMEN 3BE3A?
5. OnnwunTe B 06WMX YepTax NpoLecc obpasoBaHMA 3BE3A,
6. YTO NOHMMAIOT NOA K/lacCaMu CBETUMOCTU?
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§ 26. HecTauMoHapHbIe 3BE3abl

1. obwan xapakrepuctuka nepemeHHbix 38é3a. MHorHe 3BE3OBI U3MEHHIOT
CBOH (PU3HYECKIE XapaKTEPUCTUKH B TEUCHUE OTHOCUTEABHO KOPOTKOTO ITe-
puona BpeMeHU. Takue 3BE30bI HA3bIBAIOTCS HECTAMOHAPHBIMHU. B oTanyne
OT 3aTMEHHO-TIEPEMEHHBIX 3BE3/1 (CM. § 24) OHM MEHSIIOT CBOIO CBETUMOCTH B
pe3yabTare PU3UYIECKUX IPOIECCOB, IPOUCXOASNINX B caMUXx 3Bé3gax. 1o
3TOMU TPUYHNHE UX HA3bIBAIOT (DU3UUECKHU MU IIepeEMEHHBIMU 3BE3/TaMU.

B 3aBHCHMOCTH OT XapaKTepa MPOTEKAIMX BHYTPU 3BE3/IbI IPOIIECCOB (hr-
3UYeCcKUe IePeMEHHbBIE 3BE3/IBI OBIBAIOT IyALCUPYIOIIUMHU U 3PYIITHBHBIMU.

IIyascupyroniue nepeMeHHbIE 3BE31bl — (PU3NUECKUE ITIEPEMEHHbIE 3BE3-
[IbI, Y KOTOPBIX IIPOUCXOST ITIEPUOIUIECKIE KOoAeOaHUs OAecKa (HaIllpuMep,
edenasl, 3B€3ab1 TUIIA RR Auphl, MUpUALI).

ApynTUBHbBIE 3BE3/IbI — (PU3NIECKIE ITEPEMEHHbBIE 3BE3IBI, TPOSIBASIIOIIAE
CBOIO IIEPEMEHHOCTD B BU/IE BCIIBINIEK, KOTOPhIe 00BSICHSIOTCS BEIOpOCaMU Be-
IiecTBa (HampuMep, HOBBIE U CBEPXHOBBIE 3BE3BI).

Bce nmepeMeHHbBIe 3BE3bI UMEIOT CIIEIIMAABHBIE 0003HAYEHUS , ECAU UM HE
OBIAY ITPHCBOEHBI PaHbIlle OYKBbBI IPeYeCcKoTo ardpaBuTa. B Kaxk1oM co3BE3-
ouu nepBble 334 nmepeMeHHbIE 3Be3/IbI 0003HAYAIOTCS TOCAEL0BATEABHOCTBIO
OykB aaTuHCcKoro aadpaButa R, S, T, ..., Z, RR, RS, ..., RZ, SS, ST, ..., ZZ,
AA, ..., AZ, QQ... c tobaBAeHHEM Ha3BaHUS COOTBETCTBYIOIIIETO CO3BE3/THUS.
Caenyroliyie IIepeMeHHbIEe, KOTOPBIM HE XBATHAO KOMOWHAIIUH 3THX OYKB B
co3Be3auH, obosHavarrca V 335,V 336 u T. 1.

2. NMynbcupyowme nepemenHble 38é3apl. [lepBas myabcUpylollias 3Be3aa
ObIra OTKPBITA HEMEIIKUM acTpoHoMoM JaBunom dabpuiimycom B 1596 1. B
co3Be3auu Kurta u HazBana Mupoii. [lepuoa nameHeHus 6AecKa 3TOH 3B€3 /b1
cocraBasgeT331,6 CyTOK.

JoAronieprogudeckye IepeMeHHbIe 3BE3LI (C TIIEPUOJAMH OT HECKOABKUX
HeIeAb 0 Toaa v 6oaee; 3BE3 b1 TUTIAa MupbI KuTa) Ha3bIBAIOTCSI MUPHUIAMU.
[TpakTHyecku Bce 3BE3IBI 3TOTO THUIIA — KPaCHbBbIE TUTAaHThI OTPOMHBIX pa3-
MePOB U O0ABIIIOH CBETUMOCTH. AMIIAUTYAbI ©3MEHEHUsI OAeCKa TaKUX 3BE3
MOTYT JOCTUTATH AECATH 3BE3THBIX BEAUYHH.

[Tpu 5BOAIOIIIOHHOM ITPEBpPAIIleHUH 3BE3AbI B 3BE3Ay-TUTaHTa IIPOUCXO-
OUT yBeAMdeHHe e€ 00béMa U YMEHbBIIIEHHUE CPeTHEHN IIAOTHOCTH BEIIIECTBA.
B 3T0 BpeMs BHYTpPEHHeEE CTPOEHUE 3BE3Abl U3MEHSETCS KOPEHHBIM 00pa3oM,
YTO MOZKET COIIPOBOXKAATHCS HAPYIIIEHHEM PaBHOBECHI MEXK/Ty CHAAMU I'pa-
BUTAIIMOHHOTO TPUTAXKEHUL U AYIEBOTO JaBACHULI. DTO IPUBOAUT K IIEPUO-
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AHUYIECKHUM KoAebaHugaM oobEMa 3BE3MbI: €€ KpuBan 6necka m
oboA0YKa TO pacluIiupdercd, ToO CZKUMaeT-
csa. Takue IIEPUOONYIECKHUE KoAebaHud 11e-
PEMEHHBIX 3BE30 HA3bIBAIOTCSA IIYABCAIlH-
OHHBIMH. HyAI:C&LII/IH 3BE€34bI IIPOUCXOOUT

KpuBasa nyyesom .ot

*
.e® “‘ CKopocm‘,u' .

6Aaromapst KAQIAHHOMY MEXAHU3MY, KOTIa et * %,
. L PR
HEIIPO3Pa4YyHOCTb HAPYZKHBIX CAOEB 3BE3/bI & m -
puBas .
3a/1€p>KUBAET YaCThb U3AY4YEHUH BHYTPEH- Temnepartypbi _
HUX CAOEB. [Ipy HarpeBaHUU HaApPYKHBIA 0 p_

CAOU CTQHOBUTCH [IPO3PAYHbIM, [IOTOK BbI-
XOALAIIETr0 U3AyYeHUd yBeanyuBaetTcd. Ho
3TO IPUBOAUT K OXAQKIAECHUIO U CKATHUIO,
H13-3a 4ETr0 CAOM CHOBA CTAHOBUTCH HEIIPO-
3pa4YyHbIM U BECh IIPOLIECC ITIOBTOPSETCH
CHOBaA.

OOIIHPHBIN KAACC OYEeHDb IPKUX IIEPEMEHHBIX 3BE3/1-CBEPXTUTAHTOB U T~
raaToB KaaccoB F u G HaspiBaeTcsd nHedengaMu. ITo ITyABCUPYIOIIUE TTepe-
MeHHBIE 3BE3/IbI, 0AECK KOTOPBIX TAABHO U IIEPHUOAUYECKH MeHseTcst oT 0,5
[0 2 3BE3MHBIX BEAWYHH. [lepro n3aMeHeHus: 6AecKa cocTaBadeT oT 1,5 mo
70 cyrok. HazBanue npoucxonut oT d Lledpes — omHo# 13 Hauboaee TUTTHY -
HBIX JASI JaHHOT'O KAacca IIepPEMEHHBIX 3BE3 .

OOHOBPEMEHHO C BUAMMOM 3BE3THON BEAMYHUHOHU y Iieper] MEeHAEeTCs
CIIEKTP U TeMmIepaTtypa (B cpegHeM Ha 1500 rpanycos) (puc. 131).

[lepuon myabcaliyii 3B€34b1 3aBUCUT OT CPEAHEN TIAOTHOCTH €€ BEllleCcTBa
U HIOAYUHSIETCH CAEAYIOUIEY 3aKOHOMEPHOCTHU:

PucyHoK 131 — Mpadpumkun
M3meHeHuAa 6necka, nyyesoi
CKOPOCTU U TemnepaTypbl uedpeng

t 0,12
VP N

rae P—nepuop nmyabcalyii B CyTKax, p — CPeaHsIs IIAOTHOCTS (B €AMHUIIAX
cpenueit maotrHocTu CoaHlla). CpenHssS MAOTHOCTH BelllecTBa liedpens] cocTaB-
asteT okono 1072 kr/m3.

Hedennr! c 6oabIIes Maccoif UMEIOT OOABIIYI0 CBETUMOCTD, OOABIITHH
panuyc, HO MEHBIIYI0 IIAOTHOCTH H, COOTBETCTBEHHO, OOABIITHN IIEPHUOL
IIyAbCAllVH, T. €. Iepenapl 00Aaa0T BasKHOH 3aBHCHUMOCTHIO «IIEPHOL —
CBETUMOCTE» (puc. 132). OTa 3aBHCHUMOCTH ONIHCHIBAETCS BEIPAKEHUEM:
M=-1,01 -2,791g P, tne P— nepuon u3MeHeHUs OAecKa B CyTKax, a M —
cpenHssg abcoAroTHAS 3BE3HAT BEAHYHHA. TaKuM 06pa3oMm, 10 U3BECTHOMY

P
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Mg U3 HAOAIOIeHU MTEPUOLY MOKHO OIIpee-

—-" - AUTH aOCOAIOTHYIO 3BE3THYIO BEAUYHHY UAU

CBETUMOCTSD 3Be3abl. CpaBHUBas €€ c Ha-

OAlOmaeMOE BHAMMOM 3BE3MHON BEAHMYHHOM,

MOZKHO OIIPEIEAUTD PACCTOSHUE O0 edeun-

Ibl. Beicokast CBETUMOCTE U IIEPEMEHHOCTD

i OAecKka MO3BOASIOT OOHAPYKUBATH IeEU -

OBl BIIAOTE 110 pacctosHuit 20 Mnok. UxHa-

OAIOIATOT B OAMZKAUIIIMX TAAAKTHKAX, OTIPE-

! ! ! IeAds TaKUM 00pas3oM PaCCTOSTHUS 10 3THUX

-1 0 1 2 3BE3HBIX CHCTEM.
lg P LHedennr 06pa3Ho HA3BIBAIOT MassKaMU
PucyHoK 132 — lpaduk Bceaennoii. K HacTod1ieMy BpeM€EeHU B HAIlIEH
3aBUCUMOCTU abCONIOTHOM lF'asnaktuke n3BecTHo cBhIle 800 11echenm.

3BE34HOI Be/IMUYMHDI OT Nepuoaa Jpyroii pa3zHOBUIHOCTBIO IIyALCUPYIO-

usmeHeHuA 6necka 3sé3n IITUX [I€PEMEHHBIX 3BE3T IBASTIOTCS 3BE3bI

y uedenanssspmuna RR mpel 1y, RR JIupsl, umemlipe 60aee KOPOTKUE

nepuonp1oT 0,2 no 1,2 cyrok. [IpakTuyecku

BCe 3BE3/IbI 3TOI0 THUIIA — TMTAHTHI CIIEKTPAABHOTO Kaacca A. OHU O4eHb ObI-

CTPOMEHSIOT OAECK. AMIIAMTYJA U3MEHEHUsI OAeCKa JoCcTUTaeT 1 - 3BE3qHOH

BEAUYHHEL. Y 3TUX 3BE3/I, KaK Uy lleper I, CyIIECTBYET 3aBUCUMOCTD MEKIY
II€PUOZIOM U CBETHMOCTHIO (CM. puc. 132).

B uedenabl

' RR nupbl

ok b b &b

3. HoBble 3BE3abl. 3BE3bI, OAECK KOTOPBIX BHE3AITHO YBEAUYHBAETCH B
TBICIYU U MHUAAHOHBI pa3 3a HECKOABKO CyTOK, IIOCA€ YE€TO 0cAabeBaeT M0
IIepBOHAYAABHOTO B Te€UYEHUeE roja U 6oaee, HA3HLIBAIOTCSI HOBBIMM 3BE3/1aMMU.

TepMuH «HOBag 3Be3za» He IIoApa3yMeBaEeT, YTO 3Be3/a poariachk. Tak
Ha3bIBAIOT 3BE3/IbI, Y KOTOPBIX 0AECK BHE3aImTHO yBeAndrAcs. Hampumep, on-
Ha U3 HOBBIX 3BE31, BCIIBIXHYBINAs B UioHe 1918 r., yBeanunaa cBoii 6AecK
3a getnIpe qH4 ¢ 11-# no —0,5-# 3Bé31HOM BeamuuHEI (T. €. B 40 ThIC. pas), a
3aTeM DpUHSAA IIpekHee 3HaYeHue OAecKa 3a mepuo 4y Th 6oaee 1,5 roaa.

HabAromeHusa 1oKas3pIBalOT, YTO BCIIBIXUBAIOIINMU HOBBIMH 3BE3aMU SB-
ASIIOTCS ropsiure 6GeAble KapAUKH CIIEKTPaAbHBIX KaaccoB O — B, nmerornie
abCOAIOTHYIO 3BE3IHYI0 BeANYHHY opsiaka 4™—5™. Bo BpeMs BCIIBIIIIKH 3TH
3BE3/IbI YBEAUYUBAIOT CBOI OAecK Ha 7" —16™3BE3MHBIX BEAUYHH (puc. 133).
3a BpeMs BCIILIIIKY HOBAs 3BE3/Ia H3AYYIAEeT S3HEPIHIo 0Koao 1038 [Tk (Takas
sHepruda uzaydaercs Coarnem npumMmepHo 3a 100 TrIC. AeT!).

[TpranHOM B3pbIBA HOBBIX 3BE3 [ IBASIETCS 0OMEH BellleCTBa MEK Iy KOM-
IIOHEHTaMH TECHBIX IBOUHBIX I1ap, K KOTOPBIM IIPUHAIAEXKAT BCE JOCTATOY-
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PucyHok 133 — paduK nameHeHus 61ecka HoBoi 3Be3abl

HO JI€TaAbHO MCCAEIOBaHHbBIE OBIBIIINE HOBBIE 3BE3/bl. MHOIrME HOBBIE 3BE3/IbI
BCIIBIXMBAIOT HEOAHOKPATHO. ECAM BCIIBIIIIKA [TIOBTOPLAETCH, TAKYIO 3BE3/y Ha-
3bIBAIOT IIOBTOPHOU HOBOM.

4. cBepxHoBble 38834bl. CBEpPXHOBBIE 3BE3AbI — OJHO U3 CaMbIX I'PaHIH03-
HBIX U 3aXBaTbhIBAIOIIUX KOCMHYECKUX ABA€HUM. CBEpXHOBBIMHU HA3bIBAIOTCH
3BE3/1bI, BCIILIXUBAOIIIHE IT0IT00HO HOBBIM H JOCTUTAIOIIHE B MAKCHUMyMe ab-
COAIOTHO# 3BE3IHOM BeANYUHBI 0T —18™ 10 —19™. OTaeAbHbIE CBEPXHOBEIE B
MaKCHMyMe OAecKa IIpeBBIIIAIOT CBETUMOCTh COAHIIA B AECATKH MUAAHAPIOB
pas, mocTuras abCoAIOTHOM 3BE3MHON BEAUYHUHBI M = —-20™—21"™,

B KuTaliCKIX AETOITHCIX YIIOMHHAETCS O BHE3AITHOM ITosIBA€HUU B 1054 1.
B co3Be3auu Teablla u HabarogaBHIedca
KUTANCKUMU U AIIOHCKHUMU aCTPOHOMaMU
«3BE3BI-TOCTBH», KOTOPas Ka3aaach spUe
Beneps! 1 6b1ra BuaHa naxe guéM. Cyctsa
[Ba Mecdlia 9Ta 3Be3[a Hadaisa yracathb, a
€I11€ YePe3 HECKOABKO MECSIIEB COBEPIIIEHHO
ucyesaa U3 II0Ad 3peHHUsI. B Haillle BpeMs ¢
IIOMOIIBI0 JOCTATOYHO MOIIHBIX TEAECKOIIOB
B 3TOM CO3BE€3IUU MOKHO BHUAETH TyMaH-
HOCTb IPHUYyIANBOH (DOPMBI, HAIIOMHHAIO- PucyHok 134 — Kpa6osugHas
IITyI0 IIABIBYIIIETO B Boie Kpaba. TyMaHHOCTh TYMaHHOCTb — OCTaTOK
Tak U Ha3Baau — KpaboBunHas (puc. 134). OT B3pblBa CBEPXHOBOIA 3B8€3/bl
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HabaroneHus mokasaau, YTo OHA paCIIIH-
paerca. C y4€ToM CKOPOCTH paclliupe-
HHUS MOKHO 3aKAIOYUTE, 4To KpaboBua-
Had TYMaHHOCTBb — 3TO0 OCTATOK B3phbIBa
cBepxHOBOH 1054 T.

B namei N'aaakTuke 3a nocaemHee
TBHICSYEAETHE 3aPETUCTPUPOBAHO He-
CKOABKO CAY4a€B BCIIBIIIIEK CBEPXHOBBIX

PUcyHOK 135 — CBepxHOBas 3Bé31. Hanboaee sspkasi CBepXHOBasd 3BE3-
SN 1987A B bonbwom MarennaHosom Aa, HabAIOaBIIASCS C IOMOIIBIO COBpE-
O6nake (ykazaHa CTpenKoii) MEHHOH TEeXHHUKH, IoOIBHAACh B 1987 .
B OTHOM M3 ODAMIKAMIINX FAAaKTHK —
Boavniom MareararnoBom Obaaxke (puc. 135).

3Be3/1a BCIBIXMBAET BCAEICTBHE KOAAAIICA (CXAOIIBIBAHHS) CBOETO MacCCUB-
HoTo sapa. [IporcxoquT 3T0 caeayroIM obpaszoM. Ha pa3HbIX aTarax Kus-
HHU MaCCHBHOH 3Be3[bI B €€ sApe IPOTEKAIOT TEPMOSAEPHBIE PEAKIIUY, [IPHU
KOTOPBIX CHAYaAa BOLOPO IIpeBpalllaeTcs B TeAUH, 3aTeM I'€AuH — B yTAe-
pon ¥ T. . o o6pa3oBaHUs dnep d9AeMeHTOB I'pymnsl xkeae3a (Fe, Ni, Co).
[TocTennenHo 3Be3aa Beé Goabliie U OOABIIIE «paccaauBaeTcs» (puc. 136).

SlmepHBIE peakInu ¢ o0paszoBaHUeM el 6oaee TIKEABIX XUMUYIECKUX
5AEMEHTOB UAYT C IIOTAOIIEHUEM SHEPTUHU, [I03TOMY 3BE30a HAYUHAET OXAAXK-
oaTbCd U CKUMaTbcsd. BHy-

TPEHHUE CAOU CAOBHO 00OpY-
Egﬁ:goﬂ. IITUBAIOTCS K LIEHTPY 3BE3/bI,
MIPOUCXOMUT TEPMOSIIePHBIH
Yrnepog, B3pbIB, BO3HHUKAET yaapHaa
Kncnopog p ’ ynap
BOAHA, OIBUXKYIIIAsICSI 00paTHO
zzgﬂopo,ﬂ, oT1ieHTpa. B uTore Hapy>KHbIE
CAOH 3B€3[bI BLIOPACHIBAIOTCS
MarHmii C OTPOMHO¥M CKOPOCTBHIO B Ha-
KpemHuit OAromaeTcsa BCHOBIIIKA CBEPX-
Kanbuun o
Cepa HOBOI.
| }Keneso [Ipu B3pBIBE 0CBOOOKIAET-
7 g HUKeNnb 46
10 1 Kobankr cs 9Heprud nopsaka 10" [Ixk.

Takyro sHepruto Haule CoaH-
IIe CIIOCOOHO HU3AYYUTH AHIIb

PucyHok 136 — PaccnoeHue MacCUMBHbIX 38834, 3a MUAAHAPABI AET. OT OrpoM-

PaccTosHue oT ueHTpa, km  p, = 10 kr/m3
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HO#1 3Be3IbI OCTAIOTCS TOABKO PACIIHPSIONIASICS C O0AB-
II10¥ CKOPOCTBIO ra3oBasi 000A0UKa ¥ HEUTPOHHAS 3B€3-
na (1au 4épHad apIipa).

Ecau 3B€31Hag Macca HEBEAHKA, TO CHABI I'paBHUTAa-
IIUH CPaBHUTEABHO cAaOBI U cKaTHe 3Be3bl (rpaBUTa-
ITMOHHBIN KOAAATIIC) IIpeKpaltiaeTcs. [Ipu oueHb BLICOKOH
IIAOTHOCTH BEILIECTBA SAEKTPOHBI, COEAUHSISACEH C IIPOTO-
HaMHU, o0pas3yIoT HEUTpaAbHbIE YaCTHIIBI — HEHTPO-
HbI. BcKOpe mouTH Bes 3Be31a 6y1eT COCTOSTh U3 OTHUX
HEHUTPOHOB, TECHO IPUXKATBHIX APYT K APYTY U OTPOM-
Has 3BE€31HAas Macca OyeT cocpeioTodeHa B O4eHb He-
foAbIIIOM IITape pa3MepPoM IOpsKa AECITH KUAOMETPOB
(puc. 137). TIAOTHOCTE 3TOrO IIIapa— HEUTPOHHOHU 3B€3-
AbI — MOXKeT cocTaBaaTh 101"—10'8kr/m>. Ecan rakas
3Be3na 00Aa1aeT MOIIHBIM MAarHUTHBIM [TOA€M U HaXo-
JUTCA B JBOMHOM CUCTEME, BEIIECTBO COCEAKH MOXKET 3a-
XBaTbIBaThCH U IT1a1aTh BAOAb AMHUY MArHUTHOTO IT0A4,
co3faBas B palioHe MArHUTHOTO II0AIOCA TOpSYee IISTHO,
HU3Aydamplee B paguoauarasoHe. Brakom cayuae 6yzner
HaOAIOATHCA IMyJAbcap — OBICTPO Bpalllaloliasics Hed-
TPOHHAa4 3Be3/1a, UCIIyCKAaloIllas PaIuOUMIIYALCHI C I1e-
puomom ot 0,0014 no 11,8 c.

Ecau B Henpax 3Be34bl OTCYTCTBYIOT CHUABI, IIPOTH-
BOAEUCTByIOIHUE €€ CXKaTHUIO oA AEUCTBUEM CHA I'pa-
BUTAIIUH, TO 3Be3[a U JaAbllle OyAeT IIPOAOAKATH
ckuMaTecs. [IA0THOCTE BellecTBa OyZeT IIPOOOANKATD
yBeAM4YHBaThCd. B pe3yabTaTe MaccuBHAs 3Be€30a Ha 3a-
KAIOYUTEABHOM 3Talle CBOEH 5BOAIOIINHY IIPEeBPAIIaAETCs
B HEYIEPZKUMO CXKUMAIOUIUHCSI 00BEKT — YEPHYIO JbI-
PY (puc. 138). IToae TaroTeHUs Ha rpaHULE YEPHOHU IbI-
PBI HACTOABKO BEAHKO, YTO CUTHAABI OT 3TOI0 00bEKTa
He BBIXOJAAT HapPyXKy (0TCIO/a IIPOHUCXOAUT €€ Ha3BaHUE).
[ pyruMu cAoBaMH: IPaBUTAIIMOHHOE II0A€ YEPHOU IbI-
PBI HACTOABKO CHABHOE, YTO JaXKe CBET HE B COCTOSIHUH
€r0 IIPEOJOAETH.

Kputnueckuti paauyc, 10 KOTOPOro JOAYKHA CKATh-
cd 3Be3a, YTOOBI IPEeBPATUTHCI B YEPHYIO ABIPY,

PucyHok 137 —
OTHOCUTENbHbIE
pa3mepbl 6enoro

Kap/nKa u
HeWTPOHHOW 3Be3abl

PucyHok 138 —
OTHOCUTE/IbHbIE

pasmepbl
HeWTPOHHOW 3Be3abl
M YEpPHOI4 AblIpbl
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Ha3bIBaeTCS IPAaBUTAIIMOHHBIM PaJHyCcoOM (r,) uau paguycoM IlBapyumuivoa.
JIAsi MaCCUBHBIX 3BE3/]] 1;COCTABASET HECKOABKO [IECATKOB KHAOMETPOB U MO-
KeT ObITh paCCUYUTaH IT0 POPMYAE:

2GM

g 2

rane G — rpaBUTAllMOHHAd IIOCTOsSHHAad, M — Macca 3Be3apl, ¢ — CKOPOCTh
cBeTa.

Teopus OTHOCUTEABHOCTH IIPUBOIUT K BbI-
BO/LY, UTO BEIIECTBO IOAXKHO OBITH CKATO B
MHUKPOCKOITMYECKHN MaAOM 00BbEéMe TpoCTpaH-
CTBa B LIEHTPE YE€PHOM ABIPBHI. TO COCTO-
dHHE Ha3blBaeTCd CUHIYJAPHOCTBIO. I'pa-
HUILYy 4YEPHOH ABIPEI UMEHYIOT TOPU30HTOM
COOBITHIA.

Tak Kak 4€pHble ObIPHI HEIIOCPEACTBEH-
HO HaOAIOIaTh HEAB3S, IIOMCKU UX COTIPSIIKe-

PucyHok 139 —“stma 4€pHoit HBI C OOABIITUMU TPYAHOCTIMH. Yallle BCero
AbIpPbl B ABONMHOM cucteme 4EPHYIO AbIPY YAaETCH OOHAPYKUTH ABYMS
criocobamu. Bo-niepBbIX, ecal abIpa o6pa-
30BaAach B JBOMHOM cuUCTEME 3BE3], TO €€ IIOAOKEHHE MOXKHO OIIPEAEAUTD
10 OOpAaIIleHHIO BTOPOr0 KOMITOHEHTA BOKPYT MACCHBHOTIO «IIyCTOTO MECTa»
(puc. 139). Bo-BTOpBIX, ITpU IaI€HUH BEIIECTBA HAa YEPHYIO ObIPY MOAIKHO
BO3HHUKATb MOIITHOE PEHTTEHOBCKOE U3AY4YE€HUE. M ICTOYHHUKH TaKOI0 U3Ay4Ye-
Hud (Aebenp X-1, CkopriroH X-1 1 ap.) 3aperucTpupoOBaHbl «<KaHIUATaMU»
B 4Yé€pHbIe ObIPbI, KOTOPbIE TAKKe MOTYT CYLIIeCTBOBATh U HabAIO1aThCHA KaK
IIOCTOSHHO B3aUMOAEHCTBYIOIIHE C BEIIECTBOM B SApaxX TaraKTUK.

@ I'staBHBIE BBIBOABI

1. 3BE3MBI, KOTOPBIE U3MEHSIOT CBOU (PU3UYECKHUE XAPAKTEPUCTUKHU
B T€YEHUE OTHOCUTEABHO KOPOTKOIO IIEPHOLA BPEMEHHU, HA3bIBAIOTCS
HecTalmoHapHbIMH. OHU OBIBAIOT MTYABCUPYIOIIMMU U SPYIITUBHBIMH.

2. dusnyecKue IePEMEHHBIE 3BE3ABI — 3TO IIyABCUPYIOIIHUE 3BE3-
[bI, KOTOPBIE MEHSIOT CBOK CBETUMOCTD 3a KOPOTKHUE IPOMEXKYTKH BpeE-
MEHH B pe3yAbTaTe (PU3NIECKUX ITPOIIECCOB, MPOUCXOAAIIHIX B CAMOH
3Be3Je.
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3. OpynTuBHBIE 3BE3/1bI — (PU3NUYECKHE IEPEMEHHbIE 3BE3/IbI, TPOSIB-
ASTIOIITHIE CBOIO IIEPEMEHHOCTD B BH/I€ BCIIBIIIEK. K HUM OTHOCHATCS HO-
Bbl€ 1 CBEPXHOBBIE 3BE3/IbI.

4. HetitporHBIE 3BE30bI 06pPa3yIOTCH IIPU B3PbIBaX CBEPXHOBBIX
3B&311. HekoTophle 13 HUX HAOAIONAIOTCH KaK ITyAbCaphl, IAT KOTOPBIX
XapaKTEPHO MOIIIHOE Y3KOHAIIPABAEHHOE IIyABCUPYIOILIEE PATHOU3AY-
4eHHUe.

5. YépHasa nbipa — 00AaCTh 3aMKHYTOT0 IPOCTPAHCTBA, CO3aHHAST
rPaBUTALIMOHHBIM II0AEM MaCCHBHOTO T€Ad, KOTOPYIO HE MOTYT IIOKU-
HYTb HU YaCTUIIbI, HU U3AYYEHUE.

6. Bxome sBoAroIINY 3BE31 (B pe3yAbTATE TEPMOSAEPHBIX PeaKIIUH 1
B3PBIBOB) IIPOUCXOAUT 00pa30BaHUE XUMHYECKUX IAEMEHTOB.

? KoHTponbHble BOMNpPOCbI U 3a4aHUA
°

1. Yem oTanvatoTCcAa pU3nYecKne nepemeHHble 3BE3 bl OT 3aTMEHHO-NEPEMEHHbIX
38€34°?

2. KakoBa npu4ymHa nynbcauunin uedena?

3. B 4ém COCTOUT OT/INYME HOBOM 3BE3/bl OT CBEPXHOBOW?

4. OnpenenunTte cpeaHo NAOTHOCTb Ledenabl, ecin eé nepuos nyabcalmii COCTaBnseT
1,0 cyr.

5. Kak obpasosanacb KpabosugHaa TYMaHHOCTbL?

6. KakoBbl NPUYMHbI B3pbiBa HOBbIX U CBEPXHOBbIX 3BE34,?

7. O6bACHUTE MEXaHU3M PaaMoU3NyYeHUa nyabcapa.

8. Kakoi 0bbeKT Ha3blBAtOT YEPHOM Ablpoi? Kakumu ceoicTBamun obnagaeT yépHas
Aablpa?

9. Onpegenunte paguyc weapuwunnbaa ana ConHua.
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cTpoeHue un 3sonlOuunn
BCe/ZIeHHOMU

§ 27. Hawa NanakKTukKa

1. crpykrypa lanaktukn. Ha oceHHeM HoYHOM Hebe B SICHYIO OE3AYHHYIO
HOYb C 3aI1aJa Ha BOCTOK Yepe3 3eHUT (IIHpoThl BeaapycH) TaHeTCs XOpoIlio
3aMeTHas cBerdiascs moroca — Moueunsii IlyTs. [IpeBHuUE rpeKu MA€YHBIH
[MyTs HazBaau l'amakTukoM (rped. gala — Moaoko). Emié Taanaeolaamaei
B 1609 r. B Teaeckon 0O0HApPYysKHUA, 4TO MaeuHbIi [IyTh COCTOUT M3 MHOXKeE-
CTBa CAa0BbIX 3BE3/I.

Maeunsbrii [TyTs mpoxoauT depes o0a MOAyIIapHs 110 GOABITIOMY KPYTY He-
6ecHoii cpeprl (puc. 140). AuHudg, uaymasa BOOAb cepeauHbl Maeunoro [Ty,
Ha3BaHa raJIAaKTHYECKUM 3KBAaTOPOM, a o0pas3yoliasi ero IIAOCKOCTh —
TaJIaKTHYECKOH IJIOCKOCThIO. [araKTHUYeCcKasl IAOCKOCTh HAKAOHEHA K IIAO-
CKOCTH HEOECHOI0 9KBATOPa IO yTAOM 63°.

HUraxk, 'anakTHKa — 3TO rpaBHUTA-
IIMOHHO-CBd3aHHad CHCTEMa, COCTO-
dimad U3 COTEH MHUAAHAPAOB 3BE3N
U MEXX3BE3MHOMU cpeapl, a MaeuyHbIH
[Iyte — eé cBeTdaasacd IPOEKIIYs Ha
HebecHyIo cepy.

KoanyecTBeHHBIE TIOACYETHI 3BE3[
B pa3HBIX HAIIPaBACHUIX OT FraAaKTH-
YECKOTI'0 dKBaTOpa IIPEAIIPHUHHLIA E11é
Y. l'eputeas B 70-x rr. XVIII B. BpbI-
6opouHbIe MOACYETHI IOKA3aAH, YTO

PucyHokK 140 — MneuHbiit Nytb
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YHCAO 3BE3[ PE3KO YOBIBAET IT0 0O€ CTOPO-
HBI OT TAAAKTHUYECKOM ITAOCKOCTH. [laab-
HEHIIIUMH UCCAEIOBAHUSIMH OBIAO yCTA-
HOBAEHO, 4TO BCe 3BE3/1bI HeOa 00pasyooT
eIUHYyI0 3BE3MHYI0 cucteMy. B MaeunoMm
[IyTyu cocpegoTOYEHO II0ABASIIOIIIEE YHC-
AO 3BE3 ["'anakTHUKN — OTPOMHOM 3BE3M-
HOU cucTeMbl, UMeloled opMy IIAOCKOTO
AWH3000pa3Horo Aucka (puc. 141) more-
peYHHKOM OKO0AO 30 M TOAUIMHOH OKO-
A0 4 KIIK (MAHM COOTBETCTBEHHO OKOAO
100 u 12 TBIC. CBETOBHBIX AeT). 3BE3AHBIH
IUcK 'aaakTHUKU UMeEET CTPYKTYPY B BU- PucyHok 141 — CrpoeHue HaweWn
[le CINpaAbHBIX BeTBel (pykaBos). lllapo- Fanakmiku. CTpenka ykasbisaet
06pasHOe YTOAILIEHHE B CEpENHHE JUCKA nonoKeHne CoNHEYHOW cUCTEMbI
TIOAYYHAO Ha3BaHHUeE OAJIK (aHTA. bulge—

B3ayTue). Hamnboaee maoTHAA ¥ KOMIIAKTHAS IIEHTPaAbHAs 9YacTb [aaakTH-
KU, paclioroXKeHHas B co3Be3auu CTpeablia, HA3bIBAETCI AAPOM.

Snpo 'aanaKTUKU CKPBITO OT HAaC Ia30IBIAEBBIMU OOAaKaMU U 3BE3a-
mu. OHO 06Aa1aeT OYEeHb BHICOKOH aKTUBHOCTBIO U U3AYYAET B PAIHO-, HH-
dpakpacHOM U PEeHTIeHOBCKOM auaria3oHax JAWH BoAH. Macca gapa ole-
HHUBAaETCS B HECKOABKO AeCATKOB MHUAAMOHOB Macc CoaHIia. MccaenoBanue
IIPOIIECCOB, IIPOUCXOASIINX B IIEHTPAABHOU 06AacTH ["araKTHUKY, TTO3BOASI-
€T IIPEAIIOAOKUTD, UYTO B pE PaACIIOAOXKEHA CBEpXMacCHUBHad Y€pHad IbI-
pa. YacTb 3BE3 Halllelt [aAnaKTUKH He BXOAUT B COCTaB AUCKA, a 00pasyeT
chepHUIECKYIO COCTABASIONIYI0O — 3BE3/THOE raJI0, PaaNyC KOTOPOro He MeHee
20 koK. ['aao okpyzKaeT oO4eHb pas3psaKeHHad U 00AbIIad 110 padMepam (50—
60 KIIK) BHeIIHgd YacTh [aanakTHKM — KOpoHa. CoaHeyHas cucreMa B ['a-
AAKTHKE HaXOOUTCHA OJAAEKO OT IIeHTpPa — Ha PACCTOSHUU OKOAO 8 KIIK —
U A€KUT IIOYTHU B TAAQKTHIECKON ITAOCKOCTH.

2. 3Bé3gHble ckonsienns. CTPYKTYPHBIMU COCTABASIOIINMU ['aAaKTHKY SIB-
ASTIOTCST 3BE3IHBIE CKOTIACHUS. 3BE3HbIE€ CKOILIEHUA — 3T0 I'PaBUTAIIMOHHO-
CBSI3aHHBIE TPYNIbI 3BE3M, KOTOPhIE UMEIOT 00IIlee IIPOUCXOXKAeHUE . 3BE3I-
HbIE CKOIIA€HUS ABUXKYTCS B IIOA€ TATOTEHUS ['aAaKTUKH KaK €IHHOE
ITEAOE.

[To BHenIHEMY BUAY OHU MOAPA3AEAIIOTCH HA pPacCedHHBIE U MIapPOBHIE.
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PucyHok 142 — PaccesiHHOe 3B&3gHoe
ckonneHue MNnesaabl B co3se3gum Tenbua

PaccesHHOe 3BE3/HOE CKOILIE-
HHUE — 3TO HE UMEIoIad IIPaBUAb-
HOM (popMBI CPaBHUTEABHO HETIAOT-
Had I'pyIa 3BE€3M, coaepzKallas oT
HECKOABKUX NECATKOB [0 HECKOAB-
KUX ThICAY 3BE31. Paszmepsl Takux
CKoIlA€HUH — 6—14 nk. Bawmxati-
IIMe K HaM pacCedHHbIe 3BE31HbIC
ckonaeHuss — [laeans! u 'maager —
HaxoOdTcs B Cco3Be3AuH Teablia.
HeBoopyXEéHHBIM rAa30M MOZKHO
pa3au4uuTh B [Iaesgax 5—7 caabbix
3BE3/104YEK, PACIIOAATAIOIIUXCA B BU-
[le MaA€HBKOI0 KoBIIa (puc. 142).

B mHacTogiee Bpema nsBecTHo okKoA0 1200 paccedHHBIX 3BE3THBIX CKOIIAE-
Huii. OOIee Ke UX YHCAO B 'anakTHKe orleHuBaeTca B 20 TBIC. OOBLEKTOB.
Bce oHU KOHIIEHTPUPYIOTCS ¥ TAAAKTHIECKOH ITAOCKOCTU U COCTOSIT U3 MO-
AOIBIX 0EAO-TOAYOBIX 3BE3/] TAQBHOM ITOCAEIOBATEALHOCTH.

IITapoBble 3BE3HbIE CKOILUIEHUS UMEIOT CHEPUYECKYI0 HAM DAAHUIICO-
unasvHyI0 opMmy (puc. 143), OHM HACYUTBIBAIOT OT AECATKOB THICAY IO
MUAAUOHOB 3BE€3M. [lraMeTpsl TaKNX 3BE3MHBIX CKOIIACHUM A€XKAaT B IIpe-
neaax ot 20 mo 100 k. [IpocTpaHcTBEHHAad KOHIIEHTpAIIUs 3BE3 PE3KO

PucyHok 143 — LUapoBoe 3B&3gHoe
ckonnenne M5 (NGC 5904) B co3sezguu 3men

BO3pacTaeT K HEHTPY CKOIIACHUS,
JOCTUTAsI NECITKOB ThICSIY B KyOHU-
4EeCKOM IIapceKe (B OKPECTHOCTSIX
Coanna — 0,13 nx°). IllapoBsle
CKONIIAEHUS 00pa3yIT IPOTIAKEH-

HO€ raao BOKpPYT LieHTpa ['arakTu-
KH, CHUABHO KOHIIEHTPUPYSIChH K He-
Mmy. Bcero B N'anakTuKke OTKPBITO

0K0AO 150 11apoBBIX CKOIIAEHUH, a
ux ob11Iee YUCAO IIPUMEPHO COCTaB-
AgeT okoao 500. 3séznHoe Haceae-
HUeE IapOBBbIX CKOIIAEHUH COCTOUT
U3 [aBHO IIPO3BOAIOIIHOHUPOBaB-

ITUX 3BE3/1 — KPaCHBIX TUTAHTOB U
cBepxruraHToB. lllapoBele ckorae-
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HH4g Halmrer [NaaaKTHKUM — OOHU U3
crapeumux. MIx Bo3pacTt cocraBasieT
10—15 MaApL aeT.

3. pBuKeHue 38é3g. B 1718 r. aur-
AUPCKUH acTpoHOM OaMyHA 'asaelt
cpaBHUA HabAlOaBIIHNECT B €ro Bpe-
M4 IIOAOXKEHUL 3BE3[] C TEMU, KOTOPEBIE
ObIAM ITpUBENEHEI B KaTasorax ['ur-
napxa (II B. mo H. 3.). YuéHbIil 3aMe-
THA CMEIlleHUEe apKUX 3BE31 Cupuyca
u ITpormona Ha 0,7°, Apkrypa Ooaee
yeMm Ha 1°. Ha ocHoOBaHWH 3TOTO haKkTa
OBbIA CIeAaH BBIBOJ O IPOCTPAHCTBEH-

181
v
v,\ v
P

»
i .
Ut

v
Habnogatens

PucyHok 144 — MNpocTtpaHcTBeHHan (v),
nyuesas (v,) U TaHreHuManbHas (v;)
CKopocTH

HOM ABUXKEHUU 3BE30 OTHOCUTEABHO

CoaH1ia. Tak BriepBbIe OBIAO 0OHAPYKEHO, YTO 3BE3AbI ABUXKYTCsI. CKOPOCTH
OBUKEHUS 3BE3Abl B IIPOCTPAHCTBE OTHOCUTEAbHO COAHIIA HA3bIBaE€TCSH MPO-
CTPAaHCTBEHHO! CKOPOCTHIO. B 00111eM cAyYae ITpoCTpaHCTBEHHAS CKOPOCTD U
(puc. 144) HarrpaBAeHa OO HEKOTOPBIM YTAOM K AyYYy 3peHHs HabAomaTe-
Ad. BekTOop IpoCTpaHCTBEHHON CKOPOCTH PA3A0KHM Ha IBE COCTABASIOIIINE:
10 HAaITPABACHUIO Ayda 3peHUd (JIyueBasg CKOPOCTb U;,) U HEPIICHIUKYASIP-
HYIO A4y 3p€HHS (TaHTeHIIHaAbHAasI CKOPOCTD Uy). MOAYAU MTPOCTPAHCTBEH-
HOM, TAHTM€HIIUAABHOMN U AYy4EBOM CKOPOCTEH CBA3aHbI APYT C APYTOM COOT-
HOLIIEHUEM:

=z
v

Ay4deBasi CKOPOCTB 3B€3/IbI OIIPEIEATETCS I10 JOIIAEPOBCKOMY CMEIIIEHUIO
(AA) aAHU B €€ criekTpe:

.
Ao

TaHreHITMaABHYI0 CKOPOCTD OIIPENEASIIOT 110 CMEIIIEHUIO 3BE3/Ibl Ha He-
6ecHoii cpepe. Takoe cMellleHIe Y CPABHUTEABHO OAH3KHUX (K HAOAIOIATEAIO)
3BE3/] COCTaBASIET HECKOABKO CEKYH/I 3a IECSITKHU AET:

4 4iKM/C,
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PucyHok 145 — OnpeaeneHune TaHreHUNaabHOU CKOPOCTU 3Be3Abl

I7ie 1 — co0CTBEHHOe ABI:KEeHHe (BHINMOE YTAOBOE CMeIlleHHEe 3Be3/Ibl Ha Hebec-
Ho chepe 3a oarH roz). OHO BeIpazkaeTcs CEKyHIaMU IyTH B rof (puc. 145).
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PucyHok 146 — UameHeHne OTHOCUTENIbHOIo
pacnonoXeHus 3834, B «KosLwie» bonblioi
MepaBeguubl 3a 100 Tbic. net: a — 50 TbiC. neT
Has3aa; 6 — HacTosALee Bpems (cTpenkamu
YyKa3aHbl HanpaB/IeHUsA TaHreHLUMA/IbHbIX
CKopocTel 3Bé3a); 8 — uepes 50 Tbic. ner

AHaan3 COOCTBEHHBIX IBUKE-
HUl 3BE30 NPUBEA TAKXKE K 00-

HapyKeHuto nBuxkeHus CoaHIIA
cpenu 3Bé3n. Ta Touka Hebec-
HoOU ceprl (o= 270°, 6= +30°,
co3Be3aue ['epkyaeca), o Ha-
IIPABAEHUIO K KOTOPOH MBUXKETCS
CoaHire (cockopocTthio 19,4rM/ C
10 OTHOIIIEHHUIO K COCETHUM 3BE3-
nam), HaspiBaeTcsd anekcoM CoAaH-
1a (AaT. apex— BEPIIINHA), a -
aMeTPaAbHO MPOTHBOIIOAOXKHAML
TOYKa Heba Ha3bIBAETCS COAHEY-
HBIM aHTHanmeKkcoM. BcaemcrBue

COOCTBEHHBIX IBUXEHUM 3BE3]T

II0 HCTEYEHHH JECATKOB ThICAY
AET BHUJ CO3BE3OUN MEHAeTCsd

(puc. 146).

4. BpaweHue MNanaktuku. Crio-
cob [IAs moKa3aTeAbCTBA Bpallle-
Hud arakTukM Ob1ApazpaboTan
B 1859 r. npodeccopom Kazan-
ckoro yHuBepcurera M. A. Ko-
BaAbCKHUM. M3ydeHne Ay4YeBBIX
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CKOPOCTeH 3BE3/] B PA3ANYHBIX HAIIPABAECHUSIX

ot CoAHIIA TTO3BOAMAO CDOPMYAHUPOBATH 3aKO0- —\\
-y,
HbI BpalleHusd lanakTuku. Vi,
‘-"'/._—-::w
D . .

1. Bce 38é30bL ducka I'anaxmukxu obpauia- / Ry
romest 8okpye eé s10pa no opbumam, bausKum K \ N
Kpy208bim. DTO BpallleHHUE ITPOUCKXOIUT I10 Ja- S~

COBOM CTPEAKE, €CAU CMOTPETh Hal'aanakTHUKy
CO CTOPOHBI €€ CEBEPHOTI0 IIOAKOCA, HAXOALIIIE-
rocd B co3Be3auu Boaocs: BepoHuKH.

2. Yenoeas ckopocmos epaujerus yboieaem PucyHOK 147 — TpaeKTopum

no mepe yoanerus om yenmpa. OgQHAKO 3TO 3Bé3pn B FanakTuke (anck

yObIBaHHE MPOUCXOAUT HECKOABKO MEIAECHHEE, FaNaKTMKM — TOHKUE IMHUK,

4yeM TpebyroT 3aK0oHbI Keriaepa. chepuyeckan cocTaBafaOLWan —
3. AuHeliHas cKopocmb 8pauieHusl CHa- YTONWEHHbIE IMHUK)

yana eo3pacmaem c yoaieHuem om yeHmpa
I'anakmuxu, docmuezass makcumyma (oxkono 220 wkm/c) HA paccmosHuu
Connya, nocse uezo oueHb mMeoNeHHo Yybbleaem.

4. ITonnwlli nepuod obpawerus ConHya s8okpye sopa I'araxkmuku cocmas-
nsilem npumepro 220 MaH iem (2anaxkmuueckuil 200).

S. Beé30bL u ckonneHus 38830 cghepuueckoll cocmagasirouieti Nanaxkmu-
KU 08UIXKYMCSL NO CUNTbHO 8bUMSIHYMbIM U HAKJIOHEHHbBIM K NJIOCKOCMU OUC-
Ka nod pasHomu yenamu opbumam (puc. 147). Takre 3B€316I UMEIOT OTHO-
cuteabHO COAHIIA OYeHBb 60ABIIIHE CKOpOoCcTH (1o 200—300 KM/ ¢).

Kak BuguMm, 1BuzkeHMe 3B€311 B [aanakTHKe HECKOABKO HAaIIOMUHAET IBH-
keHure TeA COAHEYHOM CHCTEMEI.

3Hag CKOPOCTB O0pAaIlleHUS U PaUyC KPYTrOBOH OpOUTHI, MOXKHO BBIYHC-
AVTH Maccy BHyTpeHHeH yacTu ['aaakTuku. M3 popMyab! 1asg KpyroBoOH CKO-
poctu (cM. § 9) caenyer:

2
M —
G

IMoxcTaBasig 3HadeHus v = 2,2 - 10° m/c, r= 2,5 - 102 m u
G = 6,7 - 107 H - M?/kr?, moayuum, uro M = 1,8 - 10*! Kr, uAn 0KOAO
100 mapa macc CoaHita. Macca 'aaakTuKU B ITpefieaax o0béMa paguyCcoM
15 knk onenuBaetrcsa npuMepHo B 200 mapa macc Coanua. C yuérom
ocTaabHOM yacTu ['aAaKTHKH eé Macca OlleHHBaeTcs mpuMepHo B 102 mace
CoaHI1a.
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@5 I'1aBHBIE BHIBOABI

1. Hama larakTnka — rpaBUTaIllMOHHO-CBsI3aHHAs CUCTEMA, COCTO-
S11ad U3 COTEH MUAAWAPAO0B 3BE3N U MEXK3BE3MHOU CpeAbI.

2, Maeunsrii [TyTe— npoTgHyBHIasIca depe3 BeE 3BE31HOe He0Oo caa-
60 cBeT4IIIasICs TI0AOCa, KOTOPAS SIBASIETCSI ITPOEKITHE OTPOMHOTO KO-
AudecTBa3Bé3 M ['anaKTUKH.

3. CTPYKTYPHBIMHU COCTABALAIONIUMU ['aAaKTUKU SBASIOTCI T'paBUTAa-
IIMOHHO-CBS3aHHbIE€ TPYIIIEI 3BE3[ (IIapoBbIe CKOIIAEHUS, pacCedHHBIE
CKOIIAE€HUS ), UMEIOIIHE 00IIIee MPOUCXOKIEHUE U IBUKYIIIHECS B TIOAE
TATOTEeHUd [[araKTHKH KaK €IUHOE IIEAOE.

4. CoaHeYHAasa CUCTEMA OTHOCHUTEALHO OAMIKAMIINX 3BE3 1 anaKTH-
KU IBUZKETCH CO CKOPOCTBIO OK0AO 20 KM/ C B HAITpaBACHHUH CO3BE3TUS
I'epkyaeca.

5. Hamra 3Bé3gnas cucrema obramaer nudpdepeHITHasbHBIM Bpallle-
HHEM, T. €. yTAOBasl CKOPOCTh BpallleHUs YObIBAET IT0 MEPE YAAACHUS
OT LIEHTpA.

® KOHTpObHbIE BONPOCHI U 3a8aHUA

1. HaliguTe Ha 3BE34HOM KapTe co3Be3auns, Yepes KoTopble NpoxoanT MaedHobln MyTb.
2. Noyemy HabnoaaTento, HaxoasawlemMyca Ha 3emne, MaeudHbili MNyTb NpeacTaBaseTca
NPepbIBUCTbIM U K/IOYKOBATLIM?

3. KaK ycTpoeHa Halua rafiaktuka?

4. KakoBo nosoxeHne CoNHEeYHOM CUCTEMDbI B raflaKTUKe ?

5. Yem oTnnyatoTca 3B€34bl AMCKA FraNlaKTUKKM OT 3B€34,  rano?

6. Kak pacnpegeneHbl lWapoBble CKOMNAEHWA B raNakTMKe? Yem oHM OT/INYAlOTCA OT pac-
CeAHHbIX CKOMIEHUIN?

7. 3Be3aa 83 repkyneca HaxoAUTCA OT Hac Ha paccTtoAaHMKM D = 100 nK, eé cobcTBeHHOEe
ABUXKeHue coctasnsaeT L= 0,12". KakoBa TaHreHLMaAbHas CKOPOCTb 3TOM 3Be34bl?

8. KakoBbl 0cO6EHHOCTU BpaLL,eHMA HaLLel ranakTUKm?

9. CKo/bKO pa3 3a Bpemsa cyliecTBoBaHMA ConHLe ycneno obepHyTbCA BOKPYT LeH-
TparanakTMKku?
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§ 28. mexk3Bé3gHanA cpeaa

1. mex3BE3aHbIN ras. 3Bé3HOe HEOO COMEPIKUT MHOI'O TYMAHHBIX 00BEK-
TOoB. OHU OBIBAIOT CBETSIIIIHECS U TEMHBIE, [IOTAOIIAIOIIINE CBET.

[Mupokoe npuMeHeHue ororpadru B aCTPOHOMHUHU IT03BOAHAO TIIATEABHO
HUCCAENOBATh, OIIHMCATh U COCTABUTh KATAAOTH TEMHBIX TYMaHHOCTEH.

Ha ¢one cBetabix obaacteit Maeunoro IlyTu oT4ETANBO BBIAEASIOTCS
TEMHBIE IIITHA HEITPaBUABHON (POPMBI U PA3AHMYHBIX YTAOBBIX pa3MepoB. OTHU
TEéMHBIE ITIITHA U 00AaCTH JOKA3bIBAOT CYIIIECTBOBAHHE BOAN3HY raAaKTHIe-
CKOM ITAOCKOCTH XOAOJHOM pa3peXkeHHON MaTepuu.

Me:xk3BE3AHAA cCpeJja — 3TO BEIIECTBO U IIOASI, 3aIIOAHSIOIIHNE MEK3BE3-
HOE€ IIpocTpaHCTBO BHyTpH [asakTuku. bBollapiag dYacTh Macchel
ME3K3BE3IHO- I'0 BEIIIECTBA IIPUXOAUTCS Ha pPa3peKEeHHbIN ra3 1 Ibiab. Beca
MeXK3BE3IHAas cpela IIPOHU3BIBAETCS MATHUTHBIMU IIOAGIMH, KOCMHUYECKUMU
Ay9aMH, 93A€K- TPOMAarHHUTHBIM H3AydeHHEM. OCHOBHOH KOMIIOHEHT
MEXK3BE3THOM Cpe bl — MEK3BE3THBIN ra3, KOTOPIH COCTOUT U3 BOAOPOAA
(70 % maccel) u reand (28 %). OcraspHagd 4acThb MacChl MeK3BE3IHOIO
BelllecTBa NpuxoquTcd Ha 6oaee Tszréable XUMUYecKue 3aeMeHTHI (O, C, N,
Ne, S, Ar, Fe u ap.).

Oburag Macca MeX3BE3THOTO BelllecTBa Hallel 'aaakTUKU (He cuuTas Ko-
POHBI) olleHUBaeTcd B 2 % oT 0o0111e# Mmacchl Becelt [anakTuku. B 3aBuCHUMO-
CTH OT TeMIIEpPATyPHBIX YCAOBUH U IIAOTHOCTH ME3K3BE3MHBIN ra3 MOXKeT Ha-
XOOUTHCH B TPEX PA3ANYHBIX COCTOSTHHUSIX: UOHU3UPOBAHHOM, AMOMAPHOM T
MONEKYTLAPHOM.

OcHOBHBIE JaHHBIE O MEXK3BE3MHOM ra3e IIOAY4YEHBl PaglOacCTPOHOMUYE-
CKHMMH METOZIaMH, II0CAE TOTO KaK B 1951 r. 66100 00HAPYIKEHO PATHOU3AY -
4yeHNe HEHTPaAbHOI0 aTOMapHOI0 Boaopoaa HaBoaHe 2 1 cm. OKa3aA0Ch, 4YTO
aToMapHBIA Bomopoa, uMeroni remnepatypy 100 K, o6pasyer B nucke 'a-
AAKTHUKHU TOHKUH caolt ToanmmHod 200—300 1k, yBeAMYUBAIOIITUNICS 10 He-
CKOABKHUX KHAOTIApCEK Ha paccTossHUU 15—20 KIIK OT €€ LIeHTpAa.

OcHOBHas 4acTh MEXK3BE3MHOIO ra3a CoCpeaoTo4YeHa B CIIMPAABHBIX
BeTBaX ['araKTHKH, re oH pacrpeneAéH TakKke HepaBHOMEPHO: coOpaH
B KAOYKOBATBIe 00pa30oBaHUs pa3MepaMy B AECATKH U COTHHU IIapCceK CO
CpemHel KOHIIeHTpallieii YaCTHIL HECKOABKO aToMOB B 1 cM®. OKOAO TI0AO-
BHHBI MacCChl ME€XK3BE3IHOTO ra3a COAEPRUTCSI B THTAHTCKUX MOJIEKYJIAP-
HBIX 06JIaKaX co cpefHel Maccoit 10° Mmacc CoAHIIA M JHAMETPOM OKOAO
40 k. N3-3a HU3KO# TeMuepaTypsl (0Koao 10 K) 1 moBBIIIIEHHOM ITAOTHOCTH
(mo 10°gactun B 1 cM®) BOIOPOA U APyTHE 2A€MEHTHI B 3TUX  obAakax
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3Be3aa

PucyHoK 148 — TymaHHOCTb U3/ly4aeT CBeT, ec/iM eé ocBeLlaeT 6am3nexkawan 3sesaa

00bEMMHEHBI B MOAEKYABI. TaKHX MOAEKYASIPHBIX 00AaKOB B [arnakTHKe Ha-
cuutbsiBaeTcs okoao 4000.

O6aacTu HOHU3UPOBAHHOTO Bogopoaa ¢ TeMItepaTtypoit 8000—10 000 K
IPOABASIOT ce0s B ONTHYECKOM JUara30He Kak cBeTable fuddy3Hbie TYyMaH-
HOCTH. VX cBeyeHMe BO30yxKIaeTCs YABTPa(HOAETOBBIM HU3AYIEeHHEM OAU3KO-
PAaCHOAOKEHHBIX TOPSIIUX 3BE3M (CTIEKTPAABHBIX KAaaccoB B u O).

CeeTaadg TYMaHHOCTh U3AyYaeT CBET, ECAU €€ OCBeIIaeT OAn3AesKaIas
3Be3na (puc. 148). 3Béznnl Kaacca W, O, B crtocob6HBI BEI3BATH MOHHU3AITHIO
aTOMOB BoAopoJa Ha paccTodHUH npuMepHO SO0 CBETOBBIX AET.

Ceetable quddy3HbIE TYMAHHOCTH, UMEOIIHE HEITPABUABHYIO, KAOYKO-
BaTyi opMy, IOCTHUTAIOT pa3MepoB a0 10 MK, a UX MAOTHOCTH KOAeOAeTCs
ot 10717 10 1072°kr /M. PacnpeneasioTcss 06AaCTH TAKOI0 HOHU3HPOBAHHOTO
BOA0POa B IIAOCKOM noZicucTeMe 'araKTUKU, ABASSICh TAKXKE YKa3aTEeAIMU
MECT IIPOTEKAIOIIEr0 B HACTOLIIIEE BPe-
Ms 3Be3nmoo0pa3oBanus. Tak, B BoabIoi
TyMaHHocTH OpuoHa (puc. 149) c momo-
LIFI0 KOCMHYECKOIo TeaecKkorna Xabbaa
o0HapyKeHbI TPOTO3BE3IbI, OKPYXKEHHBIE
IPOTONAQHETHBIMU JUCKaMMU.

Boarmmag tymanHocts OproHa — ca-
Mas SpKad ra3oBasi TYMaHHOCTB Ha HOY-
HOM HelOe. PaccrosiHUe M0 3TOH TyMaHHO-
cTu 0KOAO 1000 CBETOBBIX A€T.

[Ipu HabAomeHUU dUYepe3 PUABTP
PucyHoK 149 — bonbluasn MOZKHO YBUOETH, YTO HEKOTOPEIE U3 Ty-

TyMaHHOCTb Op1oHa MaHHOCTEH COCTOSIT U3 OTAEABHBIX BOAO-
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TymaHHOCTb

PucyHoK 150 — TyMaHHOCTb CBETUT OTPaXKEHHbIM CBETOM 6/1M3nexKalyeit 3se3apl

KoH. Hanmpumep, nsBectHag KpaboBuaHag TyMaHHOCTE B CO3Be311H Teablia
(cM. puc. 134), aBasroniagcsa oCTaTKOM B30pBaBlIleicsa CBEpXHOBOH 3BE31bI.
Ecan 6am3aexxariye 3BE30bI HE CTOAb FOPSIYM U HE MOTYT MOHH3HPO-
BaTb BOAOPOJ, TO TYMAHHOCTB CBETUTCH 3a CYET OTpaxkKeHUud 3BE3HOTO CBETA
(puc. 150). Januble TYMAHHOCTH COAEPKAT MHOTO IIbIAU. [IpuMepoM Tako
CBETAOU TYMaHHOCTH IBAIETCHA TYMAaHHOCTB B CKOIIA€HUH [Iaedaibl B co3BE3-

nuu Teablia (cMm. puc. 142).

OCoOBIM TUIIOM TYMaHHOCTEH SIBASIOTCS IVIAHETAPHbIE TYMAHHOCTH, KOTO-
PBI€ BBITAAAT KaK CAA00 CBETSIIMECS JUCKU UAH KOABIIA, HATIOMUHAOIIIHE
OUCKHU AaHeT. X HacuuTeiBaeTcs 6oaee 1200. [TaaHeTapHbIE TYMAHHOCTH

IPEICTABASIIOT COO0M CBETSIIYIOCS pac-
U PSAIONTyIocs 000A0YKY HMOHU3HMPOBAHHO-
rorasa, COpoIIeHHOro KpaCHbIM THTaHTOM
Ha KOHEYHOM CTaaHuH CBOEM 2BOAIOIIUH.
B nienTpe naaHeTapHOM TYMaHHOCTH Ha-
XOOUTCS OCTATOK ITOTHOIIIEr0 KpacHO-
ro TUTaHTA — TOPAYHE OeAblil KapAUK
UAU HEUTpPOHHad 3Be31a. [lon netictBreM
BHYTPEHHETO aBACHU4 ra3a [aaHeTap-
Had TYMaHHOCTB PacClIupaeTCa IIPUMEpP-
HO co ckopocThkio 20—40 KM/ ¢, IIpHU 9TOM
IIAOTHOCTB ra3a najaeT. ITU O0O0bEKTHI
oborararoT MexX3BE3IHYI0 CpeLy Bele-
ctBoM. [IaaneTapHaa TymaHHOCTE Ilecoy-

Hble Yacs! (puc. 151) mokas3biBaeT, Kakue

PucyHok 151 — NnaHeTapHana
TYMaHHOCTb NecoyHble Yacbl
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CAOZKHBIE ITPOLIECCHI MOTYT IIPOHUCXOOAUTH HA IIOCAeOHEN CTaauU SBOAIOITUU
3BE3OEI.

2. mex3BésaHan nbiib. B MexK3BE3MHOM IIPOCTPAHCTBE pacCeIHbI MEAKHE
TBEpAble YaCTUIIBI (METAAANYECKUE, CHAMKATHBIE UAU I'paUTOBRIE) pa3Mepa-
mu ot 0,01 mo 1 mrm. TyronmaaBKUe YaCTHYKU 00Pa3yIOTCS U [IOCTABASIFOTCS
B MeXK3BE3IHYIO CPey 3a CHET pACIINPEHHSI 000A0YEK HOBBIX H CBEPXHOBBIX
3BE3/1, TAaHETAPHBIX TYMaHHOCTEN, XOAOHBIX KPACHBIX THTAHTOB U CBEPX-
TUTaHTOB. B Mexk3BE31HOM IIPOCTPAHCTBE IIBIAL BE3/l€ COILyTCTBYET rasy.
Ha e€ moaro mpuxonutcst 0Koao 1 % oT Macchl rasa.

Mexk3Bé3nHad NIbIAb, KaK U MEXK3BE3AHBIH ra3, KOHILIEHTPUPYETCHd B
raAaKTHYECKOH IMAOCKOCTH, 00pa3ysl ra3omnbireBble 0OAaKa KAOYKOBATOMH
CTPYKTYpHI. B Mexk3BE3MHBIX 06AaKaX MEAKHE ITBIAMHKH OBICTPO obpacTa-
10T oboroukaMu U3 Hauboaee pacrpocTpaH€HHBIX daeMeHToB (H, C, N, O).
3a MHAAMOHEBI AT [aXKe IPU HU3KOH TeMIlepaType B 000A0YKaX IIPOHCXO-
JISIT CAOXKHBIE XUMUYECKHe IIPOIeCChl C 00pa30BaHUEM MOAEKYA BOJBI, STHAE-
Ha, CHHUABHOM KHMCAOTBI, 9THAOBOTI'O CITUPTA U IP. 3apPETUCTPHUPOBAHO OKOAO
90 THUIIOB MOAEKYA, HEKOTOPBIE U3 HUX coflepKaT 10 13 aToMOoB.

V3-3a 1IbIAM cCaMBblIe IIAOTHBIE Fa30BbIe 00pa30BaHNa — MOAEKYASIPHBIE 00-
AaKa — IIPaKTUYECKH HEIPO3PAYHbI U BBITASIAAT Ha HeOe KaK TéMHBIe obAa-
CTH, IOYTH AUIIEHHBIE 3BE3/ (puc. 152). Takue razonbsiaeBble 00pa30BaHUsI
Ha3bIBAIOTCS TEMHBIMHU JUPPY3HBIMU TYMAHHOCTAMU (puc. 153).

Baaromaps pa3BuTHIO BHEATMOC(HEPHON aCTPOHOMHUU ITOSIBUAACH BO3MOXK-
HOCTb HabAIOIATh MEK3BE3MHYIO ITBIAL B MH(PAKPACHOM AHATIA30HE, YTO II0-
3BOASIET PACCMOTPETH HOBBIE flIeTaAH (pUcC. 154).

3emnsa

TymaHHOCTb
4

\

PucyHoK 152 — O6naka PucyHok 153 — TémHaa TymaHHOCTb
MeXX3BE34HO NblIN B HaNpaBaAeHUU 3acC/IOHAET cBeT 3B&374, HaXxoAALWMXCA
Ha ueHTp NanakTMKm Ha 60abLIOM paccTOAHUMU OT 3eman
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PucyHok 154 — TymaHHocTb KoHcKas Flonosa B cozsesaun OpuoHa.
CnpaBa — n3o06pakeHne B ONTUYECKUX JIy4aXx, c/ieBa — B MHPPaAKPaCHbIX.
dotorpadum Kocmuyeckoro Tesneckona Xa66na

3. Kocmuueckue nyunm u mexssésgHoe marHutHoe none. Kpome paspexkeH-
HOT'0 r'a3a U IbIAU, B MEXK3BE3IHOM IIPOCTPAHCTBE C OTPOMHBIMH CKOPOCTSI-
MU, OAM3KHUMH K CBETOBOH, ABUKETCS OOABIIIOE KOAMYECTBO 3AEMEHTaPHbBIX
4aCTUILl U S/IeP PA3ANYHBIX aTOMOB. [IOTOKM 3THX YaCTHIL Ha3bIBalOT KOC-
MUYeCKUMU JydaMu. OHU IIPOHU3BIBAIOT BCE MEKIIAQHETHOE U MEK3BE3I-
HOe IIpocTpaHCcTBo. Ha maomanky B 1 M2 exKeCeKyH/IHO II0NAafaeT B CPeIHeM
0KoAO 10 TBIC. pa3AMYHBIX YaCTHIL. B cocTaBe KOCMUYECKUX Aydel IPUCYT-
CTBYIOT DAEKTPOHBI, Apa IeAnus U 6oaee TIKEABIX SIAEMEHTOB, HO B OCHOB-
HOM ITpeobAamaroT MPoToHEI (6oaee 90 %), KOTOPBIE UMEIOT CPETHIO0 SHEDP-
ruro 1,6 -1071° [Ix.

OCHOBHBIMH HCTOYHHUKaMH KOCMHU4YECKHUX Ayded B ['anrakTuke cayxat
OCTaTKM CBEPXHOBBIX 3BE3/ U IIyAbCcapkl (cM. § 26).

[lepBoe CBHUAETEABCTBO CYIIECTBOBAHHUS MEK3BE3JHOT0O MATHUTHOIO IOJIA
OBIAO IOAYYEHO UTAABSIHCKUM (PU3UKOM DHPHUKO PepMHU 1 aMepUKaHCKHUM
y4€HbIM DaBapaoM TeaaepoM IpU U3yIEeHUHN KOCMHUYECKUX Aydet.

OAEKTPOHBI, BXOASIINE B COCTaB KOCMUYECKUX Ay4eH, TOCTEIEHHO TOPMO-
349TCHd B MATHUTHOM IIOA€, Tepsisl SHEPrUIo Ha U3AyYeHHE PaaoBOAH. Takoe
HU3AyY€HHE Ha3bIBAaeTCs CUHXPOTPOHHBIM. OHO PETHCTPUPYETCS PagUOoTeAe-
ckoriaMu. MOIIIHBIMH UCTOYHUKAMU CHHXPOTPOHHOTI'O U3AYIEHUS IBASIOTCS
OCTaTKU CBEPXHOBBIX 3BE3/I.
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@ I's1aBHBIE BBIBOABI

1. Mex3Bé3MHAas Cpefla — 3TO BEIIECTBO U IIOASI, 3aTIOAHSIIOIIIHE
MeXK3BE3IHOE IIPOCTPAHCTBO BHYTpU [aAaKTHKH.

2. BoabIliast 4aCTh MaCChl MEXK3BEZTHOM CPEABI IPUXOMUTCS Ha Pas3-
PEKEHHBIN ra3 ¥ MbIAL, 00IIast Macca KOTOPBIX OlleHuBaeTcs B 2 %
oT 00111eH Macchl 'aAaKTHUKH.

@ KOHTpOl‘IbeIe BOMNpPOCHbI U 3a4aHUA

1. Y10 NOHMMaAIOT NoA MeXK3BE3AHOM cpenoin? Yem oHa  3anosiHeHa?

2. KakoBa mMacca MeXK3BE3LHOrO BELLECTBA HALWENW  FaNakKTUKK?

3. Y70 NOHMMAOT NOA, TYMAHHOCTAMM ? HA30BUTE OCHOBHbIE BMAbI TYMaHHOCTeN. Move-
MYy OAHW TYMAHHOCTU CBET/IblE, @ ApyrMe —  TEMHble?

4. Y10 coboi npesnctaBnfeT MeXK3BE3AHas Nbl/b?

5. U3 Kakmx HabnloLeHUIt MOXKHO CAenaTb BbIBOA O CYLLECTBOBAHUM MEMK3IBE3LHOMN Nblan?
6. KakoBO npoucxoxaeHWe rasonblineBblX TYMaHHOCTEN UM MONEKYAAPHbIX 0B6NaKkoB?
7. Y10 npepcTaBnAloT cobol KocMuyeckune yun? Kakmmm cBOMcTBamMmM oOHM  0bi1agatoT?

§ 29. 3Bé3aHble cncCTeMbl — FaZIaKTUKU

1. Tunbl ranaktuk. B 1924 r. ¢ moMoIlbi0 KPYIIHEHIIIETO B TO BPEMS TEAE-
ckora (o6cepBatopus Mayut-Buacon, CIIIA) OaBuH Xab6A yCTaHOBHUA, YTO
TYMaHHOCTh AHZIpoMe bl 00pa3oBaHa OTPOMHBIM YHCAOM 3BE3[I, CAUBAIOIIUX-
Cs1 B CIIAOIITHOE TYMAaHHOE IISITHO IPH HAOAIOAEHUY B MeHee MOIIHBIHN TeAe-
CKOII. BOABIIIMHCTBO APYTHX U3BECTHBIX TYMaHHOCTEH OKa3aAUCh TAKUMH K€
yOaA€HHBIMHY THTaHTCKHUMH CUCTEMAaMU, COCTOSIITNMMHY U3 MUAAMOHOB X MHA-
AMapAoB 3BE3M. 'MraHTCKUE rpaBUTAIMOHHO-CBSI3aHHbBIE CHUCTEMBI 3BE31 U
Me3K3BE3THOTO BEIIECTBA, PACIIOAOXKEHHBIE BHE Halllel [[araKTUKU, CTaAHd Ha-
3pIBaTh rajJakTukaMu. CoBpeMEHHBIE MOIIHBIE TEAECKOIIBI CAEAAAU OOCTYII-
HOM peErucTpanmio COTEH MUAANAPI0B FaAaKTHK.

DOTOCHUMKU ITIOKA3aAH, YTO TAAAKTHKH PA3ANYAIOTCS 10 BHEIITHEMY BUIY
U CTPYKType. XabbA IIpeIA0KHUA KAACCU(DUIINPOBATE TAAAKTHKH 110 UX (pop-
Me. CoraacHO COBpPEMEHHOM KAaCCU(DHUKAIINY PA3ANYAIOT FTAAAKTHKU CAETY -
IOIITHMX OCHOBHBIX THIIOB: aaauniTudeckue (E), cnupaasbHble (S), HEIIpaBHUAb-
uble (Ir) u ama3oBUAHbIE (SO) — pHCyHOK 155.
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PucyHoK 155 — KnaccupumKkauma ranakmmk 3. Xab6na

AIMNTHYEeCKUe TAJTAKTHKU B IIPOEKIINY Ha HebecHyI0 cepy BBITAIAAT
KaK KPYTH HAH 3AAUICHI (puc. 156). Yucao 3BE3M B HUX IIAGBHO YOBIBAET
OT LIEHTPAa K Kparo. 3BE34bI BpalllaloTCd B TAKOM CUCTEME B pa3HbIX IIAOCKO-
crax. CaMU 2AAUNITHYECKHE TAAAKTUKH Bpa-
Ial0TCcd O4eHb MeaaeHHo. OHU comepzKaT
TOABKO KEATBbIE U KpacHble 3BE3pI, IIpaK-
THUYECKH HE UMEIOT ras3a, IIbIAH U MOAOIBIX
3BE3 BBICOKOH CBETUMOCTH. PU3HNYECKUM
XapaKTepUCTHUKAM 3THUX I'aAaKTHUK CBOH-
CTBEH JJOBOABHO IIHUPOKHH AUANIa30H: Ua-
MeTpEl — OT 5 10 50 KIIK, Maccel — ot 10°
1o 10 macc Coanria, ceeTumocTi — ot 10°
1o 10 cerumocreit Coanma. Okoao 25 %
H3Y4YEHHBIX FaAaKTHUK [IPHUHAOACXKHUT K ra-
AAKTHKaM 3AAUTITHYECKOT0 TUIIA.

OKOAO TIOAOBUHBI HU3Y4YE€HHBIX raAak- PucyHoK 156 — danuntunyeckasn
THK OTHOCHTCHA K CIIMPAABHOMY THUILY. ranaktka M 87 B cossesgum [iesbl
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PucyHoK 157 — CnupanbHble ranaktukm: a — M 81; 6 — M 51; e — M 101

CnupajibHbI€ TaJIaKTUKU — 3T0 CUABHO CITAIOCHYTBIE CUCTEMBI C IIEHTPaAb-
HBIM YIIAOTHEHUEM (B KOTOPOM HaXOAUTCH PO FTAaAaKTHKHU) ¥ 3aMETHOH CITH-
pasbHOM CTPYKTYpPOH. PasMepsl 3THX raaakTHK focTUraioT 40 KIIK, a CBETU-
Moctu — 10! cBeTumocTeit Coanna. B oKpyzKaroleM yIAOTHEHHE [IHCKE
UMEIOTCS IBE AU 00Aee KAOYKOBAaThIe CITMPaAbHbIe BeTBH (puc. 157). Tax,
K Xa00A0BCKHUM THIIaM CIIHPAABHBIX TAAAKTUK OTHOCHTCS rarakTuka M 81,
THUII Sa, CUCTeMAa C TYr0 3aKPY4e€HHBIMH CIIMPAABHBIMHU BETBIMHU, I1apoodpas-
Had 4acTb apKas U NpoTaxk€éHHad (puc. 157, a). TaaakTuka M 51 oTHOCHUT-
cs K TUIy Sb, nmeeT 60Aaee MOIITHBIE H YETKHE CIIUPaAH, IIEHTPAAbHAS YaCThb
MeHee BblfeadgeTcs (puc. 157, 6). NanakTrka M101 npuHagAeKUT K THUITY SC,
CHCTeMa C Pa3BUTOH KAOYKOBATOM CIIMpPaABHOH CTPYKTYpOH, IrapoobpasHasa
4acTh KOTOPO caabo rmpocMaTpuBaeTcs Ha obiieM doue (puc. 157, g). Ilpu-
MEPHO y IIOAOBUHBI CIIMPAABHBIX MAAaKTHK B LIEHTPAABHOMN YaCTH UMEETCS
TIOYTH IIpaAMasi 3BE31HAL [IepeMbIUKa —
0ap, oT KOTOPOY HAYWHAIOT 3aKPYyIH-
BaThCs CIIIpaAsbHbIe pyKasa (puc. 158).
Takue ranakTHUKU Ha3bIBAIOTCS CIIH-
PAIBHBIMH C IEPEMBIUYKOM.

B criupaAbHBIX BETBAX IaAaKTHUK
COCPEeIOTOYEHBI CaMble SIPKHE K MOAO-
[ble 3BE3IbI, IPKUE ra30IlbIAEBbIE TY-
MaHHOCTH, MOAOJBIE 3BE3/IHBIE CKOIIAE-
HU4 U 3BE3IHBIE KOMIIAEKCEI. [IoaTOMYy
CIIUPAaAABHBIN y30p OTYETAUBO BHUAECH
[JaxKe y JaréKUX MaAaKTHUK, XOTd Ha
PucyHok 158 — CnnpanbHaa ranakTMka  OAI0 CIIMPAABHBIX PYKaBOB IIPUXOIUT-

¢ nepembiukoit (6apom) NGC 1365 Cs1 BCETO HECKOABKO ITPOLIEHTOB MACChI
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BcelU ranakTuku. Hamra N'asakTuka aB-
AdeTCd CIIMpaAbHOM. Banzkaliiada 3BE3[ -
Had CUCTEMA, II0X0zKad I10 CTPYKTYpEH
TUIIy Ha Hauly ['aanakKTHKy, — 3TO Ty-
MaHHOCTb AHpoMmes! (puc. 159). Cetr
OT 3TOH ranaKTHUKH NOXOAUT A0 HAC ITPU-
MEPHO 3a 2 MAH A€T.

K HenpaBUJABHBIM raJakKTUKaM OT-
HOCHAT MaAOMAaCCHUBHBIE TaAaKTHUKU He-
IIPaBUABHON CTPYKTYPBI. Y HHUX HE Ha- PucyHOK 159 — TymaHHOCTb
OAromaeTcd 4ETKO BBIPAsKEHHOTO Aapa U AHgpomegpl
BpallaTeAbHOU cuMMeTpuu. Buaumasa
SPKOCTBb TAKUX FaAaKTHK CO30aéTCd MOAOABIMHU 3BE31aMH BbICOKOH CBETH-
MOCTH B 00AaCTSIMH HOHHU3UPOBAHHOIO Bogopoga. Macchl HeIIpaBUABHBIX

rasakTuk coctaBastoT oT 108 mo 10'° macc CoaHIIa, pa3Mephl 3TUX Farak-
TUK gocturaioT 10 KIK, a CBETUMOCTHU UX He IIpeBhIIatoT 10 10 cBeTHMOCTE
CoaHnia. B Takux rarakTHUKax COOEPIKUTCHA MHOTO rasza — a0 50 % ux o6-
m1eit Mmaccel. Bankaimumuy K HaM SIpKUMU HEIPaBUABHBIMU raAaKTHKaMU
aBagioTcs MarearanoBbl O6aaka (Boabiioe u Manoe). OHU BBITASOAT Kak
[IBa TYMaHHBIX 00AaYKa, CEPEOPUCTO CBETSIIMXCS B XOPOIIYIO MTOTOIy Ha
HOYHOM Hebe. OHHM pacrioAoKeHbI B KOKHOM TTOAyIIIapUU U TIO3TOMY HEBH-
OUMBI ¢ TeppuTopuu Beaapycu. Boabinoe MareananoBo O6aako (puc. 160),
HUMemIIee B AuaMeTpe 7 KIIK, PACIIOAO-
JKEHO OT HaC Ha PACCTOSHHUH S2 KIK. [1o
MHEHUIO HEKOTOPBIX aCTPOHOMOB, B Ma-
reAraHOBBIX O0AaKaX MOXKHO PA3AUYHUTD
3a4aTKU CIIUPAABHOU CTPYKTYPHI.
JIMH30BU/IHbIE TAJTAKTUKHM BHEITHE (€C-
AWl BHJIHBI AQIIMS) O9€Hb ITOXO0XKH Ha
SAAUTITUYECKHE, HO UMEIOT CIIAIOCHY ThIH
3BE3MHBIN AUCK. 1o CTpyKType 1momao6-
HBI CITUPAABHBIM TaAaKTUKAaM, OJHAKO He
HUMEIOT ITIAOCKOM COCTaBALIOIIEN U CITH-
PaAbHBIX BeTBel. OT CITUpaAbHBIX TaAaK-
THK, HaOAIOJaeMBIX C pebpa, AMH30BHU/I- PucyHOK 160 — Bonbluoe
HBIE TAAAKTHKHN OTAHNYAIOTCA OTCYTCTBHEM MarennaHoso O6nako —
nnoaocsl TéMHOM MaTtepuu. Hemenkuii oAHa U3 6IM3KNX K HaM ranakTuk
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actpoHoM Kapa [IIBapiiiasa BBIABHHYA TEOPHIO, COTAACHO KOTOPOH AMH30-
BU/IHbIE FTAAAKTHUKH MOTYT 00pa30BbhIBATHCS M3 CITUPAABHBIX B ITPOLIECCE «BbIME-
TaHU» Fa30IILIACBOM MATEPUH.

2. pacctoaHMA A0 ranakTMK. 3akoH xabbna. PaccrosHus no OAMIKAMIIIMX
raAaKTHK OIIPENEASTIOTCS I10 OIIEHKaM BHIAUMBIX 3BE3HBIX BEAMYHH Iiede-
un (cm. § 26). [as qoarornepruoudecKux reden ycTaHoBAEHA 32 BUCUMOCTD
«IIepUO KOAeOaHUY — CBETUMOCTE». C IIOMOIIBIO 3TOH 3aBUCHMOCTH OIIpe-
OEeATIOT aOCOAIOTHYIO 3BE3IHYI0 BEAUYHHY 110 JAHTEABHOCTH KOAeOaHu Oae-
CKa: 4eM Kopodue mepuo KoarebaHuii 6aecka, TeM necpernga crabee mo abco-
AFOTHOU 3BE3IHOM BeAUYHHE. PacCcTosHUE ¥ BEIYHUCASIETCS 10 (POPMYAE:

lgr=0,2(m—-M) + 1, (1)

rme mu M — BuauMas ¥ abCcoAIOTHAS 3BE3IHbIE BEAMYHHEI.

LlAsT TanaKTUK, T/ie He 0OHaAPYKEHBI 11ePerIbl UAU UX HEBO3MOIKHO YBH-

[EeTh, B KA4E€CTBE UHAUKATOPOB PACCTOSTHUY HUCIIOAB3YIOT SIpYalIlie 3BE3bI-
CBEPXTUTAHTHI, HOBBIE U CBEPXHOBBIE 3BE3/bI, IIIAPOBbIE 3BE3MHBIE CKOIIACHUS.

PaccrosHusga onpeneadioT Takxke 1o opmyae (1). Bugumyo 3BE3gHyI0 Be-
AWYHUHY OIIEHUBAIOT U3 HAOAIOJIEHU M, 2 a0COAIOTHYIO — CIHUTAIOT U3BECTHOM
(cpemHeii) mas maHHOTO KAacca 00beKTOB. Hampumep, I1apoBbie CKOTIAEHUS,
KaK 3TO CAeIyeT U3 HaOAIOIeHU M, UMEIOT IPUMEPHO OJUHAKOBYIO a0COAIOT-
HYIO BEAUYUHY.

Paccrosausa no gasékux ranakTHK OIPEACATIOT TAKXKE I10 UX YTAOBBIM
pasMepaM HAU I10 BUAUMOM 3BE3HON BEAUYUHE, a 10 O4€Hb JAAEKUX ranaK-
THK — HUCKAIOYUTEABHO I10 BEAMYHHE KPACHOIO CMEILEHUd B UX CIIEKTPE.
KpacHoe cmenieHue (z) 00bIYHO U3MEPAETCH OTHOCUTEABHBIM U3MEHEHHEM
JOAUHBI BOAHBI CTIEKTPAABHBIX AMHUH:

A o
Lo

Emé B 1912—1914 rr. amepuranckuil actpoHoM Becto Caatichep o6Hapy-
KHA, YTO AMHUHU B CIIEKTPaX JAaAEKUX FAAAKTHK CMEIIEHbl OTHOCUTEABHO UX
HOPMAaABHOT'0 IIOAO2KEHUS B CTOPOHY KPaCHOTO KOHIIA CIIEKTPa. DTO 03Hada-
AO, YTO TAAAKTHKHU YIAATIOTCS OT HAC CO CKOPOCTSIMH B COTHU KHAOMETPOB
B cexkyHAy. [Tozke O. Xabba onpeneAra pacCTOSTHUS 10 HEKOTOPBIX FraAaK-
THUK U UX CKOPOCTH. 13 HaOAIOIEHUH CA€IOBAAO, YTO YEeM JAABIIIEe OT HaC Ha-
XOMUTCS TAAQKTHKA, T€M C OOABIIIEH CKOPOCTBIO OHA yaaAseTcs (rpadudecKu
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PUCYHOK 161 — 3aBMCMMOCTb CKOPOCTU YAAIEHUA FaNaKTUK OT PAacCTOAHUA A0 HUX

[aHHasd 3aBUCHMOCTS ITpe/icTaBA€Ha Ha pUcC. 161). 3akKoH, 110 KOTOPOMY CKO-
POCTb yIaA€HHUS FaAaKTHUKU IIPOIIOPIIMOHAABHA PACCTOSHHUIO N0 HeE, TIOAY-
4HA Ha3BaHUe 3aKoHa Xab0aa. 3akoH Xab6aa MOKHO C(hOPMYAHPOBATE Ta-
KHM 00pa3oM: omHocumenibHoe yseauueHue ONUH 80JIH TUHUL 8 cheKkmpax
2a1aKmuK NPONnoOPYUOHAIbHO PACCMOSIHUIO T 00 HUX, M. €.

A —2Ag
Ao
Hpe,ILHOAaI‘aH, YTO ABACHHE KPAaCHOI'O CMEIIIEHUA O6YCAOBACHO ABH2KECHH -
€M 'aAaKTHK CO CKOPOCTEIO U,II0 AYy41Yy 3PE€HHA B HAIIPABACHHUH OT HaGAIOILa—
TEAA, MOZKEM HaUTUu AYYE€BYIO CKOPOCTBbIaAaKTHKH I10 USMEPEHHOMY OTHOCH -
TEABHOMY CMEIIEHUIO JANHEBI BOAHBI CIIEKTPAABHBIX AVHUM:

A A
() » ) 2)

C yuérom 3akoHa Xab0aa 3aBUCHUMOCTE (2) MOKHO 3aIlicaTh B BUIE:

vy = Hr, (3)

rae H— ko3 pUIHEeHT ITPOIOPIIHOHAABHOCTH, HA3bIBAEMbI IOCTOAHHOM
Xa66.1a. Koadpdpunuent Xabbaa mokasbIBaeT, HA CKOABKO KHAOMETPOB B Ce-
KYHZy BO3PacTaeT CKOPOCTh TaAaKTHK C YBEAUYEHHEM PACCTOSHHUS A0 HUX Ha
1 Mnk. 3HadyeHue H IIOCTOSHHO yTOYHSIETCS, 110 PA3AHYHBIM OLIEHKaM OHO
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3aKAIO4YEHO B npeaeaax ot 50 no 80 km/ (¢ - Mnk). ITpu pacuérax yarie Bce-
ro npuHuMaroT H =75 km/ (c - MuK).

Heob6xonuMo OTMETUTH, YTO 3aKOH Xab0Aa BBITIOAHSIETCH TOABKO [IASI Aa-
AEKUX FaAaKTHUK, paACCTOSHHE 10 KOTOPBIX IIpeBblInIaeT 5—10 MIk.

3. maccobl ranaktMk. Macchel TaAaKTHUK MOXKHO OIIEHUTHL Ha OCHOBAaHUM AH-
HEMHBIX CKOpOCTeﬁ Bpalll€Hud UX BHEIIITHUX gacTel. CKOpOCTI/I Bpali€Hu4Ad v
yCTaHaBAHUBAaIOT HyTéM CpaBHEHHUA CMEIIeHUH CIIEKTPAABHBIX AVHUHU B pas-
AUYHBIX YaCTdX raAaKTHKH.

HpC,ILHOAO}KI/IM, 4T0 BCI Macca M rasakKTHUKU CKOHIICHTPHPOBaHAa B eé

LOEHTPE U BPALICHHUE IIPOUCXOAHUT II0 3aKOHaM KenAepa. TOI‘ILa HU3BTOpPOro3a-
2

v
koHa HetoroHa F = ma (a= — " LeHTPOCTPEMHTEABHOE YCKOpEHUE) Cyué-

mM
TOM [IBUXKEHHUS T€A B IIOA€ CHA TaroTeHusa F=G____ [ AYIHM:
GM ?
R> R

rae R — paauyc rarakTHKU. [locae mpeoOpa3oBaHU BhIpaXKeHHUE JIAS Ha-
XOZKIIEHUS MAaCChI TAAAKTHKHU OyIeT UMETh CACAYIOIINH BU/I:

Rv?

M — (4)

G

JAg TanaKTUK, KaK U JIAd 3BE3M, UMEETCS onpeaeAéHHAs 3aBUCHUMOCTD
MeE3K/Iy MacCoO¥ U CBETHMOCTBIO, KOTOPAas UCIOAB3YETCS OAS BBEIYUCACHUS
Macc rasakTuk. OTHaKO OIIEHKH MACC TaAaKTHK I10 X CBETHMOCTSIM ITOAyYa-
AUCH 3HAYUTEABHO MEHBIIIE, YEM 10 BPAIIIEHHUIO TaAAKTHUK. ITO SBAECHUE ObI-
AO Ha3BaHO «ITapaJIoOKCOM CKPBITOH MaccChbl». YTOOBI 0OBSICHUTE €70, HY>KHO
IPEAIOAOKHUTD, UTO I7Ie-TO B TAAAKTHKE PACIIOAOKEHA HECBETAIIAACH ,, TEM-
Hag MaTepHs.

B 70-x rr. XX B. C IIOMOIIBIO METOAOB PEHTTE€HOBCKOM aCTPOHOMUU ObIA
OTKPBIT TOPSIYUN MeXKTrasaKTUdeckKuil ras. [lo TemriepaTtype rasza MOZKHO
OLIEHUTH MAacCCy €T0 CKOIIA€HHH. [lepBhIe pe3yAbTaThl PEHTTEHOBCKHX Ha-
OAIOIEHUM rOpsIUIero ra3a B IPyIIiax TaAaKTHK ITOATBEPAUAN IIPUCYTCTBUE B
HHUX CKPBITOH MacChl, He BXOSIIEH B COCTAB OTAEALHBIX TaaakKTHK. Cero-
HS aCTPOHOMBI IOCTATOYHO YBEPEHHO 3aKAI0OYAIOT: BceaeHHass B OCHOBHOM
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3artoAHEHA HEBUIUMBIM BerllecTBoM. OHO oOpa3yeT NpOoTaKEHHBIE TAAO Ta-
AAKTUK U 3aTIOAHIET MEKTaAaKTHIECKOE ITPOCTPAHCTBO, KOHIIEHTPHUPYACH B
CKOTIAEHHSIX TAAAKTHK.

CnerTpasbHble HAOAIOAEHUS, TPOAEAAHHBIE C UCIIOAB30BAHUEM KOCMHYE-
CKOTro TeAeckona Xab0aa U KPYITHBIX COBPEMEHHBIX HA3EMHBIX TEAECKOIIOB,
IOATBEPAUAN HAaAWYHE OOABIITHNX Macc (0Koao S50 MaH macc CoAHIIa) HECBe-
TSIIETOCH BEIIECTBA B A/IPaxX Psia raAaKTHUK.

4. FanakTMKK € aKTUBHbIMKU Aapamu. Y GOABIITMHCTBA TAAaKTUK MOXKHO BBI-
JOEAUTDH IPKYIO IIEHTPAABHYIO YacTb — AApo (puc. 162). 9ra ob6AacTb OTAU-
yaeTcsa OOABIION 3BE3IHOM ITAOTHOCTEIO, JOCTHUTAOIIEH 10°—108 ok 3. Ho,
HECMOTPsI Ha 3TO, CTOAKHOBEHUH sep U 3BE3M B 3TOM 00AaCTHU HE IIPOUC-
XOMIUT.

HccaemoBaHUS TIOCAEIHUX AET MOKA3AAH, YTO SIAPO — He IIPOCTOo Goaee
TIAOTHOE MECTO FAaAaKTHKH: B CAMOM IIEHTPE €70 MOKHO OOHAPYZKUTD EI11€ Of1-
HO YIIAOTHEHHE — AAPBIMIKO. Tak, IIpH HaOAIOMEHUH SI1pa TYMAaHHOCTU AH-
apoMennl (ero pazmepbl oKoao 100 1K) yaaA0Ch BBIIEAUTH SPKOE AAPBITITKO
norepedHukoM 1—14 k. OHO BpalaeTcd Kak TBEpAOE TeAo (C IepHUoa0oM
obparenus 500 Thic. AeT). Macca aaprhIliKa CoCTaBAIET IIPUMEPHO 13 MAH

COAHEYHBIX MaccC. IIAOTHOCTb — 0KoAO 1500 CoAHEYHBIX Macc Ha 1 TIKS,

PucyHOK 162 — flgpa ranakTuK cogep:KaT MacCMBHbIE YEPHbIe AbIpbl.
HwxHuit pag, potorpaduii nonyyeH c NOMOLLbIO KOCMUUYECKOro Tenieckona Xab6na
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T. €. B 20 ThIC. pa3 6oablile, yeM 0KOoAO CoAH-
a. Aapeiko BeaéT cebss TaKUM o6pasom,
Kak OyaTo 3T0 caMoCTosATeAbHOE obpa3oBa-
HUeE, «BAOXKEHHOE» B TaAaKTHKY.

PanuouccaenoBanua Hanieil larnakTUKU
I[IOKa3aAH, 4TO B €€ LIEHTPEe TaKXKe UMEETCS
SAPBIIIKO Pa3MepPoOM IIPUMEPHO B 6 MK.

B saapax HEKOTOPBIX TAaAAKTHK ITPOUCXOIUT
KOAOCCAABHOE BBIIEACHUE HSHEPTUHU, KOTOPOE
HEAB3sT OOBSICHUTH U3AYYEHHEM UAU B3PbIBAMU
OOBIYHBIX 3BE3M. TaKHe TarnaKTHUKH ITOAYIUAU
Ha3BaHUE TAAAKTHUK CAKTUBHBIMU APaMU.

DopMBITPOSIBAEHUS aKTUBHOCTHU SI/1€p ra-
AAKTHK Pa3AUYHBI. ITO MOKET OBITH OOABITIAS
PUCYHOK 163 — SAPO ranakTUKM MOLIIHOE)TI: U3AYUEHUS B I/IchpvaKpaCHoﬁ, OTITH-

BbI6pacbiBaeT razosble cTpyn —  1CCKOH I/IAI/I PEHTTEHOBCKO# 00AACTH CIIEK-

AKeTbl Tpa, TPUIEM MEHIIOIIAsICS 32 CPABHUTEABHO

HeOOABIIIOE BpeMd (32 HECKOABKO AET, MECS-

1IEB UAU JaXKe qHel). B HeKOTophIX cAydasx HabAIo1aeTcs ObICTPOe ABUKE-

HHe rasa B gpe (co ckopocTaMmu ~ 1000 km/c). UHOTIa ra3 o6pa3yeT OAUH-
HbIe IPIMOANHENHbIE ra30BbIe CTPYH — JAAKeThI (puc. 163).

Hauboaee BeposiTHAs TUNOTE3a, OOBSICHSONIAS aKTUBHOCTD sSI/IEP, MPEIII0-
AaraeT HaAU4YHE MaCCHUBHOU 4E€pPHOM ABIPHI B LIEHTPE TaAaKTHUKU.

5. B3aumogeincTeylolme ranaktuku. BA3KO pacrionoKeHHbIE TaAaKTH-
KU WHOTA OLIBAIOT CBSI3aHBI MEXKIY CO0O# MOAOCOM CBETHIIEHCs MaTe-
puu. YacTo 3TU roAy0oBaThIE TTOAOCHI IBASTFOTCS TIPOIOAXKEHUEM CIIUPAAb-
HBIX BeTBel. [ToAOCEI coCTOST U3 ra3a U ropgd4nux MOAOABIX 3BE34. Hepeako
TaAaKTHUKH TIOTPYKEHBI B OOIIM «3BE3MHBIN TyMaH», TOT/IA UX HA3bIBAIOT
B3aNMO/AEVCTBYIOIIIMU.

B GoabIIMHCTBE CAyYaeB 0COOEHHOCTH (DOPM B3aMMOAEHCTBYIOIIMX raraK-
TUK O0'bSICHSIIOTCSI BO3MYIIAIOIIMMH ITIPUAUBHBIMY CUAAMH, €U CTBYIOIITUMH
Ha 3BE3abI OJTHOU ranaKTUKHU CO CTOPOHEI Apyroii. MHOTHE uccaesoBaTeAn
CYUTAIOT, YTO B3aUMOMIEHCTBYIOIIHE TaAAKTUKH COAMKAIOTCS, a HaOAIOIeH s
B COBpPEMEHHBIE KPYITHBIE TEAECKOIIBI ITOKA3bIBAIOT, YTO CPEAH TaKUX rasaK-
THK O4YE€Hb MHOTO CTaAKHUBaronuxcs. /laske Hamia 'arakTHuKa SBASIETCS B3a-
uMoaedcTByoIlel. B HacTOANMIT MOMEHT OHa IIOTAOLIAET OAHY KapAUKOBYIO
TaAaKTHUKY, HAaXOASIIYIOCH Ha ITPOTUBOIIOAOKHOM OT HAC CTOPOHE raAaKTH-
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4YeCKOTo AUCKa. Yepe3 HECKOABKO MHA-
AMapIOB AeT Halna [arakTHKa «IIpPo-
raotut» MareanarnoBbs! Obaaka, a depes
S MAPZ AET CTOAKHETCS C TYMaHHOCTBIO
Anpgpomens: (M 31) — pucyHnok 164. Ho
IIPH 9TOM OY€Hb MaAa BEPOSATHOCTHTO-
0, YTO OYAyT CTAAKUBATHCS OTAEABHBIE
3BE3/1bI, TAaK KaK OHU yIaA€HBI OHAOT
OPYTOH HA PACCTOSHUS, B COTHU MHUAAH-
OHOB pa3 IIPEBBIIIAIOIINE UX JUAMETD.
Bauzke Bcero Kk HaM HaxOIUTCS rmapa
CTaAKUBAKOIIUXCS KPYIIHBIX TAAaKTUK
NGC 4038 u NGC 4039 B co3zBe3anu
Bopora (puc. 165). 9ra B3auMoaeicTBy-

PucyHoK 164 — Tak, BO3MOKHO, 6yaeTt
BbIrNAAeTb Ha Hebe TYyMaHHOCTb
AHppomepabl Yepe3 HECKOJIbKO
MUAINAPAOB NeT

IOIllad CUCTEMA yIaA€CHa Ha 63 MAH CBETOBBIX A€T. [Tom BAUSIHMEM CHUA TSITO-
TE€HHA ¥ TaAAKTHUK IIOABHUANCH JAMHHBIC «aHTE€HHBI», COCTOMIIIHE 13 rasa u
3Bé3[(, II0O9TOMY HXYaCTO HAa3bIBAIOT «aHTCHHBIMHU» TAAAKTHKaMH. Ot o6pa—
30BaHUAd BO3HHKAH B PEIYAbBTATE COYAAPECHHUA 3BE3HBIX CHCTEM. ACTpOHOMI:I
OTKPBIAU B «aHTECHHBIX» TAAAKTHKaxX boAee ThICAYH HEIAAaBHO o6pa30BaBme—

cs 3BE3MHBIX CKOIIAeHUH. B KaskmoM U3
HUX COAEPIKUTCS A0 MHUAAMOHA 3BE3II.
Bo3pacT ckoriaeHU# He IIPEBBIIIIAET
100 MmaH Aet. OHHM 00pPa30BaAUCH MIOX
OefiCTBUEM IIPUAWUBHBIX CHA, BO30YyK-
OEHHBIX COAMMKEHUEM ABYX CHUCTEM.

6. Keasapbl. B magaae 60-x rr. XX B.
10 PaguOU3AYIEeHUSM ObIAU OOHapy-
JKEeHBI OOBEKTHI, MOAO0OHbBIE AKTHUB-
HBIM SpaM TaAaKTHUK, — KBa3aphbl.
Ca0OBO «KBazap» 00pa30BaHO OT CAO-
BOCOYETaHUs «KBa3U3BE3MHBIE PAIHO-
HCTOYHHUKHW», T. €. TIOMOOHBIE HA Paauo-
u3Aydaroume 38é3ae1. CIeKTphl KBa3apoB
coAepKaT IpKHUE SMUCCUOHHbIE AMHUH,
CHABHO CMEUIEHHBIE B KPACHYIO CTOPOHY,
KaK y JaAréKUX raraKTUK. PaccTosHus,
omnpeneAéHHBIE ITI0 KPACHOMY CMEIIEHUIO,

PucyHok 165 — Crankusarowmecsa
ranaktuku NGC 4038 n NGC 4039.
KpacHbim uBeTom cBeTaTcA
rasonbineBble ob6aaKa, nagaowme
Ha YEpHble AbIpbl B AAPax raaKTuK,
ronybbim — monopapble ropsauuve
3BE3Aabl, poxkaalowmeca 6narogapna
BO3MYLL,EHMAM ra3onbl/ieBbIXMacc
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OKa3aAuCh 60aee S MAP/I CBETOBBIX AeT. Ha poTorpadusx kBazapbl BBITASIAT
O4YEHb APKUMH 110 CPABHEHUIO C YAAAEHHBIMU raAaKTHKaMU U B pajguoauara-
30HE U3AYYAIOT TaK K€ CUABHO, KaK 0AM3KHE PaIUONCTOYHHUKHU.

[Ipupoma akTUBHOCTH PaAHOU3AYIEHUE KBa3apOB TOYHO II0Ka HE YCTAHOB-
A€HA, OTHAKO C OIIpeeAEHHON YBEPEHHOCTBIO MOKHO CKa3aTh CACAYIOIIIEE:

1) kBazapbl— camble fasékue 00BEKThI, HabAI0JaeMble Bo BceaeHHOI;

2) 3HaYUTeAbHAd 4acTb KBa3apoB — 9TO0 gApa JaréKHX FraraKTHK, KOTO-
PbIl€ HaXOAATCA B COCTOSHHUH O4€Hb BLICOKON aKTUBHOCTY;

3) KBa3zapbl— caMble MOIIHBIE U3 HU3BECTHBIX B IPHUPO/I€ NICTOYHUKOB BU-
JOUMOTO0 ¥ HH(PPAKPACHOT'0 H3AYIEHUH, T. €. 3T0 KOCMUYECKHUe OOBEKTHI C KO-
AOCCaABHOH IIOBEPXHOCTHOM HAPKOCTBIO U3AYYECHUA.

M3y4yenue 60ABIIIOT0 KOAMYECTBA KBa3apoB C IIOMOIIIBI0 KOCMHUYECKOTO Te-
aAeckoria Xab6aa B 1995 r. mpuBeAo yI€HBIX K BEIBOLY, YTO HefaréKHue KBa-
3apkbl (CKpacHBIM cMeltleHneM z= 0,5) cBs3aHbI C B3aUMOAEUCTBYIOIIMMHU JA-
AUIITUYECKUMHU rasakKTUKaMH. MHOTHEe KBa3aphl pacliorararTcs B IIEHTPax
IO 0OHBIX 3BE3IHBIX CUCTEM. OTO IIOATBEPKAAET IIPEAIIOAOXKEHHE, YTO KBa3a-
PBI ABAFIOTCH MACCUBHBIMHU YEPHBIMHU ABIPaMHU B LIEHTPAaX FraraKTHK, Ha KO-
TOPBIE IIPOUCXOAUT MaJICHUE BEIIECTBA.

@ I'1aBHBIE BHIBOABI

1. [aAaKTHKY — TUTAaHTCKUE IPaBUTAIIMOHHO-CBSI3aHHBIE CHCTEMBI 3BE3T
U MEeXK3BE3HOT0 BEIIECTBA, PACIIOAOXKEHHbIE BHe Hallell ['aaakTHKMU.

2. Mup raarakTHK 9Ype3BbIlHaifHO pazHooOpa3seH. [lo BHelrHeMy BULY
U CTPYKTYPE FaAaKTHUKH KAACCU(MPUIIUPYIOTCS Ha OCHOBHBIE TUIIBL: 9A-
AWTITUYECKHE, CIIHPaAbHble, HEIIPABUABHBIE 1 AWH30BUIHBIE.

3. CrnexTpaabHble ANHHUH B CIIEKTPAX JAAEKUX FaAaKTHUK 3aMETHO
CMEIIIeHbI B CTOPOHY KPACHOTO KOHITA CIIEKTPA.

4. OTHOCHUTEABHOE YBEAHMYEHHE NAWH BOAH AMHHH B CIEKTpax
raAaKTHK IPONOPIIMOHAABHO PACCTOSHHUIO 10 HUX (3aK0H Xab6.a).

5. ITocrosgHHag Xab6aa — K03 (PHUIIMEHT IPOIIOPIIHOHAABHOCTH
MeXK Iy CKOPOCTBIO yAaA€HHS BHETAAAKTHIECKHUX 00BEKTOB U PACCTOsI-
HHEM [0 HUX, IPUHUMAaEMbIH B pacuérax 75 km/ (c - MOK).

6. KBazapsl — KBa3u3BE3MHBIE OOBEKTHI — CaMble MOIIHBIE I10
SAEKTPOMAarHUTHOMY H3AYYEHHIO 00BEKTHI BO BceaeHHOMH, cumTaromye-
Csl aKTUBHBIMH SIpaMH JAAEKHUX FTAAAQKTHUK.
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® KoHTponbHble Bonpocbl U 3agaHnA
1. OxapaKktepusyiiTe TUMNbl ranakTMK No Knaccudumkaumm 3. Xabbna. Yem annmntuye-
CKME U HernpaBWU/ibHble FaNakKTUKM OT/INYHAKOTCA OT CNUPanbHbIX? K KaKomy TMnNy OTHO-
CUTCA HallarasakTuKka?
2. Ha KaKOM PaCCTOAHMUM HAaXOOMTCA raNlakKTUKa, eCIM CKOPOCTb e€ yaaneHuAa paBHa
20 TbiC. KMm/C?
3. Chopmynupyitte U 0b6bACHUTE 3aKOH Xabbna.
4. Kak oueHMBalOT MaccChbl FanakTUK?
5. CKkonbKo BpemeHM NpuAaETCca K AaTb OTBETA HA paauoTenerpammy, OTNpPaB/EHHYIO K
ranakTMKe aHAPOMe/bl, paccTosHMe o Kotopoi 0,69  Mnk?
6. KakoBo paccTosiHWe A0 ranakTUKK, eciv B Hell 06HapyKeHa HoBas 3Be34a, BUAMMan
3B&34HaA BeNMUMHa KoTopoi 187, a abcontoTHan 38é3aHan BesMdmHa —777?

§ 30. pacwmpsAowanca BceneHHan

1. MpocTpaHcTBEeHHOE pacnpegeneHue ranaktuk. [aAnakTHKYU, Kak U 3BE3-
ObI, 00pa3yroT IPyHITEI U cCKoAeHHs. M3BecTHO 0KoAao 7000 cKomaeHMit ra-
AaKTUK. OKOoAO 40 OAMIKAMIINX TAAAKTHK, U3 KOTOPBIX HAUOOAEE MaCCUB-
Hble — Hama ['arakTHKAa U TYMaHHOCTb AHAPOMEIbI, — 00pa3yIoT CUCTEMY
raanakTHUK pasMepaMi B HECKOABKO COTE€H KHAOIIapCeK, KOTOPad IIOAYYHAA
Ha3BaHre MeCTHOM IpyNimbl TFaIaKTHK.

Boaee kpymnHble 00beIMHEHUST

TaAaKTHUK T'PYIIITHPYIOTCS B CHCTe- 50 L —M86 _M84 l
MBI raakTuk. OHU COZEepPIKAaT 110 M90:,éw %% M87
TBICSIYH TAAAKTHK, U UX pa3Mep CO- . e\l M60 +M59 12
CTaBASIET HECKOABKO Meramnapcek. 0 P

Bauxatiniee KpymHoe oObeIuHe - a2 - 0115 . b
HHE TAAQKTUK pPa3MepOM ITPHUMEPHO G

S MOK HaxXoguTcd B HAITPABACHUH & M6l
co3Be3aus [leBbl HAa PACCTOSSHUH 5 &

okoao 20 M1k (puc. 166). B ero co-

CTaB BXOAST TUTAHTCKUE DAAUIITH- fesa v

YeCKHE U CITUPaAbHbIE TAAAKTHUKH,

HalpuMep paguorasakTuka /lesa A,
crimpasbHad rasakTuka «Combpe- PucyHoK 166 — CKonneHue ranaktmk
po» (puc. 167) u np. B8 co3Be3aum [ieBbl
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CamMmoe ynasnéHHOE CKOIIA€HUE ra-
AAKTUK, 10 KOTOPOTO OIIPEIEAEHO pac-
crogHue (5200 Mmk), pacroaaraer-
cga B co3Be3auu Boaocsl BepoHuku.
ToABKO C HOMOIIBIO CaMBIX KPYII-
HBIX TEAECKOIIOB MOXKHO Pa3AUYUTH
€ro gpyauinme rasakTuku. KoMmraek-
Cbl CKOIIA€EHHH TaAaKTUK pa3MepamMu
30—60 Munk, comepzkalux AeCATKH
CKOTIA€HUH, Ha3bIBAIOTCI CBEPXCKO-
IVIEHUAMU ratakTuk. CKoIiaeHue ra-
AAQKTUK B Cc03Be3auU [leBhl IBASIETCS
LIEHTPAABHBIM CTYIIEHUEM B CBEPXCKO-
PucyHoK 167 — lanaktnka «Combpepo» TIIA€EHHUH TaAaKTHUK, B KOTOPOE€ BXOOUT

U Hamta MecTHas rpynna rasakTUK.
OO11ee YHUCAO TAAAaKTHK HAIIIETO CBEPXCKOIIACHHUSI, HUCKAIOYasl KAPAUKO-
BBIe, — 0K0AO 2000, a pazmep — okoao 60 Mnk. [Toka BBIIBAEHO OKOAO
S50 cBepxckonaeHuti. CKOTIAEHHH O00Aee BBICOKOTO paHra He 0OHapyKeHO.

CBepXCKOMAEHUS U CKOTIAEHHUSI TaAAKTHUK 00pas3yoT B IPOCTPAHCTBE BO-
AOKHOTIO/IOOHBIE CTPYKTYPbI, HAITTOMHHAIOIIIHE COO0M TUe KU UAU ITIEANHBIE
coTsl (puc. 168). B «<BoaoKHax» coOOpaHbI CKOIIAEHHUS TaAaKTHK, Ha IIepece-
YEHUU «COT» — CBEPXCKOIIAEHUS TaraKTHK. Pa3dMephl MyCTOT «I4eEK» CO-
CTaBAFIIOT 0KOAO 100—150 MIK, TOANIMHA «BOAOKOH» — OKOAO 10 MIK.
CpenHsada HAOTHOCTB BEIIleCTBa B «BOAOKHAX» — IMopsaka 1 024 Kr/ M. Kpyt-
HOMacIITabHas CTPyKTypa BceaeHHOI nMeeT T9encTo-CoTOoBbIH BUA. CpeaHss
TIAOTHOCTBH CBETSIIIIETOCS BellecTBa B Mmacmitrabax 6oabire 300 Mok paBHa
3-10728 Kr/ M>. OTO U ecThb cpeaHee 3HaY€HUE TIIAOTHOCTH CBETHIIETOCS Be-
HIecTBa B HabAogaemMoii yactu BeceaeHHOI, T. €. B OoabIIHX MacirTabax Bee-
A€HHAas B CPeIHEM OJHOPOIHA.

2. pacwupenue sceneHHoil. COBOKYITHOCTE Ha0AIOJa€MBIX TAAaKTHK BCEX
THUIIOB U UX CKOIIA€HUH, MEeXKTaAaKTHIECKOH cpeibl o0pasyeT BeceaeHHyTO.

OnHo n3 BaxXHEUIIHNX CBOUCTB BceaeHHO — €€ ITOCTOSHHOE pacIInpeHueE,
«pa3A€T» CKOIIAEHUHY TaAaKTHK, O YEM CBHUIAETEABCTBYET KPACHOE CMEIIEHUE
B CIIEKTpPax FraAaKTHK. BceaeHHass HAXOUTCH B COCTOSIHUHU ITPUOAUZUTEABHO
OOHOPOAHOTO M M30TPOINHOIO paciupeHus. OQHOPOOHOCTh O3HAYaeT OANHA-
KOBOCTbBCEX CBOMCTBMAaTEPHUH BCIOAY BIIPOCTPAHCTBE, a U30TPOITHS — OqH-
HaKOBOCTH 3THUX CBOHCTB B AI000M HampaBAeHHU. OTHOPOTHOCTh CBHUIETEAB-
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PucyHoK 168 — fluencroe pacnpeaeneHue ralakTuK B NPOCTPaHCTBe
(B pa3pese, npoxoaAalLem Yepes cKonseHme B co3se3ammn Bonocbl BepoHuku)

CTByeT 00 OTCYTCTBUH BBIIEACHHBIX 00AaCTEH IPOCTPAHCTBA, & U30TPOITUSI —
00 OTCYTCTBUU BBIJIEACHHOI'O HalpaBaeHHUd. [IpeanoroxkeHue o6 oLHOPOIHO-
CTH U U30TponUuU BceaeHHON Ha3BIBAIOT KOCMOJOTHYECKUM IIPUHIUIIOM.

C'umnoresy o pacmiupeHnu BeceaeHHOM Ha OCHOBeE O0IIEH TEOPHUH TATOTe-
Hud A. QUHINTENHA U CTPOTUX PAacY€TOB BBIABUHYA B 1922 1. pycckuii yué-
HbIt A. A. ®dpunman. PacuéTel 1okasasu, 4YTo BceaeHHass He MOXKET ObITh
CTallMOHAPHOM; B 3aBUCUMOCTH OT CpeIHEH IIAOTHOCTH BelllecTBa Bo Bee-
AE€HHOM OHa MOAXKHA AHOO0 pacCIIHUpPSThCS, AUOO CKHUMaTbhbCsda. Hecramuo-
HapHad MoneAab BceaeHHOHM yTBepAHAacCh B HAYKE AHIIB IIOCAE€ TOTO, KaK
9. Xabba oObHapykHuA pazberaHue rarakTHK (CM. 3aK0H Xab6aa B § 29).

N3 pacyéroB ®punMaHa BEITEKAAHU TPHU BO3MOXKHBIX CAECICTBUA: BeceaeH-
Had U €€ IIPOCTPAHCTBO PACIIHUPAIOTCA C TEYEHHEM BpEMEHH ; BceaeHHada ye-
pe3 onpeneaéHHOe BpeMd HA4YHET CKMMAThCH; BO BceaeHHON yepenyrorcd
4yepe3 OOABIIHE TPOMEXKYTKH BPEeMEHH [TUKABI C3KaTH U pacUIupeHus. Bos-
HHUKAaeT BOIIPOC: KaKOM U3 TPEX BapHUaHTOB peasu3yeTcd B Halllell BeceaeH-
HO? OTBETUTH HA HETO IPEACTOUT HAOAIOJATEABHOH aCTPOHOMHUM, KOTOPast
JIOAZKHA OLIEHUTh COBPEMEHHYIO CPEAHION0 IIAOTHOCTD BellleCTBa BO BceaeHHON
U YTOYHUTH 3HAUEHHeE ITOCTOSTHHOM Xab6aa. [loueMy BasKHO yTOYHEHHE 9THX
[OBYXIIOCTOSHHBIX BEAUYHUH?
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[Tpu co3maHuu MoaeAHn pacuiupsiomeiics BeceaeHHON ObIA0 TOKA3aHO, YTO
CYLIECTBYET HEKOTOPOE 3HAYEHUE KPUTHYECKOM ITAOTHOCTH Pxp BceAeHHOH,
onpeneAseMoe 1o (POPMYAE:

3H*

p =
8 G

rae G— rpaBUTAIlMOHHAs TOCTOsIHHAst, H — roctosgHHas Xab66aa. PacaéTel
10 JaHHOU popMyA€e JAFOT, YTO Pxp = 1072°kr/m°. TIo COBpEeMEHHBIM OLIEeH-
KaM, [IAOTHOCTE BelllecTBa BceaeHHO 6AM3Ka K KPUTHYECKOMY 3HAUYEHUIO:
oHa AM00 HEMHOT0 OOABIIIe, ANOO HEMHOTO MEHBbIIIE (He PELIéH OKOHYATEAD-
HO BOIIPOC 00 y4éTe MeKTraraKTUUECKOTO ra3a U «CKPBITOH Maccel). Ecan
dakTHYeCcKas CpeqHss IAOTHOCTD BellleCTBa Bo BceaeHHOT 60AbIIIE KPUTH-
4eCKOM, TO B OyayIeM pacuiupenue BceaeHHOM JOAXKHO CMEHUTLCS €€ cxKa-
THUEeM. EcAM cpenHad IAOTHOCTE BellleCTBa BO BceAeHHOM MeHbIle KpUTH4Ye-
CKOH, TO pacCIUIUpPEHUE IIPOMOAKUTCH.

[TocTosuHasa Xab0aa MO3BOASIET OLIEHUTH BPEMsI, B T€Y€HHE KOTOPOTO
IIpoaoAXKaeTCs ITpoliecc pacmupeHud Beeaennoii. OnpeneaeHo, YTO OHO He
MenbIrre 10 mapza u He 6oaee 19 mapa aet. Hauboaee BepogTHOE 3HaUEHHE
cpenHero Bo3pacTa BceaeHHOM — 0K0AO 15 MApPZ A€T. OTa BeAUYHHA He IIPOo-
THBOPEYUT OIIEHKAM Bo3pacTa Hauboaee CTapbIX 3BE3L.

3. mogenb ropayei sceneHHo. B OCHOBE COBPEMEHHON aCTpPOHOMHUYE-
CKO¥ KapTHUHBI MUpa 00 3BOAIOIINH BceAeHHOH A€KUT MOAEJIb ropauen
BcesienHoi. B coOTBeTCTBUU C HEH HA paHHUX CTAQUSIX pacuIupeHus Bee-
A€HHad XapaKTepHU30BaAaCh HE TOABKO BBICOKOM ITAOTHOCTBIO BEIIIECTBA, HO
U ero BBICOKOH TeMIepaTypoH. ['unoresy «ropsadeii BceaeHHON» BEIIBUHYAU
XK. Aemerp uI'. A. N'amoB. OHa nmoaydnaa HazBaHUe Boabiioro B3phIiBa.

CoraacHo 3ToH TeOpHUH, IIPEAIIOAaTaeTC s, YTO BceaeHHada BO3HUKAA B pe-
3yAbTaTEe B3PhIBA U3 COCTOSHHUS C O4€Hb BBICOKOH TAOTHOCTBIO MaTePHH, 00-
AaJaIoIIel OTPOMHOM SHEprye. 9To HauaAbHOE COCTOSIHHE MaTePUH HA3bI-
BaeTCsd CUHTYJISPHOCTBIO — TOYE€YHbBIH 00bEM C 6€CKOHEYHOH TAOTHOCTEIO.
Pacmiupenue BceaeHHOM HeAb3d paccMaTpPHUBaTh KaK PacCIIUPEHUE CBEPX-
IIAOTHOY BHAYaA€ MATEPHUHU B OKPYIKAIOIIYIO [IyCTOTY, MO0 OKpYyzKaroIe Imy-
CTOTBI He Ob1AO. BceaeHHass —3To BCE cytiecTBytoliiee. BerecTBo BeceaeHHOH
C camMoro HadYasa OJHOPOIHO 3aIIOAHSIAO BCE 6e3rpaHUYHOE IPOCTPAHCTBO.
U xoTa naBAeHME OBIAO OTPOMHBIM, OHO HE CO3/IaBAA0 PACIIHUPSIOIIEH CHABI,
TaK KaK Beszie 6bI1A0 0OIMHAKOBBIM. [ IpHYMHBI HAYaAa paciuupeHus BeceaeHHOMH
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CUHrynapHocTb Boablworo B3pbiBa

PucyHoK 169 — Cxema pa3sutua BceneHHoi ot Boabluoro s3pbiBa
A0 HacToALero BpemeHun

10 KOHIIa He u3BecTHHI. [Io Mepe e€ pacuiupeHud TeMiieparypa rnajaasa ot
OYE€HBb BBICOKOH IO OUYEeHBb HHU3KOH, YTO H 00EeCIIeYHAO OAATOTIPUATHBIE YCAO-
BUS JAS 00pa30BaHus 3BE31 U TAAAKTHUK.

Ha ocHoBanuu mopmeaet dpuamana 6b1aa pa3paboraHa nostamHas pu3n-
JecKasd KapTHHAa 9BOAIOIIMHN BellleCTBa HauMHasi C MOMEHTa B3pbIBa (puc. 169).
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UyTs 60Aee TPEX MUHYT CIIyCTs (popMUpOBaHUe paHHel BceaeHHOM 3aK0OH-
4YUAOCh M Ha4aACd IIPOLIECC COEAMHEHUA IIPOTOHOB U HEUTPOHOB B COCTaBHBIE
anpa. 3areMm moutu 500 ThIC. A€T IIAO MEOACHHOE OocThIBaHUE. Korma Tem-
nepatrypa BceaenHoll yriasa ipuMepHO A0 3 ThIC. IPaayCcoB, Sapa BOLOPO-
2 ¥ TeAUs y2Ke MOTAH 3aXBaThIBATh CBOOOJHBIE 9AEKTPOHBI U IIPeBpaIlaTh-
Cs B HEUTPaAABHBIE aTOMBI. Yepe3 MHUAAMOH AET II0CAE HadaAa pacClIupeHUud
HaCTyIIHAa 9pa BEIECTBA, KOraa U3 ropadeil BOLOPOAHO-TEANEBOM IIAa3MBbI C
MaAO¥ IPUMECHIO APYTUX S/Iep CTAAO0 Pa3BHUBATHCSI MHOTO0O0pa3ue HbIHEIIHEe-
ro Mupa.

HeonuoponHocTu Bo BceAeHHOM, U3 KOTOPBIX BIIOCAEACTBUU BO3HUKAN
BCe CTPYKTYpHbIe 00pa3oBaHUs, 3apPOAUANCEH B BUe HUYTOXKHBIX CAy4YaHHbBIX
OTKAOHEHUH (pAyKTyalni), a 3aTeM YCHAHANCH B 310Xy, KOTIa MOHU3UPO-
BaHHBIM ra3 BO BceAeHHOM cTaa IpeBpallaThCd B HEUTPAABHBIH, T. €. KOTAa
U3AY4YEHHE «OTOPBAAOCH» OTBEIIECTBA.

ITocae TOro Kax BEIIECTBO CTAAO IIPO3PAYHO JAd DIACKTPOMArHUTHOIO U3-
Ay4eHUs, B Je¥cTBUE BCTYIIMAU I'paBUTAIIMOHHBIE CUABL. OHU cTaAu Ipeobaa-
JaThb HaJ BCEMHU APYTUMHU B3aUMOAEUCTBUAMHU MEXKAY MacCaMU IIPaKTUIECKHU
HEUTPAaABHOI'O BEIECTBA, COCTABALBIIIETO OCHOBHYIO 4acTh MaTepuu BceaeH-
HOH. ['paBUTAIIMOHHEBIE CUABI CO3/1aAY TAAAKTHUKH, 3BE3bI U [IAQHETHI.

KakoBa cynpba BceaerHoii? CyIecTBYIOT ABE TeOPETUYECKHE MOAEAU Oy-
ayiero BceaeHHOM — 3aKpbIiTad U OTKpPbITad.

3akpsITas MOJIEAb IIPEAIIoAaraeT, 4To BceaeHHas MoXKeT OBITh IPEACTaB-
A€HA KaK I'paHANO03Had 3aKpblTad CUCTEMA, UCIIBIThIBAIOIIAA MHOXKECTBO 3BO-
AIOIITMOHHBIX ITUKAOB. LIUKA pacCIlIUpeHUI CMEHIETCH IIMKAOM ITOCAELYIOIIIETO
CXKaTHs 0 BO3BPAIllEHU4 B CHHIYAAPHOE COCTOAHHE, 3aTEM HOBBINU B3PBIB U
T. 1. [ToAHBIN IUKA paCIIUPEHUA U C3KaTHUs BceAeHHO cocTaBASIET ITPUMEDP-
HO 100 mapz aeT. KazkapIii pa3, BO3Bpalllasach K CHHIYAIPHOCTH, Bceaennas
TEepdeT «IIaMaTh» O IIPOIIAOM COCTOSHHUU U MOXKET CHOBA «POOUTHCS» C CO-
BEPLIEHHO HOBBIM Ha0OPOM (PHU3UIECKUX KOHCTAHT.

B oTkpbBITBIX Momeaax BceaeHHOIN paccMaTpHUBaIOTCS pPa3Hble BapHUaHTBI
eé «TernAoBoii cMepTwy. [Ipeamosaraercs, 4To yxke dyepes 10'* aer muorue
3BE3bI OCTBIHYT, U 9TO B IIOCAEAYIOIIIEM IPUBEAET K OTPBIBY IIAQHET OT CBO-
ux 3BE€3M, a T€, B CBOIO OYEPEAb, HAYHYT HOKUAATh TAaAAKTHUKU. 3aTEM II€H-
TpaAbHBbIE YAaCTH TAAAKTHK KOAAATICUPYIOT, 00pa3ys 4Y€pHbIe ObIPBI, U TEM
CaMBIM IIpeKpallaloT CBOE CYIIECTBOBAHHUE.
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@ I'staBHBIE BBIBOABI

1. B oxBayeHHO# aCTPOHOMHYECKHUMH HAOAIOIEHUSIMHU YacTHu Bee-
A€HHOMU CYLIECTBYIOT MHUAAWAPABI TAAAKTUK. B mpocTpaHCcTBe rasak-
TUKHU paclpeeAeHbl HEPABHOMEPHO, 00pa3ys TPYIIIbl, CKOTIACHUS U
CBEPXCKOIIAEHUS TaAaKTHK.

2. OcHOBHOE CBOUCTBO BceaenHOU — €€ paciumpeHue.

3. Ha coBpemeHHOM STare pa3BUTHS HAYKHU pacCMaTpPUBAETCI MO-
[EAb 5BOAIOIIMOHHOU BceAeHHON, KOTOpad CO BPEMEHEM HU3MEHSET CBOIO
CTPYKTYpPYy U CBOMICTBA.

® KOHTpOﬂbeIe BOMNpPOCbI U 3a4aHUA

1. OnuwmnTe NPOCTPAHCTBEHHOE pacnpenesieHne ralakTuK Bo BceneHHoM.

2. KaK obbAcHAETCA KpacHOe CMeLLeHWe U O YEM OHO CBMAETENbCTBYET?

3. B 4ém CcOCTOMT CYLLHOCTb Teopuu paclumpsAtoLLeinca BceneHHon?

4. K KakuMm BbIBOJAM O CTALMOHAPHOCTU BceneHHoM npuwén a. a. Ppuaman?

5. Yto Takoe KpnTnyeckana NNoTHOCTb BceneHHOM? B KaKol B3aMMOCBA3M KpUTHUYECKaAA
NNOTHOCTb HAXOAMUTCA C PaCLUMPEHUEM UK CxKaTUem BceneHHoM?

6. OnuwunTe mogenb ropsayer BceneHHoM.

7. YTo noHMMaeTcA NoA 3aKpbITOM M OTKPbITOM mogenamu  BceneHHon?

§ 31. }KM3Hb U pa3ym BO BCe/IEHHOM

1. AHTPONHLIA NPUHUMN U nNpobiembl CYLLECTBOBAHUA PasyMHbIX LIMBUAM3A-
umii. CyIIIHOCTH, aHTPOIHOI'O IPUHIMIIA 3aKAI0UAETCS B TOM, UYTO II0SBACHUE
KU3HHU, pa3yMa dBAIETCH HEOTBHEMAEMOM 4acThlo BCeAeHHOM, eCTeCTBEHHBIM
caencTBUEM e€ aBoarolii. Hamma BeeaenHaga yquBuTEABHO IIpHUcIIocobaeHa
K BO3HHUKHOBEHHIO U PA3BUTHIO B HeM KU3HU. Tak, 3 6€CKOHEYHOr0 pa3-
HOoOOpa3usd HAYaAbHBIX YCAOBUH U 3HAYEHU Y (PU3UYIECKUX IIOCTOTHHBIX, KO-
TOpPBIE, BEPOATHO, BOSHUKAAH B paHHEN BCceAeHHOH, peaAu30BaAHUCh TOABKO
IIPUTOJHBIE AL CYLIIECTBOBAHUA PAa3yMHOU KU3HU.

[IpuBenéM HECKOABKO IIPUMEPOB.
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1. MB1XUBEM B IIPOCTPAHCTBE TPEX U3MepeHUN. HO TOABKO B TaKOM IIPO-
CTPAHCTBE BO3MOXHBI YCTOHYUBBIE MAAQHETHBIE NBHXKEHUS (FPABUTAIIMOHHOE
B3aUMOJIEHCTBUE).

2. Ecau 6bI rpaBUTAIIMOHHAS ITOCTOSHHAS ObIAA BHECKOABKO pa3 60AbIIIE,
TO BpeMs 3K13HU COAHIIAa KaK YCTOWYUBOTO TOPIYETO [TAA3MEHHOTO ITapa 13-
MEPSIAOCH ObI HECKOABKUMH AECATKAaMU MUAAUOHOB A€ET.

3. Ecau 6b1 Macca aAeKTpoHAa ObIAa B TPH pasa 00AbIIIE COBPEMEHHOM, TO
BpeMs KHU3HU IPOTOHA OBIAO ObI MaabIM. [Ipu B3auMOAeiCTBUH IPOTOHA C
SAEKTPOHOM ITPOTOH PaCIIaIascs ObI Ha HEUTPOH U HEUTPHUHO. Toraa 3BE31bI
U TaAQKTHKH COCTOSIAHM ObI M3 HEUTPOHOB, a 60A€€e CAOKHBIX (DOPM HE CYIIIe-
CTBOBAaAO OBI.

4. Ecau ObI cpemHss IIAOTHOCTE BEIIECTBa BO BceaeHHO# ObIra 3HAYH-
TEeABHO MEHBIIIE, TO CUABI HHEPITUHU (pa3aéTa) mpeobaanasu ObI HAL CHUAAMU
TArOTEeHUs. [ToaTOMYy He ycrieAr ObI 06pa30BaThCs 3BE3bI U TAAAKTHUKH.

U 3TOT HAAIOCTPATUBHBIN PA MOXKHO IPOAOAKUTE. CA€I0BATEABHO, BhI-
BOJ OOUH: Hallla BceaeHHas mpecTaBasieT cob60i e TUHOE CBA3HOE IIEAOE, CO-
TAQCOBaHHYIO CUCTEMY, VIAUBHUTEABHO MPHUCIIOCOOAEHHYIO K CYIIECTBOBAHHUIO
KU3HU. [[pyrue BCceA€HHBbIE C MHBIMH (PU3WYECKUMH ITapaMeTpPaMu pa3BUBa-
AUICH OBbI, KAK OTMETHUA COBETCKUM KocMmoaor A. A. 3eabMaHOB, 6e3 cBUIE-
TeAeH.

2. MOUCKK HU3HU B conHeyHol cucteme. MIHTEepec K UHBIM (popMaM KU3-
HU B COAHEYHOM CHCTEME IIPECAEAYET YEAOBEUECTBO C NaBHUX Iop. Korga-
TO AIOIY [yMaAH, 4TO OOUTaeMbI BCce IAaHeThI, faxke AyHa. Ho uem GoabIire
HCCAE0BATEAUN Y3HABaAH O [TIAQHETAX, TEM MEHEE OIITUMHUCTHYHBIMU CTaHO-
BHUAMCH UX IIPOTHO3BI. B MTOre€ rAaBHBIMH «IIPETEHAECHTAMMI» OCTAANCH TOAB-
ko Benepa u Mapc. OngHako n3ydeHue II0BeEpXHOCTH BeHeprl moKazano, 4To
HUYTO JKUBOE HE MOKET BBIXKUTD Ha 3TOH maaHere. Torna Bce HaeXK bl CTa-
AM CBA3BbIBATH C CAMOU 3araJO4YHOM nnaaHeTou — MapcowMm.

[AaBHasa 11eAb TOAETOB aBTOMATHYECKUX OPOHUTAABHO-IIOCAOYHBIX CTAH-
nui «BUKUHDM K Mapcy cocTosgaa B IIOHMCKE >KHU3HU Ha 9TOH IaaHeTe. BbI-
AO BBITIOAHEHO HECKOABKO CAOKHBIX OMOAOTHYECKUX SKCIIEPUMEHTOB. B x0-
e aHAaAW3a MapCHaHCKOTO I'PyHTa He ObIA0 0OHAPYKEHO HUKAKHUX CAEIOB
OPraHUYECKHUX COEMUHEHUN — IIPOAYKTOB KHU3HEAEATEABHOCTH MHUKpooOpra-
HU3MOB. [{AS CpaBHEHHUS: TaKOH 3Ke IPUOOop IIpU Ipobdax aHTAPKTUIECKOTO
TPyHTAa HaIllEA 3HAYUTEABHOE KOANYECTBO HCKOIIA€MBIX OPTaHHYECKHUX COe-
JOUHEHUH.
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B 1976 r. craniuga «Bukunm nepenasa Ha 3emaro ororpaduio 3ara-
no49Horo oobpekTa (M3 obaactu CHIOHUS) Pa3MePOM OKOAO IIOAYTOPA KUAO-
METPOB, KOTOPBIH Ha3BaAM «I'OAOBOM chuHKcar (puc. 170). Briaa BEIABUHY-
Ta TUIIOTE3a, YTO 9TO aPXUTEKTYPHOE COOPYKEHNE APEBHEN IIMBHUAN3AIIUH.
Ho uccaenoBarean Mapca 3agBUAN: 3TO IPUPOAHEBIN 00beKT. CIIOPBI HE YTH-
xaau go 2001 r., moka kocmudeckuil anmnapar «Mapc I'nobaa Cepneiiop»
He repenaa Ha 3eMAro 6oaee TTIoAPOOHBIHM CHUMOK 3TOro obbeKkTa (puc. 171).
Ha HOBOM H3006paskeHUH XOPOIIIO BUIHO, YTO «TOA0OBa COUHKCA» — IIPUPO.I-
Hasd CTPYKTypa.

OnTuMH3M yu€HBIX UCCSK, U ITOChblAaeMble K Mapcy B IOCA€AYIOIIHE I'o-
[IbI TI0OCaI0YHbIE allapaThl He colepiKaAr Ha 60pTy IpubOpPoB, KOTOPHIE MOT-
AY OBI HAUTH IPU3HAKH KHU3HU.

B To BpeMs Kak ITOMCKH XKHU3HU Ha Mapce 3aIliAu B TYIIMK, KOCMUYECKHUH
ammapar «Faamnaeor, n3ydaronuii cucremy FOnmrepa, riepemaa cooOiieHue,
YTO HA OJHOM M3 OOABIINX CIIyTHHKOB — EBporie — oOHapyKeH OKeaH Té-
IIAOH BOJIBI, HAXOASIIUHCS IO A€ ISTHBIM ITAHITHPEM.

[ToBepxHOCTb EBpONBI IOKPHITA MOAOABIM BOASHBIM ABIOM, KOTOPBIH
UCIIEHIPEH TPELIMHAMH U «XaocaMM» (CM. pHC. 79). AHaAMU3 ITOAY4YEHHBIX
B pa3Hoe BpeMs H300pakeHU moKasaa, 4To A€l HECKOABKO CMEIIaeTCs

PucyHok 170 — dotorpadpusn PucyHok 171 — dororpadwus
«ronosbl cpuHKca» Ha Mapce, «ronosbl cPUHKCA», NONy4eHHas
nony4yeHHas s 1976 r. € Ny4qwmm paspewseHmem s 2001 r.
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(Tomo0HYI0 KapTUHY MOIKHO HaOAIOIATh HA 3€MHBIX ITOAIPHBIX MOPSIX BO
BPEMsI BECEHHET0 TadHUsS Abza). Mcxona u3 pa3sMepoB U IeOMETPUH A€ISI-
HBIX TPEIIHH, Y4€HbIE IIPEAIIOAOXKIAY, YTO Ha CIIyTHUKE EBpora TOHKHUH Ae-
JIHOM CAOM 3aKphIBAET BOAY AU TAABIM AET. BepodaTHOMN NIPUYUHON ITI0SIBAE-
HUS TAKUX CTPYKTYP MOKET ObITH e iICTBHE THAPOTEPMAABHBIX HCTOYHHUKOB
(retizepoB). CaemoBaTeAbHO, ecal Ha EBporie ecTh T€maast Boga, TO MOTYT Cy-
IIIECTBOBATD U KaKue-An00 popMbI 3KU3HH. OTHAKO OOHAPYKUTH UX MOKHO
TOABKO «IIPU3EMAUBIINCEY HAIIOBEPXHOCTS.

3. Mowcku *u3Hm B Nanaktuke. CoBpeMeHHAad HayKa OIIpeNeAdeT BHE3EM-
Hble MUBWIN3ANMNH KaK FHIIOTeTHYeCKHe 00IecTBa pa3yMHBIX CyIIECTB, KO-
TOpPBIE MOT'YT BO3HUKHYTH U CYIIIECTBOBATH BHE 3EMAH.

JlAg OLIEHKH 4YHCAa BHE3EMHBIX IIUBUAHU3AIUN B ['aanakTHUKe aMepUKaH-
ckui paaroacTpoHoM PpaHcuc Jpeik Ipeai0KHUA CAEAYIONUTYI0 POPMYAY:

N=R-f-n-k-d-q- L,

rae N — 49mcAo BHE3eMHBIX [IUBUAM3AIINH B ['laaakTrKe; R — CKOpPOCTB obOpa-
30BaHUd 3BE31 B [anrakTUKe, ycpeHEHHAL 10 BCEMY BPEMEHH €€ CYILECTBO-
BaHus (0KoAo 10 3BE3x B ron); f— moad 3BE3M, 06AaAOIINX TAQHETHBIMHU
CHCTEMAaMHU; N — CPEAHEE YHCAO IIAAHET, BXOAIIIUX B IIAQHETHBIE CHCTEMBI
U 3KOAOTHYECKH ITPUTOMAHBIX NAS XKU3HU; K — [0Ad IIAAHET, Ha KOTOPBIX
NeHACTBUTEABHO BO3HUKAA XKU3Hb; d — [OAS IIAQHET, HA KOTOPBIX IIOCAE BO3-
HUKHOBEHUS KU3HU PA3BUAUCH €€ pa3dyMHbIe (DOPMbI; g — HOAS IIAQHET, Ha
KOTOPBIX pa3yMHas KHU3HBb JOCTUTAA (pas3bl, o0eclieyrnBaroIie BO3MOXKHOCTD
CB43HU C APYTUMH MUPaMHU, IIUBUAU3ALUAMU; L — cpeaHad IPOAOAKUTEAb-
HOCTG CYIIIECTBOBaHU| TAKUX BHE3EMHBIX (KOCMUYECKHUX, TEXHUYECKUX) 111~
BUAU3AIINH.

B dopmyae [Ipetika Bce BEAUYUHBI, KPOME IepBOM, UMEIOT O4€Hb HEeoIIpe-
IOEAEHHBIN XapaKTep U OIIPENCATIIOTCHI HA OCHOBE SKCIIEPTHBIX OLIEHOK Y4é-
HbIX. [ToaTOMy co3naérca 3HaUYUTEeAbHAsI HEOIIpeneAEHHOCTD B OLIEHKE 00-
mie¥t BeanduHsl N. OgHY NTOACYETHI IIOKA3bIBAIOT, YTO CEMYac BCETO AUIIb
HECKOABKO I'€OIOA00HbIX IUBUAN3AIINM ['arakTuKY (B KoTopoit 10! 3883m)
TOTOBBI K KOHTAKTy ¢ HaMu. CoraacHO ApyTHUM, 6oAee OITHUMUCTHIECKUM, —
TaKUX [IUBUAH3AIUYN MOXKeET OBITh 3HAUUTEABHO Ooabllle. Kak onuH  u3
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apryMeHTOB B II0AB3Y TOT'O, YTO BHE3EMHBIE [ITUBUAU3AIINH — SIBACHUE BECH-
Ma penKoe€, BbIABUTAE€TCHd OTCYTCTBHE BUANMBIX IIPOSIBAEHUN HX OESITEAb-
HOCTH.

[TepBbIe pabOTHI 11O IOMCKY CUTHAAOB BHE3E€MHBIX [TUBUAN3AIIHHN IPOBEA
B 1960 r. ®. [petik (CILIA). OH uccaemoBas paguou3AyIeHME OAVMKANIIINX
3Bé3n (1t Kura u ¢ Opupgana) Ha BoaHe 21 cM. MIcKycCcTBEeHHBIE CUTHAABI 00-
Hapy>KUThb HE yIaAOCh, HO 9pa IIOMCKOB CUTHAAOB BHE3E€MHBIX LIUBHAN3AIIUH
Oblna oTKpbITa. B HacTrosIee BpeMs KOCMUYECKOe IIPOCTPAHCTBO IIPOCAYIITH -
BaeTCs ONHOBPEMEHHO Ha MHOTHX dYacToTax. [[puHATEIE paguoTeAeCKOIIOM
CHUTHaAbl 00pabaThIBaIOTCH KOMITBIOTEPAMU.

[TapaaaeabHO Benércda pabora
10 COOOIIIEHUIO BHE3EMHBIM ITUBU-
AMI3alUSM MH(opMaIliy o HaleH
3eMHOM HuBHAU3anuu. B 1974 r. c
paznroacTpoHOMUYECKOH obcepBato-
puu B Apecu60 B CTOPOHY IIIapOBO-
ro ckornaenusg M31 (cossesaue 'ep- -
KyAeca), HaXoOsdlierocd oT 3eMAU
Ha pacCTOSgHUHU 24 TBIC. CBETOBBIX
AeT, OBIAO HAIIPABAEHO ITOCAAQHUE,
copepIkalllee 3aKOAUPOBAHHBIN O
TEKCT O 3KM3HU U IUBUAU3AIINH Ha
3emae. MHpopMmanioHHbIE coob1IIe-

HUA (IIAACTUHKHU C HAHECEHHBIMH
agpecoBaHHaA npeacrtaButTenam BHe3eMHbIX
PUCYHKaMU, BUJIECOAUCKH C3allu- UMBMAM3ALME, NOMelLeHa Ha 6OpPTY

CcAMHU HU300pazkKeHUu, 3ByKOB U Ye- «MnoHepa-10»

AOBEYECKOU peyYU Ha pa3HbIXA3bI-

Kax) He pa3 [IOMEIIAaANCh Ha KOCMHUYECKHeE allllapaThl, TPAEKTOPHH KOTOPBIX
BBIXOZIVAH 3a ITpeneAbl CoAHEeYHOM cucTeMBI (puc. 172).

B nocaenree BpeMs cpeau yI€HBIX U PUAOCO(OB BCE OOABIIIE yTBEPIKIA-
eTcs MHEHUE, YTO YEAOBEYECTBO OJUHOKO ECAU HEe BO Bcelt BceaeHHOH, TO BO
BCSKOM cAy4dae B Halllel l'aaakTuke. 113 5TOro BEITEKAeT BAXKHEUIIINY BHIBOL
0 3HA4YE€HWH, IEHHOCTU U YHUKAABHOCTH Halllell IITUBUAN3AIINN. HeaoBede-
CTBO, TAKHUM 00pa30M, B OTPOMHOM CTEIIEHH OTBETCTBEHHO HE TOABKO 3a Ha-
LTy TIAQHETY, HO U 3a BceAeHHYIO B IIEAOM.

PucyHoK 172 — TabaunuKa ¢ nocnaHuem,
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@ I's1aBHBIE BBIBOABI

1. PagymHag ku3Hb Bo BceaeHHOU gBageTcs caencTBueM e€ pyH-
JAaMEHTAaABHBIX CBOMCTB — B 5TOM 3aKAKYAETCH CYIIHOCTb aHTPOIIHOIO
nOpuHIUNa. /J[aHHbBIN IPUHITUI TTIOCTaBUA Ha HAYYHYI0 OCHOBY BOTIPOC:
TI0YEMY HaIll MHP YCTPOEH TaKHUM, KAKUM MBI €T0 HabAIomaeM?

2. B CoaHeuHo#i cucTemMe Ha HEOECHBIX TeAax, KpoMe 3eMAH, ITOKa
He 00HapPYKEHO KU3HHU.

3. Ilouck BHE3eMHBIX [IUBUAU3AINHY [TOKA HE IPUBEA K IIOAOKU-
TEABHBIM pPE3yAbTATaM.

4. Ha yeaoBeuecTBe A€KUT OTPOMHAd OTBETCTBEHHOCTD 34 COXpaHe-
HUE XXU3HU U pa3yMma Ha 3eMAae U Bo BceaAeHHOMH B 11€AOM.

® KoHTponbHble Bonpocbl U 3aaaHnsA
1. B 4ém 3aKN04aeTCcs CYWHOCTb aHTPOMHOro NpuHUmMna?
2. Ha Kakux nnaHetax CoNHEeYHOM cucTembl y4éHble NpeanosaratoT BO3MOXKHOCTb Cy-
LLLeCTBOBAHUA KU3HU?
3. Kaknum 06pasom MOXKHO OLLEHUTb YNCNO BHE3EMHbIX LIUBUM3ALMI B HaLLEN ranaK-
TUKe?
4. Noyemy dopmyna ®. apeika AAET 3HAUUTEIbHYIO HEONpPeLAEeNEHHOCTb B OLLEHKE KO-
INYeCTBa UMBUNM3ALMNA B ralakTUKE, FOTOBbIX K KOHTAKTy CHamm?
5. Kaknum o6pa3om 4enoBeyeCTBO MNbITAaETCA YCTAHOBUTb KOHTaKTbl C BHE3EMHbIMU LiU-
BUAM3aAUMAMN?
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NpunoXxeHunAa

OCHOBHbIE aCTPOHOMUNYeCKne CMmBoOJibl

3HaKHU 30IHaKa IL1aners1
Y’ Osen, a TaKKe TOYKA BECEHHETO PABHOIEHCTBUSI ©  Coanue
Y Teaen ) Ayna
II BawuszHersl S Mepxypuii
95 Paxk T Benepa
8§l  Aem @ 3Bemas
M Hdesa Q Mapc
£ Bechl, a TaKXKe TOYKA OCEHHETO PABHO/IEHCTBUS V  KOnwurep
M, Ckopron W Carypu
X' Crpeaent X  VYpan
Y%  Kosepor Y Henryu
22 Bomoaeit V  TIlayron
¥  PrIObI

apyrve o6o3HaueHun

1 Bocxopggamuii y3ea AYHHOM OpOUTEI

N

Hucxopsimii y3eA AyHHOM OpOUTEI

FpeuecKkniut anpaBurt

Havepranne Haspanue |Hauepramme Haspanme |Hauepramue Haspanue |Hauepranue Haspanme
OYKBBI OYKBBI OYKBBI OYKBBI OYKBBI OYKBBI OYKBBI OYKBBI

o allabcha n allta \% HU T Tally
B Bellta 0 TellTa & KCH v HIICHAOL H
Y rallMmMma L rollta o OMHUKPOl/H [0} u
) nellapra K Kallnma T U X XU
€ sncraolH A rallMbna p po \j Iicu
¢ nsellra u MU c cullrma ® oMmellra
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Feorpaduueckme KoopauHaTbl ropoaoB pecnybamkm 6enapycob

T'opop, ITupora (c. 11.) HoJrora (c. A.) Haconosoii
nosic
MuHCK 53° 54! 27° 33 1% 50,3" 2
BapanoBuun 53° 09! 26° 02 1" 44 1™ 2
Bobpyiick 53° 08 29° 15 1" 57,0™ 2
Bopucos 54° 14 28° 31 1% 54,1 2
Bpect 52° 06! 23° 42 1% 34,8% 2
Burebck 55° 12! 30° 110 27 00,8" 2
T'omeanb 52° 25! 31° 00! 27 04,1 2
I'poxxo 53° 41! 23° 50! 1% 35,3 2
Anma 53° 53! 25° 17! 1"41,1™ 2
Moruaén 53° 54 30° 190 2*01,3% 2
Mo3bIpb 52° 08 29° 16 17 57,1 2
MoaozmedHo 54° 18! 26° 50 1" 47,3% 2
HoBormoaonxk 55° 32! 28° 37 1" 54,5 2
Opura 54° 30 30° 26! 2T 01,7 2
IMuHck 52° 07! 26° 07! 1" 44 5" 2
IToao1ik 55° 29 28° 47! 1" 55,1 2
Peuuria 52° 21! 30° 24 270,16 2
CaeTAOTOPCK 52° 39 29° 43 1% 58,9" 2
Cay1ik 53° 01! 27° 33! 17 50,2™ 2
CoAuropck 52° 47 27° 33! 1% 50,2" 2




ANHaMUNYEeCKUNE XapPaKTepUCTUKUN NN1aHeT

ILranersl
ITapamerpsl
Mepkypuii | Benepa 3emuin Mapc Onurep CarypH Ypau Henrryn

Cpennee
paccrosgHue 0,387 0,723 1,000 1,524 5,203 9,54 19,18 30,1
no CoaHiia, a. e.
C N
H:;[:;qucxm 88,0 224,7 | 365,26 | 687,0 | 11,86 | 29,46 | 84,0 | 164,8

pron cyT cyT cyT cyT AET AET AET AET
obpalreHust
CuHoagn4eckuit
TIepUoL 115,9 583,9 — 779,9 398.,9 378,1 369,7 367,5
obparlleHust, CyT
OKCUCHTPHCHTET 0,207 | 0,0067 | 0,0167 | 0,0934 | 0,0484 | 0,0557 | 0,0471 | 0,0087
OPOUTEI
Haxkaoueunue
OPOUTHI 7° 01! 3° 24 — 1° 51! 1° 18 2° 29 0° 46 1° 46
K SKAHIITHKE

ST¢C



Pdusunueckue XaAPaAKTEPUCTUKUN NN1aHET

Ilraners1
ITapamerpsl
Mepkypuii | Benepa 3emiis Mapc KOmurep | CarypH Ypau Henrtyn
Macca
(mo cpaBHEHMIO 0,055 0,816 1,000 0,107 318 95,1 14,6 17,2
¢ Maccoit 3eMan)
Paguyc, km 2439 6051 6378 3393 71 400 60400 | 24 300 | 25050
CpenHsasa IAOTHOCTE,
0 10% ke /M 5,4 5,2 5,5 3,9 1,3 0,7 1,6 1,7
IMepuon 58,8 243 23 49 24 4 94 10 a 17 a 16 1
BpallleHUs CyT CyT S6 MuH | 37mvuH | S50MuH | 14 MuH | 14 MuH 7 MUH
H
AHAOH SKBATOPA 7° 324 | 23°26 | 25°12 | 3°07 | 26°45 | 82° 29°
K IIAOCKOCTHU
Yu1cAo U3BECTHBIX o . 1 9 67 62 07 14
CITyTHUKOB

91¢
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cnpaBoO4YHbIE AaHHbIE O 3emne

ITapamerp Besaununna
OKBaTOPHUAABHBIM paauyc, KM 6378,140
[ToagpHBIH panuyc, KM 6356,755
Cpenuuii paguyc, KM 6371,004
[ToBEPXHOCTE 3€MAH, KM 5,0949 - 108
IToBepxHOCTE CyIH, % 29,2
Boanaga noBepxHOCTE, % 70,8
Macca 3emawu, Kr 5,973 - 10%*
Macca Boznp! Bo Bcex eé popMax, KI 1,43 -10%
Macca aTmocoeps! 3eMAH, KT 5,158 - 1018
AvHeWHas CKOPOCTH TOYKHU 3KBATOpa, M/C 465,12
CpemHsisl CKOPOCTD ABMZKEHUS 3EMAH 110 OpOUTE, KM/ C 29,765
YCKOpeHHe CHABI TS3KeCTH Ha 3eMae (Ha mupore 45°), M/ c? 9,806
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CnpaBoO4YHbIE AaHHbIE O JIYyHe

ITapamerp BesanunHa
MuHNMaABHOE PACCTOSHUE OT 3€MAH, KM 356 410
MakcuMaabHOE pacCTOgHHE OT 3EMAM, KM 406 740
CpenHee pacCTossHUE OT 3€MAH, KM 384 400
CpenHui 5KCIIEHTPUCUTET OPOUTEI 0,0549
CpenHee HAKAOHEHHUE TIAOCKOCTU OPOUTHI K SKAUIITUKE 5°0843"
[Tepuon obpaiiieHus 1o opouTe, CyT 27,32
CpenHss IepuoAUYHOCTb CMEHBI (pa3 AyHBI, CyT 29,53
Cpenuuii yraoBoi paguyc AyHbI 15337
Macca, Kr 7,35 - 10%3
CpemHss TIAOTHOCTH, KT/ M° 3340
YCKOpEeHHe CHABI TAXKECTH, M/ c? 1,62
Bropag KocMHyecKast CKOPOCTh, KM/ C 2,38
MakcuMaabHaa Temneparypa gHéMm, °C +130
MuHuMaabHas TeMIepaTypa Houbko, °C -170
OCBEMEHHOCTE OT TOAHOM AyHBI Ha 3eMHOM IOBEPXHOCTH, AK 0,25
OCBEIIEHHOCTBD OT IIOAHOM 3eMAH HAa AYHHOM IOBEPXHOCTH, AK 16
CpenHsag oTpaxkaTeAbHas CIIOCOOHOCTH OTO BCEM AYHHOH 12,44
TIOBEPXHOCTH, %
OTpaxkaTreabHas CIIOCOOHOCTb MaTEPUKOBEIX obAaacTe#t, % 13,44
OTpaxkaTreabHas CIIOCOOGHOCTb MOPCKUX obaacTeit, % 7,30
OO011as nAoIIaAh IOBEPXHOCTH AYHEI, KM? 3,8-107
[Trommans Mopett Ha BceH MOBEPXHOCTH, %o 16,9
[Tromanes Mopel Ha BUAUMOM CcTOpoHE, % 31,2
[Maomank IOBEPXHOCTH, KOTOPYIO MOKHO HAOAIOAATE 59

BCAeCTBUE AUOpaIiiuu, %
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cnpaBoO4YHbIE AaHHbIE O COJIHUEe

ITapamerp Besaununna
[Tapasaakc CoaHIIa ITPH CPEAHEM PACCTOAHUN 3EMAHR 8,794
ot Conasria, [
Cpenuee paccrosgHue 1o CoaHna, KM 149 600 000
HuameTtp CoaHIla, KM 1 392 000
Bunumeli yraoBoi nuamerp (cpenHuti) 31597
Macca, KT 1,989 - 10%°
CpemHss TIAOTHOCT, KT/ M° 1408
YCKOpEeHHUe CHABI TAXKECTH Ha TOBEPXHOCTH, M/ > 273,8
BTopas kocMu4yeckas CKOPOCTh, KM/ C 617,7
Cunepuyeckuii nepuoa BpallleHUd TOYKU 3KBaTopa, CyT 25,380
CuHomu4ecKuY IepUo BpallleHUd TOYKH 3KBaTopa, CyT 27,275
HaxaoH 5KBaTOpa K 3KAUIITHKE 7°15]
Cserumocts CoaHIa, [Ix/c 3,88 - 102%¢
OddexkTuBHasg Temnepartypa goroceps Coanra, K 5780
AbcoatoTHast poToBHU3yaAbHAd 3BE3AHAS BEANYMHA +4,96™
Ckopocts aBuxkeHUs COAHIIA OTHOCUTEABHO OKPYZKAIOIIUX 19,5
3BE3M, KM/C
Anekc nBuxenus CoaHIla o=270°=

= 18700 = +30°

Paccrognue CoaHila oT ieHTpa 'asaakTHKH, KIIK 8
CkopocTts ABmkeHUd CoAaHITa BOKpyTIleHTpa lasnakTky, 220
KM/C

[Nepuon obparienusg CoaHIla BOKPYT LIEHTPAa ['aAnaKTHKY, MAH A€T 0KoA0 220
CpenHsas IIpoJ0AKUTE ABHOCTE IIOAHOTO ITUKAA COAHEYHOM 22,11

AaKTHBHOCTH, AET




Pdunsunuyeckue XaAPAKTEPUCTUKU HEKOTOPDLIX APKUX 3Bé3p,

JKBaTOpHUaJIbHbIE

006o3HaueHue Hassanue KOOPAUHATHI Baeck, m | Ciiextp Temmeparypa, Maparake CoOcTBEHHOE g{’;;zlz::

B CO3BE3UU 3Be3/bI N 5 K ABIKEHHE | /e
o Aumpomensl | Aabdpeparr |007 08 [+29° 05 | 2,02 B8 13 600 0,025 0,209 -11,7
o Opunana AxepHap 0136 |-57°28 | 0,47 B5 15 000 0,034 0,083 +19
o OBHa lFamaab 027 07" | +23° 28 2,00 K2 4000 0,043 0,2417 -14,4
o Manoi
MenaBeauIisI HOAHpHaH* 02" 32| +89° 16! 1,94 F7 5800 0,003 0,046 -16,4
o [Tepces Mupdaxk 03" 24™ | +49° 52 1,79 F5 6700 0,028 0,035 -2,8
o Teabia AAB,Z[e6apaH* 04* 36™|+16° 31! 0,75 K5 3300 0,049 0,202 +54,1
B Opuona Pureanb 05" 15" | —8° 12 1,12 B8 11 800 0,009 0,001 +20,7
o Bosauuero Karteana 05" 17" | +46° 00 0,08 G5 5000 0,074 0,435 +29,1
vy Opuona Beasatpurc [05" 25| +6° 21 1,64 B2 17 100 0,023 0,015 +18,2
o OpuoHa Bereabretize |05 55" | +7° 247 | 0,4-1,3| M 1 2900 0,0057 0,028 +21,8
o Kuaa Kanomyc 06"23%(-52°41. | -0,73 FO 9100 0,018 0,022 +20
o Boasroro IMca| Cupuyc” 06745 |-16°43 | -1,46 | A1 11 200 0,376 1,324 -7,6
o BansHeroB Kacrop™ 07%35%|+31° 53 | 1,58 A2 10 600 0,070 0,198 +4,0
o Maaoro IIca | ITpormon 07" 39" | +5° 14 0,38 F 5 6800 0,087 1,250 -3,6
B BansHeroB IMoaayrc™ |07 45| +28° 02 1,14 KO 4400 0,0937 0,6257 +3,5
o M'aaper Aavdapn 09" 28" | —8° 40! 1,98 K3 3500 0,020 0,034 -4.,6
o AbBa Perya” 10708 |+11°58 | 1,35 B7 13 600 0,040 0,248 +5,0

0ce



OKOHYaHUE TaDAUIIBI

JKBaTOpHaJIbHbIE

OGosHaueHne Hassanne KoOpAMHATHL | L c Temmeparypa, | CoGerpenmoe | 11y 1€BaA
B CO3BE3 UM 3BesbI sneck, m | Cexrp K apanake| oo re | CKOPOCTE,
o 5 KM/cC
o Boasmon
MenBeQUIIE Oy6Te” 11704 |+61° 45 | 1,79 KO 4200 0,031 0,138 -9,0
B AbBa Ieneboaa 11749 |+14° 34 | 2,14 A3 9900 0,076 0,511 -0,6
& Boas1oit ) B B
Meme st Mumiap™ 13%22M [ +55° 18 2,4 A2 10 000 0,037 0,127 -5,6
o [1eBbI Cruka 13"25"|-11° 10| 0,98 B1 17 600 0,019 0,054 +3,0
o Boaomaca ApxkTyp 14" 16™ | +19° 117 | -0,04 K1 3900 0,0917 2,2847 -5,3
o LlerTaBpa Tormuman 147 38" |-60° 441 | 0,33 G2 5400 0,746 3,674 +22,2
o CeBepHOH
Koponsbr Femma” 15" 35 | +26° 43! 2,23 AO 11 600 0,044 0,154 +1,6
o Ckoprimona | Aurapec | 16729 |-26°26 | 0,9-1,8| M1 2900 0,019° 0,029 -3,2
o 3meeHocIia Pac Aapxar |17735%|+21° 34 2,08 A5 9100 0,056 0,260 +12,7
o AupbI Bera 187 37% | +38° 47 0,03 AO 11 300 0,1231 0,345 -13,9
a Opaa AapTaup 19751 | +8° 52 0,77 A7 8400 0,198 0,658 -26,3
o Aebenga Ieueb 20" 41" |+45° 17 1,25 A2 9900 0,004 0,003 4,6
o FOxktoit Pei6el| Pomaawrayr | 227 58% | —-29° 37 1,16 A3 9800 0,147 0,367 +4,0

pp— IIepeEMEHHAas 3Be34a.
— [IBOMHAada 3Be3/A.

*k

Tee
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